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ERRATA 


Eeratom. In the article “ ine Derived Hetoroadduct 
Formation in Ultraviolet-irradiated DNA” by Varghese 
and Patrick (Nature, 223, 299; 1969), the second sentence 
aa the acknowledgments should have read: “This work 
by two US Publo Health Service grants 
from the National Institutes of General Medical Sciences, 
and a grant from the Bureau of Radiological Health”. 


Erratum: In the article “Natural Calcium Oxalate with 
Heavy Carbon” by J. Hoefs (Nature, 223, 396; 1969), 
“between 20 per cent and 80 per oent” should be 

to “between 20 and 30 parts per thousand” m hne 81 
of the text. 


Conniasspum. In the article “Multiple Forms of Rat 
Brain Monoamine Oxidase” by Youdim, Collins and 
Sadler (Nature, 223, 626; 1969), the cathodes and anodes 
should be interchanged in Fig. I, and Imes 3-4 of the 
legend should read “MAO,, migrated from cathode to 
anode and MAO, from anode to cathode”. 


EBBATUM: In the article “Immunization 
Rubella” by J. A. Dudgeon (Nature, 228, 674; 1969) 
the address of the author should be: t of 
Microbiology, The Hospital for Sick Ohildren, and not 
the Department of Neurobiology. 


Eanatom. In the article ‘“Non-Darwmian Evolution: 
Consequences for Neutral Allelic Variation’ by N. 
Arnheim and O. B. Taylor (Nature, 228, 800; 1969) the 
function (8) ahould be 


1 
iNew bs (Q -oH a-iyido 


On page 902, kiea column, line 18 from below, read 
“Poisson distributions” instead of ‘Poison distributors” ; 
and in line 9 from below, read -y'=6-25; idf, 0:025 > 
P>0-01. 


Exnarom. In the article “ B: Instabili- 
ties in Biological Systems” by Prigogine, Lefever, Qold- 
beter aad Herechkowite- Kanfman (Nature, 223, 918; 1969), 
In 1, read, 
. In equations 2, 8, 7 and 8, 
the denominators in the last term should be “ôr and 
not “3r”. On page 914, right-hand column, line 14, 
read “CO,” instead of “O,”. In equations 6-15, the suffixes 
to various “P terms were unf written in the 
line: “kh—1" should read “k”, “k+2” should read 
“ki,” and so on. Finally, equation 165 should read: 


a ae 


ae Da 
Connicaapum. In the article “Petrological, Magnetic and 
Chemical Properties of Basalt dredged from an Abyssal 
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Hill in the North-east Pasifio” by B. P. Luyendyk and 
0. G. ol (Nature, 223, 1049; 1969), several lines were 
omitted, the text. The first few sentences of the 
second paragraph on page 1050 should read: “The mag- 
netic properties of the basalta were measured on the 
Scripps Instatution’s eastatic magnetometer and low-fleld 
tibility bridge. Replicate measurements were done 
on three 2:5 by 2-5 am cores. They were not demagnotized 
for the measurements. The mean NRM of the sam rea 
(2-69 + 0-28) x 10“ mmu om~ and the mean susceptibili 
(2°39 + 0-008) x 10-4 mmu oersted— om~, giving 4 T Konings. 
berger ratio, Q, of approximately 20 at 0-5 oersted fleld 
strength”. 


Esratum. In the article “Emzymes controlling Weight ?” 
from our Medical Bi ndent (Nature, 
223, 1100; 19869), the name of G. L. 8. Pawan was 
unfortunately misspelt Palan. 


Exnatum. In the article by A. N. Bunner e al. on “Soft 


X-ray und Flux” (Nature, 223, 1222; 1969) the 
equations on page 1225 should read: 


I = 8, f exp - ( 





a “ae 
a) 8 
r g Py ; 
i a Can dr 
Further down the same oolumn, J = ($-4+0-5) a, 
read J= (1-240-2).... 





. should 


ERRATUM. In the article ‘Ribosomal Subunits and MS3 
Phage RNA-directed Protein is” by Grubman 
and Nakada (Natures, 223, 1242; 1969), the first sentence 


of the twelfth ) should read: ‘The 
requirement of penta oe ee 
Sisco Gas hocae lise. The first sentence of 


the eighteenth paragraph (page 1246) should read: 
ee ee es 
ribosomal subunit exchange . 


Enratum. In the article ‘Identification in Oleaving ` 

of Three RNA Species serving as Templates for 
the Synthesis of Nuclear Proteins” by L. H. Kedes and 
P. R. Groes (Nature, 223, 1885; 1969), the second sentence 
on page 1838 should read “The embryos go through ten 
division cycles (making about a thousand ocells) in the ' 
first 6-8 h after fertilization”. On page 1339, the first line 
should be “Spirm?*), this does not happen with 8S 
RNA...”. 


Exthurum. In the announcement of the a tment of” 
fesor J. F. Fowler as director of the British Empire‘; 
cer Campaign for Research’s Research Unit in Radio- ` 

biology (Nature, 223, 1395; 1969), it was stated that -: 

Dr O. 0. A. Soott would retire on December 80. This 

should have been September 30, 


w’ 
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provides distinct absorption bands of any material 


—transparent, translucent or opaque—in a range 


of 190 to 2,500my (linear scale). 


Its unique versatility is ensured by its large variety 
of accessories like Chromatogram Scanner, Tur- 
bidometry and Surface Reflectometry Attachment, 
Derivative Spectrophotometry Attachment, Double- 
beam Fluorometry Attachments, Double-beam 


Microspectrophotometry Attachment, etc. 





RECORDING SPECTROPHOTOMETER Model MPS- 50L 





MPS-50L with double-beam 
microspectrophotometry attachment 


Example of Measurement 
by Double-beam Fluorometry Attachment 
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Wavelength (my) 


Fluorescence-action spectra obtained for spinach chloroplast 
suspension (curve B) and for its ethanol extract of pigments 
{curve A). These curves obtained with the double-beam 
fluorometry attachment model | indicate the difference in 
excitation of chlorophylls a and b between in vivo and in vitro 
states. Curve C indicates the absorption spectrum of the 
chloroplast suspension shown for comparison. 
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{A} Relative Intensity 


(B) Absorbance 








Wavelength {mn} 


Fluorescence spectrum (curve Aj of an aqueous 
solution of 994M tryptophan observed with a 
double-beam fluorometry attachment model il 
as compared with the absorption spectrum (curve 
B} of the same tryptophan solution. 
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Edited by A. H. RO 
August 1969, xiv + 670 ppa L408: 


This is the first of three yolumes on ‘The Yeasts’. The series aims to give coverage to this important 
group of organisms comparable to that which has already been given to several major groups of 
micro-organisms including the bacteria, fungi and protozoa, in books previously published by 
Academic Press. All aspects of the yeasts will be examined in full, Volume 1 dealing with their 
biology, Volume 2 with biochemistry and physiology, and Volume 3 with yeast technology. 

CONTENTS: A. H. Rose and J. S. Harrison: Introduction, N. JW. Kreger-van Rij: Taxonomy and Systematics of Yeasts. 
L. do Gurmo-Sousa: Distribution of Yeasts in Nature, J. C. Genties and C. J. La Touche: Yeasts as Human and Animal 
Pathogens. F. T, Last and D. Price: Yeasts Associated with Living Plants and their Environs, Ph. Matile, H, Noor and 


C, F. Robinow: Yeast Cytology. R.R. Fowell: Sporulation and Hybridization of Yeasts. Robert K. Mortimer and Donald 
; C, Hawthorne: Yeast Genetics. Author Index, Subject index. 


FOSSIL VERTEBRATES OF AFRICA VOLUME 1 


Edited by L. S. B. LEAKEY 
July 1969, x + 102 pp. 12 plates, 84s. 


During the past twenty-five years a fantastic wealth of fossil remains of extinct animals has been 
unearthed in East Central Africa. The quantity of fossil animal remains discovered has been so 
great that study has been slow, but the point has now been reached when the speed with which new 
papers will appear should be greatly accelerated. 

No University or Public Library and ne: Department of Zoology or Palaeontology can afford to be 
without this particular series of reports, 

CONTENTS: P. M. Butler: Insectivores and Bats from the Miocene of East Africa: New Material. G. H. R. von Koenigs- 


wald: Miocene Cercopithecoidea and Oreopithecoidea from the Miocene of Bast Africa. R, E. F, Leakey: New Cervopithe- 
coidae from the Chemeron Beds of Lake Baringo, Kenya. D. A. Hooijer: Pleistocene East African Rhinoceroses. Author index, 


POLAROGRAPHY OF METAL COMPLEXES 


DAVID R. CROW 
July 1969, xiv + 203 ppan 65s. 


The aim of this ‘book is to Cover, within a fairly limited space, all aspects of the polarography of 
complexed metal ions in solution. 

The book will fill a gap in the information available to the research electrochemist and will serve as 
a valuable handbook for researchers in this specialized field. 

CONTENTS: The Nature of Transition Metal Complexes. The Nature of Electrolysis and Theory of Polarography. Further 
Polarographic Phenomena and Some Modern Developments. Determination of Formulae and Stability Constants of Com- 
plexed Metal lons. 1. Reversible, Diffusion-contralled Systems, Determination of Formulae and Stability Constants of Come 
plexed Metal Ions. TI. Irreversible, Diffusion-controlled Systems, Experimental Techniques. Metal Complex Systems with 
Behaviour Governed by Kinetic Factors. Fundamental Nature of Electrochemical Processes of Complexes. Further Polaro- 


graphic Studies af Complexes. Analytical Applications of Complexation in Polarography. Appendixes. Author Index. 
Subject Index. £ 


ADVANGES IN PARASITOLOGY VOLUME 7 : 


Edited by BEN DAWES 
July 1969, xxi + 414 pp., 120s, 


In ‘Advances in Parasitology’ it is the Editor’s aim to provide authentic, well-documented reviews 
of various subjects, extending to the limits of existing knowledge; and to indicate where future 
research effort can be expended most profitably. p 

CONTENTS: J. M. Webster: The Host-Parasite Relationships of Plant-Parasitic Nematodes, S. R, Smithers and R. J. 
Terry: The Immunology of Schistosomiasis. J. C. Boray: Experimental Fascioliasis in Australia, J. F. Michel; The Epi- 
demiology and Control of Some Nematode Infections of Grazing Animals. C. B. Ollerenshaw and L. P. Smith: Meteorological 


Factors and Forecasts of Helminthic Disease. J, D. Smyth: The Biology of the Hydatid Organisms. T. E, Gibson; Advances 
in Veterinary Anthelmintic Medication. Muneo Yokogawa: Paragonimus and Paragonimiasis, Author Index. Subject Index. 


ADVANGES IN HIGH PRESSURE RESEARCH VOLUME 2 


Edited by R. S. BRADLEY 
July 1969, x + 280 pp., 80s, ; 


This is the second volume of a series dealing with aspects of high pressure research, written by experts 
who are currently active in this field, Volume two concentrates on ultra-high and moderately high 
pressures. It includes a detailed review of structural investigations of oxides and chalcogenides, 
with extensive coverage of the literature on the subject, and a discussion of high pressure work at 
very low temperatures, mainly with reference to the electrical properties of metals. Current interest 
in the effect of pressure on the structure of water, and on aqueous systems, is reflected in the articles 
concerned with the effects of pressure on electrode processes, and on the electrical conductivity of 
aqueous solutions at or near room temperature. 

The text is written at an advanced level, and should be of interest to all research workers in this 
rapidly expanding field. 

CONTENTS: The Behaviour of Some Groups of Chalcogenides under Very-High-Pressure Conditions, Some Aspects of 


High Pressures at Low Temperatures, The Effects of Pressure on the Electrcial Conductivity af Aqueous Solutions, Pressure 
Co-effivients of Electrode Processes. Author Index. Subject Index. 
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This is the spectrophotometer for every laboratory 


By itself 


or as the basis for an automated 
spectrophotometric system 


The Unicam SP500 Series 2 Ultraviolet 
and Visible Spectrophotometer is the 
ideal instrument to meet the challenge 
of modern analysis. The basic instru- 
ment is utterly reliable, fast and very 
accurate. 

You know you can rely on the SP500 
Series 2 Spectrophotometer because it 
is based upon the well-proved optical 
system of its famous predecessor—the 
SP500 Spectrophotometer—but with 


solid state electronics providing im- 
proved stability. 

Use the built-in meter to give immedi- 
ate measurement of your sample if you 
want speed 

Use the null balance to give photo- 
metric accuracy of +. 0.3% T if you 
want precision. 

And if it is automation you want, there 
is a whole range of accessories, Plug 
in the SP40 Automatic Sample Changer 





for unattended analysis of up to 50 
samples. Or programme the automatic 
interchange of sample reference cells 
with the SP505 and SP506 accessories. 
Finally, record your results with the 
SP22 logarithmic recorder which gives 
a linear reading of absorbange units. 
To find out more about the Unicam 
SP500 Spectrophotometer’s ability to 
meet the demands of your laboratory, 
write or ‘phone today for details. 
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RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
testing processes you are invited to contact 


EDWARD GURR ONTEN 


for supplies. 


We hoki stocks of an enormous variety of dyes, ready for immediate 
despatch, including: 


Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- 
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Industrial Research Establishments 
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Dimensions—length 30”, width 28”, height 16”. 
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Trouble over the Atlantic 


Tue investiture of the Prince of Wales on July 1 would 
evidently have been the British equivalent of the 
world-wide television spectaculars now associated with 
the landing of people on the Moon if it had not been for 
the failure of the Atlantic communications satellite the 
day before. Briefly, there can hardly have been a more 
conspicuous reminder of the uncertainties inherent in 
the operation of networks of communications satellites, 
at least at this stage in their development. That is the 
long and generous view. The failure of the Atlantic 
Intelsat ITI satellite will also, however, create problems 
for Comsat, the partially public corporation in Washing- 
ton which has been appointed the manager of the 
satellite network on behalf of the international con- 
sortium called Intelsat. For one thing, total loss of the 
Atlantic satellite will mean that the common carriers 
will have to find another $11 million odd to launch a 
replacement. But it has been plain for months that 
even the 1,200 channels of the Atlantic Intelsat II 
were not enough to satisfy the transatlantic demand, 
and bringing back Early Bird into service will be only a 
modest help. This means that if Comsat now uses the 
fourth copy of Intelsat IIT as a replacement for the 
satellite now out of action, there will remain a great 
unsatisfied demand. Coming on the heels of the partial 
failure of the Pacific satellite in March this year, which 
has made necessary its banishment to the Indian Ocean, 
the loss of the Atlantic satellite means that Comsat has 
obtained only one and a half satellites for the price of 
three. 

The loss 6f the Atlantic satellite could hardly have 
been more cruelly timed for Comsat. Between now and 
November, a committee of officials from the member 
countries of Intelsat will be hammering out the draft 
of a new constitution. The dominance of Comsat in 
the present arrangements has been a thorn in the flesh 
of several members and also most probably an impedi- 
ment to a sensible arrangement between Intelsat and 
the Soviet Union (which should ideally be a member). 
Even the British Government (see page 10) has now 
made public the view which it shares with other Euro- 
pean governments that it would like to see a system in 
which members have a stronger voice in ‘the determin- 
ation of policy in Intelsat, which often seems just a 
front for Comsat. No doubt it will be grossly unfair if 
the failure or partial failure of two out of the three 
Intelsat III satellites is counted as negligence by 
Comsat, but the losses will and should make the 
members of Intelsat ask whether they can continue to 
delegate responsibility for technical matters to an 
independent agency which also happens to be appoin- 
ted the United States delegate to the consortium. 


Comsat has been dominant in the Intelsat organ- 
ization because it has also been the chief source of 
technical expertise on satellite communications. The 
problem is not merely to decide what kinds of satellites 
to launch next but also to operate them on a day to day 
basis, making sure that they keep their allotted stations 
in synchronous orbits and making decisions about the 
uses to be made of the circuit capacity available. 
Evidently somebody has to do this work, and it is only 
sensible that the same group of people should provide 
Intelsat with advice about the development of the 
network. So is it sensible to think that Intelsat 
might build up its own management and give Comsat 
the sack? This would evidently be a gigantic under- 
taking in which Comsat as such would not be a willing 
partner. Indeed, it is not unreasonable to fear that 
replacing the manager by a new organization would 
trigger off a chain of events which could lead to the 
fragmentation of Intelsat. The more realistic course is 
somehow to buy out a substantial part of Comsat’s 
commercial interest in the development of satellite 
communications, thus converting Comsat from an 
independent organization to a wholly owned sub- 
sidiary. Fortunately, there should be no insuperable 
obstacle to bringing that about. Comsat was originally 
intended to be owned partly by private individuals and 
partly by nominated common carriers of telecommuni- 
cations in the United States, but the balance has been 
substantially upset by the sale of stock by TTT Inc. in 
the past twelve months. 

One of the other important questions now to be 
decided is the extent to which regional systems should. 
be allowed to coexist with the international Intelsat 
network. This is one of the points on which European 
governments have set their hearts m the past few 
months, chiefly because of plans for the development 
of television broadcasting under the umbrella of CETS. 
But there is also a case for a separate regional system 
in the Americas and Asia. On the face of things, 
indeed, it may be simpler to satisfy the internal demand 
for telecommunications within a region by providing a 
separate satellite system for the purpose. The failure of 
the Atlantic satellite this week should be a reminder 
that purely local arrangements like this sacrifice much 
of the flexibility of which a thoroughly international 
system should be capable. In other words, there is a 

> for hoping that it will be possible to induce 
nations or groups of nations which have set their hearts 
on regional svstems to satisfy their ambitions within the 
framework of Intelsat. By such means it should also 
be possible to make full use of the economies of 
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the risk of failure. But integration is also the simplest 
way of making sure that satellites do not crowd too 
closely together. 

There remain all kinds of technical problems to be 
decided. The Intelsat IIT satellites had been designed 
for a life of five years, and were intended to span the 
gap between now and the first launching of the much 
larger Intelsat IV satellites in 1971-73. With luck, 
these devices would have lasted for seven years and 
would each have provided between 3,000 and 10,000 
circuits. Calculations based on estimates by Hughes 
Aircraft, the manufacturers of Intelsat IV, suggest that 
the capital cost of a cireuit-year or communications 
capacity would be $500, rather less than a third of the 
cost of launching Intelsat IIT satellites. The 1970s, in 
other words, could well have seen really cheap tele- 
communications by satellite. The question now is 
whether dependence on Intelsat IV is wise, and Comsat 
should be closely questioned by the members of 
Intelsat who will ultimately pay the bill about the 
technical basis on which plans for the new satellites 
have been developed. The most obvious danger is that 
the need to put something in orbit will tempt those 
concerned with these developments to rush ahead too 
quickly, skimping on essential development. Much will 
depend on the post-mortem examination of the Intelsat 
IIT satellites which have gone out of action, but on the 
face of things it might be much wiser to concentrate on 
Jarge numbers of smaller satellites even if the cost is 
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somewhat greater. Several eggs in many. baskets, might 
be the best insurance. - 

What lies beyond Intelsat IV? This question 
suggests all kinds of problems about the relationship 
between Intelsat as it now is and organizations such 
as the putative combination of ELDO and ESRO in 
Europe and NASA in the United States. In Europe, it 
seems now most probable that there will soon emerge 
an organization anxious to develop communications 
satellites. If Intelsat wants to hang together, some 
means will probably have to be found of giving the new 
organization something on which to cut its teeth. But 
communications satellites will have to depend on 
American—or possibly Russian—rockets for launching 
in the seventies, and quite soon people will be seriously 
considering the feasibility of maintaining or repairing 
communications satellites with the help of the tech- 
niques which have been worked out for carrying men 
into orbits about the Earth, from which it follows that 
Intelsat should try to persuade the United States 
Government to sanction a continuing relationship with 
NASA. Certainly it would be folly to try to duplicate 
these facilities in Europe and folly to hope permanently 
to do without them. The difficulty is that nobody can 
tell which kinds of satellites will be most suitable for 
the eighties, yet it is not too soon to begin planning. 
This is why an essential part of the new arrangements 
for Intelsat should be an independent development 
programme aimed at finding a way ahead. 


Universities without Computers 


THE first report of the Computer Board (Cmnd 4006, 
HMSO, 4s), established in 1966 to provide British 
universities and research councils with computing 
facilities, is a worthy but disappointing document. 
Evidently the board itself has functioned well, and its 
modest successes speak well for the perspicacity of the 
committee under Professor B. H. Flowers which 
argued, at the end of 1965, for a coordinated pro- 
gramme of investment in computing facilities. One of 
the objectives was to remedy what threatened to 
become a desperate shortage of computers. Another, 
dependent on the first, was to make the best use of the 
scarce resources which the British Government was 
likely to provide. To its credit, the government 
agreed that the Computer Board should have £20-5 
million to spend on computing (hardware, software and 
running costs) in the universities, and that the research 
councils should spend a, further £9-3 million in the 
period of five years from 1965 to 1970. In the event, 
the programme began slowly, partly because the five- 
year period was stretched out to six and because the 
rate of spending in the first two years was limited to 
£3 million a year, and partly because of the way in 
which orders for new computers have been filled late 
or, sometimes, not at all. In all these circumstances, 
the Computer Board’s report reads a little like an 
account of a careful piece of housekeeping. The 


allocation from the Treasury for the current year has 
been talked up to £3-9 million. Twenty-four new 
computers have already been installed, thirteen others 
have been improved and eight new machines are on 
order. Sometimes it has been possible to move 
computers from one place to another go as to avoid the 
second-hand market. The places at which the new 
machinery has been installed are well distributed 
through the university system, so that there can be 
little sense of injustice even among those who seem 
still to be desperately deprived. That is a success. 

Unfortunately, however, there is some real danger 
that the scale on which the Computer Board is operating 
falls some way short of the real need for new computing 
facilities in British universities. The report itself says 
quite openly that there is, so far, no sign of slackening 
in the growth of the demand for computers. Some of 
the tales which it has to tell are almost hair-raising. 
At Edinburgh, for example, which had been intended 
as a regional centre with particular responsibility for 
the development of multiple aecess techniques, the 
ICL machine originally ordered failed to materialize 
until November last year, and it has been necessary to 
rent an IBM machine for a period of two years. In the 
circumstances, the development of software has neces- 
sarily been impeded, while the University of Edinburgh 
as a whole has been forced to live from hand to mouth. 


NATURE, VOL. 223, JULY 5, 1969 


The board confesses that it was over-ambitious to have 
relied on the installation of a radically new piece of 
technology, but this, of course, is only a proper piece 
of self-reproach because of the lack of alternative 
facilities in universities as a whole. The danger now is 
that even with the extra expenditure of £5 million over 
the six years on hardware for the universities on which 
the Treasury has agreed, a great many universities will 
be handicapped not merely in research but in teaching. 
This, at least, is what many people will fear. The 
Computer Board would have done a better public 
service with its first report if it had provided not 
simply its virtuous good housekeeping account but also 
a more measured argument to show that it will be able 
in future to identify the real need for university com- 
puters. The intention seems to be to invite universi- 
ties to provide annual estimates of their future require- 
ments, and then to go to the Treasury with what will 
almost certainly have to be a boiled-down version of 
the aggregate. This is probably too passive a line at 
this critical stage in the development of university 
computing. 

Apart from the scale on which computers are being 
provided, two other matters call out for attention. In 
the first place, there is the problem of deciding how 
important an integrated system of computers should be 
for the universities and the research councils. In 
1965, the Flowers committee argued that London, 
Manchester and Edinburgh should become regional 
centres providing a service for other institutions in the 
neighbourhood, but it is clear that only modest 
progress has been made so far in implementing this 
ideal. Some of the difficulty is plainly the delay in 
putting in equipment, but the report seems also to 
reflect only a diluted version of the original enthusiasm 
for regional centres. Remote communication with 
geographically distant machines is also undoubtedly an 
impediment, and this is yet another reason for hoping 
that there will soon be better data transmission links 
than the Post Office now provides or even—no doubt 
over Mr John Stonehouse’s dead body—high quality 
links which are independent of the Post Office network. 
But there are also almost philosophical questions to be 
decided. To what extent would universities be pre- 
pared to make use of a centralized system based, 
possibly, on the National Computer Network which the 
Post Office from time to time says it has created ? And 
how would universities arrange to pay the cost of using 
such a network? The Computer Board is no doubt 
right to illustrate the difficulty of arriving at an equit- 
able means of charging by pointing out the complica- 
tions there would be in levying a fair charge on the 
80,000 jobs a year now carried out by the Chilton 
Atlas installation. The implication is that universities 
will always be exempt from the kinds of commercial 
discipline which apply to other potential computer 
users. The Computer Board should ask whether this is 
really a wise decision. In the long run, it might be 
better for the development of an integrated computer 
network and for the efficient use of national resources 
if this nettle were firmly grasped. 
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There are also problems about the uses of computers 
for teaching. Much, no doubt, will depend on the 
speed at which multiple access devices are developed in 
the universities, but so far it has been agreed that the 
provision of computers for undergraduate teaching 
should be the responsibility of the University Grants 
Committee. No doubt the theory behind this decision 
is sensible enough. The Computer Board, after all, was 
set up to provide extra services for the universities in 
the spirit in which the research councils provide extra 
funds for supporting scientific research. Yet is it 
really possible to distinguish clearly between computers 
which are used for research (which includes post- 
graduate teaching) and computers which are used for 
undergraduate teaching or university administration ? 
And even if the distinction is possible, is it wise ? In the 
long run, it would be more economical if universities 
were encouraged to use the same machinery for as 
many purposes as possible. And as things are, develop- 
ment has hardly begun of the use of computers in 
university teaching not merely in the teaching of com- 
puter science but in helping with education in all fields. 
It is good to know that the Computer Board and the 
University Grants Committee are looking at these 
questions “as an urgent matter”, but the outcome 
could well be that the board and the UGC between them 
will have drastically to increase their expectations of 
the British Treasury. Certainly these are issues which 
should be dealt with in the next report of the Computer 
Board. 


ROCKETRY 


Black Day for Black Arrow 


Arrer two postponements last week, the first firing 
of the British Black Arrow rocket ended in failure at 
Woomera last Saturday. Sponsored by the Ministry of 
Technology, Black Arrow is a three-stage rocket which 
will be able to launch satellites of 240 Ib into 300-mile 
polar orbits—roughly equivalent to the Scout rocket 
which is the workhorse for much of NASA’s scientific 
programme. Last week’s firing was to test the first 
and second stages and the separation of the third 
stage, but after fifty seconds of flight the rocket went 
off course and had to be destroyed. This suggests 
that whatever went wrong occurred towards the end 
of the first stage firing, which is particularly dis- 
appointing because the first and second stage engines 
are based on a tried and tested design-—that of the 
Black Knight test rocket. All the twenty-two Black 
Knight rockets built were fired successfully. As yet it 
is too early for the Ministry of Technology to say what 
effect Saturday's failure will have on the two further 
launchings planned for this year. Both these launch- 
ings are expected to be orbital attempts, although the 
satellites will be rudimentary devices intended primarily 
to monitor the performance of the third stage. The 
development firings will be followed by what the 
Ministry of Technology calls “a number” of further 
orbital attempts, beginning at the end of 1970 or the 
beginning of 1971. So far no rockets have been 
ordered for this phase, but the ministry says the 
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funding for the project is to rise from the present £3 
million annually to £5 million over the next five years. 

Following Black Arrow on the launching pads at 
Woomera was the F8 test flight of ELDO’S Europa 1 
rocket, still grounded earlier this week due to weather 
conditions. After the failure of the German third 
stage during the F7 test last November, F8 contains a 
number of modifications including the replacement, of 
several rigid pipes in the third stage by flexible tubing. 
F8 will again be an orbital attempt with a light test 
satellite ballasted to weigh about 1,000 Ib so as to 
test the rocket with a payload having a high centre of 
gravity. But only about 411 Ib of the payload is 
intended to separate from the third stage and go into 
orbit. The next firing, F9, is expected in November 
and will be the last ELDO launch planned for Woomera. 
After that the ELDO launch complex in French 
Guiana is to be used, 

Although the end of Britain’s commitment to ELDO 
isin sight, British cooperation with NASA is flourishing. 
Two satellites in the Ariel series are in the pipeline— 
UK4 and UK5—and both are to be built in Britain. 
UK4 is planned for launch in mid-1971] and is to 
contain five experiments concerned with interactions 
between charged particles and electromagnetic waves 
in the upper atmosphere—four British and one 
American. Out of seven applicants for the space 
allotted to the Unitcd States, an experiment put 
forward by Dr L. A. Frank of the University of Iowa 
has been selected (Dr Frank is a member of Professor 
J. A. Van Allen’s group). UK is still at the planning 
stage, and three British firms are in the running for the 
role of prime contractor. The decision whether or not 
to go-ahead with the satellite, which is to be of the 
observatory type possibly with American participation 
in the experiments, is expected later this year. 


LIBERAL SCIENCE 


Appreciated by Industry 


THE ease with which the first students to graduate from 
the “Science Greats’ course at the University of 
Manchester have found jobs is encouraging for the 
champions of more broadly based science courses in 
Britain. It may even encourage a few other univer- 
sities to take the plunge and start liberal science courses 
aimed at showing how the natural sciences interact with 
economics, government policies and human values. 
Lamentably, Manchester’s course is at present unique 
in Britain. The few other universities that have made 
noises in this direction have still not progressed much 
beyond the faculty meeting stage. 

According to Mr B. J. Holloway, secretary of the 
university's appointments board, the thirteen liberal 
science graduates were “some of the most marketable 
students at Manchester this year’, All but one, who 
has not yet decided what to apply for, have jobs in 
industry, the universities or science journalism. 
Blue chip companies, such as IBM, ICI. Kodak and 
International Computers, have obviously been im- 
pressed by the graduates. One has an SRC Science 
and Industry Award to enable him to return from ICI 
to a university for postgraduate work and four are 
going directly to universities for postgraduate work with 
a noticeable vocational bias. 
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Professor F. R. Jevons, who takes the lion's share of 
the credit for the course and its success, is more than 
satisfied with the way his pupils have found jobs. His 
only regrets are that none entered the open competition 
for the administrative grade of the civil service and 
none is going into school teaching. As he says, one or 
two might have done so but for the attractive offers 
they received from industry. That, and the fact that 
four out of the thirteen students got firsts, five upper 
seconds and only one a third, is the sort of news that 
proves the remarkable efficiency of the student bush 
telegraph. Science Greats at Manchester can obviously 
look forward to an increasing number of applicants for 
the eighteen or, at a squeeze, twenty places it can offer 
each year. 


ISOTOPES 


Market-building for Californium 


Tue US Atomic Energy Commission seems bent on 
creating a market for californium-252, an artificial iso- 
tope of element 98. The commission has distributed a 
brochure describing the potential benefits of the isotope 
to a variety of possible users, and has offered to lend 
sources containing californium-252 to those wishing to 
make detailed studies with them. The brochure con- 
tains the promise that the AEC would be prepared to 
manufacture substantial quantities of the isotope in its 
reactors at the Savannah River Plant if a sizable 
demand should eventually materialize. 

The sales talk for californium-252 stems almost. 
entirely from the way in which the isotope can be used 
as an intense neutron source. For this reason, the AEC 
brochure suggests that the material could be used in 
medicine for neutron radiotherapy and for radiography, 
Yet another possibility is that neutrons from cali- 
fornium-252 could be used for the production of short- 
lived radioactive isotopes—chlorine-38 and mangan- 
ese-56 are two of those singled out by the AEC for 
special mention. Evidently the isotope could also be 
a convenient tool for neutron activation analysis, and 
the brochure points out that the material might be 
particularly useful in the remote analysis of the surface 
material on the planets. 

Apart from being a conveniently intense source of 
neutrons, californium-252 seems to have the advantage 
that it can be obtained from americium-243 and 
curium-244. These isotopes are likely to be produced 
in large quantities from the power programme now 
building up in the United States. One estimate is 
that the production of these feed materials for the 
production of californium-252 will amount to tens of 
kilograms a year in the 1970s and ten times as much a 
decade later. It is therefore prudent of the AEC to 
attempt to find a market for what will otherwise be 
perishable waste products. It seems already to be 
clear that nuclear reactors will also, by the eighties, be 
more prolific sources of rare metals such as rhodium 
and palladium than the crust of the Earth itself. Thus 
it has been estimated that United States power reactors 
will be producing 74,000 troy ounces of rhodium a vear 
in 1984, compared with a current demand for 55,000 
troy ounces a vear. Reactor wastes will evidently 
provide rich pickings for the utility companies in the 
decades ahead. 
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MAGNETIC TESTING 


New Venture for Culham 


Wiru the fashion for British Government laboratories 
to diversify their activities, there should be very little 
surprise that the Thermonuclear Research Laboratory 
of the Atomic Energy Authority should have joined 
the ranks of those now offering services for industry. 
To be sure, the Culham venture is comparatively 
modest, and should serve only a little to soften the 
annual blow of a ten per cent reduction of the budget 
in each of the next five years, but the venture is also 
interesting. What the laboratory will offer is a facility 
for measuring the properties of superconducting 
materials in magnetic fields of 80 kilogauss or less. 
This is likely to be especially valuable in standardizing 
the properties of composite superconducting materials 
in which potentially superconducting filaments of 
niobium—titanium are embedded in a matrix of copper. 
Certainly the geometrical size of the equipment now 
being built, at a cost of £80,000, will make it possible 
to test specimens which are 5 cm across or even 
bigger. 

The new equipment, which will be built during the 
year ahead, consists of a pair of Helmholtz coils 
mounted on a horizontal axis and immersed in a tank 
of liquid helium 21 em in diameter. With this arrange- 
ment, separate cooling devices for the materials being 
tested are, of course, unnecessary. Arrangements are, 
however, provided for supplying test specimens with 
up to 15,000 amp of current. The new facility is larger 
than one already in use at Culham which is able to 
accommodate specimens up to 2 em across. (The 
equipment at the Royal Radar Establishment, Malvern, 
which can produce fields of 150 kilogauss, operates in 
air and is thus less convenient for superconducting 
work.) A member of the staff at Culham explained 
earlier this week that one feature of the new design is 
that it will be possible to rotate specimens so as to 
establish the relationship between critical current and 
magnetic field at different orientations. Even if 
customers for the use of the new equipment are not 
quickly forthcoming-—Imperial Metal Industries, which 
manufactures composite superconductors, is the most 
likely—Culham itself should have good use for it 
when the laboratory’s own interests in the provision of 
intense magnetic fields for plasma containment lead 
to the use of superconducting properties. 


ADMINISTRATION 


Tidying up at SRC 


THE Science Research Council has now reorganized its 
administrative structure in such a way as to provide 
each of its four divisions with a director. Earlier this 
week, the council announced that Dr T. G. Pickavance, 
at present director of the Rutherford Laboratory at 
Harwell, will become director of the Nuclear Physics 
Division as a whole, a post which he has occupied two 
days a week for the past year. In his new job, Dr 
Pickavance will be responsible for all of the SRC's 
interests in nuclear physics, comprising the Rutherford 
and Daresbury Laboratories, the British interest in 
CERN and the administration of the university grants 
in nuclear physics which are spent extramurally. Dr 
Pickavance has been the director of the Rutherford 
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Laboratory since its foundation a decade ago. Whether 
his move full-time to London will enhance the power 
of the Nuclear Physics Board remains to be seen-— 
in 1968 some £163 million, or 43 per cent of the 
council’s expenditure, went on nuclear phys but 
the tide is on the ebb. 

Dr Pickavance explained earlier this week that he 
shares the now publie view of the Nuclear Physi 
Board (of which he has been a member for several 
years) that British membership of the CERN project to 
build a 300 GeV proton accelerator would be worth 
swapping for an accelerated retirement of Nimrod, 
the proton accelerator now in service at the Rutherford 
Laboratory. Dr Pickavance considers there is no 
danger that the British Treasury will seize on this 
possibility as an opportunity to save money without 
joining the 300 GeV project, for the twenty university 
groups now working in high-energy physics will provide 
a continuing need for facilities like these. Indeed, one 
of the questions not yet made sufficiently public is 
that raised by the smaller groups which argue that 
access to a large machine somewhere else in Europe 
will be less satisfactory to them than the continued 
funetioning of Nimrod. 

At the Rutherford Laboratory, Dr Pickavance will 
be succeeded by Dr G. H. Stafford, who has been 
deputy director there since 1966. In September, when 
these changes take effect, there will also be a change of 
director at the Daresbury Laboratory following the 
move of Professor A. W. Merrison to be Vice-Chancellor 
of the University of Bristol. He will be sueceeded in 
the middle of 1970 by Professor A. Ashmore of Queen 
Mary College (which will thus lose two heads of the 
Physics Department in as many years). Until then, 
Dr R. G. P. Voss will be acting director. 
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ROYAL SOCIETY PROFESSORSHIP 


Huxley Changes Chairs 


THE Royal Society announced last week that Professor 
Andrew F. Huxley has been appointed to a Royal 
Society Professorship. He will become the eleventh, 
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Royal Society Research professor when he takes up the 
appointment on October 1. Professor Huxley, who is 
at present Jodrell Professor of Physiology at University 
College London, will continue working at the college, 
and London University has conferred on him the title of 
Professor of Physiology to coincide with the Royal 
Society appointment. But changes in title and pay- 
master apart, the real difference as far as Professor 
Huxley is concerned is that he will have a well deserved 
rest from the administrative chores entailed in running 
the Physiology Department at University College; he 
will have much more time to devote to his research. 


CANCER RESEARCH 


Easily Confused 


THE British Empire Cancer Campaign for Research, to 
give it its full name, and the Imperial Cancer Research 
Fund are easily confused. Both charities have anachro- 
nistic names harking back to days of empire—-the 
Fund was founded in 1902 and the Campaign some 
twenty years later. Both have the Queen as patron. 
Both are charities which raise money for cancer research 
by public appeals—flag days and advertisements in 
top people's dailies—and legacies. Cynics might say 
that both have spent large sums of money without 
coming much closer to cures for cancer, although that 
charge can be levelled at every large cancer research 
institute. No doubt the baffling complexity of the 
problem means that most cancer research is irrelevant 
if not trivial. 

The idea of amalgamating the two organizations so 
as at least to remove some of the confusion about them 
in the minds of the charitable public has been discussed 
more than once but has come to nothing. For one thing 
it is far from certain that a combined appeal would 
bring in as much cash as two separate appeals. For 
another, the two organizations are run on very different 
lines and the difference is crucial for research workers 
in search of money for their projects. 

The Imperial Cancer Research Fund has its own 
laboratories at Lincoln's Inn Fields and Mill Hill, 
whereas the BECC supports research groups at hospitals 
and universities throughout Britain and, to a smaller 
extent, the Commonwealth. The BECC’s Annual 
Report for 1968 devotes nearly 500 pages to summariz- 
ing the work of the institutes, groups and individuals 
it supports. The campaign’s chief pensioners are 
places like the Institute of Cancer Research: Royal 
Cancer Hospital (the Chester Beatty Research Institute) 
and the Middlesex Hospital in London, and the 
Christie Hospital and Holt Radium Institute in Man- 
chester, which in 1968 respectively received £245,000, 
£179,396 and £153,702, while at the other end of the 
scale grants to individuals range from a few hundred 
to a few thousand pounds. 

In 1968, the campaign’s total budget topped the 
£2 million mark for the first time and local fund raising 
committees collected £965,000 (9-6 per cent more than 
in 1967) of the total £2-170 million. During this period 
the ICRF income was £2-531 million, so the grand total 
for the two charities came close to £5 million in a year 
dominated by financial erisis and tight money. The 
pubhe seems prepared to dip very deep indeed into its 
pocket at the mention of cancer, which must be the 
disease most feared by the middle classes. And those 
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who give money can at least rest assured that most of 
it goes on research. In 1968 the ICRF spent less than a 
shilling in every pound on appeals and administration 
while the BECC nearly did as well, spending 1-5 shillings 
in the pound on appeals. l 


CBW 


Meselsohn’s Evidence to Fulbright 


AFTER being thoroughly “sanitized’”-—a peculiarly 
apt euphemism for censored—the evidence which 
Professor Matthew Meselsohn gave on April 30 to 
Senator Fulbright’s Committee on Foreign Relations 
during its hearing on chemical and biological warfare 
has been published. Despite the deletion of Meselsohn’s 
remarks on the size of the United States stock-pile 
of chemical and biological weapons, what goes on 
at Fort Detrick and Pine Bluff and the like, the 
published evidence throws some light on the scale 
of chemical and biological weapons research in the 
United States and on the use of incapacitating chemical 
weapons in Vietnam. 

The budget for CBW research at present is of the 
order of $400 million a year, although at the end of 
the Korean War it was a mere $10 million. The agent 
used in Vietnam is CS (o-chloro- benzalmalonitrile) 
in three forms--CS, CS1 and CS2—all of which are 
powders. CSI is simply more finely ground than CS 
and CS2 is the same chemical treated with silicone 
to render it resistant to moisture. The United States 
army procurements of CS for South-East Asia have 
risen from 367,000 pounds in 1964 to 6,063,000 pounds 
in 1969. The total procurement between 1964 and 
1969 has been 13-736 million pounds, about 7,000 tons, 
whereas in World War 1 the total amount of mustard 
gas used by both sides was approximately 12,000 tons. 
CS is nowhere near as unpleasant as mustard gas, 
of course, but the comparison serves to indicate the 
scale of the use of chemical weapons. 

Meselsohn said that, apart from the use of CS in 
Vietnam, there have been only two authenticated 
cases of poison gas warfare since the Geneva Convention 
~in Ethiopia in the thirties and more recently in 
the Yemen. Meselsohn’s remarks on where the gases 
used in the Yemen came from were censored, but 
in the best Andrew Undershaft tradition, both Yemeni 
royalists and republicans were using shells labelled 
with cyrillic characters. The significance of this 
record, of course, is the restraint that most nations 
have placed on the use of chemical and biological 
weapons. And the gist of Meselsohn’s argument was 
that the US should not only ratify the Geneva Conven- 
tion but also refrain from using incapacitators like 
CS in Vietnam for fear that they will only lead to 
escalation to more potent chemical weapons. Britain 
and several other countries including the USSR 
agreed in 1930 on an interpretation of the Geneva 
Convention which banned the use of tear gases; the 
United States, Meselsohn argued, should do the 
same. 

For a nuclear power, he said, biological weapons 
are useless. They act too slowly to be of tactical 
value and they leave intact the capacity to launch 
a nuclear counter-attack. On the other hand, for 
small countries without a nuclear capacity, CB weapons 
have advantages. 
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CONSERVATION 


Protection for Whales and Seals 


Ar the twenty-first meeting of the International 
Whaling Commission held in London last month, it 
was stated that there was hope of stopping the con- 
tinuing decline of whale stocks. ‘The commission was 
set up in 1946 to regulate the conser vation of the 
world’s whale stocks, and one way it does this is by 
fixing a quota on the number of whales that may be 
taken inaseason, (For conservation purposes, one blue 
whale unit =one blue whale, or two fin, or two and a 
half humpback or six sei whales.) Although conserva- 
tionists continue to be disturbed about the situation— 
they would like to see, for example, separate quotas for 
each species—they should be pleased that the commis- 
sion reported that the humpback whale population 
shows signs of increasing. To encourage this trend, the 
commission has renewed the ban on the killing of hump- 
back whales and blue whales in the North Atlantic for 
another three years. The quota for pelagic catches in 
the Antarctice in 1969-70 has been fixed at 2.700 blue 
whale units and, although this is not as low as con- 
servationists would like, it is 500 units less than in 
the previous season, The North Pacifie whaling coun- 
tries have agreed to reduce their pelagic catches 
of fin and sei whales in 1970 by 10 per cent of the 
1969 limits, and the catches of sperm whales in the 
North Pacific will be restricted for the first time. 
Next vear, the catches of the shore stations of Japan 
and the United States will be restricted to the quota 
levels of 1969. 

In spite of increasmg rest riction on the whale 
industry, catches, of course, continue. Inthe Antarctic 
seas in 1968-69, three Japanese and three Soviet 
expeditions caught 3,015 fin whales and 5.770 sei 
whales (equivalent to 2,469 blue whale units) and 2,682 
sperm whales, compared with the previous year’s 
atch by eight expeditions of 2,155 fin whales, 10,357 
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sei whales and 2.568 sperm whales. Outside the 
Antarctic, the total catch in 1968 was 32,783 whales 
compared with 32,567 in 1967. 

Whale scientists have long pressed for officially 
appointed observers to see that the whaling fleets con- 
form to the regulations, and while the commission is 
itself sympathetic to the idea, it has not been put into 
practice. At the recent meeting, the North Pacific 
whaling countries agreed to “exert their best efforts” 
in putting into effect observer schemes for both pelagic 
and shore station whaling in the North Pacific. 

Nearer home, the Conservation of Seals Bill recently 
had a successful second reading after nearly two hours 
debate in the House of Lords. This bill, introduced by 
Lord Cranbrook, is a modified version of one drawn up 
by the Council for Nature and presented by Lord 
Cranbrook to the House of Lords last year (see Nature, 
218. 715: 1968) and while it does not go as far as the 
original in protective measures it successfully reconciles 
most of the various interests and it is more easily 
enforceable. The existing legislation, the Grey Seals 
Protection Act. 1982, only protects the grey seal, 
Halichoerus grypus, and the common. or harbour seal, 
Phoca vitulina, is indiscriminately hunted. As a result, 
the grey seal in some areas has become almost too com- 
mon, and the common seal is in some places becoming 
rare, There is also much criticism of the licensing policy 
for culling allowed under the present act. 

The new bill would provide for the protection and 
conservation of both the grey and the common. seals 
in England, Wales and Scotland and in adjacent terri- 
torial waters. If it is passed, it will become illegal to 
take or kill a seal in Britain during the closed seasons 
of both species unless a licence by the Secretary of 
State acting on the advice of the Natural Environment 
Research Council has been granted. The exceptions 
would be for merey killing or rescue of an injured seal, 
and for fishermen acting in defence of their nets and 
tackle. Licences would specify the method of killing 
and would be issued for educational or scientific 
purposes, the prevention of damage to fisheries. the 
reduction of a population surplus of seals for manage- 
ment purposes, and the use of a population surplus as a 
resource. One important clause allows the Secretary of 
State to prohibit the taking, injuring or killing of both 
or either of the species in certain areas, when greater 
protection is necessary. This clause practically brings 
the bill into line with last year’s bill, which allowed for 
comprehensive statutory protection for the two species 
throughout the year. 





FISHERIES 


Tur White Fish Authority reports its business for the 
vear 1968-69 on a more cheerful note than in the 
previous annual report, although the results were not 
all that encouraging (HMSO, 6s). The authority is 
particularly cheerful about the new scheme of subsidies 
brought in under the Sea Fisheries Act, 1968, ancl 
which now means that, instead of the old system of 
progressively reduced subsidies between | 962 and 1072, 
the industry will be supported by up to £4 million in 
the worst of years but by progressively Jess if returns 
improve in any given year. The total subsidy will be 
distributed with reference to the operating efficiency 
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of vessels, so that the most efficient operators will get 
the greatest benefit from the new system. i 

On the whole, catches of white fish were good during 
the year, particularly in the north-east Atlantic, and 
landings exceeded those of 1967, but while there were 
increases in revenue in some sections of the fleet, the 
gains were affected by a “‘massive’’ increase in average 
operating costs. The authority hopes, however, that 
the agreed merger between two of the industry’s largest 
companies, the Ross Group and Associated Fisheries, 
may help to cut operating costs. 

The authority is encouraged by its results from its 
experiments on boxed fish. Trials of a fleeting system 
involving the transfer of boxed fish on the open sea 
between three vessels confirmed the practicability of 
the scheme, although it needs refining. Gradually, the 
method of boxing at sea is becoming more popular. 
In Aberdeen, following a trial for which the authority 
provided facilities on a non-profit-making basis, the 
owners decided to adopt boxing as a standard pro- 
cedure, the freshness of the fish already boxed and iced 
on arrival at ports obviously being the deciding factors. 
The authority’s Industrial Development Unit supports 
many projects—-research on the mechanization of fish- 
ing operations, and fishing aids, operational research, 
handling, processing and distribution of fish, and the 
like—but its activities are rather hampered by lack of 
funds. The authority’s total expenditure on research 
and development in 1968-69 was £428,000 compared 
with £400,000 in 1967, but it reports that it is difficult 
to undertake projects requiring annual allocations of 
more than £20,000 at this level of expenditure, and it 
is anxious to expand the programme and to improve 
the effort in marketing and distribution. 

Several of the developments sponsored by the 
authority have a strong bearing on the safety of 
trawlers and their crews, a subject at present being 
examined by a committee (under the chairmanship of 
Admiral Sir Derek Holland-Martin) set up by the 
Board of Trade after the loss of three distant water 
trawlers early in 1968. The fishing industry has 
naturally been a little cautious about future commit- 
ments for new vessels and equipment, but its wait 
should soon be over because the committee is expected 
to report this month. 


MEDICAL RESEARCH 


Epidemics on Computer 


Ir is more than ten years since the World Health 
Organization, on the recommendation of the 1958 
World Health Assembly, began its “intensified medical 
research programme”. The annual report on the pro- 
gramme points out that the particular tasks of the 
second five-year programme 1964-68 have stressed 
the problems of international eommunication among 
medical scientists. To accommodate the enormous 
increase of scientific information, WHO initiated in 
1965 the Biomedical Research Information Service so 
that data could be coded, analysed and stored using 
the WHO computer at Geneva and then issued in 
bulletin form as comprehensive and up-to-date in- 
formation. 

The basic aims of the programme have not been 
forgotten. Medical research is still encouraged by the 
provision of facilities for research and for training in 
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research to the tune of £4 million per year. There are 
now over 700 WHO supported projects in a total of 
seventy-seven different countries and there are 388 
research workers on research grants, half of them for 
people working outside their own countries, axpendi- 
ture has climbed since the first five-year plan. In 
1961 annual expenditure was a meagre £1-5 million, 
of which 45-5 per cent was voluntary contributions, 
Now annual expenditure ( 1968) is more than £4 million, 
but with no increase in voluntary contributions. 

The report deals weightily with world wide investiga- 
tion of nutritional disorders and cardiovascular diseases 
and with the widespread and more menacing infectious 
diseases. Over half of the programme is concerned with 
environmental health and communicable diseases, from 
influenza and mumps to leprosy and malaria. In 1967, 
a division of Epidemiology and Communications was 
established, the idea being to analyse where and when 
an outbreak of a specific disease might occur. Be- 
havioural sciences, ecology and mathematics have 
provided tools for accurate assessment of epidemic 
dangers. A computer simulation model has been 
developed which can exhibit the general behaviour 
of a recurrent epidemic situation: a modification of 
this model will be applied to malaria. Work is in 
progress on phenylketonuria and haemolytic disease of 
the newborn where the starting point for the model 
was provided by the genetic abnormality. The aim is 
eventually to construct a mathematical model of the 
disease process by recording observation on man and 
his biochemical and immunological characteristics and 
environment. 


ARCHAEOLOGY 


Ancient Monuments 


by our Archaeology Correspondent 


In a country like Britain, stumbling from one financial 
crisis to the next and looking to science and white-hot 
technological revolutions for its salvation, it is idle to 
pretend that the preservation of ancient monuments. 
or for that matter archaeology as a whole, comes high 
on the list of priorities for public money. But it is not 
simply shortage of money that the staff of the Ministry 
of Public Building and Works complain of. They also 
say that the feeling that it is somehow harmful to the 
national psyche to want to preserve as much as possible 
of the relies of the past is widespread among those who 
hold the Treasury purse strings. Government policy, 
as far as there is one, seems to be that it is impossible 
to let preoccupation with the past cost more than a few 
hundred thousand pounds a year. The damage to field 
monuments that is currently tolerated in Britain was 
revealed in the recent report of the Ministry's Field 
Monuments Committee (see Nature, 221, 1099; 1969), 
which also showed how a further £200,000 or so spent 
in the right ways could radically improve the situation. 
Unfortunately that report appeared. too late to be in- 
cluded in the Annual Report for 1968 of the Ancient 
Monuments Boards for England, Scotland and Wales 
(HMSO, 3s 6d), which by comparison, makes almost 
cheerful reading. 

Since 1958 the Ancient Monuments Boards have taken 
their jobs seriously enough to meet five times a year 
instead of once, and they usually make an annual three 
day excursion to monuments in selected areas. Last 
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The vallum (foreground and on right of the road) enclosing 
part of the land of St Columba’s monastery, in which there 
are plans to build tea rooms and lavatories. 


year the board toured Kent and was impressed with 
what it saw—especially the restoration of a Martello 
tower at Dymchurch—but the Board for England and 
Wales sounds some alarms. Cromwellian earthworks in 
Cambridge are once again threatened by the resurrected 
plan for an inner relief road scheme and, it says, “even 
excavation before destruction would be a very bad 
second to the preservation of such historic earthworks”. 
At Norwich the 2-25 mile long city walls are threatened 
with destruction by the local authority's road scheme 
especially because the authority owns both the walls 
and houses in some areas and an alternative route would 
cost a great deal of money chiefly in compensation. 
And even in remote Iona, as the Board for Scotland 
points out, the area formerly enclosed by the bank and 
ditch of St Columba’s monastery, a feature of the site 
that was only rediscovered in 1930, is threatened. with 
a tea room and lavatories. As the report says, to build 
such things within a unique monastic site “would seem 
to our successors wholly incomprehensible—if not, 
indeed, a betrayal of trust”. A plan to desecrate [ona 
with a urinal will not, of course, come as a surprise to 
anyone who has read the report of the F ield Monu- 
ments Commission; progress must be had at any cost, 
but especially if the cost is only a few old stones or 
turves, not money from tax and rate payers. 


FAMILY PLANNING 


Mr Crossman Helps Out 


from a Correspondent 

Tue Family Planning Association is launching a new 
campaign with the title “Every Child a Wanted Child” 
as the latest move in its long-standing drive “to make 
the act of birth control as habitual as the sex act”. 
The campaign was welcomed by Baroness Birk, chair- 
man of the recently formed Health Education Council, 
at the opening of the association’s annual national 
conference in London last week, Lady Birk, who has 
already made contraception first priority on the 
couneil’s programme, criticized “the heavy aura of 
puritanism with its lingering overtones of sex for 
procreation but never for pleasure” which she believed 
still pervaded British society. This, she said, was 
responsible for “the half hearted way’ the problem was 
approached. 

One of the chief complaints within the FPA is the 
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lack of enthusiasm with which local authorities have 
received their obligations under the National Health 
Service (Family Planning) Act, 1967, The Secretary 
of State for Health and Social Security, Mr Richard 
Crossman, said he very much wanted to see local 
authorities provide a comprehensive service. He said 
that of 204 local authorities in England and Wales, only 
34 at present provided an “adequate” service under the 
terms of the act. Regretting the fact that the act 
had come into effect at such a time of “financial 
stringency”, Mr Crossman—who last month granted 
the FPA its first-ever Government subsidy of £20,000 
a year for five vears—pointed out that on purely 
economic grounds the provision of an effective family 
planning service would lead to considerable reductions 
in other areas of welfare spending. 

The main problem, however, as speaker after speaker 
reiterated, was not so much money—the FPA has an 
annual turnover in the region of £4 million—as the 
attitude of society as a whole. One of the most 
disturbing anomalies is the fact that while a doctor can 
perform an abortion on a girl under the age of sixteen, 
he is proscribed by law from prescribing contraceptives 
of any sort. As usual, it is inevitably the person who 
needs help most who is last to receive it. One doctor 
at the conference—after requesting that his professional 
anonymity be preserved—reported the cases of two 
15-year-old girls on whom he had performed abortions: 
within three months they were pregnant again. 

Mr Michael Schofield, author of Sexual Behaviour of 
Young People, observed that for most children nowa- 
days formal sex education came too late, and that, 
especially in schools, such instruction as was given was 
frequently too erratic and inaccurate. 








NUCLEAR REORGANIZATION 


Mr Benn Explains 


Even members of the cabinet are not secure in their 
jobs, Mr Anthony Wedgwood Benn, Minister of Tech- 
nology, reminded last week's last public meeting of the 
House of Commons subcommittee on the nuclear power 
industry. He was answering questions about the fate 
of the nuclear scientists of the UKAEA in the re- 
organization he instigated a year ago. “The scientists 
whose work has led to major redundancies in the coal 
industry should be the last to complain about the 
effects of technological progress”, Mr Benn said, 
commenting on the reluctance of scientists to transfer 
to the two companies (TNPG and BNDC) which will 
be responsible for designing and building nuclear power 
stations, So far, forty members of the URKAEBA fast 
reactor design office have accepted offers from TNPG 
and the remaining 100 are working for TNPG on 
secondment, but the Institution of Professional 
Civil Servants (the guardian of the UKAEA scientists) 
is advising against the terms offered by BNDC, presum- 
ably because BNDC is held to be the less viable of the 
two consortia. Mr Benn did not seem unduly worried, 
however. He did not accept the view that design teams 
should be kept together at all costs; some of the beat 
teams are those which are brought together for a 
particular purpose. In any case, the scientists are 
employees of UKAEA, not of the Ministry af Tech- 
nology, and it is up to the ministry to make the best 
uses of the resources of the UKAEA. 
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During the two and a half hours for which Mr Benn 
was giving evidence, there were four interruptions 
while members of the subcommittee voted in the 
House. Although Mr Benn had arranged to be paired, 
several members of the subcommittee had not, including 
the chairman Mr Arthur Palmer, Dr Ernest Davies and 
Mr Eric Lubbock, and Mr Benn was scarcely able to 
conceal his delight at this example of his own foresight. 
Despite the interruptions, however, there was time to 
discover why the ministry decided to reorganize the 
three nuclear consortia existing in 1968 into two group- 
ings, instead of the single consortium which the 
ministry favoured in the first place. But Mr Benn was 
not able to dispel the suspicion that the reorganization 
was badly thought out. First, an analysis of the market 
with the help of the Industrial Reorganization Corpora- 
tion indicated that there would be enough business at 
home and abroad for two consortia. Then Mr Benn 
doubted the wisdom of hiving off the nuclear interests 
of the big engineering companies, and in any case it 
would be impossible to enforce a single consortium 
because the groups left out could easily get licences 
from abroad. Rather surprisingly, in view of the 
ambiguous role of the UKAEA with shareholdings in 
both consortia, Mr Benn did not think the authority 
could have had a sensible relationship with the proposed 
single consortium, As for the delays in deciding how 
to restructure the industry, Mr Benn politely pointed 
out that he had waited until October 1967 for the first 
report by the Select, Committee on the nuclear pro- 
gramme. Otherwise he might have brought in the IRC 
earlier. 

As for the new role of the UKAEA, the intention is 
for the authority to carry out pure research while the 
consortia do the market-oriented research. Mr Palmer 
pointed out that by this rationale the prototype fast 
reactor ought to go to industry. But TNPG has been 
brought in only as project managers, and then using 
staff seconded from the authority, and Mr Palmer 
thought the TNPG involvement was simply window- 
dressing. Mr Benn denied Mr Palmer’s assertion that 
the ideal was being confused with the reality, and said 
that changes would be made progressively. But he 
could not say whether in the end the prototype fast 
reactor would be sold to TNPG. 

Now that all the witnesses have been heard, the hope 
is that the subcommittee will produce its report before 
the House rises at the end of July. Whether this time- 
table is adhered to depends very much on the degree of 
unanimity among the members of the subcommittee. 


Parliament in Britain 


Intelsat 

Mr F. Murer, Secretary of State for Foreign and 
Jommonwealth Affairs, said that Britain would press 
for a new Intelsat constitution which will give member 
states a louder voice in determining policy and afford 
fair opportunities for supplying equipment for the 
system. Britain will make its views known to the 
Intelsat Preparatory Committee which is trying to 
draft a permanent charter for the organization in time 
for the second plenary conference in November. The 
Committee of Senior Officials of the European Space 
Conference is also drawing up a programme of collabora- 
tive projects in the space communications field, 
(Written answer, June 23.) 
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Enzyme Detergents 

Is the House of Lords the Minister of State at the 
Board of Trade, Lord Brown, said that the Chief 
Inspector of Factories had invited all companies con- 
cerned with the manufacture of enzyme detergents to 
a meeting at which the Government hoped they would 
share their medical knowledge and experience. Workers 
exposed to the enzymes tend to suffer from both skin 
reactions and acute illness and there is some evidence 
that, if inhaled, the enzymes impair hing functions, 
and medical inspectors have stressed the need for higher 
standards of environmental control at the manufac- 
turers’ plants. (Oral answer, June 23.) 


Education Grants 

Mr Epwarp Suorr, Secretary of State for Education 
and Science, told the House that the total expenditure 
of the department, the local authorities in England and 
Wales and the research councils on research grants to 
individuals in 1969-70 will be £235 million. About 
£144 million will go on grants awarded after a means 
test, the remainder to grants available irrespective of 
means. (Written answer, June 24.) 


Espionage Satellites 

Mr Joux Morris, Minister of Defence for Equipment, 
told the House that the height to which national control 
of air space is exercised still has to be decided by 
international lawyers. Until that has been done, there 
is no legal basis on which infringement of air space by 
spy satellites can be claimed. A spy satellite is not the 
same as a U2 spy aircraft. Mr Morris said the important 
thing for British defences is that we should have good 
tracking and detection facilities for satellites. (Oral 
answer, June 25.) 


Chemical and Biological Warfare 

Mr Morais also told the House that US forces stationed 
in Britain do not maintain stocks of CBW agents and 
no weapons of this type are carried over British terri- 
tory by USAF aircraft. No request. for permission to 
stock CBW weapons or fly them over Britain has ever 
been received. When asked whether he believed the 
British Government. was being provided with full and 
accurate information on this matter, Mr Morris said 
he had made his own inquiries and believed the facts he 
had been told. (Oral answer, June 25.) 


Exchange with Italy 

Mr M. Forey, for the Foreign and Commonwealth 
Office, said that during the recent visit to Britain of the 
Italian President it was agreed to establish a committee 
for scientific and technical collaboration between the 
two countries which, among other things, will try to 
encourage interchange of scientists. During the two 
years ending March 31, 1969, 47 Italian scientists and 
technologists visited Britain and 37 Britons went to 
Italy assisted by public funds. (Written answer, June 
25.) 


Salmon Fishing 

Mr J. H. Hoy, for the Ministry of Agriculture, Fisheries 
and Food, said that member governments of the Inter- 
national Commission for the North-West Atlantic 
Fisheries must be allowed a reasonable time to consider 
the resolution passed at the commission's recent meet- 
ing in Warsaw which seeks to ban salmon fishing 
outside national limits. The governments have to 
accept the resolution formally before it takes legal 
effect. (Written answer, June 26.) 
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No information on Information 


Tux report of the Committee on Scientific and Tech- 
nical Information set up in 1966 by the National 
Academies of Science and Engineering has turned out 
to be something of a dirappointment. To begin with, 
of course, it looks bad that SATCOM, as it calls itself 
should have put first among its recommendations the 
setting up of a permanent Joint Commission on 
Scientific and Technical Communication, yet the case 
for such a step is sound enough. There is bound to be 
a continuing need for some means by which the senior 
learned societies in the United States can review and 
coordinate the handling of scientific information in the 
private sector, thus serving as a counterpoise to the 
activities of COSATI, the Committee on Scientific and 
Technical Information which operates from the White 
House, which is charged with responsibility for regulat- 
ing the flow of scientific information within agencies of 
the Federal Government but which often threatened— 
in the days of Dr William T. Knox-—to assume 
responsibility even for the backs of envelopes on 
which people scribble rough notes. SATCOM makes 
clear where it stands on this issue by emphasizing that 
it wants private institutions, especially the learned 
societies, to retain their present functions in the 
handling of scientific information. The trouble is that 
it has provided such vague guidance for the new 
commission that nobody can tell from reading SAT- 
COM’s report whether it has in mind a strong executive 
authority able to look the ACS or the AIP straight in 
the eye or, alternatively, whether it should be a 
committee of gentlemen meeting for occasional dis- 
cussions of policy at large. The danger of these 
circumstances is familiar enough. Commissions set up 
without being pointed in some definite direction finish 
up as either busybodies or do-nothings. 

The other causes of disappointment with the report 
(published by the National Academy of Sciences in 
Washington) are linked with the imprecision of the 
terms of reference for the proposed Joint Commission. 
There is a tendency to platitude, as in the second of 
the fifty-five recommendations which begins ‘Effec- 
tiveness and economy demand a basic philosophy of 
shared responsibility between private organizations— 
those for profit and those not for profit--and the 
federal government in the management of scientific 
and technical information.” This, strangely enough, is 
the prologue to a request that the Federal Government 
should look after federal business and let the learned 
societies look after the privately generated scientific 
and technical information. With the innocence of 
evangelists hoping that exhortation can banish sin, 
SATCOM urges that grant-giving agencies should 
always consider how the products of the research which 
they are sponsoring will afterwards be disseminated, 
particularly in international affairs. The trouble here 
is not merely that people will be disinclined to follow 








advice like this without external prodding, but that 
there is no proof that present arrangements fail con- 
sistently to catch worthy information. Indeed, the 
second powerful string on SATCOM’s bow is the 
perfectly sound argument that there should be more 
reviews of the current literature. “Scientific and 
technical societies must develop, propose and assist in 
implementing new and better ways to identify needs 
for critical reviews and data compilations and to 
further efficient preparation of them.” Tf only the 
committee had been able to suggest ways in which 
actual people could be persuaded to write reviews 
more willingly, it might have done a public service. 
Unfortunately even money seems not to help (see 
Goudsmit, 8. A., Physics Today, 19, No. 9, 52; 1966). 

What has happened is that the committee has fallen 
into the familiar trap for those who lay down the law 
about the storage and retrieval of information of 
supposing that all information is equally memorable 
and worthwhile. To take this line is, of course, con- 
venient—it avoids the difficulty of having to make 
qualitative and possibly invidious judgments about 
the merits of different pieces of scientific research. As 
everybody knows, however, some papers are more 
equal than others. What science lacks—-technology is 
better off—is some equivalent of the tradition of 
intelligent journalism by means of which people in 
other walks of intellectual life can be well informed 
without always having to rush off to original manu- 
seripts. But this implies that the real trouble with the 
scientific literature is not the amount of it buf the 
way in which it is written, and that the common 
defects of presentation consist as much of failures to 
make the right connexions with other pieces of work 
as failures to choose the right words or to use the right 
grammar. The happy hunting-grownd for which 
SATCOM is planning will only come about when 
contributions to the scientifie literature (and their 
authors) are valued as much for their usefulness as 
pieces of literature as for what they are about. 
the time being, at least, that objective is also unfor- 
tunately a pious exhortation, which nevertheless 
implies that all the trouble spent on sober contem- 
plation of the problems of the literature is something 
of a mockery. 

But will this always be the same? What will be 
the effeet of the new technologies about which the 
librarians and the computer people have been talking 
for the past several years ? Sensibly enough, SATCOM 
takes a cautious view of the adventurous experi- 
ments in which computers have been used for the 
sifting and retrieval of information, although it is plam 
enough that machines like these could have an import- 
ant part to play in providing working scientists with 
information which is directly relevant to their needs, 


and this certainly is one field in which the eontinuing 











For 


12 


joint commission could have a useful job to do. For 
the rest, SATCOM quite properly says that the arrival 
of copying machines has created all kinds of new 
anomalies in the law on copyright, and it is hard to see 
how there can fail to be a general acceptance of wide- 
spread copying even if this means that journals will 
sometimes seek to recover what they lose in the ‘Xerox’ 
rooms by increasing their subseription prices. On page 
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charges, a particularly teasing matter in the United 
States now that grants are under pressure, SATCOM 
has only very clouded advice to offer its successor, the 
proposed joint committee, but this is only to be 
expected. In the long run, policy on this and other 
matters will be made by the bigger learned societies 
and the Federal Government. SATCOM has not really 
made a case for having a go-between. 


Friend in Congress for AEC 


THERE is hardly any better demonstration of how con- 
stant critics become close friends than the report of 
the Joint Committee on Atomic Energy on the authoriz- 
ing legislation for the Atomic Energy Commission for 
1970. The report explains how the committee has seen 
fit to recommend that the commission should economize 
on foreign travel, reducing its budget from $1-5 million 
to roughly $1 million, and reprovingly asks that the 
commission should review “the area of foreign travel 
thoroughly”. At the same time, the committee has 
taken an optimistic view of naval propulsion, space 
propulsion, certain possible developments in civilian 
power reactors and also of Plowshare, with the result 
that the total operating budget will be increased, if 
the committee has its way, by $948 million. The 
verbatim account of the hearings held in Washington 
on April 17, 18, 24, 25, 29 and 30, also now published, 
provides a cheerful justification of much of what the 
AEC proposes to do in the year ahead. 

Work on the 200 GeV accelerator in Hlincis seems to 
be well under way and the report once more exudes 








Dr R. R. Wilson’s confidence that the accelerator will 
Table 1 ($000's) 
Committee 
Programme AEC recommen- Change 
request dations 
Raw materials 57,100 56,600 — 500 
Special nuclear materials 324,860 323.860 — 1,000 
Weapons 828,300 
Naval propulsion 121,855 + 4,000 
Space propulsion 47,825 -+ 2,000 
Reactor development and 
technology 223,500 233,800 + 10,300 
Biology and medicine 90,800 90,800 
Isotopes development 6,390 7,940 -+ 1,550 
Terrestrial electric power de- 
velopment 4,400 4,000 + 400 
Space electric power develop- 
ment 34,050 34,450 +400 
Civilian applications of nu- 
clear explosives 14,500 25,000 + 10,500 
‘Training, education and in- 
formation 15,975 14,975 ~ 1,000 
Cornmunity 10,081 9,98 1 ~ 100 
Programme, direction and 
administration 110,900 110,500 — 400 
Security investigation 7.891 7,891 
Physical research 282,350 279,300 — 3,050 
Cost of work for others and 
increase in selected resour- 
ces 31,554 38,289 + 6,735 
Revenues applied and unobli- 
gated balance brought for- 
ward ~ 248,534 — 19,053 
Total 1,963,800 + 9,982 
Less reduction for foreign 
travel — 500 -— 500 
Net authorization 1,963,800 1,973,282 -49,482 


be functioning by June 1972, five years after work on 
it began. The total cost of the accelerator will be 
$250 million, but witnesses at the hearings in April 
were at pains to emphasize that ‘ ‘everything depends” 

on there being enough money in the coming financial 
year. One of “Dr Wilson's s problems i is that he expects 
to be letting contracts worth more than $26 million 
between July and October this year and that the items 
on which this money will be spent are crucial for the 
smooth completion of the project. In his evidence to 
the joint committee, Dr Wilson explained that ex- 
perience of the past year has shown that the site on 
which the accelerator is being built, although entirely 
flat and therefore suitable for the machine, is also 
liable to become waterlogged in heavy rain. For this 
reason, it is proposed to drain the site. And it may be 
necessary to phase construction work with the weather. 
At the nearby village of Weston, the National Accelera- 
tor team is carrying out research and development 
work with the intention of proving the efficacy of 
several items intended for the completed proton 
accelerator, A section of the machine roughly one 
twenty-fourth of the total circumference has been 
installed and power supplies are being tried out in it. 
A small version of the linear accelerator to be used for 
injection of protons into the cyclotron which will 
serve as the pulsed injector for the 200 GeV machine 
has also been built and is being tested with protons 
from a 750 kV Cockcroft-Walton generator. The 
laboratory has also been toying with a superconducting 
magnet, one version of which is already being used in 
conjunction with a bubble chamber at the Argonne 
National Laboratory. Dr Wilson explained in his 
evidence to the joint committee that the machine now 
being built had been designed to be modified in such 
a way that the energy could be increased to “400 or 
500 GeV", which suggests that the design is even 
more flexible than previous reports have suggested. 
By the end of this summer, it is hoped that most of 
the tunnel for the main accelerator will be complete ; 
after some indecision, Dr Wilson and his team seem 
to have settled for steel rather than aluminium, 

The construction of the National Accelerator Labora- 
tory is only one part of the err of physical 
research on which the AEC will spend $282-3 million 
in the coming fiscal year, an increase of Ae per cent. 
One of the other projects on which it is engaged is the 
Los Alamos Meson Physics Facility (LAMPF). This 
accelerator, now two-thirds complete. will have cost 
$55 million when it comes into operation in 1972-73. 

The joint committee has also accepted the AHC’s 
bullish view of the immediate future for controlled 
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thermonuclear research. At the hearings in April, 
much was made of the visit to the United States 
earlier in the year of Academician Lev. A. Artsimovich, 
the director of the Kurchatov Atomic Energy Institute 
in Moscow. In the middle of April, Academician Art- 
simovich told a symposium at the Massachusetts 
Institute of Technology of recent developments with the 
Tokamak device which has, by his account, produced 
the best results so far in any fusion reactor. The joint 
committee was told that hot plasma with an ion tem- 
perature of about five million K had been contained for 
as much as a fiftieth of a second. According to Dr 
Paul McDaniel, director of the research division of the 
AEC, there are also plans for building a larger toroidal 
machine on the Tokamak pattern in the Soviet Union 
with the intention of producing ion temperatures of 30 
million K and densities of the order of 5 x 10%? per em’, 

Both Dr McDaniel and Dr A. S. Bishop told the 
joint committee that this is a hopeful development for 
fusion research. Dr McDaniel said that the new 
Russian machine “would provide the long-awaited 
demonstration of the scientific feasibility of fusion 
power”. Dr Bishop said that he “firmly believes” that 
Russian research has made “a very important step in 
this direction”. The criterion used at the hearings was 
the extent to which thermonuclear machines can yield 
a performance which betters the so-called Bohm limit— 
the length of time during which plasma will leak out 
of a magnetic containment by particle diffusion. In 
previous toroidal systems, the Bohm limit has seemed 
to be an inherent limitation. In the past three years, 
however, several systems have been able to better the 
Bohm performance, and the latest performance of 
Tokamak, if confirmed by measurements now being 
made in Moscow, would imply an eighty-fold improve- 
ment on this criterion. It seems to be agreed that a 
fusion reactor would need a performance one thousand 
times that of the Bohm limit, which is the justification 
for Dr Bishop's saying at the hearing that the Russians 
are halfway to fusion on a logarithmic scale. In circum- 
stances like these, it is entirely understandable that the 
joint committee should have decided that the $27-8 
million, itself an increase of nearly four per cent on the 
previous year, asked for 1970 for thermonuclear 
research “is the minimum necessary to maintain a 
properly paced program and to sustain the momentum 
which has been gained in recent years”. The joint 
committee has also been persuaded by the AEC’s case 
for the Plowshare programme and has indeed agreed 
that the programme should be increased from the $145 
million asked for by the AEC to $25 million—an. 
increase of something like 70 per cent. 

The joint committee seems to have been particularly 
incensed at the way in which the commission’s own 
budget was trimmed by the Bureau of the Budget 
before being submitted to Congress. “The committee 
perceives utterly no reason for such severe reduc- 
tion . . . nor does it have the faintest conception of why 
the Administration proposes to have the program limp 
along at the same hand to mouth funding level that it 
has suffered in years past... .”. Indeed, as well as 
restoring the reductions of the budget made within the 
Administration, the committee suggests that there 
should also be an extra experiment linked with the 
preparations now being made for building a sea level 
canal across Central America as well as a number of 
other projects. The report argues that the Administra- 
tion has cut the AEC’s budget requests for Plowshare in 
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each of the past five fiscal years to roughly half what the 
commission considered desirable, and that there is now 
a need for a larger programme part ly so that the 
United States can shoulder obligations under the Non- 
Proliferation Treaty to provide peaceful explosions for 
other states and also to prevent the programme losing 
manpower. The joint committee complains that the 
budget request to Congress made no provision for 
research and development of nuclear explosives speci- 
fically intended for Plowshare experiments. 

The sea level canal is at the centre of the Plowshare 
plan for the new fiscal year, which is only sensible 
because the AEC is due to make an assessment of the 
feasibility of the project. by December L, 1970. The 
immediate objectives are a series of cratering experi- 
ments in which underground explosions are used to 
produce sizable craters without releasing excessive 
amounts of radioactivity. Three such experiments 
were carried out in 1968—a 23 kiloton explosion 
in Nevada on January 26, a series of five P1 kiloton 
explosions on March 12, and a 35 kiloton explo- 
sion on December 8. The second experiment, Project 
Buggy, did indeed dig a ditch 865 feet long, 254 
feet wide and 70 feet deep even though the explosions 
took place in hard rock. At the hearings in April, the 
AEC said that this experimental ditch had provided 
valuable information about the spacing needed between 
explosions and about the height of the lip formed at the 
ends of the ditch, roughly half that at the sides. The 
third experiment released more radioactivity than 
expected, presumably because of moisture in the 
rock. 

During the coming year, the AEC plans four experi- 
ments in the production of artificial craters, one in 
saturated rock, another consisting of five large nuclear 
explosions of varying yield to excavate a linear crater in 
uneven ground, one intended for testing cratering 
explosions in weak wet rock and yet another which will 
be the equivalent of a megaton explosion which is 
intended to test the feasibility of blasting away the 
highest points of the sea level channel between the 
Pacific and the Atlantic. During the year ahead. the 
AEC is also planning several studies of underground 
explosions for the release of oil, gas and water, but 
evidently much depends on the full analysis of the 
Gasbuggy experiment in which a 26 kiloton explosion 
took place (on December 10, 1967) in gasbearing strata 
in north-western New Mexico. The Gasbuggy well is 
now thirteen times as productive as comparable con- 
ventional wells nearby, but it remains to be seen how 
long-lasting this improvement will be and how quickly 
the gas drawn off will be freed from radioactivity. 

The committee proposes to increase the AEC's allo- 
cation for the development of space rockets by 52 
million to a total of nearly $50 million (which inchides 
the cost of developing isotope electrical systems as 
well), The committee also pats itself on the back for 
having argued in 1968 that the AEC should not 
push ahead with the development of a new and larger 
rocket programme but, rather, that it should get the 
most out of the rocket called Nerva I which has now 
emerged with 75,000 pounds of thrust, a specific 
impulse of 825 seconds and a capacity to operate for 50 
minutes with a fluid of hydrogen. The committee says 
that the result has been a valuable long range rocket 
which will be available for application in the late 
seventies. The AEC says that during the coming vear 
it is planned to test the Nerva rocket in conditions 
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which simulate those likely to be encountered on actual 
space flights, for which purpose steps have been taken 
to provide testing facilities which simulate a vacuum. 
The outstanding problems are the corrosion of fuel 
elements storage of liquid hydrogen fuel. The effect of 
the committee’s generosity towards the AEC (which the 
Administration may yet decline to accept) is that it 
will be possible to move more quickly with the conver- 
sion of the present reactor rocket engine into one which 
can be flown in a rocket, probably first of all in 
1977, 

The committee's view of the future of the civilian 
power programme is also optimistic, although tinged 
with some anxiety occasioned by the slackening of 
orders for nuclear power reactors after the boom years 
of 1966 and 1967 and by the difficulty of finding sites 
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for new nuclear power plants in the face of public 
scepticism. In total, the committee recommends that 
the AEC request for $223-5 million should be increased 
by $103 million, mostly in the power reactor field 
(ships, after the Savannah, are being given no atten- 
tion). The committee is particularly anxious that the 
AEC should push ahead with liquid metal fast breeder 
reactors, and appears to be satisfied that enough work is 
being done in this direction. Five manufacturers are at 
work on different designs for a 1,000 MW electric 
plant. The joint committee has also patted on the 
back the molten salt reactor experiments at the Oak 
Ridge National Laboratory, although the extra $3 
million which it would allocate to this part of the 
programme is not enough to restore the AEC’s original 
request for funds from the Administration. 


Is Congress Mr Nixon’s Keeper? 


Tue new Administration seems to be unable to keep 
out of trouble in its dealings with Congress on behalf 
of science, but it is not entirely to blame. The most 
recent trouble consists of a repetition of the habitual 
parsimony of the House Appropriations Committee 
towards the National Science Foundation. After the 
hearings held before the authorization committee (the 
House Committee on Science and Astronautics) in 
March, it seemed likely that the foundation would be 
able to enjoy once more a reasonable approximation 
between its needs and its capacities. In the event, 
however, the Appropriations Committee reduced the 
budget request from $500 million to $418 million, and 
this was the amount eventually agreed in the Bill 
passed by the House of Representatives at the end of 
last week. Even with the $20 million carried over 
from the fiscal year just ended, the result is that the 
SF will have less to spend than two years ago. The 
only hope now is that the Senate will take such a 
different view of the NSF’s request that there will 
have to be a compromise. In any case, however, it is 
unlikely that the cuts will be fully restored and, indeed, 
it is most probable that the House recommendation 
will prevail as it did in 1968. 

In the immediate future, the chief result of the 
decision will be continued short commons in the 
universities, and the committee’s action is bound to 
suggest the possibility of reprisals against the univer- 
sities. In the longer term, however, the most powerful 
consequence of another year of deprivation may be to 
impede moves for a reorganization of the machinery 
of federal support for academic science in the United 
States along lines such as those suggested by the 
National Science Board earlier this year. 

Other troubles of the new administration in the past 
week are self-inflicted wounds. The case of the appoint- 
ment of a new Assistant Secretary of Health and 
Scientific Affairs (with responsibility for NIH among 
other things) in the Department of Health, Education 
and Welfare seems to have been designed almost 
deliberately as a repetition of the fiasco in which 
Dr Edward Long was not in the end made director of 
the National Science Foundation. Some weeks ago it 
became known that the new Secretary at HEW, Mr 
Robert Finch, was anxious for the President to 








nominate Dr John H. Knowles, director of the Massa- 
chusetts General Hospital, to this important post. 
Eventually it became clear that Dr Knowles was not 
the favourite candidate of the American Medical 
Asevociation, and in what seems to have been a con- 
cession to pressure mounting in Congress in support 
of the AMA, the Administration caved in exactly a 
week ago. As consolation, Harvard University at the 
same time announced that Dr Knowles had been 
appointed Professor of Medicine, putting out a state- 
ment which probably explains why he eventually 
proved to be too much for the Administration. The 
university acknowledged, evidently with pride, that 
Dr Knowles is “one of the staunchest defenders and 
the severest critics of the American hospital” and went 
on to explain how he initiated a study which last year 
questioned the involvement of American hospitals with 
existing plans for medical insurance. 

The new candidate for the HEW post turns out to be 
Dr Roger E. Egeberg, dean of the Medical School in 
the University of Southern California. Ironically, Dr 
Egeberg has also been active in urging causes not 
especially dear to the AMA-—medicare, for example. 
Although this appointment has yet to be confirmed, 
the Administration is plainly hoping that it will be 
lucky second time. 

The position as head of the NSF bas also been filled 
with a man not sharply different from Dr Long in his 
opinions on matters such as the ABM, although it 
does appear that Dr William D. McElroy, the head of 
the biology department at Johns Hopkins University, 
has been more concerned with university than political 
affairs in his long career at the university. He is 52 
and has taught at Johns Hopkins for 26 years. It is 
likely that Congress will confirm his appointment, and 
that he will take overeat the National Science Founda- 
tion almost immediately. 

Tt has also been announced that the new director of 
the National Bureau of Standards, who will succeed 
Dr Allen V. Astin at the end of August, is Dr Lewis M. 
Branscomb, for the past eight years the head of the 
Astrophysies Division of the National Bureau of 
Standards in Boulder, Colorado. Apart from his 
work in astrophysics, Dr Branscomb has a distinguished 
record of public service on government committees. 








NATURE, VOL. 223, JULY 5, 1969 


NEWS AND VIEWS 
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Cheerful Way Ahead for Fusion 


ACADEMICIAN L. Arrstmovicn is a great one for 
causing commotion, and usually the benefits of his 
ebullience are far more evident than the damage it 
can do. Plainly his visit to the United States has been 
true to his best form, for the result of a brief stay in 
mid-April has been a great sense of excitement among 
those who work in fusion research. From Livermore to 
Washington, the praises of the experimental machine 
called Tokamak are being sung, and even if the most 
immediate consequence should be that the laboratories 
will ask for, and Congress may provide, more money 
for research, there will be nothing to complain of. At 
worst, fusion research is a harmless way of spending 
money. Quite soon, some time in the seventies perhaps, 
it will probably once more become the fancy of every 
ambitious graduate. There is even a chance that some 
of the talk which the Joint Committee on Atomic 
Energy has been hearing (see page 12) is right, and 
that the new machine at the Kurchatov Institute in 
Moscow is itself the sign that better days have come. 

What are the chances ? First of all, there is no doubt 
that the past few months have seen quite rapid progress 
with the work on Tokamak. So much was apparently 
made clear at the conference organized by the JAEA 
at Novosibirsk last vear. By common consent, the 
condition of the plasma in the doughnut-shaped 
reaction vessel is more nearly like that needed for a 
thermonuclear reactor than the conditions in any other 
operating device. One striking sign of that is the ease 
with which it seems to have been possible to use 
measurements of the velocity distribution of neutrons 
leaving the plasma as a means of estimating the ion 
temperature, And even though there remains some 
doubt about the temperature, the Kurchatov Institute 
has brought off a splendid coup and thus deserves the 
warmest congratulations. 

Unfortunately, it does not follow that the way ahead 
is clear for the construction of thermonuclear reactors 
or even of the early prototypes. The achievements of 
the past few vears remain strictly within the field of 
exploration, not attainment. Fashions in experimental 
thermonuclear machines still come and go like the 
design of women’s clothes. To begin with, toroidal 
machines shaped like doughnuts were very much in 
fashion, chiefly because of their simplicity but also 
because it is an advantage not to have energy and 
particles leaking away at the ends, as in a linear 
device. Zeta, the British machine which is still capable 
of producing a blush or two, was quickly overtaken, by 
stranger devices—-magnetic mirrors, potential wells— 
and by systems of magnetic containment lent extra 
stability by means of the magnetic fields associated 


with solid conductors carrying large electric currents, 
Now the wheel has come full circle, for Tokamak has 
the outward appearance of Zeta even though the 
magnetic field in the torus is twisted as in the Stellera- 
tor devices descended from Princeton. 

With this kind of device, the measure of success is 
the extent to which the containment time of the ions is 
greater than the so-called Bohm limit, itself intended 
as an explanation of earlier disappointments. What has 
been happening is that machines in several laboratories 
in several countries have been able to generate plasmas 
in which the somewhat gloomy predictions of the 
Bohm limit are exceeded several times--with Tokamak, 
the guess is an eighty-fold improvement. All these 
developments are the result of clever tricks for avoiding 
some of the kinds of instabilities which would allow 
plasma to leak out of its containment. Their impor- 
tance, of course, is that other things (temperature and 
plasma density) being equal, the feasibility of a thermo- 
nuclear reactor is measured by the containment time. 

So is Tokamak a long way towards a working 
reactor? This is the natural question to ask. The 
answer, unfortunately, is disappointing. For one 
thing, the plasma in the Russian experiments is heated 
almost entirely by the current which is made to flow 
along the axis of the toroidal tube or, what comes to the 
same thing, the electrons in the plasma are heated. 
directly by the contracting magnetic field and then 
transfer their energy to ions by electromagnetic 
interaction. Although there seems no difficulty” in 
heating the electrons to 10,000,000 K, there seems no 
prospect that this simple technique will make the 
electrons hot enough for the ions to reach the 
100,000,000 K at which thermonuclear power would 
be produced more quickly than it would be Jost. In 
other words, even if the Russian machine is the pattern 
on which future thermonuclear reactors are built, a 
great deal will have to be done to it before it will 
function as such. 

As things are, it is not even certain that toroidal 
devices are the right straws in the wind, Thermo- 
nuclear research would be a much easier craft to 
follow if people could be sure that the variety of 
machines which now exists contains the seeds of what 
will one day be a commercial proposition. 
the news from Moscow is encouraging but not electri 
fving. In the United States, however, the ABC is 
right. to be pleased with the way in which events are 
moving, and is beginning to plan for a modest inerease 
of the seale of operations in the early seventies, in 
Britam, there is a greater sense of lassitude, and the 
excellent laboratory at Culham is being made to cut 
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its coat to suit an ever shrinking bolt of cloth. It is, of 
course, ironical that this should be happening when 
there is a modest boom elsewhere. The moral, which 
by now should have become as plain as a pikestaff, is 
that Culham and its managers should throw in their 
lot with other interested European laboratories before 
yet another chance for sensible collaboration is lost. 


VEGETABLE RESEARCH 


Better Onions on the Way 


from our Botany Correspondent 


Prass are afoot to improve the British onion. The 
latest annual report from the National Vegetable 
Research Station at Wellesbourne (price 10s) tells of 
work in progress to combat some obstacles to the 
production of more home grown onions. 

If vields are to increase it is essential to control 
weeds economically, without recourse to expensive 
hand labour. Onions are very susceptible to competi- 
tion and when weeds are left among the crop for a 
whole growing season no marketable yield i is produced. 
Work at Wellesbourne has shown that there is a 
critical period, between five and a half and seven and a 
half weeks after emergence, when weeding is essential 
if the crop is to give a good yield. The onset. of this 
pericd of competition seems to be related to the start 
of the exponential phase of crop growth. 

Although hand labour was used in these competition 
experiments, herbicides are needed to remove these 
troublesome weeds economically. Several herbicide 
treatments help a great deal towards producing crops 
free from weeds, but there is still need for improved 
treatments after the onions have emerged from the 
ground. Several candidate herbicides are under exam- 
ination, and twelve ounces of ioxynil applied to plants 
with two or three leaves has controlled the weeds 
encouragingly, without appearing to injure the crop 
of onions. 

Another problem facing onion growers is the poor 
keeping quality of their crops in the British climate. 
The breeding programme has recently been stepped up 
at Wellesbourne, to develop varieties which combine 
keeping quality and improved appearance with high 
yield. There are now some inbred Jines with a good 

skin colour, and apparently the right sort of characters 
that can be recombined by outcrossing, to give plants 
which store well with a low incidence of rotting and 
sprouting. The plant physiologists have found that 
temperature has a quite precise effect on ripening. 
The desirable brown colour of the onion skin is 
apparently intensified to an extent directly related to 
the duration of storage at a temperature above 70° F. 

Of course, breeding programmes must take account 
of the all important flavour of the onions. Because 
relatively little is known about the compounds respon- 
sible for the flavour and pungency of onions, biochemists 
at Wellesbourne have begun to characterize them and 
to investigate the extent to which their occurrence is 
under genetic and environmental control. So far they 
have found that different species of Allium contain 
characteristic proportions of various radicals. Garlic 
(A. sativum) has large amounts of allyl, onion (4. cepa) 
has almost exclusively n-propyl, and Chinese chive (A. 
tuberosum) has more than ninety per cent methyl 
radicals. No wonder they taste different. 
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GEOMAGNETISM 


Earth’s Thermal History 


from our Geomagnetism Correspondent 


Tracing the thermal history of the Earth seems at 
times to resemble an attempt to define a complex 
function by a single point of dubious validity. The 
problems are obvious enough. Reasonably accurate 
measurements of radioactive composition are only 
available for the outer crust; an imperfect knowledge 
of surface heat flow can only. be obtained for one point 
in geological time: and initial temperature conditions 
are highly speculative. Furthermore, even if the present 
temperature distribution in the Earth could be deter- 
mined, heat generation and the initial temperature 
would not be defined uniquely. The field is wide open 
to the speculative model builder. 

Most models so far suggested start with a relatively 
cold Earth and assume that the chief source of sub- 
sequent heating is radioactive decay. But new models 
constructed by Hanks and Anderson (Phys. Earth 
Planet. Interiors, 2, 19; 1969) attempt to overcome 
this “rather alarming prejudice against consideration 
of other models of heat generation”. Hanks and 
Anderson adopt the premise that gravitational differ- 
entiation, in particular the formation of the core, is an 
important thermal event in the Earth’s early history. 
Although usually ignored, a rapidly forming core will 
liberate a large amount of energy giving an appreciable 
rise in temperature. They also take account of a bound- 
ary condition previously ignored, namely that because 
the geomagnetic field is generated by convection 
currents in the liquid iron core, the core must have been 
formed before the oldest known rock eet 
remanent magnetism—within the first two billion 
years of the Earth’s history. 

Hanks and Anderson reverse the approach of 
previous workers by attempting to work backwards 
to the minimum initial ee They do this by 
delaying core formation until the last possible moment 
consistent with geological evidence, by using radio- 
active abundances which are cert ainly overestimates 
and by adopting a pressure-melting point curve for 
iron which is probably an underestimate in tempera- 
ture. The initial temperature distribution will then 
be determined by the amount of gravitational energy 
trapped during the Earth’s accretion, the temperature 
increase due to adiabatic compression and the decay 
of long-lived radioactive elements. Clearly, a formidable 
number of models can be constructed by combining 
various different accretion and radioactive composition 
sub-models. Boundary conditions must be applied 
to eliminate as many of these as possible. 

What finally emerges from the calculations is that if 
the radioactive abundances within the Earth are 
similar to those of chondritic meteorites or terrestrial 
rocks (the two most commonly considered models), 
the total time of accretion must have been about one 
million years. Unfortunately, a further consequence 
would have been a melting of the outer 1,500 kilo- 
metres of the mantle two billion years from the begin- 
ning of the accretion process. This would have destroyed 
all surface rocks, and so the thermal consequences 
of core formation imply that this event must have 
occurred before the production of the earliest known 
rock; that is, during the Harth’s first 1-1 billion years 
(before 3-4 billion years ago). The only way to achieve 
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the melting of iron necessary for core formation within 
1-1 billion years, assuming chondritic or terrestrial 
radioactive abundances, would be to raise the initial 
temperature almost to the melting point of silicates and 
to reduce the accretion time to less than 500,000 years. 

In fact, the chondritic Earth incorporates the maxi- 
mum possible radioactive abundances ; and thus other, 
more realistic, less radioactive models will require even 
higher initial temperatures and shorter accretion times. 
For example, if uranium, thorium and potassium con- 
centrations in oceanic lherzolites are taken as closer 
approximations to the true mantle abundances, large- 
scale differentiation within the Earth leading to core 
formation must have taken place during an accretion 
lasting less than 200,000 years. In other words, the 
origins of the Earth and its core would have been 
practically simultaneous. But whatever the radioactive 
model considered, taking into account the thermal 
effects of core formations it supports the hypothesis of a 
hot origin for the Earth. 


MAGNETIC FIELD 


From Earth to Mars 


by our Magnetosphere Correspondent 


Tux analysis of the magnetic measurements taken on 
Mariner 4 during its flight to Mars, which lasted from 
November 1964 to July 1965, has now been published 
(Coleman, jan., P. J., et al, J. Geophys. Res., 74, 2826; 
1969). The variation of both the mean and fluctuation 
fields with the radial distance from the Sun has been 
investigated in several ways. Comparisons were made 
with the theoretical spiral field model and the solar 
wind speed was taken to be 350 km s“, based on 
measurements with the Mariner 4 plasma probe, 
though the analysis of these data is incomplete. When 
just the strength of the mean field on quiet days is 
fitted to a power law radial variation, the exponent is 
found to be —1-25, while the theoretical value for a 
wind speed of 350 km s~ is — 1-29, but the direction of 
the field does not fit convincingly the theoretical model. 

A plot of mean values each taken during a period of 
one rotation of the Sun is presented together with plots 
of similar averages of the activity indices Ay and Kp, 
and even for these twenty-seven day averages the 
field is strongly dependent on the level of activity. The 
difference in time for solar plasma from the same 
source to pass the Earth and Mariner was computed 
using the difference in both radial distance and helio- 
graphic longitude, and the data were divided into sets of 
low, medium and high activity, with attention concen- 
trated on the first. The radial variation of the mean 
field is described by a best fit exponent and for low 
activity this is —1-23 and —1-22 for the two com- 
ponents in the ecliptic plane and —1-38 for the com- 
ponent normal to the ecliptic. This suggests that the 
spiral model is only a rough approximation and that 
the field is “sorting itself out’, implying that even 
these weak fields affect the flow. The exponents for 
high activity are somewhat nearer the model with 
— 1-46 for the radial component. and —1-27 and — 1-29 
for the other two. 

It is to be hoped, however, that the change in the 
field as it flows out in the wind can be determined more 
directly before long. If measurements on a distant 
spacecraft near the Sun-Earth line can be compared 
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with measurements near the Earth, and if some dis- 
continuous feature can be used to fix corresponding 
times, the change in both magnitude and direction of 
the field may be obtained with more confidence. 
Perhaps the results concerning fluctuations of the 
field are most important, particularly because they 
scatter cosmic rays in pitch angle. Spectra from 
Mariner 2 have been published before (Coleman, 
J. Geophys. Res., 71, 5509; 1966, and Planetary and 
Space Science, 15, 953; 1967) and the fluctuations are 
strongly correlated with the activity indices. Near the 
Earth the fluctuations transverse to the mean field 
exceed those parallel to it, so that there is greater 
fluctuation in direction than magnitude. The results 
from Mariner 4 show that the fluctuations in the trans- 








not, and this suggests that waves contribute impor- 
tantly to the latter. Coleman et al. also found a some- 
what less steep spectrum near Mars than near the 
Earth-—one indication that nonlinear mechanisms are 
significant. Extrapolation of the parallel fluctuations 
showed that they should be comparable with the mean 
field strength at 4:3 AU, and at about this point 
shocks should develop. The existence of such a region 
may affect the character of the solar modulation of 
galactic cosmic rays. 


CRYSTAL STRUCTURE 


No More Heavy Atoms 


from a Correspondent 

THE phase angles for the structure analysis of the 
non-centro-symmetric crystals of oestriol have recently 
been determined directly (Hauptman ef al., Acta. Cryst., 
B25, 811 and 814; 1969). For many years, the deter- 
mination of the phase angles of the reflexion has been 
the central problem of X-ray crystallography. The 
only observable quantities are the intensities, and with- 
out a knowledge of the phases, one cannot start to 
solve a complex crystal structure. The usual way 
of tackling the problem has been by variations of the 
heavy atom method. With such a method, ifa compound 
contains just one heavy atom, such as bromine, the 
contribution to the scattered intensities of this atom 
alone outweighs those of the light atoms. It is usually 
relatively simple to obtain the key phase angles for a 
structure containing only one atom, and to a first 
approximation the phases due to the heavy atom are 
the phases from the entire structure. It is not always 
possible, however, to make a heavy atom derivative 
of a compound, and in any case it requires considerable 
knowledge of the molecular structure, which is usually 
the object of a crystal structure determination anyway. 

These problems have been tackled recently by the 
development of more direct methods for determining 
phase angles. For centro-symmetric crystals. the phase 
angles of which can only be 0° or 180°, some direct 
methods, based on statistical relations between the 
intensities and phases of groups of related reflexions, 
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have been used with increasing success. And some 
computer programs can now produce a trial structure 
from a set of intensities virt ually automatically. But 
for non-centro-symmetric crystals, matters are much 
more complex, for the phase angles can be anything 
between 0° and 360°. Most complex compounds form 
such crystals; many, especially natural products, are 
enantiomorphous and cannot form centro-svmmetric 
crystals. 

The new method used by Hauptman et al. involves 
a theoretical approach first proposed by Karle and 
Hauptman (Acta Cryst., 10, 515; 1957), who also 
elaborated much of the theoretical and practical basis 
of the statistical methods used for centro-symmetric 
crystals (Solution of the Phase Problem I. The Centro- 
symmetric Crystal, ACA Monograph No. 3; 1953). In 
spite of later modifications (Hauptman, Acta Cryst., 
17, 1421; 1964), the theoretical formulae could not be 
used directly because of large practical deviations from 
theory which are chiefly a consequence of the non- 
randomness of the atomic arrangements in the crystals. 
The new method uses the theoretical formulae to 
calculate the cosines of the sums of the phases of groups 
of three related reflexions from lengthy summations 
involving all the reflexions of the crystal. The magni- 
tudes of the calculated values are, however, wildly at 
variance with the correct values—cosine values up to 
5, for example-—-but the distribution of relative magni- 
tudes still conforms to the theoretical case. Because 
the theoretical distribution can be computed, it was 
possible to calculate factors to scale the calculated 
values of the cosines by comparing the two distribu- 
tions for groups of about 200 or more phases. The co- 
sines of the phase angles of 1,805 groups of reflexions 
were determined and, because the groups only in- 
volved 103 of the strongest reflexions altogether, 
a least squares procedure was used to calculate the 
individual phase angles. A simpler statistical pro- 
cedure called the tangent formula—also due to Haupt- 
man and Karle (Acta Cryst., 9, 635; 1956)—was then 
used to calculate 920 more phase angles. The tangent 
formula needs several known phase angles to start 
with, soit cannot be used initially except in special 
circumstances. Using the 1,023 phases so determined, 
a standard Fourier synthesis of the electron density 
distribution was calculated from which the atomic 
coordinates of the molecule were readily obtained. 





ECOLOGY 


Hedges and Local History 


from a Correspondent 

THE growing cooperation between ecologists and his- 
torians was demonstrated at the one day conference 
held at the Nature Conservancy's Monks Wood Experi- 
mental Station on June 14 under the auspices of the 
Standing Conference for Local History and the Botan- 
ical Society of the British Isles. More than a hundred 
botanists and historians attended and their enthu- 
siasin implies that further cooperative work between 
the two disciplines, as the speakers suggested, will 
continue to expand our knowledge of man’s impact on 
wildlife habitats. 

Professor W. G. Hoskins (University of Leicester) 
and Dr M. D. Hooper (Nature Conservancy, Monks 
Wood Experimental Station) advocated an ecological 
approach based on the observation that hedges on 
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ancient boundaries comprise many shrub species, while 
recent hedges normally have only one or two species. The 
shrub complement might, according to Dr Hooper’s 
evidence, be a measure of the age of a hedge—one 
additional shrub species being added on average for 
every 110 years a hedge exists—and so could be of use 
to local historians when documentary evidence is not 
available. 

Mr D. E. Allan (Botanical Society of the British 
Isles) reported a somewhat similar situation with 
brambles (Rubus). Here again, greater species diversity 
was associated with greater age and, although few 
people can yet identify many of the bramble micro- 
species, the possibilities of bramble-dating are en- 
couraging, particularly in the north and west where 
boundaries have few shrub species apart from their 
brambles, and hedges in the English sense are few. 

Hedges apparently acquire their floristic diversity 
naturally by ecological succession, whereas the present 
distribution of the numerous varieties of elm (Ulmus) 
is largely a factor of their introduction and use. Mr 
R. H. Richens (Commonwealth Bureau of Plant 
Breeding and Genetics, Cambridge) reviewed the 
history of the various species and varieties of Ulmus, 
paying particular attention to their origin, period of 
introduction and use. Most elms are where they are 
because of man, and their detailed distribution within 
a group of parishes has many historical implications. 

Professor A. D, Bradshaw (University of Liverpool) 
described the hybridization between the two species of 
hawthorn. Crataegus laevigata occurs throughout 
the Midlands and within this region is characteristic 
of ancient woodlands and hedges. C. monogyna is 
found in open scrub and hedges. The two species 
hybridize freely, and the intermediate types are 
almost as fertile as pure strains. Because older hedges 
seem to have a greater range of types than recent 
hedges, the hawthorn hybrids provide vet another 
botanical indication of the age of boundaries and also 
of woodlands. 


HORMONE TRANSPORT 


Subtle Effects of Light 


from our Plant Physiology Correspondent 


COMPARATIVELY unspecialized plant cells have the 
ability to transport: molecules of a specific shape in an 
organized and ordered manner. This is particularly 
important for plant growth hormones which must be 
transported accurately from their place of manufacture 
to their site of action. It is generally accepted that 
g-indolyl acetic acid (TAA) is a natural plant hormone 
which plays a part in the extension growth of cells. Tt 
has been known for many years that [AA and molecules 
of a very similar shape are transported in a strictly 
basipolar fashion from the shoot apex towards the base. 
Plant shoots respond to a light or gravitational stimulus 
by growth. This growth response is believed to result 
from an increase in the concentration of TAA on one 
side of the shoot and a concomitant decrease on the 
other. A gradient of growth substance activity is thus 
set up across the shoot, causing a growth curvature 
away from the side with the greater concentration of 
TAA. How this gradient arises is a matter of some con- 
troversy. The classical theory proposed independently 
by Cholodny and by Went is based on a lateral move- 
ment of TAA across the very tip of the shoot. This 
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gradient them migrates basipetally down the shoot, 
giving rise to the growth curvature. At present the 
bulk of experimental evidence supports this concept. 

Solon Gordon of Argonne National Laboratory has 
been concerned with a somewhat different idea. 
Gordon has suggested that the IAA gradient does not 
arise from a lateral redistribution of IAA in the shoot, 
but rather from a difference in the capacity of the two 
halves of the shoot to transport LAA basipolarly (Plant 
Physiol., 41, 59; 1966). This differential transport can 
arise from either geotropic or phototropic stimulation. 
Thus in a geotropically stimulated shoot, TAA trans- 
port should be enhanced on the lower side of the organ. 
Similarly auxin transport on the illuminated side of a 
phototropically stimulated shoot should, be inhibited 
compared with the shaded side. Several investigators 
have shown that white or blue light inhibits the basi- 
polar transport of LAA in shoot tissues (for example, 
Thornton and Thimann, Plant Physiol., 42, 247; 1967). 
Recently Gordon has sought to establish rather closer 
links between phototropism and the photoinhibition. 
of LAA transport (Shen-Miller, Cooper and Gordon, 
Plant Physiol., 44, 491; 1969). 

Shen-Miller and her colleagues have demonstrated 
that the quality and quantity of light used determine 
the degree of photoinhibition of IAA transport. The 
phototropic dose-response curve is known to be very 
complex. Low light intensities cause curvatures 
towards the light source, but greater intensities result 
in curvatures away from the source. Still larger amounts 
of light effect a second positive curvature towards the 
light. The dose-response curve which Shen-Miller has 
determined for the photoinhibition of IAA transport 
in oat coleoptiles illuminated equilaterally with white 
light shows two peaks which coincide with the energies 
required for first and second positive phototropic 
curvatures using similar light conditions. A close agree- 
ment was obtained between the amount of blue 
light required for maximal phototropic curvature and 
maximal inhibition of basipolar LAA transport. Blue 
light was found to inhibit TAA transport most effec- 
tively, the peak wavelength roughly corresponding to 
the peak wavelength for phototropic curvature. No 
photoinhibition of auxin transport was found in the 
red or far-red regions of the spectrum, suggesting that 
photomorphogenic effects are not involved. These 
results strongly suggest a close correlation between 
the phototropic growth response and the photoinhibi- 
tion of basipolar [AA transport. They do not, however, 
rule out an active lateral redistribution of TAA in the 
shoot apex. 

Gordon originally proposed differential longitudinal 
transport as an alternative to lateral transport after 
experiments in which he found that, although more 
LAA was secreted into receiver blocks at the basal 
end of the shaded side of phototropically stimulated 
coleoptiles, no such clear-cut difference could be found 
in the tissue itself, I. de Haan of Wageningen has 
recently published an interesting observation which 
may have some bearing on this (Acta Bot. Neerl., 18, 
84: 1969). 

De Haan has examined the lateral distribution of 
a-naphthyl acetic acid, a synthetic auxin rather similar 
in shape and behaviour to LAA, applied symmetrically 
to the apical ends of phototropically stimulated maize 
coleoptile segments. Immediately after illumination 
of the coleoptile there was a lateral movement of auxin 
away from the light, as predicted by the Cholodny— 


Went hypothesis, but this was followed by an oscillating 
redistribution of auxin in the shoot, so that after about 
two and a half hours there may have been more auxin 
on the illuminated side of the coleoptile. The exact 
significance of this oscillation is not known, but it may 
represent a form of control mechanism. Most investi- 
gators of the hormonal relations of phototropism have 
used arbitrarily chosen illumination times, transport 
times and length of shoot segment. The possibility 
that an oscillation in lateral transport may affect 
the amount of auxin to be found in either half of the 
shoot must clearly be taken into account in interpreting 
such data. 


MESSENGER RNA 


About Turn 


from our Cell Biology Correspondent 


Wuen messenger RNA molecules were first discovered, 
there was considerable uncertainty about the direction 
in which these linear information tapes are read by 
the protein synthesizing machinery as the encoded 
information is translated into the sequence of amino- 
acids in a protein. Like all nucleic acid chains, mRNA 
has a chemical polarity because the subunits of the 
molecule are linked by directional bonds. At one stage 
there were two camps, one arguing that mRNA is 
translated from the 5’ to 3’ direction, the other arguing 
for exactly the opposite direction, 3 to 5”. As it turned 
out, the first alternative proved correct; m RNA is not 
only read but synthesized in the 5’ to 3° direction. 

But what about the degradation of mRNA ? Obvt- 
ously this might proceed in either direction or both, 
Last year, Baker and Yanofsky (Nature, 219, 26; 1968} 
interpreted the results of their DNA-RNA hybridiza- 
tion experiments with tryptophan operon mRNA of 
E. coli, as showing that degradation progresses in the 
3' to 5’ direction—in other words, in the opposite direc- 
tion to that of translation and transcription. But Morse, 
Mosteller, Baker and Yanofsky have now had second 
thoughts. On page 40 of this issue they report experi- 
ments which suggest that degradation proceeds in 
the 5’ to 3’ direction after all, and on page 37 Morikawa 
and Imamoto, a former colleague of Yanofsky, report 
independent experiments which also suggest that de- 
gradation. proceeds in the same direction as translation 
and transcription. 

Two events caused Yanofsky’s group to reinvestigate 
the problem. First, they found preliminary evidence 
suggesting that the 5’ end of mRNA is degraded before 
synthesis of the whole molecule is complete. Second, 
they heard that Morikawa and Imamoto had carried 
out experiments contradicting their earlier work. 
Morse et al. therefore decided to investigate the relation- 
ship between mRNA synthesis and degradation, rather 
than degradation. of complete mRNA molecules as they 
did last year. To cut a long story short, using pulses 
of 3H-uridine to label RNA and hybridization of purified 
RNA to different regions of the template DNA of the 
trp operon, they found that the first part of the trp 
mRNA to be made, the 5’ terminal region, is degraded 
before the synthesizing machinery has had time to 
complete the mRNA to its 3’ terminus. This result 
demands that very few complete trp mRNA moiecules 
should be present in the cell and this is the case; the 
mRNA is very heterogeneous with a wide range of 
sedimentation rates. 
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It seems that degradation of most trp mRNA mole- 
cules follows behind a wave of synthesis, with a distance 
equivalent to 40 per cent of the length of the complete 
mRNA molecule, or its DNA template, separating the 
synthesizing and degrading machinery. Presumably 
ribosomes attach and begin to translate the 5’ end of 
the nascent mRNA, and once the ribosomes have pro- 
gressed far enough down the messenger the ribo- 
nucleases attach and begin degradation. Clearly 
in vivo the synthesis, translation and degradation of 
mRNA are all intimately related. 

Morikawa and Imamoto, to whom the credit for 
discovering the direction of mRNA degradation is due, 
have done essentially the same experiments. They 
found that the first genes of the operon are the first to 
disappear. In their conditions degradation is slower, by 
a factor of about two, than synthesis, so the lifetime 
of the various regions of the trp mRNA depends on their 

5’ end, where both synthesis and 





distance from the 5 
degradation begin but proceed at very different rates. 
The ribonucleases involved in the degradation have yet 
to be characterized. Enzymes which start at the 5’ 
end and chew along the RNA chain, taking off one 
base at a time, have not been discovered. Tt seems more 
likely that degradation involves two ribonucleases 
in cooperation, an endonuclease to cut the RNA chain 
internally, yielding short fragments, and an exonuclease 
which could then chew away at the exposed 3’ ends 
of the fragments; K+ activated ribonuclease IT, an 
exonuclease that proceeds in the 3’ to 5’ direction, is 
a candidate. 
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NUCLEAR MAGNETIC RESONANCE 


Finer Fine Structure 


from our Molecular Biology Correspondent 

TuLUsSTRATIONS of the remarkable power of high-resolu- 
tion nuclear magnetic resonance to focus on minute 
areas of a protein molecule, and to respond to the 
chemical and physical disturbances to which it is sub- 
ject, continue to appear in the literature. In sufficiently 
small molecules, in which the resonances are sharp, the 
resolution of the method, in the sense of the spatial 
displacement which it will discriminate, far exceeds 
that of X-ray crystallography. Its potential for the 
interpretation of interactions between, for example, 
enzyme and substrate is therefore enormous. With 
increasing quality of the spectra, particularly in the 
new 220 Me/s instruments, there is, however, an 
embarras des richesses, an abundance of signals and 
shifts, which often makes the identification of any one 
with a particular residue impossible. It is therefore 
clearly of great importance for the successful exploita- 
tion of the method to devise new means of allocating 
resonances. Two interesting advances in this direction 
are described by the group at DuPont, using a 220 Mc/s 
spectrometer. 

McDonald and Phillips (Biochem. Biophys. Res. 
Commun., 35, 48; 1969) have studied the effect. of 
cobalt ions on the NMR spectrum of lysozyme, a 
strategy arising out of their observation some years 
ago of the large shifts induced in ligands by the proxi- 
mity of this paramagnetic ion. Whereas the lysozyme 
spectrum is unperturbed by the addition of nickel, 
ferrous or zinc ions, cobalt produces large changes in the 
high-field resonances, which represent principally the 
protons of methyl groups shifted upfield from their 
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normal positions (seen, for example in the denatured 
protein) by interaction with the ring-currents of 
close-lying aromatic residues. Since there are few 
protons in each peak, this part of the spectrum offers 
the best hope of unique allocations; even so, only three 
resonances out of ten that are obviously present are 
fully resolved. On addition of cobalt, several of these 
begin to separate, and it becomes apparent that at 
least thirteen components can be counted. The shifts 
can be followed progressively as the cobalt concentra- 
tion is increased, and beeause the peaks shift smoothly, 
rather than split into doublets, corresponding to the 
bound and free states (that is to say, time-averaged 
spectra are observed), it follows that the lifetime 
of the complex is short (or in other words the exchange 
of cobalt between protein and solvent is rapid), An 
explanation of the shifts in terms of a conformational 
upheaval, rather than the paramagnetic proximity 
effect, seems to be excluded on grounds of unchanged 
circular dichroism even at 0-1 M cobalt, From the 
profile of line position against cobalt concentration an 
equilibrium constant of about 60 is derived, and 
McDonald and Phillips suggest that only one impor- 
tant binding site is involved. 

Several of the shifts have a strong pH dependence: 
in relatively acid solution binding is not perceptible, 
and its onset with increasing pH follows a curve with 
apparent pK in the range 5 to 6. The solitary histidine 
is evidently not involved, for its resonance remains 
undisturbed. It has, however, been suggested that the 
active centre glu-35 has a pA near 6, and especially 
since cobalt is reported to inhibit activity, the active 
centre, involving also asp-52, is surmised to be the 
cobalt binding site. From the crystallographic data on 
the aliphatic side chains surrounding these residues, 
most of the remaining shifted resonances can be identi- 
fied with reasonable confidence. 

In another communication, Glickson, McDonald and 
Phillips (ibid., 492) have examined the NH proton 
resonances of the six tryptophan side chains in the same 
protein. The aromatic ring frequencies lie downfield, 
at the opposite end of the spectrum, and in D,O, the 
usual medium, which allows examination of the entire 
spectrum, the NH protons exchange against deuterium 
and vanish. Not so, however, in H,O, where five small 
peaks are nicely resolved at the downfield limit. On 
denaturation the perturbations are eliminated, the 
indoles all become equivalent, and the signals merge 
into a single large peak. Now it is known that three 
tryptophans, 62, 63 and 123, line the active site, and the 
first two are thought to link to the substrate by hydro- 
gen bonds. On treatment with N-bromosuccinimide it 
is known that try-62 is selectively oxidized, and indeed 
only one resonance disappears. This same one, and one 
other, are shifted when the inhibitor, N-acetylglucos- 
amine, is introduced, and are thus identified as 62 and 
63. When the protein is dissolved in D,O, both of 
these as well as a third disappear. This identifies 
try-123, for the remaining three tryptophans are to a 
greater or lesser extent buried in the interior of the 
protein, which the solvent cannot reach, and so ex- 
change only slowly against D,O. One of these, try-108, 
is further masked by the inhibitor, and accordingly 
this (as well as 62 and 63) exchanges at a diminished 
rate inits presence. Thus only one resonance has not so 
far been uniquely allocated, and one has not yet been 
found, but the unequivocal allocation of the remainder, 
including the active site residues, is pleasing. 
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If our annular detectors are as good as this... 





Silicon Lithium Drifted Annular Detectors 


Standard Grade Selected Grade 

Model Number Resolution—keV¥ Thi knegs Active Area Hole Model Number — Resolution—keV Thickness Active Area Hole 

at 20° ¢ mm) OD. LD, Area Bia. at 20 e (mm) OD. LD. Area Dia. 

Electron Alpha Cnm) (mm) (mm) (mm) Electron Alpha (mm) (mm) (mea imm} 
NEA 120-1 28 54 1 16 10 420 5 NEA 120-14 15 38 7 16 10 120 5 
NEA 120-2 28 66 2 46 10 120 5 NEA 120-24 16 42 2 16 10 120 5 
NEA 120-3 36 78 3 16 19 120 5 NEA 120-34 22 45 3 16 10 120 5 
NEA 120-5 60 90 5 16 10 120 5 NEA 120-54 30 48 5 16 10 120 5 
NEA 240-4 32 74 i 20 10 240 5 NEA 240-14 2l 45 1 20 70 240 5 
NEA 240-2 34 86 2 20 10 240 5 NEA 240-2A 23 52 2 20 16 240 5 
NEA 240-3 50 98 3 20 10 240 5 NEA 240-3A 25 56 3 20 10 240 5 
NEA 240-5 68 410 5 20 10 240 5 NEA 240-54 36 64 5 20 10 240 5 
NEA 340-1 40 74 1 23 10 340 5 NEA 340-1A 30 56 1 23 10 340 § 
NEA 340-2 38 86 2 23 10 340 $ NEA 340-2A 25 63 2 23 10 349 § 
NEA 340-3 62 98 3 23 10 340 5 NEA 340-34 32 66 3 23 10 340 5 
NEA 340-5 86 115 5 23 10 340 5 NEA 340-5A 40 75 5 23 10 340 5 
NEA 110-1 30 56 1 20 16 110 9 NEA 110-1A 17 40 1 20 16 1410 9 
NEA 110-2 30 68 2 20 4 110 9 NEA 110-2A 18 44 2 20 16 110 9 
NEA 110-3 38 80 3 20 16 110 g NEA 110-3A 24 47 3 20 16 110 9 
NEA 110-5 62 92 5 20 16 110 9 NEA 110-54 32 50 5 20 16 110 9 
NEA 215-1 34 76 4 23 16 215 9 NEA 215-14 23 47 1 23 16 215 9 
NEA 215-2 36 88 2 23 16 215 9 NEA 215-24, 25 5d 2 23 16 215 9 
NEA 215-3 52 100 3 23 16 215 9 NEA 215-34 27 58 3 23 16 215 9 
NEA 215-5 70 112 5 23 16 215 9 NEA 215-54 38 66 § 23 16 215 9 


«JOU can be sure 
our conventional detectors are even better! 


For details of our complete range, including performance at low temperatures, write to 
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Numes for Nuclear Science 


by In these extracts from his study The Language of Nuclear Science 
FRANCOIS KERTESZ (Cak Ridge National Laboratory, 1968) Dr Kertesz traces the origin 
Oak Ridge National Laboratory, of some of the strange names that have been given to materials and 
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WHEN we examine the origins of “nuclear language”, 
we must remember that the subject grew up in secrecy; 
it was born in conditions of wartime urgency, followed by 
a period of mutual suspicion whieh divided the scientific 
countries of the world. When the first truly world-wide 
meeting was held in Geneva in August 1955, many 
nations discovered that their language did not have the 
terms suitable to express the new concepts. Because of 
its rich nuclear literature, English became the predominant 
language and has exerted a great influence on the termino- 
logy throughout the world. One of the first acts of the 
organizers of the 1955 Geneva Conference on the Peaceful 
Uses of Atomic Energy was to commission the cornpilation 
of a dictionary covering the official languages of the 
United Nations. 

The plethora of definitions, explanations and equivalents 
that appeared in other languages was helpful in clarifying 
the meaning of terms. Butit should be remembered that 
language is a living organism; words, expressions and 
specialized meanings are born, are used and ultimately 
die. We may define correct usage and coin suitable 
expressions, but they remain without effect if the technical 
men do not use them and editors do not insist on their 
correct meaning. The emotional impact of words, too, is 
very important in nuclear science because its public 
acceptance is still affected by the legacy of its first 
application, the atomic bomb. The term “atomic” or 
“nuclear” has an ambivalent effect: it may induce fear 
or arouse admiration. 

The use of certain expressions indicates that the user 
belongs to a “special interest group”. It is interesting 
that in addition to the spelling of a word, its pronunciation 
classifies the user. Thus, an audience of space engineers 
will consider as an outsider a speaker who pronounces 
their agency, NASA, as Naysa. 

The terms of nuclear science are based on the linguistic- 
ally incompatible term atomic fission. Atomic means 
indivisible; fission indicates division. Thus the progress 
of science overtook the old definition, the original 
meaning of which has been forgotten. 

When new words are coined, there is always a tendency 
to avoid disagreeable images and to arouse pleasant 
thoughts. A well known weekly magazine mentioned 
that physicians are starting to call pep pills “activity 
boosters’? and garage mechanics call themselves “‘auto- 
motive internists’. The requirements of secrecy, euphem- 
ism, ego boosting and the pride of belonging to a select 
group were thus the chief factors which affected the 
language of the new science. 

At the beginning of the Manhattan Project, steps were 
taken to avoid mentioning the element uranium. Tn all 
reports it was referred to as “Tuballoy” and designated by 
the symbol T. The enriched material was called “Oralloy”’, 
and 2U was designated as element 25 (from its atomic 
number 92 and atomic weight 235. On the same basis, 
plutonium was designated as 49, because it was element 


equipment by nuclear scientists. 


94 with an atomic weight of 239. Uranium and plutonium 
were referred to in many of the early reports ñs source 
material and product, respectively. 

Naming the new element was an important precaution 
during the early days. I found the minutes of a meeting 
held on April 22-23, 1942, in Chicago. with part of the 
session devoted to a review of the various code names. 
One of the possibilities considered was to name element 
93 neptunium and element 94 plutonium. Tt was agreed, 
however, that these designations might eventually be the 
actual names for these elements and therefore should not 
be used as code names. Until then the terms copper and 
silver were used to designate the new elements. This 
rnethod was not specific concerning the isotopes and caused 
considerable confusion with the actual elements named, 
if they were involved in the same analytical process. Tt 
was often necessary to use the term “honest to God silver” 
to distinguish “silver” from other elements. The sugg 
tion was therefore a terminology based on the last digit in 
the atomic number and atomic weight charact rizing the 
given substance (Table 1). 
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Table 1. TERMINUS WAY FOR NEW ELEMENTS 


Element 04, atomic weight 2309- 
Element 93, atomic weight 23%- 
Element 92, atomic we i 
Element 92, atomie weigh 
Element 02, atomic weight 
Element 94 (generic) 

Element 92 Generic) 
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A participant has recently said that McMillan named 
element 93 neptunium because Neptune is the next 
planet after Uranus, and proposed that element 94 should 
be named after Pluto. There was discussion as to 
whether the symbol should be PI or Pu. Seaberg wrote: 
“We liked the symbol ‘Pu’ better for the reason that you 
might suspect”. The exp ed great reaction to the 
symbol, after it was declassified, never materialized. 

This coding system was probably responsible for the 
naming of the “K-25 Plant”, the vast, gaseous diffusion 
plant designed and built by a subsidiary of the Kellogg 
Corporation to separate the fissionable isotope U, 











More Elements 

Unfortunately, there were no more planets to supply 
names and the next two elements were at firat tentatively 
called pandemonium and delirium. These names never 
reached the public. Element 97 was called berkelrum 
after the city of Berkeley, California, and element 98 was 
named ealifornium after the university and the sti 
where the work was done. But this latter name does not 
reflect the observed chemical analogy of element 98 to 
element 66, dysprosium, as the names of americium, 
curium and berkelium signified that these elements are 
chemical analogues of europium, gadolinium and terbium, 
namedaftera continent, a scientist and a city, respectively. 
In announcing their discovery in the Physical Review, the 
authors commented: ‘The best we can do is to point out, 
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in recognition of the fact that dysprosium is named on 
the basis of a Greek word meaning ‘difficult to get at’, 
that the searchers for another element 
found it ‘difficult to get to California’. 
Wartime codes had to be primarily innocuous words, 
unrelated to the concept, although this was not always 
true. Thus all buildings in which the actual electro- 
magnetic separation process was carried out at the Y-12 
Plant were designated by numbers starting with 92, , , 
It is difficult to give a better hint to a secret product. 
The “Manhattan District” of the US Army Engineers 
camouflaged well the giant wartime operation. The name 
of the town of Oak Ridge itself is a cover name. After 
the location was found to satisfy the requirements (fairly 
remote but conveniently near to centres of transportation, 
with large electrical and water supply available), a name 
was sought which would not arouse suspicion, 
the ridges in this hilly area was called Blackoak Ridge, 
and therefore the term Oak Ridge was chosen, as being 
sufficiently bucolic and general to be used as a cover name 
for the residential area. 
Clinton 
Clinton. 
The “Metallurgical Laborator y” 
Chicago was another innocuous cover name; of course, its 
scope greatly exceeded the field of metallurgy. Jr was 
the precursor of the present Argonne National Laboratory. 
It is interesting to recall how this institution acquired its 


a century ago 





The plant operations were called 
Engineer Works, after the nearby 


name after the Second World War. After the facilities of 


the Metallurgical Laboratory were found to be insufficient, 
additional space was provided in a wooded area belonging 
to the Cook County Forest Preserve District. These 
preserves were named after famous battles of the First 





World War in which Americans participated; the site in 
question was called the Argonne Forest. After the war, 
the newly created national laboratory was transferred to 
a different site near Chicago, but for sentimental reasons 
it carried its name to the new location, even though it was 


pretty far from the original “Argonne Fores 
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Browsing through the otherwise dry reading matter 
contained in lists of index headings, abbreviations, niek- 
names and acronyms can be quite rewarding. Mighty 
Mouse, for example, represented a proposal for a hetero- 
geneous enriched -uranium heavy-water-cooled and moder- 
ated research reactor, related to the Argonne Advanced 
Research Reactor or AR? and Juggernaut is the 
Argonne Low Power Research Reactor. Acronyms with 
special meanings were created, with much work expended 
to coin terms with a special meaning. as in the ease of an 
early high-speed computer at ORNL. the ORACLE (Oak 
Ridge Automatic Computer Logical Engine). 

Attempts were made to systematize code designations. 
For example, the underground nuclear te at Los 
Alamos were des gnated first by burrowing mammals 
such as Bandicoot, Bobac, Aardvark. a seemingly ap- 
propriate category. When such names ran out they were 
forced to use some “burrowing” 


” 














mammals whieh may 





have dug only an occasional hole in the ground. Sub- 
sequent series of tests were named after fish, birds, 


colours and aleoholie drinks. 

Codes to designate actual sites of the large projects were 
carefully selected. Oak Ridge, Hanford and Los Alamos 
were designated as Sites X, W and Y. At Berkeley, 
the Oak Ridge ¥--12 Plant was known Shangri-La, 
The DuPont group, which was in charge of the X-10 Site 
where the Oak Ridge National La boratory is now located, 
was part of the explosives department of the company, 
and was called TNX. Division although this had nothing 
to do with the explosive trmitroxylene. 









Reactors 


Many names given to reactors during the past twe 
deeades have been quite prosaic; simply acronyms of 
rather unimaginative identifying terms. The first was 
the historie (P-] (Chicago Pile I}: only eleven months 
later, the first true reactor, with a sizable power level, 
was in operation. This was the A-10 Reactor, now a 
registered national historie landmark. 





Tn the series are 





The “alphabet soup” sign, which seems to confuse the bus driver, 

(Nuclear Safety Pilot Plant): DOSAR/HPRR (D simetry Applications and Research/Health Physics Research 

Reactor); MARE (Molten Sait Reactor Experiment): HFIR (High Flux Isotope Reactor); TUFCDF (Thorium- 
Uranium Fuel Cycle Development Facility); TRU (Transuranium Processing Plant), 


points to the following facilities: NSPP 
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names which do not stir the blood of the reader: MTR 
(Materials Testing Reactor), BWR (Boiling Water 
Reactor), PWR (Pressurized Water Reactor)—or to use 
local examples, ORR (ORNL Research Reactor), TSR 
(Tower Shielding Reactor), HEIR (High Flux Isotope 
Reactor), LITR (Low Intensity Testing Reactor) and so 
forth. ‘These groups of letters are easily forgotten by all 
exeept persons who use them constantly. 

As I have mentioned, the pronunciation of these names 
identifies the “insiders”. LITR is called “litre”, the 
metrice unit of volume, HFIR became “hifur’; the 
Organic Moderated Reactor Experiment (OMRE) is 
pronounced “Oh Marie”. The many problems related to 
the handling of the molten salt fuel were probably re- 
sponsible for the nickname of the Molten Salt Reactor 
Experiment (MSRE)—misery. Luckily, most of the 
problems have been solved. 

More imagination was used in the early days. When a 
plutonium-fuelled reactor was under construction in a 
canyon at Los Alamos, one of the scientists who was 
transferred kept wondering about the progress of the 
project but, for reasons of security, could not ask about it 
openly. The location of the project and the material they 
worked with (49) suddenly recalled to him the old 
prospector’s song: 





“Th a cavern, in a canyon, excavating for a mine, 
Lived a miner, forty-niner and his daughter, 
Clementine.” 


He sent a telegram : “How is my darling Clementine We 
The message was understood and the reactor became 
known as Clementine. There are other colourful Los 
Alamos names: Jemima consisted of stacked flat plates, 
which evoked the well-known advertisement of hot cakes; 
Jezebel was “mean and hard to handle”; and Topsy, the 
character from Uncle Toms Cabin, “just grew”. One 
of the best known Los Alamos reactors was built without 
reflectors, and operated with fast neutrons—the bare and 
fast Godiva. 

Europeans always used more imaginative names for 
reactors. Although the acronyms were sometimes forced, 
the resulting word usually had a specific meaning. The 
British have Dido (named beeause it was heavy-water 
moderated DDO or D,O) and Zephyr (zero energy fast 
reactor); the French reactor, Mélusine, was named after 
a fairy. Some knowledge of mythology is needed to 
recognize the reason for calling a plutonium-fuelled 
reactor experiment Proserpine—the wife of Pluto. The 
first French zero power reactor was called ZOE after 
zero (power), oxide (of uranium) and eau lourde (heavy 
water). The French sodium-cooled, fast reactor is 
called Rapsodie, from the first letters of the official 
descriptive terms rapide and sodium; it evokes an 
ecstatic feeling. The breeder reactor mockup at the 
Cadarache Nuclear Center is known as Masurca, a com- 
pression of its formal name Maquette Surregénératrice 
Cadarache, which recalls the Polish dance. 

The name Aquarium was obvious for the Los Alamos 
critical facility, immersed in water; it also designated the 
design, construction and operation of a swimming pool 
type reactor for the First Geneva Conference in 1955. 
The term “swimming pool reactor” was used at ORNL for 
its own reactor before this conference; it was a logical 
expression to designate reactors placed in a water-filled 
rectangular hole which looked like a swimming pool. It 
was feared that this less-than-serious term would be 
disliked by the powers-that-be and therefore the official 
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name of the reactor at ORNL was the Bulk Shielding 
Reactor (BSR), a correct but colourless expression. Al- 
though the term swimming pool was removed from the 
official papers submitted to the Geneva Conference, the 
newsmen got hold of it and no censorship could prevent 
references in various languages to the swimming pool 
reactor, for example réacteur piscine, Schwimunbadreaktor, 

The Argonne National Laboratory’s family of reactors 
is another interesting example of mythological references. 
These are called Argonaut for Argonne Naught Power 
Reactor, recalling the legendary Argonauts who sailed 
with Jason on the ship Argo in quest of the Golden Fleece ; 
the term now designates an educational tool in nuclear 
power engineering, the golden fleece of the vwentieth 
century. It is interesting that the modern Argonauts 
also crossed the sea and established a colony of such 
reactors in Europe; there are Jason reactors in England 
and Holland. 

Thermonuclear researchers lean toward 
humour and mythology when naming their facilities. 
I must admit that the name of our DCX machme at 
ORNL, standing for Direct Current Experiment, is not as 
colourful as that of the Los Alamos toroidal pinch experi- 
ment Perhapsatron or the magnetic mirror experiment, 
Scylla. Fusion research is fraught with danger similar 
to those encountered by Ulysses and his seafaring com- 
panions; we can expect sooner or later the appearance ofa 
machine called Charybdis. 

The peaceful use of thermonuclear explosions was 
empbasized by the name given to the underground 
excavation: Plowshare, recalling the Bibbeal admonition 
of the Prophet Isaiah“... and they shall beat their 
swords into ploughshares and their spears inte pruning 
hooks”. In view of the underground nature of the activity, 
the term Gnome is well suited as a name for an experi- 
ment to study the production and recovery of heat and 
isotopes produced in a contained (underground) nuclear 
explosion’; according to the dictionary, it stands for “an 
ageless dwarf creature of folklore, conceived as living in 
the earth and usually guarding precious ores or treasure”. 

Several accelerators, known to the lay pubhe as “atom 
smashers”, have names ending in“... tron”, recalling 
the generic term cyclotron or magnetic resonance accelera- 
tor. The linear accelerators are called linac (always 
pronounced with a short i). The French cyelotron at 
Saclay has a large ring-——therefore, it was logical to call it 
Saturne. The name of Nimrod at Harwell indicates that 
it is used for hunting or searching. The machine at 
Daresbury is called Nina. A German and a Swedish 
accelerator are called Desy and Lusy which stand for 
Deutsches Elektron Synchrotron and Lund Synchrotron, 








seemed to 











respectively. Other acronyms of these interesting 
devices include ORIC (Oak Ridge — lsochronous, 


ORELA (Oak Ridge Electron Linear Accelerator, under 
construction), LAMPF (Los Alamos Meson-Proton Faci- 
lity) and TRIUMF (Tri-University Meson Facility) 
in Vancover. Canada. The names of Bevatron at Berkeley 
and Cosmotron at the Brookhaven National Laboratory 
emphasize the tremendous size of these machines. 

The energy level, of course, is a very important feature 
of accelerators: nowadays, it is given in terms of billion 
electron volts or BeV. But billion is a “false friend” 
which confuses the trusting reader: it means thousand 
million in the United States and million milhon in most 
of the rest of the world. Therefore, the prefix giga. 
abbreviated as G, has been adopted for the factor of 108, 
and BeV became GeV. 
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Recent Fall of the Bovedy Meteorite, Northern lreland 


by 
IAN G. MEIGHAN 


Department of Geology, 
Queen's University, Belfast 


PHILIP S. DOUGHTY 


Department of Natural Sciences, 
Ulster Museum, Belfast 


On the evening of Friday, April 25, 1969, a meteoroid 
was widely reported to have passed over southern, England, 
Wales and Northern Ireland. The sound effeets it produced 
were heard by many people over a wide area and, although 
sightings were fewer, most observers agree that the 
approximate time of passage was between 2120 and 
2125 h. A few observers in Northern Ireland made precise 
records of the time and there is a general agreement of 
2122 to 2123 h. Only one person made serious claim to 
have seen the meteoroid strike the ground, but this 
observation, made by Mr Greer of Ballymurphy, near 
Ballynahinch, County Down, was subsequently proved 
negative for the following reasons: (1) the meteoroid 
was sighted by a large number of people up to 60 miles 
to the north-west; (2) the trajectory was virtually over- 
head so that an apparent vertical descent would he re 
been seen in the area; (3) other observers within 400 vards 
of Mr Greer saw the meteoroid pass over the horizon: 
(4) a search of the reported area of fall proved abortive; 














The path of the meteorite which passed over England, Wales and 
Ireland on April 25 has been plotted from numerous sightings in 
the three countries, and specimens which fell from the parent body 
have been analysed. 


(5) there were no immediate sound effects associated with 
the supposed fall and Mr Greer had climbed into his car 
and driven off before any sound phenomena were heard. 

There was no concrete evidence that the object was a 
meteoroid until Monday, April 28, when a stone, which 
had penetrated the asbestos roof (6 mm thick) of a store 
at Sprucefield Royal Ulster Constabulary depot (Fig. 1), 
was recovered in two pieces from the conerete floor. 
Later the same day Mr S. Gilmore discovered a small 
impact crater in a field near his farm at Bovedy, Co. 
Londonderry, and recovered a stony object from the 
bottom of it. One fragment of the Sprucefield fall was 
sent to Dr Andrews of the Armagh O servatory and the 
other was reported to us; we examined it on Tuesday, 
April 29, and identified it as meteorite. The Bovedy 
specimen was reported to Mr Terence Murtagh, the local 
observations secretary of the Irish Astronomical Society, 
and was recovered. on Wednesday, April 30, and received 
by us in the evening of the same day. The colour and 
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Fig. 1. Inset map shows the direction of the trajectory over the British Isles as deduced 


from available evidence, 


The outline map of Northern Ireland relates the direction of the 


trajectory to the principal localities from which observations were made. The two stars 
indicate the points of impact of the two specimens recovered. 
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Table 1, METEORITE FALLS IN IRELAND 


Interval from 


Date Locality Type previous fall 
in years 

1779 Pettiswood, Co. Westmeath Stone ; 

1810 Mooresfort, Co. Tipperary Veined grey chondrite 81 

1813 Limerick County Bronzite chondrite 3 

1844 Killeter, Co, Tyrone Veined white chondrite 31 

1865 Dundrum, Co. Tipperary Bronzite chondrite 21 

1902 Crumlin, Co, Antrim Hypersthene chondrite 37 

1969 Bovedy, Co. Londonderry, and Olivine-hypersthene 67 

Sprucefield, Co. Antrim chondrite 


texture of original and lighter broken surfaces were 
similar in both specimens. 

This is the seventh recorded fall in Treland and Table 1 
relates it to the others’. 


Meteorological Conditions 


The official meteorological office forecast for the day of 
the fall was occasional showers clearing towards the 
evening with the cloud breaking up to give large areas 
of clear sky. Most observers confirmed large windows 
through cloud cover, although many indicated that obser- 
vation of the passage of the meteoroid was interrupted 
to some degree by the cloudy conditions. 

Aldergrove airport, slightly to the east of the main 
path of the meteoroid, gave the following information 
for the period in question. Wind direction was 200°, 
slightly west of south, blowing at 8 knots with a ground 
visibility of 15 miles. Conditions were generally cloudy 
but dry with 3/8 cover of cumulo nimbus at 2,000 feet 
and 5/8 cover of strato cumulus at 3,500 feet (total cloud 
eover 6/8). 


The Meteoroid 


Some attempt has been made to accumulate and 
evaluate eye-witness reports of the object by placing them 
in their geographic sequence along the path of the falls. 
This account is based on reports within 20 miles of the 
line of trajectory (Fig. 1). 

-No one actually witnessed the meteoroid climbing over 
the south-east horizon, which means either that it was 
already above the horizon when it became incandescent 
or that the observers were not aware of it until it was high 
in the sky. The most consistently observed colour was 
blue-green over Wales and ‘fiery white” in Northern 
Ireland with an intensity equal to, or brighter than, the 
full Moon. Other colours seen were red and orange. These 
observations accord well with the observed fragmentation 
of the object. and almost certainly represent the changes 
in surface temperature at the different points of sighting. 
The optical effects of the atmosphere are minimized in 
these observations because all the reports are close to the 
line of passage. Almost all observers described the shape 
as round or spherical, but three reports mention a strong 
shape. Mrs Vinden of Three Cocks, Brecon, in mid Wales. 
and Mr J. C. Taylor of Marlfield Cottage. on the east 
shore of Strangford Lough in Co. Down, described the 
object as pear-shaped with the tapered end directed 
towards the tail of the meteoroid. Mr G. Schilliday, of 
Ballykine townland about 3 miles north-west of Bally- 
nahineh, deseribed it at that point as barrel-shaped taper- 
ing to a point at the front, as he said, “rather like the nose 
of an aeroplane”. It was this shape. observed elsewhere 
in the vicinity, which provoked speculation about satellite 
debris. 

Observers were also asked to estimate the size of the 
meteoroid compared with the full Moon. In Wales it was 
described as about half the size of a full Moon, A sighting 
6 miles north of Dublin stated the object to be small. and 
only near Ballynahinch was it estimated to be larger than 
the full Moon. A report from Aldergrove airport con- 
sidered it to be smaller, but whether this was due to 
ablation or defective judgment cannot be clearly ass d. 
Certainly the northern sightings indicate a greater size 
and Mr Gilmore estimated the size at 2-5 times that of the 
full Moon. This apparent increase is considered to be 
entirely a function of its proximity to the Earth’s surface 
in this area. 
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Everyone who saw the meteoroid also saw a very clear 
tail in its wake, although the colour and character seem. to 
have varied from place to place. The colour of the tail 
does not seem to have been related to that of the meteoroid. 
In one place where the meteoroid was “bluish red” the 
tail was white and in another where the main body was 
ineandescent white the tail was red. Mr T. Williams of 
Trefenter, near Aberystwyth, said that the tail “seemed 
to flicker on and off, lengthening and shortening as it 
went”. Many observers stated that there was sparking at 
the tail which was breaking up. The sparks were an 
obvious feature and Mr Schilliday stated that they were 
bigger than principal stars. The sky was too dark for 
anyone to observe a smoke trail in the sky bebind 
the tail, but Mr W. A. Seaby, who made a sighting 
just north of Dublin, noticed a smoky haze surrounding 
the main body which was particularly apparent at its 
tail. 

Fragmentation was clearly 
watchers. An observation near Abery wyth records the 
meteoroid breaking into approximately six pieces which 
extinguished in a fraction of a second, and two boys at 
Towyn School, Merioneth, saw pieces falling off. Just 
north of Dublin, Mr Dolly saw one part break off and con- 
tinue in flight, and there is another report of the main mass 
breaking into three parts while passing over County Down. 
One of these is reported to have travelled north or slightly 
east of north towards Island Magee just south of Larne, 
County Antrim. As the main body p d west of Alder- 
grove airport, about 5 miles south of Antrim, another 
fragment was seen to fall off and either burn out or lose 
incandescence before impact. Although the mam body 
was essentially intact im the vicinity of Kilrea, Co. 
Londonderry. at Garvagh only 6 miles to the north-west 
three discrete fragments of similar size were seen by many 
people in the village, and at Drumsurn, 4 miles south-east 
of Limavady, also in Co. Londonderry, there was no 
prineipal identifiable part. In this region it was described 
as a spray of bright red particles which seemed to be 
breaking up. 

Some observers were also able to give estimations of the 
time for which the meteoroid was in view. Two seem 
unduly long—up to 30 s—but there is good general agree- 
ment among the rest. Times of up to 7 s to cross only part 
of the sky were given in Wales. At Ballymurphy and 
nearby Ballykine, more or less on the line of trajectory. 
two estimates were given of 4-5 s and roughly 10 s. at 
Aldergrove airport 7-10 s, at Bovedy 3 s and finally, in 
the Limavady area, “a flash” representing only a fraction 
of a second. The only explanation for the progressively 
shorter periods along the path is that the meteoroid was 
losing height fairly rapidly. 

The estimates of time between the passing of the o 
and the first. directly associated sounds are less i 
tory. Most observers did not expect the sound effects 
and the interval between the sighting and sound was long 
enough for them to become preoccupied. All but one of 
the estimates were in the interval 1 to 4 min, but one of 
the shortest, 1 min, was off the trajectory in County Down 
and the longest, 3 to 4 min, at the end of the trajectory in 
Co. Londonderry. Only one observer, in Lima vady, heard 
the sound almost immediately after the meteoroid had 
flashed overhead. Present records indicate that tbe 
sounds were first heard in the Bristol Channel area. 

On the nature of the sound there is much more to 
record, In Wales a sonic boom with a double bang was 
clearly heard over a wide area. In the south of Co, Down 
the sound was like the “steady eontinuous rolling of 
thunder” (except near Ballynahinch where a single distinct 
crack was an obvious additional component). The sound 
was similar in Belfast and over much of Co. Antrim, 
Mr Gilmore in Bovedy, however, heard a series of loud 
rumbles with seven or eight heavy explosive vibrations 
dulling progressively, and this was substantially confirmed 
by Mr R. Catherwood, who was approximately 400 vards 
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away at the time. At Garvagh, to the north-west, an 
unspecified number of bangs was heard in a similar 
thundery background and again in the Limavady area, 
where the sighting and sounds were almost sirnultaneous, 
there were six or seven distinct explosions in a loud 
thaundery background noise. Three observers, Mr Taylor 
of Marlbank, Mr Schilliday of Ballykine and Mr Cather- 
wood of Bovedy, all living in areas of fairly flat topo- 
graphy, were quite explicit that the sound reeeded to the 
south-east, that is, in the opposite direction to the passage 
of the meteoroid, A possible explanation of this is that 
the trajectory in the area was fairly steep so that the 
sound from the close passage reached them before that of 
the higher part of the path. There are other possibilities 
to explain this phenomenon. Two independently re- 
ported hissings which coincided with the passage of the 
meteoroid, well in advance of the main sound effects, 
could be electrophonie. 


The Trajectory 


An unusual feature of the fall of this meteorite is the 
distance of 40 miles separating the two fragments so far 
found. Because neither piece was seen to detach itself 
explosively from the parent mass, we assumed that both 
became detached and fell more or less in the wake. Using 
this as a working hypothesis both points were connected 
on the map and the line extended north, in the direction 
of travel, and south to give a theoretical line of trajectory. 
To appraise the validity of this path, all available evidence 
was critically related to it. 

The extension of the line to the south-east crosses 
Holy Island just west of Anglesey, the Severn estuary 
about 10 miles east of Newport, the city of Bristol and the 
south coast of England west of the Isle of Wight in the 
vicinity of Bournemouth. Enquiries were made over a 
wide area along this line and to either side of it. The 
farthest recorded sightings from the line are from London, 
Yorkshire, Northumberland and Durham, where it was 
seen in each case to the west and low on the horizon. The 
most southerly sighting so far discovered was made by 
Chief Superintendent Frank Lockyer of the Wiltshire 
Constabulary in the Salisbury area where the meteoroid 
was very high in the sky possibly passing slightly to the 
west. 

A sighting by J. D. Rees in the Gloucester area confirmed 
that the meteoroid passed to the south and west near 
Stroud and Bristol, on the hypothetical trajectory, and 
records from the Swansea—Port Talbot area confirm that 
the course was to the east crossing South Wales. Two good 
records from Breconshire indicate that the path was 
almost overhead at Builth Wells, again directly on the 
hypothetical path. 

The meteoroid was a clear feature in the sky over 
north Wales. Sightings of the object high in the sky or 
overhead came from Rhos-on-Sea, Llandudno, Conway, 
Penmaenmawr, Llanfairfechan and Bangor. It was sesen 
clearly over Anglesey, and Mr H. H. Murton, a coast- 
guard at Holyhead coastguard station, sighted it overhead 
and from this observation estimated that the meteoroid 
would cross the Irish coast in the vicinity of Dundrum 
Bay—remarkably close to the theoretical line. This 
evidence suggests that the actual trajectory either 
coincides with, or closely matches, the hypothetical path. 

Irish sightings are very numerous and with a few 
exceptions present a consistent picture of the trajectory. 
Those from the east coast of the Irish Republie all indicate 
a direction of travel from south-east to north-west and 
agree that the passage was to the east and up to 20° above 
the horizon. In the southern part of Northern Ireland 
accounts describe the meteoroid as higher in the sky and 
it was claimed to be overhead on the south coast of County 
Down from Dundrum in the west to Killough in the east, 
suggesting again that the theoretical and actual trajec- 
tories virtually coincide. The previously mentioned 
observations of Mr Greer and Mr Schilliday confirm an 
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overhead position approximately 3 miles west of Ballyna- 
hinch, which is slightly to the west. of the theoretical line. 
Reports in the Lisburn, Lurgan, Portadown area are 
difficult to reconcile with any single track and it seems 
likely that unconfirmed reports of an explosive fragmenta- 
tion south of this area are correct and two or more pieces 
broke away from the parent mass. All sightings in the 
Belfast area indicate that the meteoroid passed west of 
the city. At Aldergrove airport a very precise account by 
Mr ©. Edwards confirmed the path as virtually overhead, 
which is almost directly on the theoretical linc. Although 
it landed on his farm, Mr S. Gilmore in Bovedy did not 
see the second fragment fall, but clearly described the 
meteoroid coming directly towards him and passing 
overhead towards Garvagh where it was consistently 
deseribed as having three distinet components directly 
over the village. The final clear sighting by Constable 
Taylor at Drumsurn about 5 miles south-east of Limavady 
in Co. Londonderry again deseribed the meteoroid as 
overhead, with no single identifiable mass but what 
seemed to be particles breaking up. It was in Limavady 
itself that Constable Greer caught a glimpse of a “light- 
ning flash” with almost simultaneous noise. Intensive 
enquiries made north of this point were fruitless. A sight- 
ing in Londonderry described a light in the Limavady 
direction and nothing was seen to proceed northwards. 
A possible sighting from the Malin Head radio station of 
a light to the south-east may have been the meteoroid, 
but nothing was seen to pass out to sea. Enquiries from 
the coastguard stations at Ballycastle and Castlerock 
were negative as were enquiries at Rathlin Light, Bally- 
kelly air base, Londonderry naval base, Portstewart, 
Portrush and Coleraine, although the sound effects were 
heard distantly in some of these places. Planes and 
vessels patrolling off the north coast also failed to see 
the meteoroid and from this body of negative evidence 
it can only be supposed that the optical phenomena 
ceased in the Limavady area. It is not known whether 
the material fell in the Limavady area or had the height 
and momentum to carry it out to sea. That the meteoroid 
burnt out completely in the vicinity must also be con- 
sidered. 

The evidence suggests that the meteoroid became 
visible in the Salisbury area and traversed the path 
indicated on the map (Fig. 1), finally breaking up in the 
region of the north-west coast of Northern Ireland. 
Although the final sightings are slightly to the west of the 
hypothetical trajectory the main body of data generally 
supports a path of 321°. Professor Wayman of Dunsink 
Observatory, Dublin, is at present collating sightings for 
a computer program which may refine this direction. 


Sprucefield and Bovedy Specimens 

The first known specimen to fall from the parent body 
landed in the Sprucefield area at the Royal Ulster Con- 
stabulary Central Stores (Irish Grid J.262623), At approx- 
imately 2120 h an orange flash was seen in the sky 
followed a minute or two later by the general sound 
effects. At approximately 2125 h a loud report was 
heard, described by an officer on watch as similar to a 
pistol shot. The following Monday, April 28, a hole was 
discovered in the roof of a store and on the concrete 
floor below, among fragments of corrugated asbestos from 
this roof, a stone object was found broken into two pieces. 
The following day, when it was suspected that this may 
have been a meteorite, one piece was sent to Dr Andrews 
of the Armagh Observatory and we were notified and 
subsequently received the other piece. A thorough 
investigation of the store and its surrounding area was 
made and a complete photographie record taken. Subse- 
quent press reports of scorching of the asbestos roof 
and desks in the immediate vicinity of the meteorite 
fragments can be discounted. The evidence from the desks 
was considered doubtful and an investigation in the 
Ulster Museum of what appeared to be a scorched fracture 
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Fig. 2. ‘The fracture face of the Sprucefield specimen showing small 
chondrules and the barely discernible fusion crust. Height of specimen 
47 mim. 


edge of a piece of the asbestos roof showed surface dust 
and established algae. Fresh asbestos adhering to the 
surface of the specimen showed no indication of scorching 
and it therefore seems likely that the specimen was cold 
or virtually so on Impact. 

The meteorite showed a complete brownish black fusion 
crust and the only damage sustained on impact was a 
clean break roughly across the middle and some loss of 
fusion crust from the edges (see Fig. 2). The freshly 
broken surface is medium grey in colour consisting of 
lighter grey chondrules m a darker groundmass with 
flecks of a metal phase over the entire surface. A thin 
black vein is present in our fragment. The specimen is 
bounded by six subplanar surfaces, the general form 
resembling a block with a tapered base. The fragment in 
our possession measured somewhat less than 2 inches 
square on any face and weighed 283 g before material was 
removed for study. The second piece weighs 230 g so 
that the total specimen, minus some fusion crust, totalled 
513 g. There is no dimpling or “thumb marking” of the 
fusion crust, but small fusion droplets are present. There 
is no differential thickness of the fusion crust, nor are 
striations present. 

The complete fusion crust indicates that the fragment 
broke from the parent mass and had sufficient time to 
become completely incandescent, but the strong geo- 
metric form and lack of dimpling suggests that it lost 
momentum and cooled soon afterwards. A thorough 
search of the immediate vicinity revealed no further 
fragments. 

The second specimen fell on the farm of Mr Gilmore in 
Bovedy townland to the south-east of the main farm 
buildings (Irish Grid C.890124). Mr Gilmore saw the 
meteoroid cross his land and proceed north-westward 
but did not see, hear or feel the fragment fall. Mr R. 
Catherwood, standing in a lane approximately 400 yards 
to the south, however, heard the sound effects (although 
he failed to see the meteoroid) and while they were stall 
continuing became aware of a whirring noise in the im- 
mediate area which stopped abruptly. On the following 
Monday at approximately 1400 h a small impact crater 
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was discovered in a field used as open grazing and from 
the bottom of this hole a fragment about 9x 8x 4 inehes 
was recovered. Unfortunately this specimen, which was 
essentially intact, was broken open by local people and 
some small fragments carried away. The maim meteorite 
was collected by members of the Irish Astronomical 
Society on Wednesday, April 30, and came into our hands 
the same evening. This specimen, weighing ap imately 
4,950 g, in general features resembles the Spruacetield 
fragment, having the same black~brown fusion crust and 
medium grey colour on the fresh face. There has heen 
more ablation of this specimen than the Sprucefield 
fragment and consequently it is less angular, but once 
again there is a lack of dimpling and the other surface 
phenomena previously mentioned ( Fig. 3), although fusion 
droplets are again present. An area of fusion crust missing 
from one side of the meteorite may have been lost before 
impact. The fusion crust is thicker than that of the 
Sprucefield specimen, being a fairly consistent | mm, 

We visited the site the following day (May 1) and 
recorded all available information. The soil into whieh 
the meteorite fell is derived from boulder clay and thinly 
covers Tertiary basalt. Although the erater had been 
enlarged at the sides when removing the fragment, the 
bottom was undisturbed and the vertical depth of penetra- 
tion was l foot 25 inches. The angle of penetration, so 
far as it could be judged, was between 30° and 5 ” from 
the horizontal. the crater being elongated to ards the 
north. ‘There was no scorching of grass and roots around 
and in the hole, and no indication of fusion or hardening 
of the soil, suggesting that the specimen retained no 
appreciable heat. Fields in the immediate vicinity of 
this fall were thoroughly searched, but nothing further 
was found. 












































Mineralogy and Structure 


Both falls are chondrites with chondrules casily visible 
to the naked eye. The meteorite has been named the 
Bovedy Chondrite after the townland on which the larger 
fragment fell, but to date detailed examination has been 
confined to the Sprucefield material. 

Metal and sulphide are present in addition to sileate 
the metal being particularly apparent on sawn surfaces 
where it can sometimes be seen rimming individual 








Fig. 3. The Bovedy fragment showing the fusion eruat (approsimately 

1 mm thick) broken at the corners to reveal the pale grey interior. ht 

grooving is apparent on the upper surface. Approximate dimensions: 
height 12 em, width 14 cm and depih 16 om. 
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chondrules. Preliminary X-ray fluorescence analysis 
indicated nickel, chromium and cobalt in amounts en- 
countered in chondritie meteorites. 

In thin section the Sprucefield specimen is seen to be 
ies largely of chondrules and opaque minerals 
(Fig. 4). The former v vary from spherical to ellipsoidal 
and more irregular shapes, elongated ones showing a 
preferred orientation. Many are around 1 mm in size, 
but chondrules larger and smaller than this are also 
present, Most are “mieroporphyritie” or granular, but 
some show an eccentric radiating structure. Others are 
composed of one or more sets of parallel prisms or lamellae. 
Many seem to be composed largely of granular olivine. 
while others, less abundant, are of radiating pyroxene. 

As a whole, olivine is more abundant than pyroxene. 
and metal seems to constitute less than 10 per cent of the 
specimen. Brown isotropic glass is also present in some 
chondrules. 

Preliminary electron microprobe analysis at Queen’s 
University suggests the meteorite to be an olivine- 
bypersthene chondrite, the proportions of olivine, pyroxene 
and metal eee this. The probe also reveals the 
presence of two metal phases--one with approximately 
6 per cent nickel and 0-6 per cent cobalt. the other having 
between 40 and 50 per cent nickel, 

The chemistry, mineralogy and structure of both falls 
will be described later. Dr N. H. Gale of the U niversity 
of Oxford is at present determining a K-Ar age for the 
meteorite. 

We thank the trustees and senior staff of the Ulster 
Museum and Professor A. Williams for cooperation and 
encouragement, and particularly Drs J. Preston and 
K. A. Jones of the Queen’s University for assistance with 
electron microprobe work. Many people in Ireland, Wales 
and England supplied information. 
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Note added in proof. Andrews, Rackham and Way- 
man! mention apparent ablation fragments found near 
the recently fallen Bovedy meteorite. Further study by 
us and other workers totally disproves a meteoritic origin 
for these fragments, the evidence for this bemg: (1) 
their field occurrence in relation to the meteorite: (2) 
their chemical composition (major and trace element): 
(3) them radioactivity. 

We visited Bovedy shortly after the meteorite was 
reported and Mr 8. Gilmore drew our attention to some 
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dark, glassy particles by a farm road on his land because 
he had not noticed them before the meteorite fell. They 
were found mainly in two limited and closely associated 
areas (1-5 feet. apart) on the lee side of a shed, relative to 
the path of fall, approximately 100 feet from the impact 
crater, A detailed search of the roof and gutters of the 
shed and the immediate enviroumerit of the impact erater 
revealed no further material. On this evidence alone, 
especially the occurrence of the fragments in two small 
clearly defined areas, any association with the meteorite 
was considered unlikely. 

Most of the glassy fragments are a few nullimetres in 
size and many are angular, some showing a smooth surface 
in places. An individual fragment can vary from black 
to reddish brown and some are attracted to a magnet. 
Some particles are also vesicular. A few metallic globules 
occur along with the gk and these are rich in copper. 

Dr 8. J. B. Reed of the British Museum (Natural His- 
tory) has performed an electron microprobe analysis of 
the glass which revealed 30 per cent SiO, 25 per cent 
FeO, 20 per cent CaO and 5 per cent MgO. X-ray fluores- 
cence analysis of some of the material by one of us (1. G. M.) 
at Queen's University indicated appreciable copper, 
azine, tin and lead together with some barium, nickel, 
manganese, chromium and titanium. 

A sample was sent to the Department of Glass Tech- 
nology, University of Sheffield, where R. F. Sykes (personal 
communication) concluded that the material was not 
made for use as a commercial glass. 

The glass particles have also been studied at the Atomic 
Energy Research Establishment, Harwell. Dr J. Rundo 
(personal communication) detected no cosmic ray activa- 
tion products (Na, “Mn, “Al. but reported readily 
detectable gamma-radiation due to members of the 
U and Th decay chains, The latter were not detected 
in the Bovedy meteorite nes 

On this evidence we concluded that the glassy particles 
are completely unrelated to the me teorite. ‘The y seem 
to be a slag. and their presence at Bovedy is unexplained. 

Andrews et alt propose a course of 330° for the meteor- 
oid as opposed to our estimated path of 321 With a 
few reservations there is little evidence in Northern 
Treland which would not fit either path. The extension of 
their path to the south-east. however, crosses the Lleyn 
Peninsula west of Nevin. the coast of mid Wales almost 
aed over Aberystwyth, south Wales just west of 

Cardiff, Somerset sli ghtly to the east of Bridgwater, and 
the south coast of England i inthe vicemity of Portland Bill. 
It is this extension of the path which does not fit our data. 

On the 330° course the meteoroid should have been 


















































Fig. 4. 





Ghondrale and opaque phases. 


The Sprucetield meteorite in ordinary light ( « 50), showing different types of 


Note olivine crystals Gop centre). 
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clearly seen in Taunton, Sherborne, Lyme Regis, Bridport 
and Dorchester, all within 20 miles of the ground projec- 
tion of the path, and possibly in Exeter, Sidmouth and 
Poole. Routine enquiries, including the regional museums 
at these centres, have produced no sightings. The first 
sighting of the meteoroid for which good data are available 
was made by Chief Superintendent Frank Lockyer, north 
of Salisbury, who gave an estimate for the zenith of 80° 
above the horizon. On a path of 330° crossing the south 
coast at Portland Bill, assuming, say. a height of 60 km, 
the zenith would have been below 45°, so it is impossible 
to reconcile this record with the 330° path and a low 
trajectory. One of us (P. 8. D.) broadcast on BBC Wales 
appealing for clear sightings, and, m all, between twenty 
and thirty useful reports were received. Two independent 
sightings, one in the Gloucester area, the other in the 
Mayhill-Longhope area of Gloucestershire, placed the 
path over the Forest of Dean. Sightings at Nantmel, 
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Builth Wells and Liandindrod Wells all justify a very 
high zenith. Clear sightings from Aberystwyth. (directly 
on the 330° course) all place the path to the east, and 
T, Williams in Trefenter near Aberystwyth gave a 30°40" 
zenith to the east with a bearing of due north for the point 
at which the meteoroid vanished 15°-20° above the hori- 
zon, Also, considering the sighting of H. H. Murton, the 
Holyhead coastguard, which again had a very high zenith, 
we consider the 330° course in the position indicated by 
Andrews et al. to be untenable and maintain that our 
published trajectory on a 321° course is the more likely. 
The Bovedy fragment, reported by Andrews et alt 
to weigh 7 kg, has now been accurately weighed. The 
almost complete specimen (some material was removed 
by local people and has not to date been recovered) 
weighed 4-94 kg. 
1 Andrews, A. D., Rackham, T. W., and Wayman, P. As, Mature, 222, 727 
(1969). 


Release of Additional Factors in Anaphylaxis and its 
Antagonism by Anti-inflammatory Drugs 


by 
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Among the active substances released during anaphylaxis in guinea- 
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Many of the signs of anaphylaxis are thought to be due 
to the release of chemical mediators, such as histamine? 
and “slow-reacting substance in anaphylaxis” (SRS-A)*5. 
We have used new assay methods to detect the release 
of active substances during anaphylaxis in guinea-pig 
isolated lung. As well as histamine and SRS-A, we have 
found that prostaglandins E, and Fy, are released into 
the perfusate. In addition, we have fi ound other substances 
not previously described. At least one of these substances 
may have importance in fields other than anaphylaxis, 
because low concentrations of aspirin and other anti- 
inflammatory drugs prevent its release from the lungs. 


Assay Methods 

Guinea-pig isolated lungs were perfused through the 
pulmonary artery with Krebs bicarbonate solution gassed 
with 95 per cent oxygen and 5 per cent CO, The effluent 
from the lungs was collected in a small reservoir and active 
substances in it were detected by a continuous bioassay 
method similar to the blood-bathed organ technique’. 
The effluent was taken by a roller pump to superfuse? 
continuously a series of up to six isolated assay tissues 
chosen from the following: stomach strip*, duodenum? 
and colon! of the rat, longitudinal strips of jejunum" 
and terminal ileum of the eat, spirally cut strips of thoracic 
aorta of the rabbit, rectum!? of the chick, ileum and 
trachea of the guinea-pig. The guinea-pig trachea was 
opened along its length by cutting the cartilage opposite 
to the band of smooth muscle. It was then cut parallel 
to the strips of cartilage in a zigzag, as for the rat 
stomach strip. 

The assay tissues were arranged in two banks with 
three in eacht and superfused with Krebs bicarbonate 
solution at 37°C at a rate of 10 ml./channel per min. 
Their changes in length were detected by transducers 


pig lung is a hitherto unidentified substance which has a contracting 
effect on rabbit aorta. The release of this compound is antagonized 
by anti-inflammatory agents. 


attached to auxotonie levers and were recorded on an 
eight channel pen recorder. 

To inerease the specificity of the assay, selective 
antagonists were infused into the perfusate from the lungs 
so that the infusion reached some or all of the assay 
tissues. For instance, in all experiments, infusions were 
made of mepyramine maleate (in a final concentration of 
base of 10-7 g/ml.) to abolish the actions of histamine on 
all tissues except those chosen to measure the histamine 
release. In some experiments, a mixture of other antagon- 
ists was added to the mepyramine (‘combined antagon- 
ists”) so that the actions of other substances were also 
prevented, These were hyoscine hydrobromide (10-7 g/ 
ml.) to block any effects of acetylcholine; phenoxy- 
benzamine hydrochloride (10-7 g/ml.) to block -receptors 
for catecholamines; propranolol hydrochloride (2x 10-* 
g/ml.) to block §-receptors for catecholamines and methy- 
sergide bimaleate (2x hQ-? g/ml.) to block any effects of 
5-hydroxytryptamine (5-H'T). 











Lung Perfusion 

Guinea-pigs of either sex weighing 200-300 g were 
sensitized by injection of ovalbumen (100 mg intra- 
peritoneally and 100 mg subcutaneously) and were killed 
14-28 days later. The heart and lings were removed and 
the pulmonary artery and trachea were cannulated., Most 
of the heart was cut away and the left atrium was opened. 
The lungs were then suspended in a chamber and perfused 
through the pulmonary artery with Krebs solution at 
37°C. The rate of perfusion was constant at 10 or 20 
mi.fmin. Lungs taken from unsensitized guinea-pigs 
were perfused in the same way. This method of perfusion 
was similar to that used by others except that Krebs 
solution was used instead of Tyrode solution and the rate 
of perfusion was faster. 
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Fig. 1. The effluent from sensitized guinea-pig lungs was used to super- 
fuse five assay tissues. There were a cat terminal ileum strip (CTI), 
two cat jejunum strips (CJ), a rat stomach strip (RSS) and a rat colon 
(RC), All but the CTI were treated with mepyramine (107? g/ml.) te 
antagonize the actions of histamine. Bradykinin (B, 0-5 ng/ml.) con- 
tracted CJ and CTI whereas histamine (H, 1 and 2 pg/ml.) only contrac- 
ted the CTI. When anaphylaxis was induced in the lungs by intra-arterial 
injection of ovalbumen (ovalb 10 mg IA), there was no contraction of 
CJ, showing that there was no release of bradykinin, Contractions of 
CTI show the release of histamine between 1 and 2 ug/ml. The contrac- 
tions of the RSS and RC indicated release of further substances. Time, 
10 min; vertical scale, 10 em. 


The assay tissues were calibrated while being superfused 
with Krebs solution directly from a reservoir. The lungs, 
when first isolated, were perfused with a different stream 
of Krebs solution, until all the blood had been washed out. 
The perfusate was then used to superfuse the assay tissues; 
this did not change their sensitivity to drugs. The transit 
time of fluid from the lungs to the assay tissues was 
15-30 s. The assay tissues retained sensitivity for many 
hours whereas the lungs were only perfused for 1-2 h. 
Thus the same assay tissues could be used to test per- 
fusate from up to five sets of lungs. 

Anaphylaxis was induced in the sensitized lungs by an 
injection of ovalbumen (2-10 mg) into the arterial inflow. 
Within a few seconds the pulmonary arterial pressure 
began to rise. The rise in pressure was often biphasic 
and reached the first peak within 0-5-1-5 min and the 
second in 4-7 min and thereafter declined slowly. By 
bathing different combinations of assay tissues in the lung 
perfusate, the following results were obtained. 


Substances that Could Not be Detected 

Bradykinin. Bradykinin (0-5 ng/ml.) contracted strips 
of cat jejunum (treated with mepyramine) but anaphylaxis 
in the lungs did not (seven experiments) (Fig. 1). Thus if 
any bradykinin was released, it was in concentrations of 
less than 0-5 ng/ml. 

This result reinforces the conclusion that the kinins 
found in blood of guinea-pigs after anaphylaxis in vivol 
are not released directly from the lungs, but are the 
result of liberation of the kinin-forming enzyme, kalli- 
krein!? H, 
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5-Hydroxytryptamine. The rat stomach strip was un- 
suitable’ for detection of 5-HT in the perfusate from 
shocked lungs because other contractor substances were 
also present. Spirally cut strips of rabbit aorta taken 
from a female rabbit in oestrus, however, were contracted 
by 5-HT (2-5 ng/ml.). In three experiments, these strips 
failed to contract when the lungs were shocked. 

The release of 5-H'T in anaphylaxis has been shown in 
rabbits!®18 and it may come from platelets’? or lung’. 
The failure to detect 5-HT release in our experiments is 
probably explained by the smaller amounts of this sub- 
stance in the lungs of guinea-pigs than in those of mouse, 
rat and rabbit!*. Experiments in the guinea-pig in vivo 
have also failed to implicate a release of 5-HT in anaphyl- 
axis'® although it seems to play a part in anaphylactoid 
reactions in the rat??.*, 


Detection of Known Substances 


Histamine. Histamine is released in anaphylaxis, and 
is often assayed on guinea-pig ileum, with or without 
extraction of the perfusate. Guinea-pig ileum is con- 
tracted not only by histamine but also by SRS-A and 
prostaglandins, and in our experiments it was difficult to 
assess the relative contributions of all these substances 
to the contraction. Longitudinal strips of cat terminal 
ileum are contracted by histamine and bradykinin, how- 
ever (Ng, unpublished results), but are insensitive to 
SRS-A or the prostaglandins. In thirteen experiments 
with cat terminal ileum, the histamine released from the 
shocked lungs reached a peak concentration of 0-5-2 ug/ 
ml. or a peak output of 5-20 ug/min (Fig. 1). The release 
reached a maximum within 1-2-5 min of injecting the 
antigen; the half-life of the decline in contraction of the 
terminal ileum was 1-6 min. A second injection of antigen 
40-130 min later gave a further release of histamine some- 
times even higher (three out of fourteen experiments); a 
third injection gave a smaller release than the first. Cat 
terminal ileum treated with mepyramine did not contract 
during anaphylaxis, showing that all the effects on this 
preparation were brought about by histamine. 

The amounts of histamine detected by this new and 
more specific assay organ agree well with those previously 
found’, although the time course of the release was some- 
what longer, despite the faster rate of lung perfusion. It 
was unexpected to find that second and third injections 
of antigen also gave a high histamine output. The hist- 
amine is probably released from mast cells®??, which 
disappear after shock®*. Successive presentations of 
antigen may therefore disrupt mast cells previously 
unaffected. It is possible that, as in dog, the isolated 
lungs of guinea-pigs are not uniformly perfused. The 
first injection of antigen may induce release of histarnine 
in the well-perfused areas, the consequent circulatory 
changes in those areas leading to a better perfusion of 
other parts of the hing. 

SRS-A. After anaphylaxis in guinea-pig isolated lungs, 
a “‘slow-reacting substance’ appears in the perfusate 
slightly later than the histamine?*. This substance (SRS 
or SRS-A) must be formed by the antigen-antibody 
reaction, for much more appears after addition of antigen 
than is present in the lung’. Although it resembles an acid 
lipid, SRS-A is not a prostaglandin®* and has also been 
distinguished from acetylcholine, histamine, 5-HT, brady- 
kinin, angiotensin, substance P and neuraminic acid?}*-*, 
Its chemical nature is, however, still unknown. 

The guinea-pig ileum in the presence of antihistamine 
drugs has usually been used to detect SRS-A released 
during anaphylaxis*. Because prostaglandins released in 
anaphylaxis also contract guinea-pig ileum, we looked for 
a second assay organ for SRS-A. Of those tested, the most 
satisfactory were guinea-pig tracheal strips, used in the 
presence of mepyramine or the combined antagonists. 
In some preparations, prostaglandin E, caused contraction 
of the tracheal muscle (Figs. 2, 4, 6 and 7), although 
in others it gave a slight relaxation. Prostaglandin 
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Fea always contracted the tracheal musele. 10 min 
Partially purified SRS-A (ref. 27) contracted the Combined : rae 

isolated tracheal muscle, concentration of 10-50 antagonists 

ug/ml. giving a slow contraction which often GPT /\ 

developed further after the infusion had stopped Lh 


(Figs. 2, 5, 6 and 7). The subsequent relaxation 
was slow, with a half-life of 8 min. Guinea-pig 
ileum and sometimes rat stomach strip (Figs. 2, 6 
and 7) were also contracted by the partially 
purified SRS-A. There was much less effect on 
chick rectum and rat colon. 

Injection of antigen into sensitized lungs also 
induced a contraction of the guinea-pig isolated 
tracheal muscle (Fig. 2). The onset of contraction 
was similar for guinea-pig trachea and guinea-pig 
ileum, but the ileum relaxed more quickly than 
the trachea. The fact that the ileum showed a 
greater contraction after anaphylaxis, in relation 
to the tracheal muscle, than it did after infusion of 
SRS-A (Fig. 2) suggested that other contractor 
substances affected the ileum more than the 
trachea, 

These experiments showed that the partially 
purified SRS-A has similar properties to the newly 
liberated SRS-A. Further similarities were found 
during the use of potential antagonists. The 
effects of freshly released SRS-A and of partially 
purified SRS-A were potentiated by aspirin 
(5 ug/ml.) or mefenamate (100 ng/ml.) but not by 
indomethacin (5 wg/ml.); there was no change in 
the response of guinea-pig ileum. 

Potentiation of the effects of SRS-A by low con- 
centrations of aspirin-like drugs has not been 
noted before. High concentrations (100 ug/ml.) 
of aspirin sometimes antagonize the actions of 
SRS-A on guinea-pig tracheal muscle in vitro™; 
when tested in vivo, aspirm-like drugs antagonize 
the bronchoconstrictor effects of bradykinin and SRS-A 
and part of the anaphylactic bronchoconstriction*™*. 

The slowness of the response of the tracheal and ileal 
muscle to SRS-A made it difficult to assess the time course 
of the release simply from the development and fade of 
the contraction. In four experiments, however, the 
effluent from the lungs was collected in 2 min samples. 
The samples were then tested on the same assay system. 
The results confirmed those of Brocklehurst®, in that 
there was less SRS-A in the first 2 min sample than in the 
second and third. 


Substances Previously Undetected 


Prostaglandins. he effluent from shocked lungs con- 
tracted the rat stomach strip, rat colon and chick rectum, 
all treated with combined antagonists (Fig. 2) indicating 
the presence of prostaglandins. The contractions reached 
a peak 3 min after shock and subsided with a half-life of 
about 5'5 min. When assayed in terms of PGE,, the peak 
content of the perfusate was 45 ng/ml. (range 10-100 ng/ 
ml., six experiments). In half the experiments, the 
contractions of the assay tissues were greater after the 
second shock than after the first. 

The presence of prostaglandins in the perfusate from 
the lungs was confirmed by collecting the perfusate in a 
series of samples. Equal volumes (2 ml.) of each sample 
were then acidified and extracted twice with ethyl acetate®. 


Table 1. IMMEDIATE ESTIMATE OF PROSTAGLANDIN Eg RELEASED, AS COM- 
PARED WITH THE ESTIMATE APTER ETHYL ACETATE EXTRACTION 


E, ng/ml. in 





Recovery of 


Exp. assay system E, ng/ml. control infusions 
No. before extraction after extraction (per cent) 

1 > 50 65 45 

2 > 50 14 450-60) 

3 > 50 V7 67 

4 10-20 a8 69-75 

5 > 50 4 80 


The percentage of recovery was caleulated from extracting samples collec” 
ted during infusions of known concentrations of prostaglandin E,. 


Ovalb mg 

S eg/ml. 
PGE, ng/ml. 
H ng/ml. 
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The effluent trom sensitized guinea-pig lungs was used to superfuse (with 


20 and 40 ug/ml.) contracted GPT, GPI and RSS. When anaphylaxis 


assay tissues indicated a release of SRS-A, together with other substances which 
contracted the RSS, RC and CR. 
would n expected if it were all due to SRS-A. The direct effects of prostaglandin 
E, (PGE, 2 z i 
DIR) are shown at the end of the tracing. Time, 10 min: 


The contraction of GPT was also greater than 


and 5 ng/ml. DIR) and the lack of effect of histamine CH, 500 ng/ml. 
vertical scale, 5 cm. 


The prostaglandins in the extracts were assayed on a rat 
stomach strip in terms of prostaglandin Ey. 

Prostaglandin release in anaphylaxis was eonfirmed by 
this extraction procedure (Table 1) which gave a recovery 
of 56-65 per cent. Even when this recovery was allowed 
for, the values obtained were always lower than those 
found before extraction, This discrepancy indicated that 
the contraction of the rat stomach strip immediately 
after anaphylaxis was partially due to unidentified 
material(s) which were not acid lipid in nature. 

The perfusate from six experiments was collected during 
the time that the assay tissues indicated a release of 
prostaglandins, extracted, subjected to thin-layer chroma- 
tography* (AII solvent system) and assayed for proste- 
glandins on a superfused rat stomach strip and rat colons. 
Prostaglandin Fpa and prostaglandin E, together with a 
small amount. of other E prostaglandins were present after 
anaphylaxis. There was also a small (0-1 ng/ml.) contin- 
uous release of prostaglandin E, from sensitized langs 
before challenge and from unsensitized lungs. 

Prostaglandins are released from many tissues in 
different conditions®!, but concentrations of prostaglandin 
E, E, and Fa in venous blood are reduced to less than 
5 per cent on passage through the pulmonary circulation”, 
probably by enzymatic inactivation®’. Isolated lungs 
from the guinea-pig also inactivate prostaglandins. In 
ten experiments in which either prostaglandin E, (20-500 
ng/ml.) or Fsa (100 ng/ml.) were infused intra-arterially 
into sensitized or unsensitized Jungs, 95-98 per cent 
disappeared leaving only 2-5 per cent to reach the assay 
tissues (Fig. 3). This disappearance of prostaglandins in 
isolated lungs was unaffected by induction of anaphylactic 
shock (three experiments). 

The high rate of inactivation of prostaglandins in langs 
means that the amount detected in the venous effluent 
may be far smaller than the amount actually released. 
Thus the concentrations of prostaglandin E, and Fesa 
which are presented to the bronchial muscle could be 
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amine release than that of SRS-A release: 
The rabbit aorta contracted within 1-4 min 
of injection of ovalbumen into the lungs, 
reached a peak in 3-4 min and the relaxa- 
tion had a half-life of 3-65 min. (2) A 
second and third challenge of the same lungs 
released similar amounts of RCS. (3) When 
the perfusate containing RCS was collected 
(either before or after exposure to the assay 
tissues) and tested after standing at room 
temperature for 20 min, the rabbit aorta no 
longer contracted (Fig. 4). The contractions 








a ee R Me a a POR, A PGE, of the guinea-pig trachea, rat stomach, chick 

2 10 25 5 f SORA E aT ew 

ng/ml. ng/ml ng/ml. mg ng/ml ng/ml, ng/ml. i ae pa rat ee also AE hen 

TA DIR DIR TA DIR IA DIR before. Prostaglandins are stable in these 
conditions, so this result indieates that 


Fig, 3. The effluent from sensitized guinea-pig lungs was used to superfuse a rat stomach 
strip (RSS), a rat colon (RC) and a chick rectum (CR), all in the presence of mepyramine 
107 g/ml, Prostaglandin E, (PGE, 5 and 10 ng/ml.) contracted the assay tissues when given 
directly (DIR)*, Of an infusion of prostaglandin E, (PGE, 250 ng/ml.) into the lungs (LA), 
Similar results are shown after 
induction of anaphylaxis in the lings by ovalbumen (ovalb 10 mg TA). Time, 10 min; 


only about 10 ng/ml. came through to the assay tissues. 


vertical scale, 5 em. 


20-50 times higher than those detected in the effluent. 
It is therefore important to know how these prostaglandins 
affect airways resistance. Prostaglandin E, and Fy, 
increase airways resistance in the cat*4*5, as does Fa in 
the guinea-pig?’. Prostaglandin E, reduces the broneho- 
constrictor responses induced by histamine in the guinea- 
pig’, but neither prostaglandin E, nor E, in intravenous 
doses up to 10 ug affected tracheal airflow in the guinea- 
pig (unpublished results of P. J. P.). 

Isolated tracheal muscle in which the tone has been 
raised by acetylcholine-like drugs or barium chloride is 
inhibited by prostaglandin E, in many species®*, In our 
experiments, the tone of the tracheal muscle was not 
artificially raised and this may account for the fact that 
we found not only prostaglandin Fpa but sometimes also 
prostaglandin E, to give a contraction. Isolated bronchial 
muscle from man is relaxed by prostaglandin E, and E,, 
but contracted by F,a (ref. 37). The differences between 
in vivo and in vitro results may depend on several 
factors: for instance, vascular changes could contri- 
bute to changes in airways resistance in vivo, as 
could metabolic products of the prostaglandins. 

The prostaglandin release might have been due, 
not to a direct result of the antigen-antibody 
reaction, but to the effects of one of the other 
substances released. For example, some smooth 
muscles liberate prostaglandins when they con- 
tract >38, The fact that the bronchoconstrictor 
substance histamine (2 pg/ml.) did not induce a 
release of prostaglandin from unsensitized lungs 
(see, for example, Fig. 5) suggested that smooth 
musele contraction was not responsible. Partially 
purified SRS-A released prostaglandins from 
unsensitized guinea-pig lungs, however, which 
suggested that SRS-A or a component of the 
partially purified preparation may be responsible 
in some way for the release of prostaglandins. 

Rabbit aorta contracting substance. Spirally cut 
strips of thoracic aorta from male rabbits, treated 
with combined antagonists, were insensitive to 
5-HT, catecholamines and histamine. The only 
known substances found to contract them were 
bradykinin (2-5 yg/ml.), prostaglandin E, (250 
ng/ml.) and potassium chloride (0-3-3:5 mg/ml.), all 
in very high concentrations, 

Anaphylaxis in the lungs led to the release of a 
substance which strongly contraeted the rabbit 
aorta (Fig. 4). The release of this newly found, 
unidentified substance (‘rabbit aorta contracting 
substance’, RCS) has the following characteristics. 
(1) It occurs within a few seconds of shock and 
has a time-course more similar to that of hist- 
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Fig. 4. l 
guinea-pig trachea (GPT), rabbit aorta strip (RBA), rat colon (RO) and 
rectum (CR), all treated with the combined antagonists. 
induced in the lungs by ovalbumen (ovalb 10 mg IA) all the tissues contracted. 
The perfusate was collected after it had passed over the assay tissues and tested 
again 23 min later. The rabbit aorta contracting substance (RCS) had disappea 
the contractions of all the other tissues were also Jess. The last part of the tracing 
shows the responses to prostaglandin E, (2, 5 and 10 ng/ml). 


RCS also contributes to the contractions 


of these tissues. This would explain 
the earlier results in which the prosta- 
glandin content of the extracted per- 


fusate was much less than expected from 
the immediate contractions of these tissues. 
(4) When the perfusate was immediately 
boiled, the activity still disappeared in 20 min. (5) In 
four experiments. strips of aorta from two female 
rabbits were used, as well as strips from male rabbits. 
RCS had no action on the female strips. The uterus 
of one of these rabbits was in obvious oestrus; that 
of the other was not checked. (6) Aorta from male 
rabbits was used in combination with different assay 
organs. After showing the release of RCS from challenged 
lungs, other substances were tested on the assay system. 
Such high concentrations of bradykinin (2-5 ug/ml.) 
prostaglandin E, (250 ng/ml.) and K* (0-3 mg/ml.) were 
needed to contract the rabbit aorta that RCS could not 
be any of these. Nor could it be any of the following 
substances, for in the concentrations up to those shown 
they failed to contract the rabbit aorta (in the presence 
of combined antagonists): ATP, ADP or AMP (5 ug/ml.), 
eyehe AMP (30 ug/ml.), adenosine (5 ug/ml.), kallikrein 
(10 mu/nl.), lysoleeithin (100 ng/ml), renin (0-1 cfinl.), 
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angiotensin 1 (50 ng/ml.), angiotensin H 
(25 ng/ml.), histamine (2 ye /mi.), adrenaline 
(10 ng/mil.), noradrenaline (1 ug/ml.), acetyl- 
choline (10 pg/ml.), substance P (1:3 ufml.). 
prostaglandin E, (100 ng/ml.) E, (100 
ng/ml.), Pea (125 ng/ml.), A, (125 ng/ml). 
A, (250 ng/ml.), SRS-A (50 ug/mol.), heparin 
(50 u/ml.). (7) Neither aspirin (5-10 ug/ml.) 
nor mefenamate (0-2-1-0 ug/ml.) antagonized 
the effects of RCS on the rabbit aorta, 
although the effects of SRS-A on guinea-pig 
tracheal muscle were potentiated. 


GPT 








Release of RCS by Other Substances 


Isolated lungs from unsensitized guinea- 
pigs were used to test various substances 
as potential releasers of RCS. ATP (5. 
ug/ml), ADP (5 pg/ml.) AMP (5 ngjml.), 
adenosine (5 ug/ml.) were infused into the = 
isolated lungs. but there was no release 8 
of RCS. With bradykinin (1-2-5 pg/ml.). 
however, there was a release (three experi- 
ments, Fig. 5) and with histamine (1-2 


N 





DIR 


ug/ml.) a “very small release. Partially 
purified SRS-A also consi ently released 








RCS from unsensitized lungs (eleven experi- 
ments) (Figs. 5 and 6). As mentioned 
earlier, there was also a release of prosta- 
glandins. Extraction and assay of the 
effluent. from the lungs during infusion of SRS-A showed a 
prostaglandin content (in terms of E,) of 10-20 ng/ml. 
(one experiment). As after shock, this arnount of prosta- 
glandin could not account fully for the contractions of 
rat stomach strip and rat colon, suggesting once more 
that RCS contributed to these contractions. 

The effluent from lungs which had received SRS-A 
sometimes had a greater activity on the tracheal muscle 
than would be expected from the original SRS-A content 
of the perfusate, although the contraction of the guinea- 
pig ileum was not increased. This suggests that the RCS 
released has a contractor activity on the tracheal muscle, 
for the amounts of prostaglandin released were insufficient 
to account. for the increased activity. 
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Fig, 6. The perfusate from unsensitized lungs was used to superfuse a guinea-pig traches 
(GPT), rabbit aorta strip (RbA), guinea-pig ieum (6 
colon (RC) and chick rectum (CR). 
fusate (LP) from shocked lungs we: 
through the lungs (TA). 
effect is of prostaglandin BE, (PGE,, 10 r 


PD. tat atomach strip OOSS8), rat 
Partially purified SRS-A (3. 20 mg/ml.) and lung per 
infused either directly (DER) to the y tisanes oF 
Both the SRS-A and the lung perfusate release 4, The jast 
imi. DIR) on the assay tissues. Time, 10 min; 
vertical scale, 10 cm. 












RCS Releasing Factor in Fresh Perfusate from 


Shocked Lungs 


When the perfusate from challenged lungs was re-— 
tested on the assay tissues, the RCS had disappea ed 
(see Fig. 4), but when the perfusate was passed through 
unsensitized lungs there was a further release of RCS 
(Fig. 6). Thus the perfusate contained an BRCh-relensmg 
factor (RCS-RF}. This releasing factor was stable to 
boiling for 10 min followed by centrifugation and filtra- 
tion, showing that it was unlikely to be an enzyme {three 
experiments). Samples of perfusate also retained ROS RF 
activity after standing at room temperature for 
after freezing at — 20°C for 7 days. When the perfusate 
was dialysed for 12 h against 200 times 
its volume of Krebs solution, the dialysis 
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Fig. 4. 


bradykinin, SRS-A and a small amount by histamine. 


The effluent from unsensitized guinea-pig hings was used to superfuse a guinea-pig 
trachea (GPT), rabbit aorta strip (RDA), guinea-pig ileum (GPI), rat stomach strip (RSS), rat 
colon (RC) and chick rectum (CR), all treated with combined antagonists. Infusions of SRS-A 
(8, 20 and 40 gg/ml), bradykinin (B. 2-5 ug/ml) and histamine (H, 1 ug/ml.) were given either 
directly (DYED to the assay tissues or through the lungs (TA). RCS was released from the lungs by 
Time, 10 min; vertical scale, 5 em. 


tion? that the peak of SRS-A output 
occurs at about 4 min after shock. 
Perfusate from shocked lungs was collec- 
ted in 2 min serial samples. These 
samples were then tested (in random 
order) both for their ability to contract 
the tracheal muscle directly (SRS-A 







content) and for their ability to release 
ho RCS from unsensitized lungs (ROS- 


RF content). The results showed that, 
although RCS-RF occurred in about 
the same concentration in all the 
samples, SRS-A occurred in much 
higher concentrations in the second 
sample than in the first. Thus the 
two substances are probably different. 
This separation of RCS-RE activity 
from SRS-A activity and the release of 
RCS by bradykinin both make it 
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Fig. 7. The perfusate from sensitized lungs was used to superfuse a guinea-pig trachea (GPT), 
rabbit aorta strip (RbA), guinea-pig ileum (GPI), rat stomach strip (RSS), rat colon (RC) and 
chick rectum (CR), all treated with combined antagonists. Anaphylaxis was induced in the lings 
by ovalbumen (ovalb 10 mg LA) while sodium aspirin (5 «g/ml. DIR) was being infused over the 


assay tissues. 


RCS was released. The sodium aspirin infusion was then made so that it also 


passed through the lungs and the shock was repeated. No RCS was released after this shock, or 

during the third, even though the aspirin infusion was stopped. Note that the tissues measuring 

SRS-A release (GPT and GPT) still contract, showing that the RCS release has been selectively 
abolished. Time, 10 min; vertical scale, 5 cm. 


unlikely that RCS is a metabolic product of SRS-A. The 
RCS-RF activity contained in partially purified SRS-A sug- 
gests that the activity of this SRS-A preparation in vivo 
may depend, in part, on RCS-RF present as an impurity. 

The evanescent nature of RCS makes it easy to under- 
stand why it has not been detected before. It will also 
make it difficult to study the pharmacology of RCS, 
except by extracting and purifying the releasing factor, 
which is much more stable. 


Antagonism of RCS-RF by Anti-inflammatory Agents 


The actions of RCS and the prostaglandins on the 
assay tissues were unaffected by aspirin, mefenamate or 
indomethacin, although the action of SRS-A on tracheal 
muscle was potentiated by aspirin and mefenamate. All 
these drugs antagonized the actions of RCS-RF, however, 
in that the release of RCS from sensitized or unsensitized 
lungs was abolished. 

Sensitized lungs were challenged to demonstrate the 
release of substances on assay tissues already treated with 
aspirin (1-5 ug/ml.) (Fig. 7). The infusion of aspirin was 
then made so that it also passed through the lungs. 
When the shock was repeated, there was no contraction 
of the rabbit aorta. ‘Thus the release of RCS had been 
completely abolished. The antagonism was selective, for 
release of SRS-A was unaffected. The contractions of the 
rat stomach strip and rat colon were also reduced; this 
may have been due either to the absence of RCS or to a 
smaller release of prostaglandins. Similar results were 
obtained in two other experiments with aspirin, but 
sodium salicylate (5-100 ug/ml., two experiments) was 
inactive and failed to prevent the release of RCS from 
shocked lungs. Mefenamate (0-2 ug/ml., two experiments) 
and indomethacin (0-1-0-5 ug/ml., three experiments), 
however, both abolished the release of ROS. The release 
of RCS from unsensitized lungs by partially purified 
SRS-A was also antagonized by indomethacin (0-5 ug/ml.). 

The antagonism by aspirin of the release of RCS is a 
striking demonstration of an in vitro effect of this sub- 
stance at relatively low concentrations. Moreover, the 
order of potency of the few drugs tested (indomethacin 
and mefenamate > aspirin > salicylate) is similar to their 


order of potency in various analgesic, antipyretie and 
anti-inflammatory tests in vivo, These facts lead to the 
speculation that RCS or RCS-RF could be involved in all 
those effects which are antagonized by aspirin-like drugs. 
Thus RCS might be a mediator of pain, fever and inflam- 
mation, It could also be involved in platelet aggregation, 
because aspirin also interferes with this process‘, 

An intriguing observation worthy of further investiga- 
tion is the fact that RCS did not contract strips of aorta 
from the only two female rabbits used. One of these 
animals was in oestrus and the other may have been. 
If further work confirms that the effectiveness of RCS 
depends in some way on circulating steroid hormones, 
many aspects of inflammation, asthma and other condi- 
tions may be explained. Aspirin itself is rarely effective 
in asthma’; this might be correlated with our finding 
that, although the release of RCS from shocked lungs is 
abolished, the release of SRS-A is unaffected. We do not 
yet know the effects of anti-inflammatory compounds 
on the release of histamine in our preparations, but in 
guinea-pig chopped lung there was an inhibition only 
with enormous concentrations‘. 

There are several previously unexplained effects which 
can now be accounted for by RCS release. For instance, 
aspirin antagonizes part of the bronchoconstrictor effects 
of anaphylaxis and all the bronchoconstrictor effects of 
bradykinin and partially purified SRS-A in viyo! esaz 
without showing such antagonism in vitro. This and other 
considerations led to the speculation that “aspirin and 
like-acting drugs block a route leading to or from the 
specific receptors for the agonists rather than blocking 
the receptors themselves'43, The release of RCS in 
vivo might be the mediating step suggested by this 
hypothesis, Another example is the prolonged hypo- 
tensive response produced by bradykinin#!*. This 
response far outlasts the time that bradykinin would be 
expected to be in the circulation’, but is considerably 
shortened in duration (but not in depth) by anti-inflam- 
matory drugs. It might therefore be due chiefly to the 
release of RCS. 

The hypotensive and bronchoconstrictor actions of 
SRS-C, another slow-reacting substance, are both 
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abolished by anti-inflammatory agents’’. If this antagon- 
ism cannot be obtained on isolated smooth muscle pre- 
parations, it also may be due to the intermediate release 
of RCS. 

Two other aspects of the results deserve comment. 
First, whether or not any of these speculations prove 
correct, the antagonism by aspirin-like drugs of the 
release of RCS could well provide a basis for new and 
relatively simple in vitro screening tests for anti-inflam- 
matory compounds. Second, there are now many illustra- 
tions of the importance of the pulmonary circulation in 
the removal of vaso-active hormones from the circula- 
tion*!. Because of its converting enzyme content, the lung 
ean also generate a highly vaso-active compound, angio- 
tensin II, so that it reaches the arterial circulation**-*°. 
The present work shows that, albeit in artificial conditions, 
unsensitized lungs can generate another vaso-active com- 
pound, RCS. These two examples raise the question as to 
whether the lung should now be regarded as an endocrine 
organ. 
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New Light on How Aspirin Works 
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Hounslow, Middlesex 


DespirE the seeming diversity of the effects of aspirin, its 
therapeutic actions can be gathered under one head: it 
inhibits excessive defensive reactions of the body, such 
as fever, pain and inflammation. In short, aspirin is an 
“anti-defensive” drug'*. 

To investigate how aspirin exerts its therapeutic effects, 
we need to reproduce its anti-defensive actions in experi- 
mental models. This is readily done in whole animals, 
but less readily in isolated preparations, which are more 
likely to yield clues about how aspirin acts. To analyse 
its mode of action at a local level, several workers have 
studied how aspirin affects biochemical processes in vitro 
and then speculated on how such effects might apply to 
its therapeutic actions*-*. Alternatively, we can take to 
pieces a pharmacological effect of aspirin, analysing it 
first in vivo, then in isolated organs and ultimately in 
active macromolecules. 


Aspirin and similar drugs may act by blocking the release of rabbit 
aorta contracting substance described in the preceding article. 


Among effects that seem likely to be connected with 
one or more of the anti-defensive actions of aspirin are 
those in which it (or a like-acting drug) selectively 
antagonizes certain endogenous substances that on ad- 
ministration elicit nociception, erythema, oedema, bron- 
choconstriction or a fall in arterial blood pressure. Such 
substances include kinins®.’?, slow-reacting substance in 
anaphylaxis (SRS-A)*, slow-reacting substance C ( SBS-C)*, 
prostaglandin F,, (ref. 10), arachidonic acid", adenosine 
triphosphate" and acetylcholine. 

The antagonism of these substances by aspirin differs 
from a specific receptor blockade of conventional type, 
as of histamine by an antihistamine drug, because aspirin | 
blockade is “capricious” in three ways’, First, the pattern 
of selectiveness varies. Thus, in the guinea-pig, aspirin 
antagonizes bronchoconstriction in vivo induced by brady- 
kinin®.7, SRS-A (ref. 8) or arachidonic acid, but not that 
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induced by acetyleholine or histamine; whereas aspirin 
antagonizes contraction of the ileum in vitro induced by 
arachidonic acid peroxide, but not that induced by 
bradykinin or acetyleholine?™. Second, aspirin blockade 
is confined to certain species and organs. For example, 
aspirin antagonizes bronchoconstrietion induced by brady- 
kinin in the guinea-pig, but not in the rabbit or ratis. 
Third, aspirin antagonizes a particular response only in 
some circumstances. For example, it blocks broneho- 
constriction in the guinea-pig that occurs when bradykinin 
is injected intravenously, but not when it is dropped onto 
the pleural surface of the lings". Examples of similar 
“caprice” could be cited for the antagonism by aspirin 
of nociceptive responses to such agonists», 

Experimental analysis of the aspirin blockade of bron- 
choconstrietion induced by bradykinin or SRS-A in the 
guinea-pig in vivo allowed the following inferences to be 
drawn. That it occurred in the absence of the central 
nervous system or of the adrenal glands suggested that it 
is local®1»16, That aspirin and other non-steroidal anti- 
inflammatory acids were almost the only drugs acting in 
this way suggested that the effect is connected with their 
therapeutic action®*7, That these drugs had virtually 
the same potency against bradykinin as against SRS-A, 
although these two agonists were not cross-tachyphylactic, 
suggested that the antagonism does not occur at the 
receptors for these agonists®.", as was thought when only 
kinins were known to be antagonized'*, That aspirin was 
ineffective against bradykinin dropped onto the pleural 
surface of the lungs suggested that its effect depends on 
the route by which bradykinin reaches the tissues?, 

From the analysis outlined here, we proposed that 
“aspirin and like-acting drugs block a route leading to or 
from the specific receptors for the agonists rather than 
blocking those receptors themselves’™ and that “such a 
mechanism might be envisaged as one transferring 
mediators across cellular or other boundaries; alterna- 
tively, the release of an intermediary substance might be 
susceptible to aspirin blockade”? 

That the selective antagonism of bradykinin or SRS-A 
by anti-inflammatory acids could not easily be obtained 
in isolated preparations of the airways? 5.19 both hindered 
its further analysis and added an example of caprice. In 
the artificially ventilated whole lungs of the guinea-pig in 
vitro, however, Greeff and Moog succeeded, with a very 
low concentration of aspirin (1 ug/ml}. in blocking the 
bronchoconstrictor effect of bradykinin without reducing 
that of histamine or 5-hydroxytryptamine. 

Piper and Vane (preceding article?!) have now carried 
the analysis further. They report that bradykinin and 
SRS-A release from guinea-pig isolated lungs an un- 
identified smooth muscle contracting substance (rabbit 
aorta contracting substance: RCS), whereas histamine 
releases very little RCS. The liberation of RCS by SRS-A 
is blocked by concentrations of aspirin like or near that 
used by Greeff and Moog” and by even lower concentra- 
tions of mefenamate or indomethacin. These and other 
observations suggest that bradykinin and SRS-A. at 
doses lower than might directly elicit bronchoconstriction, 
elicit it indireetly by releasing RCS and that aspirin and 
like-acting drugs antagonize both substances by blocking 
the release of RCS. 

When sensitized lungs are challenged with antigen, 
RCS is also released’, These observations suggest that 
a cascade may operate in anaphylaxis. in which the anti- 
gen-antibody reaction releases kinins®? and SRS-A (refs. 8 
and 23), in turn releasing RCS, which then elicits broncho- 
constriction. 

Piper and Vane speculate that the RCS mechanism 
may also operate in fever, inflammation, pain and platelet 
aggregation and that the ability of anti-inflammatory 
acids to block this mechanism accounts for their antagon- 
ism of these reactions. If so, then endogenous substances 
other than kinins and SRS-A might be expected also to 
activate the RCS cascade. The reaction of the cascade 
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to drugs, too, would be required to differ quantitatively 
in different sites, because aspirin differs in potency rela- 
tive to sodium salicylate in different test situations, 
Thus aspirin is only slightly more potent than salicylate 
against fever in man?! or oedema of the rat paw”; it is 
several times more potent than salicylate against nocicep- 
tion?>-** and many times more potent against broncho- 
constriction in the guinea-pig®*, In a few effects of treat- 
ing man with aspirin, including the delay of skin erythema 
elicited by thurfyl nieotinate® and the inhibition of plate- 
let aggregation in shed blood™, sodium salicylate was 
inactive at the highest dose tested, That this discrepancy 
oceurs also in the liberation of RCS (ref. 21) strengthens 
the argument that the release of RCS explains those in 
vivo actions in which aspirin is clearly more effective than 
sodium salicylate. Of the main therapeutic actions of 
aspirin, the analgesic would therefore particularly easily 
fit an RCS mechanism. 

Even if inhibition of the RCS mechanism does not apply 
to any of the therapeutic actions of aspirin, it might apply 
to the antagonism of substances administered to whole 
animals. Piper and Vane suggest that the curtailment of 
bradykinin-indueced hypotension’? works in this way. 
To this may be added, among other effects of anti- 
inflammatory acids, the delay of skin erythema elicited 
by thurfyl nicotinate in man?¢“4, or by nicotinie acid in 
the guinea-pig™, the reduction of hypotension induced by 
SRS-C in the rabbit? and by Æ. coli endotoxin or human 
saliva’? in the dog. Even if the RCS mechanism and its 
inhibition do not apply so widely as this, they nonethe 
explain the paradoxes of some intriguing effeets in guinea- 
pig lungs that have long puzzled us and they bear out. the 
predictions about the mode of action of aspirin in this 
situation, made on the basis of observations in viro. 

Several steps have now been taken towards understand- 
ing how aspirin acts, at least in some situations. Although 
this article is too short to detail all the evidence, most of 
this has been fully discussed elsewhere? and here these 
steps can briefly be listed. First, aspirin is an anti- 
defensive drug. inhibiting many of the reactions of the 
body to noxious agents. Second, beeause the potency of 
aspirin relative to sodium salicylate differs in different 
sites, and for other reasons’?-44, aspirin probably exerts its 
anti-defensive effects locally rather than on one central 
mechanism, whether in the nervous system, the blood or 
a ductless gland. Third, its local action seems to be a 
blockade of humoral mediators of defensive reactions. 
Fourth, this blockade is not like that of histamine by an 
antihistamine drug, but seems rather to be an interference 
with some step in a sequence in which the mediator, which 
may sometimes be a kinin or a slow-reacting substance, is 
involved, Fifth, Piper and Vane (preceding article?!) 
have now shown that one such sequence includes the re- 
lease of an unidentified smooth muscle contractin g 
substance and that this release is blocked by aspirin. Even 
where aspirin acts in this way, however, the full steps of 
the sequence, the exact point at which aspirin blocks it and 
the means by which the blockade is effected have yet to 
be determined. 
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Degradation of Tryptophan Messenger 


Contrary to a previous report, messenger RNA for the tryptophan 
operon is degraded in the 5’—3’ direction. The following two 
articles describe how pulse labelling and hybridization experiments 


established this. 


In some conditions, the degradation of individual 


messengers starts before their synthesis is complete. 


On the Degradation of Messenger RNA 
for the Tryptophan Operon in Escherichia 
coli 

In spite of the attention which has been paid to the 
short lived messenger RNA (mRNA) fractions in bacteria, 
very little is known about the mechanism by which 
individual mRNA molecules are broken down or the fac- 
tors regulating the turnover of mRNA im vivo. We report 
here experiments which demonstrate that tryptophan 
mRNA molecules are degraded from the EF gene end (5’ 
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ene sequence 
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Proteins 
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end of the molecule) toward the A gene end {F and). 
This conclusion is in conflict with that presented by 
Baker and Yanofsky!. (See also the following paper*.) 

The tryptophan operon of Æ. colt consists of at least 
five contiguous genes? (Fig. 1) with an operator region at 
the E gene end’. Following a shift from repre 
derepression, the synthesis of polycistronic mR 
initiated at the E gene end and proceeds to the 
end, taking about 8 min to complete a round of trans 
tion in the conditions used’, After 8 min, the 
transcription of the operon reaches steady state. 
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Fig.1. Trp-operon segments carried by ¢80 pt phages, The region indicated by the solid line i 
The relative size of the trp-genes corresponds to the molecular weights of the cor 
Location of the termini in phages pt and ptC-A is taken from the data of Imamoto” and Deeb 
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Fig. 2, Time course of degradation of trp-mRNA molecules. Hybrid- 


ization values with “H-RNA pulse-labelled for 80 s at the 19-5th min 
after derepression were 1,520, 1,060, 910 and 653 c.p.m,/100 ag of 
RNA for E, D, C-A and AmRNA, respectively. The ordinate is the 
relative value (per cent) calculated by dividing the amount of each 
trp-mBNA segment remaining at the indicated time by the hybridization 
values given here. @, Hybrid values with pt DNA; M. difference 
between hybrid values with ptZ-D DNA and pt# DNA; A, hybrid 
values with ptC-4 DNA; ©, hybrid values with ptd DNA. 


We grew strain W3110, wild type K12, in repressed 
conditions (excess tryptophan) at 37°C with vigorous 
shaking. The exponentially growing culture was cooled 
rapidly and centrifuged in the cold. Cells were washed 
with cold minimal medium® and transferred at 2x 10° 
cells/ml. to prewarmed minimal medium containing 1-0 
per cent glucose and a mixture of nineteen amino-acids 
at 0-5 mM each, but without L-tryptophan. Cells were 
shaken vigorously in a water bath at 30°C. RNA was 
pulse-labelled by exposure of the cells to *H-uridine 
(20 pCi/ml., 18 Ci/mmole) for 30 s, beginning 19-5 min 
after derepression. The pulse-labelling was followed by 
dilution with unlabelled uridine, added to a final con- 
centration of 1 mg/ml. At various times afterwards the 
cultures (5 ml. each) were poured onto 30 ml. of crushed 
frozen medium containing 1x 10-? M tris HCl buffer at 
pH 7-3, 5x 10- M MgCl, and 1x 10- M NaN, RNA was 
prepared by phenol extraction as described previously’. 
Trp-mRNA was detected by specific hybrid formation 
between the DNA of phage 980 carrying different irp- 
regions of the Æ., coli chromosome (Fig. 1) and labelled 
mRNA’. The results are presented as ¢.p.m. of *H/100 ug 
total RNA hybridized with 5 ug (an excess amount) of 
980 pt DNA. The counts trapped by 980 DNA are sub- 
tracted in each case. The averages of duplicate de- 
terminations are presented. 

The experiment presented in Fig. 2 was performed to 
determine the orientation of trp-mRNA degradation in 
vivo. A short pulse of *H-uridine is given during steady 
state transcription to label all the segments of the trp- 
mRNA. The addition of unlabelled uridine then rapidly 
dilutes the radioactivity of the uridine derivatives in the 
RNA precursor pools. The rate of appearance of label in 
trp-mRNA declines rapidly after the “chase” with un- 
labelled uridine, becoming undetectable after 5 min. Such 
lingering incorporation of label can reasonably be assumed 
to be proportionate for all segments of the irp-mRNA. 
Fig. 2 shows that labelled trp-mRNA corresponding to the 
E gene (#mRNA) began disappearing relatively quickly 
(on the order of 1 min) after the pulse label was diluted 
by unlabelled uridine. The messenger segments cor- 
responding to the D gene (DmRNA) and C-A genes 
(C-AmRNA) started to disappear 2 to 3 and 5 min, 
respectively, after the label was diluted. Almost all 
label was removed from the trp-mRNA molecules by 10 
min for H#mRNA, 15 min for DmRNA and 25 min for 
C-AmRNA. The obvious conclusion from this experiment 
is that degradation of the polycistronic trp-mRNA mole- 
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cules proceeds in a sequential fashion from the Æ gene to 
the A gene. 

The time lag in the start of disappearance of various 
irp-mRNA segments shown in the previous experiment 
indicates an inequality in the rates of synthesis and 
degradation of the messenger. In our experiments about 
8 min are required to synthesize a complete trp-mRNA. 
molecule’. As indicated, total disappearance of C-AmRNA 
lags 10 min or go behind that of B-DmRNA. It therefore 
appears that in the conditions used the degradation of the 
trp-mRNA is slower by a factor of about 2 than the 
synthesis of the messenger. This relatively slow degrada- 
tion of trp-mRNA was confirmed in experiments presented 
in Fig. 3, in which the mode of accumulation of the 
irp-mRNA segments was investigated during steady state 
derepression. An excess of *H-uridine (100 pCi/ml., 1-22 
uCi/mmole) was added to a culture 20 min after de- 
repression and samples were removed at the times indi- 
cated. RNA was then isolated from each sample of cells 
and hybridized with 980 ptH, 980 ptE-D, 980 ptC-A and 
980 pt4 DNAs. Values are expressed as ¢.p.m. of hybrid/ 
100 ug RNA (Fig, 3a). These data can be plotted as the 
ratio of the amounts accumulated to the amounts of the 
corresponding molecules synthesized during a short period 
of steady state transcription (Fig. 3b). As can be seen in 
Fig. 3b, the amount of EmRNA labelled increases for 5 
min after the addition of *H-uridine, at which time it 
reaches a steady state. The amounts of DmRNA and 
C-AmMRNA reach steady state levels at 10 min and 15 min, 
respectively, This indicates that degradation of different 
segments of the try-mRNA molecules reaches a balance 
with synthesis at different times. The lifetime of the 
different irp-mRNA segments is longer in the operator- 
distal portion than in the operator-proximal portion. The 
data presented in Fig. 3b also show that the final levels 
of trp-mRNA accumulation are higher in the order 
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Fig. 3. Time course of accumulation of trp-mRNA molecules. a, Abso- 
lute amounts observed during continued exposure of derepressed cells 
to *H-uridine; b, ratio of the total accumulated to that seen following 
30 s pulse-labelling (see text). Hybridization values were 608, 587, 557 
and 148 ¢.p.m./100 ug for E, D, C-A and AmRNA, respectively, when 
hybridization was carried out with "H-RNA prepared from the same 
bacteria pulge-labelled for 30 s. @, EmRNA; @, DmRNA: A, 
C-AmMBNA; ©, AMRNA, 
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AmRNA, C-AmRNA, DmRNA and EmRNA. Because 
the values are related to the length of survival of the 
irp-mRNA molecules, the higher level of accumulation 
indicates a longer lifetime of the messenger molecules. 
Thus following the synthesis of trp-mRNA segments 
corresponding to the K, D and C-A genes, degradation 
begins at the Æ gene end. Because degradation is slower 
than synthesis, the operator-distal segments of the trp- 
mRNA molecules remain intact for a longer period than 
the operator-proximal segments. Thus we again estimate 
that the average rate of degradation of irp-mRNA in 
these conditions is about half the rate of synthesis. More 
irp-mRNA segments from operator-distal genes are present 
at steady state than segments from operator-proximal 
genes. Hence the time lag in the disappearance of different 
trp-mRNA segments (Fig. 2). 

We have found that degradation of trp-mRNA pro- 
gresses sequentially from the Æ gene to the A gene in 
various physiological conditions (to be published); we 
have studied the cases of degradation of trp-mRNA syn- 
thesized during a single round of transcription induced 
by ordinary derepression for a briet period, of trp-mRNA 
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Fig. 4. Sedimentation profiles of trp-mRNA molecules in the process of degradation. 
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synthesized following addition of the tryptophan analogus, 
indole-3-propionic acid’, and of trp-mRNA degraded in 
the presence of inhibitors such as actinomyem D and 
puromycin. We observed that the rate of degradation 
was significantly stimulated in the presence of tryptophan. 
This agrees with the findings of Morse, Mosteller, Baker 
and Yanofsky (see following paper*), where degradation 
of trp-mRNA is considerably faster than in our experi- 
ments. 

The foregoing experiments suggest an exonucleolytic 
mechanism of degradation of trp-mRNA. This possibility 
was examined in sedimentation studies using trp-mRNA 
pulse-labelled with *H-uridine (20 pCi/ml, 18 Cifmmole). 
The conditions of labelling were as in Fig. 2. 

Fig. 4a shows sedimentation profiles for irp-mRNA 
from bacteria pulse-labelled in the steady derepressed 
state and collected immediately. Most of the trp-mRNA 
molecules corresponding to the C-A region (C-AmBRNA) 
sediment faster than 239 RNA. It is known that the 
C-A region of mRNA is at the operator-distal portion of 
the polycistronic irp-mRNA molecule#*. As expected, 
many of the irp-mRNA molecules corresponding to the 
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The conditions of pulse-labelling and preparation of 


3H-RNA are the same as in Fig. 2. 600-700 ug of RNA was sedimented in each case in a 5 to 30 per cent linear sucrose gradient containin 

0-01 Méris-HC! buffer at pH 7-3 ‘and 0:05 M KCI, for 5 h at 36,000 r.p.m. in the cold in an SW39. After centrifugation the bottom of the tube 
was punctured. and fractions were collected, After determining the absorbance in each fraction, two neighbouring fractions were combined 
and a portion hybridized with 6 ug of heat-denatured phage DNA in a 0-25 ml. reaction mixture. The time of harvest of cells for æ, b, cand d 


is 0, 2-5, D-0 and 10-0 min after pulse-labelling, respectively. 


@, EmRNA; OQ, DmRNA; ©, E-DmRNA: A, C-AmBNA : 


The values presented were obtained with a one-fourth portion of each sample. 
O-- --, hybridization value with ¢80 DNA (background value): 


@—*, optical density at 260 nm. 
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E-D region (H-DmRNA) sediment more slowly than those 
containing the C-A region. The sedimentation profile of 
pulse-labelled RNA prepared from derepressed wild-type 
cells generally exhibits this kind of heterogenous distribu- 
tion’, presumably because of the varied sizes of trp-mRNA 
moleeules in the process of synthesis. 

Fig. 4b-d presents the sedimentation profiles of irp- 
mRNA molecules pulse-labelled as in Fig. 4a, followed by 
a further incubation for 2-5, 5-0 and 10-0 min, respec- 
tively, in the presence of unlabelled uridine. In Fig. 4b 
the distribution pattern is shifted uniformly to the faster 
sedimenting region of the profile. This indicates that 
most of the pulse-labelled molecules continued to grow 
following the addition of unlabelled uridine. Because 
in the conditions used the dilution of pulse-labelling by 
unlabelled uridine is complete after about 5 min (Fig. 2), 
the effect of degradation of trp-mRNA molecules would 
be expected to be visible in the sedimentation profiles 
shown in Fig. 4c,d. When the sedimentation profiles of 
Fig. 4b, ¢ are compared, it is evident that the irp-mRNA 
segments disappear more rapidly in the order EmRNA, 
DmRNA and C-AmRNA. It is also clearly seen in Fig. 4d 
that a significant amount of C-d4mRNA remains even 
when the bulk of the H-DmRNA has disappeared. It 
has been estimated previously that the length of C-A 
region. is one-half that of the whole operon, on the basis of 
the molecular weight of the polypeptides specified by 
the irp genes. It has also been shown that the trp-mRNA 
segments corresponding to the Æ gene, which region 
corresponda to one-fourth the length of the operon, sedi- 
ment at a site near 165 RNA From the data presented 
in Fig. 4c, d, it is evident that trp-mRNA fragments 
corresponding to the operator-distal portion, where the 
operator-proximal portion has already been degraded, 
have sedimentation profiles indicating a fairly large size. 
This suggests that the trp-mRNA molecules are degraded 
by exonueleolytie action. An alternative possibility, 
which cannot be ruled out at present, is that the tp-mRNA 
molecules are first segmented in a sequential fashion from 
the E gene end to the A gene end by endonucleolytic 
action, then the small fragments are digested exonucleo- 
lytically from either end. 

Potassium-activated RNase II is the enzyme thought 
most likely to be responsible for degradation of mRNA in 
vivo’. Evidence for the possible role of this exonuclease 
in mRNA degradation has been reviewed recently“. It 
has recently been reported, however, that this enzyme 
digests RNA in the 3⁄5" direction. Another ribo- 
nuclease, polynucleotide phosphorylase, also has 3’-exo- 
nuclease activity. At present no bacterial ribonuclease 
with 5’-exonucleolytic activity has been found. It there- 
fore seems plausible that degradation of mRNA in the 
5-83 direction results from the cooperation of an endo- 
nuclease and an exonuclease with 3’-exonucleolytic 
activity. 

The mechanism, and regulation, of messenger degrada- 
tion remain a fascinating problem in molecular biology. 
Our recent finding that degradation of irp-mRNA mole- 
cules is specifically stimulated by tryptophan (to be 
published elsewhere) may offer an approach to the 
problem. Studies of this type are currently in progress. 

We thank Dr Irving P. Crawford for his helpful sugges 
tions during the preparation of the manuscript. 
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Direction of in vivo Degradation of Tryp- 
tophan Messenger RNA—A Correction 


In a previous report from this laboratory!, we presented 
data which we interpreted as showing that degradation of 
trp MRNA in Escherichia coli begins at the 3’ end of the 
molecule and proceeds sequentially to the 5’ end. In 
these studies we used DNA-RNA hybridization to follow 
the course of degradation of trp mRNA molecules pre- 
sumed to be isotopically labelled in different specific 
regions. Degradation was measured only after sufficient 
time had passed for the synthesis of frp mRNA chains to be 
complete. In subsequent experiments, reported here, in 
which the survival of the 5’ end of trp mRNA was exam- 
ined during the course of synthesis of the molecule, we 
were surprised to find that this region of the messenger was 
largely degraded before synthesis of the mRNA chain was 
complete. We also learned from our former colleague, 
Dr Imamoto, that he and Dr Morikawa had observed 
that trp MRNA was degraded in the 5’—-»3’ direction. We 
have therefore reinvestigated trp mRNA degradation, 
and we find that in our conditions degradation of most 
trp MRNA molecules begins at the 5’ end before their 
synthesis is complete. These results are in agreement 
with the findings of Morikawa and Imamoto which are 
presented in the preceding paper?. 

Our aim in these experiments was to investigate the 
degradation of trp mRNA chains in relation to their 
synthesis, rather than examining the degradation of only 
those molecules which survived after svnthesis was com- 
plete. In an effort to maintain physiological conditions 
during these studies, we used cultures of Æ. coli W3110 
growing logarithmically in minimal medium? containing 
l per cent glucose, rather than concentrating the cells 
five-fold and transferring them to new medium as had 
been done previously’. Synchronous derepression of the 
irp operon was performed by the addition of 8-3-indolyl- 
acrylic acid (TA) to the growing bacterial cultures; this 
procedure gives more reproducible results and is simpler 
than the former technique employing 3-indolylpropionie 
acid. We did these experiments at 30° C (rather than the 
previous 37° C) in order to reduce the rates of messenger 
synthesis and degradation. We have observed, however, 
that the pattern of trp mRNA degradation observed in 
these conditions at 37° C is qualitatively similar to that 
at 30° C. 

We used pulse-labelling of mRNA with *H-uridine and 
hybridization of the purified RNA to DNAs with different 
regions of the trp operon to study transeription of the trp 
operon as a function of time (Fig. 1). Results obtained 
during the approach to steady state in derepression condi- 
tions (Fig. 14) are compared with those given by a single 
wave of polymerase molecules (Fig. 18). These results are 
similar to those reported previously for somewhat different 
conditions’*; transeription of the operon is sequential 
from the operator end, taking about 6-8 min for comple- 
tion at 30°C. (In these conditions at 37° C, transeription 
is complete in about 4 min.) The addition of tryptophan 
immediately blocks further transcription initiations, but 
it allows polymerases which had already begun transerip- 
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tion to proceed normally, transcribing D, and then later 
Band A. By adding *H-uridine at an appropriate time 
it is therefore possible to label a specific region of the trp 
mRNA molecule as the wave of transcription passes over 
that region. The course of degradation of the labelled 
region may then be followed. 


4,000 
3,000 
2,000, 
1,600 


1,200 





800 





Hybridization (c.p.m,/100 pg) 


400 


Time (min) 


Fig. 1. Transeription of the trp operon. 4, Approach to steady state 
in derepression conditions; B, single wave of sequential transcription. 
At O-time, LA (20 zg/ml.) was added to a culture of E. coli W3110 
(8 x 10° cells/ml.) growing with vigorous aeration at 30°C. at 1-5 min. 
L-tryptophan (100 gg/ml.) was added to half of the eulture (By). At the 
indicated times, 10 ml. subcultures were pulse-labelled with 3H-uridine 
(20 Ci/mmole, 4 #Ci/ml.), and killed 0-5 min later by rapid mixing 
with 12 ml. of a crashed, frozen solution of chloramphenicol (0-4 mg/ 
mi), NaN, (20 mM), MgCl, (5 mM), and tris Cl buffer (20 mM, pH 7-3). 
RNA was purified as described earlier’ and hybridized with DNA 
purified from @80 phages carrying different genes of the trp operon? 
Hybridization was done with DNA annealed to nitrocellulose filters*?; 
details have been described elsewhere?! Results are presented as the 
net ¢.p.m. of *H-RNA hybridized per 100 ug of RNA, after subtraction 
of a blank obtained by hybridization to DNA from the parental non- 
transducing phage”; in these experiments the blank values ranged 
from 36-95 ¢.p.m./100 ug. The order of genes in the irp operon is 
operator-E-D-C-B- The trp gene content of the phage DNA used 
for hybridization is indicated in the figure. 











The course of degradation of trp mRNA was examined 
in this way in the experiment shown in Fig. 2. Here, 
2H-uridine was added to portions of a culture at different 
times following derepression and subsequent repression. 
A “chase” of non-radioactive uridine was added } min 
after the addition of *H-uridine, but was largely ineffective 
in diluting the intracellular radioactive precursor; thus 
appreciable labelling of mRNA regions transcribed after 
the addition of the chase was observed (for example, 
Fig. 2A, transcription of Cprox and then BA), It is clear 
from the labelling pattern in Fig. 2 that the trp operon 
was transcribed sequentially, in the order E and D; 
Cprox; Cait: B and A. Thus in Fig. 24 we see that 
transcription of E and D is completed by 3 min and mRNA 
regions corresponding to C'prox and BA are maximally 
labelled only at later times. Failure to detect labelled 
E, D and Cprox MRNA regions when *H-uridine is added 
at 4:5 or 5 min after derepression (Figs. 2C and D) sub- 
stantiates the conclusion that the wave of polymerase 
molecules had already passed over these regions by this 
time (compare Fig. 1B). 

It is evident from a comparison of the disappearance 


of labelled regions in Figs. 24-D that degradation of 


mRNA is rapid, and also sequential, in the order E, D, 
Corox. and then Caist. B and A. The E and then D mRNA 
are lost soon after they have accumulated (Figs. 24 and 
B). Thus appreciable degradation of Æ and D mRNA 
occurs while transcription of the C and then the BA 
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regions is in progress; similarly, degradation of proximal 
C (and distal D) mRNA is extensive by the time the 
distal Ç, B, A region of the operon is transcribed. The 
data of Figs. 2C and D do not allow us to establish a 
temporal order for the degradation of mRNA correspond- 
ing to the operator-distal Caist, B and A regions. 

The entire course of synthesis and degradation of trp 
mRNA is seen in an experiment in which a single wave of 
transcription is completed in the presence of an excess 
of *H-uridine (Fig. 3). The results of this experiment 
confirm the observations presented here. Synthesis and 
subsequent degradation of trp mRNA are both seen to be 
sequential, in the order of regions corresponding to E, D 
and then BA. It is also clear that operator-proximal 
regions are degraded during the synthesis of distal regions. 

In these experiments, degradation was assayed as the 
loss of 7H-mRNA hybridizable to DNA of different regions 
of the trp operon. This provided a more direct measure 
of the selective degradation of different regions than. the 
previously used procedure? in which the loss of total trp 
mRNA was measured, and selectively based on the period. 
of labelling. It is probable that the incorrect conclusions 
of the previously published experiments on trp mRNA degra- 
dation! were also the result, in part, of the lack of recogni- 
tion of the fact that degradation of much of the trp mRNA 
molecule proceeds during synthesis, so that very few 
“full-length” molecules ever exist. It should be emphas- 
ized that the present study considers only the case where 
repression quickly follows derepression ; degradation m 
the absence of repression is described in the preceding 
article of Morikawa and Imamoto?. 

The method we have used for killing the cells appears 
to halt further mRNA synthesis immediately. For 
example, pulse-labelling and killing cells in the second 
30 s after the start of derepression give mRNA prepara- 
tions which do not have any labelled D mRNA (Fig. 1). 
The effect. of the killing procedure on degradation is more 
difficult to assess. It is clear that the recovery of a given 
mRNA region is dependent on the length of time that the 
messenger is allowed to remain in vivo (Figs. 2 and 3); 
this presumably reflects survival as a function of in vivo 
degradation. The fact that appreciable levels of E mRNA 
can be recovered immediately after synthesis in short 
pulse experiments suggests that, if degradation. begins ab 
the 5’ end, it cannot be extensive during the extraction 
procedure. It cannot be excluded, however, that some 
in vitro degradation (during extraction of RNA) is a 
function of a progressive change in vivo, For example, 
the in vive movement of ribosomes beyond a given mRNA 
region might make the recovery of that region more sus- 
ceptible to in vitro breakage or degradation. Nevertheless, 
we shall assume that mRNA recovery reflects the in vive 
processes of synthesis and degradation. 

If, as these findings suggest, degradation occurs during 
the synthesis of nascent mRNA molecules, very few “full 
length” messengers should be formed. We detected very 
little large trp mRNA by sucrose-gradient centrifugation, 
Furthermore, the trp mRNA population was heterogeneous 
with respect to sedimentation rate even after appreciable 
degradation had occurred. It is important to note that 
this heterogeneity was still observed when repression 
(at 1:5 min after derepression) was used to prevent hetero- 
geneity arising from repeated initiations of “young” 
growing chains. This may indicate randomness in the 
degradative process, with some chains escaping degrada- 
tion to a greater extent, or for a longer time, than others. 
Alternatively, it is possible that the relation between 
molecular size of the messenger and sedimentation rate is 
masked by aggregation of RNA fragments. 

We cannot determine from our studies whether degrada- 
tion proceeds via endonucleolytic or exonucleolytic attack, 
or both. It is conceivable that endonucleolytic attack 
breaks the mRNA chain into fragments which are then 
degraded by the known 3%-exonucleases. Because the 
wave of degradation just reaches the distal region of the 
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C gene mRNA when transcription of the operon is com- 
pleted, it is quite possible that degradation of the distal 
messenger fragment may now begin at both free ends; this 
might explain our inability to discern a sequential degrada- 
tion in this region. 

From these data (Figs. 1B, 2 and 3), we ean conclude 
that degradation of the bulk of the trp MRNA population 
follows behind the wave of transcription at a distance 
of about 40 per cent of the operon length. We have 
previously observed (although in somewhat different 
conditions) that a tightly packed cluster of about one 
hundred ribosomes follows immediately behind the poly- 
merase, Occupying a region corresponding to about 20-40 
per cent of a full length trp mRNA’. This reasonable 


Hybridization (e.p.m./100 xg) 
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correlation suggests that degradation may follow closely 
behind the cluster of ribosomes, moving rapidly along the 
nascent mRNA in close coupling with transcription. 
Thus most of the mRNA chains may not have any appre- 
ciable length of exposed RNA; that is, the length of 
mRNA existing at any moment may be that region covered 
by ribosomes, and, as the ribosomes move along, the newly 
exposed 5’-end portion of the mRNA is degraded. The 
finding that gross degradation of the messenger does 
begin while it is being synthesized modifies suggestions 
we had made earlier regarding the termination of attach- 
ment of ribosomes to the nascent messenger’. The causal 
relation between degradation and termination of ribosome 
attachment is, however, unclear. Termination of ribosome 


B 


EDCBA-~-.. 
Ea 





Time (min) 


Fig. 2. Synthesis and degradation of trp mRNA in parallel cultures exposed to ?H- 
uridine at different times, Cells (8 x 10°/ml.) growing at}80° C were derepressed at 0-time 
with LA (20 xg/ml.); tryptophan (100 ug/ml.) was subsequently added at 1-5 min to 
block the initiation of further waves of transcription. Subcultures (50 ml.) were exposed 
to "H-uridine (20 Ci/mmole, 8 #Ci/ml.) at 2 min (4), 3 min (B), 45 min (C), or 5 min (D), 
and non-radioactive uridine (1 mg/ml.) was added 1 min later, Samples (10 ml.) were 
removed at the indicated times, cells were killed, and the RNA purified and analysed by 
hybridization as described in the legend to Fig. 1. The trp gene content of the phage 
DNA used for hybridization is indicated in the figure. Corox = the difference in hybridiza- 
tion with phage DNA CBA-BA (representing the region from about the distal quarter of D 
through all but the distal end of C); similarly, Cuat = EDC-ED (corresponding approxi- 
mately to the central 50 per cent of ©). In these experiments, the hybridization blank 
values ranged from 40-189 ¢.p.m./100 ug. 
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Fig. 3. Synthesis and degradation of trp mRNA in a single culture 
continually exposed to 3H-uridine. Cells were derepressed at (-time 
with LA and subsequently repressed at 1-5 min with tryptophan, as 
described in the legends to Figs. 1 and 2, An excess of *H-uridine 
(4 Ci/mmole, 20 xCifrol.) was added at 0-time; no “chase” of non- 
radioactive uridine was added. Samples were withdrawn and analysed 
as before, In this experiment, the hybridization blanks ranged from 
211-650 «.p.m./100 ug. 


loading could leave the 5’ end of the mRNA exposed 
and susceptible to degradation or, alternatively, degrada- 
tion could be responsible for preventing further attach- 
ment, limiting the cluster to an average of 100 ribosomes 
per messenger. 

The apparent discrepancy between the sequential 
translation of genes in an operon commonly observed 
in vivo?-* (previously suggested to represent a preferen- 
tial attachment of ribosomes to the “start” codon of 
the first gene in an operon) and the independent translation 
observed in vitro?" (suggesting a lack of any preference 
for the first gene mRNA) is resolved if the common bae- 
terial in vivo condition rarely involves messengers with 
regions which are free of ribosomes. In vivo translation 
will then result only from the cluster of ribosomes follow- 
ing behind the polymerase on the nascent messenger. In 
vitro, ribosomes may attach independently to whatever 
“start” codons are available on a polycistronic messenger. 

Tf the cluster of ribosomes behind the polymerase fixes 
the length of mtact messenger present at any instant, and 
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if messenger degradation can be initiated by endonucleo- 
lytic attack, we might expect the presence of a nonsense 
codon, causing ribosomes to detach from the mRNA, 
quickly to expose new sites on the nascent mRNA. chain 
to degradation. This would result in the finding obtained 
with polarity mutants; there is a reduction of the amount 
of recoverable mRNA for regions operator-distal to the 
nonsense codon**, Alternatively, as has been proposed", 
transcription might be prematurely terminated in the 
vicinity of the nonsense codon. We are currently rein- 
vestigating the possible relationship between mRNA 
degradation and polarity. 
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Proton Magnetic Resonance Studies of Human Lysozyme 


The high pK value of the single histidine residue of human lysozyme 
by (7-1 at 32° C), together with thermodynamic data, indicate that this 
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Human lysozyme is perhaps the only stable human 
enzyme of low molecular weight and ready availability? *. 
Results of proton magnetic resonance (PMR) studies on 
the low-field (aromatic) absorptions of this enzyme are 
reported and compared. with our earlier work on hen egg- 
white lysozyme** and ribonuclease**-7, 


histidine is in a negatively charged environment and 
buried. The histidine residue 
oligosaccharide inhibitors. Highly shielded tryptophan residues are 
at the binding site and are involved identically in the binding of 
both di and tri-N-acetylglucosamine. 


is partially 
is not at the binding site for 


The Histidine Residue 

Titration curves for the histidine residue of human 
lysozyme were obtained at 45°, 32° and 10° C from the 
chemical shifts of the C2-H and C4-H imidazole absorp- 
tions (Fig. 1}. These gave pK values of 6-90, 7-10 and 7-55 
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respectively (Fig. 2). The temperature dependence of 
the dissociation constant is shown in Fig. 3. The values 
of the enthalpy of ionization (obtained from the slope of 
the line in Fig. 3) and the entropy of ionization are: 
AH = 6-4 kealories/mole and AS, = — 11-6 entropy units, 
Although there are a number of contributions to AS, a 
larger negative value of AS than for histidine in aqueous 
solution (Table 1) may be taken to indicate reduced 
solvation of the imidazolium ion in the protein’?*, The 
values of AH and AS found for His-105 of ribonuclease? 
(Table 1) are similar to those for histidine itself in aqueous 
solution, His-105 is known to be on the surface of the 
enzyme molecule, freely accessible to solvent®, By con- 
trast, His-12 of ribonuclease gave values of 4-0 and — 15-4 
for AH and AS, respectively, which has been correlated? 
with the fact that this residue is partially buried in the 
structure determined by X-ray crystallography’. It 
appears that the histidine residue of human lysozyme is 
also partially buried. 
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Fig. 1. 100 MHz time-averaged PMR spectra of the aromatic region 

of human lysozyme in various conditions (10 per cent in Ci M 

NaCl/?H,0): a, 10°, pH 6-08; b, 10°, pH 7-70: ¢, 32°, pH 6-54: d, 32°, 

PH 6:86: r, 45°, pH 4:92: f, 45°, pH 689, The filled arrow shows 

the position of the 2-H peak of histidine and the open arrow that of the 
C4-H peak, 


Values of the individual histidine dissociation constants 
for hen egg-white lysozyme (5-8) (refs. 3 and 10), ribo- 
nuclease (5-8, 6-2, 6-4, 6-7) (ref. 5), staphylocoecal nuclease 
(5-7, 6-0, 6-2, 6-6) (ref. 3 and unpublished results of J. L. 
Markley) and «-lactalbumin (6-0, 6-4, 6-5) (my unpub- 
lished results) are all lower than that for human lysozyme 
(7-1). The different values indicate differences in the 
electronic environments of these residues. The low 
pK of the histidine residue of hen egg-white lysozyme 
reflects a positively charged environment or hydrogen- 
bonding with a donor group, probably threonine-89 
(ret. 11). The high pK in human lysozyme indicates that 


Table 1. THERMODYNAMIC DATA OF HISTIDINE RESIDUES 


Residue PRyeo AH kealories ASren. 
imole 
Histidine 6-8 8 ~$ 
His-105 ribonuclease? 67 Si -36 
His-12 ribonuclease? 62 +0 -154 
Histidine in human lysozyme vant 6-4 -116 
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Fig. 2. Titration curves for the C2-H and (4-H peaks of the histidine 
residues of human lysozyme at 10°, 32° and 45°, Chemical shifts are 
also shown in the presence of various concentrations of di and tri- 
N-acetylglucosamine inhibitors at 32°, @, + 2M ratio tri-N-acetyl- 
glucosamine: A, +2M ratio di-N-acetyliglucosamine; [J], +5M ratio 
di-N-acetylglucosamine: ©, +10M ratio di-N-acetylglucosamine. 
amos, 10") pK 7-55: + 32", pK 710; ...., 45°, pK 6-00, 














this histidine must be in close proximity to a negatively 
charged group(s), or subject, to strong hydrogen-bonding 
with an acceptor group. Either of these could increase 
the pK value (compare ref. 6) particularly in a hydro- 
phobic environment. This interpretation is consistent 
with a partially buried histidine. 

The line-width at half-height (Av,;,=3-5 Hz at pH 5 
and 32° C) of the C2-H absorption of the histidine of 
human lysozyme is similar to those for the histidine of 
hen egg-white lysozyme? and for His-105 of ribonuclease’, 
both of which are known to be free and external in the 
respective molecular structures®?! (these enzymes also 
having similar molecular weights). There would thus 
appear to be no restriction to rotation of the histidine 
residue of human lysozyme. Such a value of Avi, is in 
contrast to the breadth (Av,,,= 8-10 Hz at. pH 5 and 32°C) 
of the C2-H peak of His-48 of ribonuclease®:*, which is 
known to be buried®, but this comparison must be treated 
with caution in view of exchange-broadening which 
oecurs with His-48 above pH 5 (ref. 6). 
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Fig. 3. Temperature dependence of the dissociation constant of the 


histidine residue of human lysozyme. The timated errors in the 
measurements are + 1° Cin T and +005 in log E. 
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An overall pH-dependent line-broadening was previ- 
ously reported for hen egg-white lysozyme? and was 
attributed to molecular aggregation’*. By comparison 
no such pH-dependent broadening of all the aromatic 
peaks was observed for human lysozyme, and it does 
not appear that human lysozyme aggregates in solution 
in the conditions of these experiments (up to pH 9-5). 








L 
Wuta gA 








800 750 700 
Hz from HMS 


Fig. 4. 100 MHz PMR spectra of tryptophan dipeptides; a, Trp-Ala 
in 0-1 M NaCl?H,O, pH 7-0, 32°; 6, Ala-Trp in 0-1 M NaCl*H.0, pH 
7-0, 82°: e, Trp-Trp in 8 M urea t H,O, pH 9-1, 76°. 


Human lysozyme exhibits the same activity as hen 
egg-white lysozyme! and is inhibited by the same oligo- 
saccharide inhibitors'’, for which hen egg-white lysozyme 
has an extensive binding site". The addition of di and tri- 
N-acetylglucosamine inhibitors to human lysozyme had 
no significant effect on the histidine titration up to pH 7-3 
(Fig. 2). Thus, as for hen egg-white lysozymet™, the 
histidine residue is not in the binding site of human 
lysozyme for these inhibitors in solution, and its elevated 
pK value would appear to have no functional significance. 


Tryptophan Residues 

Assignments in the low-field region of spectra of de- 
natured hen egg-white lysozyme were previously obtained 
by comparison with the spectra of the aromatic amino- 
acids in the same conditions’ (compare ref. 15). Some 
caution, however, must be exercised in using model trypto- 
phan spectra for assignments in proteins, for, although 
tryptophan and tryptophylalanine in_ most conditions 
give essentially the same spectrum (Fig. 4a, see also 
ref. 15), this dipeptide in alkaline solution (pH 8-5), and 
alanyltryptophan in most conditions, give an altered 
spectrum (Fig. 4b). In this, the C2-H singlet is shifted 
upfield (from 762 Hz by up to 12 Hz), and the C7-H. 
doublet is shifted downfield (from 795 Hz by 4 Hz), 
indicating that the positions adjacent to the indole nitro- 
gen atom are sensitive to the ionization state of the peptide 
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amine tetninus. This could complicate the interpreta- 
tions of spectral envelopes of totally denatured enzymes 
containing tryptophan. The well resolved peak at 760 
in the spectra of the denatured lysozymes, however, as 
opposed to that of ribonuclease which contains no trypto- 
phan (Fig. 5), must clearly be attributed to tryptophan 
(2-H absorptions, in agreement with our previous 
assignment‘. 

Conformational effects on side-chain absorptions are 
observed in dipeptides containing two adjacent aromatic 
residues (my unpublished results). The spectrum of 
the dipeptide tryptophyltryptophan is shown in Fig. 4e. 
This is clearly a complex spectrum, and does not exhibit 
the pair of doublets of the C4-H and C7-H absorptions 
present in the normal tryptophan spectrum, Comparison 
with the denatured hen egg-white lysozyme spectrum 
(Fig. 5b) may explain the absence of these doublets in 
this case also, for it is known that there is a Trp-Trp 
sequence in the enzyme'. Similarly, the presence of an 
aromatic ring adjacent to one or more tryptophan residues 
may be indicated from the spectrum of denatured human 
lysozyme (Fig, 5a). 
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Fig. 5. 100 MHz PMR spectra of the aromatic region of enzymes 

denatured with excess 2-mercaptoethanol in 8 M urea; a, human Iyso. 

zyme (1 His, 2 Phe, 5 Tyr, 6 Trepp, pH Th, 66°: b, hen ega-white 

lysozyme ( His, 3 Phe, 3 Tyr, 6 Trp), pH 7:5, 68°; ¢, ribonuclease 
(4 His, 3 Phe, 6 typ, pH 8-3, 76", 


The low-field spectra of hen egg-white and human 
lysozymes differ as a result of their amino-acid composi- 
tions and the different environments of individual residues. 
Nevertheless, the composite peaks in the region 725- 
735 Hz in the spectra of the native enzymes can be 
attributed to shielded tryptophan C2 protons. These 
are observed to shift 20-25 Hz downfield to the normal 
tryptophan C2-H chemical shift on temperature denatura- 
tioni. In a study of deuterated analogues of staphylococ- 
cus nuclease the C2-H of tryptophan was similarly found to 
be shifted to higher field (53 Hz)’. These shifts can 
be compared with that of the C2-H absorption of 3-methyl- 
indole in *H,,-cyclohexane (709 Hz) and in *H,-dimethyl- 
sulphoxide (730 Hz) (compare Fig. 4), indicating relative 
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hydrophobic tryptophan environments in these enzymes 
(ref. 1] and C. B, Anfinsen, personal communication). 

On addition of oligosaccharide inhibitors to human 
lysozyme the main change in the aromatic region of the 
spectrum is the appearance of a large peak at 710 Hz 
(Fig. 6), which probably arises from a further upfield shift 
of the C2-H absorptions of tryptophan residues. It is 
possible that tyrosine peaks are also shifted; the large 
phenylalanine peak (750-760 Hz) appears unaffected 
(Fig. 6). Final changes in the aromatic region were 
observed at lower (2 molar ratio) inhibitor concentrations 
for human than for hen egg-white lysozyme, reflecting 
increased binding constants'®. Tt was noted previously? 
that changes in the aromatic region of hen egg-white 
lysozyme spectra were essentially identical on addition 
of both di and tri-N-acetylglucosamine, which was taken 
to indicate identical involvement of the tryptophan resi- 
dues in the binding sub-sites (B and C) of the enzyme for 
the common two saccharide residues of these inhibitors!49, 
Similarly. the aromatic envelopes obtained on addition of 
di and tri-N-acetylglucosamine to buman lysozyme 
(Fig. 6) are almost indistinguishable, indicating an 
identical conformation of the enzyme with each inhibitor 
bound and the presence of binding sub-sites for oligo- 
saccharides as for hen egg-white lysozyme. 
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Fig. 6. 100 MHz time-averaged PMR speetra of the aromatic region of 
human lysozyme in the presence of inhibitors: a, pH 6-08+2 molar 
ratio di-N-acetylgiucosamine; b. pH 6-01 + 2 molar ratio tri-N-acetyl- 
glucosamine; ¢, pH 73242 molar ratio tri-N-acetylglucosamine; d, 
pH 7730+10 molar ratio di-N-acetylglucosamine. Arrows indicate 
the position of the histidine C2-H peak. (The apparent broadening 
of this in spectrum g resulted at least in part from exchange of the C2 
proton for deuterium after extended time-averaging.) 


The results indicate a similar mode of inhibitor binding 
to hen egg-white and human lysozymes in solution and 
the well resolved histidine absorptions allow the environ- 
ment of this residue to be described. In the absence of 
other well resolved peaks*, curve fitting appeared to be 


paks have been observed at extreme low field at 220 MHz and attributed 
I have also observed them at 100 MHz 








at pH 4 
ege-white Iysozymet' have also now been observed for haman lysozyme, 
although with different chemical shifts and intensities, 
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the only means of deriving the remaining extensive inform- 
ation contained within the low-field envelopes: a com- 
puter program has been written for this purpose (unpub- 
lished results of J. L. Markley), and the spectrum for 
denatured ribonuclease was readily fitted (my unpub- 
lished results). The presence of tryptophan residues. 
however, introduced inherent difficulties for the lysozymes 
alluded to: the complete solution of the aromatie region 
of the PMR spectrum of a native protein (molecular 
weight about 15,000) is extremely unlikely. Extensive 
deuterium substitution may be used to simplify the 
spectrum!?:'8, or other magnetic nuclei may be introduced. 
With this in mind ®C-enriched amino-acids have recently 
been isolated from algae grown on “CO, and are being 
studied by C magnetic resonance (unpublished work of 
W.J. Horsley, H. Sternhcht and J. 8. C). 

Purified human lysozyme, derived from the urine of a 
single leukaemic patient, was kindly provided by Dr R. 
Canfield of Columbia University College of Physicians 
and Surgeons. (The previously reported spectra? were 
recorded at 28” using a different magnet, with poor field 
homogeneity, and a small sample of pooled human lyso- 
zymes.) Before use the enzyme and imhibitorst were 
lyophilized from *H,O (99-8 per cent). All enzyme solutions 
were 10 per cent in 0-1 M NaCl-?H,0. PMR spectra, 
which were recorded at 100 MHz with time-averaging, 
and pH measurements (both at the same temperature) 
were carried out as previously described*. In addition, 
some pH. measurements were carried out in the PMR cell. 
using an extra long and thin combination electrode 
specially ordered from Instrumentation Laboratories. 
Values of pH quoted are direct meter readings, and 
were checked after time-averaging. All chemical shifts 
are quoted in Hz downfield from the peak for hexa- 
methyldisiloxane. Peptides were obtained from Miles- 
Yeda Laboratories. 

While this work was being prepared for publication a 
preliminary amino-acid sequence of human lysozyme was 
published (R. Canfield, Brookhaven Symp. Biol, No. 21. 
136; 1969). This shows His-78 to be adjacent to a cysteine 
residue, and also Trp-64 adjacent to a tyrosine residue. 

I thank R. Canfield for supplying the sample of human 
lysozyme, O. Jardetzky and G. Roberts for their permis- 
sion to quote their data (ref. 7) and J. L. Markley and 
K. Hoogsteen for helpful discussions. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Search for Ultra-short Light 
Pulses from Pulsars 


Nicat sky Cerenkov light detectors have recently been 
successfully used in observations of pulsar CP 1133 (ref. 1) 
and of the pulsars N P 0532 and NP 0527 (ref. 2). The 
results are interpreted as measures of the Cerenkov light 
burst generated in atmospheric showers themselves pro- 
duced by high energy primary photons (~3x 10)? eV) 
emitted by the pulsars. An alternative explanation’ is 
that the nanosecond light pulses originate in the pulsars 
themselves, and this is sapported by the angular distribu- 
tion of intensity for the pulsars NP 0532 and NP 0527 
associated with the Crab Nebula’. 

We have set out to test the intrinsic source hypothesis. 
A programme of photometric observations of the pulsars 
CP 1133, CP 0950 and NP 0532 has been conducted with 
the 36-inch optical telescope at the Goddard Space Flight 
Center. Observations were made with a field stop of 
diameter equivalent to 24 arc s on the rky, chosen to 
minimize the night sky baekground while providing a 
high probability that the source would be included within 
the field of view. Within this field of view, corresponding 
to 10-8 ar, the background due to atmospheric Cerenkov 
light-——which has a typical spread of 10> sr—-is negligible. 

The observations were obtained at the Cassegrain focus 
with a two channel pulse-counting photometer using a 
high efficiency dichroic beam-splitting mirror with cross- 
over at ”A=4100 A (see Fig. 1). Two RCA 31000D photo- 
multiplier tubes with bialkali photocathodes were used 
to detect the light. These tubes are particularly well 
suited for this type of programme because they incor- 
porate a high gain caesiated gallium-phosphide first 
dynode, thereby providing clear resolution of the single 
photoeleetron peak (40 per cent FWHM). The outputs 
from the two photomultipliers were fed to two fast 
discriminators the threshold sensitivities of which were 
deliberately set low to allow triggering by approximately 
95 per cent of the pulses under the single photoelectron 
peak. One coincidence unit was used to register events 
oceurring within 10 ns of each other, while a second unit 
registered events with the same time resolution but with 
















Table 1. 


Observation date 
(UT) 


Source (a, dios0 
Ooh 3te 
+21° 
09 h 50 m 30-76 8 +015 8 
Os" 00° 4657 + 4” 


NP 0532 





March 18, 14, 1069 


CP 0880 March 13, 15, 1960 


CP 133 ee ee March 12, 18, 1989 


_ _* Case I refers to rate at threshold of 18 photens m pulse t; 
limits at threshold of 18 photons m? pulse at the radio perioticity. 


ease IT refers to rate at threshold of 25 photons me? pulse 


Ay 


one channel delayed by 100 ns relative to the other. The 
output of the photomultiplier channel associated with all 
3> 4100 4 was fed to a 128-channel pulse-height analyser 
gated by the undelayed coincidence unit. This same unit 
also initiated a time printout to an accuracy of 1 ms. 
Both photomultipliers and their associated electronics 
were matched and calibrated using the fluorescence pulses 
produced by sea-level muons in a plastic scintillator as a 
common light signal. 

The telescope was pointed in the directions given by 
the coordinates? in column 2 of Table 1 to within an 
estimated accuracy of +3 arc s by offsetting from stars 
within the field of view having accurately known ¢o- 
ordinates. In addition, finding plates were secured for 
the three fields with a 4x5 inch camera attachment. 
Reference stars were monitored during the runs to obtain 
an approximate measure of the atmospherie extinction, 
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Fig. 1. Schematic diagram of the apparatus. 
E g PR 


The first observations showed that the coincident baek- 
ground rate was correlated with the hour angle of the 
observation. This anomalous background signal is attri- 
butable to Cerenkov light pulses generated m the glass 
envelope of the photomultiphers by local particle shower 
originating mostly within the material of the telescope. 
Its variation with hour angle reflects the changing mass 
distribution relative to the photometer as the telescope 
tracks from east to west. As a result, observing runs to 
determine the background signal were made for the 
same tine interval as well as telescope orientations as for 
observations on the source. The background rates varied 
from 3:5 counts min“ to 0-5 counts min? for hour angles 
east to west, respectively, from. the local meridian, The 
aceidental count rates due to night sky background were 
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OBSERVATIONAL DETALLS 
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approximately 0-3 counts min? for CP 0950 and CP 1133 
and 5-0 counts min- for N P 0532, the larger value for the 
last caused by the high surface ‘luminosity of the Crab 
Nebula. These aceidental counting rates were entirely 
consistent with the resolving time of 10 ns and the direct 
counting rates of the photomultipliers. 

The values of the signal counting rate S given in Table | 
were formed from 


= (Ra~ As) — (Rp- Ap) 


where Rs is the rate of real coincidences and As is the rate 
of accidental coincidences when centred on the source 
position; and similarly REg and Ag are the real and 
accidental coincidence counting rates, respectively, 
measured during the background run. The results are 
expressed in terms of two different detectivity levels. 
The lower level, estimated to be 18 photons m>? pulse? 
at sea level, is computed for coincident events by photo- 
multiplier pulses with amplitudes of one photoelectron 
and greater and applies to data recorded by the “real” 
and “accidental” sealers. The higher level, estimated to 
be 25 photons m- pulse-', refers to coincident events 
involving at least a pulse from one photomultiplier at the 
two photoelectron level. These events were recorded by 
the pulse height analyser system. Although the sensitivity 
is reduced in this mode of operation, effective discrimina- 
tion against background events is achieved. The thresholds 
of detectivity above the atmosphere are estimated to be 
30 photons m- pulse~ and 42 photons m? pulse~! for the 
two cases. As well as rate analysis, a periodicity analysis 

‘as applied to the table of coincident event times. The 
period of the radio or optical pulsation of each pulsar, 
corrected for the Doppler shift, was used to form a 
pulsation phase distribution diagram. Because of the lack 
of any statistically significant peaks, the flux values given 
in Table 1 as case ITI refer to the 2c upper limits obtained 
fram the respective phase data distribution. 

Within the errors associated with the experiment, the 
results are consistent with no flax of light pulses contained 
within 10 ns or less for all three sources examined. At the 
26 level, for threshold deteetivities of 18 and 25 photons 
mo", the upper limits are 0-22 and 0-10 counts min“, 
respectively, for CP 1133. These values may be compared 
with the rate of 0-47 counts min at a detectivity of 30 
photons m and time resolution of 3-5 ns reported by 
O'Mongain et al. If the additional constraint, restricting 
light emission to occur with the periodicity given by radio 
observations, is imposed, the 26 upper limit becomes 
0-09 counts mint 

The results argue strongly against optical pulses of 
nanosecond duration originating in the pulsars observed. 
But atmospherie Cerenkov light bursts initiated by gamma 
rays from the pulsars would go undetected by the in- 
strumentation due to the restricted angular aperture 
deliberately chosen for this search. Because of the 
instrumental technique, pulsar light sharply peaked in 
wavelength would also go undetected. 

H. Ö. is a US National Academy of Sciences postdoc- 
toral resident research associate. 
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Low-energy Cosmic Rays from 
Pulsar Flares ? 


THe remarkable and unexpected increase in the pulsation 

rate! of PSR 0833-45 (refs. 4 and 5) has obvious signi- 
ficance for models of the pulsar time-keeping mechanism. 
What may not be quite so apparent is that this discovery 
could be of Importance in elucidating the possible role of 
pulsars in the production of cosmic rays’. 

We shall assume that the pulsar phenomenon is, n 
some way, a consequence of the rapid rotation of : 
strongly magnetic neutron star, On this basis the 
sudden change in pulsation period of the Vela pulsar is 
most naturally attributed to a corresponding change in 
the rotation period. Such an event could occur if the 
moment of inertia of the neutron star decreased during a 
transition to a state of higher binding energy. 

Of particular significance to these considerations is 
the increase of order 1 per cent in the systematic rate of 
slowdown that has been observed! to follow the sudden 
speeding up. This effect seems inexplicable if the physical 
parameters of the neutron star itself changed only by a 
few parts in 10° unless a concomitant ejection of mass 
occurred’, This additional plasma in the magnetosphere 
of the neutron star might well be responsible for a sub- 
stantial increase in the drag torques that systematically 
slow the rotation. 

We can estimate the amount of mass that might have 
been ejected in an explosive event, or flare, of the Vela 
pulsar as follows. For a neutron star of mass M, radius R, 
and angular velocity Q, the total angular momentum 
L x MEQ and the gravitational binding energy Ega 
APR. Assuming that the kinetic energy of the ejected 
material was gained primarily at the expense of the 
(negative) gravitational energy, one can show that the 
fractional change of mass is of order 
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We shall make the simplest (and most pessimistic) 
assumption that the ph loss of angular momentum 
during the flare was negligible. This might be the case 
if the flare occurred close to the rotation axis of the 
neutron star. Then an increase of 2x 10-6 in the rotation 
rate would correspond to a mass loss of about 2 10-7 M 
or about 3x 10° g for an object of mass M2x0-7 Me 
This mass loss is accompanied by a shrinkage of order 
one part in 108, or about 1 em for typical neutron star 
dimensions. We note that similar phenomena take place 
in recurrent novae where amounts of mass of order 10% 
to 10° g are ejected with velocities of several hundred 
km s? (refs. 12 and 13). There is a significant difference 
in the present case, however, in that the escape velocity 
from the surface of a highly condensed object such as a 
neutron star is an appreciable fraction of the speed of 
light. For M207 Mo and Rw20 km, escape $e. This 
corresponds to a threshold energy for escape of approxi- 
mately 50 MeV nucleon. If the charged particles 
accelerated by the pulsar flare are ejected with a steep 
power-law energy spectrum (as is, for example, charac- 
teristic of solar flares), the resulting ejected particle 
energy spectrum would be expected to flatten out at 
approximately this threshold energy. 

It is of interest to estimate the low-energy cosmic-ray 
density in the galaxy due to pulsar flares. A single event 
of the type exhibited by the Vela pulsar might be expected 
to produce sa? x 10% ergs of 50 MeV nucleon? cosmic 

rays. The expected energy density of these cosmic rays 
in the galaxy is then ~<(fNp/V) (ts/ 7), where tsœ4 x 105 
yr is the ionization-loss stopping time for ~50 MeV 
cosmic rays in the plane of the galaxy, J is the fraction 
of the total number of pulsars, Np, in the galaxy that 
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produce flares analogous to that hypothesized for PSR 
0833-45, r is the average time between flares for such 
pulsars, and V is the effective volume of the galaxy. A 
minimum value for t can be estimated by assuming that 
the total energy that has gone into ejected mass during 
the ~ 104 yr lifetime of the Vela supernova remnant. is 
as much as 10 per cent of the binding energy of the 
associated neutron star. This leads to an average of the 
order of one flare event of strength ~ 1058 eV per month. 
We shall adopt a more conservative timescale, namely, 
lyr. Then, taking f~ 10 per cent, Np ~ 10%5 (~ 100 times 
the current total of pulsars) and V~ 100 kpe?, we find 
that pulsar flares could produce an energy density of 
~ 0-5 eV em in ~ 50 MeV nucleon cosmic rays. Direet 
measurements of low-energy cosmice rays do not yield the 
interstellar flux at ~ 50 MeV nucleon! to better than an 
order of magnitude because of the uncertainty in the 
degree of solar modulation?! Recent observations of 
cosmic rays and indirect arguments based on the heating 
requirements and observed properties of the interstellar 
medium?! both indicate a low-energy cosmic ray energy 
density of 0-1-1 eV em. Only ~ 300 pulsar flares per 
year throughout the galaxy of the magnitude that we 
surmise to have oecurred in the Vela pulsar are needed 
to account for this intensity of low-energy cosmic rays. 
If Trimble’s?! much larger estimates of the total number of 
pulsars in the galaxy are correct, then pulsar flares could 
be, on average, less energetic and/or less common than 
we have assumed. 

An observational test is possible for the hypothesis 
that the ejection of mass of order 10° g accompanies the 
sudden speed-up of a pulsar. Assuming that the ejected 
plasma is approximately fully ionized, one can show that 
small but measurable changes in the dispersion of pulse 
arrival times should occur after the flare. 

For the mildly relativistic (~ 30 keV) electron plasma 
that we expect to be ejected, the corrections to the cold 
plasma dispersion relation for transverse electromagnetic 
waves are relatively small. They amount to only about 
5 per cent and 25 per cent, respectively, of the v? and 
the v-4 terms in the usual expression”? for the travel time 
of a radio pulse of frequency v through an ionized medium. 
These corrections will thus be neglected in the order-of- 
magnitude discussion that follows. 

The ejection of ~ 105 electrons with velocities ~ 101° 
em s! may have two important consequences on the 
dispersion in pulse arrival times. Very soon after the 
flare event, the electron density may be high enough 
in the line of sight between the region of radio emission 
and the observer to produce a measurable deviation from 
the v- law of pulse delay. This effect is expected to be 
approximately 0-1 to 1 per cent between frequencies of 
order 1,000 MHz in the first few hours after a flare. A 
week or so after the event, however, the deviation would 
be ~ 10-8 and hence unmeasurable. There is another 
potentially observable dispersion effect with a timescale 
that seems long enough to permit its detection in the case 
of the Vela pulsar months after the sudden speed-up, 
This is the change in the value of the integrated electron 
density in the line of sight that might be expected to result 
from a pulsar flare. For PSR 0833-45 with a pre-flare 
value of fnedl x63 pe cem (ref. 5), a 1 per cent change 
could conceivably have been observed a few days after 
the sudden change of period. Even now, several months 
later, fractional decreases of fned? of order 10-5 might 
take place on a timescale of ~1 month as the ejected 
plasma cloud expands. It is clear that, if similar events 
are found to occur in pulsars with smaller values of the 
integrated electron density along the line of sight, this 
effect would be more easily observable. 

Finally, it is of interest to note in connexion with 
the hypothesis of mass loss from PSR 0833-45 that a 
suggestion of faint wisps of optical nebulosity has 
recently been found at the position of the radio pulsa- 
tions*4, 
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Galactic Background at 4 GHz 


Tue galactic continuum radiation between Alex 21° and 
[131° has been surveyed at 4,170 MHz with a beam 
width of 11 min of are using the 30 m parabolic antenna 
of the Kashima Station of the Radio Research Labora- 
tories, The survey will be extended to cover a much wider 
region, but some interesting results have already been 
obtained, and are presented here. 

Until very recently, surveys of this type have been 
limited to below 2,700 MHz with beamwidths greater 
than 20 min of are. Westerhout! analysed the spectrum 
of the galactic background radiation using his own 
survey at 1,390 MHz and that of Hill, Slee and Mills? at 
85 MHz. According to his results there is a substantial 
amount of thermal emission along the Milky Way together 
with the nonthermal emission, which is dominant at the 
lower frequencies. Penzias and Wilson” extended the 
spectrum to 4,080 MHz by observing the brightness 
along several parallels of declination intersecting the 
Milky Way. They concluded that the nonthermal com- 
ponent has a spectral index of —2-9 above 400 MHz. 

These results are based on the brightness observed with 
resolutions typically 40 min of are beamwidth. l The 
brightness observed with such low resolution inevitably 
contains contributions from unresolved discrete sources, 
and there may be an overestimate of the brightness. 
Observations with improved resolution should greatly 
improve the quality of the spectrum to be obtained. The 
aim of our survey is to produce a high resolution map of 
the Milky Way at a high frequency. Recently Halls 
completed a survey of the southern Milky Way at a 
frequency of 1,410 MHz and with the beamwidth of 
14 min of are, which resolved the Milky Way into very fine 
structures, chiefly consisting of discrete sources. Beard 
and Kerr® surveyed a region between [= 27° and 38” 
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Fig. 1. Contour map of brightness temperature at 4,170 MHz; contour unit represents 0-1" RK. 


The position of the peak of W43 was 


assumed to be (18 h 45 m 00s, — 2° 00° 00°) for the equinox of 1950. 


at 1,410 MHz and 2,650 MHz with beamwidths of 14 min 
of arc and 7 min of are, respectively. Fortunately about. 
40 per cent of the area overlaps the area surveyed by us 
so that a comparison between these three frequencies is 
possible. 

The result of our survey is shown as a contour map in 
Fig. 1. The contour unit corresponds to a brightness 
temperature of 01° K. At our frequency the Milky Way 
consists of a number of discrete sources, chiefly concen- 
trated at the galactic equator, and a smooth background 
forming the “ridge” of galactic radio emission. Some 
thirty discrete sources were detected, including all four 
Westerhout sources (W40, W41, W42 and W43) in this 
region and some 3C, 4C and MSH sources. W4l and W42 
were cach resolved into two separate sources. Five of the 
sources show a ring shape, which in some cases may be 
due to the complexity of confusion, but also suggests a 
shell type structure. These include 3C 387 and the south- 
western source of W42 but not the north-eastern source 
of W41, which wes reported by Kesteven’ to have a shell 
structure at 408 MHz. 

To determine the spectra of the sources in the high 
confusion level, it is necessary to measure the flux den- 
sities using exactly the same procedure at different 
frequencies. Small differences in defining the boundary 
of a source and estimating the background level may lead 
to a large error in the result. We did not try to determine 
the spectra of the sources in the present study, though 
Beard and Kerr’ give flux densities of the sources at 
1,410 MHz and 2,650 MHz. 

After removing the contribution from the discrete 
sources, the brightness of the galactic “ridge” radiation 
was obtained——about 1° K with a half brightness width 
of about 2° in bH, As mentioned earlier, part of the 
region was also covered by the survey of Beard and Kerr 
at 1,410 MHz and 2,650 MHz with comparable resolution. 
Although the overlap is very small it contains a region 
around [1 = 28° almost free from confusion by discrete 

- sources, Brightness temperatures in this region are plotted 








against frequency in Fig. 2, together with a straight line 
of slope — 2-66. If the galactic background radiation 
consists of nonthermal emission having a power law 
spectrum plus optically thin therrnal emission, the result- 
ant spectrum should show a positive curvature. The 
observed spectrum shows therefore that there is only a 
small amount of thermal emission contributing the galactic 
background radiation. In this case the slope ~ 2-66 
represents the spectral index of the nonthermal emission. 
Of course the procedure is very sensitive to the absolute 
temperature calibration (both the temperature scale and 
zero level) at each frequency, and there may be a large 
error in the slope and curvature of the speetrum. In view 
of this uncertainty, the discrepancy in the spectral index 
of the nonthermal emission from the value given by 
Penzias and Wilson? may not be very serious. Penzias 
and Wilson give spectra for various parts of the sky which 
show a tendency for a higher (less negative) spectral 
index near the galactic equator. This implies that there 
is an appreciable amount of thermal emission concentrated 
at the galactice plane. We did not find such a variation in 
the spectral index in the frequency range studied—-the 
spectrum did not seem to vary appreciably within + 2° 
from the galactic equator. The discrepancy may be due 
to the different resolutions of the surveys. For example, 
one of the scans of Penzias and Wilson intersects the 
galactic plane near M = 26°, where we found a weak source. 
This source may have affected their results 

All these arguments are based on the assumption that 
the nonthermal emission has a power law spectrum, 
Although there is evidence that the spectrum of the non- 
thermal emission has a negative curvature? it would not 
be large enough to alter the conclusion given. Observa- 
tions at higher frequencies would set a limit to the amount 
of thermal emission and thus a lower limit to the curva- 
ture, which in turn would give information about the 
spectrum of the high energy electrons in the galaxy. 

A more detailed account of the survey is being prepared 
and will be published elsewhere. 
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#il=0°, Ordinate represents frequency in GHz and abscissa the bright- 

in °K. Pointa for 1410 MHz and 2.650 MHz are from Beard and 

“and for 4,170 MHz from our observations, 
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Si 
Heats of Immersion of ‘Graphon’ in 
Homologous Series of 
n-Alkanes and n-Alkanols 
Ar a given temperature, the heats of immersion of 





‘Graphon’ in individual members of a series of n-alkanes 
(hexane to hexadecane) show a remarkable increase with 
increasing chain length. This effect, first noted by Robert*. 
has since been independently confirmed by Everett” and 
also in our own laboratories. We have also found that 
the heat of immersion of ‘Graphon’ in n-alkanes of longer 
chain length is very dependent. on temperature. 

The n-alkanes and n-alkanols used were purified until 
only a single peak was observed by gas-liquid chromato- 
graphy. The ‘Graphon’ sample (Cabot Carbon Ltd) had 
a specific surface area of 85 m? g- based on a nitrogen 
adsorption isotherm at — 196° C and using a molecular 
area for nitrogen of 16-2 A® One gram samples of 
the ‘Graphon’ were outgassed in thin glass bulbs at 
300° C under vacuum. The bulbs were sealed and the 
heats of immersion determined in a calorimeter containing 
200 ml. liquid. A description of the calorimeter has been 
published’. Heats of immersion of ‘Graphon’ in the 
n-alkanes at 25° C are recorded in Fig. 1 together with a 
few results at higher temperatures. For comparison, the 
values obtained by Robert} at 20° C are also given. Fig. l 
also shows a set of results for the heat of immersion of 
‘Graphon’ in individual members of a series of n-alkanals 
at 25° C. It can be seen that the heats also increase with 
chain length but that a step occurs between hexanol and 
octanol. 

The large exothermic heats of immersion obtained with 
the longer chain compounds suggest a phase change 
induced by the presence of the solid surface, which may 
involve a change in orientation of the molecules from 
flat to perpendicular on the surface. These effects should 
lead to a greater energy loss on immersion compared with 
simple liquid-solid interactions deriving solely from 
dispersion forcest. In Fig. 2 all of the results, independent 
of temperature or chemical type, are plotted as a funetion 
of calorimeter temperature minus the fusion point of the 
liquid (Te-T'p). Two points emerge from the graph; 
first, the high heat of immersion in the liquid when it 18 
close to its fusion point suggests incipient solidification 
of the liquid due to the proximity of the solid surface: 
and second, the common difference in temperature 
(> 40° C) which is required before the heats of immersion 
approach the value ~ 140 erg em? shown by the lower 
rnembers. 
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Fig. 3. Isosteric heats of adsorption of octane (x) and hexane (©) 
on ‘Graphon'. (L6, L8 are the heats of liquefaction of hexane and 
octane respectively.) 


To study the effect of the solid on the structure of the 
proximate liquid it is first necessary to consider the range 
of the solid-liquid interaction as indicated by data for 
the isosteric heat of adsorption, qst. 

The isosteric heats of adsorption of hexane and octane 
on ‘Graphon’ were calculated from multi-temperature 
vapour adsorption isotherms obtained using a Cahn RG 
microbalance (J. H. C. et al., to be published) and are given 
in Fig. 3 as a function of surface coverage. The hexane 
plot is conventional for a non-porous homogeneous surface 
and the slope in the pre-monolayer region (< 259 umole 
g`) can be interpreted in terms of two-dimensional van 
der Waals gas behaviour. For oetane, on the other hand, 
the isosteric heat versus coverage plot shows a peak in 
the region 0-6-1-0 monolayer (124-207 umole g~). The 
area under the isosterie heat curve can be used to estimate 
the heat of immersion of the bare solid into pure liquid 
adsorbate®. For octane, the additional area due to the 
peak is equivalent to the heat of immersion increment 
in going from hexane to octane (~8 erg em~). This 
suggests that the effects giving rise to the anomalously 
high heats of immersion are not due to any long range 
effect of the solid surface on the liquid but are in fact due 
to changes in the first monolayer. With the limited data 
currently available this conclusion is, of course, tentative 
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and a further is in 


progress. 
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New 


Calorimetric Evidence for the 
Structure of Films adsorbed at the 
Solid/Liquid Interface: 

the Heats of Wetting of ‘Graphon’ 
by some n-Alkanes 


EarLY work showed that the heat of wetting of graphitized 
carbon (for example ‘Graphon’) by non-polar liquids was 
largely independent of the precise nature of the liquid. In 
particular, in the alkane series, the number (7) of carbon 
atoms in the chain was said to have little effect on the 
heat of wetting of unit area of solid’. Robert* sug- 
gested that alkane molecules were adsorbed parallel 
to the surface, that a methyl group and a —-(CH,).— 
unit occupied roughly equal areas (14 Å?) and that a 
methyl group and a single methylene group were each 
adsorbed with an energy, relative to the liquid, of about 
1,500 calories mole-!. On this basis the heat ef wetting 
per unit area should rise slowly to a limiting value (dotted 
curve Fig. la}. More recently, Robert® measured the 
heat of wetting of several carbons by alkanes at 20° C: for 
some carbons (Vulcan 3°. ‘Spheron’) the heats of wetting 
raried only slightly with n, while for others (Graphon’, 
Acheson graphite) they increased rapidly. Robert offered 
no explanation of this behaviour, and it is inconsistent 
with his earlier proposal. 

We have measured, at 25°C, the heats of wetting of 
‘Graphon’ by cyclohexane and by the even-numbered 
n-alkanes from n-hexane to n-hexadecane. We later 
learned of similar measurements made recently by 
Clint, Clunie, Goodman and Fate’. Their work, which 
also includes a study of the temperature dependence of 
heats of wetting by tetradecane and hexadecane, confirms 
our results. 

We used a sealed mixing calorimeter of new design 
which will be described in detail elsewhere. The ‘Graphon’ 
(surface area 87 më g~ based on the B.E.T, method and a 
molecular area of N, = 16-2 Å?) was evacuated at 10+ torr 
at 800° © for 24 h, stored under N, and re-evacuated at 
10-5 torr before the metal cell, containing about 2 g of 
solid, was sealed. The contribution to the observed heat, 
change given by cutting the diaphragm closing the cell 
was small and reproducibl e {<04 per cent of the total 
heat change). Corrections were also made for the heat of 
evaporation of the liquid into the space formerly evacu- 
ated. Heats of wetting were reproducible to better than 
+1 per cent. 

The heats of wetting, AH. per unit area of ‘Graphon 
are shown in Fig. la. Robert's values? at 20°C are all 
substantially higher than ours, but, as Clint et ai.® point 
out, this arises, at least in part, from the marked tem- 
perature dependence of AsH. The values reported by 
Clint et al. are in general agreement with ours. 
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Fig. 1. 
tion of n; 


Heat of wetting, at 25° C, of ‘Graphon’ by n-alkanes. 
m, eyelohexane. b, (6(4wHf)/dn] as function of n. 
versus n as predicted by Robert’. 


The rapid increase in AsH with chain length, which 
follows an approximately parabolic form, cannot be 
understood without considering structural changes in the 
liquid phase near the surface. At 25°C the various 
hydrocarbons are not in corresponding states: n-hexane 
is 126° above its melting point, while n-hexadecane is 
only 7° above its melting point. Near the melting point. 
the free energies of the liquid and the crystal are nearly 
equal and, in the vicinity of a solid surface, adsorption 
forces may stabilize a more ordered structure which can 
consist either of a closely packed monolayer of molecules 
oriented normal to the surface or of several layers of mole- 
cules adsorbed parallel to the surface. In either case, 
if it is assumed that the adsorbed layer takes on solid-like 
properties, AwH will include a contribution related to the 
heat of fusion, âH, of the alkane. The observed increase 
in the increment of Au per —CH,— group [8( Aw#)/dn]as 
n increases (Fig. 1b) suggests that at constant temperature 
the ordering of the adsorbed layer, which for n~6 at 
25° C is small, increases with the lengthening of the chain 
and reaches a limit when n >18 or 20. In this limit, if 
the adsorbed molecules formed a solid-like monolayer of 
normally oriented molecules. [8(AwH)/3n] should be 
related to the corresponding increment in the heat of 
fusion [38(4,;H)/8n]. Lf it is assumed that each molecule 
occupies 18 Å? at the surface, then [8(AvHH)/3n] calculated 
from the known value of [3(A;H)/8n] would be about 
36 erg cm, The observed increments approach a 
somewhat lower limit, as would be expected, because 
molecules in the adsorbed layer are unlikely to have their 
internal degrees of freedom as completely restricted, nor 
will they pack as closely, as in the solid, To make a similar 
comparison on the basis of a model of layers of molecules 
adsorbed parallel to the surface it is necessary to assume 
that the thickness of the adsorbed layer is approximately 
equal to the length of the carbon chain. That the structure 
of the adsorbed layer is roughly intermediate between 
that of the liquid and that of the solid is confirmed by 
considering the absolute values of AH and A;H for 
hexadecane. 

Because the structure of an adsorbed layer of this kind 
will be strongly temperature dependent, measurement of 
the heats of wetting as a function of temperature 
(as reported in the accompanying communication by 
Clint et al.*), or direct. measurements of the heat capacity 
of the adsorption system, should throw further light 
on this phenomenon. The formation of an ordered 
adsorbed phase will also be aceompanied by volume 
effects which are being investigated by measure- 


a, Awi/erg em as func- 


Dotted curve: 
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ments of the volume changes sceompany- 
ing the wetting process. 

Robert's? observation that for some car- 
bon samples Ant is more or less indepen- 
dent of chain length may be a consequence 
of the surface heterogeneity of these 
materials. It is probable that a uniform 
patch of surface of a minimum size is 
necessary before an ordered layer can be 
formed. If Robert's ervations are 
confirmed, then this would reveal an impor- 
tant dependence of the strueture of the 
surface film on the precise nature of the 
carbon surface. 

Similar considerations should apply to 
adsorption from mixtures of n-alkanes. 
Recently, Aveyard’ reported measurements 
of the adsorption by ‘Graphon’ from octane 
+hexadecane mixtures: there is strong 
preferential adsorption of the longer-chain 
hydrocarbon. This is in qualitative agree- 
ment with the observed heats of wetting*. 
Aveyard’s conclusion, that the preferen- 
tial adsorption of hexadecane from octane 
solutions is caused by a greater energy of 
interaction between —-CH,—~ and the sur- 
face than between —CH,-~ and the surface, is difficult to 
reconcile with our observations. Indeed, if the methylene 
group interacted more strongly than methyl with the 
surface, then one might expect cyclohexane to have the 
highest rather than the lowest AH of the compounds 
studied. But in this case the conformation of the cyclo- 
hexane molecule at the surface may also play some part 
in determining the heat of wetting. 

The conclusions of the present preliminary study need 
further confirmation, but they clearly have important 
implications in relation to problems of adhesion, lubrica- 
tion and the stability of carbon dispersions. 

D. H. EVERETT 
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Free Electron Model for the 
Absorption of Oxygen-bridged 
Binuclear Complexes in the 
Near Ultraviolet 


Certars binuclear complexes of cobalt or copper with an. 
oxygen bridge between the metal ions have an absorption 
band in the near ultraviolet which has been called the 
“peroxy-specifie band”. We may consider these com- 
plexes to have contributing canonical forms in which the 
metal ions can choose between oxidation numbers n and. 
(n+ 1) and the oxygen bridge can be an oxygen moleeule, 
a superoxide ion or a peroxide ion, ax follows 
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No-bond configuration Ma 0, Me 
Superoxide configuration = Ma OW Mtie 
Peroxide configuration Motie OF Minie 


The various configurations are expressions of the fact that 
the metal ions can have a part] y filled 34 sub-shell in the 
complexes discussed here, and the oxygen bridge can also 
be considered to have a partly filled shell containing two, 
three or four eleetrons according to the kind of bridge in 
the configuration. 

The peroxy-specifie band has the characteristies of a 
charge transfer transition (Emax~ 104; see Table 1). We 
may consider the contributing canonical forms as approxi- 
mations to the energy states of the complex between which 
the transition oceurs, but the description of the ground and 
excited states is not immediately clear and a free electron 
model is proposed here. 


Table 1. CHARACTERISTICS OF THE PEROXY-SPECIFIC BAND 


Calculated 





Complex Åmax length (L) of Remarks“ 
(mimierons) electron 
gas (A) 
Peroxo-dicobalt(1f) crystals i 361 S te 
Peroxo-cobalt(1TT)}-cobalt(Ly) cryg- i 863 T Habs 
tals 1 $46 -abs 
Peroxo-cobalt(iLD-cobalt(IV) solu- 
tion Gog e = 3-5) BHL 719 
Oxyhaemocyanin solution Gog e= 
3-9) 347 T25 


*ilabs and -abs refer to absorption of polarized light with the electric 
vector parallel and perpendicular, respectively, to the Co-O-0-Co group. 
Absorption data for peroxo-dicobalt complexes are from ref. 1 and for 
oxyhaemocyanin from ref. 4. 

The resonance between no-bond, superoxide and 
peroxide configurations may be considered to involve 
four electrons distributed in three or four-centre orbitals 
embracing the oxygen and both metal atoms. To a first 
approximation these electrons may be considered to form 
a one-dimensional electron gas in a field of uniform 
potential energy situated between the metal nuclei. 
The electrons fill energy levels in the gas which are doubly 
occupied. In the present case there are two filled levels. 
The transition between the levels N=2 and N=3 is an 
allowed. transition and its wavelength is given by 


Amax = 3317 (2N + 1)-) mmicrons 


where N is the number of filled levels and L is the length in 
A of the potential energy field in which the electron gas is 
constrained?.?, The model is convenient] y tested by seeing 
whether it predicts correet values for L. 

We consider here the decammine-p-peroxo-dicobalt 
complexes? and the Oxygen-carrying copper-protein 
haemocyanin*. Two u-peroxo-dicobalt complexes exist®, a 
peroxo-dicobalt(III) complex (formal charge 4+) and a 
peroxo-cobalt(ITI)-cobalt (LV) complex (formal charge 
5+). The contributing canonical forms for these com. 
plexes and for the copper-oxygen complex in oxyhaem- 
ocyanin®? are easily written. The wavelength of the 
peroxy-specific band in the peroxo-dicobalt complexes and 
oxyhaemocyanin and the calculated length of the potential 
energy field of the electron gas in which the transition is 
here assumed to occur are given in Table 1. The applica- 
bility of the model may be judged by the reasonableness 
of the values of ZL. 

The molecular dimensions of the decammine- p-peroxo- 
cobalt (IIT)-cobalt(IV) complex are known’. The average 
Co-N distance is 1-95 A and the average Co-O distance is 
1-89 A, Both distances are in agreement with the sums of 
single-bond radii. The O-O distance is 1-31 Å. This is 
consistent with resonance between superoxide (O-O 
distance 1:28 A) and peroxide (O-O distance 1-48 A) 
structures. The Co-O--O-Co group is planar, with the 0-0 
bridge skewed to the Co-Co axis. 

It is not possible to define a priori the length of the 
potential energy field of the one-dimensional electron gas 
from the molecular dimensions of the peroxo-cobalt(ITI)~ 
cobalt(IV) complex. We now propose as an appropriate 
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approximation the sum of the bond lengths shown below, 
which is 7-41 A 





o LSPA o LILA g L89Å oo LIGA 


E C we Cot 





The single-bond metallic radius of cobalt (1-16 Å) is 
taken as the extension of the field beyond the cobalt 
centres, The value of 7-41 A for the length of the field 
agrees well with the values predicted by the free electron 
model. In particular the model predicts a length of 7-42 A 
in the case of absorption of polarized light with the eleetric 
vector parallel to the Co-O-O-Co group (Table 1). Having 
regard to the assumption of a one-dimensional eleetrou gas 
in a field of uniform potential energy, the agreement of the 
values of L in Table 1 with the molecular dimensions of 
the peroxo-cobalt QTI j-cobalt (IV) complex is remarkable. 
The model predicts a longer field in the peroxo-dicobalt - 
(IIT) complex. This may be related to longer Co-O and 
O-O distances. 

The dimensions of the copper-oxygen complex in 
oxyhaemocyanin are not known but we may derive a 
maximum value for L. Frieden et al.* have suggested that. 
in deoxygenated haemoeyanin the oxygen bridge is 
replaced by two water molecules and we have the struc. 
ture: Cu(T)-H,O-H,0-Cu(l). Taking 1-40 A as the 
closest. packing radius of two water molecules and assuming 
that the copper atoms are in a tetrahedral covalent 
environment-—-and therefore have a radius of 1-35 A— 
we obtain a value of 5-50 A for the longest path between 
copper centres. Very interestingly we get a similar value 
if we add single-bond radii in the peroxide resonance 
structure, Cu(IT) O,?- Cu(I]). If we extend the distance of 
5-50 A between copper centres by the single-bond metallic 
radius of copper (1-17 A) on either side, we obtain a length 
of 7-84 A. The diserepancy between this extreme value 
for L and the value of 7-25 A predicted by the free electron 
model is not unreasonable because we may expect short: 
bonds for a number of reasons. First, if we have con- 
tributing canonical forms corresponding to no-bond, 
superoxide and peroxide structures, the O-O bond order 
should be intermediate between the extremes represented 
by lengths of 1-21 Å and 1-48 A. Second, the Cu-O 
distance may be less than the sum of the covalent bond 
radii of copper and oxygen. This has been observed in a 
complex of cuprous chloride with azomethane! which has 
a group isoelectronic with oxygen, the azo group, as a 
bridge between Cu(T) ions. Finally, the protein backbone 
may impose constraints on the distance between copper 
centres. 

The free electron model? predicts an oscillator strength 


f= 0134 (2N+41) 


for the transition (N, N+1). This expression gives a 
value of 0-67 for the “peroxy-specifie band” as treated 
here. The experimental value for solutions of oxyhaemo- 
eyanin and the peroxo-cobalt(ITI)~cobalt(IV) complex 
is about 0-22 from the data of Van Holdet and Yamada 
et al’, respectively (emax~ 104; half-width of band ~ 
5,000 em-!). The agreement is not unreasonable for a 
simplified theoretical treatment of an electronic transition. 

The free-electron approximation has so far been used to 
interpret the spectra of conjugated organic compounds", 
the x-electrons being regarded as a one-dimensional 
electron gas. As shown here, this approximation also 
gives a self-consistent interpretation of the absorption of 
certain oxygen-bridged binuclear inorganic complexes in 
the near ultraviolet. 

W. H. Bannister 
E. J. Woop 

Department of Physiology and Biochemistry, 
Royal University of Malta, 
Msida, Malta. 


Received April 1; revised May %, 1969. 


NATURE, VOL. 223, JULY 5, 1969 


3 Yamadm S., Shimura, Y., and Tsuchida, R., Bull. Chem, Soc, Jap., 26, 72 
(1953). 

2 Bayliss, N. S., J. Chem. Phys., 16, 287 (1948). 

3 kwm, H., J. Chem. Phys., 16, 840 (1948). 

* Van Holde, K. E., Biochemistry, 6, 93 (1967). 

s Glenu, K., and Rehm, K., Z. Anorg. Chem., 287, 79 (1938). 

© Orgel, L. B., Biochem, Soc. Symp., 15, 8 ( 1958). 

7 Manwell, ©, Ann. Ree. Physiol., 22, 129 (1960). 

* Schaefer, W. P., and Marsh, R. E., Acta Cryst., 21, 735 (1966). 

* Frieden, E., Osaki, S., and Kobayashi, H., J. Gen, Physiol., 49, 213 (1065), 

w Brown, I D., and Dunitz, J. D., Arta Cryst., 18, 28 (1960). 

1 Bayliss, N. Su, Quart. Rer., 6, 319 (1952), 


Structural Evolution of the Rift 
Zones in the Middle East 


Gass end Gibson have proposed! an evolutionary scheme 
for the Red Sea, Gulf of Aden and Ethiopian rifts in 
which the separation of the Arabian, Nubian and Somahan 
blocks is produced not by divergence but 
by a north-eastward rotation, at varying 
velocities, of these three crustal plates 
about the pole of rotation for the two 
crustal plates of Arabo-Asia and Africa 
deduced by Le Pichon and Heirtzler’. 

My object is to show that the separation 
of Nubia, Somalia and Arabia was caused — 
by differing rates and directions of spread- 
ing in the Red Sea, Gulf of Aden and 
Ethiopian rift system. Further, the 
present three plate system can only be 
properly considered as a three-pole three 
plate system with spreading along the 
three plate boundaries and not as a one- 
pole three plate system with shear along 
the Ethiopian rift system as sugested by 
Gass and Gibson. 

For this reason, therefore, I shall first 
re-examine geological evidence on the 
nature of faulting and direction of move- 
ment in the Afar depression. Faulting in 
the Afar depression, south of L. Abbé, 
and in the northern Ethiopian rift system 
is dominated by the NNE (027°-207°) 
trending faults of the Wonji Fault Belt 
(which trends 036°) and the ESE-WNW 
trending cross rift lineaments? (Fig. 1). 
The frequent displacements of the Wonji 
Fault Belt by the cross-lineaments?®* 
result im distinctive changes in the 
intensity of faulting across the cross- 
lineaments and in the right echelon 
pattern of the Wonji Fault Belt which 
Gibson? and Mohr! have considered to be 
indicative of sinistral shear. The NNE 
trending faults form the inner parts of a 
sigmoidal fault pattern the outer parts 
of which lie parallel to the rift margin 
(Fig. 1 inset). These faults are associated 
with active tensional separation and in- 
crease in age away from the rift axis 
(personal communication from L L 
Gibson). The high Bouguer gravity 
anomalies*? associated with the Wonji 
Fault Belt and the presence of dyke 
swarms on the floor of the rift indicate 
crustal attenuation across the Ethiopian 
rift. 

The geometry of the Wonji Fault 
Belt indicates the causative stress field 
(Fig. 1 inset). The obtuse angle between. 
the inner and outer parts of sigmoidal 
faults is very large (about 160°) while 
the angular difference between the trend 





Fig. i. 





Rift Margin): rift erosion scarp. 
diagram of Wonji Fault Belt and constituent faults; 
axis of minimum pressure (after Mohr? and personal communication from LOL, Gibson) 
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of these faults and the overall trend of the Wonji Fault 
Belt is small. If the overall orientation of the Wonji 


Fault Belt validly represents the shear envelope 
between the Nubian and Somalian blocks, these 


angular differences indicate that the confining pressure m 
the stress field is small and therefore that the predominant 
stress in the Wonji Fault Belt is tension. The orientation 
of the axes of confining pressure and minimum pressure in 
the Wonji Fault Belt, given by application of the system- 
atic angular (12°) relationship of Icelandic gjas* to the 
shear envelope and vector of confining pressure, are 05? 
and 105° respectively. This implies that the resultant 
and predominant vector of movement across the Ethi- 
opian rift is east-west extension with small sinistral 
shear. 

Inthe NW Indian Ocean, Le Pichon and Heirtzler? have 
applied the concept of plate tectonics?" to deseribe the 
spreading of the African and Arabo-Asian plates away 
from the Carlsberg ridge as a rotation about a pole at 
26°N and 21° E. This pole position is based on the 
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azimuths of transform faults in the Gulf of Aden (035° 
215°) and NW Indian Ocean. To be consistent with the 
required direction of rotation about this pole, transform 
faults or shear in Afar and the Ethiopian rift system must 
lie on smal] circles the strike of which will be locally greater 
than 035° (045° at 11° N and 42° E). The inconsistency 
in trend of both the Wonji Fault Belt (036°) and con- 
stituent faults (027°) with this pole position may be the 
result of a change in pole position or of decoupling of the 
three crustal plates of Arabia, Nubia and Somalia. 

The fracture zones of the Gulf of Aden show a complex 
horst and graben structure!! which may be caused by 
local deformation along the strike of the transform faults 
or by dilatation due to a change in spreading direction and 
therefore pole position’, The quantity of the required 
southward change in pole position is, however, constrained 
by fault plane solutions for the Alula-Fartak trench and 
Owen Fracture Zone. Rotation about this new pole 
position does not provide any near agreement with the 
orientation of the Wonji Fault Belt. The different pole of 
rotation implied for the Ethiopian rift system therefore 
indicates that the axes of the Red Sea, Gulf of Aden and 
Ethiopian rift system represent the boundaries of three 
crustal plates. 

The pole of rotation of Arabia-Somalia is unlikely to 
be very different for reasons already given from the 
Le Pichon and Heirtzler pole. The decrease in the rate of 
opening northward along the Red Sea from 1-1+ 0-2 em/ 
yr/limb at 16°N (ref. 14, and personal communication 
from M. T. Jones) to 0-17 cm/yr/limb along the Dead Sea 
Rift implies that the pole of rotation for Arabia~Nubia 
must be located close to the Dead Sea Rift. North of 
35° N, the tectonics of the Dead Sea Rift become complex 
and the trend of this rift is probably not representative 
of the boundary between the Nubian and Arabian plates. 
The pole position for Arabia~Nubia calculated from 
the azimuths (045°) of lines joining conjugate points on 
either side of the Red Sea'* and the above rates of opening 
is located at 29° N and 32° E. At the triple junction of 
the three plate system, here taken at 11° N and 42° E, 
the directions and rates of opening of the Nubia—Arabia 
and Somalia—-Arabia plates are 063° and 1-4+06-3 em/ 
yr/limb and 045° and 0-8 cm/yr/limb respectively. The 
pole of rotation and rate of opening of the Ethiopian rift 
system determined from these data are 30° N, 47° E and 
©7+03 em/yr. The location of the pole of rotation of 
Nubia-Somalia in this position indicates east-west (100°) 
relative movement of these two plates in good agreement 
with the sense of relative motion predicted from the 
geometry of the Wonji Fault Belt. The east-west 
extension across the Ethiopian rift (Fig. 1, Fig. 2b) results 
from the differing rates and diverging directions of 
spreading in the Red Sea and Gulf of Aden. The Nubian, 
Somalian and Arabian plates cannot therefore be 
rotating about the single Le Pichon and Heirtzler pole 
as implied by Gass and Gibson. The overall northward 
motion of the whole three plate system shown by 
palacomagnetic data!’ indicates that there may be, 
superimposed on the relative motions of the Arabian, 
Somalian and Nubian plates, a deeper pattern of motion 
which governs the distribution and relative motion of the 
various crustal plate systems. 

Additional spreading (Fig. 1) may be continuing in 
north-western Afar, introducing therefore a fourth plate. 
Recent volcanic activity and gja development along NNW 
lines (Fig. 1) has been described from an area of Quaternary 
evaporite deposition apparently underlain by oceanic 
erust!!, by Tazieff et al. and Holwerda and Hutchinson?’. 
The sea area between the northern part of the Danakil 
Horst and the Yemen is underlain by oceanic crust, 
though in the southern Red Sea continental erust is 
present, Laughton*® has suggested that the Danakil 
Horst might have rotated eastward by 035° in post- 
Miocene time. Scattered seismic activity in NW Afar and 
the extreme south of the Red Sea” suggests that this 
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Fig. 2. Evolution of the Red Sea, Gulf of Aden and Ethiopian rift system. 

b, © A, Pole of rotation of Arabia and unrifted Nubla—Somalia; ¢, OQ A, 

© R, © E, poles of rotation of Arabia-~Somalia, Nubia—Arabia, Nubia- 

Somalia respectively. DSR, Dead Sea Rift; OFZ, Owen Fracture Zone. 

Arrows: directions of relative movement; dashed lines (heavy): succes- 
sive positions of Arablan plate, 
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rotation is the result of hinging at both ends of the 
Danakil Horst so that the rates of spreading are minimal in 
the NW apex of Afar and the southern Red Sea but 
increase southward and northward respectively. Cross- 
lineaments in north-western Afar trend NE-SW and if 
they represent transform faults are consistent with such a 
rotation. In the southern Red Sea, any lineaments that 
might exist are obscured by sedimentation and coral reef 
growth?, The Zukur-Hanish group of islands, which are 
associated with NE-SW trending topographic and bathy- 
metric lineations, are, however, cut by NE-SW trending 
fissures??, This general trend is consistent with the 
required sense of rotation. The role of hinged rotation of 
the Danakil Horst is therefore to transform the active 
spreading axis from the Red Sea into the Afar depression. 

The development of the three (or possibly four) plate 
system may be related to the renewal of sea floor spreading 
in latest Miocene-early Pliocene time following a hiatus. 
In the NW Indian Ocean, a distinctive change in mid- 
ocean ridge topography, magnetic anomalies? and sediment 
thickness*t occurs at a point corresponding to this time’. 
In the Gulf of Aden, the marked topographic change 
which occurs at the boundaries between the central 
rough zone and north and south main troughs? is shown 
by analysis of magnetic anomalies using the Heirtzler 
et al.2® timescale (personal communication from M. T: 
Jones) to correspond to an Upper Miocene or early 
Pliocene age. Major evaporite deposition in the Red Sea 
terminated in Miocene timet. Freund, Zak and Gar- 
funkel recognize a post Upper Miocene movement of 
40-45 km along the Dead Sea Rift. The major phase of 
rifting in the Kenya Rift oceurred in the very early 
Pliocene”. 

Major rifting in the Ethiopian rift system oceurred in 
late Miocene-early Pliocene time although before this 
time extensive fissure voleaniam occurred in the Oligo- 
cene’3, Laughton?! has shown, in his pre-Miocene fit 
of Arabia and Somalia, that it is necessary to impose the 
Yemen onto Afar, implying that this region has formed 
since the Miocene. Before this time, therefore, when there 
was no major expression of the Ethiopian rift (Fig. 2b), 
spreading of two crustal plates occurred about: the Le 
Pichon pole, resulting in the rotation of Arabia away from 
the unrifted African plate with consequent extension in the 
Red Sea and shear along the Dead Sea Rift. The proposed 
four plate crustal model of Arabia (Fig. 2c), Somalia and 
Nubia and Danakil was therefore developed in post Upper 
Miocene-early Pliocene time. 

I thank A. S. Laughton for his help in discussion of 
this problem and critically reviewing the manuscript. 
I. Gibson, M. T. Jones, R. B. Whitmarsh, N. Price and 
A. H. Stride also contributed in discussion. 

D. G. ROBERTS 
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BIOLOGICAL SCIENCES 


Hybrid Anthranilate Synthetase 
Molecules from Enterobacterial 
Sources 


ANTHRANILATE synthetase (ASase) catalyses the first 
specific step in the biosynthesis of the amino-acid trypto- 
phan, the formation of anthranilate from chorismate and 
glutamine’. The activity of this enzyme is subject to 
feedback inhibition by the end produét of the pathway, 
L-tryptophan’. 

In Escherichia coli?, Salmonella typhimurium’ and 
Aerobacter aerogenes’, ASase is a rnultimeric enzyme 
composed of two different polypeptides, component I 
(ASase Col) and component IH (ASase Colly. ASase Col 
alone is incapable of using glutamine as an amino donor. 
but it can use NH}. ASase Coll alone and the ASase 
Col-Coll complex catalyse the next reaction im trypto- 
phan biosynthesis, the conversion of anthranilate to 
N-(5'-phosphoribosyl) anthranilate’. 

Here I report the construction of hybrid molecules 
containing ASase Col and Coll from different organisms. 
Similar studies have been carried out with W. colt and 
A. aerogenes components by Dr A. F. Egan (personal 
communication from Dr F. Gibson). 

Mutant strains were used as sources of ASase Col and 
Coll; in each case the mutant used is unable to form the 
complementary polypeptide component. Mutants of E. 
coli K-12, trpD9778 and trpE5972 were used as sources of 
E. coli ASase Col and Coll, respectively’. Mutants 
trpBEDC43 and trpAi60, which were provided by Dr 
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anthranilate synthetase Coll of E. coli K-12, S. typhimurium amd 
‘A, aerogenes. The anthranilate synthetase activity was assay d as 
described previonsly*. The reaction mixture contained crude anthranilate 
synthetase Col of Æ. coli (50 ug protein), 2x 1 0+ M chorismate, 4x LO-* 
M magnesium acetate, 1x 10°? M L-glutamine, 1x 100 M irte-chloride 
buffer at pH T8, 2x10% M f-mercaptoethanol, and the indicated 
amount of anthranilate synthetase Coll extract, in a final volume of 
2ml. ©, Anthranilate synthetase Coll of E., coli K-12; @, anthranilate 
synthetase Coll of S. typhimurium, anthranilate synthetase Corl 
of A. aerogenes, 
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Fig. 2. Distribution of enzymatic activities following centrifugation 
in a sucrose gradient (5 to 20 per cent) containing 0-05 M tris chloride, 
pH 7-8, and 5x 10-? M J-mercaptoethanol, A mixture of crude an- 
thranilate synthetase Col of S, typhimurium (2-0 mg protein), alkaline 
phosphatase (0-1 mg protein) and C4) anthranilate synthetase Coll 
of E. coli K-12 (1-5 mg protein) ©, (B) anthranilate synthetase Coll 
of X, typhimurium (1-2 mg protein) @, and (C) anthranilate synthetase 
Coll of A. aerogenes (1-7 mg protein) @. Dotted line shows the activity 
of bacterial alkaline phosphatase. Centrifugation was at 38,000 r.p.m. 
for 15 hin an SW39 rotor in a model L2 Spinco centrifuge. Fractions of 
seven drops were collected, diluted with 0-1 M éris-chloride buffer at 
pH 7-8 containing 5 x 10 M 8-mercaptoethanol and assayed for enzyme 
activity. Anthranilate synthetase was assayed as previously. Bae- 
terial alkaline phosphatase wae ansayed according to Schlesinger and 
Barnett’, 














Bauerle, were used as sources of ASase Col and ASase Coll 
of S. typhimurium. Mutant NC, donated by Dr Gibson, 
was used as the source of ASase Coll of A. aerogenes. 
‘rude extracts were prepared as described previously’, 
Because neither ASase Col nor Coll, alone, is eapable of 
catalysing the glutamine-dependent. conversion of choris- 
mate into anthranilate, it was possible to study the 
association of ASase Col and ASase Coll of different 
organisms by measuring this activity. 

Fig. 1 shows the effect on ASase activity of adding 
increasing amounts of ASase Coll from three different 
organisms to a constant amount of the ASase Col of Æ. 
coli. To determine whether these hybrid complexes are 
stable, the various mixtures of ASase Col and Coll were 
analysed by sucrose density gradient. centrifugation’. Fig. 
2 shows the sedimentation patterns of three different 
mixtures of ABase Col and Coll. The apparent S values 
of these active ASase molecules relative to bacterial 
alkaline phosphatase were 8-1-8-2 S. This suggests that 
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the molecular weights of ASase Col and Coll of the three 
organisms are about the same. 

ASase Col of Æ. coli has both the catalytic site for 
anthranilate formation and the feedback sensitive site’, 
The sensitivity of Col of Æ. coli to tryptophan. inhibition 
is amplified when it is complexed with Coll (ref. 9). It 
was therefore interesting to compare the feedback sen- 
sitivities of the hybrid ASase molecules to determine if 
the ASase Coll from S. typhimurium and A. aerogenes 
alters the sensitivity of tryptophan inhibition of Æ. coli 
ASase Col. For this purpose, it was nec ssary to purify 
the hybrid molecules to remove substances which interfere 
with estimation of the kinetics of feedback inhibition. 
Partial purification of the hybrid molecules was performed 
by successive zone centrifugations in sucrose gradients. 
The difference between the molecular size of ASase Col 
and CoIL and the complex provides a convenient method 
of purification of the ASase complex or hybrid molecules 
by zonal centrifugation. 

Fig. 3 shows the effect of L-tryptophan on the initial 
enzymic activity of the hybrid molecules with a fixed 
concentration of chorismate and glutamine. Tt is apparent 
that all the complexes are sensitive to tryptophan 
inhibition. 

Recently it has been shown that the fingerprint patterns 
of the tryptophan synthetase « subunits of S. typhimurium 
and A. aerogenes differ from those of Æ. coli and from each 
other’. This indicates that there are considerable genetie 
differences between these organisms at the fine structural 
level, although there is a high degree of homology between 
E. coli and S. typhimurium in gross genetic structure and 
function", The guanine and cytosine content of A. 
aerogenes differs from that of E. coli and S. typhimurium, 
Nevertheless, the data described in this article and those 
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Fig. 3. Inhibition of anthranilate synthetase by increasing amounts 
of L-tryptophan. The reaction mixture contained 2-5 «10°M choris- 
mate, 4x 10°? M magnesium acetate, 1x 10 M L-glutamine, 1 10-' M 
tris-chloride buffer at pH 7-8, 2» 10 M #mercaptoethanol and various 
anthranilate synthetase combinations with the indicated amount of 
L-tryptophan in a final volume of 2 ml (©) Æ. coli K-12 anthranilate 
synthetase {0-2 mg protein) hybrid anthranilate synthetase between 
È. ecli Col and (@) 8. typhimurium Coll (0-15 mg protein): (OQ) hybrid 
anthranilate synthetase between E., coli Col and A. aerogenes Coll 
(0-08 mg). 
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obtained by Dr A. F. Egan clearly show that the ASase 
components of different organisms Gan associate to make 
hybrid molecules which are enzymatically active. These 
results closely resemble those obtained for the tryptophan 
synthetase of several species of Enterobacteriaceae4 and 
suggest that sites which are essential for complexing with 
other components are preserved during evolution. 

T thank Dr Irving P. Crawford and Charles Yanofsky 
for their advice during the preparation of this manuscript. 
I also thank Dr F. Gibson for making available to me 
Dr A. F. Egan's unpublished manuscript on the hybrid 
molecule of E. coli and A. aerogenes components. This 
work was supported by a grant from the Japanese 
Ministry of Education. 





Junetsu Tro 
The Research Institute for Microbial Diseases, 
Osaka University. 
Osaka, Japan. 
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Further Evidence for a Genetic Basis 
of Haemoglobin H Disease from 
Newborn Offspring of Patients 


HAEMOGLOBIN H disease is usually a mild to moderate, 
sometimes severe. thalassaemic disease, characterized by 
the presence of haemoglobin (Hb) H in addition to Hb A, 
and intraerythrocytic inclusion bodies'™. Hb H is usually 


Table 1. 
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not detectable in either parent of the patients. The genetie 
basis of the disease was a subject for speculation until 
Hb H was shown to consist entirely of B-polypeptide 
chainst, with a molecular formula of Ba while Hb A is 
taða It is now realized that Hb H (8,) is connected with 
xthalassaemia® whieh, by suppressing «-chain synthesis, 
leads to polymerization of the unconjugated S-ehains to 
a tetrameric form. For the same reason Hb y; (Bart's) 
and Hb 3, occur as a result of -chain suppression’ ”. 
Both haemoglobins can be detected in the people with 
Hb H disease. 

Observations compatible with a-thalassaemia trait are 
usually made in one parent only of a patient with 
Hb H disease. Several genetic mechanisms were exame 
ined’, the most important question being whether this 
disease is caused by one or two x-thalassaemic genes. Our 
data indicate that two abnormal genes are necessary for 
the development of Hb H disease’; one from the parent 
with thalassaemic stigmata. the classical a-thalassaenua 
gene. and another from the apparently normal parent. a 
silent gene which is a milder form of »-thalassaenita. 
The two genes are not independent, and are probably 
allelic. The severe allele has been named a-thalassaemin, 
(a-thal,), and the milder a-thalassaemia, (x-thal,) Hb H 
disease is thus a-thal,/s-thal,. whereas x-thal,/a-thal, 
results in totally lethal Hb Barts hydrops foetalis!s 
homozygosity for -thal, probably has more or less 
similar manifestation to x-thal, trait. 

If the hypothesis of «-thal,/-thal, for Hb H disease 
is correct. the two alleles should segregate among the 
offspring of Hb H parents. Unfortunately. although we 
have investigated many such offspring they are not uss- 
ful; at present, it is dificult to r uze accurately 
x-thal traits. because their haematological alterations 
are minimal or even absent in «-thal, trait. In the neo- 
natal period, however, 2-thalassaernia is best expressed 
by the presence of a significant amount of Hb Bart's. 
This pigment disappears approximately 3 months after 
birth!!. Newborn offspring of patients with Hb H dise 
should therefore yield valuable information. We wish to 
report data obtained from thirty-one such offspring 
during the past l1 years. 

Blood was obtained from thirty-one infants. im 
seventeen cases from the umbilical cords and from the 
veins of the others, from whom specimens were obtaimed 
within 10 days of birth with the exception of case 17, 
whose blood was taken at 2 months. One of the parents 





























PATA FROM THIRTY-ONE NEONATES OF THE PERSONS WITH HAEMOGLOBIN H DISEASE 

















$ Ab 
i Year : Hb RBC normal Percent 
No. of Age at Mother Father igm] tmil’ PCV MCV MCH MCHC RBC Hb types Hb 
birth examination 100ml) mm’) (percent) (a) (py) (Quer cent) raor Parts 
phology 
1 1057 4 days } O37 60 04 27 29 + A+ F+ Bart's 
2 1959 3 days > a-thal, trait Hb H 68 50 aR 26 30 + a + k + Pata < 
3 1962 Cord (same parents) 525 40 93 29 31 + LEER 4 
4 1957 5 days Hb H Normal 5-20 50 96 33 35 + : 
5 1962 Cord Hb H Normal +60 44 96 B4 35 a 376 
6 1003 a aye } Hb Unknown Ri an 54 ie os 34 axe R? 
7 À days r ir . 5 668 St TT 25 32 + E TOR 
s 197 Cord j ol WRHOWL TO 546 BR 9% 31 Ree L% 
9 1963 A days Hb H Normal 137 541 45 4 25 30 + A+ F+ Darts Bd 
10 1964 Cord ' Normal Hb H 124 6-58 43 65 19 29 + Act B+ Bart's 
11 1967 Cord if 19-0 5-68 4s RD 26 31 + A+F + Burt's At 
12 1964 Cord 'HbH a-thal, trait 12-7 6-08 46 76 21 28 F A+B + Bart's TA 
13 1967 Cord ' s Blood elotted + A + E+ Bart's 4-05 
14 1964 Cord Hb H Normal 164 5:30 50 94 31 33 - A+ E + Barts Tiy 
15 1964 Cord Hb H Hb E trait 24 TIT TO 98 30 31 + A t E+ Bart's Tai 
16 1965 Cord Hb H Hb E trait 135 722 45 62 19 30 2 A +F + Bart's i 
17 1965 2 months Normal Hb H a0 318 24 76 25 33 + At F- Bart's 44 
18 1965 2 days HbH Normal 187 637 56 aR 29 33 + A+ FE + Bart's 343 
19 1965 Cord hee 13-1 527 45 85 25 20 eaa A+ E+ Barta 137 
20 1966 3 days - Normal Hb H i74 5-90 51 7 20 34 _ A+ F + Bart's “ee 
21 1969 1 day | £ 204 687 61 ao 30 33 ~ A+ E Bart's t 
22 1966 3 days Hb H Normal 193 5-94 59 99 33 33 a A+F ~ 
= 1966 Cord Hb H Normal Blood clotted * A+F+ Bart's 
24 1966 Cord “Hb H Normal Haemolysed (dead foetus) an A +F Bart's 
25 1987 Cord ' 14-4 4-48 46 103 82 3h iy A +E + Barte 
26 1967 Cord Hb H Normal 12-7 4:30 44 102 30 29 + A + E+ Barts 
27 1967 3 days Hb H Normal 18-6 6-64 59 89 28 32 + A+ E Bart's 
28 1967 Cord Hb H Normal 13-8 461 46 98, 30 31 AFR 
29 1967 Cord Hb H Unknown 154 564 51 90 27 30 + At 
30 1968 Th Hb H Normal 16:3 8-08 51 92 29 32 a A + F+ Bart's 
31 1968 2h Hb H Unknown 20-4 6-84 65 95 30 31 + A+ FP + Bart's 


—, Negative: 
mean corpuscular haemoglobin concentration, 


..., hot determined or not available; PCV, packed cell volume; MCV, mean cell volume; MCH, mean cellular haemoglobin; 





MCHE, 
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of each infant definitely had Hb H disease: the diagnosis 
was based on criteria previously described”, : 

Standard haematological techniques were used. The 
cyanmethaemoglobin method for haemoglobinometry, 
quantitative erythrocyte osmotic fragility, and the alkali 
denaturation test!? were used throughout. Before 1961 
the volume of packed red cells was obtained by Wintrobe’s 
method, but since then the mierohaematocrit has been 
used. Before 1966 the ved cells were counted in a chamber, 
but since then in a Coulter electronic counter. Haemo- 
globin types were first identified by filter paper electro- 
phoresis in veronal buffer pH 8-6, and between 1961 and 
1966 also by starch block and cellulose acetate electro- 
phoreses in veronal buffer. Since early 1966 all the 
haemoglobin typings had been performed by starch-gel 
electrophoresis, and quantitation of haemoglobin Bart's 
by cellulose acetate electrophoresis in tris-borate-EDTA 
buffer as described beforett, 

The findings are summarized in Table 1. Hb Bart’s 
was detected in thirty out of thirty-one newborns. The 
percentages of Hb Bart's segregate into two groups 
(Pig. 1); one with 1-2--1-93 with a mean value of 1-53 
per cent, and the other with 3-43-13-7 with a mean value 
of 57 per cent. The Hb Bart’s in neonate 17 was not 
considered because the blood was obtained at 2 months of 
age. The values for Hb Bart's in the neonates born since 
1966 separate more sharply into a group with 1-2 per 
cent and another with 5-6 per cent, 

Those infants with 1--2 per cent Hb Bart’s had a normal 
red cell morphology and normal erythrocyte osmotic 
fragility (Fig. 2), whereas those with 5-6 per cent Hb Bart's 
had definitely abnormal! red cell morphology associated 
with decreased erythrocyte osmotic fragility. 

Traces of Hb Bart’s have been reported in fresh cord 
blood samples of normal newborn infants''-18, Using 
horizontal starch-gel electrophoresis at pH 8-6, even after 
ortho-dianisidine staining. we rarely detected Hb Bart's 
in several thousand cord blood samples. When a trace 
of Hb Bart’s is observed in stained starch gel, cellulose- 
acetate electrophoresis always shows that there is more 
than 1 per cent of it. We believe that when more than 1 
per cent of Hb Bart's is detected in the newborn infants 
it is associated with z-thalassaemia in most, if not all, 
eases. 

We have shown that the presence of 5-6 per cent 
Hb Bart’s in newborn infants is associated with «-thalas- 
saemia which can be traced genetically''. This is com- 
patible with «-thal, trait. Alpha-thal, trait is associated 
with minimal or no abnormal red cell morphology and 
therefore cannot be traced directly in the families: its 
presence has been hypothesized purely from genetic data’. 


Bart's 


t 


with 5% Hb Bart's 


with 1.4% Hb Bart’s 


without Hb Bart's 





tf t 
Origin A> F A Anode 
(£) 


Starch-gel electrophoresis in fris-borate-EDTA buffer, pH 8-6, 


Fig. 1. t r 1 -borate 
stained with ortho-dianisidine, 
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100 


60 


40 


Haemotlysis (per cent) 


20 





ORS 


0-56 
Saline concentration (per cent) 


0-48 0-40 O32 O24 O18 


Vig. 2. Erythrocyte osmotic fragility of the newly born offspring of 

the patients with haemoglobin H disease, Stippled area, sixty normal 

newborns; @—--— @, newborn with 1-2 per cent Hb Bart's; Oe ~~ ©, 
newborn with 5-6 per cent Hb Bart's, 





Newborn infants with 1-2 per cent Hb Bart's probably 
carry one «-thal, gene. 
The presence of more than 1 per cent of Hb Bart's in 
almost every newborn offspring of patients with Hb H 
disease supports the idea of two «-thal genes responsible 
for this disease, and the separation of this Hb Bart’s 
into two groups is further evidence that Hb H disease is 
a-thal,/-thal,. 
Tn a most recent starch-gel electrophoretic examination 
of 1,408 random cord blood samples in the Bangkok 
area similar segregation of two groups of Hb Bart's was 
observed (unpublished results of S..N. P., P. W., M. P. and 
S.N.-N.). The expected frequency for Hb H disease fits 
the observed only when the newborn infants with 1-2 
per cent and with 5-6 per cent Hb Bart’s are taken as 
carriers for different «-thal genes, 
We thank Tipawan Sungnate and Somsit Chuprasert. 
for technical assistance and the National Institutes of 
Health. US Public Health Service, for a grant. 
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Turnover Rate of Muscle Protein 
measured by Constant Intravenous 
Infusion of “C-Glycine 


Tsororic methods can be used in two ways for studying 
the turnover rates of tissue proteins in the living animal: 
either the rate of catabolism may be measured from the 
rate of breakdown of labelled protein, or the rate of 
synthesis from the rate of uptake of label into unlabelled 
protein. In the steady state the two rates will, of course, 
be equal. Caleulation of the catabolic rate from the decay 
curve of a labelled protein is valid only if there is no 
recycling of the label; a condition which, with certain 
exceptions, is not met in experiments with labelled arino- 
acids. 

Caleulation of the synthetic rate from the extent of 
incorporation of a labelled amino-acid is possible only if 
simultaneous measurements are made of the specific 
activity of the free amino-acid precursor. In single dose 
experiments, when the precursor activity is changing very 
rapidly, this presents very great difficulties. In order to 
obtain the time-course of the specifie activity in both 
precursor and product it is necessary either to take serial 
samples, which is practicable only on blood, or to combine 
values from different animals, as was done by Henriques 
et al. Because of variation between animals this pro- 
cedure is not entirely satisfactory. 

These difficulties can be in the main avoided by the 
method of constant intravenous infusion of a labelled 
amino-acid. When “C-lysine was infused in the rat, the 
specific activity (SA) of free lysine reached a constant or 
plateau level after about 3 h in serum and liver and after 
about 6 h in musele??, Synthetic rates of tissue proteins 
were calculated from the activities in free and protein- 
bound lysine after 6 h infusion. In young male rats the 
half-life of mixed liver proteins was found to be about | 
day, and that of mixed muscle proteins about 5 days’. 
The experiments reported here were done in order to 
compare the results obtained with a non-essential as 
opposed to an essential amino-acid. 

Male white rats weighing about 100 g were infused by 
the internal jugular vein with a solution of glycine, 
0-01 M in isotonic saline, containing 6 pCi 15 per mil. 
(Radiochemical Centre, Amersham, Bucks.). This solution 
was infused at an accurately measured rate (about 0-5 
ml./h) for either 6 or 10 h. At the end of this time the rat 
was anaesthetized with diethyl ether, and duplicate 
samples of liver and gastrocnemius muscle were taken and 
ground up in 10 per cent (w/v) trichloroacetic acid (TCA). 
The tissue suspension was centrifuged and the pellet of 
protein removed and washed in 10 per cent TCA. The 
supernatant and washings containing the free amino-acids 
were shaken with ether to remove TCA and made up to 
5 ml. with water. The protein pellets were hydrolysed 
overnight at 100°C in 6 N HCl, evaporated to dryness, 
washed with water, and the residue dissolved in 5 ml. 
water. 

Glycine was separated from the other amino-acids by 
thin-layer chromatography of the dinitro-phenyl (DNP) 
derivatives. About 0-5 ml. of the tissue extract was shaken 
for 4 h with 1-5 ml. methanol, 1-0 ml. 8 per cent (w/v) 
NaHCO, 0:5 ml, water and one drop of dinitro-fluoro- 
benzene (DNFB). The remaining DNFB was then 
extracted with a few ml. of diethyl ether. The mixture 
was made acid with HCl and the DNP amino-acids 
extracted with ether and evaporated to dryness im vacuo, 
The extract was then dissolved in a little ether and 
duplicate samples applied to a pre-coated silica gel thin- 
layer chromatography plate (‘Silica Gel F254’, E. Merck 
A.G., 61 Darmstadt, West Germany). These plates con- 
tain a material fluorescent at 254 mmicrons, aiding detec- 
tion and removal of the faint yellow spots. The DNP 
derivatives of the free amino-acids were applied as spots; 
those from the protein hydrolysate were applied as strips 
across a 20 x 20 cm plate. The chromatogram was run for 





6) 


2 h in a solvent containing chloroform (80 mi) n-propanol 
(20 ml.) and glacial acetic acid (1 ml.). After this time the 
DNP-glycine had clearly separated from all other amine 
acids’, and could be eluted with methanol for measure- 
ment of optical density at 360 mimicrons. A sample of 
this solution was placed on a planchette containing @ 
drop of 8 per cent NaHCO,, and after drying waa counted 
in a gas-flow counter. 

In a small number of rats the amounts of glyeine im 
TCA extracts and protein hydrolysates were measured 
in an automatic amino-acid analyser. 

The turnover rate of muscle protein was caleulated 
from an equation derived previously? 





5g hy ky 





Sb ae ekh ka 


he 


where Sp is specific activity of protein-bound glycine at 


time ¢; Sp specific activity of free glycine at time f; 


ky, fractional rate of uptake of glycine into protein; Kay 
fractional rate of protein breakdown. 
Tt is assumed that the pool sizes remain constant, This 


is probably justifiable in short term, experiments in which 
the amount of tracer amino-acid infused is small compared 
with the total flux? In the derivation of the equation 
certain simplifications are made which are valid only if 
kæk, and if ¢ is sufficiently long. If pool sizes are 
constant, kyq=k,Q, and kjk, = Q/q= R, where q and Q 
are the amounts per gram of free and protein-bound 
glycine. From the measurements made the value of R 
was taken as 20. Rk, was substituted for k, and the 
equation solved graphically. 

In this method of ealeulation it is also assumed that the 
free amino-acid undergoes no reactions other than uptake 
into protein. With lysine this assumption seems to be 
justified; in previous work no evidence was found of 
interconversion to other amino-acids, and the rate of 
catabolic loss was negligible. With glycine, on the other 
hand, interconversion to serine and other amino-acids 
undoubtedly occurs in liver, so that a valid caleulation of 
the synthesis rate of liver proteins cannot be made by the 
formula used in the lysine experiments’. The present 
results suggest that, by contrast, in muscle these side- 
reactions of glycine are quantit atively not important. 
Table 1. SPECIFIC ACTIVITIES OF FREE AND PROTEIN HOUND GLYCINE IN 
LIVER AND MUSCLE AND CALCULATED HALF LIFE OF MUSCLE PROTEIN APTER 

INTRAVENOUS INFUSION OF UC-GLYCINE FOR 6 On 10 HOURS 
wa. pc) Half life 
: sele 





Specific activities of giscine 





Weight Time of Liver 4 G of muscle 
offrat infusion Free Protein Free Protein i 
ig) ih) bound bound 
206 6 2,730 213 
106 6 3,600 
106 6 5,440 
155 6 4,455 
138 6 3,365 
127 6 4,025 
120 6 4,480 
112 10 3,940 
97 10 5,370 ' 
83 10 5,400 B44 





Table 1 shows the calculated half lives for total muscle 
proteins of ten rats. In the first seven rats the time of 
infusion was 6 h; this was evidently Jong enough, for the 
results do not differ significantly from those in three rats 
infused for 10 h. 

The half lives are in good agreement with those obtained 
by lysine infusion?, This agreement suggests that the 
method of ealeulating the synthetic rate ts valid, and that 
in muscle metabolic reactions of glycine other than uptake 
into protein are of little significance. 

In infusions with lysine the “plateau” specifie activity 
of free lysine was constantly lower in liver than in musele: 
on the average, in liver it was 60 per cent of the plateau 
SA of free lysine in plasma, and in musele it was 80 per 
cent. This reflects the fact that in liver, because of the 
faster rate of protein breakdown, there is more dilution of 
labelled lysine by unlabelled lysine Uberated by catabol- 
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ism. With glycine Table 1 shows that the plateau SA 
of free glycine was always higher in liver than in muscle, 
This perhaps fits in with the suggestion made by Henriques 
et al. that there is a barrier to the entry of glycine into 
muscle, 

I thank Dr David Picou for the glycine analyses on the 
automatic amino-acid analyser and Professor J. C. 
Waterlow for his advice. 
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Effect of the Inhibition of RNA 
Synthesis on in vitro Ovulation 
by Frog Ovaries 


OVULATION can be stimulated in isolated segments of 
frog ovary by the addition of hormones'-? but is prevented 
by actinomycin D*; this has led to the suggestion that 
ovulation is contingent on the synthesis of RNA?*#, 
Indeed, actinomycin D is known to inhibit RNA synthesis 
in ovaries as well as ovulation’, while hormonal stimu- 
lation is followed by increased uridine incorporation 
into the cells of the peritoneal surface of the ovary, 
through which ovulation occurs. 

Actinomycin D, however. has effects other than those 
usually assigned to itf and ovulation following hormonal 
stimulation could result from the translation of preformed, 
stable messenger RNA, like that in the fertilized sea 
urchin egg’. Actinomycin D might prevent ovulation 
by interfering with translation. We have performed 
experiments with the drug 2-mereapto-1-(3-4-pvridethy]) 
benzimidazole (MPB), l-diethylaminoethylamino-4-met hyl- 
10-thiaxanthone (M-D),a gift from the Burroughs Wellcome 
Co., Inc., and actinomycin D to determine whether trans- 
cription of new RNA is the chief process responsible 
for hormonally stimulated ovulation in the frog. M-D 
inhibits RNA synthesis by binding to DNA in a manner 
similar to that proposed for ectinomyein D (ref. 10). Tt has 
been suggested that MPB functions by either interfering 
with an early stage of purine or pyrimidine metabolism 
or by the activation of an inhibitory feedback mechanism!', 
MPB is structurally quite different from actinomycin D 
and would not be expected to have the same side effects 
as actinomycin D, whereas M-D is structurally similar 
to actinomycin D and provided another test with a 
drug that blocks RNA synthesis by binding to DNA. 

Ovaries from female frogs (Rana pipiens) that had been 
maintained at 3°-4° C were cut into clusters of twent vy to 
twenty-five eggs and placed in glass vials containing 8 ml. 
of frog Ringer's solution. In each experiment a single frag 
was used. Ovulation was induced by the addition of prog- 
esterone (16 pg per vial dissolved in 25 ul. of 50 per cent 
ethanol) added at the same time as the antibiotic. MPB 
was dissolved in 25 ul. of dimethyl-sulphoxide (DMSO) 
and M-D dissolved in 200 ul. of Ringer's solution con- 
mauning 25 ul. of DMSO, whereas actinomycin D was dis- 
solved in 200 ul. of a 0-00L M phosphate buffer containing 
OLM NaCl at a final pH of 7-1. In experiments with 
abelled precursor, vials containing 4 uCi/ml. of *H- 
widine were stoppered with cotton plugs and kept in the 
dark at 23° + 2°C for 6h. Vials containing ovaries without 
‘H-uridine were allowed to stand for 24 h, then emptied 
nto a Petri dish, and the percentage of ovulation recorded. 
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For RNA and DNA analysis, egg clusters were ruptured 
by pressing against a stainless steel screen. and the 
remaining tissue was washed with cold distilled water 
to remove traces of egg materials. For RNA, DNA and 
radioactivity determination? it was necessary first to 
prepare such ovarian tissue without mature ova from 
three clusters. Plots of the log of the drug dose against 
per cent ovulation and per cent DPM/mg DNA relative 
to ovaries treated with progesterone indicated that. 
regardless of which drug was used, when enough was 
added to reduce RNA synthesis in ovarian tissue by 
15-25 per cent there was a concomitant 50 per cent 
reduction in the number of ovulations (Table 1). 


Table 1. THE EFFECT OF VARIOUS ANTIMETABOLITES ON PROGESTERONE 
STIMULATED OVULATION AND 4H-CRIDINE INCORPORATION BY FROG OVARIAN 
TISSUE th vitro 











Dose DPM x 10°%/ Per cent t Relative 
Treatment egimh mg DNA” DPM ovulation + 
M-D 1-00 T45 R33 8i 
1000 702 7 16-4 
372 41-6 44 
MPE T8 REG 59-6 
4:30 tai 0 
2443 272 9 
Actinomycin D BAB 99-6 93-3 
0-10 TG QL? 63-6 
1-00 44) 2-1 p 


* These data are from a typical experiment which has been repeated a 
minimum of three times, 

F Represents the per cent of the progesterone-only treated value and is the 
average of the ovarian segments from three separate vials. 


Hechter et al. have suggested that steroid hormone 
effects in vitro may be mediated through the action of 
3,5 eyclie AMP by a mechanism not related to genetic 
transcription. The addition of as much as 100 ug/ml. of 
either 3⁄5 cyclic AMP or dibutyryl eyelic AMP in the 
presence of DMSO, however, did not influence ovulation 
in either progesterone-treated or control frog ovaries 
in vitro (our unpublished result), These results. in con- 
junction with the experiments with actinomycin [93.4, 
support the idea that hormonally stimulated ovulation by 
the frog ovary is contingent on synthesis of new RNA and 
its subsequent translation. 

The data reported here also support the hypothesis 
that new RNA is required because it is unlikely that 
compounds which differ markedly in structure and appa- 
rent mode of action would have the same side effects 
as actinomycin D. 

We thank Mrs Naney Brown for technical assistance 
and Dr John W. Anderson for his advice. 
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Reaction between Retinal and 
Phospholipid Components of Outer 
Segments of Rods from Cattle Retina 


THe formation of a new conjugated substance by the 
reaction between retinal and phospholipid components 
of outer segments of rods from cattle retina has been 
reported’, This article describes details of separation by 
thin layer chromatography of a conjugated substance 
and its spectral characteristics. 

Outer segments of rods were separated from the other 
retinal tissues using a modified sucrose gradient method*. 
The lipids were extracted at room temperature with a 
chloroform—methanol mixture (2 : 1) from freshly prepared 
outer segments of rods that had been dehydrated by 
grinding with anhydrous sodium sulphate. The extract 
was washed twice with ion-free water to remove impuri- 
tiest. After the solvent had evaporated, the lipids were 
dissolved in the developing solvent (see later) to which 
was also added excess crystalline all-trans retinal. The 
original colour of the mixture was yellow but changed 
slowly to orange during the reaction, which was complete 
within about 1h at 15° C, The solution was then spread 
on thin layer chromatoplates of ‘Silica Gel G (Merck) 
30 microns thick. When developed with acid solvent 
(chloroform—methanol-acetic acid 65: 25:8 by volume) 





it showed two coloured spots near the solvent front of 


the ascending chromatograph. The top spot was ob- 
viously caused by excess retinal, and the orange spot 
(Rr value of 0-88 t 0-05 at 15° C) by the product. of the 
reaction, To complete the separation of these two spots. 
the plate was developed with a second non-polar solvent 
(petroleum et her-diethyl ether-acetic acid 80; 20:1 by 
volume). which allows only retinal to move to the solvent 
front. The orange spot area was isolated with a fine 
spatula and dissolved in acid solvent (chloroform~ 
methanol-acetic acid-H,O 25:15:4: 2 by volume) for 
spectral measurement. 





the conjugated substance. The reversible shift of absor- 
bance between acid and alkaline conditions charac- 
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Fig. 1. Absorbance of retinal/phosphatidylethanolamine complex as a 

function of pH. Spectrum Tat pH 3-4 (dmas 460 nm) shifted to spectrum 

TI (Amas 379 nm) when the solution was brought to pH 9-0 by the addi- 

tion of a small amount of methanolic sodium hydroxide. pH 9-0 curve 
was corrected for dilution, 


Fig. 1 shows the absorbance of 
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terizes this substance as an. acid-base indicator. The two 
peaks are close to the peaks of acid and alkaline indicator 
yellow? respectively and their several analogues. To 
identify which components of phospholipids react with 
retinal. we sprayed all-trans retinal dissolved in acid 
solvent on phospholipids previously separated on the 
chromatoplate. Only one spot with intense ninhydrin 
reaction and Rr value of 06 + O07 appeared as an orange 
spot. Asa result of a comparison of this reactive material 
with standard materials (Mann Research Laboratory 
and Pierce Biochemicals, USA) which were run parallel 
to the phospholipids of outer segments of rods on the 
chromatoplate. we believe that the conjugated sub- 
stance exists as a Schiff’s base linkage between phospha- 
tidylethanolamine in the outer segments of reds anc in 
the retinal. Phosphatidylethanolamine is one of the 
principal phospholipid components in outer segments of 
cattle rods and it represents approximately 25 per cent 
of total phospholipids of the tissue". One cattle rhodopsin 
micelle LE yoommierons / E soommierons § O319) seams tö con- 
tain more than five molecules of phosphatidylethanol- 
amine”. This suggests that phosphatidylethanolamine 
in the outer segments of rods plays some part in the 
bleaching process of rhodospin. 
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Molecular Nature of the 
Heat of Shortening of Muscle 


SHorrentne of muscle during single isotonic twitches 
and following a tetanie stimulus is accompanied by the 
development of extra heat! a The heat of shortening 
veries with the distance shortened and depends also 
on the load lifted by the musclet, Athi rugh it is generally 
agreed that the heat developed during work done by the 
muscle can be accounted for by the energy of ATP split- 
ting’ *, there appears to be no evidence of changes im 
the high-energy phosphate level accompanying the actual 
shortening’. 

To study the molecular mechanism responsible for the 
oceurrence of heat of shortening, glye rinated muscle 
fibres have now been used; they were allowed to shorten 
isotonieally in the presence of a non-hydrolysable ATP 
analogue in conditions such that the muscle could nob do 
external work. 











which was glycerinatet 
and Chaplain’. These muscles contain be 
and 7,300 fibres (average, 6.830). After glycerination the 
weight of a 1 em long piece of an average drained musele 
is 137 mg. The musele was cemented on flat anodized 
aluminium disks with “Duco” cement, one end bemg 
attached to an RCA 5734 tension transducer, the other to 
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Fig. 1. Diagram of the apparatus. 


a vibrator. The free muscle length was 17-205 em. A 
diagram of the apparatus, which was basically that 
described previously, is given in Fig. 1. In the isotonie 
experiments the input controls the tension. A certain 
amount of tension (T,), corresponding to a load of 7 g, 
is initially applied; thereafter for any amount of fibre 
shortening the tension is instantaneously readjusted so 
that effectively no external work is done by the fibres, 
When the length was fixed the musele contracted iso- 
metrically. Heat changes were measured with an inte- 
grating thermopile of the Wilkie type, except that the 
sensitivity was increased by the use of ninety ehromel- 
constantan couples. 

The glycerol was initially washed out of the muscles 
by immersing the preparation in a rigor solution: 60 mM 
KCl, 5 mM MgCl, 4 mM EGTA (ethyleneglycol-bis(8- 
aminoethyl ether)-N »N’-tetraacetate) and 25 mM tris-HCl 
buffer, pH 7-14. The fibres were then transferred to the 
relaxing solution: 10 mM ATP, 10 mM MgCl. 25 mM 
KCL, 4 mM EGTA and 25 mM ¢tris-HCI buffer, pH 7-14. 
At the length at which the tension was just zero the fibres 
were transferred to a different type of relaxing solution 
m which the ATP was replaced by the ATP analogue 
adenylylimidodiphosphate. This analogue, in which an 
-—-NH—- replaces the terminal bridge oxygen of ATP, 
maintains the fibres in the relaxed condition previously 
induced by ATP, but is not hydrolysed by the fibres"), 
Because only concentrations of 2-5-4-0 mM of the analogue 
were used, the [MgCl,] was reduced to obtain equimolar 
concentrations and the [KCI] was correspondingly in- 
creased to maintain the ionic strength. When the muscle 
was transferred from the ATP-containing relaxing solution 
or the adenylylimidodiphosphate-containing relaxing 
solution to the rigor solution, it either developed tension 
in isometric conditions or shortened isotonically. 

On placing the musele initially for 10 s in the rigor 
solution and then keeping it in air well equilibrated to the 
same temperature as the solution!®, that is, 20° ©, the 
relaxant starts to diffuse out and the musele starts to 
contract after a delay time of 2-3 min (required to lower 
the concentration of the relaxant in the fibres to a critical 
leveļt2.13), The layer of rigor solution {about 15 microns 
thick) remaining around the musele ensures a continua- 
tion of the diffusional exchange across the fibres. 

By varying the initial coneentration of the ATP 
analogue between 2-5 and 4 mM the degree of shortening 
xan vary from 1-2 to 2 per cent. There is a direct propor- 
tionality between the degree of shortening and the heat 
leveloped in these conditions (Table 1). Also shown are 
come of the corresponding tension and heat changes 
vhen the length of the muscle was kept constant. m the 
ame conditions. The results with the ATP analogue 
we similar in time course and response to those observed 
vith ATP-relaxing solution, although in the latter tensions 
f 41 g and a shortening of 2-5 per cent can be obtained in 
he rigor contraction (Table 1). Moreover, because the 
dastic stiffness and viscous force of relaxed glycerinated 
ibres is the same in ATP as in adenylylimidodiphosphate- 
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‘Table 1 HEAT CHANGES ACCOMPANYING ISOTONIC SHORTENING 
ISOMETRIC TENSION DEVELOPMENT IN THE RIGOR CONTRACTION 


AND 





Relaxant Shortening Heat liberated Tension Heat Hberatedi 

Cone. (mM) (per cent) (g. em/g} (g) (g. cm/g) 
ATP analogue 

25 r2 

31 L5 

Ft 16 Priis 1:46 

Tr Ls 32-0 2:19 

£0 20 36-2 2:70 

ATP 

40 25 &16 414 B42 


containing solutions“, the ATP analogue looks a promis- 
ing model compound for ATP. At least in the case of the 
non-hydrolysable analogue the heat produced must come 
from some conformational change within the contractile 
proteins in the absence of any chemical reaction. Because 
the EGTA buffer lowers the [Ca2+]to 10- M (ref. 9) in both 
the rigor and the relaxing solutions, a heat. contribution 
as a result of the binding of Ca*, analogous to some kind 
of activation heat, can be excluded. Electron nucroscopic 
and X-ray studies on these muscles have shown that in 
the rigor contraction, all the myosin. cross-bridges become 
inclined at 45° towards the centre of the sarcomere! 
which would require an extension of the cross-bridge 
length by 70 Å. Such a 45° change of angle of the cross- 
bridges in the two half sarcomeres, that is, a 290 A change 
at a sarcomere length of 2-4 microns!?.15, corresponds 
exactly to a shortening of the musele of 1-2 per cent. 
The observed shortenings of 2 per cent can be explained 
by a diffusion-delayed angle change in the peripheral 
regions of the fibre bundle. 

Optical rotatory dispersion studies on myosin and its 
globular fragment have indicated that addition of ATP 
increases the helix content!'®, The reverse reaction on 
removal of ATP (or its analogue) could be responsible 
for the angle change of the eross-bridges in the rigor 
contraction, the breakage of hydrogen bonds in the 
helix-coil transition leading to liberation of heat. 
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Factors influencing Pregnant Mare 

Serum Gonadotrophin Production 

PREGNANT mare serum gonadotrophin (PMSG) is first 
detected in the serum of mares between days 35 and 41 of 
gestation, Maximum levels occur at about day 60 and 
the hormone has often disappeared from the serum by 
day 130 (ref. 1). PMSG is produced by uterine structures 
known as endometrial cups which form in a circle around 
the developing foetal sac. These discrete areas of decidual 
tissue are only present in the pregnant animal; they are 
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maximally developed by about day 70 and then degen- 
erate rapidly, eventually dehiscing from the endometrium 
to lie free in the uterine lumen??. But the nature of the 
stimulus that initiates the development of endometrial 
cups and the stage of gestation at which it acts are 
unknown. The concentrations of PMSG in mares which 
had been mated to a jack donkey were much lower than 
in mares carrying a horse foetus, thus the foetal geno- 
type is important. King? showed that mechanical dis- 
tension of the uterus with a balloon did not stimulate 
endometrial cup formation. The experiments reported 
here shed fresh light on these problems. 

Three pony mares were mated to a pony stallion and 
two jenny donkeys were mated to a jack donkey. Hybrid 
pregnancies were produced by mating two mares to a 
jack donkey to give mule foetuses, and one jenny donkey 
to a stallion to give a hinny foetus. Samples of 20 ml. of 
plood were collected from all these animals between 30 
and 140 days of gestation; the day of ovulation (day 9) 
was determined by rectal palpation of the ovaries. Serum 
samples were assayed for PMSG using a quantitative 
haemagglutination-inhibition assay’; the Second Inter- 
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national Standard for Serum Gonadotrophin was used 
as reference standard. 

Figs. la~d show the PMSG concentrations. The mares 
carrying horse foetuses show typical PMSG production’, 
with maximum concentrations of 101- 148 w/m. at 
about day 60. The donkeys with donkey foetuses have 
maximum concentrations of 53 and 32 ro/ml. at days 
47 and 55 respectively and the PMSG concentration 
declines at a much slower rate. The two mares carrying 
mule foetuses, however, had maximum concentrations 
of only 17 ru/ml. and 22 ru/ml. on days 47 and 49 of 
gestation. In both mares, PMSG was undetectable in 
the serum (< 0-6 1U/ml.) by day 90. These results there- 
fore confirm and extend those of Bielanski et al. and 
Clegg et al’. The most remarkable finding was the very 
high concentrations of PMSG, up to 203 ro/ml., in the 
donkey carrying the hinny foetus. These concentrations 
were much greater than those in the donkeys carrying 
donkey foetuses and mares carrying horse foetuses! 

The reasons for these marked differences between, 
horses and donkeys carrying hybrid. foetuses are obscure 
and intriguing. Undoubtedly, the genotype of the foetus 
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has a strong influence on the secretory activity of the 
maternal endometrial cups. A post-mortem of a mare 
carrying a mule foetus showed that despite a very low 
concentration of PMSG in the serum and endometrial 
cup tissue, the actual amount of cup tissue, and its 
histological appearance, were similar to those in a mare 
with a horse foetus’. It would seem therefore that the 
altered genotype of the hybrid foetus affects only the 
hormone-producing activity of endometrial cup tissue, 
not its anatomical formation. From a practical stand- 
point it seems that a donkey carrying a hinny foetus 
may be preferable to a horse with a horse foetus as a 
commercial source of PMSG. 

To define the stage of gestation at which the foetal 
stimulus acts to induce endometrial cup formation and 
PMSG production, the conceptus was removed by hyst- 
erotomy at 25, 34, 40 and 54 days of gestation from four 
pony mares mated to a pony stallion: in each ease the 
entire foetal sac was removed intact. PMSG could not 
be detected in the serum of the mares from which the 





embryo had been removed at days 25 and 34: these 
animals ovulated 38 and 33 days after the operation. 


PMSG production, however, developed normally in both 
animals from which the embryos had been removed 
on days 40 and 54 (Fig. 2a and b). The mare from which 
the embryo was removed on day 40 had shown low 
concentrations of PMSG (maximum 11 IU/ml.) in the 
previous pregnancy, when carrying a horse foetus sired 
by the same stallion used in the present study. After 
removal of the embryo in this experiment, she produced 
as much gonadotrophin as she had done in the previous 
year. These animals could therefore be considered as 
undergoing a pseudopregnancy. which emphasizes once 
again the similarities between the equine endometrial 
cups and the decidual response in rodents. 

Continued PMSG production after loss of the embryo 
may help to explain why other workers? have noted that 
more thoroughbred mares show detectable levels of 
PMSG than actually give birth to live foals. Clearly 
the interpretation of PMSG assays in tests for pregnancy 
needs caution, If PMSG assays are used in conjunction 
with rectal palpation of the uterus. however. it should 
be possible to estimate the extent of embryonic mu tality 
occurring on or after day 40, 

The foetal stimulus for PMSG production seers to occur 
some time between day 34 and 40 of gestation. when 
the chorioallantoic placenta is taking over the function 
of the yolk sac placenta!™u, Histological examination 
of an intact pregnant uterus at this stage shows the 
development of a well defined circumferential thickening 
and convolution of the chorion at the point where the 
enlarging allantois is forcing its way between chorion 
and the regressing yolk sac. It seems likely that the 
stimulus for endometrial cup formation passes from 
foetus to mother through this thickened band of chorion. 
and once the stimulus has been given the maternal 
decidual response can continue to develop normally 
in the absence of any foetal tissue. 
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Effect of Zn** on the 
Binding of Oestradiol-173 
to a Uterine Protein 


Lutwak-Mann and McIntosh! demonstrated that the Zn 
content and carbonic anhydrase activity of the endo- 
metrium of rabbit uterus are highest 4-6 days after mating. 
They speculated that the increase in activity of this 
Zn-containing enzyme might reflect the synthesis of new 
protein in respor to progesterone and 20a-dihydro- 
progesterone secreted by the rabbit ovary after mating 
and ovulation. Our observations. reported here, suggest 
a role for Zn in the binding of steroid hormones to their 
target tissue. 

While developing a competitive protein binding assay 
for oestrogens, we have examined the effect of mono and 
divalent cations on the binding of oestradiol-175 to a 
macromolecule isolated from the uterine endometrium of 
non-pregnant cows. 

Endometrium, stripped from the wall of uteri obtained 
from the local abattoir, was homogenized in tris buffer 
(01 M, pH 7-8) containing sucrose (25 M) and adenosine 
triphosphate (1-6 uM). 

The homogenate was centrifuged at 5.0009 for 20 min, 
and the supernatant was centrifuged again at 10S.000g 
for 45 min. The volume of this supernatant solution was 
reduced to 20-25 ml, by dialysis against ‘Aquacide T 
(Calbiochem Ltd). 

The effect of various ions on cestradiol-178 binding was 
examined by incubating 1-0 ml. of supernatant, 5x 10 E 
of “H-oestradiol-178 {specifie activity 42 Ci/mole, New 
England Nuclear Corporation, 575 Albany Street. Boston, 
Massachusetts) and 5-0 umole of the ion for 12 h. Free 
and bound *H-oestradiol-173 were separated bv gel 
filtration on ‘Sephadex G-28 (Fig. 1) All operations 
were carried out at 4° ©. Radioactivity in the bound 
fraction was determined by liquid scintillation spectro- 
metry using a dioxane-based scintillator solution?. 

The results (Table 1) show that the effect on the binding 
of oestradiol-178 is brought about by the cation rather 
than the anion present. All divalent cations, except Phe 
and Ba>*, increased the binding of SH-oestradiol-174. 
The largest effect was shown by Zn,  Monovalent 
cations, except for K+, had little effect. on the binding. 
Pb and Ba** inhibited the binding. 

Zn-* therefore inereases the binding of *H-oestradiol- 
173 to a macromolecule fraction from bovine uterus 
endometrium, at least in vitro. Korenman® found that 
uteri obtained from rabbits on the sixth day of pregnancy 
were an effective source of an ovstradiol-178-binding 
protein. At this stage of pregnancy the Zn content of the 
rabbit uterus is at a maximum. Moreover, in the rat 
prostate, the lateral lobe is characterized by the highest 
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ribution of *H (@) and protein (measured by absorbance at 
280 tim ( eluted from a column of ‘Sephadex G-25' with tris buffer 
‘pH 7-3). The shaded bar represents "H eluted in fraction 16-150. 
Protein bound *H is found in fractions 5-11. Incubations without uterine 
protein gave no °H in fractions 5-11, 
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‘Table 1. BFFECTS OF SALTS (5-0 mM) ON THE BINDING OF 3H-ORSTRADIOL-1 TË 
TO A PROTEIN FRACTION FROM BOVINE UTERUS 


Cation Anion e.pm. bound % Change 
Nib 4,548 _ 
CH,COO> 14,118 210 
cl 7,910 74 
Ck 5,710 26 
chk 5,482 21 
soy” 5,472 20 
HPO,” 4,676 3 
Cr 4,660 2 
t 4,628 2 
CH,COO” 4,598 1 
E- 4,522 -1 
NO, 4,584 1 
MoO, * 4,458 -2 
80,” 4,698 3 
NOW 70 — 98 
NO,” 12 — 100 








affinity for *H-testosterone in vivo! and the grea 
content of Zn (ref. 5) and of carbonic anhydrase’. 

These results, obtained from different species, suggest 
that Zn is important in binding particular steroid hormones 
to their target tissues, Any part played by carbonic 
anhydrase in binding of the steroid in the uterus remains 
to be elucidated. The Zn associated with this enzyme. 
however, is only a small fraction of the total Zn content 
of this tissue’. 
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Occurrence of Hypotaurine and 
Inositol in the Reproductive Tract of 
the Ewe and its Regulation by 
Pregnenolone and Progesterone 


Tur Fallopian tube and uterus form. the biochemical 
environment in which fertilization and early embryonic 
development occur. In this study we compared the 
frec amino-acid content together with the inositol con- 
centration in the Fallopian tube and in the uterus of the 
ewe, both on the ovarian side and in the middle of the 
uterus. We used some female sexual organs of ewes 
during various stages of the oestrous eyele, The day of 
oestrus was established by means of a vas etomized ram 
twice daily. 

The tissues were treated with water in a Bühler homo- 
genizer, and then centrifuged. After deproteinization with 
aleohal, solutions were subjected to paper electrophoresis 
at pH 1-9, followed by chromatography in the solvent 
system butanol-acetic acid-water (4: 1:5). The papers 
used for determination of the amino-acids were spraved 
with ninhydrin solution followed by a copper-nitrate 
solution. The red spots were eluted with known amounts 
of methanol and were measured spectrophotometrically’. 

In the inositol determination, one paper was sprayed 
with benzidine-sodium metaperiodate reagent to est ablish 
the place of the inositol spot; the inositol was eluted from 
the second paper and was determined by gas ehromato- 
graphy*. 

The results are given in Figs. | and 2 and in Table 1. 
The oceurrence of hypotaurine in the Fallopian tube is 
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surprising. It was detecte d in the same way as earlier 
in boar semen? and in boar epididyims'. 

Table 1 shows that hypotaurine is exceptional among 
the amino-acids investigated: it is the only amino-acid 
present in the Fallopian tube, it is present im very sme 
quantities in the uterus, and it is also the only amuino-2ei¢ 
the concentration of which is influenced by the oestrous 
eyele, 

During the first and the last days of the eycle, just when 
the concentration of hypotaurine has its gree value, 
pregnenolone in the ovary is converted into progesterone, 
so that during these days the concentration of pregnenol- 
one is greater than that of progesterone (A. Ba in prepara- 
tion), When the concentration of progesterone creases 
to a level greater than that of pregnenolone, the coneen- 
tration of hypotaurine decreases. A similar influence of 
progesterone has been ob ed in the formation of 
hypotaurine in the epididymis of bisexual pigs iC. J. G. 
van der H. and W. Sybesma, in preparation). 

Ova enter the uterus until about 80 to 90 h after the 
onset of oestrus in the ewe. Passage of the ovum inte the 
Fallopian tube therefore coincides with a period of maxi- 
mum concentration of hypotaurine. Hypotaurine is 
probably formed from cysteine, and because hypotaurine 
has stronger reducing properties than cysteine, ib may 
serve as an anti-oxidant. On the chromatograms tannine 
was always present. 

Table T shows that the concentrations of the amino-acids 
are usually higher in the Fallopian tube than in the uterus, 
except that of cysteine. This supports our supposition 
that in the Fallopian tube cysteine may be parthy con- 
verted into hypotaurine. 

A striking feature is the strong resemblance between 
the amino-acid pattern on the chromatograms made with 
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Table 1. CONCENTRATIONS OF 


HYPOTAURINE, LEUCINE, ALANINE, GLYCINE 
TUBE AND IN THE UTERINE PAR 


T ADJACENT TO THE F. 





Day Hypotaurine Leucine 
eyele Tube Utd Ute Tube Ut. 1 
0 22 0 0 5 3 
0 15 0 0 a 5 
O-1 15 0:7 —— 5 3 

1 22 oo o 7 — 
3 17 _ m 7 _ 
4 8 n Os 3 — 
8 4 -= = 7 — 
H 4 0-8 OG 4 a 
11 1 07 Le 2 £ 
12 et 0 Pom 
13 O4 0 0 2 1 
15 6 0 ü 5 3 
15 8 1 ü 4 3 
16 8 D1 1 2 2 
16 17 i) sme : 2 
Average values 101 0°33 0-36 +l 2-6 


the Fallopian tube and that with normal ram seminal 
plasma. (The fluid obtained from the vasectomized ram days 16-0-1 of the eyele. 
used in our experiments did not contain hypotaurine and 


had only very small amounts of other amino-acids, so 
the amino-acid found by us 


that it was not responsible for 
in the Fallopian tube.) 


Ut 
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AND CYSTEINE (EXPRESSED AS MG 


PER 100 G WET TISSUE) IN THE FALLOPIAN 
ALLOPIAN TUBE (UT. 1) AND IN THE MIDDLE OF THE UTERUS 


8 (UT 2) AT VARIOUS STAGES OF THE CYCLE 
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uterus especially, the inositol concentration is small during 


We do not know whether the 
formation of inositol is hormone dependent, or whether 


a part of the inositol is converted during the early days of 
the cycle. We are conducting experiments now on the 


j influence of inositol both on spermatozoa and on the 
Fig. 2 shows that the concentration of inositol in the 


Fallopian tube is 
fe 


the infundibulum the inositol concentration was al 
greater than in other 


Fig. 2 show 


ways the glycogen found b 
parts of the reproductive tract. 


- s that the inositol concentration both in the 
Fallopian tube and in the uterus is greatest during days 


implantation of the embryo. Many investigatorst? have 
greater than in the uterus. We have found relatively considerable amounts of glycogen in the 
mand a similar phenomenon in the turkey and hen*; in 


uterus of several animal species, but the relation between 


y them and the inositol shown by us 
is not clear. 


We also rinsed out the Fallopian tube with water at 


2 day 12 and at day 0 of the cycle., The first solution con- 
8 to 15 of the oestrous cyele. In the middle part of the 
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Fig. 2, Inositol content (expressed as mg/100 g wet tissue) in the 
Fallopian tube (---), in the uterine part adjacent to the Fallopian 
tube (— — — ) and in the middle of the uterus (— > =- + —) of the ewe 

at various stages of the oestrous cycle. 





tained 0-6 ug hypotaurine and it gave a well marked 
spot of inositol on the chromatogram. The second 
solution, on the contrary, contained no detectable amount. 
of inositol and 24 ug of hypotaurine. These results agree 
with our findings about the amounts of the two compounds 
in the tissues. 
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Origin of Delayed Development of 
Drug Metabolism in the Newborn Rat 


In foetuses and newborn animals, the activity of the 
hepatic enzymes required to metabolize and conjugate 
drugs is low’-*, apparently because of a defect in enzyme 
synthesis’, and can be markedly compensated for by 
treating the newborn animals with various compounds-— 
rats with 3,4-benzpyrene* and rabbits or mice with pheno- 
barbitone’-*, for example. Administration of these drugs 
to pregnant animals also increased the activity of drug 
metabolizing enzymes in the maternal liver’, but in 
most cases™t®N exerted little effect on the foetal liver. 
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This indicates the complexities of induced drug metabol- 
ism during pregnancy. 

We used non-pregnant rats, weighing 200-300 g, and 
- pregnant rats of similar weight (14-20 days’ gestation 
time), obtained from High Oak Ranch, Richmond Hill, 
Ontario. Drug metabolism was stimulated by feeding 
4-methyleoumarin, 1 mmoles/kg in arachis oil, in seven 
daily doses!*; or 3-methyleholanthrene, 0-08 mmoles/kg 
‘jn oil, in an intraperitoneal dose at 18 h; or phenobarbi- 
tone, 0-2 mmoles/kg, in saline, in two intraperitoneal 
injections 24 and 42 h before the animals were killed’, 
Controls received the solvent only. Rats were killed under 
anaesthesia by bleeding through the vena cava, and en- 
zyme activity was determined in liver homogenates and 
microsomes'*, We applied the sleeping test!® and de- 
termined the activity of the following drug-metabolizing 
enzymes: 4-methylcoumarin-3-hydroxylase™* and uridine 
diphosphoglucuronic acid : o-aminophenol transglucuron- 
ylase's. 





Table 1, EFFECT OF PREGNANCY ON THE DURATION OF PENTOBARBITONE 
HYPNOSIS 
“Nembutal” ’ 4 
dose Rat First sign Complete 
(mg/kg) awakeness 
15 Non-pregnant (5) 1124117 18824127 
Pregnant (5) 137-04 19-1* 195-74 96+ 
30 Non-pregnant (5) W754 14 12-54 1:5 
Pregnant (7) 170-6+ 8-9* 256-44 10-8 f 


‘Nembutal’ (Abbott), diluted with physiological saline, was injected 
intraperitoneally. Results are given in minutes as means + S.E. The number 
of animals is in brackets. The values of non-pregnant and pregnant rats differ 
significantly. 

*pP<002; 7 P<001; $P<0-001, 


The rats fell asleep 3-6 min after the injection and the 
sleep was timed until the first sign of movement (blinking 
eyes, raising head or budging legs) and until the animals 
were completely awake and searched for food and water. 
There is a highly significant difference between non- 
pregnant and pregnant rats; pregnant animals sleep for a 
longer period, indicating a slower drug metabolizing 
activity during pregnancy (Table 1). 

A marked reduction in the activities of 4-methyl- 
coumarin-3-hydroxylase and uridine diphosphoglucurcnic 
acid : o-aminophenol transglucuronylase occurred in the 
liver of pregnant rats (Table 2). Similar results were 
obtained by assaying other oxidases using substrates 
such as hexobarbitone or butylated hydroxytoluene’ or 
the conjugation of p-nitrophenol: or bilirubin’? with 
glucuronic acid. The low activities can be raised to those 
of the non-pregnant animals, or even above, by giving 
various inducers in vivo, such as 4-methylcoumarin, 3- 
methyleholanthrene or phenobarbitone. These results 
indicate that the various factors required for the synthesis 
of drug metabolizing enzymes are present in the liver of 
the pregnant rats but probably inhibited. 

Part of a litter was weaned 3 weeks after birth; 1 week 
later the sleeping test was applied and 10 days later 


Table 2. 
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4-methyleoumarin-3-hydroxylase activity was determined 
in the liver of the weaned and non-weaned animals. The 
weaned rats had a shorter sleeping time and a higher 
level of 4-methyleoumarin-3-hydroxylase activity than 
the non-weaned (Table 3). Thus weaning accelerates the 
hepatic drug metabolism; this may be connected with 
a reduction of the maternal inhibitory effects. 





Table 3. EFFECT OF WEANING GN THE DURATION OF PENTOBARBITONE 
HYPNOSIS AND 4-METHYLCOUMARIN-3-HYDROXYLASE  ACTIVETY OF LIVER. 
MICROSOMES 


Sleeping time 4-Methylcoumarin- 





Rat First sign Complete a-hydroxylaae 
awakeness activity 
Weaned (6) BLO DA 129-8 £08 2824 
Non-weaned (5) 98-2 + 5-3" IEZA 123 + 


Sleeping time was assayed after the intrapetitonea injection of 10 nag/ ke 
‘Nembutal’ (Abbott) diluted with physiolog' cal saline and results are given 
in minutes: enzyme activity represents nmoles substrate metabolized i 
protein and given in units as meanst S.E, The number of animals f 
brackets. Values differ significantly from those of weaned animals. 


*p<001; t P< 0-001. 








Denef and de Moor” reported that administration of 
testosterone to rats in neonatal life could activate, or 
depress, at puberty, certain steroid metabolizing enzymes 
in the liver. and oestradiol treatment decreased drug 
metabolism in the liver of males’. Because there is an 
enormous increase in the production of female gonadal 
hormones during pregnancy, these substances are prob- 
ably responsible for the reversible reduction of the activity 
of drug metabolizing enzymes. Moreover, hecause large 
amounts of hormones are passing from the placenta to the 
foetus?! 2, it is possible that the elevated concentrations 
of female gonadal steroids cause the depression of the 
drug metabolism in the foetal and newborn liver. The 
toxic effect of progesterone in newborn mice” ja consistent 
with this idea. 

After delivery the level of the gonadal hormones in the 
mother, as well as in the newborn, gradually deer s 
and inhibition slowly diminishes. Weaning suddenly 
reduces the intake of female gonadal hormones by the 
newborn and simultaneously the mechanism of s nthesis 
becomes dominant, resulting in an increased activity of 
drug metabolizing enzymes in the liver. Although tran- 
sient stress effects cannot be entirely excluded, it is likely 
that this is only an immediate reaction and the overal 
synthesis is chiefly controlled by the gonadal hormones 
Pregnancy in rats is associated with an merease of cortito- 
sterone®!, although a much smaller increase than the rise 
of gonadal hormones. The administration of corticosterone 
increases the level of drag metabolizing ¢ 
Thus, if in pregnant rats the drug metabolism is con- 
trolled by adrenocortical hormones, the amount of drug 
metabolizing enzymes should be increased, rather than 
decreased as we have found. 

We thank the Clarke Institute of Psychiatry for labora- 
tory facilities during the early part of this work. A grant 





























4-METHYLCOUMARIN-3-HYDROXYLASE AND URIDINE DIPHOSPHOGLUCORONIC ACID | O-AMINOPHENOL TRANSGLUCURONYDASE ACTIVITIRS IN THE 


LIVER OF NON-PREGNANT AND PREGNANT RATS AND THE EFFECT OF in vipo TREATMENT BY 4-METHYLCOUMARBIN, 3-METHYLCHOLANTHRENE OR PHENOBARBITON E 


Treatment. 4-Methylcoumarin-3-hydrox vlase 
Non-pregnant Pregnant 
None 704032 (15) 


4-Methylcoumarin 
4-Methylcholanthrene 
Phenobarbitone 


400+ 0-178 (8) 
5234 





(4) 4-05 





4-Methylcoumarin-3-hydroxylase was assayed in an incubation medium (5-0 mil.) containing phosphate buffer, pH 7:4, 250 mmoles; 
; ydrogenaae, 2 ug (specific activity: approximately 140 units/mg): NADP, 039 zmoles; 

NAD*, 0-28 umoles: coumarin or 4-methyleoumarin, 8-5 amoles (dissolved in 0-1 ml, ethyl aleohol w/v} and 1 mi, liver homogen f 
microsomal fraction (ml/g liver) suspended in sucroso, 0-25 M; EDTA, 0-001 M; nicotinamide, COL M; phosphate buffer, pH 7 


75 pmoles: glucose 6-phosphate, 15 «moles; glucose 6-phosphate de! 


elsewhere™. 


O82 £0-15* (18) 
33940195 (7) 
£O-BLF (4) 
24320244 (4) 





Enzyme activity 
Uridine diphosphoglucuronie acid : oaminophenol 
tranaglucuronylase 

Non- pregnant 


MAD t0032 (8) 
O47 1 + 0-052 t (4) 
0-288 + O-019% (4) 
0-261 +0029 (5) 


Pregnant 


0-166 + DOOR" (8) 
HER 4+ O24 ¢ C4) 
0229 + POLAT (4) 
610920008 (5) 







nicotinamide . 





te (25 per cent, w/v 
4, GOL M, as described 


Uridine diphosphoglucuronic acid : o-aminophenol transglucuronylase was assayed in an incubation medium (25 ml.) containing phosphate buffer, 
pH 7-4, 30 wmoles: uridine diphosphoglucuronic acid, 0-2 zmoles, o-aminophenol, 0-0025 per cent, and ascorbic acid 0-001 M mixtare, OL ml; and 2-0 mi. 


liver homogenate (33 per cent, w/v) or microsomal fraction (0:67 ml/g liver) suspended in Krebs-Ringer bicarbonate solution. 


developed according to the method of Levvy and Storey's. 


Enzyme activities representing nmoles substrate transformed/h/mg protein and given in units as means è S.E. 


Values differ significantly from those of non-pregnant animals, 


The colour reaction was 


The number of animals is in brackets. 


* p<0-02 or, from those of non-treated, | P<0-05; 1 P<0-02; § P<0-001. 
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Effects of Aminooxyacetic Acid on 
Cochlear Potentials and the 
Preyer Reflex 


Aminooxyaceric acid (AQAA) protects against convul- 
sions induced by chemical agents'-*, electroshock! and 
sound’, ‘This activity has been associated with a sub- 
stantial increase in brain y-aminobutyrie acid (GABA) 
through an inhibition of GABA aminotransferase?. 
Studies with anaesthetized cats have shown that AOAA 
decreases the amplitude of the VIII nerve compound 
action potential (N,) elicited in response to clicks®. We 
have therefore examined the effects of AOAA on guinea- 
pigs, looking for any correlation between the decrease in 
N, and changes in the hearing of the awake animal. 
Classical N, recordings in response to open-field clicks 
were made using a silver electrode inserted into the scala 
tympani of guinea-pigs anaesthetized with pentobarbitone. 
The Preyer reflex‘, a reflex movement of guinea-pig 
pinna in response to sound, has been used as a measure of 
hearing’, Threshold was defined as the lowest dB value 
at which three movements of the pinna could be obtained 
in response to three consecutive tone bursts. This was 
determined by open-field presentation to ten paired 
guinea-pigs. For this purpose the output (1/s) of a beat- 
frequency oscillator was led to an electronic switch and an 
interval timer set for a 5 ms rise and decay time and a 
duration of 250 ms and then to an attenuator. From the 
attenuator the signal was led through a hand-switch to a 
power amplifier and then to a filter from which it was led 
to a speaker 3 inches from the animal. The sound pressure 
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level at the animal’s position was measured with a cali- 
brated microphone and a sound level meter. At 1 kHz 
and 1 V rms attenuated 40 dB the network was adjusted 
to produce a one dyne/em? meter reading. Thresholds 
were determined at 0-5, 1, 2, 4, 6 and 8 kHz. Before 
receiving treatment, saline or AOAA, each animal’s 
threshold was determined three times. The results were 
expressed as the change (in dB) from the mean of these 
three control determinations. 

_AOAA (minimally effective dose: 2-8 mg/kg, pH 7-4, 
given subcutaneously) decreased the amplitude of N, in 
anaesthetized guinea-pigs, thus extending the results 
obtained in cats. Fig. 1 illustrates the dB change in the 
Preyer reflex threshold for 8 kHz after AQAA (20 mg/kg, 
subcutaneously) and saline had been given. It is clear 
that saline caused no change whereas AOAA increased the 
reflex threshold for 180 min. Parallel results were obtained 
for all frequencies studied. 
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Fig. 1. Change in decibels of the Preyer reflex threshold at 8 kHy after 


aminooxyacetic acid, 20 mg/kg, given subcutaneously (solid curve) and 

saline, an equal volume/kg, given subcutaneously (dashed curve). 

Means and S.E. from five animals are given {an asterisk indicating 
data frora four animals), 


The Preyer reflex threshold is approximately 50-60 dB 
above the threshold for hearing and thus may not mirror 
changes in hearing at lower intensities (as cited in ref. 8). 
Another limitation is that we have not examined the action 
of AOAA at the other synapses of this polysynaptic 
reflex’. The decrease in N,, however, provides evidence 
that an effect on the auditory pathway strongly con- 
tributes to the changes in Preyer reflex threshold. 

These observations confirm results obtained with cats 
and suggest that behavioural results obtained with AOAA 
-antagonism of sound-induced convulsions‘ should be re- 
examined. Thiosemicarbazide, reported to act on GABA 
metabolism, and GABA itself seem to have no action on 
cochlear electrical activity®¢41, 

The cochlear effect of AOAA therefore does not seem to 
be related to its effect on GABA metabolism. Further- 
more, the time courses of the anticonvulsant and auditory 
effects of AOAA are parallel and not correlated with 
the increases in cerebral GABA produced. It thus seems 
possible that both the anticonvulsant and auditory effects 
of AOAA share a common mechanism which does not 
depend on alterations of concentrations of GABA. 
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Cortical-Cortical Pathways 
involved in Reinforcement 


To learn a simple pattern discrimination an organism 
must be able to integrate its response experience with 
reinforcement information. The importance of cortical 
pathways in this integration can be tested with people 
who have had midline section of the corpus callosum 
and anterior commissure in an effort to control the inter- 
hemispheric spread of seizures'. 

One woman was tested who had undergone surgery 
5 yr before this study was made. She had recovered 
quickly from the operation and now, to a casual ob- 
server, her behaviour appears entirely normal. She sat 
before a panel containing two small displays, each placed 
horizontally and equidistant from a fixation point. On 
the right display, the word “right” or “wrong” appeared. 
The left display contained two nixie (neon light) tubes, 
one above the other, and through either tube the signals 
(0) or (1) could be presented. Immediately to the left 
of each tube was a response button. 

Two stimulus conditions of short duration (100 ms) 
were presented to the woman in random order. Two 
vertically placed nixie tubes were briefly illuminated to 
display either (1) above and (0) below or (0) above and 
(1) below. By pushing either of the two response buttons 
the display on the right would immediately light up 
for an equally short period indicating whether the response 
was “right” or “wrong”. Pressing the button associated 
with the tube indicating (1) yielded a flash of the word 
“right” and conversely the button next to the tube 
indicating (0) produced the word “wrong”. The experi- 
menter could reverse this condition enabling (0) to be 
associated with “right” and (1) with “wrong”. 

The woman was told to place the left index finger 
midway between the two response buttons. Immediately 
after the nixie tubes were illuminated, the top or bottom 
button was pressed. Each trial began with the experi- 
menter asking the subject to fixate the point in the 
midline. In this condition, the display producing the 
answers or reinforcement fell into the visual field of the 
left hemisphere. At the same time the stimulus display 
in the left visual field was seen exclusively by the right 
hemisphere. A trial ended by telling the woman whether 
the response was “right” or wrong”. 

In the initial test the (1) against (0) discrimination was 
projected to the right hemisphere and the reward signal 
for response to the (1) was flashed to the left. After 
thirty-five trials the woman responded at only a chance 
level. 

A second condition was introduced in which she was 
asked to fixate a point to the left of the discrimination 
display. This allowed both the discrimination and the 
reward signal to be seen in the visual field of the left 
hemisphere. On the fourth trial she began a series of ten 
correct. responses. 

In a third test, she was again instructed to fixate the 
point midway between the displays, thus dividing the 
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reinforcement and discrimination information between 
the two hemispheres. The conditions were reversed so 
that a response to (0) was now correct. On this first 
trial, the woman was admonished by the experimenter 
for responding in error to 80 easy & problem. On the 
subsequent trials, she herself would. sigh and bemoan 
an error. In this condition, she began a series of ten 
correct responses on the fifth trial. After her series of 
correct responses, she was asked to report why she 
responded as she did. She said simply that she responded 
when the lights came on. When pressed to explain how 
she made her choices, she said she would hit the button 
next to the (1). In fact, she had been responding to the 
(0) signal. Two normal people were run in all of the fore- 
going tests. In both eases they learned all tests with ease 
in three or four trials. 

No learning was evident in the brain-bisected subject 
in the first condition in which the diseriminative cues 
(1 and 0) were presented to the right hemisphere and the 
reinforcement information was presented to the left 
hemisphere. This result raises questions on the part the 
subcortex plays in mediating reinforcement information. 
and emphasizes the need for cortical-cortical integration 
in the reinforcement process for this type of test. Clearly, 
the task was insoluble to a subject having no cortical 
connexions between the reinforcement information and 
the discriminative cues. Simply presenting the brain 
with a reinforcement following a correct response was 
not a sufficient condition for learnmeg. 

In the second condition, the woman learned the task 
quickly. With all the information entering the left 
hemisphere, the performance of the “split-brain’’ was 
comparable with a normal person’s performance in the 
first condition. 

In the third condition, the discriminative eues were 
available only to the right hemisphere but the reinforee- 
ment information was in effect presented to both hemi- 
spheres. This is caused by the existence of a cross cueing 
mechanism?, During the first few trials of the third 
condition, the woman through general bodily responses 
expressed her dissatisfaction at being incorrect. The 
utterances and somatie responses triggered by the left 
hemisphere are read off and interpreted by the right 
hemisphere as an error in its performance. In these 
conditions, the task was readily learned. aparing 
this result with the outcome in the first condition indi- 
cates that the right hemisphere is capable of learning 
the task if it is presented with both the discriminative 
stimulus information and the reinforeement information. 
While the right hemisphere has little or no ability for 
verbal expression‘, its ability to learn this task agrees 
with findings which indicate that the right hemisphere 
can recognize simple vocabulary and understand basic 
logical relations®:*. When the woman was asked to report 
what was learned in this third condition, it emerged 
from the incorrect verbal report of the left hemisphere 
that only the right hemisphere had learned the task. 

This work was aided by a US Public Health Service 
grant. 
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Presynaptic Depolarization of 

M » . 2 * * 
Corticofugal Fibres participating in a 
Feedback Loop between Trigeminal 
Brain Stem Nuclei and 
Sensorimotor Cortex 
Presynaptic depolarization of trigerninal afferent fibres 
evoked by stimulation of the cerebral cortex has been 
demonstrated in the trigeminal brain stem nuclei? and 
presumably represents a pathway for modification, of 
afferent input from the face and mouth. Anatomical 
studies? have indicated that corticofugal fibres project 
directly to these nuclei, and ultrastructural evidence’ 
of axoaxonal synapses in the trigeminal main sensory 
nucleus (MSN) suggests that there are reciprocal synaptic 
relationships between trigeminal afferent and cortico- 
fugal fibres. In the light of this knowledge we carried 
out a study designed to demonstrate presynaptic de- 
polarization of corticofugal fibres by trigeminal afferent 
fibre stimulation, While studying the orthodromie and 
antidromic responses of cortical cells in the free area of 
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Fig. 1. Effects of infraorbital nerve (TO) stimulation on the antidromic responses of a 


cortical cell activated from both the trigeminal main sensory nucleus (MSN) and nucleus 
Each curve was obtained by comparing, at various conditioning-test 
(C-E) intervals, ten of the cell's responses to antidromic stimulation in the presence of a 
conditioning IO stimulus with ten preceding and ten succeeding test (control) antidromic 
‘The change in excitability was a difference in the probability of occurrence of 
the antidromic response, expressed as a percentage of the control response probability. 
Near threshold antidromic test stimuli and supra-maximal conditioning 10 stimuli were 
used. The records above the curves show the antidromic spike response at a stimulation 
rate of 200/s (AN), dot pattern displays of antidromic responses at some of the C-'U i 
along with control (CON) antidromic responses, and the response of the cell to [Os 
tion (10). The dots aligned in a column above each arrowhead indicate ten repetitions of 
the stimulus, and the dots to the right of each stimulus column represent the antidromic 
spike responses (if present); each dot was an intensifying pulse ocewrring at the peak of a 
ic spike latency is longer than the CAUD 
ent shorter conduction path from cortex to 
two other cells antidromically activated from MSN and CAUD also had this 
The contralateral tactile receptive field of the cell is illustrated in the face 
figurine. The time calibration was 1-0 ma for all records except IO for which it was 4-0 ms. 
N responses and O4 mV for the TO response. 
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the sensorimotor cortex, we found a fast feedback pathway 


‘between trigeminal brain stem nuelei and the cerebral 
“cortex. 


Cats anaesthetized with 60 mg/kg of chloralose were 
paralysed with gallamine triethiodide and artificially 
ventilated. Blood pressure, expired pCO, and rectal 
temperature were continuously monitored. An infra- 
orbital nerve (LO) was stimulated (0-3-1-0 mA, 0-1 ms) 
to locate the maximum evoked response recorded by 
bipolar electrodes in the contralateral sensorimotor 
cortex and ipsilateral MSN and trigeminal nucleus 
caudalis (CAUD). The electrodes in MSN and CAUD 
were used thereafter for stimulation, and the ortho- 
dromic and antidromie activity of cortical cells in the 
previously mapped sensorimotor cortex was recorded, 
and the location of the cells was marked, with dye-filled 
micropipettes*. 

The principal eriterion for antidromic activation of 
cortical cells by MSN and CAUD stimulation (01-10 
mA, 0-1 ms) was consistent all-or-none responses following 
repetitive stimulation rates greater than 100/s. In addition, 
twenty cells which satisfied this criterion were tested at 

Å repetitive rates greater than 200/s and all 
responded consistently to each stimulus. 
Orthodromie responses typically failed to 
follow stimulation rates greater than 30/s. 
Furthermore, in those cells with an IO 















input. the “collision” technique* was also 
applied and confirmed the antidromic 
nature of the response. The excitatory 


facial receptive fields of the cells were 
determined by a fine brush or blunt probe. 
and recording and stimulating sites were 
verified histologically. The effect of IO 
conditioning on the antidromic response 
of cells was analysed as described in Fig. 1 
and was similar to that of Darian-Smith’. 

A direct axon projection to the trigeminal 
brain stem nuelei was identified in seventy- 
five cortical cells. Of the fifty-four cells 
tested to both MSN and CAUD stimulation. 
twenty-six were antidromically activated 
only from MSN, nineteen only from CAUD 
and nine from both nuclei. The other 
twenty-one antidromically activated cells 
were tested only to MSN stimulation. 
Two-thirds of all the cells had an anti- 
dromic latency less than 3-0 ms. An IO 
input was identified in thirty-two of the 
antidromically activated cells; twenty 
of these had a latency less than 12 ms with 
a distribution similar to the latency 
distribution to facial stimulation previously 
reported’ in somatosensory I area. 

Most antidromically activated cells were 
found in the lower lip of the coronal suleus 
in an area often buried beneath the coronal 
gyrus. This region is rostral to the somato- 
sensory I area of maximum evoked re- 
sponse to TO stimulation. Gordon and 
Miller’, using similar teachniques. identified 
forty-two cortical cells projecting to the 
dorsal column nuelei; most of these were 
found either rostral to the peak somato- 
sensory I area or buried deep in the coronal 
sulcus, 

Of cells antidromically activated from 
MSN, thirty-two of thirty-four tested 
with conditioning TO stimulation showed 
an increase in excitability from control 
levels, indicating presynaptic depolariza- 
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servals 
imula- 


tion of corticofugal terminals by TO 
afferents. The effect of IO conditioning 


was usually maximal at a conditioning- 
test (C-T) interval of 40 ms and often 
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evident at C-T intervals of 300 ms or more. On the other 
hand, fifteen of twenty cells projecting to CAUD exhibited. 
an increase in excitability which was usually 
(100 ms or less) than the effect in MSN. The typical effect 
of LO conditioning on the antidromic response of cortical 
cells projecting to MSN, CAUD or both is illustrated in 
Fig. 1. 

Single stimuli, applied to an electrode deep in the 
coronal sulcus where most of the antidromic cells were 
found, produced an increase in the amplitude of the IO 
compound action potential evoked by MSN stimulation 
but had little effect on that evoked from CAUD. The 
results indicate that cortical cells in this area are capable 
of producing presynaptic depolarization of trigeminal 
primary efferents. 

In conclusion, we have evidence that corticofugal 
fibres to the trigeminal brain stem nuclei, while producing 
presynaptic depolarization of trigeminal primary afferents. 
are themselves subject to presynaptic depolarization by 
trigeminal nerve stimulation. Moreover, there is a rapidly 
conducting feedback loop in which cortical cells receiving 
short lateney cutaneous facial input have axons project- 
ing direetly to the trigeminal brain stem nuclei. 
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Indoleacetaldehydes: 
Serotonin-like Effects on the 
Central Nervous System 


Seroronrn (SHT) and tryptamine are metabolized priv 
marily by monoamine oxidase (MAQ)! with the formation. 
of the corresponding aldehyde derivatives 5-hydroxy- 
indole-3-acetaldehyde (SHIAAId) and indoleacetaldehyde 
(IAAld). These aldehydes are unstable and reactive and 
are promptly oxidized to corresponding acids’, are firmly 
bound to acid-insoluble fractions of brain homogenates** 
or follow other metabolic routes? +, but they are not 
significantly reconverted to the corresponding amines’. 
Little attention has been paid to the possible pharma- 
cological activity of these aldehydes because they are 
inactive in smooth musele preparations*. We now wish, 
however, to present evidence that indoleacctaldehydes 
are biologically active and that to some extent their 
effects mimie the action of serotonin in visual evoked 
responses? and sleep induction®, two functions known to 
be affected selectively by serotonin probably because the 
corresponding pathways are normally modulated by the 
endogenous amine. Our SHIAAId was prepared enzymati- 
cally from SH'T® and its concentration determined by the 
2,4-dinitrophenylhydrazine method’. Its purity was 
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determined by a combination of ele 
and subsequent autoradiography*: 
detectable. 

Eleetrophysiclogical studies were conducted in une 
anaesthetized rabbits with chronically implanted epidural 
electrodes. The evoked response was elicited by a 10 ms 
red flash presented once every 2 s during a 2-3 h session, 
Optic cortex potentials were recorded monopolariy, 
Fifty evoked responses were added on a Computer of 
Average Transients (Mnemotron 400B; ana is time 500 
ms) and printed with an X-Y recorder every 2-3 mun. 
Drags were studied using each rabbit as its own control, 
5HT and SHIAAI were dissolved in 0-2 mi. of artificial 
cerebrospinal fluid (Nat 146 mequiv./l.; K+ 2-7 mequiv./L: 
Mgt* 27 mequiv./l.; Cat* 25 mequiv./L; Cbo 15% 
mequiv./l.; dextrose 3-5 mM; pH 72-74) and admini- 
stered through a cannula chronically implanted in the 
lateral ventricle ipsilateral to the site of recording, The 
location of the cannula was checked after the experiment. 

The evoked potential (Figs. 14 and 24) consists of an 
initial complex of fast positive peaks (FP) (which attains 
maximal positivity approximately 50-65 ms after the 
stimulus and is preceded by a 20-35 ms latency period) 
and a slow negative wave (SNW) followed by a slow 
positive wave. 

Figs. 1 and 2 show the effects of an intraventricular 
injection of SHT (0-16 urmoles) and SHTAAld (0-18 
umoles) respectively on the optic evoked potential. 
Immediately on injection 5HTAAId enhanced the SNW 
and the late FP were also enhanced. Five mimutes after 
injection (Fig 2B), the SNW was further enhanced 
(29 per cent) and the early FP were augmented (twelve 
out of twelve rabbits). 

Approximately 2 min after the injection of SHT (Fig. 
1B), there was also an increase (17 per cent) in the SNW 
amplitude (nine out of nine rabbits) which usually lasted 
less than 5 min (occasionally up to 10 min). Fig. 18 
also shows a slight enhancement of the late FP observed 











a 




















74 





0 100 200 800 400 500 
ms 


Vig. 2. Effect of 5-hydroxy-indole-3-aeetaldehyde (SHIA AIG) (6-19 

umoles) on the photic evoked response. The evoked potentials (dotted 

lines) were recorded while the rabbit Ni being alerted with air puffs on 
the muzzle. 


2-5 min after the injection which is similar to that im- 
duced by 5HIAAId. The combined enhancement of the 
late FP and SNW immediately after injecting 5HT has 
been reported previously’, 

Following their initial enhancement, the amplitude 
of the SNW and the late FP progressively reduced in 
all animals. This reduction lasted for at least 1 h after 
the administration of 5H'T or 5HIAAId (21 per cent and 
31 per cent reduction respectively at 60 min) and was 
accompanied by an increase in the variability of the 
evoked potential. During the first 15 min after the 
injections of SHT and 5HIAAId, the SNW rise and peak 
latencies did not show systematic change. Approxi- 
mately 1 h after drug administration, SHT prolonged the 
SNW peak latency (23 per cent) and shortened its rise 
latency (20 per cent) (Fig. 1E); by contrast, SHIAAId did 
not alter the SNW peak latency and prolonged the SNW 
rise latency (28 per cent). The effects of 5HT (Fig. 1) 
or of 5HTAAId (Fig. 28) did not resemble those of alerting 
stimuli (Fig. 24), catecholamines’? or cholinergic drugs" 
(CSF injections induced only minor changes on evoked 
potentials). Moreover, neither drug precluded the alter- 
ation of evoked potentials by arousal (Fig. 2D) tested 
30 to 90 min after drug administration. 

Pretreatment with the MAO inhibitor (MAOL) pargyline 
(100 mg/kg/intraperitoneal/48 h) reduced the late depres- 
sant effect of 5HT on the slow negative wave (7 per cent 
reduction at 60 min, not significantly different from 
control). 

Behavioural studies were conducted with 1 and 2 day- 
old male chicks, which have an immature blood-brain 
barrier that allows for easy penetration of various drugs 
into the central nervous system??, In newly hatched chicks, 
5 HIAAId (10 mg/kg/intraperitoneal), LAAld (5 mg/kg/ 
intraperitoneal), serotonin (6-15 mg/kg/intraperitoneal), 
tryptamine (5-10 mg/kg/intraperitoneal) and 5-hydroxy- 
tryptophan (5HTP) (30-200 mg/kg/intraperitoneal) in- 
duce a behavioural response consisting of eyelid closure, 
reduction of body movements and of changes of position 
and adoption of a horizontal head-down posture. Tactile 
stimuli induced an immediate arousal reaction followed 
by a prompt relapse into the stupor state. Equilibratory 
reflexes remained intact. Thus the observed central 
nervous system depression resembled true sleep. This 
behaviour is considered as a “lethargy complex”, and 
it has been previously observed with serotonin, tryptamine 
and other depressant amines, Pretreatment with 
the MAOI pargyline (100 mg/kg/intraperitoneal/24 h) 
partially reduced the degree of postural depression induced 
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by SHTP, 5HT and tryptamine sleep but did not counter- 
act [AAld sleep; MAOI reversal of SHTP sleep has been 
reported previously®. MAOIs prevent paradoxical sleep 
in cats, whereas slow sleep is increased’. 

Our experiments demonstrate that the indoleacetal- 
dehydes are biologically active agents, as potent and 
as rapidly acting on central nervous structures as the 
corresponding amines. They may affect the activity of 
central neurones (probably acting on receptors different 
from those activated by the amines because of structural 
differences) or they may exert their effects only indirectly 
by altering 5H'T or other biogenie amine systems. For 
example, some aldehydes have been shown to release 
catecholamines!*. Although the effects of 5HT and trypt- 
amine are for the most part direct, deaminated meta- 
bolites have been implicated in the increase in O, con- 
sumption’, radiation protection™, production of Parkin- 
son-like signs in rats!® and transition from slow wave to 
paradoxical sleep’. This view is compatible with our 
present experimental results. The aldehyde derivatives 
of BHT and tryptamine may participate in the modulation 
of sensory function and in the mechanisms of sleep. 

We thank Mr 8. Myles for technical assistance and 
Dr Toman for discussion of the manuscript. This investi- 
gation was supported by the US Public Health Service 
and by the State of THlinois, Department of Mental Health. 
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Content and Release of Amino-acids 
and Catecholamines in Monkey Brain 


Pusa pull cannulae! were stereotaxically implanted in 
the regions of the amygdala and putamen of five rhesus 
monkeys anaesthetized with halothene. Buffered solu- 
tions containing 10 gCi/ml. of U-M!C-p-ghicose (5 mCi/ 
mmole), 20 puCi/ml of 1-"C-y-hydroxybutyrie acid (5 
mCi/mmole) or 10 uCif/ml. of U-4C-1-tyrosine (62 mCi/ 
mmole) were perfused through the brain structures at a 
rate of 1:18 ml. per h. After discarding the perfusate 
collected during the first 30 min, 1 ml. of perfusate was 
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collected and prepared for analysis. Cerebral blocks of 
brain were cut out, rinsed with buffered solution and 
perfused structures were dissected out and frozen in 
liquid nitrogen. Perfusates and brain extracts were 
desalted and deproteinized using methods of ion exchange 
displacement?* and a modification of the pieric acid 
method? and were then subjected to automated amino- 
acid analysis. Eluate fractions from the analyser were 
collected for 1 min intervals and appropriate aliquots 
were assayed for radioactivity. Endogenous and labelled 
dopamine and norepinephrine were determined by 
previously described methods*~’. 


Table 1, CONTENTS AND SPECIFIC RADIOACTIVITIES OF AMING-ACTDS IN 
AMYGDALA AND PUTAMEN OF RHESUS MONKEYS 
Brain extract Perfusate 
Amino-acid Mole/g d.p.m, in dpm /mh 
{x 108) 16° moles colection fluid 
Monkey No, 2 
(perfusion of left amygdala with labelled ghicose) 
a- Alanine 14 2,364 195 
Aspartic acid 0-84 640 — 
GABA ' 2-06 1,165 170 
Glutamic acid 8-42 1,523 420 
Glutamine, serine + asparagine 3-50 693 0 
Giycine Laid —_ 0 


Monkey No, 6 
(perfusion of left amygdala with labelled HBA) 


a-Alanine 43 274 = 
Aspartic acid 1:25 — nd 

ABA 145 664 = 
Glutamic acid 8-45 84 0 
Ghutamine, serine + asparagine &18 941 ü 
Glycine so 0 _ 


Monkey No. 6 
(perfusion of right putamen with labelled y-HBA) 
0-70 440 
0-88 — 


a-Alanine 23 
Aspartic acid co 
GABA 1-10 —_ — 
9-48 153 0 

0 


Glutamic acid 
Glutamine, serine + asparagine 6-30 G85 
Glycine 0-96 — 


The specific radioactivities were calculated assuming that the total area 
perfused was excised and was constant in each case, and that each sample was 
equivalent in weight. Abbreviations: 0, less than 0-2 x 10-* mole of amino- 
acid or less than 20 d.p.m.; -~, not determined usually because of overlap 
with other peaks of radioactivity. The very high value for a-alanine content 
in monkey No. 2 is presumed to be caused by relative hypoxia in the area 
which was perfused. The values for the combined peak of gintamine, serine- 
plus-asparagine were calculated using the constants which were determined 
for serine only. 


Table 1 shows that with labelled glucose as precursor, 
glutamic acid, GABA and «-alanine acquired consid- 
erable radioactivity and that these compounds were 
released in labelled form into the perfusion fluid. Though 
the studies with labelled y-hydroxybutyric acid also gave 
evidence of labelling of GABA and glutamic acid, the 
large combined peak of glutamine, serine-plus-asparagine 
contained most of the radioactivity of extracts; the 
perfusates of these areas contained radioactive amino- 
acids in amounts comparable with those found with 
glucose, but the emergence of several large peaks of 
radioactivity (ninhydrin negative metabolites of y- 
hydroxybutyric acid) during the collection of the first 
30-40 ml. of effluent volume precluded determination of 
radioactivity under most peaks. 


Table 2. NEWLY SYNTHESIZED CATECHOLS AND CATECHOLAMINES IN 
AMYGDALA AND PUTAMEN OF RHESUS MONKEYS; INDIVIDUAL VALVES 


Total d.p.m. in the region excised 


Substance Left amygdala Right putamen 
formed. Monkey Monkey Monkey E Monkey 
No. T No. 8 No. 7 No. 8 
Total radioactivity 309,722 456,304 1,681,713 304,604 
Catechols 3,268 9,073 388,585 41,951 
Dopamine 1,700 1,248 267,639 27,755 
Norepinephrine 348 402 747 444 


Table 2 shows the results obtained in structures of 
monkey brain perfused with labelled tyrosine. The puta- 
men has a considerably greater capacity for the synthesis 
of total catechols and dopamine than the amygdala of 
monkeys, while there seems to be no difference between 
the capacity of these areas to synthesize norepinephrine. 
The total dopamine and norepinephrine contents of these 
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areas in three other monkeys were found to be 64-5 + 78 
and 1-6+0-2 x 10-* moles, respectively, for the putamen 
and 37+1-1 and 1440-1 10° moles, respectively, for 
the amygdala (S.H., five determinations). Appareatly 
very efficient uptake mechanisms exist for these cate- 
cholamines because none of the newly formed amines 
could be collected in the perfusates. The possibility 
exists, however, that the labelled amines may have 
been metabolized before their exit into the perfusion 
fluid. 

In light of these results, it now seems possible to 
monitor the release of newly formed pools of pharma- 
cologically active amino-acids from various structures 
of the brains of chronically implanted monkeys while 
these animals are awake and being exposed to different 
situations which might modify their behaviour. 
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N-Pheny! Indoline Derivatives— 
a New Class of Antidepressant Agents 


Tue discovery in 1957 of the therapeutic effect of inipra- 
mine in endogenous depression’ stimulated a search for 
other substances with similar properties, and several 
drugs which are structurally closely related to imipramine, 
known collectively as the tricyclic antidepressants, have 
become available?. The spectrum of antidepressant #ffects 
of these drugs is fairly uniform, although some possess 
tranquillizing activity, which is useful for treating patients 
whose depression is complicated by agitation. But these 
substances have side effects which stem partly from anti- 
cholinergic and antihistaminic properties*. In the past 
5 yr attempts have been made to depart from the troyelic 
structures, and antidepressant activity has been claimed. 
for iprindole®, IN 1060 (ref. 7), thiazesim® and other 
compounds, but it is too early to assess their place in the 
therapy of depression. 

Here we report attempts to develop an antidepressant 
drug of novel structure which might display new pharma- 
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cological and clinical features. Medicinal chemical con- 
siderations led to the development of a series of amino- 
alkyl-substituted N-phenyl indolines and 2-indolinones. 
The pharmacological activity of these substances suggested 
possible antidepressant properties. Two compounds of 
outstanding interest, Pfizer UK 3540 and Pfizer UK 
3557, were selected for extensive investigation. Full 
details of st ructure—activity relationships will be described 
elsewhere. 

They were synthesized by treatment of 3-methyl-1- 
pheny]-2-indolinone® with 3-(N-benzy] -N-methylamino). 
propyl chloride in the presence of sodamide, Hydrogeno- 
lysis of the product gave UK 3540, and this was converted 
to UK 3557 by reduction with diborane. 

Both compounds prolonged and potentiated the pressor 
effect of adrenaline and noradrenaline in cats anaesthetized 
with chloralose and caused a marked inerease in the 
contractions of the nictitating membrane evoked by 
electrical stimulation of the preganglionic cervical sym- 
pathetic nerve. They were potent antagonists of the 
hypothermia induced in mice either by intracerebral 
injection of noradrenaline or by subcutaneous injection 
of reserpine. They also antagonized in rats the sedation 
induced by intraperitoneal injection of tetrabenazine. 
Oral administration (1 mg/kg) to conscious dogs had no 
effect. on blood pressure or heart rate per se, but the magni- 
tude and duration of pressor responses to noradrenaline 
were potentiated, while the pressor responses to tyramine 
were abolished. They inhibited in vitro and in vive 
the uptake of tritiated noradrenaline in rat brain and 
heart. Neither compound showed any evidence of mono- 
amine oxidase inhibition either in vitro, using homogen- 
ized livers from animals pretreated with UK 3540 or 
UK 3557, or in vivo, as judged by failure to induce fore- 
limb convulsions after intravenous administration of 
tryptamine in predosed rats. 

These properties of UK 3540 and UK 3557 are shown to 
varying extents by the tricyclic antidepressants. The two 
new compounds do not, however, possess the antihist- 
aminic and anticholinergie activities of imipramine and 
its congeners, as judged by pA, values measured in isolated 
guinea-pig ileum preparations; it is these two properties 
of substances of the tricyclic group which are thought to 
contribute to their clinical side effects’. Preliminary 
results of clinical evaluations of UK 3540 and UK 3557 
are encouraging. 

We thank Mr D. Mills for technical assistance, and 
Dr M. J. Davey and his colleagues of the Pharmacodyna- 
mies Research Department. of Pfizer Limited for the 
biological results. 
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Enlargement of Spinal Cord Synapses 
after Repetitive Stimulation of a 
Single Posterior Root 


ALTHOUGH it has frequent! y been suggested that repetitive 
stimulation may result in a structural change which would 
increase the “efficiency” of the synapse!#, there is little 
histological evidence for this, even though Cragg? has 
demonstrated synaptic changes in the visual cortex of 
the rat after exposure to light. Whether or not sensory 
stimuli can bring about a structural change in the central 
nervous system (CNS) raises a particular problem of 
synaptic plasticity which is interesting with regard to 
post-tetanic potentiation, CNS connectivity, learned 
behaviour and regeneration in the CNS. 

I report here the appearance of structures in the spinal 
cord after repetitive afferent stimulation compared with 
the normal condition and with the giant synapses usually 
found in Clarke's column. 

Adult cats were anaesthetized with intraperitoneal 
‘Nembutal’. A catheter in the left ventricle was con- 
nected by a two way tap to normal saline and fixation 
materialt, The left fifth lumbar root was exposed by 
enlarging the root foramen without disturbing the spmal 
cord or the dura mater, cardiac pacemaker electrodes 
were placed around the posterior root, and the root was 
stimulated with a 1 ms pulse, 300/s, 25 V. Stimulation 
continued for 65 min and then perfusion fluid was run in 
during stimulation (two cats), 5 min after stimulation had 
stopped (two cats), and 90 min after stimulation (two 
cats). In a control experiment I repeated this procedure 
without stimulation and left the operation site exposed 
for more than an hour before perfusion. After perfusion, 
spinal segments of the stimulated root and (7 segment 
(as a control) were prepared and stained by the method of 
Armstrong and Stephens, Sections were cut 8 microns 
thick, Boutons were measured from photographs 
(x 1,000) taken at the same time as a pieture of a sub- 
stage micrometer. Boutons in contact with both cell 
body and dendrite were measured along their longest 
axis. For comparison with Clarke's column boutons, two 
adult cats were killed and L4 segments were prepared as 
described. 

After stimulation of a single posterior root (L5) for 
65 min, changes were seen in the areas where mono. 
synaptic fibres are known to terminate, The distri- 
bution of these changes was the same in all cats and was 
much more marked on the ipsilateral side. No abnormal 
changes were seen in sections taken from the cervieal cord 
in the stimulated animals and no changes were seen in 
the control animal with the site of the operation exposed 
for Lh. The density of changes after stimulation was very 
much less than the density of monosynaptie endings in 
these areas. In the seetions studied there was no disrup- 
tion of the bouton mosaic characteristic of the normal 
situation, and in particular none of the early changes of 
degeneration!® were seen, The abnormal boutons were 
larger than normal (Table 1) and were mostly oval or 
spherical with a smooth outline and, like the normal, an, 
internal structure could be diseerned even by light miero- 
scopy. These larger boutons were usually darker staining 
than normal, and the internal structure, as far as could be 
made out using the light microscope, was made up of 
several dark-staining particles the size of the (presumed) 
mitochondria seen in the normal boutons and several 
much smaller particles at the limit of resolution. 





Table 1 
Post-stimulation 
(measurements 


Normal animal from mid-zone and Clarke's 





Size-groups anterior horn) f colunn 
{mierons) Per 
No. Percent No. Per cent No. cent 
(n= 6) (n= 6) Oe oy 
<2 7,098 P>QO01 325 6 
2-4-8 95 P>0-001 114 2 
More than 4-8 7 P>aool 6l 
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Two types of terminal are seen on normal Clarke's 
column cells. Boutons, of similar size and morphology 
to those described in the anterior horn", are arranged in 
a mosaic in the same way as on the normal anterior horn 
cell, though the mosaic is nothing like so obvious in 
Clarke’s column cells. Among these are several large 
boutons about 8-12x4 microns, with a spherical or 
elongated oval form and a smooth contour. There are 
deeply staining particles of about 0-5-1 micron diameter 
within the terminal, and less defined particles at the limit 
of resolution of the optical microscope. 

These results are presented against a background of the 
synaptology in the normal and experimental animalt 19-17. 
After repetitive stimulation, the synaptic zone does 
not have its normal appearance, but the changes are 
not those of autolysis, denervation, poisoning or disturbed 
blood supply. The principal difference is that in the 
stimulated animals the normal bouton mosaic is preserved 
and the abnormally large boutons stand out against this 
background. Furthermore, the appearances after repeti- 
tive stimulation are similar to those in the normal Clarke’s 
column. I conclude that the changes described are 
produced by repetitive stimulation of afferent fibres. 

In the synaptic zones of Clarke’s column there is 
normally a system by which synaptic transmission is 
much more readily accomplished than at the anterior 
horn cells!§. The outstanding anatomical feature of this 
system is the giant synapse. In the stimulation experi- 
ments some synapses in the areas of the cord known to be 
the site of monosvnaptic afferent nerve endings are larger 
than normal and look similar to the giant synapses 
normally found in Clarke’s column. I suggest that the 
enlarged synapses seen after repetitive stimulation could 
be responsible for post-tetanic potentiation. Although the 
phenomena of memory must be explained in terms of 
temporal and spatial patterns of neural discharges, the 
demonstration of synaptic changes with stimulation shows 
a mechanism by which changes in the external environ- 
ment might produce fixed changes in the CNS. 

In the experiments described here, relatively few of the 
boutons appeared enlarged, far fewer than the changes 
seen after a posterior root had been sectioned. In other 
words, only a proportion of monosynaptic terminals 
enlarge after repetitive stimulation. Why this should be 
so is a matter for speculation. Any sensory event arriving 
in the CNS must be superimposed on existing activity and 
it may be that the answer lies in the interaction of sensory 
and central “non-sensory™ activity. 

Part of this work was financed by a grant from the 
National Fund for Research into Crippling Diseases. 
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Histological Differences between 
Ventromedial Hypothalamic Neurones 
of Well Fed and Underfed Rats 


ELECTROPHYSIOLOGICAL recording in the ventromedial 
hypothalamus has shown that feeding or administeri 
glucose to hungry animals causes an increase in the ac 
of the cells concerned, whereas lateral hypothalamic 
activity tends to be lowered'-*. These reactions are con- 
sistent with the apparent role of the ventromedial hypo- 
thalamus in limiting the intake of food and the lateral 
hypothalamus in stimulating it*. Histological ob i 
of other parts of the nervous system have shown that 
increased functional activity of nerve cells can be followed 
by increases in the size of the nucleoli, and decreased 
activity by decreases in the size of these organelles’. 
Results reported here show that nucleoli in ventromedial 
hypothalamic neurones are larger in well fed than in 
hungry rats. 

Fourteen adult male albino rats were separated into 
pairs matched on the basis of body weight. The heaviest 
pair weighed 310 g each, and the lightest pair 220 g each. 
"All were housed in individual cages in a quiet, temperature- 
controlled room with a 12; 12 light-dark cycle. One rat 
in each pair was “well fed”, being supplied freely with lab 
chow, lettuce, milk chocolate, oranges and Swiss cheese, 
The other rat in each pair was “underfed”’, receiv ing only 
2.4 g of lab chow daily. Water was supplied freely to all 
rats. Treatments were continued for 7 days, and on the 
last day the underfed rats received no food. Body weights 
of well fed rats increased by about 15 per cent during the 
7 days. while underfed rats became about 20 per cent 
lighter. 

At the end of the lights-off phase of the seventh day. all 
rats were given an overdose of ‘Nembutal’ and killed by 
cardiac perfusion with 10 per cent neutral formalin. 
After fixation brains were weighed, measured, embedded in 
paraffin, sectioned at 6 microns and stained in cresyl violet. 
A microscope with a filar micrometer 6} apiece was used to 
measure nucleolar diameters along two axes. Measure- 
ments of average diameter were converted to volume 
using the formula V = 4rd*. Seventy-five neurones were 
sampled from each region in each brain. Measurements 
were made “blind” on coded slides. Histological and 
sampling procedures were the same for all brains. The 
statistical reliability of differences between averages for 
the well fed and underfed groups was determined using the 
t test. 

Nucleoli in ventromedial hypothalamic neurones in the 
brains of well fed rats were significantly larger than in the 
underfed animals (Table 1). There were no such reliable 
differences in lateral hypothalarnic measurements (either 
in the perifornical or in the far-lateral region), in cerebral 
cortex pyramidal neurones or in overall brain weight or 
volume. 


















Table 1. COMPARISON OF BRAINS OF WELL FED ANT CUNDERPRD RATS 


Well fed Undertiod P 
Neuronal nucleolar volume (mieron? 
x 100) 
Ventromedial hypothalamus 758 2 19 O37 kT < Mo 
Lateral hypothalamus TOT PAT 606 + 10 NS 
Cerebral cortex (pyramidal cells) 76T 4 16 758 448 Ne 


Brain weight (g) 
Brain volume (mL) 


All results given as mean tS. E.M. 
underfed rate, NS, Not significant, 


2-28 + 0-06 2-86 + O07 NS 
216 0-04 2:47 4 0-08 NS 


There were seven well fed and seven 





Oomura et al.” have reported that spike discharge rates 
in ventromedial and lateral hypothalamic neurones tend 
to be inversely related. To study this relationship with 
histological methods, the ratio of average ventromedial 
to average lateral hypothalamic nucleolar volume was 
computed for each rat. Six of the seven brains from well 
fed animals had ratios greater than 1-0, and six of the 
seven from underfed animals had ratios less than 1-0. 
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Thus histological measurements reveal differences in 
the size of neuronal nucleoli in the ventromedial hypo- 
thalamus according to food intake, and these parallel 
electrophysiological differences. These positive results 
suggest that certain brain structures are likely to differ 
histologically in different experimental groups. These 
differences should be seen when careful matching between 
experimental and control samples is possible and when 
the experimental treatment is chronically applied. A 
possible use of this method is in the study of neonatal 
hormone effects on the brain’. The neurohistological 
approach has the advantage of rendering the entire brain 
of each animal available for sampling, even though spatial 
resolution remains high. 

This work was supported by grants from the US 
National Science Foundation and National Institutes 
of Health, US Publie Health Service. 
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Defective Bactericidal Activity in 
Myeloperoxidase-deficient Human 
Neutrophils 


Normar human polymorphonuclear neutrophilic leuco- 
cytes (PMN) contain an abundance of myeloperoxidase, a 
lysosomal enzyme estimated to constitute between 2 and 
5 per cent of the dry weight of the leucoeytest:!, Although 





@ 


Fig. 1. Peripheral blood leucocytes stained for myeloperoxidase. 


(a) Monocyte (Heft) and neutrophil from normal subject. 
and myeloperoxidase-deficient granulocyte (top) from patient. 
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the enzyme has been purified and characterized, its contri- 
bution to the cellular economy has not been clearly 
defined. Recent investigations have suggested it partici- 
pates in bactericidal processes*-4, 

We have studied a 48 year old man with disseminated 
candidiasis, whose neutrophils and monocytes (but not 
eosinophils) completely lacked histochemically detectable 
myeloperoxidase’ (Fig. 1). The patient’s neutrophils 
were otherwise morphologically normal, and they phago- 
eytosed polystyrene particles*, Candida albicans? and 
selected species of bacteria at the normal rate and extent. 
Formation of vacuoles and degranulation occurred norm- 
ally after ingestion of particles, as assessed by phase 
contrast and electron microscopy. 

Determinations of the activity of several PMN granule 
enzymes*, including lysozyme, ribonuclease, cathepsin 
and b-amino-acid oxidase®, were within the normal range. 
The only detectable biochemical abnormaljt y of the 
patient’s leucocytes was decreased peroxidase activity. 
The peroxidase activity of homogenates of leucocytes 
from eight normal subjects, expressed as units of ortho- 
anisidine per mg of protein, was 2-444 063. The 
peroxidase activity of homogenates of the patient’s 
leucocytes was <01 unit/mg protein and that of homo- 
genates of leucocytes from his four children was 0-54, 
0-66, 0-75 and 0-94 units/mg protein, respectively, Neutro- 
phils and monocytes from one of the patient's two sisters 
lacked histochemically detectable peroxidase activity. 
These data are consistent with an autosomal recessive 
mode of genetic transmission of leucocyte myeloperoxidase 
deficiency. Heritable myeloperoxidase deficiency has 
been recognized previously in only three persons, two of 
whom were also brother and sister!!12, 

We used the method of Hirsch and Strauss! to determ. 
ine the bactericidal ability of our patient's myeloperoxi- 
dase-deficient neutrophils. Leucoeytes from the patient 
and from normal controls were isolated as described 
previously’. The incubation mixtures contained 8 per 
cent normal serum, 5x 106 PMN, and bacteria ina final 
volume of 1 ml. Either low ratios (from 0-05 to O-] 
bacterium/PMN) or high ratios (from 1 to 5 bacteria/PMN) 
were used. The mixtures were incubated at 37° C with 
constant rotation and, at intervals, six to eight replicate 
samples were taken, diluted and plated. Colony counts. 
at a given time were expressed as the pereentage reduction 
of the initial colony count. 








b 


(b) Eosinophil 
(x 720.) 
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Pig. 2. Killing of Serratia marcescens and Staphylococeus aureus mra by norinal (0-0) and myeloperoxidase-deticient (QO) human 
leucocytes. 


In the experiments with low ratios of bacteria, both 
Serratia marcescens and Staphylococcus aureus 502A were 
killed at an abnormally slow rate by the myeloperoxidase- 
deficient cells (Fig. 2). The percentage of reduction of the 
initial colony count after 3 to 4 h was approximately 
the same as that for normal PMN after 30 to 45 min. 
Similar data (Table 1) were obtained both when the ratio 
of bacteria to PMN was high and when Escherichia coli 
and Streptococcus faecalis were used as the test bacteria. 


Table 1. BACTERICIDAL 
(MPO) DEFICIENT 


ACTIVITY OF NORMAL AND MYELOPEROXIDASE 
NECTROPHILS (PMN) WITH HIGH BACTERIA : PMN RATIO 


Per cent colony count reduction* 


Bacteria Normal MPO-deficient P 
PMN PMN 
Serratia marcescens 96-4 + 1-0 (9) 70-04 2-7 (3) <O 001 
Staphylococeus aureus 302A O17 £4-9 (5) 59-9 + 4-1 (3) < OL 


Escherichia coli 


e27e17 CQ) 6814540) 
Streptococcus faecalis 


98:8 +04 (1) 9b24+2-101) 


* Mean percentage reduction of initial colony counts + standard error of 
the mean (after 45 min incubation); numbers in parentheses are the numbers 
of Individual determinations, 


The chief question raised here is whether the partial 
bactericidal defect displayed by our patient’s neutrophils 
is attributable solely to their lack of myeloperoxidase. 
Attempts to restore the myeloperoxidase content of the 
patient’s PMN by incubating the isolated cells with 
purified myeloperoxidase were unsuccessful; therefore 
tests to determine whether bactericidal activity could be 
restored by enzyme repletion could not be made. On the 
basis of the normal morphology of the cells, their content 
of lysosomal acid hydrolases and the granule-associated 
oxidative enzyme ‘pD-amino-acid oxidase, however, it 
appears likely that the patient’s neutrophils lack only a 
specific granule enzyme, myeloperoxidase, not a whole 
class of leucocyte granules. 

Several lines of evidence suggest that myeloperoxidase 
and its oxidant substrate, hydrogen peroxide, participate 
in the microbicidal processes of phagocytic neutrophils. 
The neutrophil's consumption of oxygen is greatly m- 
ereased during phagocytosis, a process apparently linked 
to generation of hydrogen peroxide, Anaerobie condi- 
tions do not inhibit phagocytic activity, but they do 
inhibit the bactericidal’ and candidacidal activity? of 
normal neutrophils. Cyanide, an inhibitor of myelo- 
peroxidase, diminishes the ability of intact normal neutro- 
phils to kill ingested C. albicans’. Finally, although it 
lacks direct microbicidal activity, myeloperoxidase can 
impart bactericidal’ and fungicidal? activity to sub- 
lethal concentrations of hydrogen peroxide in the presence 
of a halide. 

A patient with the rarely recognized disorder of heredi- 
tary myeloperoxidase deficiency affords a unique oppor- 
tunity to evaluate the contribution of myeloperoxidase 
to various leucocyte functions. We have previously 
reported the inability of myeloperoxidase-deficient human 
neutrophils to kill ingested Candida species’. In the 
present experiments, myeloperoxidase-deficient neutro- 


phils displayed normal phagocytic activity, yet killed 
ingested bacteria at a subnormal rate. This finding 
constitutes evidence that myeloperoxidase contributes 
to the bactericidal processes of the normal human neutro- 
phil. Tt also indicates the presence of potent alternative 
mechanisms that are potentially independent of any 
myeloperoxidase requirement. 
This investigation was supported by the US Publie 
Health Service and by Cancer Research funds of the 
University of California. 
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Inactivation of Enzymes by 
Therapeutic Concentrations of 
Aspirin and Salicylate 


Ovx recent report on the rapid inactivation of enzymes 
by high concentrations of salicylate and acetylealieylatet 
has received much attention. This report implicated 
salicylates in the phenomena of chemotrophic regulation”. 
We now investigate whether similar effects occur with 
therapeutic concentrations of salicylates. 

Exposure to salicylates and their derivatives does occur 
in clinical conditions for extended periods although at 
concentrations well below those used in our previous 
experiments', A discussion of therapeutic levels of 
salicylates is given by Smith and Smith*. Plasma salicylate 
concentrations of 2:5 to 3-6 mmolar may be sought in the 
treatment of acute rheumatic fever! and concentrations of 
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l to 2-5 mmolar are often used in the treatment of rheuama- 
toid arthritis’. In both instances, salicylate administration 
is of prolonged duration, that is, over many months in 
active rheumatoid arthritis. Salicylate is rapidly distri- 
buted throughout the extracellular fluid of the body, 
and must easily penetrate cell membranes, for it is found 
at concentrations approximately half those found in the 
extracellular fluids of many tissues; for example, liver, 
renal cortex, heart and lung‘, 


Table 1, EFFECT OF SODIUM SALICYLATE AND SODIUM ACBTYLSALICYLATE 


ON PRIOSEPHOSPHATE DEHYDROGENASE 


Temperature uMoles added Per cent remaining activity at 


Aspirin Salicylate 2h +h 2th 
40°C 0 0 100 100 100 
2 i) H4 38 65 
5 0 87 To 60 
9 2 5 RN 
0 5 93 38 
Are Q 0 100 100 
2 0 SS 88 
5 0 79 79 
0 2 te) Bb 
0 5 79 76 





The incubation mixture contained in 1 ml.: 100 moles tris Cl buffer, 
PH 7:35 (the pH remained constant during incubation); 1 mg of enzyme, 
and the additions indicated here. Incubations in this and in Table ere 
conducted in capped sterile tubes and there was no evidence of bacterial 
growth as checked by microscopic examination. Filtering solutions through 
‘Millipore’ filters was unnecessary: the use of fresh solutions and elementary 
precautions such as use of sterile tubes proved sufficient, In practice several 
millilitres of the crystalline enzyme was centrifuged at 10,000g for 10 min 
and the precipitate taken up in water and recentrifuged. 

The amount of enzyme is 40 1/ml. At the times indicated, 5 al. aliquots 
were withdrawn from the Incubation mixture and assayed. The absorbance 
values show a mean value of 0-24 OD change per minute at 340 mmicrons for 
the zero time samples. In this experiment and in the one in Table 2 the 
a y at zero time was unchanged by the concentrations of aspirin or 
salicylate used. Activity was measured as described by Krebs, 












As shown in Table 1, there is increased lability of triose- 
phosphate dehydrogenase to salicylates at concentrations 
similar to those used in the clinice, and in as short a time 
as a few hours. Indeed, by 24 h the inactivation is very 
extensive. Increasing temperature results in increased 
lability of triosephosphate dehydrogenase. In order to 
minimize the length of incubation, and because salicylate is 
often used in febrile conditions, the examples presented 
refer to experiments conducted at 40°C (resembling a 
moderate fever) and at 42 {an extreme temperature, 
but one which is encountered in humans). 

As indicated, exposure to salicylate in the 2-3 mmolar 
range in rheumatoid arthritis may go on for weeks, 
months or years; it appears then that the inactivation of 
musele triosephosphate dehydrogenase by salicylates may 
oecur often in clinical conditions. 












Table 2. EFFECT OF SODIUM SALICYLATE AND OF SODIUM ACETYLSALICYLATE 


ON GLUTAMIC DEHYDROGENASE 


‘Temperature uMoles added 


Aspirin Salicylate oh 

40° © 0 0) 100 
5 0 100 

10 0 100 

0 a 100 

0 10 100 

42° © 0 0 100 
5 0 92 

10 0 &3 

0 5 100 

0 10 R3 





The ineubation mixture contained in 1 mh: 100 umoles KPO, buffer, 
pH 6-8 (the pH remained constant during incubation): 05 mg of enzyme, 
and the additions indicated here. The amount of enzyme corresponds to 
PS re. At the times indicated, 10 al. aliquots were withdrawn from the 
incubation mixtures and assayed. The absorbance values showed a mean 
value of 0060 OD change at 340 mmicrons for the zero time samples, Activity 
Was measured as described by Strecker. 


In confirmation of our previous experiments at higher 
levels}, it is of interest that, as shown in Table 2, these 
concentrations of salicylate are much less deleterious for 
glutamic dehydrogenase than for triosephosphate de- 
hydrogenase. Taking into consideration the much more 
rapid turnover of liver protein than musele protein’, 
triosephosphate dehydrogenase may “turnover” via 
chermotrophic effects as fast as glutamic dehydrogenase. 

Ti will be interesting to find out if the turnover of 
triosephosphate dehydrogenase! is affected by salicylate. 
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It will be exceedingly important to determine if the 
products of triosephosphate dehydrogenase degradation 
or other enzymes affected by salicylates are the result. of 
or result in analgesic properties of salicylates. 

The effects indicated in the tables are very reproducible, 
although the velocity of inactivation may somewhat 
depend on the preparation used. For example, while the 
data given in Table 1 have been obtained and reproduced 
some six times with less than a 5 per cent change with a 
preparation of triosephosphate dehydrogenase from 
Boehringer Mannheim Corporation, triosephosphate de- 
hydrogenase crystallized in this laboratory by Dr Archie 
Murdock is about 20 per cent more stable than the 
Boehringer preparation to salicylates. 

The stability of triosephosphate dehydrogenase is known 
to depend greatly on the way it is prepared, particularly 
on the presence of ethylenediamine tetraacetate, and on 
length of storage of enzyme. Nevertheless, because 
specific activities of the preparations used were as high as 
the best reported in the literature, the small differences in 
stability were not due to possible non-enzymatie protein 
contamination but to age and/or ethylenediamine tetra- 
acetate present in the preparations. In general, in the 
range of 30°C to 42° C, inactivation experiments with 
salicylate gave reproducible results. For example, the 
data of Table 1 when compared with those of five other 
experiments and analysed statistically showed a maximum 
standard deviation of 0-25 and the p values were always 
<0-01. 

We thank Professor E, Smith for constructive criticism. 
This work was supported by grants from the American 
Heart Association and the US Publie Health Service. 
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Free Radical Drug Enhancement 


CHLORPROMAZINE (CPZ) and related thiazine drugs have 
been much studied, and the suggestion! that CPZ might 
o as its free radical form stimulated great interest 
in the charge transfer properties of this compound which 
was shown in vitro to be an excellent electron donor’. 

It has now, for the first. time, been shown in vivo that 
the pharmacological effect of CPZ does indeed depend, 
at least in part, on the free radical form. 

Chlorpromazine hydrochloride radicals were produced 
by ultraviolet irradiation® of aqueous solutions and also 
chemically by formation of an electron charge transfer 
complex with sulphur dioxide, a good electron acceptor. 
The stoichiometry of the complex is 1:1 (unpublished 
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work of C. M. G. and H. K.) and is readily prepared by 
condensing SO, onto solid CPZ at liquid nitrogen tem- 
peratures and then boiling off excess SO, at room tem- 
perature under vacuum. 

Aqueous solutions of CPZ, CPZ irradiated for 15 min 
with a Gates 420-UI ultraviolet source, CPZ : 80, complex 
and SO, were injected subcutaneously into normal white 
mice after which rectal temperature and sedative effect 
were measured as a function of time. The dosages us d 
were 2:5, 5 and 10 mg CPZ/kg as well as the corresponding 
quantities of irradiated CPZ and CPZ: SO, complex. 

Rectal temperatures were measured with a thermo- 
couple, and the mice were isolated in individual cages. 
Ambient temperatures were held constant at 23°+0-5° C. 
Typical results are given in Table 1. Double blind trials 
showed that SO, caused no change in temperature or 
sedative effect at all, not even in doses 500 times that of 
the SO, content of the CPZ complex. CPZ complexed 
with SO, had a hypothermic effect of approximately 
double the dose of pure CPZ®, while the period of sedation 
was extended by about 50 per cent. Ultraviolet-irradiated 
CPZ also caused a larger temperature drop, but duration 
of hypothermia and sedation was considerably less than 
that of pure CPZ, Replication in the case of the 5 mg 
basie dose involving three batches of mice tested on succes- 
sive days yielded reproducible results. Mice injected with 
all forms of CPZ recovered fully and showed no il effects 
thereafter; however, mice injected with massive doses 
of SO, expired over a period of 3 to 21 days. Mice dosed 
with 1-2 mg/kg SO, showed no ill effects. 

Shortened duration of sedation and hypothermia in the 
case of irradiated CPZ is probably due to chemical 
degradation of some CPZ during irradiation®. On the 
contrary, the prolonged effect of CPZ in the complexed 
form injected subcutaneously we believe to be due in 
part to delayed absorption. Complexation of CPZ with 
SO, is an equilibrium process: hence, CPZ m this form 
requires liberation with resultant delay in absorption into 
the bloodstream. 











Table 1. HYPOTHERMIA IN MICE 

No, of Temperature (°C) ambient 23° +0°5° © 

Product animals 2h 4h 6h 8h 
Controls 3 38:3 38-1 38-2 
80, (500 mg/kg) 3 38-3 38-3 38-0 
CPZ 10 31-7 81-9 34-7 
UV irradiated CPZ 10 30-9 3271 35-0 
CPZ : SO, complex 10 805 30-3 33-0 
CPZ (10 mg/kg) 10 32-0 315 30-9 





Basic dose, 5 mg CPZ/kg subcutaneous (double-blind). 


Whatever the mechanism of absorption the final effect 
of chlorpromazine in vivo demonstrably depends on the 
free radical form. 

It is not unlikely that the action of other thiazine 
tranquillizers also depends on this form. 

The possibility of controlled potentiation of psycho- 
active compounds by chemical pretreatment in vitro, that 
is, by charge transfer complex formation, offers an oppor- 
tunity for more detailed comparative physiological studies 
than previously possible, for a variety of relatively 
innocuous electron acceptors are available’. 

We are now studying a range of drugs complexed 
with a variety of acceptors and involving several species 
of test animals. We expect to publish the results in detail 
shortly. We thank Messrs Smith, Kline and French, 
Philadelphia, Pennsylvania, for a gift of chlorpromazine 
hydrochloride. H. K. thanks the IS National Institute 
of Mental Health, Bethesda, Maryland, for a grant. 
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Persistence of the Serum Hepatitis 
(SH-Australia) Antigen for 

Many Years 

Tue Australia antigen may be associated with viral 
hepatitis'-7. This antigen has been found in the blood of 
multitransfused patients. in the sera of some patients 
with acute viral hepatitis (13 per cent of infectious 
hepatitis and 34 per cent of post-transfusion hepatitis), m 
patients with Down’s syndrome (in whom the incidence of 
hepatitis is very high), in some forms of leukaemia, im 
some cases of lepromatous leprosy as well as in the serum 
of 5 to 20 per cent of apparently healthy people living in 
the tropics and South-East Asia. The appearance of 
another antigen, the SH antigen, in the blood of patients 
during the incubation period and carly acute phase of 
post-transfusion hepatitis has recently been deserthedd®, 
This antigen was not detected in the sera of patients 
with infectious hepatitis. Preliminary studies, incliding 
examination by electron microscopy*’. suggested that 
the SH antigen may be located on a virus particle which is 
the cause of serum hepatitis or that the SH antigen may 
represent. a soluble viral antigen, although the po ibility 
that the SH antigen may merely be the produet of infected 
cells has not yet been excluded. The SH antigen is now 
believed to be closely related to or identical with the 
Australia antigen’’. 

We have used the double diffusion micro-Ouchterlony 
technique as modified by Prince" ( with 0-9 per cent agarose 
in a buffer containing 0-1 M sodium chloride, 0-01 M iris 
(hydroxymethyl) amino-methanol (pH 7-6 at 25°C), 
0-001 M ethylenediaminetetraacetic acid and 1 mg per 
ml. protamine sulphate) to detect SH-Australia antigen 
in specimens of serum obtained from presumed carriers 
of the serum hepatitis virus and from patients suffering 
from acute hepatitis. 

The SH-Australia antigen was shown in samples of 
serum collected in 1968 from a known “silent” carrier of 
the serum hepatitis agent, a blood donor, P. J. G., who 
was identified as a carrier in 1951 (ref. 12). The antigen 
was also found in a sample of freeze-dried seram, bateh 034 
prepared in 1944, which had produced jaundice in 50 to 
60 per cent of human volunteers who had been, given 
small amounts of this material subcutaneously. Sharp 
lines of precipitation appeared in the gol-diffusion plates 
within 18 h of incubation at room temperature in a humid 
atmosphere using reference SH-Australia antisera ob- 
tained from three different sources. One reference anti- 
SH-Australia serum was very generously supplied ly 
philized by Professor R. W. M Solum., ‘This antiserum. 
was obtained from a multitransfused patient and it has 
been used suceessfully by McCollum ef al., in the United 
States, for detecting the SH-Australia antigen in patients 
with serum hepatitis. A serum containing the reference 
SH.-Australia antigen was supplied at the same time. The 
second SH antiserum was kindly supplied by Dr A. M. 
Prince. This antiserum was also obtained from a multi- 
transfused patient. The method of preparation and 
concentration of the serum and the characteristics and 
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specificity of the serum and antigen have been described 
elsewhere*. The third reference antiserum was supplied 
by Dr B. 8. Blumberg and the method of preparation and 
the physical and some chemical specificities of both 
antiserum and antigen have been published recently*74. 
The presence of the SH antigen in the P. J. G, serum was 
very kindly confirmed independently in New York by 
Dr A. M. Prince. 

The blood donor, P. J. G., has been well documented", 
He was implicated in three cases of homologous serum 
jaundice, one of whom died 73 days after transfusion. 
There was no suggestion in his past medical history that 
he had ever suffered from hepatitis. He served during 
the Second World War in India and Siam. He was a 
prisoner of war and he contracted malaria. Some 10 
months after the first incidence of infection occurred in a 
recipient of his blood, a sample of serum from P. J.G. 
was injected into five volunteers. Hepatitis with jaundice 
developed 59 days after the injection in one of these 
volunteers. Fresh serum samples were obtained in 1968 
and 1969 from the carrier, P. J. G., for testing on tissue 
cultures of human embryo and adult liver cells. 

The second specimen examined consisted of freeze-dried 
serum batch 034 which was reconstituted with distilled 
water. This is another well documented icterogenic 
pool, Batch 034 was made up of serum collected in 1944 
at blood banks from approximately 1,000 apparently 
healthy normal donors. Samples of this serum pool have 
produced hepatitis with jaundice in 50 to 60 per cent of 
volunteers who were inoculated parenterally, but not in 
individuals who received this material by the naso- 
pharyngeal or oral routes. 

The evidence accumulated elsewhere strongly suggests 
that the SH-Australia antigen may be closely related to 
the serurn hepatitis virus (virus B) or it may possibly 
even. be the infective particle itself*-"". The results of the 
present study indicate that in the first example cited a 
earner state of the SH-Australia antigen might have 
existed for nearly 20 years and in the second the SH- 
Australia antigen had survived in the dried state for at 
least 25 years. To date, information on the duration of 
infectivity of serum hepatitis could only be obtained by 
eareful epidemiological follow-up of blood donors and 
recipients in whom hepatitis followed transfusion and by 
studies in experimentally infected human volunteers. 
Those limited studies, however, revealed that a carrier 
state might persist for up to 5 years'4.5, 

We should like to thank Professor Robert W. McCollum, 
Dr Alfred M. Prince and Professor Baruch 8. Blumberg 
for the supply of known positive SH-Australia antisera. 
Dr R. Drummond and Dr Beryl Bevan kindly obtained 
serum P.J.G. and Dr F. O. MacCallum provided a sample 
of batch 034. We thank Dr W. d’A. Mayecock for his 
interest. 

This work was supported by a grant frorn the Medical 
Research Council. 
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Tumour Specific Transplantation 
Antigens: Possible Origin in 
Pre-malignant Lesions 


TumMouR specific transplantation antigens have been 
detected in most malignant tumours, including carcino- 
gen-induced skin carcinomas in micet. The exist- 
ence of a morphologically identifiable precursor for such 
carcinomas, the papilloma, provides material for testing 
the prediction that the tumour specific transplantation 
antigens of malignant lesions derive from antigens present 
in pre-malignant lesions. This prediction is implicit in 
Burnet’s concept of “immunological surveillance’? which 
envisages the immunological elimination of microscopic 
clones of pre-malignant cells. I have previously supported 
this concept by indirectly demonstrating the immune 
elimination of microscopic pre-papillomatous lesions in 
the mouse? and by establishing the occurrence of tumour 
specific transplantation antigens in papillomas induced by 
3-methyleholanthrene+. I now present direct evidence 
for the early appearance of these antigens in papillomas 
induced by 3-methvlcholanthrene and demonstrate the 
stability of this antigenicity during tumour progression. 

The papilloma studied was selected on the basis of its 
short latency. It was induced in an adult BALB/c AnNicr 
female mouse by 30 days of cutaneous exposure to a 
10 mm ‘Millipore’ filter disk impregnated with a 10 per 
cent solution of 3-methylcholanthrene in paraffin®. Twelve 
days after the carcinogen was removed, a 4 mm papilloma 
at the disk site was surgically excised, minced with fine 
scissors in cold Hanks balanced salt solution, and stored 
in the cold until used 1--2 h later. Similar procedures were 
used in later transplant generations. 

Two indices of tumour immunogenicity were studied: 
(1) preferential growth of the papilloma in sublethally 
irradiated compared with non-irradiated isologous hosts, 
and (2) the ability of the papilloma to stimulate specific 
radio-resistant immunity in isologous hosts. These tests 
were performed in alternate generations as described here. 

In the odd-numbered transplant generations, the papil- 
loma was inoculated into groups of sublethally irradiated 
hosts (group A) and into a group of non-irradiated 
controls (group B}. Both groups were composed of adult 
isologous BALB/c females. Mice in group A were given 
either 450 or 300 r. of whole body X-radiation adminis- 
tered at 200 kV, and 30 mA, with 0-5 mm Cu and 1-0 mm 
Al filtration at a target distance of 70 em giving 48 r./min, 
Eighteen to 24 h after irradiation, papilloma pieces 
measuring approximately 0-5-08 mm? were inoculated 
intradermally with a number 18 trocar into the mice in 
each group. Control hosts (group B) were inoculated 
alternately with irradiated hosts (group A). 

In the even-numbered transplant generations papilloma 
growth was studied in hosts in which the primary immune 
response was impaired by sublethal irradiation. The 
papilloma sensitized mice (group B) from the previous 
generation were X-rayed with either 450 or 300 r. and 
challenged 1 day later with trocar implants of the papil- 
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loma. Twenty-five to 30 days were allowed between 
sensitization and challenge. (The data on the develop- 
ment of the challenge implant are compiled separately as 
group D.) Appropriate controls (group C) consisted of 
matched groups of BALB/c mice inoculated with skin 
from the original papilloma donor and similarly X-rayed 
before challenge. 

The inoculation site was shaved and observed two or 
three times weekly for evidence of papilloma growth. 
Inoculated trocar pieces were scored as “takes” when 
they eroded the overlying host epithelium and grew 
superficially at the skin surface with a characteristic 
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papillomatous morphology. Rarer subcutaneous growths 
were confirmed histologically before being recorded as 
“takes”. 

Up to the sixth generation, routine histology confirmed 
the benign, well differentiated nature of the papilloma 
(Fig. 1). During this time, some of the papillomas were 
observed to undergo regression. Regressions were only 
scored for superficial papillomas that had been present 
for at least a week. 

Table 1 summarizes the results of the preferential 
growth and sensitization tests. Beginning in the first 
generation, the papilloma showed a clear-cut preference 








Fig. 1. 


Fig. 2. 


1 Low power view of biopsy of sixth generation papilloma used for sensitization 
in cross-reactivity tests. Section taken 14 days after inoculation into irradiated, isologous 
BALB/c host. Highly differentiated structure and lack of invasiveness. (Haematoxylin 
and eosin, x e. 36.) 


l Low power view of biopsy of eleventh generation lesion used for sensitization 
in e oss-reactivity tests. There are atypia and anaplasia present. 
lesions regularly grew progressively and killed their hosts, 


By this generation auch 
Invasion usually occurred 


through lymphatic permeation. Compare with Fig. 1, (Haematoxylin and eosin, x e. 36.) 
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for growth in irradiated (group A) compared with nën- 
irradiated (group B) hosts. 


sively in group A compared with two of thirty-one 
implants in group B (x? with Yates correction = 18-45, 
P<0-0005). The growth rate of the papilloma increased 
during passage leading to more frequent “takes” in both 
groups. (Note that the increment in “takes” in non- 
irradiated hosts (group B) was largely offset by regressions 
in generations three and five.) 


Table 1. proportion OF “WARES” OF TROCAR IMPLANTS IN ISOLOGOUS 


BALB/e Hosts 








Group: A B C D 
Papiloma 
e Skin from from 
Sensitized with: Nothing Nothing original previous 
donor generation 
N-irradiated 
before challenge: Yes No Yes Yes 
Challenge with 
papilloma from: 
Genera- 
tion No, Dose 
1 450r, 3/7 0/7 ~~ _ 
ar 450 r. QT 
4/7 
3t 300 r, Tid ik eng! 
4 300 r. ened ~~ OZ 
5 300 r, Wid 1/12 + 6R ae 
6 300 r. _ == 0/12 
Totals: 21/35 2/B147R 4/38 
Percentage: (60 per cent) (6 per cent) (10 per 
Paanta cent) snt} 
Significance: P < 0-0005 P < 00005 


hs Bilateral challenge with two different papillomas from first generation, 
+ R signifies papillomas whieh grew and regressed, 


A large proportion of the hosts in group E appesred to 
have been immunized by their initial exposure to the 
trocar implants. Following sublethal X-irradiation, only 
four of thirty-eight implants grew in previously sensitized 
hosts (group D) as compared with twenty-eight of fifty- 
two implants in hosts sensitized with skin from the original 
papilloma donor (group C) (7? with Yates correction = 
16-12, P <0-0005). These data demonstrate the tumour- 
specific nature of the papilloma’s antigenicity. 

Beginning in the seventh generation, an attempt was 
made to isolate a malignant line by selecting only poorly 
keratinized, fast-growing lesions for transplantation to 
sublethally irradiated isologous hosts. The first malignant 
tumours appeared in the eleventh generation. Routine 
trocar implants at this time grew progressively and killed 
hon-irradiated hosts. One such tumour was used to 
sensitize a group of isologous animals (group G) (Fig. 2). 
Another group (group #) was sensitized with a benign 
papilloma from the sixth generation (Fig. 1), Three 
weeks later, all lesions and inoculation sites were surgically 
excised. A control group (group E) was sham excised at 
the same time. One week later all the groups were 
challenged bilaterally with trocar pieces of papilloma 
(left) and a carcinoma (right). An additional twelve 
animals in groups Æ and F were challenged unilaterally 
with an extremely anaplastic carcinoma of the same line. 

Table 2 summarizes the results of the cross-reactivity 
tests between benign and malignant lesions. It is evident 
that the challenge implants grew differently, according 
to the kind of sensitization their hosts received. In the 
non-sensitized controls (group Æ), a high proportion of 
both benign and malignant challenge implants took and 
grew progressively (37 out of 48, or 72 per cent). In the 
papilloma-sensitized hosts (group F), a similar proportion 
of implants took initially, but the occurrence of a large 
number of regressions resulted in a significant reduction 
in the proportion of final takes (24 of 48 compared with 
37 of 48; y? with Yates correction = 6-47, P< 0-025). In 
the carcinoma-sensitized hosts (group G), significantly 
fewer implants initially took than in the parallel controls 
(10 of 34 against 27 of 36; z? with Yates correction = 











By the sixth generation a 
total of twenty-one of thirty-five implants grew progres- 
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12-67, P< 000E). In addition, there was a striking agree- 
ment in the response of individual animals in group G 
to the bilateral challenge implants: all of the hosts whieh 
exhibited immunity to the papilloma (13 of 17) exhibited 
immunity to the carcinoma. This is strong evidence for 
the common antigenicity of the two challenge implants, 


Table 2. CROSS-REACTIVITY BETWEEN BENIGN AND MALIGNANT LESIONS AS 
MEASURED BY PROPORTION OF “TAKES” OF PAPILLOMA AND CARCINOMA CHAL« 
LENGE IMPLANTS IN SENSITIZED AND UNSENSITIZED ISOLOGOUS BALB/e 


HOSTS 
Sensitization Challenge Experimental Control 
group F group E 

Papilloma against Papilloma 6/18+6R 14/18 

(6th gen.) (8th gen.) s 

Papilloma against Carcinoma 10/18 + 3R 13/18 

(6th gen.) (1th gen.) 

Papiloma against Carcinoma 8/12 +- 3R 10/12 

(6th gen.) (13th gen.) 

Totali; 24/48 +12 regressions 37/48 


Sensitization Challenge Experimental Control 
group 6 group £ 
Carcinoma against Papilloma 4il 14/18 
{lith gen.) (Sth gen.) 
Carcinoma against Carcinoma 6/17 13/18 
11th gen.) (Lith gen) 
Total: 10/34 27/36 


P<0-001 


The suggestion that the papilloma sensitized more 
poorly than the carcinoma (note the exclusive occurrence 
of regressions in group F) could be attributed to the poorer 
growth of the sensitizing implants of the papilloma (nine 
out of thirty implants) compared with the carcinoma 
(thirty-two out of thirty-four implants) rather than to 
qualitative differences in antigenicity. Strong immunity 
was correlated with earlier growth of the sensitizing 
implant. 

These data confirm that a major portion of the anti- 
genicity present in pre-malignant lesions can persist un- 
changed through progression to malignancy, and suggest 
that what are detected as tumour specifie transplantation 
antigens in other malignant tumours may be derivatives 
of antigens present earlier in tumour pathogenesis as 
predicted by Burnet’s theory of immunological survejl- 
lance. 
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Natural Iso-antibodies specific for 
Tissular Group Antigens of the Colon 
in Dog and Rabbit 


ANTI-COLON antibodies, present in patients with ulcerative 
colitis’, are the chief evidence that this is an anto- 
immune disease. We have now found, however, that 
anti-colon iso-antibodies are naturally present in normal 
animals. We have found, in the colonic glandular 
cells of a large number of dogs and rabbits, an antigen, 
different from blood group iso-antigens, which cross- 
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reacts with human blood group A sub- COLIC GROUP At DOG COLORS 

stance?+, We divided animals, according j gy orp E 1B wp 108 28 I 2892 8 3838 

to the presence or absence of this antigen, ee ae Te to pe fk dated ee 

into A (+) or (=) “colic groups”. Our = annaunanunnansonut 

data show that sera from animals of the p = ka 8 Pai pass wee peed ee 

“eolie group” A (—) contain natural a >N N oe a an aN a BREN 

iso-antibodies specific for the “colic = s n -ni . aoe r a es ú " * : x 

group” A antige They also suggest wm * m a u NENNMMEUENNRRENSR 

that the A antigen, and the anti-A anti- woo sae sn n on ae RRS RRRE ERE 

bodies, are only part of an iso-system, eos : ` m : . z m > : a =< hel san ie <2 : : : 

different from the blood group system, a as ne SERE SR 

which contains other iso-antigens and a x aun „m m m8 nun unnn sa oe “7 el : 

iso-antibodies. So sansa wu ae ae ane eee 
Sera and colons from 111 normal dogs E n- n npn OR wn 

and forty-three normal rabbits were ee . ; a u ee 

tested. The presence of the colic A Se we fee nan nso’ TTT TTT TTT... 

antigen in each animal was investigated 9 u- manuun u us ann an ss SEENNNNE BRE 

by immunofluorescence*-* and the haem- te ee eig na nan TaT senus "ns nE 

agglutination inhibition test with human " = à s 

A red cells. For this test the colie antigen unununnununnnuanns 

was prepared from the supernatant of >=. =... 8 un nunn 

colonie mucosa of each animal which had Z «5 nua u Run saunas of s 

been homogenized in saline and heated = 7 oe ae bg me. s 

for 2h at 100° ©. All sera were heated OD sees 

for 30 min at 56°C. We used the indirect A n-au ae n an an 8 : te : 

immunofluorescent technique, with speci- go ee n ë " ` n m Ae N 

fic antigamma-globulins ] abelled wih «& z- a 

fluorescein iso-thiocyanate® and cryostat ae s ad 

sections of colons fixed in alcohol. When- s pan a a. a aa a a s 

ever negative or weak fluorescent reac- & z- 

tions occurred, we used a serum double e 27° =" = sa s= n R 8 ® 2S ” 

layer method as control®; the same serum 3 we 

was applied on sections twice for 30 min, © s- 

with an intermediate washing. Fig. 1. Immunofluorescent reactions observed with forty dog sera on the colona fra tbe 


Forty-four colons of dogs were found 
to be A (+), and sixty-seven A (—), 
when tested with both immunofluores- 
cence and the haemagglutination inhibi- 
tion test, Direct haemagglutination was performed with 
all dog sera on both blood group O and A human red cells. 
Specific anti-A agglutinins of titres ranging from 1/8 to 
1/512 were present in all the sixty-seven “eolie group” A 
(—) sera, The anti-A activity was specific for the A antigen 
because if was not significantly modified after absorption 
with O red cells. The anti-A activity found in “eohe 
group” A (+) sera was of much lower titre (< 1/16) and 
appeared to be caused by non specific hetero-agglutinins 
because it disappeared after absorption with O red cells. 






The results from immunofluorescent studies confirm that 
th anti-A antibodies were iso-antibodie Specific 





staining of goblet cells was seen with almost all “colic 
group” A (~) sera when tested on “eolie group” A (+) 
colons (Fig. 1). A study of forty dog sera on the colons 
from the same group of forty dogs (Fig. 1) shows, however. 
that positive reactions were not restricted to the A 
antigen-antibody system. These positive reactions, which 
appeared not to be related tothe A antigen-antibody system. 
were not related to the ABO system either, because B 
substance could not be found in any of the 111 dog colons. 
The specificity of these reactions is supported by three 
arguments: (1) positive staining was never observed in 
animals with their own serum; (2) positive staining 
obtained with any one serum on a particular colon always 
disappeared when the serum was absorbed with a dry 
colonie powder prepared from the same colon, but was 
not modified by absorption with a colonic powder pre- 
pared from a colon on which negative results were obtained 
with the same serum: (3) except for negative staining 
caused by low antibody titre there was no contradiction, 
in the A antigen-antibody system, between positive 
fluorescent reactions and the presence of anti-A 
agglutinins. 

There was no correlation between  iso-antibodies 
specifie for “colic group” antigens and iso-haemagglutinins 
when present. Whenever positive immunofluorescent 











same group of forty dogs. 
positive reactions are reported without reference to the strength of the immunoflucrescent 






Black squares indicate positive reaction. For clarity 


reaction. 


staining was observed on a part icular colon, sera were 
absorbed with red cells from the ponding dog, 
whether iso-haemagglutinins were present or not: positive 
staining was not modified. Conversely, agglutmation, 
when it occurred, was not modified when sera were 
absorbed with a dry colonic powder from the corresponding 
dog. 

A smaller study with forty-three rabbits gave similar 
results. In this species, however. only six animals 
belonged to “colic group” A (~). 

Our data indicate that sera from normal dog 
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contain natural iso-antibodies specific for colonie i 
antigens, present in other animals from the same spec 










and unrelated to blood group iso-antigens. Jn the 
antigen-antibody system we can decide on the apec 
of such results because they were obtained for bot hanti 
and antibody by two different methods The A antig 
which was found in sterile dog colons® is probably a tiss 
antigen. The other positive react ions suggest the presence 
of other “eolie group” antigen-antibody One 
interpretation of such reactions is that anim 
their serum iso-antibodies specific for the antige 
are absent from their colon, From a prelimina 
sis it appears that two other “eolie group” y 
and corresponding iso-antibodies can be ident fied 
dogs. 

It may be that similar systems may al 






















SO EKARTE UP PRAN, 


and that anticolon antibodies, which have been found in 
are in fact naturel igo- 
of 


patients with uleerative colitis’. 
antibodies. This would explain the presence 
antibodies in diseases where the digestive 
involved? or even in normal control human s 
from these direct considerations the chief problem is 
establish whether such a “eolie group” iso-systern Can be 
considered as a tissular group iso-system. Because eolie 
antigens are known to be mucopolvsaccharides!!*, and 
because such substances are widely distributed. it is 


such 
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possible that the same antigenic determinants are present 
in other tissues. 
This work was supported by the Institut National de 
la Santé et de la Recherche Médicale. 
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Separation of Anti-inflammatory 
and Immunosuppressive Activities in 
Heterologous Antilymphocyte Serum 


HETEROLOGOUS antilymphoeyte serum (ALS) has both 
anti-inflammatory and immunosuppressive propertics!. 
Although ALS significantly suppresses graft rejection, 
its suppression of humoral antibody formation is more 
variable and often less effective? Because non-immuno- 
suppressive anti-inflammatory agents can delay graft 
rejection’, it seemed important to determine if ALS 
delays graft rejection by primarily anti-inflammatory or 
immmunosuppressive, or a combination of both mechanisms. 
In addition, an analysis of methods by which these 
activities may be separately induced should provide 
insight into the mechanism of action and specificity of 
the antisera. 

Two horses were immunized with rat splenic lympho- 
cytes obtained by isopycnic sedimentation’. They were 
small lymphocytes, morphologically > 99 per cent pure, 
and without morphologically identifiable non-lymphoid 
cells. The horses were initially given 10 x 10° lymphocytes 
intravenously and an equal number subcutaneously. 
At weekly intervals for 6 weeks each horse received an 
additional 10 x 10° cells a week. Before each weekly 
injection of the cells, 4 to 6 1. of blood was obtained 
from each horse by venipuncture. The sera were inacti- 
vated at 56° C for 30 min and stored at — 20° C until they 
were assayed for their effectiveness in prolonging the 
survival of female L/Bn (Microbiological Associates) full 
thickness skin grafts® placed on female Lewis rats 
weighing 120-160 g (Gilroy Laboratories). All animals 
were caged individually. The easts were removed on the 
eleventh day, and the grafts were inspected daily by eye 
and by palpation. When the graft was non-pliable and 
crusted it was scored as rejected. The serum samples 
obtained weekly from each horse were separately tested 
using groups of eight skin grafted rats per sample. 1-5 ml. 
of the serum was given intraperitoneally the day before 
grafting (— 1) and on the day of grafting (0). 1-0 ml. was 
given the next two days (1 and 2), and 0:5 ml. was given 
daily until the eighth day after grafting. This short 
term dosage regimen was the minimum necessary to give 
significant prolongation of graft survival. Administration 
of these sera on alternate days markedly extended sur- 
vival time over the values reported. 
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Median graft survival times were determined for each 
group of grafted rats by taking the logarithms of the 
individual survival times which did not have a normal 
distribution; distribution of the log values resembled a 
normal distribution when tested for validity’, The 
antilogarithm of the mean of the normal distribution 
obtained was therefore the median of the original distri- 
bution’. The significance between groups was tested by 
the least significant difference test and between treated 
groups and controls by the method of rank sums’, The 
survival data from groups treated with normal serum 
aud a non-specific ALS (horse antirabbit lymphocyte 
serum) were controls. The median survival data obtained 
were somewhat less than the mean values; they had, 
however, the advantage that because the distribution 
was approximately normal with homogeneous variances, 
valid statistical analyses could be performed between 
groups. 

The anti-inflammatory potency of each sample was 
determined by its effectiveness in preventing hindpaw 
oedema induced by carrageenin in groups of ten Sprague- 
Dawley rats’. One to 2 ml. of sera was given intraperi- 
toneally to each rat 24h and 1h before the in jection of 
500 ug of the irritant. Five hours later, the weight of 
each amputated paw was determined: the difference 
between the weights of the injected and non-injeeted 
paws is a measure of inflammation. A control group of 
rats was included with each experiment and treated 
identically with either saline or normal horse serum. 


Table 1. MEDIAN SURVIVAL (Days) OF FEMALE L/BN RAT SKIN GRAFTS ON 


FEMALE LEWIS RATS 







Serum 
source Graft survival (days) 
Weeks 
after first Horse 1 Horse 2 
immun- Median Median 
ization 
2 15, 15,17, 17, 17, 164d<— 15, 16, 16, 19, 21, 18-34 
18 ts 21, 21, 21, 30 bg 
3 18, 17, 17, 18,19 19] 16, 17, 18, 185,10, t89} | 
23, 30 20 } 
4 16, 16, 47, 17, 17, e173 | 23-0 
17, 19, 20 : ; 
6 14, 14, 14, 1616.00 157) | 10-7 
19, 28 Das | 
8 l4, 14, 14, 15, 15, *14-9) » 13, 13, 133 at 


15, 16, 17 


Sle Significant differences between groups (P < 0-05), 


Table 1 shows the median skin graft survivals of the 
groups of rats treated with each weekly serum collection 
from the two immunized horses. The sera obtained 
from both horses at 3 to 4 weeks had greater graft pro- 
longing ability than the sera obtained earlier or later 
(Fig. 1). All but one of the samples tested from horse 2 
(Fig. 1B) was capable of prolonging skin graft survival; 
however, only the sera obtained from horse 1 at 3 and 4 
weeks contained activity. By contrast to the early 
appearance of the graft prolonging activity, the anti- 
inflammatory potency of the sera from each horse, which 
was initially low, imereased as time progressed. The 
serum obtained at 3 weeks from horse 1 contained the 
greatest graft prolonging activity and essentially no 
anti-inflammatory potency. Conversely, the serum 
obtained after 6 weeks of immunization contained no 
graft prolonging ability, and yet contained the highest 
anti-inflammatory activity. The results of testing the 
sera from horse 2 (Fig. 1B) confirmed these observations. 

The cytotoxicity and haemagglutinating antibody titres 
increased with time after immunization. The appearance 
of these antibodies paralleled the anti-inflammatory 
potency of the samples. To eliminate the possibility 
that adrenocortical mechanisms were implicated in 
this reaction, representative samples were tested in 
adrenalectomized rats and after absorption of the red cell 
antibody. These procedures did not significantly alter 
the anti-inflammatory activity. 
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Fig. 1. Jmmunosuppressive and anti-inflammatory potency of sera ob- 
tained from two horses (A and B} immunized weekly with rat lymphocytes. 
‘The sera were obtained at weekly intervals and tested for the prolonga- 
tion of skin graft survival or anti-inflammatory activity ----. 
Non-specific serum controls represent the results of testing normal horse 
and horse antirabbit lymphocyte serum in the rat skin graft assay. 
Vertical bars represent 95 per cent confidence limits. * Median survival 
significantly longer than controls (P < 0-05). 





By weekly bleedings of continually immunized horses, 
we have produced sera which contained only anti- 
inflammatory or only skin graft suppressing ability. 


The demonstration that these two activities can be 
selected for may indicate that the antibody population 


responsible for each is directed against different antigens. 
Antibody populations become more avid after hyper- 
immunization, which in the case of complex cellular 
antigens is thought to be caused by the recruitment of 
new antibody populations directed against the cumu- 
lative effect of minor cellular antigenic determinants!*. 
Early antibody should therefore be directed primarily 
against the main antigenic determinant, which in our 
experiments was on the lymphocyte. Subsequent sera 
should then include specificity for either minor deter- 
minants on the lymphocyte or contaminating cell types. 
Either of these alternatives appears likely as lymphoid 
cells contain ubiquitous antigens distributed in all 
tissues. Alternatively trace contamination by other 
cell types such as the polymorphonuclear leucocyte 
could have induced an antibody which has been reported 
to be anti-inflammatory’’. 

Like others", we found the graft-prolonging ability 
of the sera deteriorated as immunization progressed. 
Tt is possible that as immunization proceeded the new, 
non-immunosuppressive antibodies which developed eom- 
peted for cell receptor sites. Effective competition of 
a non-complement fixing antibody for cell sites with 
antibodies capable of fixing complement has been demon- 
strated in other systems!®, Alternatively the antibody 
activity may be found in another immunoglobulin. class. 
This has been noted previously in equine serum after 
immunization with bacterial antigens. In addition, 
the biological capabilities of the different classes of anti- 
bodies are known to differ'*, Testing the individual 
immunoglobulin classes for activity in sera obtained 
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sequentially should answer these questions. In conclu. 
sion, our results indicate that antilymphocyte serum can 
prolong graft survival by its immunosuppressive activity 
alone. 
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Rejection Time of Kidneys following 
Transplantation in Inbred Rats 


ALLOGRAFT rejection is an immunological event resulting 
from recognition of immunogenetic differences between 
donor and recipient. These differences are expressed at the 
cellular level through what are called histoeompatibility 
antigens. In rats it has been estimated thet there are 
14-16 histocompatibility loci. The locus, especially 
important for graft versus host reactions, has been termed 
Ag-B, with the different antigens in inbred strains of 
rats labelled numerically’. 

Renal allograft studies im man, dogs and monkeys have 
an inherent problem of variability of the tempo of rejection 
because of heterogeneity of the species. Microvascular 
surgery allows transplantation within controlled popula- 
tions of inbred rats and so the rejeetion time using the 
same strains of rats bub changing the donor-recipient 
relationship can be compared. 

Only 200-300 g young adult inbred male rats of the 
Buffalo and Fisher strains (Simonson Laboratories, Gilroy, 
California) were used. The teehnique of kidney trans- 
plantation described by Buchholz and Dariller was used’, 
Under ether anaesthesia, a midline abdominal incision was 
made through which the donor's left kidney and ureter 
were isolated. Following meticulous dissection of loose 
adventitia surrounding the renal artery and vein at their 
junction with the aorta and the vena cava, the kidney and 
ureter were removed with a small cuff of aorta and vena 
cava. The ureter was sectioned 4 mm from the hilum 
with insertion of a 0-5 mim silastic catheter (5 mim long 
as a stent, The kidney was flushed with 5 ml. of col 
heparinized physiological galine through the rena. 
artery after sectioning. 
by removal of the left kidney and meticulous dissectio 





















The recipient rat was preparcess 


88 


of the aorta and vena cava to clear loose adventitia, 
The recipient ureter was sectioned high in the hilum of the 
kidney, The donor kidney’s artery and vein were then 
anastomosed with a continuous suture end-to-side to the 
aorta and vena cava, respectively, using 10-0 monofilament 
nylon. The recipient ureter was catheterized with the 
same silastic catheter in the donor ureter, and a uretero- 
ureteral anastomosis made with three interrupted sutures of 
10-0 monofilament nylon. Total ischaemia time varied 
between 25-45 min with an average of 35 min. 

The right kidney was then removed before the abdomen 
was closed in two layers, using continuous 4-0 silk on the 
peritoneum, muscles and fascia, followed by skin closure 
with clips. The animals were fed Purina Labena chow 
and water ad libitum. 

Transplants were made using the Buffalo strain as a 
donor and the Fisher strain as a recipient. and the reverse. 
The status of the kidney was followed by one criterion — 
death of the rat. The kidneys were examined histologi- 
cally after the animals died. 

The kidneys were bisected and placed in 10 per cent 
formalin. The fixed tissue was embedded in paraffin, 
5 mm section cut and stained with haematoxylin and eosin 
(HE) or Schiff’s leucofusein after periodic acid oxidation 
(PAS). 

Forty-eight transplants were done, twenty-five with 
Fisher donors and twenty-three with Buffalo donors. Of 
these, fourteen Fisher donors and ten Buffalo donors were 
satisfactory. The remaining twenty-four transplants had 
technical difficulties with either blood loss in the first 24 h 
or arterial thrombosis, venous thrombosis or ureteral leak. 








Table 1. SUMMARY OF KIDNEY TRANSPLANTS 


Survival 
Donor Ag-B range Average Total 
locus {days} number 
Fisher No, 1 6-23 13-3 id 
Buffalo G 40-104 6s 10 
Failures (both Fisher and Buffalo} 1-11 45 24 


Table 1 shows the results. The average survival times 
of 135 and 68 days of Fisher and Buffalo donors re- 
spectively are statistically significant. Controls of Buffalo 
to Buffalo and Fisher to Fisher transplants survived until 
killed at § to 9 months., 

Histological seetions show a similar picture of rejection 
in both Fisher and Buffalo recipients. Glomeruli show 
ischaemic changes with nuclear fragments and thick- 
ened basement membranes. Vascular endothelium of 
arteries contains large vesicular nuclei with medial 
hypercellularity and obliteration of the lumen. Inter- 
stitial areas are oedematous and necrosis of tubular 
epithelium is seen. There is a marked cellular infiltrate 
consisting primarily of plasma cells and large lymphocytes. 

Microvascular surgical techniques have been developed 
to allow a systematic approach to renal transplantation 
in inbred strains of rats and it is now possible to coutrol 
the genetic variables more precisely to allow meaningful 
mterpretation of results. 

The strains selected for this study differ at the Ag-B 
focus only by erythrocyte agglutination at antigen 
number one! The Buffalo kidney, lacking a strong 
Ag-B locus, evokes a slow rejection taking 68 days. By 
contrast the Fisher kidney, which has a strong Ag-B 
locus, evokes rejection in 135 days. Guttman has shown! 
that rejection atross a strong Ag-B locus takes about 
seven days. The end point taken for rejeetion in this 
comparison is long because the rat can survive 1-2 days 
without Kidney function. The morphological changes 
shew no difference, indicating that the mechanism of 
rejection is the same even though the time interval and 
immediate stimulus are different. 

This work was supported by a vocational rehabilitation 
training grant and the US Public Health Service. 
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Heterotopic Bone formed in a Synthetic 
Sponge in the Skin of Young Pigs 


We have found that when pieces of a synthetic sponge are 
implanted into the skin of young pigs, bone forms in the 
interstices of the implant within 9 to 13 weeks. 

The sponge we used was made of polyhydroxyethyl- 
methacrylate (poly-HEMA, Smith and Nephew Researeh 
Ltd, Harlow), one of a family of similar polymers, syn- 
thesized specifically for use as prosthetic materials in 
surgery? (see refs. | and 2 for details of manufacture). 

Four pieces of sponge, sterilized by autoclaving, were 
implanted in the fatty tissue of the hypodermis in the 
back of a 13 week old female Large White pig. Implants 
with surrounding tissue were removed for histological 
study after 5, 10, 26 and 62 days. In the 5 day specimen 
the sponge was permeated throughout by a fibrinous 
exudate and sparsely infiltrated by mononuclear cells. 
The implant did not stimulate an acute inflammatory 
reaction and polymorphonuclear cells and eosinophils 
were not found in or around the sponge. By the tenth 
day blood vessels had grown into the implant and rnoder- 
ate numbers of fibroblasts and “round cells’ and some 
collagen fibres could be found in the channels of the 
material. The 26 day specimen was similar but there was 
more collagen inside the sponge. The 62 day biopsy 
specimen was hard and radio-opaque. The radio-opacity 
disappeared after the specimen had been soaked in 
decalcifying fluid (EDTA) for 10 days. Histological 
















examination revealed woven bone in the sponge (Fig. 1). 








A 62 day biopsy specimen of poly -HEMA sponge in the akin of a 


Fig. 1. } l L. 
young pig showing the formation of woven bone, 
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Photomicrograph of a 62 day specimen showing details of the 
Note osteocytes and osteoblasts and incorporation of polymer 
particles into the bone trabeculae, 


Fig. 2. 
bone, 


The bone had developed in trabeculae of collagenous 
fibrous tissue—-by intramembranous ossification without 
the intermediate formation of fibro-cartilage. When 
examined in polarized light it was birefringent. It closely 
invested particles of the polymer and contained lacunae 
with osteocytes, and the margins of the bone were lined 
with a palisade of osteoblasts with intensely basophile 
nuclei (Fig. 2). Osteoclasts could be seen in concave 
cavities on the surface of the bone, indicating that same 
resorption was taking place. The areas of the sponge 
which were not ossified were more cellular than before. The 
outer membranes of the cells in the interstices of the 
sponge had vanished. so that a syncytium was formed 
(Fig. 3). Those multinucleate cell masses were probably 
formed from fibroblasts. not macrophages, and were 
therefore more akin to osteoclasts than foreign-body 
giant cells. 

In a second experiment. twenty-four implants, each 2 
em x 2em x l em thick, were cut from a breast pros- 
thesis made of fine-pore poly-HEMA sponge. which had 
been sterilized in an autoclave. Twelve were implanted 
into the hypodermis in the back of each of two 16-week 
old female Large White pigs. Biopsy specirnens taken 








after 30 and 60 days showed that the sponge was per- 
meated by vascularized fibrous tissue. although no bone 





Fig. 3. A 62 day sponge biopsy showing maltin 
channels between polymer particles in an area of the s 
not ossified. 









sate cells filling 
imen which has 
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was found. The specimens were patchily radio-opaque and 
staining reactions with haematoxylin and eosin and von 
stain suggest that some areas of the sponge matrix 
were calcified. Woven bone was present in a Yi-day 
specimen. Radiographs of one of the pigs 12 weeks after 
the specimens were implanted (Fig. 4) and of the other 
after 14 weeks showed that the remaining implants were 
calcified or ossified. We intend to investigate the long 
term reactions in and around these implants. 

The induction of osteogenesis in skin by a synthetic 
material is an unusual and interesting phenomenon. Tt is 
known that bone can be formed in soft tissues in response 
to grafts of urinary tract tissues, and injections of aleohot 
into musele in rabbits and in myositis ossificans and some- 
times in old sear tissue®, This and other evidence suggests 
that the fibroblast and osteoblast are differently modu- 
lated forms of the same differentiated cell which may 
direct the production of either fibrous tissue or bone, 
depending on as yeb poorly understood physical and 
chemical factors in its environment. Bone formation in 
poly-HEMA sponge could provide a useful model for the 
investigations of such factors. 

























Radiograph showing radio-opacity of two ciilaneaus imate 
of poly-HEMA sponge after 12 weeks in youn pig. 





ethylmethaervlates are being used in 
veral ways}. The porous form is used for 
breast augmentation, and Kliment, Stol, Fahoun and 
Stockar! reported fifty-five cases, during three years, with 
good results. Our experiments show that metaplastic 
osteogenesis can occur in implants of similar composition. 
Maybe this reaction is unique to the pig but, on the other 
hand. similar reactions may occur in other species but take 
longer to develop than in young pigs. 

Barvié® is quoted®t®7 as saving that the polymer is 
perfectly tolerated by the tissues. Critical appraisal of 
Barvié’s work with rats shows that he was unaware of the 
exact composition of the materials tested. He surmised 
that no irritant effects would be caused if the polymer is 
prepared perfectly pure, but it should be emphasized that 
this was no more than supposition. The only publishec 
results of animal experiments with the porous form of the 
polymer are short term observations for 4 weeks in rats”. 
One of us (B. J. S.) has found that calcification oceurs m 
poly-HEMA sponge implanted subcutaneously in rats for 
6 months (to be reported elsewhere). We believe that 
long term animal experiments with different forms of the 
material and, in particular, with sponges of different 
porosities implanted in several tissues in several species, 
young and adult, should be carried out before further 
clinical use of poly-HEMA sponge is contemplated. 





Polyhydro 
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Comparison of Mitomycin C and 
X-rays for the Production of 
One-way Stimulation in Mixed 
Leucocyte Cultures 


Ir has been suggested that the mixed leucocyte reaction 
is triggered by antigenic differences between the two 
leucocyte populations involving the chief histoecom- 
patibility systems in the rat’? and in man’. Recent 
studies with mouse leucocytes indicate that antigens of the 
weaker H systems may also induce lymphocyte transfor- 
mation in vitro’, For use as a histocompatibility test a 
unidirectional mixed leucocyte réaction is desirable. To 
produce cultures in which one-way stimulation occurs 
the lymphocytes of one partner must be capable of respond- 
ing to an antigenic stimulus, while the cells from the 
second partner should be immunologically unreactive and 
yet stimulatory. This second population can be produced 
in a number of ways. (a) Freezing and thawing the 
stimulating cells will render them unresponsive, but such 
disrupted cells cause very weak reactions®*. (b) Stimu- 
lating populations of macrophages can be produced from 
blood leucocytes by a short period of culture, before 
mixing with the allogeneic “responder” cells’. This 
method, however, is time consuming. (e) The stimulator 
cells can be rendered unresponsive by pre-treetment with 
mitomycin C8? or by high doses of X-irradiation’. T 
have compared the effectiveness of the last two methods 
using the same samples of cells in eultures set up simul- 
taneously. 

Leucocytes from fifteen volunteers were obtained from 
heparinized peripheral blood by sedimentation with 
plasmage! (Laboratoire Roger Bellon), A total cell count 
of the leucocyte rich plasma was made and the leucocyte 
suspension was then divided into two equal parts. Mito- 
myein O (Sigma) was added to one part at a concentration 
of 25 ug/ml. and the cells were incubated at 37° C for 
20 min*°, After incubation the cells were washed twice 
with 10 ml. volumes of ‘TC 199 and finally resuspended in 
half the original volume of ‘TC 199’ containing 20 per cent 
autologous plasma. Total and differential cell counts 
were then made again. 

The second aliquot of cells was further divided into two 
equal parts. One half was used as unmodified responder 
cells, while the second half was treated with 1,200 r. 
X-rays. 

The following mixed leucoeyte cultures containing 
equal numbers of cells from each partner were then set up 
with a final cell count of 6 x 10% cells in 3 ml.: (a) cultures 
of single leucocyte populations (C); (b) responder cells and 
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Table 1. COMPARISON OF INDEX OF TRANSFORMATION AND DNA SYNTHESIS 
IN OULTURES OF UNTREATED CELLS FROM A SINGLE DONOR, X-RAY TREATED 
CELLS FROM TWO DONORS AND MITOMYCIN TREATED CELLS FROM TWO DONORS 


1TUdR uptake 








S 7 Index (mM «107/ No. of 
Type of culture (per cent)* culture) cultures 
(ESD) (28D) 
All control (C) cultures O91 + O18 S714 177 15 
All XX cultures OOO + O15, 6-89 + O21 16 
All MM cultures — 0-59 +050 13 
XX cultures with corresponding 
MM cultures URE + O40 OTL + 0-27 6 
MM cultures in which differential 
counts were possible DOT & 1-65 OGL + O23 8 
blasts per culture x 100 


* Index of transformation = — 





er of lymphocytes per cultur e 





mitomycin C-treated stimulator cells (UM); (c) responder 
cells and X-ray-inactivated stimulator cells (UX); and 
cultures with both cell populations treated with {d} 
mitomycin C (MM), or (e) X-rays (XX). 

The cells were cultured for 6 days at 37° C and the 
reaction was ass morphologically and by }51-iodo- 
deoxyuridine (I 










dR) uptake into DNA®, 

Table 1 shows the extent of transformation in cultures 
in which both populations were inactivated. In MM 
cultures there was considerable leucocyte damage at the 
time of gathering, but erythrocytes remained intact. 
and no bacteria were seen: in only six of these cultures 
was a differential count possible. By contrast XX eul- 
tures contained many intact cells. In MM and XX 
cultures most of the surviving cells were macrophages and. 
granulocytes, although some lymphocytes were seen in 
XX cultures. The index of transformation in the six 
MM cultures was higher than that in the corr: ‘sponding 
XX and C cultures. The blast cells in the MM cultures 
must have been defective because DNA synthesis in the 
UX and UM groups was very similar and was lower than 
the C cultures. The index in XX cultures was not signi- 
ficantly different from that of the single control cultures. 
Thus X-irradiation of both cell populations completely 
suppresses the mixed leucocyte reaction, whereas mito- 
mycin Ç is less effective. If the reaction is assessed 
morphologically, five out of six MM combinations for 
which the index could be calenlated were low grade 
positive reactions. In the other MM eultures the treat- 
ment suppressed transformation by killing the cells. 








Table 2. COMPARISON OF THE REACTION IN UNIDIRECTIONAL MLRS PRO- 
DUCED BY USE OF MITOMYCIN C AND N-IRRADIATION (1,200 r.) 


Number of 





Treatment of Index IVdkR Number combinations in 
stimulator (per cent) uptake ofcom- negative range* 
leucocytes (+ SD.) (mM x 10-'*) binations Index DNA 

auture) (per cent) (per cent} 
X-ray (UX) 1244499 43-1 452-9 25 0 0 
Mitomycin C (UM) S68+6-2 23-2 443-8 25 0 (4) 14 (1) 


* Mean index (or TUAR uptake) in untreated controls (C)+2 standard 
deviation (number of additional borderline cultures in parentheses). 


Comparison of the effects of mitomycin O treatment. 
and X-irradiation on the one-way cultures shows that, 
overall, the mean reaction in the UM cultures was con- 
siderably less than in the corresponding UX cultures, 
judged either by transformation or DNA synthesis 
(Table 2). This was not, however, true of all combina- 
tions. In nineteen out of twenty-five there was a depression 
of the index in the UM culture compared with the relevant 
UX culture; in four out of twenty-five there was no 
significant difference between the UM and UX cultures, 
and in only two combinations was the index in the UM 
culture greater than that of the corresponding UX 
culture. The cultures in the last two categories were 
scattered throughout this series and were not ‘clustered’ 
in any one experiment. The result was similar if DNA 
synthesis was used to assess the reaction. 

This depression of the reaction in UM cultures may 
lead to an incorrect interpretation. No UX culture in 
the above series fell within the negative range; however, 
some corresponding UM cultures had an index on the 
borderline. Using DNA synthesis to assess the response, 
this discrepancy is more evident. Morphologically most 
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of the UM cultures showed considerable evidence of cell 
damage which was not seen in the UX cultures. 

These results clearly indicate that the effect of mito- 
mycin C is not confined to the treated stimulator cells. 
This has also been noted by Wilson?, who compared 
cultures of untreated parental and F, hybrid rat leucocytes 
with cultures of the same combinations in which the F, 
hybrid cells had been pre-treated with mitomycin C. In 
the latter cultures the reaction of the parental cells was 
severely reduced. 

The depression observed in UM cultures may be 
explained by a number of factors, The post-treatment 
washing may be insufficient to remove all mitomycin C 
from the medium. This is unlikely, however, because with 
the schedules used the maximum concentration of drug 
would be about 0-001 ug/ml. in the final culture. Wilson 
found that lowering the concentration much below 
25 py/ml. allowed some DNA synthesis by the treated 
cellst. Further washing of the treated cells is undesirable 
because of the considerable loss of cells during washing. 
The mitomycin C-treated cells carry some of the drug into 
the culture and release it when they die. Tt is difficult to 
assess the importance of this factor. Mitomycin C does 
cause cell death among the treated population and this 
may lead to adverse cultural conditions or to failure of the 
treated cells to produce the stimulatory factor’. 

The appearance of blast cells is not completely abol- 
ished in all MM cultures; this is in marked contrast to 
XX cultures. Others have reported similar findings in 
animal cultures’. Huemer ef al. used mitomycin C to 
produce one-way stimulation in mixed spleen cultures 
and found a low level of DNA synthesis in some MM 
cultures, suggesting that the mitomycin treatment had 
not been completely effective. They also found that a 
significant reaction occurred when F, cells and mitomycin 
treated parental cells were mixed, which, they suggest, 
is a response on the part of the hybrid cells. Using a 
chromosome marker technique, however, in a parent/ 
hybrid rat mixed leucocyte reaction system, Wilson was 
unable to detect any dividing F, cells®. 

The damage caused by mitomycin treatment may be 
reversible particularly in the presence of the normal 
reactor leucocytes, Such a phenomenon, although 
unlikely to oeeur, would lead to increased lymphocyte 
transformation and not the depression which was observed. 

Many of the difficulties encountered with the mito- 
mycin Ç technique are not present when X-rays are used 
to inactivate the lymphocytes. The cells surviving the 
culture period in UX cultures appear to be healthy, and 
im many combinations the degree of reaction is higher 
in X-ray produced one-way cultures than in the corre- 
sponding two-way reaction. Further, after X-irradia- 
tion, the lymphocytes are completely incapable of a pro- 
liferative response to the allogeneic cells. 
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Heritability of Flight Duration in the 
Milkweed Bug Lygaeus kalmii 


MEASUREMENT of tethered flight provides an index of 
flight behaviour in migratory insects?! Although tethered 
flight probably overestimates field performance 
frequency distributions are similar for flight duration in 
Lygaeus kalmii caught in the field (Iowa City, Towa 
populations) and reared in the laboratory (Fig. 1). Thus 
it is possible to obtain from populations reared in the 
laboratory data which index behaviour of ecological 
significance and to examine in detail individual differ- 
ences in flight behaviour. These differences may reflect 
effects of both genetic and environmental variation. 

Although numerous studies have suggested the impor- 
tance of environmental factors influencing flight in various 
species®’, there is a paucity of information about behavi- 
oural variation caused by genetic differences, So far 
most evidence of genetic variation for flight has heer 
derived from the presence of polymorphisms with 
to morphometric characters such as wing structure. Flight 
is a continuous variable, probably dependent on allelic 
differences at many loci, and is casily measured; it is 
amenable to quantitative-genetic analysis. To 
the relative importance of genetic and environn 
differences affeeting flight, we have estimated the heritahbil- 
ity of the behaviour in a population using regression of 
offspring scores on parent values. 

Heritability is a population-specitic parameter deserth- 
ing the ratio of the additive genetic variance to the total 
variance for a trait. It also has predicti value, for 
progress by selection is a function of the selection intensity, 
the phenotypic standard deviation of the trait in the 
population, and the heritability of the trait. The use of 
estimates of heritability in analysis of behavioural differ- 
ences has been discussed already**. 
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Fig. 1. Frequency distributions of flight duration scores obtained from 


male and female L. kalmii captured in the field during the time of 

spring post-hibernacular flights, and from virgin male and female 

L. kalmii reared from eggs in laboratory conditions. Adi bugs were 

tested while tethered in still air and the times for five consecutive flights 
were summed. Intervals are 6 min. 
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Table 1, MEANS AND VARIANCES OF SQUARE ROOT TRANSFORMED FLIGHT 
SCORES (MIN) FOR MALE AND FEMALE L. kalmii OF THE PARENT AND OFF- 
SPRING GENERATIONS 


Parents Offspring 
Males Females Males Females 
X £3 3-96 
v 5 23-17 
NV 320 





We used the offspring of L. kalmii caught in the field 
and their offspring to assess the relative importance of 
genotype and environment in determining pe eae 
differences in flight. All bugs s flight tested at 25° € 
according to Dingle’s method! . kalmii reared in he 
laboratory were maintained in eae crowding condi- 
tions and their flight tested while they were virgins, 6 to 
8 days after the imaginal moult. This is the age of 
maximum flight activity in the conditions maintained. 
Thirty-three male and thirty-three female offspring of 
the L. kalmit caught in the field were selected at random 
to serve as the parent generation, and their flight 
was tested. They were mated at random and ten males 
and ten females were randomly selected from the 
offspring of each pair and their flight was tested. When 
han ten offspring of either sex matured, all available 
offspring of that sex were tested. Flight scores were 
obtained from sums over five consecutive trials. Because 
of high mean-variance correlations within these groups of 
offspring and the skewed distributions of values for both 
offspring and parents, flight scores were square-root 
transformed before further analysis 

Means and variances of the transformed flight scores 
for males and females of parent and offspring generations 
are shown in Table 1. Our estimates of heritability for 
flight in L. kalmii calculated from regression of offspring 
scores (pooled across sex) on male parent and on female 
parent were 0-204+0-06 and 0-4140-05, respectively. 
Differences in estimates of heritability derived from male 
and from female parents may indicate a maternal effect 
on flight and merit further investigation. Our estimates, 
however, are consistent with heritabilities obtained for 
other behavioural traits®. A comparison of the mean 
scores for males and females within the generations 
provides no evidence for a sex difference for flight (¢< 1, 
df= 64; t<1, df= 644), Although males and females of 
migrant insects often differ in duration and timing of 
flight’, Southwood? concluded from a review of several 
sampling studies that flight is similar in male and female 
Lygaeids. Our data for D. kalmii, if tethered flight is 
used as an index, agree with his conclusions. 

Southwood’ has repeatedly emphasized the importance 
of flight in insects, such as L. kalmii, which inhabit chang- 
ing environments because it enables them to change their 
habitats. Furthermore, Kennedy’ has argued that 
maximum. utilization of the habitat in such species might 
be made possible by the maintenance of a high degree of 
variability with respect to flight. Although studies on 
flight behaviour have often stressed the importance of 
environmental factors producing such variance, evidence 
has recently been reported of genetic differences affecting 
flight behaviour in another milkweed bug, Oncopeltus 
fasciatus’. We found that a substantial proportion of 
the variance of flight performance is attr ibutable to differ- 
ences in additive genetic values. Flight behaviour in 
this population of L. kalmii should therefore respond to 
mass selection. In view of these results, and current 
emphasis on the importance of behavioural differences 
in migration®, quantitative genetic analysis of such differ- 
ences may be useful in discerning strategies of migration 
and dispersion. 
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Cytochemical Localization of 
Enzymes in the Wall of the Pollen Grain 


ANGIOSPERM pollen grains have enzymes which are readily 
leached out by water. The release begins within minutes 
of immersion, and is not related to the germination of 
the grains and the growth of the pollen tube, for it occurs 
in media which inhibit germination'. If the enzymes were 
derived from within the pollen protoplast, the rapid leach- 
ability would seem to indicate a remarkable permeability 
of the plasmalemma to proteins, But another possibility 
is that enzymes and other proteins are situated extra- 
cellularly in the pollen grain wall, which has been observed 
before”. We report here the storage of various hydrolytic 
enzymes in the pollen walls of ten species of flowering 
plants, and show that the site of deposition is the cellulosie 
intine in walls of several different structural types. 

We used mostly mature pollen. Whole grains were 
suspended in 15 per cent sucrose or 1 per cent NaCl for 
the observation of intact walls. Wall fragments were 
obtained free of adherent cytoplasm by shearing the 
grains between glass slides and selecting samples from 
which the protoplast had separated cleanly. For more 
precise localization, freeze-sectioning was carried out. 
Fresh, unfixed anther segments or thick slurries of pollen 
were encased in a medium containing 15 per cent gelatine 
(w/w) and 1 per cent dimethyl sulphoxide (vP. A 
block of the medium containing a sample was then cooled 
rapidly to — 15°C, and sections 2-8 microns thick were 
cut in a cryostat. The sections were air-dried at room 
temperature and stored until required at 2° C. 

Material for transmission electron microscopy was pre- 
pared by standard methods, fixation being either with 
2 per cent KMnO, or 3 per cent glutaraldehyde followed 
by 2 per cent OsO,. For scanning electron microscopy, 
pollen was fixed in acetic alcohol, embedded in wax and 




















Table 1. OYTOCHEMICAL DETECTION OF ENZYMES IN POLLEN WALLS 











Acid Alkaline 
Species phosphat- phosphat- Ribonu- Es Amyl- 
ase” aset elage { f aset 
Malvaviscus arboreus + NT + + + 
Hibiseus rosa-sinen 
ov. + ~ + + + 
Abutilon megapotamicum St 
H. & Naud + NT + + NT 
Cosmos bipinnatus Cav. + NT + + NT 
Senecio confusus Britten + NT NT NT NT 
Dianthus chinensis L, cv, + NT + + NT 
Jrocus vernus Wulf. ov, + - + + + 
Liktum longiflorum Thunb, + NT + + NT 
Zea mays L + NT + + NT 
Coix lachryma-jobi TL. + NT + + NT 


+, Activity presentin the wall; —,noactivity in the wall; N'T, not tested, 

* Methods of Barka and Anderson’ using a-naphthy!] acid phosphate and 
naphthol AS/BI as substrates, Seligman’ and Hanker et al, (ref. 7 and personal 
communication) using 2-naphthyl-thiol phosphate as substrate, and modifica- 
tions of the Gomori lead salt method (Essner and Novikoff® and Bitensky?). 
Controls: minus substrate; pollen heated at 90° C for 2 h; 0-01 M NaF 
as inhibitor, 

+ Method of Hanker ef al.’ and Seligman’ using 2-naphthyl-thiol phosphate 
as substrate, Controls as above. 

t Lead salt method of Enwright ef al.'¢ using both 0-3 per cent lead ions as 
recommended and 0-12 per cent to reduce lead toxicity. Visible reaction 
product formed using H,S saturated water as recommended by Bitensky? 
for acid phosphatase method. Controls: minus substrate; 0-01 M NaF as 
inhibitor. 

§ Method given by Pearse" using o-naphthyl acetate as substrate. Controls: 
minus substrate, 

€ Starch substrate film method suggested by Shear and Pearse!’ 
trols: pollen heated dry at 90° C for Th. 


Con- 
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Textbook of 
Contraceptive Practice 
JOHN PEEL and MALCOLM POTTS 


‘The book gives a detailed description of 
available methods, including sterilization and 
abortion and contains much practical advice 
which will be welcomed by doctors and 
nurses. It is extremely well written, easy to 
read, scientifically accurate and displays a 
compassionate view of a human problem.’ 
From the Foreword by Sir Dugald Baird 


‘A splendid book. It is the sanest and clearest 
presentation of the topic I have ever read.’ 
Dr Alan Guttmacher, President, Planned- 
Parenthood World Population 

Cloth zos. net ; paperback 18s. net 


The Mathematical 
Papers of 
Isaac Newton 
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M. A. HOSKIN and A. PRAG 


A fully annotated and critical edition of all 
the papers of Isaac Newton which will be 
published in eight volumes. 


Volume III: 1670-1673 


The main portion of the third volume 
reproduces Newton’s elaborate tract on infinite 
series and fluxions (the Methodus Fluxionum) 
and a hitherto unpublished appendix on 
geometrical fluxions. Ancillary documents 
include (in Part 1) papers on the integration 
of algebraic functions and (in Part 2) short 
texts dealing with geometry and simple 
harmonic motion in a cycloidal arc. Part 3 
reproduces, from both manuscript versions of 
Newton’s Lectiones Opticae and his Waste 
Book, mathematical excerpts from his 
researches at this period into light and the 
theory of lenses. £10 tos. net 


Physics of Metals 


1. Electrons 
Edited by J. M. ZIMAN 


A clear account of the electronic properties 
of metals, which explains the present state of 
knowledge without recourse to elaborate 
mathematics. The topics covered include: 
how to calculate the band structure; how 

to observe the Fermi surface; effects of a 
magnetic field; surface and size effects; 
conduction of heat and electricity; liquid 
metals; alloys and special properties of 
transition metals. The authors are all 
acknowledged experts, and this book will be 
indispensable to any experimental or 
theoretical solid state physicist or metallurgist 
for many years to come. A second volume on 
defects, edited by P. B. Hirsch, is in 
preparation. 
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The journal publishes original work on the 
developmental biology of both animals and 
plants. It particularly welcomes reports of 
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Maivariacus arboreus, pore and adjacent wall. 


Fig. 1. ` iw ¢ 
(Bb) control, substrate withheld, s, Sexine; n, nexine; 


substrate; 





Fig. 2. Crocus vernus pollen wall. (a) Esterase activity, naphihyl acetate as sub: 


o 
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ur) Acid phosphatase activity demonstrated with a-naphthy! acid phosphate as 
i, intine, 


pm, plasmalemma of the pollen protoplast. (x e. LOUD.) 





rate: (b) control, substrate withheld, e, Exin 





of sexine and nexine, not resolved at this magnification.) (x e 940.) 





Fig. 3. Scanning e i 
and the spines rising from the tectum, 


ectron micrograph of the exine of Wulcariscus arboreus showing the inner face of U 
The pores of Fie. 1 are here seen in surface view 







pared nesine in section, 
a well as in 
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(x e. 3,200) 


Fig. 4. 


Fig. 5. Scanning electron micrograph of the surface of the acetolysed exine of Malvaviscus arboreus. One po 
paponding in origin to the nesine, 
{x e L870) 


The pore is capped with gramular sporapollenin, e 





spines. 


sectioned at 4-8 microns. The wax was then removed, 
and the released sections were acetolysed* before dispers- 
ing on specimen stubs for gold~palladiam coating. 

The cytochemical methods we used are listed in Table 1, 
together with the principal results. Acid phosphatase. 
ribonuclease, esterase and amylase activity was detected 
in the walls of all of the pollens tested. With these 
enzymes, activity was invariably much greater in the wall 
than in the protoplast. Alkaline phosphatase was an 
exception; no activity was observed in the wall, although 
it was evident in the protoplast. 

The location of wall-borne enzymes was established on 
the basis of microchemical tests of wall materials and 
scanning and transmission electron microscopy. ‘The basic 
architecture is similar in all the species we examined. 
The outer wall, the exine, is composed of sporopollenin. 
and constitutes two strata, the outer sculptured sexine and 
the inner, non-sculptured nexine. The inner wall, the 
intine, is cellulosic. Exine and intine can be distinguished 
with the optical microscope after staining, particularly 
by the strong response of the intine to the periodic acid- 





Suriace view of an isolated fragment of the pollen wall of Malvaviscus arboreus, phosphatase activity demonstrated aa in big. la. 
The reaction product blackens all pores. 


(x e. 440.) 


isseen, with surrounding 
seen in section in Fig. 7. 
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Schiff procedure. In the 
is readily recognized by its 
ing osmication and by its resistance to acetolysis. 

The distribution of the wall enzymes is summa 
Table 2.) In all cases 








zed in 
the aetivity was detected m the 
central or outer part of the intine. or at the interface 











between intine and nexine. In the non-aperturate Crocus 
vernus, activity was located in a broad diffuse zone in the 
centre of the thick intine. extending more or leas unis 
formly over the whole of the grain (Fig. 2a and b). In 
some of the grains examined, a narrow layer of activity 
was detected at the plasmalemma of the spore. In the 
porate and colpate species, the enzymes were concen- 
trated near the apertures. The characteristic pattern is 
well shown by Malvaviscus. Here the pores form tapering 
pits in the exine (Fig. 3), capped without by a granular 
mass of sporopollenin (Fig. 5). The intine is thickened in 
the neighbourhood of each pore, forrning a collar below 
and penetrating into the pore as a plug. On the side 
abutting the plasmalemma the cellulose is compacted 
and enzyme activity is less abundant. Within the pore 
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LOCATION OF ENZYME ACTIVITY IN POLLEN WALLS OF DIFFERENT STRUCTURAL TYPES 


Numerous pores 


Single pore 
(Zea mays; Coix lachryma- 
jobi) 


Non-aperturate 
(Crocus vernus) 


(Malvaviscus arboreus; Hibis- 
CUS rosa-sinensis; 
megapotamicum; 


i Tricolpate 
(Cosmos bipinnatus: 
ecto confusus) 


Abutilon 


Monocolpate 
Dianthus 


(Lilium longifiorum) 


Sens 





chinensis) 


Centrai zone of the intine; 
uniform over all parts of 
the grain 


Concentrated in the poral 
intine, but a thin zone of 
activity detectable in the 


intine elsewhere within 


itself, the intine is frayed out into strands or lamellae, 
and this is the region of intense activity (Fig. la and b). 
The concentration of activity in the pore regions is well 
seen in a surface view of isolated wall fragments (Fig. 4). 
In the colpate species, enzyme activity is again associated 
with the intine underlying the colpi or along the colpial 
margins. 

If the plasmalemma defines the limits of the protoplast, 
these observations show that the pollen grain carries a 
substantial load of extracellular enzymes. In all the 
pollen types examined, the principal association is with 
the intine, No activity was detected in isolated cavities of 
the exine, for example, between the bacula or in isolated 
cavea of the pollens of the Compositae*, although there is 
evidence of activity associated with the superficial Pollen- 
kitt in some species. Moreover, in young spores of Malva- 
viscus, Hibiscus and Crocus examined before the onset of 
intine growth, no enzyme activity was associated with the 
exine. It is likely, then, that the enzymes are incorporated 
during intine growth. Fine-structural observations of 
intine growth in Silene pendula, a species of the Caryo- 
phyllaceae with a pollen similar to that of Dianthus 
chinensis, suggest a way in which enzyme proteins are 
inserted into the intine, Local accumulations of 
amorphous material and oceasional membrane-bounded 
vesicles are presented at the plasmalemma and m- 
corporated in layers of the intine, where they remain 
visible in sections of the mature grain. The distribution 
of these intine inclusions matches that of enzyme activity, 
especially in the concentration in apertural sites. A similar 
inclusion of vesicles derived from the cortical cytoplasm 
in the growing intine of Armeria maritima has been 
described by Erdtman and Dunbar (ref. 15; sec also 
ref. 16). 

On the basis of the foregoing evidence, we suggest that 
the enzymes released from pollen following brief immersion 
are derived from extracellular sites, and that in the dry 
grain they are held in the intine, or at the intine surface 
when this is loosely lamellated or fibrillar. The rapidly 
diffusing pollen proteins noted by Stanley and Linskens'? 
are probably derived from these wall sites, and it seems 
entirely possible that this is one source of allergenic 
pollen proteins. 

We consider that the intine enzymes are microspore 
products. not derived from the tapetum. The concentra- 
tion at the aperture sites could obviously be functionally 
important. The exine is thinnest here (Figs. 3 and 5) 
and from these locations the proteins held in the intine 
will be most easily leached. and so most readily available 
should they have some function in the germination 
process, say in penetration of the stigma, 

This work was supported by the Graduate School of 
the University of Wisconsin and by the US National 
Science Foundation. We thank Engis Equipment Co., 
Morton Grove, Hlinois, for the use of a Cambridge Instru- 
ments Stereosean microscope. R. B. K. is on leave from 
the Department of Botany, Australian National Univer- 
sity. Canberra. 
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Concentrated in the intine at 
every pore, particularly in 
the diffuse outer cellulose 

the pore sl 

Thin zones of activity in 

the inter-poral intine 


Concentrated in the outer 
layers of the intine at 
each colpus, especially at 
the margins in distended 
grains. Slight activity in 
the mesocolpial intine 


Concentrated in the colpial 
intine; mostly at the 
margins of the colpus in 

4 the distended grain 
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Inhibition of the Sweet Taste by 
Gymnema sylvestre 


Gymnema sylvestre (GS), a plant used in the Ayurevedie 
medicine of India for the treatment of diabetes mellitus!, 
has been known from antiquity also to have an anti- 
saccharin taste effect, Chewing the leaves, rinsing the 
mouth with aqueous extracts, or topical application to the 
tongue, selectively and temporarily reduces sensitivity to 
sweet substances. The mechanism of this selective ageusia 
or hypoageusia which follows treatment with GS is 
unknown. 

Warren and Pfaffmann have shown that the degree of 
suppression of sweet sensitivity by the active principles 
of the plant was equivalent for equisweet concentrations 
of sucrose and saccharin’. These results, together with the 
confirmation that the active principles are glycosides 
(several gymnemic acids (HG) have recently been isolated)’, 
suggest that the topical and selective anaesthetic effects 
of the plant might result from competition for receptor 
sites between HG and sweet substances. If competitive 
inhibition is indeed the cause. then sweet substances 
would be given a selective advantage by adapting the 
tongue to strong concentrations of these solutions before 
and during application of extracts of Gymnema. It would 
be expected that such treatrnent would inhibit the sup- 
pressing effects of the active principles of GS and we 
decided to test this prediction. 

In experiment one, the subject was pretreated with 
sucrose or sodium saccharin before the GS extract pre- 
pared with sucrose or sodium saccharin. In experiment 
two, treatments with suerose or sodium saccharin were 
not followed by GS extract. In experiment three. no 
sweet solutions preceded treatment with GS extract. 

Before each day's session, thresholds for sucrose and 
sodium saccharm were determined. The procedures for 
rinsing, and so on, of experiment one (see later) were 
followed in experiments two and three, and except for the 
obvious differences to sweet adaptation or treatment with 
GS extract the procedures were similar. 

In experiment one, the subjects went through a series 
of 10 s rinses as follows: one of the adapting solutions, 
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Units of threshold change 























| GS {es | GS | Tea | | Tea | 
to Pte (Only) - Lo | batena 4 
Sucrose Socch, Sucrose Sacch. 


Treatment 


Fig. 1. Effeet of Gymnema sylvestre and sweet adaptation on sucrose 
(black columns) and sodium saccharin (hatched columns) thresholds, 





05 M sucrose or 10 M sodium saccharin; GS extract 
with either sucrose or sodium saccharin present in adapting 
concentrations: three rinses with adapting solution; 
three rinses with 50 ml. water. Six minutes after the GS 
extract in sucrose or saccharin was spat out, there was a 
final water rinse. Thresholds were immediately redeter- 
mined for both saccharin and sucrose. 

A 2 per cent instant tea preparation similar in appear- 
ance, taste and aroma was substituted for GS extract as 
a control. The treatment and rinsings were otherwise 
the same as already described, A series of sixteen solu- 
tions increasing in concentration by 4/2 were available 
for sucrose (2-2 x 10 M to 0-4 M) and also for saccharin 
(4-3 x 10M to Sx 10+ M). The GS extract was prepared 
ss described elsewhere’. Six 











changes in supraliminal concentrations of these solutions, 
and the reliability of their threshold determinations. 
Changes in threshold (Fig. 1) are expressed in terms of the 
solution steps used in this study: each unit represents 
a 4/2 change. 

Adaptation to either strong solutions of sucrose (0-5 M) 
or sodium saccharin (10-* M) did not affect the elevation 
of threshold produced by GS extract without the sweet 
additives. Indeed, values were higher when adaptation 
to sweet accompanied GS treatment but this apparent 
“potentiation” did not reach significance in any case 
{two-tailed t-tests). 

When the tea placebo was used with sucrose and with 
sodium saccharin adapting solutions, little residual 
adaptation was observed, indicating that the procedure 
of multiple water rinses eliminated almost all influence of 
prior adaptation, but not the effect of treatment with 
GS extract, 

It should be noted that the greater efleet of GS extract 
on elevation of sodium saccharin thresholds as compared 
with sucroso thresholds is in agreement with the fact that 
the sweetness of sodium saccharin increases more slowly 
than sucrose with increasing concentration, Hence, the 
threshold concentrations of these two substances following 
GS extract would correspond to approximately equisweet 
supraliminal solutions before treatment’. 

Taste receptors may respond to a stimulus within 30- 
50 ms. Tt has therefore been suggested that sapid sub- 
stances do not readily enter the interior of the cell, but 
rather react at the cell surface, on particular sites in the 
microvilli which may be capable of binding molecules 
and ions’. The results indicate that suppression of sweet 
sensitivity by CS extract is probably not a matter of 
competition for receptor sites, but it does not exclude the 
possibility of a mechanism involving a non-competitive 
site which may alter a configuration necessary for stimula- 
tion. The persistence of the effects of GS 
























extract, however. 
even after repeated rinsing, long after the effects of 
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sucrose and saccharin adaptation would have worn off, 
suggests that it may interfere with one or more of the 
intermediate steps in the essential cellular sequence 
leading to nerve stimulation. 
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National Institutes of Health and the US National Science 
Foundation. 
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Lethal Mutation Rate in Drosophila 
exposed to LSD-25 by Injection 
and Ingestion 


ALTHOUGH attempts have been made to assess the effect 
of p-lysergie acid diethylamide (LSD-25) on human 
chromosomes, it has yet to be unequivocally determined 
when and in what circumstances this chemical is muta- 
genic. From karyotype analyses of individuals who have 
ingested LSD-25 some investigators have concluded that 
it is not mutagenic’? while others have reported a high 
incidence of chromosome aberrations among such m- 
dividuals?* as well as among human leucocytes treated 
in vivo?, Because of its long standing utility in the detec 
tion of induced mutations Drosophila seems to be a likely 
organism with which to investigate this problem further. 
Reports have recently appeared which indicate that 
while LSD-25 is not apparently mutagenic when injected 
directly in D. melanogaster males in amounts as great as 
500 ug/ml. (ref. 5) it is capable of producing N-linked 
recessive lethal mutations when doses some twenty times 
larger are usedë, 

One may ask, however, if the effe amical 
are dose-dependent, if it is equally effective on both the 
X and autosomes and if it is mutagenic when introduced 
to the adult by ingestion as well as injection. Injection 
is the most direct means of introducing this chernical to 
the gonads and ingestion (the usual human method of 
exposure) permits the administration of relatively large 
repetitive doses. Two procedures were used for the 
detection of lethal mutations, the Muller-5 (M-5) tech- 
nique? which detects N-linked recessive. lethals, and the 
Curly-Lobe/Plum (CyL/Pm) technique which detects 
second chromosome recessive lethals*. In all tests the flies 
were taken from a highly inbred line. Males 36-48 h old 
were injected with LSD-25 at either of two concentrations, 
100 and 2,000 ug/ml. The lesser concentration was ob- 
tained already dissolved in 1 ml. aqueous stock solution 
(Sandoz Batch No. 65002); the higher concentration was 
prepared from LSD-25 powder (Sandoz Batch No. 88601) 
diluted with the stock solution. Each male received an 
abdominal injection of about 0-2 ml. of solution. (The 
eontrol males received injeetions of the stock solution.) 
At the concentrations used the amounts of chemical 
injected correspond, respectively, to about 24 and 470 ug 
per g of body weight. 

Twenty-four hour old males were placed in empty vials 
for 12 h before treatment to ensure some degree of de- 
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hydration. Each fly was then immobilized with ether. 
A graduated micropipette was held to the proboscis and 
as the fly recovered it drank some of the solution. The 
amounts of liquid ingested ranged from 0-7 to 1-5 ul. 
(x=1-2 ul). The treated flies were then allowed to feed 
on a Drosophila culture medium for about 2 h, after which 
time they were twice more dehydrated and fed the test 
solution. ” Depending on the concentration of the liquid 
(100 or 2,000 ug/ml.) a fly received approximately 420 
or 8,460 ug LSD-25 per g of body weight (or some 
eighteen times more than that introduced by injection). 
The control males were fed the stock solution. 

After exposure by either method a male was mated to 
a virgin female of the appropriate genotype every 3 days 
to produce a total of three broods, This procedure 
permits detection of postmeiotic (days 0-7) and to a 
lesser extent meiotic (days 8-9) mutations. For each 
treatment twenty fertile males were tested; about thirty 
paternal X or second chromosomes were isolated from 
each of the three broods arising from a male for a total of 
about ninety chromosomes frorn each. 


Table 1. FREQUENCY OF LSD-25 INDUCED LETHAL MUTATIONS 
Mean 
Days after treatment No. of lethal 
Exposure Type 1-3 4-6 7-9 chromo- frequency 
somes (per cent) 
(Control) 
Injection A-5: i p 
Lethal 3 2 2 7 0-39 
Nonlethal 597 591 693 1,781 
(100 ug/ml.) 
Lethal 2 0 3 5 0:28 
Noniethal 590 57 588 L757 
(2,000 ug/ml.) 
Lethal 6 5 3 14 O79 
Nonlethal 581 590 504 1,765 
(Control) 
Cy Lh! Pian: 
Lethal 0 4 5 9 OSL 
Noniethal 692 588 573 1,753 
(100 #g/mil.) 
Lethal 1 8 3 10 0-57 
Nonlethal 597 564 591 1,752 
(2,000 we/mi.) 
Lethal 8 6 2 16 0-00 
Nonlethal 590 589 583 1,762 
(Contrel) 
Ingestion M-3: 
Lethal 6 1 4 5 0-238 
Nonlethal 577 591 593 1,761 
(100 ugjml,) 
Lethal 5 0 2 7 0:39 
Nonlethal 595 587 598 1,780 
(2,000 zg/ml.) 
Lethal 3 7 10 20 113 
Nonlethal 572 588 557 1,747 
(Control) 
Cy Lj Pm: 
Lethal 4 0 3 7 O40 
Nonlethal 591 586 568 1,745 
(100 ug/ml.) 
Lethal 0 4 D 9 OSL 
Nonlethal 592 569 DRO 1,750 
2,000 ug/ml.) 
Lethal 7 12 l4 33 L89 
Nonlethal 582 586 553 1,721 


Table 1 shows the frequencies of lethals detected within 
the four chief treatment groups; in each group the 
frequency of lethals obtained after exposure to the stock 
(control) solution can be used as the basis of comparison. 
There is a general increase in the average frequency of 
lethals with dose within all the chief groups, although in 
no group is the difference between the mean of the control 
and the lowest LSD-25 exposure statistically significant. 

As Table 2 shows, however, there are some significant 
differences when one compares the controls to the flies 
Table 2. SIGNIFICANCE OF DIFFERENCES BETWEEN FREQUENCY OF LETHAL 

MUTATIONS INDUCED BY INGESTING AND INJECTING LSD-25 
Mean frequency 


Type Treatment (per cent) t-value Probability 
Control Max, dose 
M-5 Injection 0:39 0-79 2500 0-025 < P< 0-05 
Ingestion 028 1:18 2-237 0-025 < P< 0-05 
CyL] Pm Injection 0-51 0-90 1-001 0-20< P< 0-25 
Ingestion 0-40 189 S548 0-01 < F< 0-025 
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receiving the maximum exposure within each group of 
treatments. With the exception of the second chromosome 
lethals scored after injection, there is a significant. increase 
in lethal frequency with maximum dose. 

Within both the injection and ingestion series, the 
average frequencies of second chromosome lethals scored 
after a particular treatment exceed that of the cor- 
responding X-linked type (Table 1). Because the second 
chromosome of D, melanogaster is about twice as long as 
the X-chromosome, these results suggest that there is no 
marked difference in the sensitivities of these two linkage 
groups to the mduction of lethals by this chemical. In 
addition, the frequencies of both X and autosomal muta- 
tions are, on the average, greater within the ingestion 
than the injection series; this difference, however. is not 
statistically significant. 

My data suggest, but by no means prove, that there is 
a threshold dose-response for the mutagenic action of 
LSD-25 in Drosophila; the lowest concentration (100 
ug/ml.) produced no significant increase in the frequency 
of recessive lethals whereas the higher concentration 
(2,000 ug/ml.) did. Supporting this, Grace et a/.5 did not 
observe a mutagenic effeet when LSD-25 was injected at 
a concentration of 500 pg/ml., while Browning’, who 
used a concentration of 10,000 ug/ml., obtained positive 
results. In addition, G. Markowitz and G. Brosseau 
(personal communication) performed a statistical analysis 
of all available data (the data of the present experiment 
included). While they concluded that a linear dose- 
response for this chemical could not be completely dis- 
allowed, the overall picture that emerges is consistent 
with the existence of a threshold dose-response effect. 

Browning’s data® suggest that LSD-25 when injected 
operates chiefly on the mature. that is, postmeiotic, 
sperm of D. melanogaster, Table 1 shows that the males 
receiving the maximum injected dose produce from two 
to three times as many lethals in the first. as in the last 
broods, although the opposite trend can be observed in the 
ingestion series. All broods would have had to be con- 
tinued a minimum of 11 days to detect premeiotic muta- 
tions. Because, however, the first two broods, and to a 
lesser extent the third, test postmeiotic cells, and because 
at least one-half of all induced lethals were detected in 
these first broods, we also conclude that this chemical 
has a pronounced effeet on postmeiotic germ cells in 
both exposure regimes. 

While it appears that lethals can be induced by either 
injection or ingestion, the relative efficiencies of induction 
by the two methods differ. Although the ingestion groups 
received eighteen times more LSD-25 than the injection 
groups the numbers of lethals produced by either method 
were not significantly different. It should also be noted 
that injected males are immediately mated while those 
fed the chemical are stored for at least 24 h after their 
first exposure in order to complete the serial feedings. I 
conclude that, overall, ingestion is not as efficient a mode 
of exposure as injection. Possibly the LSD-25 is degraded 
more readily while passing through the gut of the fly than 
when injected directly into the abdomen, or it may be that 
the chemical may not readily diffuse to the gonads when 
ingested. 
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Bitterness and Chemical Structure 


Many bitter-tasting substances produced by plants are 
known, but no conclusive relationship between bitterness 
and chemical structure has been proposed. Shallenberger 
and Acree! recently related a sweet taste to certain 
molecular features, and reported that sweet compounds 
possessed a proton-donor group (DH) and a proton- 
acceptor group (4), and that these groups should be in 
positions such that the proton of the former and the 
orbital of the latter are at an average distance of 3 A, 


o7 


a distance that makes intramolecular hydrogen bonding 
impossible. 

We have been examining the chemical structure of 
bitter principles obtained from plants of the Tsodon 
species. ‘These plants contain numerous diterpenes which 
are considered to have been formed as oxidation products 
of (~)-kaurene in the living state. Somevwf these diter- 
penes and their derivatives possess bitterne others 
donot. Qualitative tests on their bitterness and oxamuna- 
tion of the correlation between bitterness and steric 
structure using the Dreiding model revealed that there 





Bitter compounds 





1) R=CHO, R’=>CH, 
(dl) R=CHO, R’=a-CH,, 6-H 

GIÙ R=COOH, R’=a-CH,, 8-H 
(IV) R=COOCH,. B’=a-CH,, p-H 








R=a-0H, 8-H, R’= >CH, 


(XILI) 
R=>0, R’=f-CH,, aH 


(XV) 





(XVII) R=H 
(XIX) R=Ac 





(XXI) 
(XXI) R=f-OH, «H, C=C, (double bond) 
(XXII) Re g-OH, aH 









IVI) Ree oO 
(VHD Ree«OH, 8-H 


(XVII) 


COOH 





D 
cnt 
HI 


R=>0 (XXIV) 


Fig. 1. 
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is a simple rule relating the two. In order for a compound 
of this series to be bitter, it is necessary for it to contain 
at least one “unit” of bitter taste » Where the “unit” 
consists of a DH group and an A group; these two groups 
must be within a distance of about 1-5 A, making it 
possible to form an intramolecular hydrogen bond. 
Examples of DH are OH, CHOCOCH,, CHCOOCH, and 
CHCO groups, and examples of A are carbonyl groups 
like CHO, CO, COOH, COOCH, and OCOCH,, and a 
double bond like C=C-—-O--. Units of bitter taste are 
indicated in Fig. 1 by underlining. 

Isodonal (I)? and dihydroisodonal (If)? are C-11 isomers 
of trichodonin (XXV)* and dihydrotrichodonin (XXVI)', 
respectively. I and II, possessing an «-hydroxyl group 
at O-11, are bitter, while XXV and XXVI, having a 
8-hydroxyl group at C-11, are tasteless. In this case, the 
distance between the proton of the C-11 hydroxyl and the 
oxygen of the ©-6 aldehyde is about 1 A, while the corre- 
sponding distance in XXV and XXVI is about 3 A. In 
both pairs, the A group is the CHO at C-6 but the only 
DH group is the ¢-OH at C-11, Tt is certain that the 
«-OH at C-11 is truly of DH type because acetylisodonal 
(XXVIT)*, dihydroacetylisodonal (XXVIIT)?, and 11- 
ketodihydroisodonal (XXIX)? and NXX’, do not possess 
a bitter taste. To correspond to the proton donor x-OH 
at C-11, 6-COOH (III), 6-COOCH, (IV), 18-OCOCH, 
(Vy, and §-C=CH—O (IX) are potential A groups. 
In V, 6-CH,OH evidently docs not serve as A because 
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XXXI is tasteless, while 5-C=:CH—O in LX manifestly 
does serve as A because the dihydro compound 
(XXXVIII), which has a 5-CH—CH,-—O group, is 
tasteless. 

The fact that dihydrocpinodosin (VI), tetrahvdro- 
epinodosin (VIII), nodosin (X1)5, enmein (AVITD, and 
enmein 3-acetate (XIXY all have bitter taste is considered 
to be due to the fact that the equilibrium 


| | 
acetal ring 6-CHO  18-CH,OH 


fulfils the roles of A and DH. On the other hand, the 
lactones obtained by the oxidation of this acetal ring, 
such as the lactone (XXXII)? of VI and the lactone 
(XXXIV)! of dihydroenmein, are tasteless, and mono- 
acetylnodosin (XXXII and the hydroxyl lactone 
(XXXVI) are not bitter. 

In oridonin (XHEP and shikokianin (XVI)®, and in NVS, 
the 6-8-OH and 15-CO are closer---within a distance of 
1 A-—and form the unit of bitter taste (DH and A). 
Conversely, trichokaurin (XXXV)" is not bitter because 
it lacks the groups corresponding to DH and A, 

Various pairs of groups that are considered to form 
the unit of bitter taste include the following: a compound 
in which DH is the «-hydrogen adjacent to an 11-ketone 
and A is the carbonyl in 6-OCOCH, (compound XIT): 
a compound in which DH is the -hydrogen on a carbon 
hearing 6-OCOCH, and A is 7-8-OCOCH, (for example, 


Tasteless compounds 











COOCH, 





(XXX) 


s OAc 
CHO 
(XXV) R=> (XXVI) R'=>CH, R=a-OAc, BH 
(XXVI) (XXVII) R’=a-CH;, 6-H, R=a-OAc, 8-H 
(XXIX) R'=aCH, 8-H, Rei 





OOH 


l. 


(XXXII) 





(XXXII) R=Hp R=>0 
(XXXIV) R=>0, R= H, 
(XXXVI) 








(XXXVILE 





OAc 
(XXXV) 


(XXXVIT) 


R=8-0H, a-H, R’= H, 


COOH 





(XXXIX) 
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dihydrooridonin tetraacetate, XIV’); a compound m 
which DH is the 6-¢-hydrogen on the carbon bearing 
OCOCH, in the acetal group and A is the carbonyl in 
LL-OCOCH, (compound VII); a compound in which DH 
is the S-hydrogen on the carbon bearing 11-OCOCH, and 
A is the carbonyl in 1-OCOCH, (compound XVII); a 
compound in whieh DH is the -hydrogen on the carbon 
bearing a y-lactone and A is the carbonyl in 3-OCOCH, 
(XXN}¢ or in -COOH (XXI to XXIV)S 

The proton in these DH groups is an active hydrogen 
that can take part in hydrogen bonding" and A is situated 
at a distance of about 1 A in these compounds. Thus. 
as stated, NXI is bitter but XXXVII, in which A has 
been eliminated, is not. NNNIV, in which the acetyl 
group of XX has been changed into a ketone, and NXNXXHI, 
in which this ketone has been reduced, do not have a 
hitter taste. Both have a hydrogen at C-5, but there is no 
group corresponding to A at a suitable distance in these 
compounds, 

According to the foregoing account, enmem or kauren. 
type diterpenes must have DH and A situated within a 
distance to enable them to form a hydrogen bond in order 
for these diterpenes to be bitter. This, however, may not 
he a sufficient condition because the compound XXXIX, 
in which DH and A are present, is not bitter. It is 

ssible that the size or the shape of molecule, besides the 
unit of bitter taste, is a secondary requisite. 

This idea of the unit of bitter taste can be applied to 
other types of bitter principles from plants. For example, 
eohimbin®, obacunone™, marubiin™, ipomeamarone”™, 
iridoid glucosides™ and eucurbitacins'? may be considered 
to possess the same unit of bitter taste as the bitter 
substances of Jsodon. 

In the case of bitter taste, as in the case of sweet taste, 
proton donors and proton acceptors of the proteins in the 
surface of the taste bud microvilli act as a receptor site, 
and these probably form hydrogen bonds with the bitter 
unit, In the case of bitterness, however, the proton 
donor ab the receptor site must be strong enough to sever 
the hydrogen bonding in the substrate site. It is possible 
that the free amino group of basic amino-acids in the 
protein, free carboxylic acid groups of glutamic or aspartic 
acid, and the phenolic hydroxyl group of tyrosine all take 
part in this reaction, 

Tt is noteworthy that while sugar sweetness is Inhibited 
by an intramolecular hydrogen bond in glycol, the 
presence of an intramolecular hydrogen bond is a requisite 
for the bitterness of Zsodon substances. 
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Vasomotor Responses in the Growing 
Antlers of the Reindeer, Rangifer tarandus 


REINDEER shed their antlers every winter and grow them 
again during spring and swnmer. After shedding, the 
former site of attachment of the antlers becomes covered 
with skin, and the new antlers start to grow. 
Throughout the growth period the skin covers the antlers, 
which are richly supplied with blood. Blood vessels are 
located superficially in the skin and do not penetrate 
deeper. Only the tips of the antlers grow very rapidly, 
Growing tips have a soft, pulpous consistency, and there 
is continuous ossification proximal to the growth zone. 
When the antlers are fully grown, the skin necroses and is 
seraped off. The blood vessels thus have a short function- 
ing time, a feature they share with the blood vessels of the 
placenta, and can be regarded as a “disposable” vascular 
bed. We know little about the physiology of antler 
blood vessels: are they under nervous vasomotor control, 
and do they respond to biogenic amines in a way similar 
to the skin blood vessels from which they orginate f 
To answer these questions, we have invest igated the vasait- 
lar responses in the antlers of reindeer. 
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The two upper tracings demonstrate the in’ 
resistance in reindeer ant! fter injection of sin 
adrenaline (10 ug) and histamine ug) into the 
reindeer legs (the two lower tracin the respo 
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these amines differed in that histamine here produced a weak 
resistance, 
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All observations were made in the late summer on 
animals from a domestic herd near Harstad in Norway. 
The animals were restrained, and the temperatures at 
different sites along the antlers were recorded by thermo- 
couples. Even within the same antler there were con- 
siderable differences in temperature; it was highest at 
the tips, which were soft and showed signs of active growth, 
Local infiltration with procaine in the proximal part of 
the antler increased the temperature distal y. The effects 
of biogenic amines were tested when the blood vessels of 
excised antlers were perfused with mammalian Ringer 
solution. For comparison we perfused the blood vessels 
of excised reindeer legs complete with skin, Flow was 
kept constant with a controllable peristaltic pump, and 
changes in perfusion pressure, caused by single injections 
of amines into the perfusion circuit, were recorded by a 
Statham pressure transducer and a Sanborn dynograph. 
In the antlers, adrenaline, noradrenaline, histamine and 
serotonin all produced a marked increase in perfusion 
pressure, indicating vasoconstriction. Doses as small as 
0-5 ug were effective. Responses in the legs were similar, 
except that the dose of histamine had to be increased to 
more than 5 yg for measurable vasoconstriction. Smaller 
doses of histamine caused a weak decrease in vascular 
resistance in the legs. Responses to some of the drugs 
are shown in Fig. 1. 

The results obtained during this study indicate that the 
vascular beds of reindeer antlers respond to biogenie 
amines in a way similar to blood vessels in the legs of 
reindeer. Establishment of nervous vasomotor control 
seems to follow with some delay the outgrowth of the 
vessels themselves. No evidence was found to support 
the hypothesis that antlers have a thermoregulatory 
function}. 

This work was financed by the Nansen Foundation. 
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Sticks used by Chimpanzees 
in Rio Muni, West Africa 


Goodall? and Suzukit have reported seeing wild chim- 
panzees use objects as tools to obtain food. Goodall has 
also summarized previous reliable reports, and Hal’ has 
summarized data and discussed several aspects of the use 
of natural objects as tools by several groups of animals. 

While watehing primates in Rio Muni, we obtained 174 
sticks used by chimpanzees. Specimens were gathered at 
Dipikar Island, 10° 3 E long., 2° 12’ N lat. (two sticks), 
near Ayamiken, 10° 1’ E long., 2° Y N lat. (fifteen sticks) 
and Mt Okoro Biko, 9° 5V E long., 1° 28’ N lat. (157 sticks). 
We collected most of the sticks, but some were contributed 
by William J. Hamilton, TIT, and Frances L. Miller. Date 
of collection, precise site where found, and general 
characteristics of the surrounding area were recorded for 
ninety-nine specimens; data from these specimens form 
the basis for this report. 

The specimens were taken from twenty-eight mounds 
of earth (Table 1) that contained colonies of Macrotermes 
muelleri (Sjéstedt). When found, specimens were either 
stuck into or laying on the surfaces of the termite heaps 
(Fig. 1). The termite mounds varied from about 1 to 
4m in diameter; some mounds were 1-5 m high, but most 
were less than 1 m high, 
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Table 1. STICKS USED BY CHIMPANZEES GATHERED AT TERMITE MOUNDS IN 


RIO MUNI 
Months Sticks Mounds Sticks/mounds 
1967 
June t E 1-00 
September 11 1 41-00 
December a, 7 3-00 
1968 
January 35 1l S18 
February i 3 3:66 
March 4 1 4-00 
April 2 1 2-60 
May l4 3 +66 
Total 99 28 354 


The sticks varied from 19-5 to 867 em long and 0-5 to 
1-51 em in diameter. Except for a small leaf growing 
out of one that was stuck in a termite mound, the sticks 
were free of all branches and leaves. In addition, most 
sticks lacked part or all of the bark, espeeially at the ends. 
Bark may have been either stripped from the stems by 
the chimpanzees or worn away as the sticks were forced 
into the earth. Unworn ends of the sticks were frayed and 
uneven; worn ends were blunt and smooth. Most sticks 
seemed to have been twisted and pulled rather than 
snapped from the source, Of the sticks examined, more 
had evidences of wear at both ends than at only one end. 
Most specimens showed evidence of wear (missing bark, 
ends blunt and smooth, adhering earth) on about 33-50 
per cent of the total length. In addition, some sticks 
were found implanted for similar proportions of their 
length in the termite mounds. Occasionally stieks were 
found with pieces split or broken from the main stem. 
Examinations of the refitted pieces indicated that the ends 
of the sticks had been worn down considerably. sometimes 
by as much as 2 em. Tooth marks were noted on the 
unworn ends of only two sticks, but evidence of biting 
may have been obliterated by wear from many of the other 
sticks. 

The sources of the sticks used were small saplings, found 
mostly within 5 m of the termite heaps, broken off usually 
about 0-5-1 m above the ground. In some cases the worn 
ends were distorted, so that the precise sources could not 
be determined, but the numbers of sticks found at a 
particular heap usually corresponded to the numbers of 
broken saplings nearby. Sometimes both old and new 
sticks were found at the same mound and all sources could 
not be identified. 

Although we were unable to observe directly the use 
of the sticks by wild chimpanzees, circumstantial evidence 
suggests that the sticks were used for probing for termites. 
On several occasions we contacted chimpanzees at or near 
termite heaps and found freshly opened mounds with 
newly broken sticks with fresh earth adhered to them. 
While following groups of chimpanzees, we frequently 
found new sticks at termite mounds with fresh tracks and 
odours of chimpanzees still present. On one occasion 
apparently unused sticks with freshly broken ends and 
most of the bark intact were found laying on and around 
a termite mound where chimpanzees were observed a few 
moments earlier. 

Sticks were not found in Rio Muni during the major 
season of drought in July and August (Table 1). Good- 
all’? reported that chimpanzees fed on termites mostly 
during the beginning and early phases of the rainy season 
in Tanzania. 

Goodall? noted that chimpanzees in the Gombe Stream 
Reserve uscd grass stalks, thin twigs and pieces of vine, 
usually about 6-12 inches long, for obtaining termites; 
sticks 1-5 to 3-5 feet long were used to obtain ants from 
underground nests. Goodall also observed that chim- 
panzees used both ends of an implement when one end 
beeame bent, frequently broke off broken portions, and 
earried tools for considerable distances to termite mounds 
that were suitable for working. Suzuki’ found tools 45 
cin long at termite mounds in the Kasakati Basin, Tan- 
zania. Many sticks from Rio Muni showed evidence of 
wear at both ends and several specimens had pieces 
broken off; the small pieces were found on the same 
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Fig. 1. 


in Rio Muni 


mounds short distances away from the large sticks. There 
was no indication that sticks were carried from place to 
place. 

Some similarities were noted between groups of sticks 
collected from termite heaps in the same area. Sticks 
taken from the same termite mound on different dates 
were also similar. According to Goodall’, chimpanzees 
showed discrimination and definite preference for materials 
for use as tools. 

The use of sticks for probing for termites and other m- 
sects by chimpanzees apparently does not occur through- 
out their geographical range. Kortlandt! found no 
evidence for the use of tools to obtain food by chimpan- 
zees in the Congo. Reynolds and Reynolds’ saw no indica- 
tion of molestation of termite mounds in the Budonge 
Forest, Uganda. Near Mt Alen in Rio Muni, where chim- 
panzees were encountered frequently, we found no evid- 
ence of any interference with termite mounds. In this 
area, several kinds of termite heaps were plentiful, but 
mounds of earth inhabited by Macrotermes muelleri were 
not detected. 

Termites were identified by Dr W. V. Harris of the 
British Museum (Natural History). Fig. 1 was drawn by 
Mrs. Wilma Martin. Financial support was received from 
the National Geographie Society and the National Insti- 
tutes of Health, US Public Health Service. 
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Approach to the Study of Human 
Reasoning 


Oxe way to study the processes of human reasoning is 
to observe the behaviour of different people as they wrestle 
with a variety of “reasoning problems”, Ifthese problems 
are comparable in some way, so that they can be related 
in terms of common features, and differentiated on the 
basis of idiosyncratic ones, it may prove possible to decide 
what features of a problem are of importance in influencing 





Sketch illustrating the placement of sticks left by chimpanzees at termite mounds 
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reasoning behaviour, and what “mechanisms 
of reasoning” these features call on. 

I have developed a taxonomy for deseribing 
the structures of certain types of verbal prob- 
lems which enables such comparisons and 
distinctions to be made. I have been dealing 
with problems of the type: “If Pete is taller 
than Sam, Sam is taller than Ken, John is 

- taller than Ken, Steve is taller than John, 
John is taller than Pete; Who is taller, Sam 
or Steve 2?” While other researchers'~* have 
studied the ways in which people solve prob- 
lems similar to these, none have developed a 
detailed taxonomy for deseribing such prob- 
lems. nor have they been concerned with 
problems involving more than three “ele- 
ments” or names. In several experiments 
have given large numbers of problems, involv- 
ing up to seven elements, to a total of ninety- 
eight subjects, recording how long it takes the 
subjects to answer the questions involved. By comparing 
these “solution times” with the structural descriptions 
of the problems I have found it possible to distinguish 
between three classes and twelve sub-classes of s wh 
problems. Table 1 shows examples of these classes, to- 
gether with a way of describing their structures in a two- 
dimensional space. These experiments have also estab- 
lished the relative difficulties of the different classes. The 
results of one experiment, which was concerned with 
comparing the difficulties of the twelve class 3 problems 
shown in Table 1, are summarized in Table 2. 

During each experimental session I asked subjects how 
they were solving the problems, and on the basis of their 
replies developed two computer programs to represent 
what had gone on “in their heads” during problem solving. 
The two programs were called Memory Strategy and 
Focusing Strategy respectively. With Memory Strategy 
the computer attempts to retain “in store” the whole 
structure of the presented information, remembering 
relevant and irrelevant information alike. Focusing 
Strategy, on the other hand, places comparatively little 
demand on storage and concerns itself with the sequent ial 
extraction of those “elements” or names which could be 
on the “solution path”, that is, the list of elements which 
connect the two names in the question. Subjects using 
Memory Strategy report building spatial arrangements of 
elements “in their heads”, in a manner similar to that 
described by Huttenlocher*. Those using Focusing 
Strategy report searches for sequences of names, Such 
sequences start with the discovery of one of the names of 
the question and continue with a succession of searches 
for names which link to this. The searches continue until 
the second name is reached, or until all possible chains 
are exhausted. This strategy is similar in some respects 
to that. suggested by Hunteri. 

Both computerized strategies grouped the problems 
into the same three classes and twelve sub-classes which 
I found for human beings. But the programs gave differ- 
ent predicted orderings of difficulty for the different classes. 
The orderings for the class 3 structures are shown m 
Table 2. Neither of these orderings corresponds perfectly 
with those derived empirically, although the degree of 
correlation is reasonably high in both eases. Possibly, 
the principal reason for the diserepanies is that the empiri- 
eal ordering, which is based on the combined results of 
many subjects, represents an amalgam of both types of 
strategy. Subjects used different strategies wit h varving 
degrees of facility, and they also appear to change strategy 
as a result of experience gained in solving the problems. 
There is some evidence that this change was from Memory 
to Focusing Strategy. There was a marked difference 
btween the general performances of males and females. 
Females took longer to solve the problems and they made 
significantly more errors. They also showed much less 
improvement in performance over time than did the male 

















Table 1. 


Class 1 problem 
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EXAMPLES OF PROBLEM STRUCTURES 


Class 2 problem 





Class 3 problems 





ArB 
Brett 
orp 
DYE 
ACE 
ArB 1A ArB 1B 
CrB CrB 
Dre 8 Dre B 
: ® a aS 
ErD A et ED a2 Y A 
Cra j So ATE D 
£ N 
AE E AM E 
Bra 3A Bra 
Bre art 
erp a® crp 
DrE sea WE 
Era A ae c4 Arc 
A R 
AG B AHE B/ 
ArB 5A AtB 58 
Bro Bru 
Dro C Dre C 
aN A 
ErD B D ErD B “Np 
Dra (eo Br: eo 
BIE WD 


Code 
“q” is some transitive relation, e.g., “taller tham”. 
“A,B, C, D, E” are independent elements, e.g., DOYS’ names, 
"o> “What is the relationship between”. 


Median times 
Class 1 problems: 7 8 (ten problems), 
Class 2 problems: 10 s (ten protiems). 





Bra 2A Bra 28 

CrB rB 

Dre i Dre sau 

DE DrE 

a Se <E ue Se 2 
Sp j K p” 

A?E CIE 

AYB 4A ArB 4B 

Bre Bre 

CrD g 7 rD a. 

ErD “ ErD Gaane a 

Era B? CrE Br 

CE A ACE ac 

BrA 6A BrA 6B 

CrB Ort 

8 A~? E ai A? 

a arr e ar 

ee Spa ane ms 

ErB c ArD c7 

A?D SE 


Class 3 problems: ranging from 18 to 30 s depending on sub-class (twelve problems), 


subjects, which probably means that they made the 
transition from Memory to Focusing Strategy less readily. 

At the moment I am developing the work along two 
Ines. First, by preparing a program to describe the 
mechanism of the strategy change which occurs in this 
type of situation, and second, by attempting to increase the 





‘Table 2. ORDERINGS OF THE CLASS 8 PROBLEMS 


Rank Empirical Memory Strategy Foensing Strategy 
order ordering predictions predictions 
1 5B 5A 
1A BA 
2 1A 
3 bb JA 24 64 4B 
4 5B 
oA ëR 
5 
BA 6B 3A tA 
6 4A 
7 OB 
2A 3A 3B 45 
8 
9 24 2B 6A 
28 3A 
10 2B 3R 4R 
11 18 3B 


12 1h 44 1B 


range of problems which can be deseribed. Tn this way 
I hope to increase the generality of my models of behavi- 
our. Another aspect of my work which demands future 
consideration is the way predictions are derived from. the 
programs, At the moment these are based on the number 
of “operations”? which the computer performs in solving 
the particular problems. These operations refer to the 
different manipulations of both the presented information 
and the information held in store, which the two programs 
must execute in solving the problems. I have been work- 
ing on the assumption that behaviour corresponding to 
each of these operations is performed by human beings, 
and that each such act of behaviour takes an equal length 
of time to perform, thus contributing equally to our 
empirical measures of difficulty. These are clearly question- 
able assumptions, which will be tested by future 
experiments, 


DD. J. Woop 
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Book Reviews 


SCIENTISTS ARE HUMAN 


Scientific Types 
By J. G. Crowther. Pp. 408 + 12 plates. (Barrie and Rock- 
liff (Cresset Press): London, March 1969.) 70s. 


Here are short biographies of twelve British scientists, 
ranging in time from Thomas Young, who was born in 
1773, to ©. T. R. Wilson, who died in 1959. This may not 
sound an inspiring plan for a book: it could be dull or 
embarrassing. But Mr Crowther is a master of his craft, as 
readers of his many previous scientific biographies will 
know: his book is sparkling and continuously interesting. 
as well as being a valuable addition to the rather inade- 
quate existing biographies of most of the scientists. 

Crowther divides his subjects into four trios, to brmg out 
those traits of talent and personality that governed their 
careers. ‘The first group, of “individual investigators”, 
comprises C. T. R. Wilson, Lord Rayleigh and Thomas 
Young. Wilson is a fine example of a “narrow” specialist, 
while Young “probably had a wider range of deep creative 
learning than any other Englishman in history”. In the 
next group, “teachers”, we find three worthy Victorians, 
T. H. Huxley, John Tyndall and Augustus de Morgan. 
All were high principled, but de Morgan was the most 
intransigent. He deeply distrusted the establishment 
and refused an honorary degree because “he did not feel 
like it’; he also detested the countryside, or “the viridity 
of extra-urban scenery” as he put it. Crowther’s third 
trio is made up of “scientist-inventors’”, James Dewar, 
Osborne Reynolds and Charles Babbage. The story of the 
government grants for Babbage’s computer, with the 
escalation in cost and the cancellation of the project, might 
almost belong to the 1960s rather than the 1830s. The 
final group, “organizers”, consists of Morley Fletcher, 
Arthur Schuster and finally Sir George Airy, whose mis- 
adventures with the planet Neptune have tended to 
obseure his services to his home planet. 

These twelve scientists. so different in temperament, 
nicely illustrate Crowther's thesis that scientists are 
human. Indeed, they seem to have little in common, 
except a talent for science and perhaps perseverance or 
obstinacy. An early accident or illness, which protects a 
gifted child from the numbing effects of a formal education, 
is often the prelude to great achievement in science. 
literature or art. and there are several examples here. 
Rayleigh “because of his delicate health was given only 
spasmodic instruction”; T. H. Huxley “had virtually no 
systematic instruction”; de Morgan had a serious eye 
disease as a baby, which left him half-blind; Dewar was on 
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crutches for two years after rheumatic fever at the age of 
ten; Babbage was a sickly infant. But the pattern is not 
consistent: others, including Young, retained their origin- 
ality in spite of formal education. 

Some eritical readers may think Crowther occasionally 
overrates the importance of the scientists he discusse 
But if you read a literary or political biography. you 
expect the author to boost both his subject and the sup- 
porting ci A little of the sarne treatment for scientists 
seems legitimate: how else can we create an educational 
climate in which past and present scientists receive as 
much attention as past and present politicians? It is 
more than time that “what every schoolboy kuows” 
should be just as likely to include the works of Thomas 
Young as those of Thomas Macaulay, and Crowther has 
with his many books done perhaps more than anyone a} 
to help create this climate. D. G. Koxe-Heur 
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HOW LIFE BEGAN 


Genesis and Evolutionary Development of Life 

By A. I. Oparin. Translated from the Russian by Eleanor 
Maass, Pp. vii+ 203. (Academic Pre New York and 
London, February 1969.) 88s 8d. 








Durma the first quarter of this century, there was little 
discussion on the nature and origins of life. An article by 
Haldane aroused a flicker of interest in 1929 and interest 
was greatly increased by Oparin’s Origin of Life published 
in 1937. ‘There are now regular symposia on the subject 
and a steady stream of books. Essentially this is the 
1937 book brought up to date. It is cast in the same form, 
but the passage of time has made radical revision neces- 
sary. 

The historical section includes interesting materia] on 
the ideology of some early Russian theologians, but. as 
in 1987, no attention is paid to the writings of T. H. 
Huxley, Tyndall and Errera, all of whom had a point of 
view similar to that usually adopted today. There are 
various other omissions. An author dealing with this 
vast subject is entitled to be selective, but should beware 
of perpetuating error. It was not Harvey, but the designer 
of the title page to “De generatione animalium”, who 
wrote “Omne vivum ex ove; the suggestion that Leeuwen- 
hoek believed in spontaneous generation hardly does 
justice to one who wrote (1680): “... no animals, however 
small they may be, take their origin in putrefaction, but 
exclusively in procreation”; and Pasteur did not clarn 
the impossibility of spontaneous generation. He demon- 
strated the flaws in the technique of others, but wrote: 
“La génération spontanée, je la cherche sans le découvrir 
depuis vingt ans. Non, je ne la juge pas impossible’. 
This section of the book would have been improved by 
more precise references. Paracelsus, for example, is 
quoted as having experimented on the generation of mice, 
frogs, toads and turtles. With so verbose an author, mere 
reference to the “works” is hardly sufficient. 

During the past 30 years our ideas about the origin and 
early history of the solar system have changed radically. 
One chapter of the book attempts to keep pace with the 
changes. On the whole, the current idea that the planets 
were formed by the aceretion of cold material suggests 
a more hospitable environment for nascent life than 
the older idea of a cooling wisp of hot nebula. Tf recent 
evidence for ammonia and formaldehyde in i 
aubstantiated, we seem to have the makings of quite a 
rich proto-pabulim. This was, and remains, central to 
Oparin’s argument. He contends, as Haldane did, that 
the saprophytic habit preceded the autotrophic, and that 
there would, in the probiotic phase, have been no lack of 
organie substrates for a nascent organism to exploit. 
The pieture is plausible and widely accepted; astro- 
nauties should produce evidence very soon. 
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Darwin and other Victorian writers simply assumed that 
organic matter would accumulate in the absence of life. 
In the second half of the last century, the non-biological 
formation of organic molecules was well known. Sugars 
condensed from formaldehyde, the complex miscellany 
called “azulmic acid” condensed from eyanides, and every 
unskilled chemist was plagued by the ready formation of 
polymeric tars. Coping with complexity rather than 
simplicity would have been the main problem confronting 
a primitive organism. All this is now being systematized 
and Oparin gives a useful survey of the types of synthesis 
occurring when different mixtures of simple substances 
are exposed to different sources of energy. It seems safe 
to conclude that, within broad limits, a proposed scheme 
of biopoiesis that necessitates the presence of some particu. 
lar type of molecule could hardly be faulted on chemical 
grounds. 

That much is factual: these substances exi 
integration into a quasi-organism, or eobiont, is specula- 
tive. Oparin makes many sensible suggestions about 
interactions between catalytically active colloidal systems 
to their mutual advantage, about the manner in which 
such a heterogeneous system could evolve, and about the 
meaning to be given to the concept of selective advantage 
in it, Research on this aspeet of biochemistry will 
probably be rewarding. No one expects Faust’s homun- 
culus to jump out of the bottle, but it should be possible 
to get some progressing patterns of integrated catalysis. 

A monoglot reviewer, confronted by a translation, can- 
not assign responsibility for ambiguity, confusion and 
infelicity. There are some obscure passages in the section 
on the evolution of autotrophism and aerobic life for which 
Oparin may not be responsible. But he probably is re- 
sponsible for calling the postulated quasi-living forms 
“protobionts’. The equivalent word may be acceptable in 
Russian, but in English the word is pre-empted as an 
alternative to protozoa and there will be confusion if 
attempts are made to give it another meaning. 


N. W. PIRE 
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ALL IN THE MIND 


Mind and Body 
By Stephen Black. Pp. 318+ 11 plates. 
April 1969.) 63s. 


(Kimber: London, 


THE central message of this book may be expressed in two 





ways. One is that there is “a connexion between the 
brain... and... the most serious psychosomatic symp- 
toms”. The phrase quoted is a comment on the finding 
that gastric ulcers can be induced by certain experimental 
procedures only if the nerve supply to the stomach is 
intact. The second is implied later in the same passage. 


where it is concluded that “both the stomach and ... duo- 
denum are more intimately associated with mind than 
most of the anatomy”. Dr Black, then, in these passages 
at least, assumes the existence of mind as an agent acting 
to varying extents on the body, and acted upon by the 
outside world, but separate from the bodily structures 
which are directly accessible to enquiry. In another place 
however, “mind is the informational system derived from 
the sum improbability of form inherent in the structure 
of living things”, and in yet another there is a reference 
to “the personality, or mind”. But the observations which 
are held to demonstrate the action of psyche on soma are 
evidently those in which the brain has been shown to 
influence certain bodily proc 5 

These processes fall into two groups. The first consists 
of the diseases commonly described as psychosomatic: 
among these, Black includes tuberculosis. The second 
comprises the phenomena of immunity and allergy, 
especially allergie skin conditions. Black gives a readable. 
samented account. most of it suitable for the general 
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reader, of both sets of phenomena, including a quite 
technical, brief review of the diseases attributed to auto- 
immunity, There are good descriptions of some of the 
more bizarre psychosomatic effects, such as the appearance, 
after one condition has been cured, of a completely new, 
apparently alternative, set of symptoms. His discussion 
of the criteria on which to base a diagnosis of psycho- 
somatic disease is usefully critical, though some of his 
are unconventional. For instance, he regards pro- 

ad intervertebral disk as psychosomatic because (he 
states) for this condition no ‘physical pathology is really 
‘known’. Black often uses quotation marks in this way 
where an explanation of his meaning would be more 
helpful. 

The best part of the book is a detailed and enjoyable 
narrative of researches, carried out by Black and his 
colleagues, on the effects of hypnosis on the response of 

the skin to allergens. The description of the methods and 
scope of hypnosis is lucid and balanced. The experi- 
ments in which hypnosis was used illustrate the influence 
of the central nervous system (or mind ?) on eezematous 
and urticarial lesions. In other experiments on hearing, 
hallucinations were induced by hypnotic suggestion and 
some of the resultant central nervous changes recorded. 

While Black is evidently a rigorous experimentalist, he 
is dogmatic in other respects. He writes that “only psveho- 
analytic interpretation of the unconscious motivation” 
which underlies peptic ulceration can “provide evidence 
of the necessary conflict—sinee the conflict itself is 
entirely unconscious’, He also refers to “the all-important 
unconscious mind of the Freudians” and equates it with 
Jung’s “collective unconseious’’. There is no hint of the 
difficulties of applying these notions in practice, and little 
indication of the controversies which they have aroused. 

The least satisfactory feature of the book is the treat- 
ment of theoretical concepts. The first four chapters, in 
which Black tries to define life and mind, and discusses 
the history of monistic and dualistic modes of thought, are 
likely to confuse and deter many readers. Black makes 
frequent reference to “Aristotelian forms” and writes of 
“my new scientific unity of mind and body”, but he does 
not do justice to modern attempts to throw light on his 
subject. The contributions of Gilbert Ryle and his 
opponents are not acknowledged. 

Shorn of its obseurities, Mind and Body could make 
absorbing and instructive reading for a wide ace Tf it. 
is reissued as a paperback, the author $ a perhaps not 
shrink from drastic surgery. A. BARNETT 
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MUSCLE FOR STUDENTS 


Muscles, Molecules and Movement 


An Essay in the Contraction of Muscles. By J. R. Bendall. 


(Heinemann Studies in Biology, No. 6.) Pp. xx +219. 
(Heinemann (Educational): London, Mareh 1969.) 
35s. 


For a long time [have been wanting a book for second and 
third year undergraduates in biology, biochemistry or 
phy sinlogy which covered all aspeets of muscle and did 
not stop at ihe artificial borders of these subjects. This 
book in large measure meets these demands. 

This ts not the book for the complete beginner in muscle 
(for him the paperback by Wilkie gives an excellent 
introduction to the field). Thus, although the strueture 
of the myofibril and the sliding of filaments are intro- 
duced, I doubt if the novice could take it in. And one or 
two terms such as superprecipitation are mentioned with- 
out definition. But, after an introductory course, the 
student will be able to find stimulating reading here. 

Dr Bendall is not up to his later form in the chapter 
dealing with the molecular biology of muscle. We are 
fairly rushed through all the latest advances in the ultra- 
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structure of thick and thin filaments and the X-ray 
evidence for cross bridges and their motion. What a pity 
that all this could not be taken more slowly and time found 
for an explanation of the experimental set-up for N-ray 
diffraction of muscle and techniques such as negative 
staining in electron mieroscopy. The chapter is not 
without error; for example, it is implied that globular 
proteins cannot have «-helical structure and the terms 
helix and a-helix are used interchangeably. The student 
would be well advised to supplement his reading with 
Hanson and Lowy’s short review (Bendall’s reference 57). 

Molecular biology left behind, we settle down to a much 
more leisurely pace. Bendall gives an excellent account 
of the interaction of myofibril and ATP (he is, after all, 
an expert in this field), and the chapter on model fibre 
systems is a little gem and should make a useful source 
of reference. 

The accounts of the sarcoplasmic reticulum and the 
conduetion of the action potential are interesting (fig. 5.7, 
however, incorrectly shows the contraction of a half 1 
band), while the chapt er on the mechanics of contraction 
contains one of the clearest. accounts I have seen of such 
terms as active state, latency relaxation and series elas- 
ticity. The question of whether relaxation is an active 
process is posed and rather satisfyingly answered. 

I feel that the two chapters on the energetics of contrac- 
tion are too detailed and need condensing. Clearly the 
student should not be given a cut and dried answer when 
this is such a controversial field, but I cannot believe that 
the concept of shortening heat is worth so much more 
coverage than troponin in an earlier chapter. 

Moreover, some rather fundamental points are not 
brought out: for example, ATP utilization measurements 
clearly show that each cross bridge hydrolyses more 
than one ATP in a working contraction and therefore 
must act cyclically. It is a pity, too, that the use of the term 
mechanical efficiency is perpetuated when this has such 
limited use and is liable to be confused with the thermo- 
dynamic efficiency. 

In summary, although the book has several unfortunate 
errors it is the only one of its kind, is attractively 
produced end deserves recommendation. 





W. OFFER 


LOVE AT FIRST SIGHT 
The Dolphin, Cousin to Man 


By Robert Stenuit. Translated by Catherine Osborne. 
Pp. xv +176+48 plates. (Dent: London, March 1969.) 
40s. 


THe chapter headings indicate clearly what this book is 
about: graceful, living torpedoes that are friends of gods, 
children and men. They came from the sea to the land, 
then went from the land to the sca: their two eyes plus 
two ears make four eyes. Will men talk with dolphins ? 
Their speed through water is a challenge to hydrodynamics. 
Decompression ? What for ? Dolphins are the intellectuals 
of the sea and are the aquanaut’s companion. Dolphin, 
who are you ? 

The author is a Belgian oceanographer, diver and writer 
about the “merveilleux monde souterrain”, lost treasures 
and caves. In 1964, he first stepped into a tank containing 
some dolphins at the Florida Seaquarium. He plunged 
his head under the water. One look—-and it was love at 
first sight. He played with a suckling Tursiops, or rather 
it played with him. Eighteen months later, he revisited 
the seaquarium and was sure that he was recognized by 
the same young joker, now almost adult. “In all my life 
I have never been so touched.’ 

The illustrations are excellent and those in colour are 
veritable travel brochures luring one to such delightful 
places as Sea Life Park in Hawaii and Neptune's Court at 
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the San Diego Sea World. The translator, Catherine 
Osborne, has caught to perfection the authors en- 
thusiasm and affection for dolphins. Most of the text is a 
series of extracts, with the author's approving, adulatory 
and anthropomorphic comments, from Aesop to A. V. 
Yablokov, from exclamations by curators of marinelands 
to explanations by museum experts. It is frank journalese, 
racy, provocative and uncritical, but it certainly tells 
any lay reader that dolphins are worthy of study. The 
problemat ical question of cousinship to man is not seriously 
pursued on morphological or evolutionary grounds-— 
there is not even much consideration of the nakedness of 
dolphins. “The toothed whales have a language, an 
excellent memory, they make conscious choices and they 
have given frequent proofs of goal-oriented behaviour.” 
Even if all true, which is to be doubted. it does not give 
us any new cousins. On the last page the author admits 
his own doubts about the general proposition. “And the 
dolphin? Will he be brought down to the level of the 
rabbit ? ` 








“This animal is man's great friend 
Says Pliny, and ye know--- 
That if his history says ite- 
Why then, it must be so.” 


The author, in quoting Jean de la Fontaine, adds that 
there was a footnote in the scheolbook where he dis 
covered the fable: “This belief ig superstition, hence the 
pleasant irony of the storytelle Stenuit takes his 
dolphin stories very seriously. perhaps because he is in 
love, and, as we all know, irony can be misunderstood, 

R. J. HARRISON 








SPACE MEDICINE 


Physiology in the Space Environment 

Vol. 1: Circulation. (Report of a Study condueted by 
the Space Science Board of the National Academy of 
Sciences, National Research Council, 1966-1967.) Pp. 187. 
(National Academy of Sciences: Washington, DC, 1968.) 
$5.50, 


Ag the request of the National Aeronautics and Space 
Administration, the Space Science Board of the American 
National Academy of Sciences set up a study group on 
circulatory physiology under the chairmanship of Loren 
D. Carlson. This book is the outcome of the deliberations 
of this group, the major work having been carried out 
during a two week period in the summer of 1966. The 
study group attempted to present an up to date account of 
those aspects of the physiology of the circulatory system 
which it believed are relevant to manned activities in 
space, to highlight those areas in which knowledge is 
absent. or inadequate and to suggest avenues of research. 
The findings of the group with regard to cardiovascular 
physiology are presented in terms of the control and 
regulation of the vessels, of organ circulation and of the 
blood volume and cardiac output. There is an extensive 
but rather pedantic analysis of the physies of v i 
and the factors which influence vascular reactivity. 
suggested that the balance of the forces which control 
capillary filtration will favour absorption of tissue fluid 
in the weightless state. The importance of recognizing 
that the activity of the arterial mechano-receptors 
depends on the degre ee of stretching of the arterial wall 
rather than the arterial pressure per ge is emphasized. 
The influence of humoral factors and the nervous integra- 
tion of cardiovascular function are summarized, The 
probability of an increase of intrathoracic bl lood volume 
indueed by the weightless state giving rise to a diuresis, 
a phenomenon which has since been reported m space 
flight, is considered, Similarly, because the ereet position 
is a common physiological stimulus to renin production 
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it is argued that there may be a decrease of renin and 
henee aldosterone production during weightlessness with 
a consequent loss of sodium in the urine. 

Turning to the control and regulation of organ circula- 
tion, there are brief reviews of the relevant aspects of the 
cerebral and coronary circulations. Both these reviews 
are ill balanced in contrast with a well written seetion on 
the pulmonary circulation and the distribution of blood 
and gas in the lungs, The effect of decreased renal sym- 
pathetic nerve activity induced by weightlessness on 
the renal circulation is discussed. There is also a short 
clear summary of the relevant physiology of the circulation 
through skin and muscle. 

There is a relatively large section on the measurement 
of blood volume and red cell mass. The factors regulating 
both these variables are discussed, with emphasis on those 
which may be changed in space flight such as weightless- 
ness and a raised inspired oxygen tension. 

The third part of the report discusses the principal 
stress factors associated with prolonged space flight 
(illustrated by a flight to Mars) that are likely to influence 
the cardiovascular system. This section meludes brief 
summaries of the physies and physiology of acceleration, 
vibration, weightlessness, radiation and the composition 
of the gaseous atmosphere. Most of these subjects are 
dealt with in a superficial manner. 

Many of the predictions made by this group with regard 
to the effects of space flight on the cardiovascular system 
have been substantiated in the subsequent US Manned 
Space Flight Programme. In general, however, there is 
an uneven treatment of the various aspects of this subject 
in this book. J. ERNSTING 











FOREST OBSERVED 


The New Forest 
An Ecological History. 
photographs. (D 
1969.) 50s. 


By Colin R. Tubbs, Pp. 248+ 21 
avid and Charles: Newton Abbot, May 


THE appearance of an ecological history of the New Forest 
is particularly welcome. The New Forest itself is a 
fascinating area~~with its peculiar institutions and agri- 


culture, its outstanding biological interest and its ease of 


aceess—-but, as this book points out, the area has escaped 
the close attention of more than a few historians and field 
scientists, This ecological history presents for the first 
time, therefore, a concise but thorough account of the 
physical background to the New Forest and of the effects 
that man has had on the forest by the forms of agriculture 
practised, by his methods of administration and, not least, 
by his institutions. These effects are traced in relation to 
both the flora and the fauna, and a very brief glimpse into 
the future is attempted. Nobody with any interest in the 
New Forest, professional or recreational, can afford not 
to read this book—most will want to have it on their 
bookshelves. 

Considering the very great amount of information that 
has been packed into a volume with just under 250 pages, 
the style is clear and easy to read. There are some minor 
irritations, such as a curious insistence on inserting the 
Latin names for various tree species when the common 
name has already been qualified in this way several times, 
and even when there could hardly be any doubt as to 
which species was intended. The reproduction of the 
photographs is also rather disappointing, many of them 
appearing rather flat and toneless. 

My most serious criticism of the book, however, is 
the almost complete absence of any discussion of the 
ecology of the coniferous species that have been planted 
in the enclosures. There are pages of discussion of the 
ecological significance of the open “natural” forest---the 
quotes are mine~-but very little about the ecology of the 
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extensive areas of coniferous plantations that have been 
established by the Forestry Commission, as if these areas 
were lost to the real New Forest. To anyone who has 
worked or played in the New Forest, this is patently 
untrue. The coniferous plantations have introduced a 
rich diversity to the landscape and to the ecology of the 
district. The arguments used by British ecologists run 
very close to “broadleaves good, conifers bad”, and this 
book left me with that impression by its almost complete 
concentration on the ecology of the broadleaved forest. 
The publication of this volume raises the question of 
why more ecological histories of areas of particular interest 
have not appeared. Admittedly, there are probably few 
areas for which the approach adopted would be quite so 
revealing, but the objective of an ecological ee 
would often be more rewarding than the studies of the 
interaction of minor species which are raore usually 
undertaken by ecologists, and it is to be hoped that other 
ecologists will be stimulated by this book to attempt 
similar projects. J. N. R. Jerrers 





LOWEST COMMON DENOMINATORS 


The Nuclear Structures of Protocaryotic Organisms 
(Bacteria and Cyanophyceae) 

By Wolfgang G. Fuhs. (Protoplasmatologia: Handbuch 

der Protoplasmaforschung, Band 5/4.) Pp. iv 4 186. 

(Springer-Verlag: Wien and New York, 1969.) 83 DM; 

$20.75. 





THIS is in most respects an excellent little book. It has 
its faults but these are far outweighed by its virtues. 
The accounts of the nucleus in the introductory chapters 
of general textboeks are usually right up to date; in 
fact much too up to date, because they adopt the views 
and retail the information of the most recent workers 
in the field, and ignore everything else. A few years ago, 
the seeker after information would have been given to 
understand that. true mitosis had been demonstrated to 
exist in bacteria and the illustrations were there to prove 
it. More recently, the impression would be received that 
nothing was known of the bacterial nucleus, its structure 
or its behaviour, until the invention of the ultramicrotome. 
Dr Fuhs does not take such a tone. Starting as an expert, 
rather on Cyanophyceae than on bacteria, he has minds 
an impressive effort to absorb and digest the great mas 
of work published in this field over the past thirty years 
and more, and he points out, in as many words, that it is 
foolish to try and interpret information from one source 
while neglecting all others. 

These are his virtues, but the first thing that strikes 
one about the book is not a virtue, although it is a matter 
of opinion how big a defect it may be: I find the author’s 
argument that the nuclei of bacteria and Cyanophyceae 
are identical quite unconvineing. I admit that * ‘recently 
acquired knowledge emphasizes the similarity (probable 
identity) of the basic organizational status of the nuclear 
material”, as Fuhs rather laboriously puts it, but this 
does not mean that the concept of protocaryosis (or 
being alike because you both have a simple nucleus) 
is the more likely to be valid, but rather the reverse. 
Tt would seem at least equally probable that the resem- 
blance between the nuclei of these two types of micro- 
organism is a question of lowest common denominator. 
Tt may be that bacteria have no nuclear membrane, 
but the nucleus and the flagellar bases are most certainly 
associated very intimately with the inner layer of the 
multiple membranes with which the cell is provided. 
This has not been shown to be true of Cyanophyceae, 
and it seems, perhaps, that a working definition of the 
nuclear membrane should be agreed, before such weight 
is placed on the question of its existence. In any case, 
negative taxonomic criteria are always to be abhorred. 
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It is not long since bacteria and Cyanophyceae were 
being classed together because they had no nucleus. 

The second defect has been hinted at in my previous 
quotation from the text, the meaning of which is clear 
enough, at least on the second reading, but such Teuto- 
American turgor is evident throughout this English 
version of a book that I presume to have been written 
originally in German. What, for example, is meant 
by “While every nucleoid is a coherent structure, the 
opposite conclusion is not permissible, at least not on 
a cytological level” ? If it means the converse conclusion, 
that every coherent structure is a nucleoid, most of us 
would agree that it is not permissible, but we hardly 
need to be admonished on the score. None the less, it 
is an excellent and well argued text. 

The bibliography includes 954 references by 845 authors 
and these cover a great deal of valuable information 
that is not readily obtainable in other textbooks. 

K. A. BISSET 


HEAT MEASUREMENT 


Experimental Thermodynamics 

Vol. 1: Calorimetry of Non-reacting Systems. Edited by 
John P. McCullough and Donald W. Seott. (Prepared 
under the sponsorship of the International Union of Pure 
and Applied Chemistry. Commission on Thermodynamics 
and Thermochemistry.) Pp. xix+606. (Butterworths: 
London, December 1968.) 220s. 


Tus book is the first of two volumes concerned with the 
measurement of heat capacity and enthalpies of phase 
change, and is intended to complement the two previous 
volumes by Rossini and by Skinner which dealt with 
the measurement of heats of reaction. The subject 
matter of these new volumes is further restricted to 
macroscopic systems, the reader being referred to two 
more books which cover the field of microcalorimetry. 

The approach of this book is similar to that of Rossini 
and Skinner, beginning with a general mtroduction 
followed by a series of chapters, each dealing with particu- 
lar topics of calorimetry. The introductory chapters, 
four in number, are, however, more extensive than im 
the previous volumes. A detailed account is given of 
temperature scales and measurements, energy measure- 
ment and standardization, followed by a chapter on 
general design principles of the calorimeter. The first 
three of these chapters could be read with profit by every 
physieal science undergraduate; although I think that 
(tinnings in the first chapter should have made it clear 
that the definition of accuracy in terms of a true quantity 
is a philosophical and not a scientific criterion. 

The contents of the succeeding chapters are: adiabatic 
low-temperature calorimetry; low-temperature calori- 
metry with isothermal shield; calorimetry below 20° K; 
high-temperature drop calorimetry; adiabatic calorimetry 
between 300 and 800° K; vapour-flow calorimetry; 
calorimetry of saturated fluids; heat capacity of liquids 
and solutions near room temperature; studies at low 
temperatures; and high speed thermodynamic measure- 
ments. Each chapter follows the same general pattern 
with details of calorimetric design, procedures, cal- 
culations and discussion. The editors have been 
particularly successful in avoiding overlap, yet each 
chapter could still be read as a single entity. As might 
be expected in a work of this kind, each chapter is well 
documented with a good proportion of recent references, 
both to primary sources and important reviews and 
monographs. 

As with all IUPAC publications a number of specialists 
have collaborated in the preparation of this work in 
an endeavour to present a definitive study. This they 
have achieved. A. G. SMEETH 






107 


COMPRESSED CHEMISTRY 


Foundations of Quantum Chemistry 
By T. E. Peacock. Pp. ix+162. (Wiley: London and 
New York, December 1968.) 48s. 





A NOTABLE feature of this book is that it closely re 
the contents of a forty lecture course on quantum chemistry 
to undergraduates. The honest author has re al the 
temptation to expand it to include all those topics he 
might have done if he had unlimited lecture time. How 
often have we not envied some authors their neargenius 
students who accepted, presumably without too much 
protest. the contents of their one semester or one year 
course ? 

This book starts, as seems appropriate for an advanced 
undergraduate course, with a simple introduction to 
the basic ideas of quantum mechanics following the 
modern postulational approach derived from Duirac’s 
work. It assumes a working knowledge of linear algebra 
and a familiarity with the special functions that arise 
in quantum mechanics. This introduction is followed by 
a survey of perturbation theory and the variational 
method and a chapter on the quantum mechanical 
treatment of atoms including the vector model and 
Slater's theory of complex atoms. Alas, the student, 
after having worked his way through much heavy algebra 
and corrected the very many printing mistakes, is denied 
at the very end a statement of how well (or badly) the 
theory agrees with experiment. 

The later chapters represent a more conventional and 
generally well judged treatment of molecular orbital 
and valence bond theory with the emphasis on small 
molecules and the simpler organic systems. ‘The book 
ends with a very brief and somewhat inadequate chapter 
on inorganic applications. One presumes that these 
students were being given a fuller account elsewhere by 
a modern inorganic chemist. 

Compressing this material into 160 pages hes meant 
that some topics have received little more than a bare 
mention and at times simplicity has encroached upon 
aceuracy, This is to be found in the introductory section 
where the basic postulates are not sufficient io fully 
understand the time varying systems that a student 
will encounter before long in his career, Signs of hasty 
preparation are shown by the large number of printing 
mistakes, the prevalence of carelessly worded statements, 
the wrong and missing units and sometimes the failure 
to define new parameters when they are first introduced. 
Together with the absence of problems or examples for 
the student to tackle, it makes it difficult to recommend 
this edition to any but the knowledgeable student seeking 
a concise summary of the field. 

His teachers. however, ought to look at it just to see 
what is involved in taking the subject beyond the ele- 
mentary level (as presented, for example, in Coulson’s 
Valence). If the matter is not to be treated superficially 
the sacrifice of traditional but important chernis 
could be considerable. Might not the best place for it 


be as part of a graduate study programme ? 
R. J. R. HAYWARD 


spPresents 
































VERSATILITY IN MATHEMATICS 


Hermann Weyl: Gesammelte Abhandlungen 
Edited by K. Chandrasekharan. Band 1: 
Band 2: Pp. 647. Band 3: Pp. 791. Band 4: Pp. 694. 
(Springer-Verlag: Berlin and New York, 1968.) 168 DM; 
$42. 


Pp. 698. 


Ix this age of specialization, most young scholars grow 
up with experience gained only in one or two elds of 
research; contact may be made with neighbouring areas, 
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but the tendency is to eall in the specialist if anything 
other than a passing contact is needed. This unfortunate 
situation has its aspects of necessity, because, for example, 
knowledge is now so much more extensive than several 
decades ago, and postgraduate “research” has become a 
commonplace, It also has its aspects of near tragedy, 
however, because it would seem that it is no longer possible 
for a scholar to emerge of whom it might be said that he 
is a great and versatile man in his chosen field of study. 

It is therefore a salutary reminder if, in the world of learn- 
ing and scholarship, we have the opportunity to observe 
a man who may be accorded this deseription, Such a 
man is Hermann Weyl (1885-1955), one of the few univer- 
salist mathematicians of our time. The four volumes 
under review, covering his collected works, contain no 
fewer than 167 scientific papers and articles that have 
emerged from his pen; and they demonstrate, perhaps 
above all else, how versatile was his knowledge and 
command of mathematics---both in its own right and in 
relation to science and to life generally. 

The collected works, apart from a few miscellaneous 
items, include papers in the following fields: analysis, 
geometry, invariants and Lie groups, relativity, quantum 
theory, theory of algebras, geometric theory of numbers, 
logic, philosophy, biography, and the history of mathe- 
matics. They cover a great span of years, commencing 
with a paper on singular integral equations, from the 
Géttingen Dissertation of 1908, and ending with an article 
published in 1955. The earlier papers were all within 
the domain of analysis, but in 1912-13 there appeared 
three papers in applied mathematics. These were fol- 
lowed by a paper on an aspect of diophantine approxima- 
tion, and this was the first paper published by Weyl in 
the theory of distribution modulo one. The next paper 
connected this theory with the subjects of statistical 
mechanies and perturbation theory. Weyl’s now classical 
paper on distribution modulo one was published in 1916, 
and this was followed by four papers on topies in analysis 
situs and the theory of convex surfaces. There then 
followed, in quick succession, a paper on fractional integra- 
tion and one on the theory of gravitation. The latter 
was the first of a series of consecutive papers in 
various parts of mathematical physics, including relativ- 
itv; then, in 1921, there appeared four papers on very 
different topics in pure mathematics, namely, the Riemann 
zeta function, infinitesimal geometry, Waring’s problem, 
and a topic in differential geometry. Immediately after 
this great spread of activity, Weyl plunged back into 
mathematical physics, and there emerged a series of papers. 
The ceaseless activity of such a fertile mind, however, 
did not remain for long confined to any one area, and we 
next find several papers covering combinatorial topology, 
continuous groups and the tensor calculus. After a 
further excursion into mathematical physics, Weyl re- 
turned to pure mathematics and wrote papers on rotation 
groups, almost periodic functions, and group representa- 
tions. 

This sort of to-and-fro motion continued and led to the 
publication of many papers. It was, so to speak, only 
interrupted by the memorial address of 1935, on the 
occasion of the death of Emmy Noether. This address, 
in its recorded form, amounts, in fact, to a rare contribu- 
tion to the history of mathematics and might profitably 
be read by all students—-especially of abstract algebra. 
Another oceasion, the death of David Hilbert, led to two 
most valuable articles about this great mathematician 
and his work. The article, published in 1944 in the 
Bulletin of the American Mathematical Society, is dazzling 
in all respects-—its literary style, its completeness and its 
masterly evaluation of Hilbert’s mathematical activity. 
No less brilliant is Weyl’s essay “A Half-Century of Mathe- 
matics”, published in 1951. In this the author displays 
his tremendous command over mathematics. His crisp 
clear style is unsurpassed. A single quotation will 
illustrate it. 
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“Mathematics has the inhuman quality of starlight, 
brilliant and sharp, but cold. But it seems an irony of 
ereation that man's mind knows how to handle things 
better the farther removed they are from his existence. 
Thus we are cleverest where knowledge matters least: 
in mathematics, especially in number theory.” 

It is perhaps fitting, in concluding this review, to record 
a comment on Hermann Weyl himself. There is none 
more appropriate than that by K. Chandrasekharan, the 
editor of the collected works. It is as follows: 

“The name of Hermann Weyl is enshrined in the history 
of mathernaties. A thinker of exceptional depth, and a 
creator of ideas, Weyl possessed an intellect which ranged 
far and wide over the realm of mathematics, and beyond. 
His mind was sharp and quick, his vision clear and pene- 
trating. Whatever he touched he adorned. His person- 
ality was suffused with humanity and compassion, and a 
keen aesthetic sensibility. Its fullness rediated charm. 
He was young at heart to the end.” L. S. GODDARD 





ERGODIC PROBLEMS 


Ergodic Problems of Classical Mechanics 

By V. I. Arnold and A. Avez. (The Mathematical Physics 
Monograph Series.) Pp. ix+286. (Benjamin: New 
York and Amsterdam, 1968.) $14.75 boards; $6.95 
paper. 


Ercopic theory began with the so-called quasi-ergodic 
hypothesis of statistical mechanics. A large number of 
spheres collide elastically with each other and with the 
walls of the box containing them. This is the Bolzmann— 
Gibbs model oue a gas and the problem 7 to prove that « on 





dydatiical Aom one can identify eee averages with 
space averages. Birkhoff showed, quite abstractly, that 
this can be done as long as the motion on these surfaces is 
ergodic. The original problem was pushed to one side and 
abstract ergodic theory began. A similar development 
occurred with the qualitative theory of differential equa- 
tions. Important offshoots of this feld such as algebraic 
topology and topological dynamics raised questions which 
could be answered without reference to their parent. 
subject. 

Only in the past ten years have the diverging strands 
of this total subject---dynamical systerns—started to 
coalesce. Sinai proved the quasi-ergodic hypothesis with 
the aid of Kolmogorov’s notion of entropy for a dynamical 





system. The subject of entropy has been extensively 
developed. Results of Hopf and Hedlund have been 


generalized to manifolds of variable negative curvature. 
Structural stability, a concept due to Andronov and 
Pontr jagin, has been taken up by Smale in his search for 
a “typical” picture of a dynamical system, and by Thom 
in his work on morphogenesis and catastrophe. This is a 
concept which can be formulated for (and could be an 
important hypothesis in) any subjeet which concerns 
processes, whether physical, biological or social. How 
else does the system survive? A process is structurally 
stable if small perturbations of it retain the same essential 
features. Of course, the notion has practical significance 
too, because our observations are likely to record only an 
approximation to the real system. 

A glance at the list of four chapters and thirty- four 
appendices of this book can be startling. The topics 
range through differential geometry, algebraic topology, 
probability, information theory, topological groups. 
functional analysis, statistical mechanics and differential 
equations. This apparent eclecticism in fact represents 
the convergence of interests of dynamicists from several 
points of view and augurs a future unity which should not 


be too distant. 
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There are a few small additions to the original French 
version published by Gauthier-Villars, notably Kouch- 
nirenko’s work on A-entropy and Katok-Stepin’s work on 
periodic approximations. The reader should be wary 
about minor mistakes—-for example, exercise 4.4 mentions 
an open conjugacy problem which is trivially solvable by 
a linear map, and the reference to Sinai on page 43 
applies to Bernoulli transformations and not to torus 
automorphisms. WILLIAM PARRY 


ADVICE FOR TEACHERS 


How to Teach Mathematics in Secondary Schools 


By Herbert Fremont. (Saunders Science Teachmg 
Series.) Pp. xv+871. (W. B. Saunders: Philadelphia 


and London, February 1969.) 89e. 

Tuis book does not set out to tell teachers of mathematics 
how to teach mathematics, as the title implies, but eon- 
tains instead a series of suggestions and advice on method 
to teachers. Although written with the American teacher 
clearly in mind, it makes reference to modern trends in 
other countries, and contains much of value for mathe- 
maties teachers in English sehools. It is as much a 
useful reference book for those involved in traditional 
approaches to mathematics as to those using experimental 
methods, because it is not confined to the content of any 
specific syllabus, nor to the needs of any specific examina- 
tion. One very valuable feature of the book is the fact 
that it is not written with any particular type of child 
in mind—there are sections dealing with suggested 
approaches to the “low achiever” and to the “gifted”. 
There are suggestions for class teaching, for group teaching 
and for individual instruction. 

After an excellent section dealing with the nature of 
mathematies and the history of mathematics education, 
plans of instruction and methods of learning, Professor 
Fremont spends some time considering the actual mathe- 
maties for pupils in secondary schools. The mathematical 
content of the book is well presented, and is tackled in 
some detail—the mathematical topics covered being 
arranged in four sections. The “Before Algebra” section 
deals with arithmetic, statistics and informal geometry 
and a survey of some modern topics. In the algebra and 
geometry sections the content of traditional syllabuses is 
investigated in some depth. The mathematics of the 
book finishes with a section appropriate to the upper 
part of a secondary school, in which the calculus, analytical 
geometry and trigonometry are considered. 

It is. on the whole, fairly traditional in its approach to 
most topies, in that it presents the theory (often stated 
as a theorem) followed by worked problems. There are 
novel and experimental ideas in some sections, however, 
where the teacher is encouraged to teach from the experi- 
ence of the child. It is particularly worth mention 
that the sections on informal geometry and on statistics 
are tackled from this standpoint. Fremont advocates 
looking at shapes and data which are familiar to the child 
and encourages the teacher and his pupils to investigate 
the mathematies which evolves. The chapters conclude 
with extensive bibliographies of books and periodicals, 
and excellent. sets of ideas “for investigation and dis- 
cussion”. These ideas are of a pedagogic nature rather 
than specific mathematical exercises. 

This is a book which should be studied critically by 
any serious teacher of mathematics and by teachers in 
training; it contains a host of ideas and suggestions, and 
tries to show briefly the aims of each topic. To quote 
the author’s epilogue, it is hoped that teachers will “move 
out on their own and create more challenging and meaning- 
ful experiences for students than have found their way 
between these covers”. ` 





Davin C. TAYLOR 
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Professor Alun Roberts 
Proressor Ropert ALUN Roperts, who died on May 15, 
aged 75, was the first Professor of Agricultural Botany at 
University College, Bangor. A native of the upper Nanttle 
valley, Caernarvonshire, he graduated m 1015 with 
honours in botany at Bangor, under the late Professor 
Reginald W. Phillips. After a brief period school teaching 
in South Caernarvonshire, Alun Roberts was appointed an 
adviser in agricultural botany in 1919 and a leeturer in 
1920. He remained associated with the Department of 
Agricultural Botany, becoming independent leeturer in 
1925 and professor from 1945 until his retirement in 1960. 

His drive, initiative and scholarship produced a depart- 
ment which was given university status in 1926 and which 
for many years afterwards offered a unique joint honours 
course with its sister Department of Botany. Herein 
perhaps lies Roberts's great contribution to university 
education. Almost single hended, he developed a throe 
year course in agricultural botany which maintained a high 
standard of learning equivalent to other science depart- 
ments in the college and which offered full honours degrees 
within the university. 

Although heavily involved with departmental duties, 
Alun Roberts did not forgo his research activities. He 
quickly took advantage of the facilities which the environs 
of Bangor offered for plant ecology. His first major work 
was an agronomic and ecological survey of the Lleyn 
Peninsula whieh was later extended to cover Caernarvon- 
shire. His other researches involved the correlation of 
grain yields in oats with local meteorological data and the 
significance of variety in respect to yield and other 
ancillary characters. 

Roberts also directed his postgraduate student assis- 
tants in a diversity of research These included the 
formation of pastures in North Wales, the effects of ahoot 
cutting on the growth of grasses, the effects of various 
manures on the yield of hay and botanical composition of 
the herbage of meadows. As a result of these detailed 
studies Alun Roberts became an active member of the 
Pasture Analy Sub-Committee of the Agricultural 
Education Association set up in 1929 to assess the relative 
merits of the different methods of anal This led hin 
to investigate the composition of old pasture of high 
repute in North Wales—-a study which had considerable 
significance and benefit at the time. 

‘After his secondment on county executive work during 
the Second World War, Alun Roberts returned to Bangor 
and his early experiences proved invaluable in the post 
war expansion of the department. His own researches 
were now extended to the problems of the ecology of 
human oceupation and land use in Snowdonia. He was 
soon recognized as an outstanding figure with an unparal- 
leled knowledge of the scientific, coupled with the historical 
and sociological aspects of land use, and he published 
widely. His experience was cagerly sought on the Agri- 
cultural Land Commission Welsh Sub-Committee and the 
Royal Commission on Common Lands. He beeame the 
first chairman of the Welsh Committee of the Nature 
Conservancy and was an active member of the Forestry 
Commission for Wales. 

Most of his retirement was spent on a survey of the 
Common Land of England and Wales and he was the joint 
author of “Commons and Village Greens, a Study in Land 
Use, Conservation and Management based on a National 
Survey of Commons in England and Wales 1961-1966" 

Alun Roberts lectured and broadcast frequently and had 
a wide knowledge of the Welsh countryside. THe delivered 
the O'Donnell Lectures in the University of Wales 1954-- 
55. He was High Sheriff of Caernarvonshire in 1955-56 
and his university was to have honoured him with the 
degree of DSe next July. 







































Dr W. M. Dale 


Many workers in radiation research who were fortunate 
enough to draw on his advice lost a kind and understanding 
friend when Walter M. Dale, the founder and editor of 
the International Journal of Radiation Biology and 
Related Studies in Physics, Chemistry and Medicine, 
died on June 6. 

Dale was born on September 23, 1894, in Berlin and 
died in Manchester where most of his scientific contribu- 
tions were made. The First World War interrupted his 
studies in physics and mathematics. Later he took up 
medicine and took degrees in both medicine and chemistry 
at Berlin University. He spent some time with Otto 
Warburg in Berlin and R. Willstétter in Munich. He was 
made Privatdozent in the Department of Medicine in 
the Medical Academy of Düsseldorf. Numerous early 
publications show that his interests moved from purely 
clinical and physiological topics to the more fundamental 
aspects of metabolism and enzymes. Many of his early 
papers already demonstrated his great inventiveness as an 
experimenter overcoming technical difficulties. 

After coming to England in 1933 he worked in the 
Physiology Department of the University of Manchester 
where for a few years he collaborated with Professor H. S. 
Raper on semi-clinical problems. But it was his appoint- 
ment to the Christie Hospital and Holt Radium Institute 
in 1936 that gave him the challenge he needed. In this 
new environment he started as a lonely worker to dis- 
entangle the effects of ionizing radiations on solutions of 
enzymes and other solutes. He became one of the pioneers 
of radiation chemistry and was successful in recognizing 
and formulating what is now known as the indirect effect 
of ionizing radiation when he demonstrated the kinetics 
of enzyme destruction by radiation-produced free radicals 
in the aqueous medium. The now classical experiments 
with o-rays on carboxypeptidase, in collaboration with 
W. J. Meredith and L. H. Gray, led to a confirmation and 
a better understanding of D. E. Lea’s theory of the track 
structure of an ionizing particle in liquid water. Dale's 
interest was attracted to the possibility of protecting 
biomolecules in solution by the addition of competing 
radical scavengers, which led directly to the investigation 
of compounds which contain sulphur, ‘This marked the 
beginning of many investigations in many laboratories on 
protection in radiation biology. He contributed sub- 
stantially to the early studies of radiation-induced 
deamination reactions of amino-acids and proteins, a 
topic which is still pursued actively in several laboratories 
here and abroad. 

In 1958 he founded the International Journal of Radia- 
tion Biology at a time when such an interdisciplinary 
medium was needed urgently. His firm editorship was of 
great service to the rapidly growing field of radiation 
research, 














Correspondence 


Framework for Forward Planning 


Sir,--Your article dealing with the role of the Canadian 
Government in research at universities (Nature, 222, 1024; 
1969) is accurate but dees not point out a serious fault. 

In my particular area, chemistry, government support, 
as seen by the size and equipment of departments across 
Canada, is excellent. But this support is given without 
any consideration of the needs of Canada. The PhDs 
prodaced have becorne a by-product of the research, 
having little use to Canada. 

Industrial and university positions are searee and 
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greatly exceeded by the number of PhDs graduating. In 
addition, the industrial posts are usually filled by indus- 
trially experienced men from the USA because the com- 
panies refuse the expense of paying a recent graduate 
for the three or more years it takes for him to become 
industrially useful. The government's money which is 
spent to train these PhDs is wasted. ` 

_ Tt appears obvious that a closer look at research in 
Canada is needed, to find those areas where research 
benefits Canada rather than those areas where the number 
of published papers per research dollar is high, 


Yours faithfully, 
CHRISTOPHER H. MATTHEWS 


602-3474 Hutchinson Street, 
Montreal 130, PQ, 
Canada. 


University News 


Dr John W. Midgley, English Electric Company, 
Limited, has been appointed as first director of the new 
Centre for Industrial Consultancy and Liaison at the 
University of Edinburgh. The centre is intended to 
develop all forms of mutually profitable university—indus- 
try collaboration. 

Dr J. K. Sutherland, who was recently appointed to the 
chair of organic chemistry at Heriot-Watt University, 
has for personal reasons withdrawn from the appointment. 
Professor J. H. Kellgren, professor of rheumatology and 
director of the Rheumatism Research Centre, has been 
appointed Pro-Viee-Chancellor at the University of 
Manchester, in succession to Professor A. C. P. Camp- 
bell. 


Dr Bernard John, University of Birmingham. has been 
appointed to the chair of zoology at the University of 
Southampton. 

The following appointments to foundation chairs in the 
new medical school at the University of Southampton 
have been made: Mr D. G. Millar, University of New- 
zastle upon Tyne, has been appointed to the foundation 
chair of clinical science in human reproduction and 
obstetrics; Dr J. B. L. Howell, University of Man- 
chester, to the foundation chair of clinical science in 
medicine; Sir James Fraser, University of Edinburgh. 
to the foundation chair of clinical science in surgery; and 
Dr D. Bulmer, University of Manchester, to the founda- 
tion chair of pre-clinical science in human morphology. 
Dr Dorothy M. Horstmann has been appointed as the 
first incumbent of the John Rodman Paul professorship of 
epidemiology at the Yale School of Medicine. 











Announcements 


The MRC Laboratory Animals Centre at Carshalton, 
Surrey, has appointed Mr K. R. Hobbs as a primate 
officer. He will be carrying out a detailed investigation 
into the existing provision, use and future need of labora- 
tory primates for research. Information can be obtained 
from Mr Hobbs, telephone number 01-643 4461. 

The International Meteorological Organization Prize 
has been awarded by the World Meteorological Organiza- 
tion Committee to Professor E. H. Palmen, University 
of Helsinki, in recognition of his contribution to the 
knowledge of the movement of weather systems in all 
latitudes and at all levels of the troposphere. 


The International Feltrinelli Medical Award has been 
given this year to Dr Rita Levi-Montalcini, Washington 
University, for her research achievements in neurobiology. 
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The Council of the Royal Society has awarded the John 
Murray Travelling Studentships for 1969 to Dr D. H. 
Lewis, University of Sheffield, to enable him to carry 
out research on the physiology of symbiotic algae of reef- 
building corals at the University College of the West 
Indies, Jamaica; and to Dr I. Morris, University College 
London, to enable him to carry out research on the 
enzymology of photosynthesis and nitrate assimilation. 
in phytoplankton at Nova University, Florida, and Woods 
Hole Oceanographic Institution, Massachusetts, USA. 
The Marine Technology Society’s Award for Ocean 
Science and Engineering has been awarded to Dr 
W. H. Munk and Mr F. E. Snodgrass, both of the 
Seripps Institution of Oceanography and the University 
of California’s Institute of Geophysics and Planetary 
Physics, in recognition of their contributions to the 
theories and study of deep-ocean circulation and deep- 
ocean tides and for their work on sophisticated instru- 
mentation designed for sea-bed recording and monitoring 
of minute fluctuations in sea environmental parameters. 
The Radiation Research Society Research Award 
has been awarded to Dr Gerald E. Adams, Mount Vernon 
Hospital, Middlesex. in recognition of his research in pulse 
radiolysis as applied to both chemistry and biology. 





All teachers of cell biology courses are reminded that the 
British Society for Cell Biology is anxious to have 
information from them about cell biology teaching, in 
particular an indication of how many lectures and at what 
level such teaching is aimed. Brief titles would be a great 
help. Any who employ cell biologists are invited to com- 
ment on the availability and training of cell biologists. 
Please send information to Dr L. G. E. Bell, Department 
of Zoology, The University, Southampton S09 5NH. 





Erratum. In the article “Sequential Synthesis of Mes- 
senger RNA and Antibodies in Rabbit Lymph Nodes” by 
Ernst Kuechler and Alexander Rich (Nature, 222, 544; 
1969), the following corrections are necessary: p. 547, 
column 2, line 16 should read: “The gentle method of 
preparing lymph node cytoplasmic extract disrupts 
approximately 90 per cent of the plasma cells“. Thus we 
estimate a total of 90 mg of gamma globulin synthesized 
by the two popliteal lymph nodes or approximately 
20-25 per cent of the total gamma globulin synthesized 
by the rabbit in response to the injection of bovine 
albumin.” 

ERRATUM. In the article “Peptide Chain Elongation: 
GTP Cleavage catalysed by Factors binding Aminoacyl!- 
Transfer RNA to the Ribosome” by Y. Ono, A. Skoultchi, 
J. Waterson and P. Lengyel (Nature, 222, 645; 1969), 
read ag follows: (1) page 645, paragraph 4, “. . . tables 
and figures: ribosomes, 14:4 Asso ma units; poly U, 
50 ug; poly A, 50 ug; Ba 85 ug: Sy, 79 pes MC-phe- 
tRNA (carrying 210 yumoles of phenylalanine); 7-0 
Aggo ma Units; MC-lys-¢{RNA (carrying 235 yymoles of 
lysine); 8-2 Asso me Units; discharged tRNA, 37 Asso my 
units.” (2) Page 647, section on GTP cleavage catalysed 
by S, S; and by S, line 3: ‘... are not the result of ...”. 
Erratum. In the article by J. W. Hastings, G. Mitchell, 
P. H. Mattingly, J. R. Blinks and M. van Leeuwen, 
“Response of Aequorin Biolauminescence to Rapid Changes 
in Caleturn Concentration” (Nature, 222, 1047; 1969), 
the legend to Fig. I should contain the following insertion 
after the word “between” in line 10: “M, and P,; about 
25 ms between M, and Ma, and about 7 ms between M, 
and P,”. At the end of paragraph 4, add: “For caleula- 
tion of Ca** in the caletum buffer system, the apparent 
association constant for the binding of calcium to EGTA 
was taken to be 5x 105 M- (Ebashi, S. and Endo, M., 
Progr. Biophys. Mol. Biol., 18, 123; 1968).” In paragraph 
7, line 14, 2x 10-7 should read 2x 10+, In the legend to 
Fig. 3. line 9, (S) should read (R-S) and (R) should 
read (R-R). 












_ International Meetings 


August 18-23, Physiology of Digestion and Metabol- 
ism in the Ruminant, Cambridge (Third International 
Symposium, PO Box 10, Cambridge, UK). 

September 11-12, Structure and Function of Inter- 
phase Chromosomes (British Society for Cell Biology), 
Glasgow (Dr John Paul, Beatson Institute for Cancer 
Research, Royal Beatson Memorial Hospital, 132 Hall 
Street, Glasgow C3, UK). 

October 7-9, Iumination, Strasbourg (A. Vallat, Asso- 
ciation Francaise de L’Eclairage, International Commis- 
sion on IUumination, 52 Boulevard Malesherbes, Paris 8, 
France). 

October 7-10, Tsunamis and Tsunami Research, 
Hawaii (Dr W. M. Adams, Secretary, Tsunami Committ 
International Union of Geodesy and Geophysics, c/o 
Institute of Geophysics, University of Hawai, 2 Correa 
Road, Honolulu, Hawaii). 

October 11-18, 57th Annual Meeting of International 
Dental Federation, New York (G. H. Leatherman, 
Secretary-General, 64 Wimpole Street, London W1). 
October 13-15, 3rd Annual Conference of International 
Iron and Steel Institute, Japan (The Tron and Steel 
Institute of Japan, 1-5 Otemachi, Chiyoda-ku, Tokyo, 
Japan). 

October 13-17, Clean Air Congress and Exhibition, 
Dusseldorf (Verein Deutscher Ingenieure, Postfach 1139, 
4 Dusseldorf 1, Germany). 

October 14-16, Electronic Packaging and Production, 
Brighton, UK (M. 8. Kiver, President, Electronic Packag- 
ing and Production, 222 W Adams Street, Chicago, Hl, 
60606, USA). 

October 14-22, Hth Congress of Pan-Pacific Surgical 
Association, Honolulu (Dr F. J. Pinkerton, 236 Alexander 
Young Building, Honolulu, Hawai 96813). 





















Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of families about to 
take up periods of sabbatical leave. To begin with, 
no charge will be made for advertisements like this. 
it is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


Wanted: Furnished flat with 1 large or 2 average 
rooms, bath, kitchen and central heating, con- 
venient for Royal Veterinary College, Royal College 
Street, London NWI, from July 22 for 1 year at 
least. Please contact Professor Hancock, Depart- 
ment of Veterinary Anatomy, Royal Veterinary 
College, London NWI. 

Wanted: Furnished 3 or 4 bedroom house in Man- 
chester, convenient for UMIST, from September 
1969 for approximately 1 year. Please contact 
Dr A. G. Freeman, Chemistry Department, Victoria 
University of Wellington, PO Box 196, Wellington, 
New Zealand. 








Vacant: From September for 6 months or longer, 
fully furnished Regency house, Keats Grove, Hamp- 
stead, London. 3-4 bedrooms, 3 reception rooms, 
study, garden, full central heating. Close Heath, 
excellent communications central London (26 min, 
bus to Bloomsbury). Write Mrs E. Carter, Upper 
Kileott, Hillesley, Wotton under Edge, Gloucester- | 
shire. | 
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Monday, July 7 


Auxiliary Power Service and Equipment for Road Vehicles (two-day 
symposium) Institution of Mechanical Engineers, at Cranfield. 


Current Control Theory Research (exposition, five days) Institution of 
Electrical Engineers, at Warwick. 

New Horizons for Chemistry and Industry in the 1990s (five-day sym- 
posium) Society of Chemical Industry, at the University of Lancaster. 

Summer Meeting (three days) British Society for the History of Science, at 
Churchill College, Cambridge. 


Vacation School on Aerials (seventeen days) Institution of Electrical 
Engineers, at Birmingham University. 


Tuesday, July 8 


Isotope Effects (three-day symposium) Chemical Society, at the University 
of York, 

Measurement Education (three-day conference) Institution of Electrical 
Engineers; Institute of Mathematics and its Applications; Institute 
of Measurement and Control; Institute of Physics and the Physical 
Society; and the Institution of Electronic and Radio Engineers, at 
the University of Warwick. 

Oxidation in Organic Chemistry (two-day symposium) University of 
Manchester Institute of Science and Technology. 

The Three Body Problem (three-day conference) University of Birmingham 
on behalf of IUPAP, in collaboration with the Institute of Physics 
and the Physical Society, at the University of Birmingham. 


Thursday, July 10 


Measurement and Mathematical Techniques in Combustion/Heat- 
‘Transfer Systems (one-day symposium} BCURA Industrial Labora- 
tories, Randalls Road, Leatherhead, Surrey. 


Monday, July 14 


Atomic Absorption Spectroscopy (five-day conference) Society for Analytical 
Chemistry, in association with the Institute of Physics and the Physical 
Society, at Sheffield. 


Optical Instruments and Techniques (six-day conference) British National 
Committee for Physics, under the auspices of the International 
Commission for Optics, at the University of Reading. 


Summer School on Earth Observation Satellites (twelve days} British 
Interplanetary Society, at Gonville and Caius College, Cambridge. 


Reports and Publications 


(not included in the monthly Booka Supplement) 
Great Britain and Ireland 


University of Oxford. Report of the Committee of Inquiry into Lodgings. 
(Supplement No. 8 to the University Gazette, Vol. 99, May 1969.) Pp. 23, 
one 


(Oxford: The University, 1969.) 5s. 7 275 
Architectural Design, By C. R. Honey. (Current Paper 4/69). Pp. 29. 
(Garston, Watford: Building Research Station, 1969.) gratis. 275 


Department of Health and Social Security; Department of Health for 
Scotland. Report of the Working Party on The Responsibilities of the 
Consultant Grade. Pp.vis+15. (London: H.M. Stationery Office, 1969.) 
2s, 6d. net. 285 

A Study of Coding and Data Co-ordination for the Construction Industry: 
Mechanical Engineering Services. By A. G, Foster, J. Webster and H., P. 


Johnston. (Current Paper 6/69). Pp. 81. (Garston, Watford: Building 
Research Stationy 1969.) gratis. 285 

Training in Indtistry and Commerce. By E. J. Singer. Pp. 66. (London: 
Institute of Personnel Management, 1969.) 15s, 205 


Study of Coding and Data Co-ordination for the Construction Industry: 
Quantity Surveying, Product Manufacture and Merchanting. By ©. H, 
Farrar and R, F. W. Malthouse. (Current Paper 8/69), Pp. 39. (Garston, 
Watford: Building Research Station, 1969.) gratia. 295 

Fabian Research Series No. 278: The Care of the Old. By John Agate 
and Michac] Meacher. Pp. 40. 5s. Fabian ‘Tract No. 304: The Nuclear 
Tare; By Frank Barnaby et al. Pp. 58. 9s. (London: Fabian Society, 

969. 295 

Report by the Hydrographer of the Navy, Rear Admiral G. S. Ritchie, 

aa FRICS, for the year 1068, Pp. 40+8 plates, (London: namely 
k 5 





HOW TO BUY NATURE 


Volumes start in January, April, July and October, but subscriptions 
may begin with any issue. 
The direct postal price per subscription for one copy of NATURE 
each week is: 

*12 MONTHS (52 issues and 4 indexes) 
Great Britain and Eire 


(by air freight) 

(by air freight) 
Elsewhere overseas by surface mail 
(Charge for delivery by air mail on application} 
(Minimum three months. } 


*Shorter periods pro rata. 





NATURE. VOL. 223, JULY 5. 1969 


Ministry of Transport, Road Research Laboratory. RRL Report LR 253: 






Transyt: a Traffic Network Study Tool. By D. L Robertson. Pp. 37. 
(Crowthorne, Berkshire: Road Research Laboratory, 1969.) gratis. {305 


Other Countries 


Deutsche Akademie der Wissenschaften zu Berlin. Arbeiten aus dem 
Geodatischen Institut Potsdam, Nr, 21: Verwendung von Fernsehsendern 
und Richtfumkstrecken zur Kompatiblen Ubertragung von Normalfrequenz. 
Von Rudolf Stecher. Pp. 120 Nr. 22: Bibliographie der Mitarbeiter des 
Geoditischen Institut 1861-1967. Von L. Lerbs, I. Sass and A. Stange, 
Pp. 148. Nr. 23: Brechnung von Mittleren Bahnelementen Kiinstlicher 
Erdsatelliten, Yon L. Stange. Die Berechnung Topozentrischen Satelliten- 
koordinaten aus Photographischen Aufnahmen, Von Ð. Schoeps. Pp. 95. 
(Potsdam, DDR.: Deutsche Akademie der Wissenschaften zu Berlin, 
1968.) [275 
. Publications of the Finnish Geodetic Institute, No. 65: The Finnish 
oral Institute, 1918-1968, Pp. 147. (Helsinki: Geodeettinen Laitos, 
969. To 

World Meteorological Organization. Technical Note No. 98: Air Pollu- 
tants, Meteorology, and Plant Injury. By E. I. Mukammal, C. S, Brandt, 
R. Neuwirth, D. H. Pack and W, C. Swinbank, Pp. x +73. (Geneva: World 
Meteorological Organization, 1968.) 10 Sw. francs. y [275 

Science Council of Canada, and the Canada Council, Special Study No. 7: 
The Role of the Federal Government in Support of Research in Canadian 
Universities. By John B. Macdonald, L. P. Dugal, J. Stefan Dupre, J. B. 
Marshall, J. Gordon Parr, Ernest Sirluck and Erich Vogt, with a Minority 
ne by L. P. Dugal. Pp, xxix+361. (Ottawa; Queen's Printer, 1969.) 

3. 275 

National Museums of Canada, Bulletin 224: Contributions to Anthro- 
pology Vi—Archaeology and Physical Anthropology. Pp. vi+ 247 (36 
plates). (Ottawa: Queen’s Printer, 1969.) $3. i > 275 

Consiglio Nazionale dele Ricerche (CNR). Relazione Generale sullo 
Stato della Ricerca Scientifica e Tecnologica in Italia 1967, e Allegati. 
(Roma: Consiglio Nazionale delle Ricerche, 1967.) 275 

Ciba Agrochemicals Technical Monograph No, 1: Rice. Pp. 59. (Basle: 
Ciba, Ltd., 1969.) . {275 

Canada: Department of Energy, Mines and Resources, Geological Survey 
of Canada. Map 12524: Mineral Deposits of Canada, Map 1250A: Geo- 
logical Map of Canada. (Ottawa: Geological Survey of Canada, 1969.) 275 

Cimbebasia (SWA Research), Series A. Vol. 1, No. 3: New Records of 
Deep-Water Fishes from South West Africa. By M. J. Penrith, Pp, 59-75. 
Vol. 1, No. 4: South African Lark Genera. By G, L. Maclean, Pp. 79-94. 
Vol 1, No. 5: A New Species of Lithognathus (Pisces: Sparidae) from the 
Northern Coast of South West Africa, By M, J. Penrith and M. L., Penrith, 
Pp. 99-112. Vol 1, No. 6: Observations on some Armoured Seale Insects 
(Homoptera: Coccoidea: Diaspididae) from South West Africa and Neigh- 
bouring Territories. By J. Munting. Pp. 115-161. Series B. Vol. 1, No. 1: 
Supplementary Report on the Archaeological Expedition of 1962 to the 
Erongo Mountaina of South West Africa. By E. H. Sandelowsky and 
A. Viereck. Pp. 1-44. (Windhoek, SWA: Administration of South West 





Africa, State Museum, 1969.) 285 
Research Council of Alberta. Annual Report 1968. Pp. 70. (Edmonton: 
Research Council of Alberta, 1969.) 285 


US Department of Commerce. National Bureau of Standards Special 
Publication No. 305: Publications of the National Bureau of Standards, 
1966-1967, (Published by NBS July 1966-December 1967; Published by 
Others 1966-1967). By Betty L. Oberholtzer. Pp. viii+213. (Washington, 
D.C.: National Bureau of Standards, 1969. Obtainable from Superinten- 
dent of Documents, U.S. Government Printing Office.) $2. 285 

Radiochemical and Radioanalytical Letters, Vol. 1, No. 1 (May 1969), 
(An International Journal for Rapid Communication in Radiochemistry and 
Radioanalytical Chemistry.) Pp. 1-98. Subscription rates for Vols. 1 and 
2, 1969 (400 pages per volume): 215 Sw. francs per two volumes (approx. 
US$50 or £21 10s. Od.) including airmail postage. (Lausanne: Elsevier 
Sequoia S.A.; Budapest: Akadémiai Kiadó, 19869.) i 295 

Deutsche Akademie der Wissenschaften zu Berlin, Institut für Meeres- 


kunde. Beiträge zur Meereskunde. Herausgegeben von Erich Bruns, unter 
mitwirkung von Otto Kolp, Gunther Sager und Klaus Voigt. Heft 23: 
Pp. 94. (Berlin: Akademie-Verlag, 1969), 295 


Commission on Undergraduate Education in the Biological Sciences. 
Publication No, 22 (March, 1969): Basic Library List for the Biological 
Sciences. Pp. 45. (Washington, D.C.: CUEBS, 1717 Massachusetts Avenue, 
N.W., 1969.) gratis. 295. 

Publications of the World Health Organization, 1963-1967: a Biblio- 
graphy. Pp. 152. (Geneva: World Health Organization; London: H.M. 
Stationery Office, 1969.) 18 Sw. francs; 363,; $6. _ _ [805 

Field Museum of Natural History. Fieldiana: Geology. Vol, 12, Nos, 8, 
9. 10, 11: Pennsylvania Invertebrates of the Mazion Creek Area, IHinois. 
The Morphology and Affinities of Tullimonstrum. By Ralph Gordon Johnson 
and Eugene S. Richardson, Jr. A Crinoid from the Pennsylvanian Essex 
Fauna of Wlinois. By N. Gary Lane. Bandringa Rayi, a New Ctenacanthoid 
Shark from the Pennsylvanian Essex Fauna of Illinois. By Rainer Zangerl. 
Scorpionida: The Holotype of Mazonia Woodiana Meek and Worthen, 
By Erik N, Kjellesvig-Waering. Pp. 119-190, (Chicago: Wield Museum of 
Natural History, 1869.) [305 
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WHICH MICROSCOPE FOR LESS 
THAN £40 


ASA—ENBEECO 


STANDARD 
| MICROSCOPE 


WITH R.M.S. 
EYEPIECES AND 
OBJECTIVES 
MODEL F.I. 


Standard Microscope, in- 
clinable with centring and 
revolving stage, triple nose- 
piece, coarse and fine 
adjustment, tube length 
160 mm., 2 lens substage 
condenser (NLA, 1.0) with 
iris diaphragm, plano-con- 
cave reflecting mirror 48 
mm. diameter. The optical 
outfic consists of one 
gach Sx, Hx and 40x 
achromatic objectives, and 
one each x10 and x15 eyepieces. Magnification range x50 to x600. Complete 
in wooden cabinet. Price €39. 8s. Od. 


Also available Model F.E.E. as above but incorporating a 15 watt light source 
using mains supply. Price €46.2s. éd. 











For immediate despatch from : 


W. A. QUINN LTD. 


12 FULWOOD PLACE, HIGH HOLBORN, LONDON, W.C.1 
Telephone: 01-405 5268 


A. B. CALDER 


Senior Lecturer in Inerganic Chemistry 
Rutherford College, Newcastle upon Tyne 


Photometric methods 
of 


analysis 


SBN 85274 057 3. Price 104s. net 


For teachers, students, and established 
workers in science and industry. 
Problems with answers, suggestions 
for practical work. Important tables, 
Extensive bibliographies, A com- 
prehensive and very useful book. 


ADAM HILGER LTD 


60 ROCHESTER PLACE, LONDON NW1 





Scientific Thought 
1900-1960 

A Selective Survey 

Edited by R. HARRE 


This book collects together the key ideas that 
have come into science since about 1900. 
Practising scientists have described what for them 
are the most significant ideas in their field; 
several chapters have been written by the very 
men who introduced the new concepts. The 
contributors are H. W., Bent, H, Blaschko, 

J. N. Crossley, E., B. Ford, R. O, Gandy, 

G. H. Haggis, C. W. Kilmister, G. Kreisel, 

D. Noble, N. W, Pirie, R. Stoneley, Sir George 
Thomson, N. Tinbergen, and S. G. Waley. 

8 plates, text figures throughout 

65/~ net, paper covers 35/~ net 


Electronic and Ionic 
Impact Phenomena 


Volume I: Collision of Electrons with Atoms 
H. S. W. MASSEY and E. H. S. BURHOP 

Volume II: Electron Collisions with Molecules 
and Photo-ionization 

H. S. W. MASSEY 


Electronic and lonic Impact Phenomena, first 
published in 1952, is being reissued in four 
volumes. Volumes I and H deal with electron 
collisions with atoms, electron collisions with 
molecules, photo-ionization, and photo- 
detachment. The level assumed, and the detail 
provided in the description of experimental 
technique, theoretical methods, and results is as 
far as possible the same as in the first edition. 
Second edition. Volume 1. 2 plates, numerous 
text figures; Volume H. 10 plates, numerous text 
figures £10 net each 

International Series of Monographs on Physics 


Collected Papers of 
G. H. Hardy 


Including Joint Papers with 
J. E. LITTLEWOOD and Others 


Volume IH 
Edited by a Committee appointed by the 
London Mathematical Society 


The object of this series is to make more 
accessible the papers of the great mathematician, 
which in their original form appeared in many 
journals over a period of almost sixty years. 
The editors have provided introductions to 
groups of papers, and comments where 
appropriate. Frontispiece £5/5/~ net 


OXFORD 


UNIVERSITY PRESS 


OGIENTIFIC 
ADVISER 


Animal feed and 
Veterinary Products 


As a result of promotion we need another young graduate with 
initiative and ability to join a small team of scientists in our Agricul- 


tural Division engaged in the devel 


opment, evaluation and advisory 


support of Animal Feed and Veterinary Products. 


Responsibilities include the planning and supervision of field 
trials designed to evaluate the efficacy and safety of new Animal 
Feed and Veterinary Products, liaising with research establishments 
warking with the Company's products and assisting in the provision 
of a technical advisory service to the Agricultural Division and its 


customers. 


Candidates must have a good degree in agriculture or a related 
biological science. Postgraduate experience of experimental work 
in animal nutrition or animal health is desirable but not essential, 


Starting salary will depend on age and experience, but will be not 


less than £1,300 per annum, with 


good prospects for promotion. 


Employee benefits include use of company car. contributory 


Pension/Life Assurance Scheme. 


Suitably-detailed application should be addressed, in full con- 


fidence, ta: 


Personnel Manager, 


CYANAMID OF GREAT BRITAIN LTD. 


Bush House, London, W.C.2. 


UNIVERSITY COLLEGE 
CARDIFF 


Temporary Lectureship 
in Physics 


Applications are invited for the post of 
Temporary Lecturer in Physics for the aca- 
demic year starting October 1, 1969, The 
successful candidate will be required to 
take part in the lecturing and laboratory 
programme of the Deparument, dareely at 
the preliminary and first year level, There 
would also be opportunities for participa- 
tion in research in X-ray and optical dif- 
fraction acoustics, fuminescence or 
thermionics, 


The appointment will be made at an 
appropriate point on the scale, Applica- 
tions wo copies on size Ad paper) inclad- 
ing the names of two referees should bs 
sent, as soon as possible, to the Registrar, 
University College, Cathays Park, Cardiff 
CFL 3NR from whom further particulars 
may be obtained. (87) 


UNIVERSITY OF DURHAM 
DEPARTMENT OF GEOLOGY 


Applications are invited for the post of 


RESEARCH ASSISTANT 


to work on X-ray analysis of rock and 
clay fabrics. Applicants should preferably 
have an interest in the mechanics of defor- 
mation of geological materials and should 
also either bave some experienee in com- 
prer programming or be prepared to 
acquire such experience, They should pos- 
sess, or be in their final year reading for 
a Single or Combined Honours degree. pres 
ferably in Geology, Physics or Chemistry. 
The appointment, for one year in the 
first instance but with the probability of a 
further two-year extension for a suitable 
candidate, will be from the earliest date 
that can be conveniently arranged. Place- 
ment will be at an appropriate point, not 
necessarily at the base, within the salary 
range £950 by £50 to £1,200 plus ESSU. 
Applications ( copies), giving the names 
of three referees, should be sent to the 
Registrar and Secretary, University of Dur- 
ham, Old Shire Hall, Durha from whom 
further information can be obtained, by 
July 16, 1969, 3) 
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UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
CONTROL SYSTEMS CENTRE 


The above has recently been given deparimen- 
fal status and cor š of a small group of 
demic and non-academic staff carrying out 
into the Theory and Practice of Auto- 
ontrol The Centre is well endowed with 
computer facilities both analogue and digital, and 
it is also expected that these will be extended 
within the near future. Applications are invited 
for the following newly-created pe $ 

SENIOR TECHNICIAN (REF. CSC 77) 
is required to maintain and service equipment 
within the Centre. His main duties will be to 
maintain and assist in the operation of conven- 
tional Analogue Computing equipment. In addi- 
tion he will be required to service analogue peri- 
pheral and general Jaboratory equipment such as 
oscilloscopes, recorders, power supplies, etc. The 
person appoimed would be expected to have a 

















considerable amount of experience in servicing 
laboratory equipment and should be ab ie 
assimikate rapidly the ability to service analogue 
equipment. Senior Technician, £1,026 to £1,281 
per annum according to qualifications and ex- 
perience (additions £30 and £80 for approved 
qualifications), 


SENIOR LABORATORY 


(REF. CSC 78) 

The person appointed to this position 
be required to ensure the smooth running ¢ 
service aspects of the Cemre, He would di 
supervise the Laboratory Technicians and Stew 
ards, and other ancillary staff with regard to 
holidays, sickness and other general matters, The 
person appointed should have some experience in 
administrative positions and be able to work 
within a small group of people. Senior Labora- 
tory Steward, £970 to £1,045 per annum. Ac 
ministrative Assistant, £1,178 to £1,448 per 
annum. 

LABORATORY STEWARD (REF. CSC 82 

The Laboratory Steward will be required to 
perform general duties within the laboratory in- 
cluding the setting out of experiments, dupli- 
cating and copying and other general activities 
Laboratory Steward, £779 Is. rising by annual 
increments to £841 1 per annum, 

S-day week. Superannuation Scheme. 

Requests for application forms. quoting a 
priate Reference Number, should be 1 
Registrar of the Instinte, Sackville 
chester M60 1OD. Completed forms to 
able by July 16, 1969, 






































NIVERSITY OF QUEENSLAND 
AUSTRALIA 
LECTURER NIOR LECTURER IN 
GEOCHEMISTRY 

The University invites applications for the 
abovementioned position in the Department of 
Geology, Applicants should possess 
degree im geciogy and experience in t gti 
chemistry of metamorphic rocks. A keen interest 
in both teaching and field studies of metamarphic 
rocks is desirable, The appointee will be ex- 
pected to dake a range of classes in geochemistry. 
petrology and related fields in both pure and 
applied science, and should integrate his arses 
with colleagues who are currently special g in 
igneous and sedimentary petrology. He will have 
supervision of postgraduate studenis, and should 
pursue his own research with enthusiasm, He 

i ry t his share of such other Uni- 

sas the Head of the Deparunen 
require, The salary for a Senior Leewurer w J 
within the range $A7,500 10 $A8,750 and Leciuecr 
$A5,400 to $A7,300 per annum. The University 
provides superannuation similar io F.S.S.0,, 
housing assistance, study leave and travel grams 
for permanent appointees of Lecturer status and 
above. 

Additional information and application forms. 
will be supplied upon request to the Secretary- 
General, Association of Commonwealth Universi- 
ties (Appts), 36 Gordon Square, London, W.C.1. 


Applications in London and Brisk 
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UNIVERSITY OF ABERDEE!? 
CHAIR, OF GENETICS 
Applications are Invited for the 
CHAIR OF G ICS 
to be vacant from October 1, 1969. 
Further particulars and Conditions of Appoint. 
sd from the Secretary, the 


















ment may be obti r F 
University, Aberdeen, with whom applications. 
3 
Applicants overseas may submit one copy 

ondy, (Th 





UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
SENIOR TECHNICIAN/ TECHNICIAN 
is required in the Civil Engineering Laboratories. 
in which undergraduates study hydraulics, soil 
mechanics, geology, and research facilities in- 
clude a novel heavy centrifuge with appropriate 
electrical, hydraulic and optical systems, There 
is a small workshop and the work inchudes fit- 
ting of equipment and instruments at the bench 

and in the laboratory. 

Applicants must have experience as a bighly 
skilled fitter with light mechanical equipment or 
with instruments. Technological qualifications 
are desirable, but appointment at Technician level 
could be offered to a less qualified applicant. 

Age limit: 21-54 years. 

Salary scale: Technicians, £743 to £1,047 per 
annum according to qualifications and experience 
{additions of £30 and £50 for approved qua lifi- 
cations). Senior Technicians, £1.026 to £1,281 
per annum according to qualifications and €x- 
perience (additions of £30 and £50 for approved 
qualifications). 

S.day, 37-hour week, superanuuation scheme, 
canteen facilities. 

Requests for application form, quoting Refer- 
ence No. CIV. 79, should be sent to the Regis- 








AUSTRALIA 


RESEARCH FELLOW IN GENETICS AND 
PLANT BREEDING 


The University invites applications for a post 
as Research Fellow in the field of wheat genetics 
and breeding. The appointee will be stationed 
princinally at the Queensland Wheat Research 
Institute at Toowoomba, 80 miles from Brisbane. 
Applicants should have a Ph.D. (or equivalent 
research experience) and experience with wheat 
breeding, although consideration may be given 
to applicants with experience in other crops. 
The appointee will have the opportunity and re- 
sponsibility of developing a wheat breeding pro- 
gramme. Good facilities will be available. He 
will also have the opportunity of supervising 
postgraduate students and of participating in the 
plant breeding training programme of the De- 
partment of Agriculture of the University. The 
salary range for a Research Fellow is $A5.400 
by $A250 (4) by $4300 (3) by $AZ200 (1) by 
$A250 (5) to $A8,750. Starting salary will be 
commensurate with qualifications. The appoint- 
ment will be, in the first instance, umi June 30, 
1974. and may be subject to renewal. 

Additional information and application forms 
will be supplied upon request to the Secretary- 
General, Association of Commonwealth Univer- 
sities (Appts), 36 Gordon Square, London 
W.C.1. Applicadons close in London and Bris- 
bane on August 2, 1969 (89) 

UNIVERSITY OF BELFAST 
EXPERIMENTAL OFFICER IN THE 
DEPARTMENT OF ZOOLOGY 


Applications are invited for the post of Ex- 
perimental Officer in the Department of Zoology 
with effect from October 1, 1969. The principal 
duties will be connected with electron micro- 
scopy. Experience in the preparation and 
examination of biological material and the opera- 
tion and maintenance of equipment connected 
with this field of work is desirable, The depart- 
ment possesses an A.E.I. E.M.6B and an Akashi 
TRS 80. 

The salary will be in the range £1,120 by £60 
to £1,480 by £70 to £1,550 per annum (with 
superannuation within F.S.S.U.) and initial 
placing on the scale commensurate with age and 
qualifications. 

Further details may be obtained from the 
Secretary to the Academic Council and applica- 
tions, including the names of two referees, should 
reach him by September 1, 1969. (83) 


UNI 
SENIOR DEMONSTRATORSHIP IN 
PHYSICAL CHEMISTRY 

Applications are invited for the above post 
which becomes vacant on August 1, 1969. Salary 
will be within the range £1,240 to £1,700 (to- 
gether with F.S.S.U). benefits) according to quall- 
fications and experience. Preference will be 
given t0 candidates with interest and experience 
in colloid chemistry, thermodynamics, statistical 
mechanics, electron spin resonance, or Raman 
spectroscopy. 
ations (one copy only), together with the 
names 35 of three persons to whom 
de, should be lodged with 
the Registrar and Secretary, University of East 
Anglia, Earlham- Hall, Norwich NOR 88C, not 
later than July 31, 1969. (72) 




























| 
A leading British research based pharmaceutical company is 
looking for a talented senior research biochemist/chemist to 
head up the Drug Metabolism Section of their Biochemistry 

The Company is currently marketing a range of | 

me of which represent radical | 

and the man appointed will be | 

responsible for directing the work of a team studying the | 

| 

| 

| 

} 

| 

| 

l 

| 

' 

i 


Department. 


highly successful products, so 
developments for the industry, 


metabolism of these compounds. { 
ment in the newly constructed laboratories are excellent. 


Candidates, likely to be in their 30s, should have postgraduate 
experience in this field and must be able to manage and direct 
the team which will expand along with the development of the 


research programme. 


The initial salary will be negotiated around £3,500 and other 
benefits include assistance with removal expenses, a first class 
pension scheme and generous holidays. (Ref : K/2605/N). 


Replies will be forwarded direct, unopened and in confidence, to the 
client unless addressed to our Security Manager listing companies to 
They should include comprehensive 
career details, not refer to previous correspondence with P.A., quote 
the reference on the envelope and be sent to: 


which they may not be sent. 








Head of Drug 
Metabolism 


P.A. Advertising Limited. 
2 Albert Gate, London, S.W.1. 
Telephone : 01-235 6060. 

















UNIVERSITY 
OF OXFORD 


DEPARTMENT OF ZOOLOGY 


wishes to appoint a 


TECHNICAL 
OFFICER 


to supervise the purchase and main- 
tenance of measuring instruments, 
The laboratory has a technical staff 
of over 50 and is equipped with ad- 


vanced biochemical equipment ; 
closed circuit television ; and process 
control computers. Salary on the 
University’s Technical Officer scale 
within the range £1,070 to £1,980 ; 
contributory pension scheme. 


Applications in writing, with the 
names of two referees, to be sent to 
the Administrator, Department of 
Zoology, Parks Road, Oxford before 


July 26. 
OD 











c. £3,500 


Research facilities and equip- 





UNIVERSITY OF 
NOTTINGHAM 
SCHOOL OF AGRICULTURE 





Department of 
Applied Biochemistry 
and Nutrition 


PHYSICAL 
CHEMISTS 


Graduates in  ghemistry, particularly 
physical chemisiry, are invited to apply 
for research studentships of three years 
duration available in the Food Sdlence 
Laboratories in projects directed to the 
study of the relation between the m 
cular structure and behaviour of Hpi and 
protein materials in model food sys 7 
The successful candidates wii be e 
to submit for higher degrees. 








I 


















Applications, with the names of 
referees, and requests for further informs 
tion should be made as soon as sible 
to: The Secretary, School of Agri 
Sutton Bonington, Loughborough, Leics. 










(93) 
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ber annum (£4,666-£5,250). 





S. A. Science Office, 
Chichester House, 
278 High Holborn, 
London, W.C.1. 








DIRECTOR 


Industry 
Research 
Institute 


South Africa 


The post of Director of the Fishing Industry Research institute. 
University of Cape Town, Rondebosch, will fall vacant on Ist June, 
1970 on the retirement of Prof. G. M. Dreosti. 
invited for this post, which carries a salary scale of R8,000-R9,000 


Full details of the Institute. duties and privileges of the post 
may be secured on application to: 


The Scientific Counsellor (Ref N) 





Applications are 


G9 





Sunderland Education Authority — SUNDERLAND POLYTECHNIC 


Applications are invited for the following posts in the Biology Section of the Schoo! of 


1. PRINCIPAL LECTURER IN CHARGE OF BIOLOGY i 
Applicants for this post should be well qualified in a biological subject and have experience 


Pharmacy, 


in teaching to honours degree standard. 


2, SENIOR LECTURER IN BIOLOGY 


The successful candidate will be required to 


B.Sc, courses in Biology and H.N.C./HN.D, 


first degree in a biological subject or in Bioch 


participate in the organisation and leaching of 
in Applied Biology. Applicants should have a 
emistry, Preference will be given to candidates 


possessing a higher degree and experience in teaching to honours degree level. i 
Salaries for these posts will be in accordance with the Burnham Technical Scale (under 


review) 


Principal Lecturer £2,530 to £2,850 bar to £3,250, 


Senior Lecturer £2,280 to £2,595. 
The Education Authority is prepared to help the successful candidates with removal 


expenses and temporary lodging allowance. 


Further particulars and forms of application may be obtained from the Registrar, The 


Polytechnic, Sunderland. 


Polytechnic, Sunderland, Co, Durham, within 
Canvassing wi 


tsement. 


Semena 
UNIVERSITY OF BRISTOL 


School of Chemistry 


Applications are invited for a postgradu- 
ate award under the S.R.C. C.A.PS. 
Scheme, for research in the field of the 
kinetics, and mechanisms of oxidations of 
organie compounds by higher valent metal 
complexes, under the direction of Dr. J. S, 
Littler and in collaboration with the Heavy 
Organic Chemicals Division of LCI. Lad, 
Billingham. Candidates must hold a First 
or Upper Second Class Honours degree. 


Applications, stating the names of two 
referees, should be sent to Dr. J. 8. Littler, 
School of Chemistry, Cantock’s Close, 
Bristol BS8 ITS. (24) 


ananena ONS. 





Completed forms should be returned to the Rector, Sunderland 
two weeks of the appearance of this adver- 
il be a disqualification, (68) 


EDINBURGH SCHOOL OF 
AGRICULTURE 


ADVISER IN AGRICULTURAL 
BACTERIOLOGY (PERTH) 


Applications are invited for the above 
post from graduates with experience in this 
field. The work involves general organisa~ 


ton of a small laboratory Concerned with 
advisory and inyestigadonal work in agri- 
cultural microbiology. Salary Grade LI 
£1,540 to £2413 or Grade IV £990 to 
S according to age and qualifications, 
“U, superannuation. 

Further particulars and application form 
from Secretary, The Edinburgh School of 
Agriculture, West Mains Road, Edinburgh 
EHO NG, with whom applications should 
be lodged by July 17. (70) 
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UNIVERSITY OF 
NEWCASTLE UPON TYNE 
SCHOOL OF PHYSICS 


Applications are invited for the post of part- 
time EXPERIMENTAL ASSISTANT in the 
School of Physics (Department of Geophysics 
and Planetary Physics), Candidates should be 
graduates in Mathematics or with a current good 
background in Mathematics. The work will be 
theoretical and computational, rather than ex- 
perimental, and the post would be suitable for a 
married woman secking interesting parttime em. 
ployment in the University. The post is tenable 
from a date to be arranged by mutual agreement, 
The salary will be according to age, qualifica- 
tions and experience within the range £475 to 
£792 per annum, 

Applications, together with names and ad- 
dresses of two persons to whom reference may 
be made, should be lodged with the Professor of 
Physics. The University, Newcastle upon Tyne 
NEI 7RU, not later than July 18, 1969, 

(10) 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
LECTURER IN THE DEPARTMENT OF 
TEXTILE TECHNOLOGY 


Applications are invited from graduates in 
mechanical engineering for the post of Lecturer 
in Textile Technology. The dudes attached to 
the post include lecturing in textile engineering 
to undergraduate and postgraduate students, 
undertaking and supervising research (for which 
excellent facilities are available), and directing 
the work of the Department's instrument work- 
shop. An interest in high-speed photography is 
desirable ; knowledge of textile machinery is not 
absoluiely essential, The Salary, initially de. 
pending on qualifications, age and experience will 
be in accordance with the scale: £1,585 to £2,859, 

Application form and conditions of appoint- 
ment may be obtained from the Registrar, 
U.M.LS.T.. Sackville Street, Manchester M60 
1QD. to whom completed forms should be re- 
turned by August 1, 1949. ay 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 

The Physics Department has two vacancies for 
ASSISTANT EXPERIMENTAL OFFICERS to 
assist in the preparation of specimens, mainten- 
ance of apparatus, and measurement of records 
in applying (1) X-ray crystallography and (2) gas 
chromatography to biological materials, including 
dairy products. For post (1) minimam qualifica- 
tions are “A ™ level in physics and/or chemistry, 
with mathematics or biology, or H.N.C. in 
physics. For post (D “A” level in chemistry, 
with iphysics, mathematics or biology, or H.NLC. 
in chemistry, Previous experience is not essen- 
tial, but for post (2) ry eference will be given to 
candidates with some experience of gas chromato- 
graphy. Starting salaries up to £1,150 according 

to age, in scale £1,385, 

Apply on forms obtainable from the Secretary, 
N.LR.D., Shinficld, Reading RG2 SAT, quoting 
Reference 49/13, (21) 





PLANT BREEDING INSTITUTE 
MARIS LANE, 
TRUMPINGTON, CAMBRIDGE 


Applications are invited for the post of EX. 
PERIMENTAL ot ASSISTANT EXPERIMEN- 
TAL OFFICER to work on breeding for rust 
resistance in cereals. Preference will be given 
io applicants with a degree in a biological sub- 
ject. Experience in cereal breeding would be an 
advantage. Contributory superannuation scheme, 
Salary: Experimental Officer, £1,514 per annum 
rising to £1,910 per annum: Assistant Experi- 
mental Officer, £830 at age 21, £1,150 at age 26 
and over, rising to £1,385 per annum. 

Applications, quoting — Reference P.1/69, 
naming two referees and stating age, qualifica- 
tons and experience should be sent ta the Secre- 
tary by July 28, 1969, (94) 
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young man tc nitiative learn 
latest biochemistry techn in a modern de- 
partment. Salary in the é £1,282 
per annum. f uation 
scheme, and 4 s annua cations 





i Sunerinvendent, De- 
partiment of Biochemistry, Imperial College, 
London, S.W.7 (12) 
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UNIVERSITY OF SUSSEX 
SCHOOL OF BIOLOGICAL SCIENCES 
RESEARCH FELLOW 


Applications are invited for a Cell Biologist or 
Biochemist with interests in cyto-differentiation 
or related topics, and some research experience, 






for dies on development of normal and dys- 
trophic muscle, ‘This post is supported by the 


Muscular Dystrophy Group of Great Britain. 
Salary up to £1,885 according to qualifications. 
Applicanis should write to Dr, R. J. Cole, 
Biology Building, University of Sussex, Falmer, 
Brighton BNI 90G, enclosing names of two 
referees, a curriculum vitae, and Hst of publica- 
tions, quoting Ref. No. P981 (16) 
UNIVERSITY OF MANCHESTER 
SCIENCE IN INDUSTRY 
Applications invited for a post of T MPOR- 
ARY LECTURER or ASSISTANT LECTURER 
in the Department of Liberal Studies in Science. 
Initial appointment for wo years, but post ex- 
pected to be confirmed as permanent towards 
the end of ihat period, Candidates, preferably 
with qualifications in science or technology and 
i experienc ould have interests in 
ed innov: Duties include par- 
on in a new M.Sc. course, Salary ranges 
per annum : Lecturer, to £2.85 
tant Lecturer, £1.240 to £1,470, FSS.U. 
Particulars and application forms (returnable 
by July 25) from the Registrar, The University, 
Manchester M13 9PL. Quote Ref. 134/69/Na. 
(18) 
































UNIVERSITY OF 
EWCASTLE UPON TYNE 
SCHOOL OF PHYSICS 
Appilcationg are invited for the post of TEM- 
PORARY LECTURER in the Deparment of 
Geophysics and Planetary Physics to replace a 
permanent member of staff whe is on leave of 
absence. The appointment will be for one 
academic year, The salary will be at a suitable 
point on the Lecturers’ scale £1,240 to £2,850 
per annum, according 10 age. qualifications and 
ience of the successful applicant. 
Applications (three copies), together with the 
names and addresses of three referees, should be 
lodged with the Administrative Assistant, School 
of Physics, The University, Newcastle upon Tyne 
NEL FRU, not later than July 25, 1969, Please 











quote Reference NA. (35) 
IMPERIAL CANCER RESEARCH 
FUND 


ELECTRONMICROSCOVIST (Graduate) re- 
quired to work on animal cells, viruses and 
nucleic acids, Techniques involved will include 
thin sectioning, negative staining and protein 
monolayer spreading of nucleic acids, Experi- 
ence with electronmicroscopy of biological 
materials an advantage. Possible permanent 
appointment for a senior research worker, other- 
wise 3- or S-year appointment. Salary according 
to age and experience and starting date to be 
arranged, 

Applications, including a curriculum vilae and 
the names of two referees, should be addressed 
to: The Secretary, Imperial Cancer Research 
Fund, Lincoln's Inn Fields, London, W.C.2, to 
arrive not later than July 21, 1969, (48) 





UNIVERSITY OF CAMBRIDGE 
SCHOOL OF AGRICULTURE 

Applications invited for post of UNIVERSITY 
LECTURER IN APPLIED ENTOMOLOGY, 
Qualifications: good honours degree in appro- 
priate subject and experience in teaching and 
research, Salaries of university officers under re- 
view, Proposed salary in scale £1,930 by £115 to 
£2,850 by £90 to £3,120. Starting point deter- 
mined according to seniority. No grade of Senior 
Lecturer, Pensionable under F.S.S0U. Limited 
contribution to removal expenses. 

Further details on request. Applications, with 
names and addresses of not more than three 
referees, to the Secretary, School of Agriculture, 
Downing Street, Cambridge, not later than July 
24, 1969, (49) 


UNIVERSITY OF MANCHESTER 
RESEARCH ASSISTANT IN 
BOTANY 


Applications invited for this post from candi- 
dates interested in biosystematics and taxonomy. 
Salary range: £800 to £900 per annum. Appoint- 
ment initially for one year. 

Further particulars and application forms (re- 
turnable by July 12) from the Registrar, the Uni- 
versity. Manchester, MI3 9PL, Quote Ref.: 
132/69/ Na. (8) 











Wellcome 


VIROLOGIST 


We are looking for a Virologist to take part in collaborative 
research being undertaken by the Wellcome Foundation and 
the Royal Veterinary College, London, on virus infections In 
gnotobiotic animals. The work involves the examination of 
antigens and antisera for use in preparing monospecific 
reference reagents. Applicants should have some experience 
in serological and tissue culture techniques. The appointment 
is a permanent one within the Department of Virology where 
technical assistance and good facilities are available. There is 
considerable scope for personal initiative and publication of 
results is encouraged. 


The Laboratories are modern and well-equipped, located in 
pleasant parkland surroundings within easy reach of Bromley, 
Beckenham and Croydon. The appointment carries a starting 
salary commensurate with experience and qualifications 
together with excellent conditions of employment. 


Applications, quoting J. 124 and giving full personal 
particulars. should be sent to the Senior Personnel Officer, 
THE WELLCOME RESEARCH LABORATORIES, 
Langley Court, Beckenham, Kent, BR3 3BS, from whom 
further details may be obtained. 


wish to appoint a 





TOXICOLOGIST 


who will occupy a responsible position in a team engaged in the evaluation 
for safety of new Medical, Animal Health and Crop Protection products. This 
important post is in a growth area of the Research Department and offers good 
opportunity for progression. 


There are extensive animal facilities, some species being housed in the main 
laboratories in Nottingham and some at Thurgarton Research Station, about 
ten miles away. Excellent laboratory services are available, 


The company has world-wide interests and the successful applicant will 
be expected to contribute towards technical documents for product registra- 
tion in the U.K, and overseas, Publication of results and attendance at scientific 
meetings are encouraged. 


Applicants must be qualified in veterinary science, pharmacology or a 
relevant biological discipline and, preferably, will have had a few years practice 
in toxicology. Experience of working with primates will be an advantage. 


Starting salary is negotiable, but will reflect qualifications and experenge i 
contributory pension and profit sharing schemes apply. 


Applications, and requests for further information should be addressed to 
Dr. E. E. Cliffe, Head of Biological Sciences, c/o Personnel Depart- 
ment, Boots Pure Drug Company Limited, 1 Thane Road West, 
Nottingham NG2 3AA (Tei: Nottingham 56255, ext. 48.) (B4) 
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DAVID MILN & COMPANY 
(SEEDSMEN) LIMITED, CHESTER 


invite applications for the post of 


PLANT 
BREEDER 


Candidates should have a training in agriculture with a 
knowledge of plant breeding or plant pathology, preferably 
with a University degree. Students anticipating a degree 
in agriculture would be considered. The person appointed 


would be required to assist with a cereal and grass breeding 
programme and field trials. 


UNIVERSITY OF DURHAM 
DEPARTMENT OF GEOLOGY 
Applications are invited for the post of 
RESEARCH ASSISTANT 


to work on the dynamic behaviour of rocks 
and certain other nommerallic brittle 
materials. Applicants should have Interests 
in the fields of stress analysis and materials 
science and should possess, or be in their 
final year reading for a Single or Combined 
Honours degree preferably in Physics or 
Engineering. 

The appointment, for one year in the 
first. instance, but with the probability of 
a further extension for a suitable candidate 
until the end of 1971, will be from the 
earliest date that can conveniently be 
arranged, 

Placement will be at an appropriate 
point, not necessarily at the base, within 
the salary range £950 by £50 to £1.200 by 
£85 to £1,455 per annum with F.S.S.U. 

Applications (3 copies), with curriculum 
vitae and the names of three referees, 
should be sent to the Registrar and Secre- 
tary, Old Shire Hall, Durham, from whom 
further particulars can be obtained, by 
July 16, 1969. (74) 








UNIVERSITY OF ASTON IN 
BIRMINGHAM 


DEPARTMENT OF BIOLOGICAL 
SCIENCES 


DEPARTMENT OF CHEMISTRY 


Applications are invited from recently 
graduated Chemists, Biochemisis or Physio- 
logisis for a project to investigate the sur- 
face properties of the cells of the intestinal 
mucosa, 

This research is sponsored by the Medi- 
cal Research Council. Appointment in the 
first instance is for two years with possible 
n for a third year. The person 
pointed may register for a higher degree, 
Salary scale : £750 by £90 to £1,200 per 
NIN 

Application forms and further details 
may be obtained from the Staf Officer 
(Ref. No. 701/6), The University of Aston 
in Birmingham, Gosta Green, Birmingham 
4, to whom applications should be for- 
warded within I4 days of the appearance 
of this advertisement, (82) 
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UNIVERSITY 
OF DUBLIN 
Trinity College 


JUNIOR LECTURER 
IN BIOLOGY 


Applicants are invited for the above 
post, which is tenable in the Botany 
Department. Preference will be given 
to candidates with special interests in 
Freshwater Algae or Limnology. 
Salary Scale : £1,320 by £65 to £1,515 
pa. 
Marriage and children’s allowances 
are paid and there is a non-contribu- 
tory F.S.S.U. type pension fund. 
Further particulars from : 

The Assistant Secretary (Staff) 

Trinity College, 

Dublin 2. 
who will receive completed applica- 
tions not later than July 25, 1969. 

(81) 
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UNIVERSITY OF DURHAM 
DEPARTMENT OF GEOLOGY 


Applications are invited for the post of 
RESEARCH ASSISTANT IN PETRO- 
LOGY to work on alkaline igneous rocks 
from South Greenland. The appointment 
will be from September 1, 1969. to Sep- 
tember 30, 1970. An Honours Degree in 
Geology or in Geology and Physics is re- 
quired, preference being given to appli- 
cants with some petrological or mineralo- 
gical postgraduate experience using electron 
probe microanalysis or XRF analysis, 

Salary £950 by £50 10 £1,200 by £85 
fo £1,370 per annum according to experi. 
ence. In exceptional circumstances an 
appoinument may be made to the Senior 
Research Assistant grade (salary range 
£1455 by £85 to £1,710 per angum). 
Applications (three copies), together with 
the names of three referees, should be sent 
by July 18, 1969, to the Registrar and 
Seeretary, Old Shire Hall, Durham, from 
whom further particulars may be obtained. 


(85) 














BARKING REGIONAL COLLEGE 
OF TECHNOLOGY 


LONGBRIDGE ROAD, DAGENHAM, ESSEX 
CONSTITUENT COLLEGE OF THE 
PROPOSED N-E, LONDON POLYTECHNIC 


Remired from September 1, 1969, or as soon 
as posible thereafter SENIOR LECTURER in 
BIOCHEMISTRY to participate in a team of 4 
biochemists with ability to teach and organise 
theoretical and practical work for M.L Biol, 
Parts I and H, and BSe, Applied Biology 
(CLN.ALA.) coursework and to develop future 
project and postgraduate work. Industrial and / 
or research experience essential. Salary £2,280 
to £2,595 (under review) plus £85 London Allow 
ance, 

Application forms and further particulars avail- 
able from the Principal, Completed forms 
should be returned not later than July 7, 1303: 

(52) 











RE-ADVERTISEMENT 
WALTHAM FOREST 
WALTHAM FOREST TECHNICAL COLLEGE 
AND SCHOOL OF ART 
FOREST ROAD, WALTHAMSTOW, E17 
Applications are invited for the post of Lec. 
ture, Grade H Go commence September 1, 1969, 
or as soon as possible thereafter). to participate 
in the teaching of biochemistry. Candidates must 
hoki an Honours degree in biochemistry /molecu- 
lar biology, and be familiar with biochemical 
genetics and organisation and control of bio- 
chemical processes. Famillarity with the appli- 
cations of immunological techniques would be 
advantageous ; candidates should have experience 
in relevant teaching and research, The salary 
scale is: £1,725 to £2,280 plus London Allow- 
ance of £85, There is a scheme for mortgage 

facilities in approved cases, 

Forms of application, which should be returned 
not later than July 11, 1969, may be o 
from qhe Principal together with further 












AGRICULTURAL RESEARCH 
COUNCIL 
INSTITUTE OF ANIMAL PHYSIOLOGY 
BABRAHAM, CAMBRIDGE 

EXPERIMENTAL OFFICER required for the 
ELECTRON MICROSCOPE UNIT. Applicams 
should have had at least five to ten years’ experi- 
ence in electron micro: o Abiy 2 
tain an electron microscope and a thorough 
knowledge of E/M techniques as used in biology 
are essential, Educational qualifications H.N.C., 
F.IM.LT., or equivalent. Salary in scale £1,514 
per annum (minimum age 28) io £1,910 per 

annum, Contributory Superannuation Scheme. 
Applications, with full details and names of 
two referees, to the Seeretary of the Institute, 

quoting Refere j6. (37) 


WOOLWICH POLYTECHNIC 
LONDON. S E18 
DEPARTMENT OF BIOLOGY AND CELL 
SCIENCE 
LECTURESHIP IN PLANT PHYSIOLOGY 
Applicants should possess a higher degree to- 
gether with some teaching or industrial experi- 
ence and will be expected to be prepared to 
teach in courses leading to B.Sc. and M.Sc. Re- 
search facilities are available, Salary scale 
(under review): Lecturer Grade H, £1,7 

















al 
penses. 

Application form and further particulars from 
the Clerk to the Governing Body, Woolwich 
Polytechnic, Wellington Stre London, S-E.L8, 
to whom completed applications should be re- 
turned by July 14, 1969, (4a) 

UNIVERSITY OF SYDNEY 
CHAIR OF AGRONOMY 

Applications are invited for the Chair of 
Agronomy. The salary will be at the rate of 
$A12,000 per annum. There is retirement pro- 
vision under either the Sydney University Pro- 
rial Superannuation Scheme or the New 
South Wales State Superannuation Scheme. 
Under the Staff Membe Housing $S ie, in 
cases approved by the U sity and is b 
members of stalf may be y lo 
purchase a house. The Senate reserves the rigi 
to fil the Chair by invitat 































ion 
of Commonwealth Univers Or- 
don Square, London, W.CI, or i the 
Registrar of the University, Applications close 


on August l, 1969. (38) 
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COMMONWEALTH 
AGRICULTURAL BUREAUX 
Vacancy for 
SCIENTIFIC INFORMATION 
OFFICER 
at the 
COMMONWEALTH BUREAU OF 
ANIMAL HEALTH, Central Veverinary 
Laboratory, New Haw, Weybridge, 


Surrey 
Duties: Preparing English language 
abstracts and editorial work for the 


monthly journal The Veterinary Bulletin, 
which covers world sclentific literature on 
veterinary science, 

Qualifications: A degree in a biological 
science, Ability to write good and con- 
cise English essential. Reading knowledge 
of at least one more modern European 
language desirable, 


Salary: In scale £1,020 to £2,675, with 
provision for superannuation, Starting 
salary according 10 qualifications, experi- 
ence and age. 


Application forms and full particulars 
from the Secrerary, Commonwealth Agri- 
cultural Bureaux, Farnham House, Farn- 
ham Royal, nr. Slough, Bucks. 

Closing date for applications; July 31, 


1969, (107) 
UNIVERSITY OF 


EAST ANGLIA 


SCHOOL OF CHEMICAL SCIENCES 


















Applicadons are invited for a RE- 
SEARCH ASSISTANTSHIP, either post- 
doctoral on the salary scale £1,240 to 
£1,470, or pre-doctoral on the scale £700 
to £1,000, for the investigation of the elec- 


tronic absorption and emission spectra, 
optical activity, and magnetic circular 
dichroism of co-ordination compounds, 


aromatic systems, and biopolymers. 


Applications should be addressed to Pro- 
fessor S. F. Mason, School of Chemical 
Sciences, University of East Anglia, Nor- 
wich NOR 88C, by July 31, 1969. (108) 





UNIVERSITY OF 
NOTTINGHAM 


SOLID STATE INVESTIGATIONS IN 
THE DEPARTMENT OF ELECTRICAL 
AND ELECTRONIC ENGINEERING 


Applications are invited for candidates 
with research interests in the general field 
of Electrical Materials/Solid State for an 
investigation of the interaction of low 
energy clectron beams with surfaces, Can- 
didates should preferably be graduates in 
physics, electrical or electronic engineering, 
or materials science. The successful can- 
didate will be able to register for a higher 
degree, 


Further particulars and application forms 
from the Staff Appointments Officer, to be 
returned not later than July 25, 1969. 
Please quote Reference EI (109) 








Agricultural Research Council 


Applications are invited for the post of 


assistant Experimental Officer in the 
Anatomy Section of the Poultry Research 
Centre, West Mains Road, Edinburgh 9, 
to carry out Electron microscopical investi- 
gations in do poultry. 









Qualifications: Degree, HNC. or 
equivalent, but preference wili be given 


1o candidates with a degree in Zoology. 
Salary in scale £650 to £1.385 according 
to age. (Maximum starting salary £1,150 
age 26.) Superannuauon, 5-day week. 
Apply in writing, with names of two 
referees, to the Secretary at above address, 
(112) 








THE NATIONAL RESEARCH COUNCIL OF CANADA 
DIVISION OF BUILDING RESEARCH 


requires 


1. A Civil or Mechanical Engineer or, Engineering Physicist master’s oF 


doctoral 


level, to undertake investigations of the forces exerted by ice 


against structures such as bridges, piers, dams and wharves. The investiga- 
tions will include field observations on the movement of ice covers and the 
measurement of the static and dynamic forces that ice can exert against 


structures, 


tions with laboratory studies of the 


There will be opportunities to supplement the field investiga- 


deformation of ice. The goal of 


the investigations is to establish the information required to design siruc+ 


tures that must withstand forces due to ice. 


Quote position BR-23-68. 


2, For the Geotechnical Section, an Engineer with a degree at the master’s 
engineering, soil mechanics, geotechnology oF 
to undertake studies on permafrost relating to the 


or doctoral level in civil 


equivalent training 
design, 


construction and performance of structures. 





Particular attention 


is to be given to the influence of structures and facilities on the ground 


thermal regime, the strength 


frozen ground, and the development of guidelines of good prac 


and deformation properties of perennially 


for 





construction in permafrost areas. The successful applicant will be expected 
to participate in an active program of Northern Research already estab- 


lished. 
Quote position BR-6-69. 


The salary for each of these positions will depend on the qualifications 


of the successful applicant. 


Apply, giving complete details of education and experience to the Employ- 


ment Officer, National Research Council of Canada, 


Canada. 


UNIVERSITY OF ABERDEEN 


SENIOR LECTURER AND LECTURER IN 
STATISTICS 

Applications are invired for these posis in any 
branch of statistics. Salary on scale : Senior Lec- 
turer, £2,945 10 £3.670; Lecturer, £1,583 to 
£2,850, with initial placing according to qualifi- 
cations and experience. Superannuation 
{FS SA.) and removal allowance. 

Purther particulars should be obtained from 
the Secretary, The University, Aberdeen, with 
whom applications (8 copies) should be lodged 
by July 12, 1969. (50) 

UNIVERSITY OF ABERDEEN 
RESEARCH ASSISTANTSHIP IN 
BIOCHEMISTRY 

Applications are invited for the above post in 
the Department of Biochemistry. Preference may 
be given to candidates with experience of 
analytical ultracentrifugation, automated amino 
acid analysis and liquid scintillation spectro- 
metry. Salary on scale: Grade II, £1,060 to 
£1,830: Grade I, £1,535 to £2,070, Superannua- 
ion (F.S.S.U.). 
particulars from the Secretary, The 
Univers Aberdeen, with whom applications (2 
copies) should be lodged by August 11, 1969. 

SD 


HEBREW UNIVERSITY OF 
JERUSALEM 
DEPARTMENT OF BOTANY 
invites applications for a 
SENIOR POSITION IN ALGOLOGY 
which requires research and teaching of both 

undergraduates and graduates. 
Applications, in writing, and accompanied by 
curriculum vitae. should be addressed to: The 




















Head of the Depariment of Botany, Hebrew 
University of Jerusalem, Givat Ram Campus, 
vm, Israel. (47) 


ST. BARTHOLOMEW’S HOSPITAL 
LONDON, E.C.1 
RESEARCH TECHNICIAN “A” level or 
equivatem in Department of Anaesthetics to 
work on project associated with effects of cigar- 
ene smoking on pregnancy. Experience of 
blood/gas analysis or similar physiological tech- 
niques preferred but training will be given if 
necessary. Salary scale £640 to £1,240 per annum 
according to age, qualifications and experience. 
Write, naming two referees, to the Clerk to 
the Governors, quoting Project No. 36/12. 
(37) 


Ottawa 7, Ontario, 


{119} 





NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 
ASSISTANT EXPERIMENTAL OFFICER 
required to supervise the running of expe imental 
animal colonies in the Physiology Dena é 

















Candidates should have previous experienc 
the breeding and management of experimental 





animals. LAT. qualifications, although 
essential, would be preferred 
ninities exist for further study 
up to £1,150 per annum ace 

Apply on forms obtainable from 7 
NULR.D., Shinficld, Reading RGI 9AT. 
Reference 69/22. 





UNIVERSITY 

The Appoincments Committee of the Faculty 
of Archacology and Anthropology hope to be 
in a position tm appoint a 

UNIVERSITY DEMONSTRATOR IN 
PHYSICAL ANTHROPOLOGY 

from October 1, 1969, for three years in the first 
instance, Applications are invited from candi- 
dates with teaching and re nod AS i 
any field of buman biology. 
stipend will be within the range £1,355 by £115 
to £1,815 a year, 

Applications, together with the names of not 





















more than three referees, shoul Secre 
tary of the p of he 
Facuky of and Anthropology, 









Downing Street, Cambridge, by August 2, 1969. 
cuit) 
TOR BACTERI f ONON-MEED I~ 





S 

cal) for large Group Labo Work includes 
hospital diagnostic ‘bacterigiogy, p blic health 
bacteriology and teaching duties, perience in 
medical microbiology essential. Salary in accorde 
ance with Whitey Council scales, Intending 
applicants are invited to visit the laboratory at 
St. Stephen's Hospital, London, SAVIO, tr 
appoinsment.—Apptications, with names of > 
referees, to G § Collingham Gar- 
dens, London, sing date Juiy 19 















Department. with expe 
include assisting with r 
have A.LS.T. or equiv 
to £1,195 per annum ph 
with superannuati 
experience. Apply, giving age and d 
qualifications and experience (Ref. Ad t 
Secretary, Guy's Hospital Medical Sehoal, 
don Bridge, S.E.1. 








al Salary ace 
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NATIONAL GALLERY 
l LONDON, W.C.2. 


TWO CHEMISTS required for duties as follows :— 


Post A (graded Experimental Officer), work in the field of 
organic analysis using the methods of gas/liquid chromato- 
graphy. The successful applicant will be closely concerned with 
the Gallery's Research Chemist in this work, and will be 
required to use the existing gas/liquid chromatography apparatus 
for routine analysis, and should also be capable of setting up 
different column conditions. The ability to detect unexpected 
results, draw rational conclusions and modify conditions 
accordingly is essential. 


Candidates should have some previous experience of gas/ 
liquid chromatography, or other instrumental methods of 
organic analysis, whilst an aptitude for handling scientific 
instruments is desirable. Although the emphasis of the work is 
on scientific research, an interest in paintings would be useful. 
Reference: S/94/NG/1 


Post B (graded Assistant Experimental Officer) is closely 
concerned with the work of the Gallery's Analyst. Training will 
be provided in methods of preparing paint cross-sections for 
microscope examination, obtaining photographic records of 
sections, the use of wet-chemical tests, and the use of the micro- 
scope for examination and test purposes. The successful 
applicant will be required to develop a knowledge of the tech- 
niques of the painters represented in the National Gallery 
collection. An appreciation of painting and a scholarly approach 
to work in the library will be advantageous. 

Reference: $/95/NG/2 


Qualifications: A qualification of the standard of H.N.C. or a 
general degree in a subject consistent with the duties of the posts 
is normally required, but if you are under 22 and have appro- 
priate “A” levels you will also be considered. 


Age: A.E.O. 18-27: E.O. normally 26-30. 


Salary: A.E.O. £808 (at 18)-£1,065 (at 22)-£1,333 (at 26)-£1 579; 
E.O. £1,715-£2,.131. Starting salary may be above minimum. 
Non-contributory pension. Prospects of promotion. 


APPLICATION FORMS are obtainable by writing to the 
Secretary, Civil Service Commission, 23 Savile Row, London, 
WIX 2AA, or by telephoning 01-734 6010 ext: 229 (after 
5.30 p.m. 01-734 6464 “Ansafone” Service). Please quote 
appropriate reference number. Closing date: 25th July, 1969, 


UNIVERSITY OF MALAYA 
DEPARTMENT OF GEOLOGY 


Applications are invited for a post of LEC- 
TURER/ASSISTANT LECTURER. Candidates 
should normally have a research degree in geo- 
logy or applied geology. Experience in igneous 
and mètamorphic petrology or applied geology 
(especially applied geochemistry) ig required, 
Postgraduate teaching and/or practical experience 
is desirable. 

Salary Scales: (approximate sterling equivalents 
at current exchange rates) are: Lecturers: £1,498 
by £65 to £1,889/£1,954 by £73 to £2,320 per 
annum; Assistant Lecturers, £1,303 by £65 to 
£1,433 per annum, 

In addition to basic salary, the following 
allowances are payable: Variable Allowance: 
35 per cent of basic salary, subject to certain 
maxima depending on marital status: Minimum 
E244 per annum maximum £651 per annum. In- 
due nt Allowance: (if awarded), varies, (a) 





Assistant Lecturers, up to £326 per annum. 
Housing will be provided, if available, for which 
a rent of £163 to £204 per annum will be 
charged. Provident Fund: Staff member contri- 
butes $ per cent and University 15 per cent of 
basic salary. 

Further particulars and application forms are 
obtainable from the Secretary-General, Asocia- 
tion of Commonwealth Universities (Appts), 36 
Gordon Square, London W.C.1. The closing 
date for receipt of applications is August 8, 
1969. (98) 


UNIVERSITY OF OXFORD 
INORGANIC CHEMISTRY LABORATORY 


APPOINTMENT OF A RESEARCH 
TECHNICIAN 


Applications are invited from men or women 
for the post of Research Assistant to a newly- 
formed group working in the field of catalysis 
and organometallic chemistry to work especially 
on analysis by gas chromatography methods. 
H.N.C, in an appropriate subject essential. Ex- 
perience in the construction of apparatus, chemi- 
cal analysis or electronics desirable. Salary 
according to age and experience on the scale 
£770 to £1,584. The post, which could offer a 
wide range of training and experience, is for one 
year in the first instance with probable renewal 
for two or more years, Preferred starting date 
October 1, 1969, 

Applications, with the names of two referees, 
should be sent as soon as possible to the Ad- 
ministrator, Inorganic Chemistry Laboratory, 
South Parks Road, Oxford. (115) 






Biochemistry Section to assist im research on 
human metabolic errors, involving use of amino- 
acid analyser. Two “A” levels (including 
chemistry) or Imer. I.M.L.T. or LS.T. an advan- 
lage. Holiday arrangements hoaoured.—Apply 
in writing to the Secretary, Paediatric Research 
Unit. Guy's Hospital Medical School, London 
Bridge, S.E.1. (79) 
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HEAD OR SENIOR 
TECHNICIAN 


Applicant must have a wide experience 
in pharmacological techniques. Position 
offers good opportunities with excellent 
cenditions.—Apply in writing to ; Research 
Director, Biorex House, Canonbury. Villas, 
London, N.H. (105) 





UNIVERSITY OF OXFORD 
SIR WILLIAM DUNN SCHOOL OF 
PATHOLOGY 
APPOINTMENT OF SENIOR RESEARCH 
OFFICER 


The University proposes to appoint to a Senior 
Research Officership in the Chemical Pathology 
section of the Sir Wiliam Dunn School of 
Pathology. The department has no clinical 
responsibilities and a medical degree is not re- 
quired. Salary according to age on the scale 
£1,240 to £3,120, with F.S.S.U. Appointment to 
be taken up on October 1, 1969 or as soon as 
possible thereafter, The Senior Research Officer 
will be expected t take part in research on 
chemical, biochemical or immunological prob- 
lems relating to substances with biological activity 
and to supervise postgraduate students, 

Applications (three copies), including a state- 
ment of age, qualifications and experience and 
the names af two referees, should be sent to the 
Secretary of Faculties, University Registry, 
Broad Street, Oxford, not later than August 15. 
1969, a03) 

UNIVERSITY OF READING 

A TECHNICIAN is required for the Depart- 
ment of Microbiology to assist with research and 
in preparing materials for classes. A knowledge 
of ischniques used in Microbial Physiology and 
Biochemistry would be an advantage. Salary in 
the range £773 to £1,077 per annum according to 
qualifications and experience. 

Apply in writing, quoting T.46, to Assistant 
Bursar (Personnel), University of Reading, 
Reading, Berks. aop 


UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF GEOGRAPHY 


Applications are invited for the folowing posts 
in GEOGRAPHY tenable from October 1, 1969: 

ONE LECTURESHIP (within the field of 
human, preferably economic, geography). 

TWO JUNIOR RESEARCH FELLOWSHIPS. 

SALARY: LECTURER: in the range: £1,240 
to £2,850 with F.S.S.U. provision: Junior Re- 
search Fellow: £935. Further particulars from 
the Registrar, to whom applications (four copies), 


should be sent by July 25, 1969. Quote Ref.: 
Riera, eter seid AAO) 
UWIST 
CARDIFF 


DEPARTMENT OF APPLIED BIOLOGY 


RESEARCH ASSISTANT reguired for a three- 
year appointment commencing on October 1, to 
take part in a study of the distribution of 
terrestrial vegetation in an area of South Wales, 
Production studies will also be carried out. Ap- 
plicant should possess an. Honours degree in 
Botany and have an interest in Ecology. Salary 
Scale within the range £800 to £1,000. Suitably 
qualified candidates may register for a Higher 
Degree, 

Application forms, obtainable from the 
Deputy Registrar (Personnel, The University of 
Wales Institute of Science and Technology, 
Cathays Park, Cardiff, should be returned not 
tater than July 19, quoting ref. NAT. aoe 


APPOINTMENT AIDS LIMITED 


have been commissioned to find a wide range 
of scientific staff including : 
PHARMACOLOGIST with 5-10 years’ experi- 
ence for C.N.S, research £2,000 to £2,700, 
CHEMOTHERAPIST graduate or M.LBiol. 
with at least 2 years’ experience £1,500 to £2,000, 
YOUNG GRADUATES with interest or ex- 
perience in toxicology, immunology, microbio- 
logy, biochemistry. 
Details to Dr. P, Sadler, A-A.L., 20 Sloane 
Street, S,W.1, 235-9481. . (113) 
EAST MALLING RESEARCH STATION 
Mycologist to assist in studies of fungi con- 
cerned in the deterioration of stored fruit, De- 
gree or equivalent in botany or allied subject. 
Salary in Assistant Experimental Officer scale, 
with contributory superannuation scheme.—Par- 
ticulars from the Secretary, East Malling Re- 
search Station, Maidstone, Kent. (76) 
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UNIVERSITY OF MALAYA 
FACULTY OF ARTS 
CHAIR OF GEOGRAPHY 

Applications are invited for the above- 
mentioned Chair. Candidates should have high 
academic qualifications and wide experience in 
teaching and research. Administrative experience 
is desirable. 

EMOLUMENTS: (approximate sterling equiva~ 
lens at current exchange rates) are: Basic 
salary: There is a range of basic salaries to a 
point on which a Professor is appointed, depend- 
ing on his qualifications and experience. These 
are: £2,882. £2,980, £3,077, £3,175, £3,273, £3,370, 
£3,468. In addition, the folowing allowances 
are payable at present: Variable Allowance? 
Minimum £244 per annum, maximum £651 per 
annum calculated at 35 per cent of basic salary. 
Inducement Allowance: Gf awarded) varies up 
to £1,628. In exceptional cases, an inducement 
allowance exceeding this amount may be paid. 

HOUSING: Will be provided, if available. 
for which a rent of £163 to £204 per annum will 
be charged. 

PROVIDENT FUND: Staff member contri- 
butes 5 per cent and University 15 per cent of 
basic salary. 

Further particulars and application forms are 
obtainable from the Secretary-General, Associa- 
tion of Commonwealth Universities (Appts.), 36 
Gordon Square, London, W.C.1. The closing 
date for the receipt of applications in London 
and Kuala Lumpur is August 8, 1969. 197) 


UNIVERSITY OF MIAMI 
DEPARTMENT OF BIOCHEMISTRY 

The Department will shortly proceed to the 
appointment of a PHYSICAL BIOCHEMIST as 
a faculty member at the assistant, associate or 
full professorial level. The principal teaching 
duties will be to graduate students enrolled in 
the Molecular Enzymology programme. Prefer- 
ence will be given to candidates with research 
interests in the fields of kinetics or hydro- 
dynamics, 

Applications or nominations should be seat to 
the Chairman, Professor W. J. Whelan, Depart- 
ment of Biochemistry, University of Miami 
School of Medicine, P.O. Box 875, Biscayne 
Annex, Miami, Florida 33152, from whom fur- 
ther particulars may be obtained. (118) 








UNIVERSITY OF SURREY, RADIATION 
UNIT. An Assistant Lecturer/Lecturer is te- 
quired in this postgraduate Unit which is about 
to move into new buildings at Guildford. This 
is a temporary appointment, probably for two 
years. Duties include postgraduate teaching and 
research, the main fields of which are concerned 
with the ionization of gases and high resolution 
gamma ray spectroscopy. Applicants should 
hold a research degree, preferably in radiation 
physics. They should be able to take ap the 
appointment as soon as possible after August 31, 
1969. Salary within scale £1,240 to £1,470 
(Assistant Lecturer) and £1,585 to £2,850 (Lec- 
turer).--Further particulars may be obtained 
from the Academic Registrar (LFG), University 
to whom applications 


able. 
lent. 
plus £90 London Weighting, 
tion.—-Apply in writing, giving age and details 
of qualifications and experience (Ref. 1), to the 
Secretary, Guy's Hospital Medical School, Lon- 
don Bridge, S.E.1. (45) 





FOR SALE AND WANTED 


WM. DAWSON & SONS LTD. 


Back Issues Department, 
Cannon House, Park Farm Rd., 
Folkestone, Kent, England. 


Tel.: Folkestone 57421. 
Offer top prices for: 
BACK RUNS OF JOURNALS 


IN SCIENCE AND THE HUMANITIES 
(D 











GRANTS & SCHOLARSHIPS LECTUR 


UNIVERSITY OF DURHAM 
DEPARTMENT OF GEOLOGY 


GAS COUNCIL SCHOLARSHIP 


Applications are invited from British 
subjects who have obtained or expect to 
obtain a First or Upper Second Class 
Honours Degree in geology, physics or a 
combination of these subjects from a 
British university. The scholar will under- 
take geophysical research in this Depart- 
ment leading to a Ph.D. degree, for a 
period of up to three years from October 
1, 1969, on the Structure of the Continen- 
tal Shelf and Margin of North Britain. 
Conditions and allowances as for Science 
Research Council studentship except that 
the maintenance allowance is greater by 
£50 per annum. Scholars with additional 
experience will be eligible for an additional 
grant up to a maximum of £200 per 
annum. 

Applications, with names of at least two 
referees, should be sent by July 8, 1969, 
to Professor M. H. P. Bott, Department of 
Geology, South Road, Durham. (29) 


UNIVERSITY OF 
NOTTINGHAM 
SCHOOL OF AGRICULTURE 


DEPARTMENT OF APPLIED 
BIOCHEMISTRY AND 
NUTRITION 


RHEOLOGISTS 


Applications are invited for a three- 
year research scholarship (£600 p.a.) 
commencing October 1, 1969, financed 
by the Potato Marketing Board for 
work in the Food Science Labora- 
tories to study techniques for the 
measurement of the viscoelastic 
properties of potatoes in relation to 
mechanical damage. Applicants with 
training in the physical or engineering 
sciences would be preferred, though 
those with a biological background 
are not necessarily excluded. The 
successful candidate will be eligible to 
submit for a higher degree. 


Applications, with the names of two 
referees, and requests for further 
information should be made as soon 
as possible to: The Secretary, School 
of Agriculture, Sutton Bonington, 
Loughborough, Leics. 


UNIVERSITY COLLEGE 
OF WALES 
ABERYSTWYTH 


CHEMISTRY DEPARTMENT 


available for research 
of Professor Mansel 


Two 
under 
Davies. 

G) For three years at up to £800 per 
annum for a study by dielectric methods 
of molecular motion in solids, which could 
icad to a Ph.D. 

Gi A post-doctoral award of £1,200 per 
annum for theoretical and/or experimental 
studies in relation to far infra-red imer- 
ferometric spectroscopy studies of molecu- 
lar interactions: for up to three years 
years, 

Application forms for the above posts 
may be obtained from the Registrar, tè 
whom they should be returned as soon as 
possible. (96) 


grams are 
the direction 








ES AND COURSES 





CHELSEA COLLEGE 


(University of London) 


Immunology 


Applications are invited for the fol- 
lowing postgraduate course which 
will commence in October 1969, 


Postexperience 
Course: | 


A postexperience evening course con- 
sisting of lectures, practical exercises 
and demonstrations will be held for 
graduates and senior laboratory staff 
interested in the subject of Immun- 
ology. The duration of the course 
will be as follows: Ist term: October 
j-December 3; 7.30-8.30 pam: 
Ind term: January 7-March li; 
7.30-8.30 pm.: 3rd term: April 
32-June 17, 7-9 p.m, 


Further details of this course may be 
obtained from the Secretary, Depart- 
ment of Physiology, Chelsea College, 
Manresa Road, London S.W.3, 


(6) 





amamaren a 


FELLOWSHIPS AND 
STUDENTSHIPS 





UNIVERSITY OF LIVERPOOL 
UNIT OF REPRODUCTIVE BIOLOGY 


A POST-DOCTORAL FELLOWSHIP 
(a) and RESEARCH ST UDENTSHIPS (b) 
available in the above Unit for work on 
physiology of spermatozoa and maie repro- 
ductive function, Candidates for the Poste 
doctoral Fellowship must have previous Cxe 
perience of research in Ute physiology of 
reproduction, and candidates for Studen- 
ships must have a good honours degree in 
an appropriate discipline, 

Salaries: (a) £1,500 to £2,000 according 
to qualifications and experience ; (b) £700 
to £800 according to qualifications. 

Written applications, giving full de 
of age, education, qualifications and ¢ 
ence, together with the names and addr 









of two referees, should be sent 
Registrar, The University, P.O. Box 
Liverpool L69 3BXK. Please quote 
RV 2778) N. 


POSTGRADUATE STUDENTSHIPS FIN- 
anced by SRC. CAPS. awards are available 
for candidates with first or upper second class 
degrees 10 work in the general field of radia 
damage studied by spectre pic and espe 
_ techniques. —Apply to Pratessor M, 
Symons. Department of Chemisiry, The U 
sity, Leicester. 
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experience in a research laboratory. 


provided. 


experience, 


Glasgow, C.1, (quoting R20/69), 





AUSTRALIAN NATIONAL 
UNIVERSITY 


JOHN CURTIN SCHOOL OF MEDICAL 
oa RESEARCH 

RESEARCH FELLOWSHIP IN MEDICAL 
CHEMISTRY 


Applications are invited from organic chemists 
for appointment to a Research Felfowship in the 
Department of Medical Chemistry to work with 
Professor Adrien Albert, F.A.A. Applicants 
should hold the degree of Doctor of Philosophy 
or have had equivalent research experience. The 
successful applicant will be required to work on 
the nucleophilic addition reactions of hetero- 
cycles containing four or more nitrogen atoms. 
Other senior research workers in the Department 
in this field are Dr. D. J. Brown, Dr. W. L. F, 
Armarego and Dr. G. B. Barlin; other senior 
workers are: Drs. D. D., Perrin, E, Spinner, 
T. J. Batterham and J. E. Fildes. 

The salary of a Research Fellow is determined 

in the range: $A5,400 to $A7,250 per annum 
according to qualifications and experience. The 
appointment is for three years. Superannuation 
oon the F.S.S.U. pattern with supplementary 
benefits, Reasonable travel expenses are paid 
and assistance with housing is provided. 
_ Further particulars and information as to the 
method of application should be obtained from 
the Secretary General, Association of Common- 
wealth Universities (Appts... 36 Gordon Square, 
London, W.C.1. Applications close on Septem. 
ber 30, 1969, 7) 






UNIVERSITY COLLEGE 
CARDIFF 


POSTDOCTORAL 
FELLOWSHIP 
IN PHYSIOLOGY 


Applications are invited for the post of 
Post-Doctoral Fellow to work under the 
direction of Professor V. R. Pickles on the 
coment and function of prostaglandins in 
the female genital system. Experience of 
chromatographic and isolated-organ tech- 
maques necessary. The Fellow will also be 
required to do a limited amount of teach- 
ing in the Department. 




















scale) £1,240 by £115 (D to 
_ according to qualifications, plus 


U. 









Applications, together with brief curri- 
culum vitae and names of two referees, 
should be sent not later than July 25 to 
the Registrar, University College, Cathays 
Park, Cardiff CFI 3NR. (86) 







UNIVERSITY OF STRATHCLYDE 
DEPARTMENT OF APPLIED MICROBIOLOGY 


Research Fellowship 


Applications are invited for the above post from applicants who hold a 
Ph.D. qualification in Microbial Biochemistry or Biochemistry, or have suitable 


The successful applicant will become a member of a team engaged on an 
industrial contract concerned with fundamental studies on the effect of 
‘particular environment conditions on yeasts. 


Salary £1,500 per annum with the possibility of increments according to 


Applications to Professor E. O. Morris, Department of Applied Micro- 
biology, University of Strathclyde, Royal College Building, George Street, 










Technical assistance will be 





(65) 


UNIVERSITY OF BELFAST 
DEPARTMENT OF PURE AND APPLIED 
PHYSICS 
POSTGRADUATE STUDENTSHIP 


Applications are invited for a S.R.C. Research 
Studentship. under the Co-operative Awards in 
Pure Science scheme, to undertake studies of 
mode-locking Nd/YAG continuous working lasers 
for applications to Tange-finding, optical radar, 
printing and reading machines, machining, data 
processing and communications. The Student- 
ship. which is being run in collaboration with 
Laser Associates Limited, is tenable for a maxi- 
mum of three years and its basic value is £530 
per antum plus approved fees. 

Candidates with, or who expect to obtain this 
year, a first or good second class honours degree, 
should write for application forms to Professor 
D. J. Bradley, Department of Pure and Applied 
Physics, Queen’s University, Belfast BT? INN, 

(0) 








UNIVERSITY OF BRADFORD 
POSTGRADUATE SCHOOL OF CHEMICAL 
TECHNOLOGY 


Applications are invited from honours gradu- 
ates, preferably in chemistry or biochemistry. for 
RESEARCH STUDENTSHIPS, value £530 per 
annum, plus fees, leading to the degree of PhD. 
in the fields of the REACTIVITY AND 
MOLECULAR STRUCTURE OF AMINO- 
ACIDS AND PROTEINS RELEVANT TO 
WOOL. One studentship will chiefly involve 
NMR. spectroscopy + others wil emphasize pro- 
tein analytical techniques, Two studentships have 
been donated by Wool Textile Research Coun- 
cil, and two by the International Wool Secre- 
tariat, 

Further information may be obtained from 
Professor R, L. Elliovt, Posteraduate School of 
Chemical Technology.  Applicanon forms from 
the Registrar, University of Bradford. Bradford 
7, (Please quote Ref. CC/RS/RIS)/47 XK) (19) 


UNIVERSITY OF BRISTOL 


An opportunity to undertake research 
and teaching in pharmacology is offered to 
a veterinary graduate. An ASSISTANT 
LECTURESHIP IN VETERINARY 
PHARMACOLOGY (salary range £1,240 
to £1,470) is available in the Department 
of Pharmacology, the Medical School, Uni- 
versity of Bristol. The successful candidate 
will be encouraged to work for a higher 
degree. 





Further details may be obtained from 
the Registrar, the University of Bristol, 
the Senate House. Tyndall Avenue, Bristol 
2. to whom applications should be sent 
not later than July 31, 1969, (23) 












































CHILDREN’S MEDICAL 
RESEARCH FOUNDATION 
PERTH, WESTERN AUSTRALIA 


RESEARCH: FELLOWSHIP 


The Children’s Medical Research Foun- 
dation of Western Australia invites appli- 
cations for a POST-DOCTORAL RE. 
SEARCH FELLOWSHIP in scientific disci- 
plines related to Paediatrics. 

Applicants are not “restricted in their 
field of investigation, But special facilities 
exist for research in immuno-chemistry 
within the Immuno-Chemistry Unit attached 
to the Department of Child Health, Uni- 
versity of Western Australia, which is 
situated at the Princess Margaret Hospital 
for Children, There will be full cO-opera. 
tion with clinical units at the Hospital. 

The duration of appointment wil be 
initially for a term of up to three years. 
Salary will be in accordance with qualifica- 
tions and experience and will be based 
on National Health and Medical Research 
Council gradings. Provision will be made 
for the successful applicant to travel from 
his place of residence to take up appoint 
ment. 

Prospective applicants should write to 
Mr. J. D, Clarkson, Secretary, Children’s 
Medical Research Foundation, c/o Princess 
Margaret Hospital for Children, Perth, 
Western Australia, for application form 
and additional information, Applications 
close August 31, 1969. 


1. D. CLARKSON, 
SECRETARY. 
BD 





FOREIGN AREA FELLOWSHIP 
PROGRAMME 


Applications are invited for research in Latin 


Amerka and the Caribbean, Awards are avail- 
able zo doctoral students or recen doctoral 
graduates for all aspects of scientific research, 
Research grants are made for perlods of nine 
months to two years. The award is tenable at 
an appropriate institution in Latin America or 
the Caribbean. 

Appiications for the period 1970 to 1971 must 
be received no dater than November 14, 1969. 
Details and forms from the Secretary, Foreign 
Arta Fellowship Programme, 21 Winchester 


Road, Oxford OX2 6NA_ ale 





University of Exeter 















DEPARTMENT OF 
CHEMICAL ENGINEERING 


S.R.C. 
RESEARCH 
STUDENTSHIPS 


The Science Research Council is pre- 
pared this year to offer to suitable candis 
dates a limited number of Research Stu- 
dentships tenable at the Chemical Engin- 
eering Department, University of Exeter, 
The value of these awards will be £530 per 
annum busic, plus fees, and supplementary 
allowances where appropriate, 


Present fields of research include : Mix- 
ing of powders and none-Newtonian fluids, 
mixing and reactions in fluid SUTGAIMS, (Wee 
phase flow and heat transfer, combustion, 
process control and measurement of the 
thermodynamic properties of fhaids. 


Honours graduates in engineering (me- 
chanical or chemical), physics, mathematics 
or chemistry and other suitably qualified 
persons are invited to apply to Prot. 
P. M. C. Lacey, Department of Chemical 
Engineering, The Jniversity, Exeter, 
Devon. (106) 
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SIR JOHN CASS COLLEGE 
LONDON 


DEPARTMENT OF 
METALLURGY 
AND MATERIALS 


Research 
Studentships 


Applications are invited from honours 
graduates in metallurgy, chemistry and 
physics (or holders of equivalent qualifica- 
dons) for Research Studentships in the 
fields of physical metallurey, corrosion, 
surface treatment, €g. phase transforma- 
ions in steels, hydrogen diffusion in steels, 
eHipsometry of passive surfaces, internal 
friction of platinum metals, ete. 


Research students are registered for the 
internal M.Phil. and Ph.D. of the Univer- 
sity of London, 


MSC. IN CORROSION SCIENCE 
Grants are available for the one-year full 
time course | ng to the M.Sc, degree 
Corrosion Science. 






Farther particulars of the above and ap- 
plication forms may be obtained from the 
Secretary, Department of Metallurgy and 
Materials, Sir John Cass College, White- 
chapel High Street, London, E.), (28) 





UNIVERSITY OF WARWICK 
SCHOOL OF MOLECULAR SCIENCES 


PH.D. RESEARCH 
STUDENTSHIP IN CHEMISTRY 


The School has three S.R.C. student- 
ships under the co-operative awards scheme 
(C.A.P.S,) with industry, The student- 
ships. which are for study for a Ph.D. de- 
gree, are financially equivalent to ordinary 
S.R.C. studentships, and will involve some 
time at the co-operating firms. 

Students who have (ar expeet ta resone 
this summer) a first class or HO) Honours 
degree in Chemistry from a British Uni- 
versity and who would like further details 
of the projects for which the studentships 
are available should contact Dr. J. M. 
Brown (Transition-Metal Organometallic), 
Dr. B. T. Golding (Synthetic Organic) or 
Dr. T. J. Kempt (Physical or Physical- 
Organi School of Molecular Sciences. 
University of Warwick, Coventry CW4 
TAL. Qn) 











UNIVERSITY OF 
SOUTHAMPTON 


RESEARCH STUDENTSHIPS 
IN CHEMISTRY 


Applications are invited from well quali- 
tied honours graduates in Chemistry for 
Research Studentships linked to particular 
projects. The Studentships include pay- 
ment of fees for United Kingdom students. 
The projects under investigation include 
solid phase photochemistry, studies on 
moken salt systems, single crystal and gas 
phase, vibrational spectroscopy, electron 
resonance studies of liquid crystals, organo- 
metallic compounds in synthetic chemistry, 
gas phase emission spectroscopy, electro- 
chemistry, chemical applications of ultra- 
violet and X-ray photoeleciron spectro- 
scopy. 





Applications to Professor 1. R. Bearhe, 
Depariment of Chemistry, The University. 
Sauthampion SO9 SNH. (78 


| aanne aaaea: 








KING'S COLLEGE, 
CAMBRIDGE 


Junior Fellowships 


in 

Control and Systems Engineering, 

Experimental Zoology (including 
Comparative Biochemistry) 
and Membrane Biophysics 


Applications are invited for fellow- 
ships in the above subjects. to work 
in the following Cambridge labora- 
tories: Control Group of the Depart- 
ment of Engineering (Professor 
Coles}; Department of Zoology (Pro- 
fesor Weis-Fogh); Biophysics Group 
of the Department of Physiology 
(Professor Hodgkin). Male graduates 
who have not completed more than 
about 3 years of postgraduate research 
are eligible. 





Applications required by 1 Novem- 
ber 1969 and fellowships normally 
commence on | October 1970. 
Tenure up to 4 years. Stipend de- 
pends on age: £1,220 at 24 years to 
€2.070 at 30 years including £350 


marriage allowance. Batchelors ac- 
commodated in College. Allowances 


available for travel from outside 
U.K., and research expenses, 


Write to Bursar for details. 


UNIVERSITY OF LIVERPOOL. 


WELLCOME FELLOWSHIP IN 
REPRODUCTIVE 
ENDOCRINOLOGY 


Applications are invited for a Fellow- 
ship supported by the Wellcome ‘Trust. 
‘The salary, superannuation and conditions 
of employment will be strictly parallel with 
those for university Lecturer or Senior Lec- 
turer (£1,585 to £2,850 or £2.905 ro £3,670). 

Candidates should be bivchemists or 
chemists with several years’ experience in 
endocrinology or a similar subject and 
capable of supervising at least one other 
biochemist and of co-operating with veter- 
inary reproductive biologists. 

The Fellowship is tenable from October 
1. 1969, or a date to be negotiated, in the 
Unit of Reproductive Studies Faculty of 
Veterinary Science of the University which 
ig situated in rural Cheshire, 10 miles from 
the city. 

Applications, stating age, qualifications 
and experience, together with the names of 
two referees, Should be received not later 
than July 14, 1969, by the Registrar, The 
Unive P.O. Box 147, Liverpool L69 











4BX, from whom further particulars may 
be obtained, Please quote Ref. RV/ 
2759; N. t67) 














UNIVERSITY OF KEELE 


POST DOCTORAL FELLOWSHIP AND 
CAPS. STUDENTSHIPS IN 
CHEMISTRY 


vpplications are invited for the. dullowing 
pasts < 

In photochemistry sader the direction of 
Dr. P. Borrell: a CAPS su i 
(inked with Associated Octel te 
study the photochemistry of metal alkyls 
and a Post Dactoral Research Fellowship 
ha study the photochemistry of organo- 
metallic compounds. There may also be 
a Pos Doctoral Fellowship with’ Dr, 
Borrell to study the application of dis- 
charge flow and shock techniques to the 
measurement of reaction rates at bhigh terme 
pera ures. 

In the Polymer Group under the direc. 
tion of Dr. P. H. Plesch ss a CAPS, 
studentship (inked with Internadonal Syn- 
Rubber Company) to study polymer- 
t of ketene tals, Co-operative 
Awards in Pure Sci hipe are 
awarded to graduates with a good honours 
e or the equivalent under the usual 
SR conditions (£530 per annum), Post 
Doctoral Research Fellows receive a salary 
on the Lecturer Scale (starting point £1,240 
annum) with FSS U. benefits. 

Applicants from industry would be wel- 
come. Applications. duplicate, includ- 
ing curriculum vitae, det of research in- 
terests, and the names of two referees, 
should be sent to the Registrar, The Uni- 
versity, Keele. Staffordshire STS SBG. be- 
fore Jaly 7 (C.A PS9 or duly [4 1 Pellow- 
ship). {14} 
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UNIVERSITY OF BRISTOL 
DEPARTMENT OF PATHOLOGY 


RESEARCH STUDENTSHIPS EN 
CELLULAR PATHOLOGY 


Vacancies are available in October, 1969, 
for graduates with a first degree in a Bio- 
logical Science who wish to study for the 
Ph.D. degree. The Deparunent has 
recently been reorganised and re-eqnipped 
for research in the cellular asnecis of 
disease processes and current research pro- 
grammes are concerned with cellular 
mechanisms of rejection in ibe organ 
homograft reaction and with cellvirua 
interactions in relation to the EB virus and 
its possible role in human neoplasia. The 
Studentships will be at M.RAC. rates and 
for a period of up to three years. 

Candidates showd have a First or good 
Second Class Honours Degree and should 
write as soon as possible to Professor 
M. A. Epstein. Department of Pathology, 
Liniversity of Bristol, The Medical School, 
University Walk, Bristol BSé ITD, from 
whom further details may be obtained, 





(66) 


UNIVERSITY COLLEGE OF 
NORTH WALES 
BANGOR 


FORESTRY DEPARTMENT 
RESEARCH STUDENTSHIP 


Applications are invited from graduates 
for a Research Studentship in one of the 
following fields: 

Wood Science, Forestry, Economics of 
other Social Sciences. The programme wiil 
be supported by one of the National Re- 
search Councils and will lead to a higher 
degree. The Studentship will be tenable 
for three years and will commence on 
October 1, 1969. 

Applications (wo copies), giving full de- 
tails of age and qualifications, together with 
the names and addresses of two referees, 
should be sent not. later than July 14, 
1969, to the Registrar, University College 
of North Wales, Bangor. from whom 
further particulars may be obtained. 
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CONTROLLED ENVIRONMENT CULTURE APPARATUS 


Continuous and batch 
culture of bacteria, algae, 
fungi, protozoa, viruses 
and animal and plant 
tissue cells 


Accurate auto control and strip chart record of 
dissolved oxygen, temperature and pH 


Electronically controlled high power stirrer 
All glass stainless steel culture vessel 


Pumped weir eliminates accretion of filamentous 
growth 


All components readily accessible for operating 
and maintaining 


And—the complete system comprising culture 
vessel, nutrient, harvest and reagent bottles and 
associated tubing is constructed on an integral 
trolley which withdraws down a built-in ramp 
for easy autoclaving jn toto or as individual 
components 


The field of use for the apparatus includes 
development of industrial fermentations, 
brewing research, vaccine production, studies 
on water pollution and effluent disposal, 
tissue cell culture, biochemical reactions, 
enzymic digestions, fundamental research on 
cell and microbe growth. 


Ask for details 





LONDON P.O. Box 290 Technico House, Christopher Street, London 
E.C.2. Tel. 01-247 3211 Telex 886041 


WIONES P.O. Box 19 Victoria House, Widnes, Lancs 
Tel, 051-424 2040 


STOCKTON-ON-TEES Portrack Lane, Stockton-on-Tees, Teesside 
Tel. 0642 63441 





Printed in Great Britain by FISHER, KNIGHT & Co, LTD., St. Albans, and published by MACMILLAN (JOURNALS) LIMTTED, 
at 4 Little Essex Street, London, W.C.2—Saturday, July 5, 1969. 
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There University science 


are some 
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Labelled Nucleics 


Caribbean origins 
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Of potential interest to qualified investigators 


NBCo’s Purom cin... 


the great inhibitor 


Puromyein has been tested 
against a variety of experimental 
tumors in various animals (1) (2). 
It showed significant cytotoxicity 
in vitro against a series of tissue 
cultures derived from normal cells 
(8) (4) (5). 

Puromyein completely inhib- 
ited protein i 











synthesis, but not 
nucleic acid synthesis in Pseudo- 
monas fluorescens (6). In experi- 
ments with Escherichia coli it was 








L 





(1) Troy, W. Smith, 8. Personeus, G. 

r, L. James, E. Sparks, S. J. 
Stevens, M. Halliday, S. McKenzie, 
D. and Oleson, J, J. Antibiotics Annual 
1953-1954: 186:190. 


(2) Sugiura, K. J. Stock, ©. © Reilly, 
H. C. and Sehmid, M. M. Studies in 
Tumor Spectrum. Cancer Res. 18: 66-77, 
1953. 


(3) Cobb, J. P. Trans. N. Y Acad. Se. 
Ser, 2, 17: 237-249, 1955. 











(4) Eagle, H., and Foley, G. E. Am, 
J. Med. 21: 739-749, 1955, 











concluded that Puromycin pre- 
vented the final condensation of activated amino 
acids to peptides (7). 

It was reported effective against Trypanosoma 
equiperdum infections in miee and rabbits. It was 
partially effective against T, cruzi (8) (9). 

Tobie tested Puromycin for its trypanocidal 
properties against six species in mice. Four hours 
after inoculation with the trypansomes, Puromycin 
had a strong suppressive effect against all species 
except T. congolense (10). 

PUROMYCIN DIHYDROCHLORIDE 
1 gram bottle 
500 mg. ampule . 
100 mg. ampule . 
25 mg. ampule 0 0 2. 2, 

To order, phone 216 662-0212 collect (USA only). 
If desired, 24-hour delivery anywhere in the conti- 
nental USA; 80 hour delivery anywhere in the world. 
Send for our free catalog containing over 8500 items. 








gram $450 
ampule $235 
ampule $47.50 
ampule $13.25 


Nutrit 


(3) Foley, G. E., and Handler, A. H., Ann, 
N. Y. Acad. Se. 76: 506-512, 1958. 





(6) A Sanvma, K. Chem. Abstr. 53: 320d, 1959. 

(7) Nathans, D. and Lipman, F. Proe, Natl Acad. Sci. U.S. 
47: 497-504, 1961. 

(8) TRINCAO, C. Noguelra, A. R. and De Almeida Anais. 
Inst. Med. Trop. Lisbon 13; 429-431, 1958. 

(9) Agolini, G. Boll, Soc. Ital. Biol, Sper. 33: 877-980 1957. 
(10) Tobie, E, J. Am. J. Trop. Med. 3: 858-859, 1954. 


The literature references should not be interpret- 
ed as either endorsement or disapproval of the bio- 
chemicals by the investigator, 


CAUTION: Those of our products which are or may be drugs 
or food additives, as defined in the Federal Pood, Drugs, and 
Cosmetic Act, will be shipped, and may be used or sold, for 
investigational use only in laboratory research animals, or for 
tests In vitro, and are not for use in or for humans. Investiga- 
tional animals and their edible products may not be used for food. 


ional 


Biochemicals 
Corporation 


26201 Miles Road « Cleveland, Ohio 44128 
Phone 216 662-0212 
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Polaron Instruments supply a wide range of high quality 
measuring magnifiers for many applications such as: 


E Examination of micrographs (electron and 


optical) 


E Angular measurement in diffraction 
patterns 

S Meter and thermometer reading without 
parallax errors 





POLARON 


INSTRUMENTS LTD. 





MM-10X ftop of page). A high perform- 
ance magnifier which can be fitted with 13 
different types of graticules. The optics 
ensure a wide field of view and a focusing 
ring is provided for focusing the graticule. 


MM-7X (lop feft). An economically priced 
magnifier which can be fitted with the same 
range of graticules as MM-10. Also pro- 
vided with focusing ring. 


FM-15X and FM-30X. (centre and jower 
deft). A range of fixed focus loupes, 
economically priced. Magnifications avail- 
able; *5, x10, x15, x22 and x30. 


Special Purpose Magnifiers. These 
include Telecentric, Anastigmatic, Pen-tight 
and Magnetic Magnifiers, 


Graticules. 13 types are available covers 
ing a range of applications such as measure- 
ment of angles, radii, smal! distances and 
particle counting etc, 


Send far further details and catalogue of 
extensive range of accessories for electron 
and optical microscopy. 


4 Shakespeare Road 
London, N.3 
Telephone: 01-349 9241 


Measuring 
Magnifiers 


‘LG. RADIO SCANNER 


FEATURING 


WINDOWLESS GASFLOW HIGH RESOLUTION 
DETECTOR 4 «p.m, BACKGROUND, 


EXACT SYNCHRONISM OF 20x20 cm. 
AND CHART TRACE. 


AUTOMATIC MULTIPLE LANE SCANNING. 

TWO DIMENSIONAL SCANNING FACILITIES. 
POTENTIOMETRIC RECORDER FOR FAST 
RESPONSE AND ACCURACY IN LOW ACTIVIT 

REGIONS. 
PAPER SCANNING ATTACHMENT. 
INTEGRATOR WITH PRINT-OUT OPTIONAL. 
SCINTILLATION HEAD FOR GAMMA SCANNING. 


PLATE 









RANGE cla i 
TE CONSTANT 30a! 
"e RART spees Feria” 


ert 
TH 
Li 


The scanner accommodates a single 20 20 em. radiochromato- 
gram plate or several plates up to the same area, and uses a 
standard recorder providing perfect synchronism of the radio- 
active spot and chart trace. The very low gas consumption 
detector can be programmed to completely sean in sequence 
as many different sections of the plate as required. Ar the 
end of each scan the detector automatically moves te the next 
pre-determined position on the T.L.C. plate, 


APPLICATIONS FOR OVERSEAS 
AGENCIES INVITED 


FURTHER DETAILS 


PANAX EQUIPMENT LIMITED 


Holmethorpe Industrial Estate, Redhill, Surrey. 
Tel: Redhill 63511 
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Tubing for 
Peristaltic Pumps 


Silicone Rubber, over 30 standard sizes from 0.5mm i.d., elastic, excellent resistance 
SILESCOL ; š g 

to many chemicals, sterilizable either by steam at 120°C. or by dry heat at 180°C., 
TRAN SLU CENT will not deteriorate either in storage or in tropical climate. 


Black fluorinated synthetic rubber, resistant to concentrated sulphuric acid 98% 


VINESCOL 23 phosphoric acid 80%, petrol, crude oil, perchloroethylene, etc. Will withstand 
temperatures up to 200°C, 


ESCOPLASTIC MS Translucent plastic in various sizes 


with good resistance to many chemicals. 


Esco (Rubber) Ltd 


Walsingham House, 35 Seething Lane, London EC3 





precisely 


In a world where increasing regard is paid to the physical and psychological 
aspects of colour, precise colour classification is vital, which is why the 
Munsell system has been adopted in industry, science, art and education in 
countries throughout the world. The Munsell system, by classifying and 
combining the three attributes of colour, Hue, Value and Chroma into one 
nomenclature, offers the means of identifying, matching and comparing 
colours precisely. Now, the full range of Munsell colour standards, including 
the famous '100 Hue Test’ for determining colour vision anomalies and 
colour aptitude, is available fram Tintameter Limited. You can’t afford to be 
without 


MUNSELL 


COLOUR STANDARDS 


Send for details and price list to: 


Tintcometer.: 


The Tintometer Ltd., Waterloo Road, Salisbury, Wilts, England 
Telephone: Salisbury (0722) 27242. Telex 47372 


HOW TO IDENTIFY, 
COMPARE AND 
CLASSIFY COLOUR 
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Subscription Rates 


DIRECT POSTAL SUBSCRIPTION RATES 
*12 MONTHS (52 issues, 4 indexes) 


AIRFREIGHT 
United States... 00... ccc eer eee ee $48 
Canada: oat acti aap ete $52 


SURFACE MAIL 
Elsewhere overseas, U.K. and Eire........ £14.0.0 


* Shorter Periods Pro-rata. 


ORDER FORM 


Please send me...... copy/copies of NATURE each week for... months 
starting with the issue dated... 0.0.0... e ccc cree eens en eet e ener senses ees 


for which | enclose remittance * value... 606. ee ene reer a ees 
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POST TO Subscription Department MACMILLAN (JOURNALS) LTD. Cx 
Brunel Road, Basingstoke, Hampshire, England ; 





Classified Advertisements 


Ali copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion, 
The Publishers will nor be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, hor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch. 
Minimum £3, each additional 1/12th of an inch 
10s. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement’s 
Jan, Strand, London, W,C.2. Telephone: 
ee 4743. Telegrams: Textualist, London, 





APPOINTMENTS VACANT 


UNIVERSITY OF MALAYA 
DEPARTMENT OF GEOLOGY 


Applications are invited for a post of LEC- 
TURER/ASSISTANT LECTURER. Candidates 
should normally have a research degree in geo- 
logy or applied geology, Experience in igneous 
and metamorphic petrology ör applied geology 
(especially appled geochemistry) is required. 
Postgraduate teaching and/or practical experience 
is desirable, 

Salary Seales: (approximate sterling equivalents 
at current exchange rates) are: Lecturers: £1,498 
by £65 to £1,889/£1,954 by £73 to £2320 per 
annum; Assistant Lecturers, £1,303 by £65 to 
£1,433 per annum. 

In addition to basic salary, the following 
allowances are payable: Variable Allowance: 
35 për cent of basie salary, subject to certain 
maxima depending on marital status: Minimum 
244 per annum maximum £641 per annum, fn- 
ducement Allowance: (if awarded), varies, (a) 
For Lecturers, up to £488 per annum: (b) for 
Assistant Lecturers, up to £326 per annum. 
Housing will be provided, if available, for which 
a rent of £163 to £204 per annum will be 
charged. Provident Fund: Staff member contri- 
butes 5 per cent and University 15 per cent of 
basic salary. 

Further particulars and application forms are 
obtainable from the Secretary-General, Associa- 
tion of Commonwealth Universities (Appts.), 36 
Gordon Square, London W.C.1. The closing 
date for receipt of appHeations is August 8, 
1969. (98) 


IMPERIAL CANCER RESEARCH 
FUND 


ELECTRONMICROSCOPIST (Graduate) re 
quired to work on animal cells, viruses and 
nucleic acids. Techniques involved will inchide 
thin sectioning, negative staining and protein 
monolayer spreading of nucleic acids, Experi- 
ence with electronmicroscopy of biological 
materials an advantage, Possible permanent 
appoiniment for a senior research worker, other- 
wise 3- or 5-year appointment, Salary according 
to age and experience and starting date to be 
arranged. 

Applications, including a curriculum vitae and 
the names of two referees, should be addressed 
to: The Secretary, Imperial Cancer Research 
Fund, Lincoln's Inn Fields, London, W.C.2, to 
arrive not later than July 21, 1969. (48) 








UNIVERSITY OF OXFORD 
SER WILLIAM DUNN SCHOOL OF 
PATHOLOGY 
APPOINTMENT OF SENIOR RESEARCH 
OFFICER 

The University proposes to appoint to a Semor 
Research Officership in the Chemical Pathology 
section of the Sir Wiliam Dunn School af 
Pathology. The deparument has no clinical 
responsibilities and a medical degree is not re- 
quired. Salary according to age on the scale 
£1,240 to £3,120, with F.S S.U. Appointment to 
be taken up on October 1, 1969 or as soon as 
possible thereafter. The Senior Research Officer 
will be expected to take part in research on 
chemical, biochemical or immunological prob- 
lems relating to substances with biological activity 
and to supervise postgraduate students. 

Applications (three copies), including a state- 
ment of age, qualifications and experience and 
the names af two referees, should be sent to the 
Seoretary of Faculties, University Registry, 
Broad Street, Oxford, not later than August 15, 
1969, aop 
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wish to appoint a 


TOXICOLOGIST 


who will occupy a responsible position in a team engaged in the evaluation 
for safety of new Medical, Animal Health and Crop Protection products. This 
important post is ina growth area of the Research Department and offers good 
opportunity for progression. 





There are extensive animal facilities, some species being housed in the main 
laboratories in Nottingham and some at Thurgarton Research Station, about 
ten miles away. Excellent laboratory services are available. 


The company has world-wide interests and the successful applicant will 
be expected to contribute towards technical documents for product registra- 
tion in the U.K. and overseas, Publication of results and attendance at scientific 
meetings are encouraged, 


Applicants must be qualified in veterinary science, pharmacology or a 
relevant biological discipline and, preferably, will have had a few years practice 
in toxicology. Experience of working with primates will be an advantage. 


Starting salary is negotiable, but will reflect qualifications and experience: 
contributory pension and profit sharing schemes apply. 


Applications, and requests for further information should be addressed to 
Dr. E. E. Cliffe, Head of Biological Sciences, c/o Personnel Depart- 
ment, Boots Pure Drug Company Limited, 1 Thane Road West, 
Nottingham NG2 3AA (Tel: Nottingham 56255, ext. 48.) (84) 








SWITZERLAND 


require a 


CHEMIST, 
BACTERIOLOGIST or 
FOOD TECHNOLOGIST 


for the Milk Production Section of their 


TECHNICAL DIVISION 


Applicants should have an Honours Degree or equivalent qualification, some 
years’ experience in the food industry and, if possible, a specialised know- 
ledge of cheese. A good working knowledge of French, Spanish or German 
in addition to English would be an advantage. 


The position will be at the company’s international Headquarters in Vevey, 
Switzerland. The job will involve co-ordination of activities of different 
sectors in Production Division development and introduction of new 
processes and special studies of specific problems of microbiology of milk 
products, 


Applications, giving details of qualifications and career to date, should be 
addressed t0 : D. F. Davies, Personnel Department, The Nestlé Campany 
Limited, St. George's House, Croydon CRO INR, 
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Are you a British scientist or engineer thinking of returning to work in research and 
development in Britain ? You may find what you are looking for, without going home 
first, in the Scientific Civil Service, the United Kingdom Atomic Energy Authority, or 


the Central Electricity Generating Board. And your family fares back to this job 
may be paid. 






The work is mainly applied, in that it has a practical end in view, but fundamental 
research is frequently involved. There are likely to be openings in most branches of 
the physical and engineering sciences, especially in mathematics and computing. 







Career Appointments 

are on offer mainly at the starting point of Scientific Officer and Senior Scientific 
Officer (or their equivalents), for which candidates will most likely be between the 
ages of 23 and 31. 


Research Fellowships 
are prestige awards, offered to scientists and engineers of exceptional ability, usually 
for 2-3 years. Fellowships may lead to career appointments. 










A Selection Board composed of practising research scientists and engineers, 
drawn from R. & D. establishments in the three organisations, will be in:-— 
















CANADA (OTTAWA): U.S.A. (NEW YORK AND 
SAN FRANCISCO): 

interviews beginning in mid-January interviews beginning in mid-March 

1970. Last Day for the receipt of 1970, Last Day for the receipt of 

applications: 5th December 1969. applications: 9th January 1970. 

If you are in Canada If you are in the U.S.A. 

please write to: please write to: 

Mr. H. G. Sturman, Dr. J. M. Lock, Director, 

Senior UKAEA Representative United Kingdom 

in Canada, Scientific Mission, 

P.O. Box No. 1245, British Embassy, 

Deep River, Ontario. Washington, D.C, 20008. 







Issued jointly by the Civil Service Commission, the U.K. Atomic Energy 
Authority and the Central Electricity Generating Board. 
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RADIOLOGICAL PROTECTION SERVICE 


(Department of Health and Social Security, 
and Medical Research Council) 
Clifton Avenue, Belmont, Sutton, Surrey 


requires 


FO 


PHYS 


TTUT 
Dp i 
alh 


5 E pmu a g mN ge 
YSICISTS 


(1) To be responsible for the further development of a large scale 
personal monitoring service employing photographic and nuclear 


track emulsions and thermoluminescent materials. 


Also for 


research and development on new methods and materials for 
personal dosimetry. Experience in radiation dosimetry desirable. 


(2) To be responsible for a small group concerned with the application 
of radiation safety principles in the industrial, research and medical 


fields. 


The work involves radiation measurements of installations 


and equipment housing sealed or unsealed radiation sources, | 
advising on legal and other requirements for radiation protection, 
investigations of specific protection problems, the operation of a 
leak testing service and the assessment of miscellaneous radiation 


sources. 
desirable. 


(3) For work in the group referred to in (2) above. 


experience necessary. 


Experience in the field of health physics is highly 


No previous 


(4) For work in a small group concerned with investigations of the 
physical properties of airborne radon daughter products. The work 


entails both laboratory and 


environmental studies. Previous 


experience in the aerosol field would be an advantage. 


Qualifications: 


Salary scale: (1) 


Good honours degree or equivalent. 


£1,175-£2,735 p.a. 


(2) £1,930-£2,735 p.a. 
(3) £1,175--£2,275 p.a. 
(4) £1,175-£2,275 p.a. 


Starting salary depends on age, experience and qualifications. 


M.R.C. conditions of employment. 


Applications, with the name and address of two professional 
referees, to the Director at the above address. 


AHMADU BELLO UNIVERSITY 
ZARIA, NIGERIA 

Applications are invited for the CHAIR OF 
ELECTRICAL ENGINEERING, Appointee 
will be expected to take a particular interest in 
the development of the teaching programme and 
he should be prepared to carry a large share 
of the administration of the undergraduate 
courses and the running of the departmicnt as 
well as leading research in his own field. There 
are, in addition, two other chairs, both filled, in 
Power Engineering and Telecommunications, but 
specialisation in either of these fields would not 


(146) 


necessarily disqualify a suitable candidate. 
Salary £N3,000 per annum (ENI*=£1 3s. 4d, 
sterling). Salary supplemented by £600 per 
annum (sterling) and children’s holiday visit pas- 
sages and education allowances payable in ap- 
propriate cases under British Expatriates Sup- 
plementation Scheme. Family” passages; various 
allowances; Superannuation scheme; regular 
overseas leave. 

Detailed applications (six copies), naming three 
referees by July 31, 1969, to Inter-University 
Council, 90/91 Tottenbam Court Road, LON- 
DON WIP ODT, from whom particulars are 
available, (132) 


For further Classified advertisements see page xxiv. 





NEW ZEALAND 
AGRICULTURE DEPARTMENT 


Applications are invited for the under- 
memioned vacancy: 


VACANCY B  13/2/145/2503 
SCIENTIST 
RUAKURA ANIMAL RESEARCH 
STATION 


Salary: At any point up to SNZ6,420 
per annum depending on qualifications and 
experience. 


Duties: Study effects on (i) grazing live- 
stock on pasture growth, availability and 
utilization of dry matter; (GD varying 
animal management systems and grazing 
intensities upon physiological determinants 
of pasture production. Studies may range 
from gross dry matter level to that of 
individual plant or titer, New methods of 
pasture productivity measurement may also 
be investigated. 


Qualifications desired: Master's or 
higher degree in agricultural science or 
plant science, preferably with research Cxe 
in agronomy, botany, plant 
physiology or related fields. 


Passages: F for appointee and his 
wife and family, if married, wil be paid, 


Incidental expenses: Up to £35 for a 
single man and £100 for a married man 
can be chimed to cover the cost of taking 
personal effects to New Zealand. 

Application forms and general informa- 
tion, are available from the High Com- 
missioner for New Zealand, New Zealand 
House, Haymarket, London. S.W.1, with 
whom applications wih close on August 11, 
1969. 

Please quot 
when inguiting. 












reference B 13/2/144/2803 
oy 


NATURAL ENVIRONMENT 
RESEARCH COUNCIL 


THE NATIONAL INSTITUTE OF 
OCEANOGRAPHY 


has a vacancy for an 


INFORMATION SCIENTIST 


10 assist with the indexing of oceanographic 
publications and the answering of general 
technical inquiries. He will take part in 
the activities of the Institate's Library and 
of the British Oceanographic Data Service, 
and will deputise for the Senior Library 
and Information Officer when required. 
Applicants should have a degree in science, 
preferably in physics, geology or geo- 
graphy, and some training or experience in 
information science would be an advan- 
tage, as would a knowledge of foreign 
languages. 


The appointment will be at Assistant Ex- 
perimental Officer or Experimental Officer 
level according to the age, qualifications 
and experience of the successful applicant. 


EXPERIMENTAL OFFICER CLASS 


Minimum Qualifications 

General Certificate of Education (or 
equivalent) in five subjects, two of which 
should be mathematical or scientific sub- 
jects at Advanced level. AL age 
entrants are expected to have a Pass degree 
Cor equivalent). 

Assistant Experimental Officer grade (18 
and under 28 years ai December 31, 1969), 

Salary Scale £683 (age 18) to £1,208 (age 
26) ta £1,444, 


Experimental Officer Grade (at least 26 
and under 31 years at December 31, 1969). 


Salary Scale £1,590 to £2,006. 


Prospects of a permanent and pension- 
able post. 


Application forms available from the 
Secretary, National Institute of Oceano- 
graphy, Weormiey, Godalming, Surrey. 


Closing date: August 14, 1969, 
(189) 








this liquii 
Scintillation 
Spectrometer 
is low-priced 





The Model 3320 Tri-Carb Spectrometer is s loaded wit 
the kind of features you'd expect in the most aan 
instruments. Yet it's priced among the lowest. When 
you examine its ca spans a find features like 
three simultaneous channels of analysis, controlled and 
ambient temperature operation (you select the method 
you want), automatic external i standardization that works 
with a//degrees of quenchir ng and a// types of quenching 
agents, outstanding counting performance and 200- 
sample capacity. It has built-in capabilities for gamma 
counting and continuous flow analysis, which together 
with the optional data processing capability let you 
upgrade it to meet virtually all bie future needs. For 
more details call your Packard Sales Engineer or write 
for Bulletin 10572 


PACKARD 
2200 WARRENVILLE ROAD 
PACKARD INSTRUMENT INTERNATIONAL S. A. 


Packa ra 


TALSTRASSE 39 











THREE INDEPENDENT 
CHANNELS OF ANALYSIS 













Model 3320 incorporates Pa 
arrangement of three complete 
nels of pulse-height analysis, 


sample only on nd collect data in all thee 


channels simultaneously. 
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The MSE Mistral 6L Centrifuge 





P i628 


is Most things to most men 


Biochemists, microbiologists, patholo- 
gists, pharmacologists, physiologists— 
the list of MSE Mistral Centrifuge users 
sounds like a roll call of the life sciences. 
Then there are the blood bank and 
transfusion centre people who regard 
these refrigerated centrifuges as espec- 
ially for them. Most things to most 
men! Ask for Publication No. 476. 

















MEASURING & SCIENTIFIC EQUIPMENT LTD. 
25-28 BUCKINGHAM GATE, LONDON S.wW.1. ENGLAND 
Telephone: 01-834 7373 Telex: 22666 Cables: Emesetool, Sowest, London 








In USA: MSE INCORPORATED, 811 SHARON DRIVE, WESTLAKE, OHIO 44145 
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An Index of 


The Pye Trap Index Level Selector is a brilliant new addition 
to the accessories available with the Series 105 Automatic 
Preparative Chromatograph. In conjunction with the 
instrument's punch tape control system, this highly 
sophisticated control unit, with an electric comparator 
circuit, achieves an exceptional degree of accuracy in 
component and fraction collection ~ even atthe end ofa 
separation lasting several hours. Trap rotation and sample 
collection at any level on the chromatogram are initiated 





Quality 


independently of the recorder by the amplifier’s signal. And 
up to six different actuation stages are available. Programming 
is Straightforward ~ you press the command buttons either 

to synchronise the tape with the chromatogram and index 

a trap, or simply to index a trap, then dial the amplifier output 
level at which the operation is to be carried out. 

Write or ‘phone for full details of the Pye Series 105 
Automatic Preparative Chromatograph and its Index of 
Quality, 





PYE UNICAM 


Precision Instruments 


Pye Unicam Ltd 
York Street Cambridge, CB1 2PX, England 
Telephone (0223) 58866 Telex 81215 





Nature, July 12, 1969, p xiii 


LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 
Physics—What is dispersion in the velocity of light? 
ISAAK (Birmingham); SYNGE (Dublin) 
Pulsars—-Origin of cosmic rays—-GOLD (Cornell) 


X-ray astronomy—High energy measurements of 
M-87--McCLINTOCK, LEWIN, SULLIVAN and 
CLARK (MIT) : 3 j : : 


Primordial atmosphere-—Rare gases by outgassing 
of accreted solids—WASSON (California) . š : 


` Geomagnetism-—-Impending change of eccentric 
dipole motion and length of day predicted—-KAHLE, 
BALL (Rand Corporation) and CAIN (Goddard Space 
Flight Center) ; y . x ; a $ 


Biogenesis—Fossil algae in Late Pre-Cambrian-~ 
GUTSTADT (San Fernando Valley State College) and 
SCHOPF (California) $ : 3 : 


Sea-floor spreading—Caribbean seismicity explained 
—BALL, HARRISON and SUPKO (Miami) 
Foraminifera—Availability of calcium carbonate may 
control destruction—-GREINER (Harvard) 


Palaeontology — Coccoliths as palaeoclimatic indi- 
cators-——-GEITZENAUER (Florida) . 


Seismology—Did dam-filling cause Koyna earth- 
quake?—-LEE and RALEIGH (US Geological Survey) 


Fallout—Causes of delayed radioactive debris from 
Chinese H-bomb test--PERSSON and SISEFSKY 
(Research Institute of National Defence, Stockholm) . 


Clay minerals—Delayed exchange of potassium from 
mica flakes—NEWMAN and BROWN (Rothamsted 
Experimental Station} 


Electrodes——Light induced changes of potential of 
Ag-Agl electrode—-VAN PESKI, DE VOOYS and 
ENGEL (State University, The Netherlands) 


Charge transfer—Solute-solvent interaction in charge 
transfer spectra—FOX (City of Leicester Polytechnic) 
and HUNTER (East Anglia} . 2 3 


Electrochemistry—Tetraheptylammonium bromide 
in ethyl bromide is a nearly ideal anionic membrane—- 
GALLI (G. Donegani Research Institute, Novara) and 
MUSSINI (Milan) . : ; : r ; : 
Peptides—Useful NMR spectra can be based on the 
BF atom--SIEVERS (Wright-Patterson Air Force 
Base, Ohio), BAYER and HUNZIKER (Chemisches 
Institut der Universitat, Tübingen) . 


Spectra—-Integrated intensities for lanthanum mon- 
oxide bands—MURTHY and NARASIMHAMURTHY 
(Mysore) : 5 i x x : A i 


BIOLOGICAL SCIENCES 


Fossil man—Calculation of cranial capacity justifies 
classification of Olduvai hominid 7 in Homo africanus 
--WOLPOFF (Case Western Reserve) 


Brain--Learning and rapid eye movement sleep— 
GREENBERG and DEWAN (Boston V.A. Hospital 
and AFCRL, Hanscom Field, Bedford) . ' . 


Sleep—Neural and non-neural mechanisms influence 
circulation—-BACCELLI, GUAZZI, MANCIA and 
ZANCHETTI (Milan) . i . ; ; 


Cultivated plants—Sweet potatoes flower in Java-— 
GOODING (Troon); BUNTING (Reading) i 


Plant physiology—Auxin induces production of 
ethylene in cucumber and sex expression is changed-— 
SHANNON and DE LA GUARDIA (New York State 
Agricultural Experiment Station) g r y 
Annelids — Sipunculid reproduced by budding— 
RAJULU and KRISHNAN (Madras) r í 7 
Genetics — Determination of sex of houseflies — 
WAGONER (US Department of Agriculture) 


Bees —- Unexpected biochemical 


polymorphism -— 
MESTRINER (São Paulo) : : : ; 


175 


177 


177 


178 


179 


Sea urchins—Jn corpore fertilization and develop- 
ment—RUGGIERI (New York Zoological Society) 

Haemoglobin—-A new variant with a mutation in the 
globin chain touching the haem—ROSA, LABIE, 
WAJCMAN, BOIGNE (Institut de Pathologie Mo - 
laire, Paris) CABANNES, BIERME and RU PLE 
(Centre National de la Recherche Scientifique, Tou- 
louse) í A : 





Isozymes—Genetic, polymeric and conformeric iso- 
zymes of urease-~FISHBEIN, SPEARS and SCURZI 
(Armed Forces Institute of Pathology, Washington) 
Isoenzymes—Lactic dehydrogenase isoenzymes can 
compensate for temperature changes in poikilotherms 
—SOMERO and HOCHACHKA (British Columbia) . 
Immunology—Materno-foetal transport of yG 
immunoglobulin—GITLIN and MORPHIS (Pitts- 
burgh) 


Lymphocytes—A reply on the effects of some cellular 
antigens—RYALL (Groote Schuur Hospital, Cape); 
HARDY and LING (Birmingham) . P : 
Hypersensitivity—-Disodium cromoglycate inhibits 
degranulation of mast cells and release of histamine— 
ORR and COX (Fisons) . ; : ; 
Leukaemia—Thrombocytopenia as a sign of pre- 
lymphoid leukaemia in AKR mice--BRODSKY 
(Hahnemann Medical College, Philadelphia) Í 
Metabolism——Alcohol induced alcohol dehydrogenase 
in the rat—MISTILIS and BIRCHALL (Royal Prince 
Alfred Hospital, Camperdown) i ; % 
Porphyria—Vitamin E involved in regulating haem 
synthesis—MURTY and NAIR (Sinai Hospital of 
Baltimore). ; g A . 1 s : 
Vision—Origin of electroretinograph a-wave--PENN 
and HAGINS (US National Institutes of Health) 

Chromosomes—Nucleo-protein complexes as possible 
substructures — SONNENBICHLER (Max-Planck- 
Institut fir Biochemie) i A p ; : 


Nucleic acids—Alkylation of deoxyguanosine and 


mutagenicity and ` carcinogenicity —- LOV ELESS 
(Chester Beatty Research Institute} : i 
Bradycardia—Diving bradycardia of Caiman croco- 


dilus psychogenically induced--GAUNT and GANS 
(New York) . : ; : : ; , 
Pharmacology—Synthesis of prostaglandin antagon- 
ists—FRIED, SANTHANAKRISHNAN, HIMIZU, 
LIN, FORD (Chicago), RUBIN and GRIGAS (Squibb 
Institute) ` 5 à F R : : 
Insecticides—Increased microsomal oxidation of 
organophosphate insecticides in some resistant strains 
of houseflies — EIBASHIR and OPPENOORTH 
(Laboratory for Research on Insecticides, Wageningen) 


Bone—A phosphonate prevents immobilization “osteo- 
porosis” of rats-~FLEISCH, RUSSELL, SIMPSON 
and MUHLBAUER (Berne and Davos) 

Obesity—-Debate on obesity and the heat increment 
of feeding—MORRISON and MILLAR (US National 
Institutes of Health); STOCK (London) . . ; 


Common cold— Attenuation of rhinovirus type 15—— 
DOUGLAS and COUCH (Baylor College of Medicine, 
Texas) ; ; i a F i ‘ 
Cystic fibrosis—-Perhaps the result of inherited defect 
in sodium ion uptake--MARSDEN (York) 





Page 


189 


190 


191 


194 


195 


206 


The titles on this page are prepared by the staff of | 
Nature on the basis of the titles submitted by authors | 


which appear in full on the pages indicated 





NATURE, JULY 12. 1969 





MEASURING 
SOLAR 
RADIATION ? 


Then our range of instruments 
will interest you. 


Festoon Nett Radiometer. 
Protractor Balance Meter, 
Solarimeter. 

Actinometer. 

Photo-synthesis Solarimeter. 
Nett Radiometer. 

Underwater Nett Radiometer. 
Solari-Albedometer. 

Reversing Albedometer. 
Miniature Nett Radiometer. 
Linear Nett Radiometer. 

Soil Heat Flux Plate. 
Pre-calibrated elements, and sensors avail- 
able. Maintenance Service by air mail 
parts exchange. 

We invite your enquiries. 


SOLAR RADIATION INSTRUMENTS 
21 ROSE STREET, ALTONA, VICTORIA 
AUSTRALIA... 3018 
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up to 12 mm aperture usually ex stock. 


and other metals by vacuum deposition. 











SOLE DISTRIBUTORS IN U.K, OF SCHOTT INTERFERENCE FILTERS 


University 
Life Assurance Society 


Established 1825 Incorporated by Royal Charter 


For nearly 150 years the Society has offered life assur- 
ance on attractive terms exclusively to past and present 
members of Universities and similar educational estab- 
lishments within the United Kingdom. 


The Society does not pay commission for the intro- 
duction of new business. 


Special plans for Students or Young Graduates 


The “Minimax” Policy Reduced Premium Policy 
Young Graduate’s Policy 


Other plans include 


Whole-life and Endowment assurance 
Educational Policies Children’s Policies 
Pension Policies . Annuities . Family Protection 

Unit-linked Assurances and Annuities 


4 Coleman Street, London, E.C.2 
Telephone: 01-606 6225 





Optical Elements— Manufacturing facilities for lenses, 


prisms and special optical elements in glass, silica, cultured and natural quartz. Polarising prisms 


@ 
Graticules— Circular and linear scales, masks, index lines, etc., on 


glass substrate, in photographic emulsion, etched or chrome deposited. Also clear apertures to 


precision form etched in metal foil for scanning discs, slits, etc. 


ea a ae 
Aluminising— Mirrors, fully or partially reflecting in aluminium 


Optical Calcite— A small quantity of high grade crystals in 


excess of our requirements is available for resale. 
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Half Way Public on Diffusion 


Tr will be interesting, and important as well, to see the 
outcome of the hearings this week in the United States 
Congress in which the Joint Committee on Atomic 
Energy has been trying to hammer out a policy on the 
ownership of facilities for enriching uranium. In 
several ways, the question touches raw nerves. There 
are problems of public or private ownership of a kind 
which have a Jong and contentious history in the 
United States. There are problems of safeguards and 
security. And for those who live outside the United 
States but who buy American reactors, with fuel to go 
with them, there is the question of how long it will be 
practicable for the United States Atomic Energy Com- 
mission to go on supporting the international market in 
nuclear power stations by offering to supply enriched 
uranium-—or solidified electricity, for that is what is 
really at stake--at guaranteed prices. A good many 
public utilities outside the United States will no doubt 
be cast down if there is a substantial change of 
practice, although the reactor manufacturers can be 
expected to make up for some of their discontent. 

To begin with, there is no mystery about the reasons 
why the ownership of the enrichment plants in the 
United States should have become a public issue at 
this point in the development of the American nuclear 
power industry. The driving force is the expectation 
that the growth of nuclear generating capacity, both in 
the United States and in other countries where the 
AEC has a commitment to supply fuel, will soon exhaust 
the capacity of the facilities for uranium enrichment 
which now exist. American enriched uranium is 
manufactured at three sites, one of which at Oak Ridge 
in Tennessee was first occupied in August 1945, towards 
the end of the Manhattan Project. Since then, two 
other gaseous diffusion plants have been built, and all 
three are operated on an integrated basis, with the 
plant at Paducah in Kentucky providing a feedstock of 
uranium enriched to the extent of 0-96 per cent in 
the fissile isotope uranium-235. As things are now 
organized, the most highly enriched uranium comes 
from the plant at Portsmouth, Ohio, which can turn 
out material containing 97-65 per cent uranium-235. 
The whole system is at present operating at about a 
quarter of its full capacity, although production is 
expected to pick up steadily from this point on as the 
demand for enriched uranium for the nuclear power 
stations continues to grow, and indeed there is a scheme 
to increase the output of the whole system by some 10 
per cent, chiefly by improving the compressors used 
for driving gaseous uranium hexafluoride through the 
porous partitions in which the isotopic separation takes 


place. With only comparatively modest improve- 
ments, it should be possible to run the present complex 
of diffusion plants at a capacity of some 24 million 
kilogram units of separative work a year, which is the 
same thing as saying that they should be able to turn 
out rather more than 5,000,000 kg a year of uranium 
enriched to the extent of 3 per cent in the fissile 
isotope. In these circumstances, the plants would 
consume some 7,500 MW of electricity and the total 
cost of operating the plant would be about $650 
million. The fact that it is still proper to talk of 
shortages in the seventies is in itself a sign of the speed 
with which the demand for nuclear fuels is expected to 
increase. 

What is the outlook ? This is one of the points at 
which the hearings in Washington this week have 
uneovered a conflict of evidence. One difficulty is the 
pause there has been in the rate of ordering of nuclear 
power stations—the first few months of 1969 have been 
doldrums when set against the rush to order nuclear 
power stations in 1968 and 1967, but even su it seems 
most probable that the United States will he operating 
some 60,000 MW of nuclear generating capacity by the 
end of 1975, and will at the same time be expected to 
service roughly a third as much elsewhere. Most of 
these plants will depend on enriched uranium, but 
precisely how much will be needed ¢ The AEC seems 
to have been working on the assumption that new 
diffusion plants (or, more probably, an extension of the 
plant now operating at Paducah) would be needed 
between 1975 and 1980, with a three-fold increase of the 
present capacity by 1990. One immediate difficulty is 
that nobody is sure just how this uncertain wind wil 
blow. Much will obviously depend on the extent to 
which breeder reactors will contribute to the production 
of fissile material in the late seventies. By then, it may 
also have been demonstrated that gas centrifuges may 
in some circumstances produce cheaper enrichment. 
There is also the possibility that the demand for 
enrichment in the United States will fall away from the 
expected growth if the price should rise very far above 
the $26 a kg of separative work now current, anything 
like a substantial increase of price would certainly 
increase the impetus for independent enrichment in 
Europe and Japan. In other words, the future for 
enrichment by gaseous diffusion will not really be cloar 
for a few years vet, In the meantime, the would-be 
purchasers of the existing plants cannot know whether 
they would be buying the foundations of a new com- 
mercial empire or, possibly, the largest: white elephants 
of their kind. 
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So why should the nuclear power industry be as keen 
as it seems to be toawisk its money ? A year ago, the 
Atomic Industrial Forum argued strongly in favour of 
an auction of the existing plants to the three best 
bidders in the open market, even promising that it 
would be possible for the successful applicants to 
operate the plants so as to keep within the ceiling of 
$30 a kg unit offseparative work which the AEC has 
contracted for with its long-term customers, usually 
reactor purchasers from abroad, Given the uncertain 
future, it is not easy to share the forum’s confidence. 
There must also be doubts about the extent to which 
the successful bidders would be able to compete freely 
among themselves. Even if the three plants were 
allowed to function quite independently (which would 
entail a loss of efficiency of about 1 per cent), it would 
be hard for potential customers to go shopping around 
for enrichment facilities in such a tight market. The 
most likely outcome would be a cosy if informal cartel, 
with constant rows with the Administration about the 
ceiling price. This is too big a price for the strict 
application of the doctrine of competition. 


So is the AEC always to remain the provider of 


enriched uranium ? And where will it continue to raise 
the capital required ? The truth is, of course, that the 
best solution would be an amalgam of coordinated 
policy and private financing, which is why the interest 
of a good many members of the Joint Committee this 
week seems to have centred on the advantages of a 
public corporation, able to operate all of the existing 
enrichment plants and responsible for carrying out 
research, yet able to raise money not merely by 
cajoling the Government but by borrowing in the 
market as well. In the United States, the Tennessee 
Valley Authority is one of the few precedents for 
industrial devices like these, but elsewhere they are 
more common. (Those at the Ministry of Technology in 
Britain who have been planning a Nuclear Fuel Com- 
pany along these lines should be pleased to see the way 


The Fee-paying University 


THe plans for the Independent British University 
which were discussed in London earlier this week 
are unexpectedly thin. Whatever their collective 
faults may be, academics have a reputation for being 
able to turn out solid and convincing documents on 
all kinds of issues, which is why the defects of the 
documents which have been circulating should not be 
blamed on the people who have helped to prepare 
them but, rather, on the intangibility and even the 
unreality of the subject: with which they have been 
concerned. The truth is that even though the project 
for an independent university has been prompted. 
by the strains recently apparent within the university 
system as a whole, the setting up of an entirely in- 
dependent institution is almost by definition irrelevant 
to the problems which bother most academics. It 
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the wind is blowing in the United States.) One inci- 
dental advantage is that dependence on non-federal 
sources of finance would ensure that future prices keep 
realistically in line with real costs. The AEC is sur- 
prisingly cheerful about the likelihood that even new 
gaseous diffusion plants would be able to produce 
separate work at a price not vastly different from the 
present magic number of $26 per unit even after 
another ten years of inflation have done their worst, but 
many others will take this with a grain of salt if only 
because of the real cost of raising money and the 
persistent uncertainty about the life to be expected 
from these plants. 

It goes without saying that an organization set up as 
a public corporation would be able to move more freely 
in research and development. This is where prudence 
suggests a careful watching brief. It now seems clear 
that the gas centrifuges on which the Anglo-Dutch- 
xerman consortium has set its heart will be cheap to 
run and even possibly cheaper to build than the classical 
gas diffusion plants. The AEC seems to consider that 
electricity consumption in a battery of centrifuges 
would work out at something like 24 per cent. of that at 
Oak Ridge, and the corresponding proportion for the 
less efficient British plant seems to be more like 15 per 
cent. In practice, however, everything will depend on 
the cost of maintenance. How often will the centrifuges 
break down? This is the question which it is hoped 
to answer by the building of a sizable production plant 
in Europe. It will be a great surprise if enough is 
known about the operation of this plant for a hard- 
headed appreciation of the economics of centrifuge 
plants to be feasible before 1972 or thereabouts. In 
these circumstances, it would be foolish for European 
nations to let pride get the better of their commonsense. 
Their anxiety to be independent is understandable 
enough, but enrichment on a thirty-year contract at 
less than $30 a unit is likely to be a bargain for as long 
as enrichment is necessary. 


is as if British citizens were to react to contemporary 
problems of British politics by catching an aircraft 
to the United States and staying there. This is why 
the most that can be expected of the project for an 
independent British university is that it will serve 
as a catalyst for the solution of problems within 
the mainstream of the university system. 

The signs so far are not encouraging. One of the 
most glaring defects of the plans is the lack of what 
commercial people would call market research. Accord- 
ing to the committee which has been working out the 
costs of operating an independent university, each 
student would have to find something like £1,260 
a year to keep himself in residence. This is a large 
sum of money by British standards, and it is very 
much larger than even quite well-to-do students 
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have to pay at public universities—perhaps three 
times as much. Since the planning committees, 
laudably if somewhat piously, have also laid it down 
that their students would be as well qualified as those 
attending other universities, it follows that they will 
somehow have to tempt bright people or their parents 
to pay the extra cost or to shoulder extra loans. 
(There is nothing in the document to suggest financial 
wizardry.) There is bound to be some doubt about 
the realism of this undertaking. A handful of potential 
students might well be recruited, but would there 
possibly be enough of them to allow the institution 
to become a proper university? The trouble, of 
course, is that the advantages of the independent 
university are much more apparent to the staff 
than to the students, particularly those who 
ean win scholarships or grants. Is it sensible to 
suppose that there will be enough of them who 
will pay to salve the consciences of their would-be 
teachers ? 

For reasons like this, it is not disrespectful to 
suggest that the people who have provided the scheme 
for an independent university with its impetus should 
now recognize that they have had as much fun as they 
can hope for from the project. Their next step should 
be to turn their unquestioned talents to the problems 
of the university system on which they would turn 
their backs. Although there are many serious problems 
crying out for attention, things are by no means 
hopeless. The new regime at the University Grants 
Committee seems to have helped smooth relationships 
between the British Government and the universities. 
Although the Committee of Vice-Chancellors is slow 
almost to the point of cowardice in seizing the central 
role which everybody would like to thrust on it, this 
is remediable. And there is some hope of a change 
in the relationship between the universities and the 
schools. The most urgent matters to be tackled are 
the pattern of university curricula and relations 
between faculties and students, but there is no evidence 
to suggest that any of these problems are insoluble. 
What is certain, however, is that they will not be 
solved by people who opt out. 


OPEN UNIVERSITY 


Lirr.e has been heard about the plans for a private 
independent university in Britain since the idea was 
launched in January, but the planning board for the 
independent university, under its chairman Sir Sydney 
Caine, this week began a two day closed conference in 
London at which the three committees of the board 
presented summaries of their thoughts on an academic 
policy, a constitution, and problems of finance and a 
site to fellow academic well wishers. As Sir Sydney 
said in opening the conference, the job is to agree to a 
concrete set of proposals under these three heads to 
show to potential financial backers during the next 
year. A charitable trust has already been established 
to hold the £7,000 worth of donations which have been 
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received so far to cover costs of the early planning 
phase. 

The university would probably be non-residential 
and housed in London and would comprise an under- 
graduate college and a graduate school with a single 
staff. It would operate a four term year, with the 
summer term devoted to bringing overseas academics 
to the university. There would be Qi time and part 
time students, which might involve a six day week, 
with each day stretched far into the evening. Degrees 
would be awarded on a mixed system of credits and 
examinations, with the emphasis on one or other 
method of grading depending chiefly on the necds of 
the particular discipline. At the undergraduate level, 
at least, all the main natural and social sciences and 
arts subjects would be taught, but postgraduate work 
would be more restricted. The prospect of a six-day 
week and a four term year may seem daunting to many 
academics, but the university would not be bound by 
UGC pay scales and generous sabbatical leave would be 
the rule. Entry standards would be at least as high 
as those now existing in British universities, with 
considerable emphasis given to the performances of 
potential students at interviews. 

The planned constitution follows fairly conventional 
lines, with an academic senate composed. of representa- 
tives of each teaching unit or faculty. Each faculty 
will be responsible for organizing its own resources and 
experiments in teaching. lean aes is, of course, 
the word most often bandied about by wellwishers of 
the independent university. The senate would usually 
have the last word on academic affairs, and a governing 
council would concern itself with overall policies and 
management. Finally, a court would supervise the 
government and general policies of the university, 
make manifest the academic standing and credentials 
of the university, receive the annual reports and 
appoint non-academic members of the council. 

But what are the likely costs of this grand scheme 
and what are the chances of raising enough money ? 




















oe 





Jost estimates have not altered much since last 
January. They are necessarily vague, but have been 


based on the assumptions that the university will be 
non-residential and housed at a site somewhere in 
Greater London where land prices are similar to those 
at, say, Greenwich or Croydon. To reflect capital costs 
in tuition fees, the board assumed that the accommoda- 
tion was rented and estimated that arts students wou 
have to pay £610-£670 and science students £1,010- 
£1,100 a year not including their own living co To 
help students meet the full cost of their education the 
university would have to offer scholarships and loans 
on generous terms. 

So far the planning board has not seriously attempted 
to raise funds and whether, armed with these proposals, 
it can manage in the next vear or so to raise enough 
money even to get the project off the ground is an 
intriguing question, 











COMMON MARKET 


Suspense at Brussels 


Tue absence of the French minister at the meeting in 
Brussels of the Council of Ministers of the European 
Economic Community on the report of the Aigrain 
Committee (formerly the Maréchal Committee} has 


116 


paradoxically been interpreted as a sign of a more 
promising French attitude to international collabora- 
tion. It is true that, because the minister did not 
attend, decisions that were to have been taken at the 
meeting at the end of June have now been postponed, 
presumably until October. But, with the change of 
government in France, many of the more poignant 
questions relating to the EEC are now in the melting 
pot. The council had only a brief diseussion of the 
forty-seven projects in science and technology put 
forward by the Aigrain Committee as ripe for joint 
European initiatives, and it resolved to consider the 
report further and work out approaches for collabora- 
tion with countries outside the EEC on some future 
occasion. 








The feasibility study for building a very large com- 
puter to meet the needs of the nineteen-eighties has a 
very high priority, according to the Directorate-General 
for Research and Technology in Brussels. It is 
apparently not the intention of the EEC commission 
itself to undertake the research work in any of the 
projects, but rather to organize and coordinate the 
appropriate industries to do so. For the computer 
project, the commission has got in touch with five 
major companies in the EEC and left them the free- 
dom to call in ICL if they wish. In this venture, the 
Aigrain Committee is clearly thinking in terms of 
exploiting new technologies rather than of building a 
“top of generation” computer. 

It is conceded in Brussels that the machinery for 
handling many of the forty-seven projects is still very 
delicate. It is intended that the finance should be 
provided nationally, but that projects should be sub- 
mitted to a coordinating system. The hope is that 
countries will be willing to forfeit doing their own 
research if they can be sure that external results will 
be communicated to them, although this is likely to 
prove easier in the social projects such as pollution 
research than in those with commercial overtones. 
In meteorology, the Aigrain Committee recommends 
investigating the setting up of a meteorological con- 
federation for Europe, with joint measuring stations 
and satellites and facilities for developing materials 
appropriate to meteorology. A major feasibility study 
is also planned to assess the prospect of building a 
huge hovereraft—up to 2,000 tons. 








CANCER RESEARCH 


Who Pays the Piper? 


A row is brewing about the financing of cancer research 
in Britain, and particularly the support for the Institute 
for Cancer Research in London, which includes the 
Icke: r 4 , r y 9 ari 
perhaps more widely known Chester Beatty Research 
Institute. An article in the Lancet last week implied 
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that the British Empire Cancer Campaign for Research, 
of which the institute is chief pensioner, spreads its 
£2 million too thinly over too many research groups. 
The Medical Research Council, which already supports 
the institute to the tune of £461 O00 a year, was accused 
of taking advantage of the existence of the British 
Empire Campaign and the other cancer research 
charity, the Imperial Cancer Research Fund, to curtail 
the amount it spends on cancer research. Some of the 
more bitter criticism has been reserved for the Imperial 
Cancer Research Fund, which runs its o wn laboratories, 
spends no money outside them and last year was able to 
put £1-5 million in reserve while the institute ran up a 
debt of £200,000, thus eating away at some of the 
reserves apparently earmarked for a new building, 

Unfortunately it is not simply a shortage of money 
that is eating the heart out of the institute, which 
gained its reputation a long time ago for work on 
chemical carcinogens. Just now it is affected by the 
inevitable uncertainties which accompany changes in 
directors, and which are always exacerbated when there 
is a delay in naming the new man. Sir Alexander 
Haddow has retired as director of the Chester Beatty 
Laboratories, the larger part of the institute, but so 
far there has been nothing but eloquent silence about 
his suecessor. So there is bound to be doubt of what 
will happen next, These uncertainties also make the 
financial situation even tighter than it might otherwise 
be, for the institute's chief benefactors are under- 
standably not rushing in with more funds until they 
know who the new director is and what he plans to do. 
By contrast, of course, the Imperial Cancer Research 
Fund has not only plenty of money but a new director 
and an apparently settled future. 

Most of the arguments now in the air are familiar 
stalking horses. The Medical Research Council has 
increased its total spending on cancer research from 
£1-18 million in 1965-66 to £1-43 million in 1967-68, 
the latest year for which figures are available, and the 
share of the Institute for Cancer Research has risen 
accordingly from £382,000 in 1966-67 to £461,000 in 
1969-70. Indeed, the MRC block grant has a built-in 
§ per cent increment per annum for the quinquennium. 
So long as the MRC is expected to finance such subjects 
as molecular biology and biophysies, which should 
come under the umbrella of the SRC, as well as medical 
research proper, cancer researeh cannot justifiably 
expect to receive a greater proportion of the MRC’s 
total budget than at present. 

But what of the Imperial Cancer Research Fund's 
supposedly overflowing coffers ? The fund is currently 
embarking on an expansion programme involving 
building a further 52,000 square feet of la boratory space 
and recruiting about seventy scientific staff. The cost 
of the new laboratory, which should become just the 
sort of concentrated large research centre enjoying the 
economies of scale for which people are asking, will cost 
about £1,750,000 to build and equip and will roughly 
double the fund’s annual running costs from £800,000 
to about £1-5 million. That seems to be one reason 
why the fund needs to build up its apparent surplus. 
Another reason why the fund must have a large 
invested reserve is that it is entirely dependent on 
charity. It receives no money whatsoever from the 
MRC or any other government agency. In order to 
earn the odd £450,000 that the Institute for Cancer 
Research receives from the MRC, the fund would need 
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to invest about £8 million, and to earn the further 
£250,000 that the institute receives from the BECCR 
the fund needs about another £4 million in investments. 
Clearly if the fund were to spend to the hilt, its future 
would be as full of uncertainty as that of the institute. 
The management of the institute is the first to admit 
that the arguments in the Lancet are unlikely to serve 
any useful purpose, and Lord Halsbury, the chairman 
of the management committee, has apparently sent a 
letter to the "Lane et dissociating the institute from the 
arguments which boil down to a superficial attack on 
the MRC, the BECCR and above all the ICRF, which 
seems to have been singled out for criticism because of 
its success. A more fruitful line of thought is not where 
the money for cancer research is to come from or how 
it is to be distributed but what constitutes cancer 
research; the real shortage is not money but ideas and 
talented scientists, as the MRC, the ICRF and the 
institute know only too well. 


HOVERTRAINS 


Not on the Rails 


FRENCH enterprise promises to have the first opera- 
tional tracked hovercraft on the rails this year. What 
can only be called (in the circumstances) the ‘“‘glide- 
out’ of a full-scale eighty-passenger hovercar took 
place at Le Bourget airfield outside Paris on Monday 
(July 7). It will start tests on a 5 mile stretch of 
elevated track already complete near Orleans, which 
in due course will be extended to cross the 70 miles 
which separate Orleans and Paris. By the end of the 
summer, the test section of track will be 11 miles long 
and a public demonstration of the eightv-passenger 
hovercar running on it is expe eted in September. 

The concept of France’s first “aérotrain” derives 
from the work of Jean Bertin, polytechnician. It is 
being promoted by a company, Société de l’ Aérotrain, 
formed 3 years ago to pursue this application of 
the hovercraft. principle (French aégroglisseur), Another, 
SEDAM, is concerned with marine ot dat and is 
operating a Bertin hover- ferry, the Naviplane, for its 
first season, on the Riviera. The first man- -carrying 
Bertin craft to be built, the Terraplane, was a clumsy 
looking bus-like affair. It had wheels as well as a series 
of cellular air cushions. The cellular approach has 
survived in the Naviplane which has eight—four down 
each side which inflate and deflate sequentially so 
that take off and landing are performed very much in 
the manner of a camel. 

The chief effort has, however, gone into the aérotrain, 
which has been generously blessed by the French 
Government. A considerable body of data and ex- 
perience has been accumulated with passenger carry- 
ing half-scale test vehicles operating on a 4 mile 
stretch of experimental monorail on a hilltop at Gometz, 
about 30 miles outside Paris. The track goes “from 
nowhere to nowhere” (as one of the engineers Temarked), 
but the most recent of the test cars has reached 215 
m.p.h. with a rocket attachment and all regularly 
eruise at 150 m.p.h. which is achieved in about 30 
seconds. They are surprisingly quiet and smooth 
though seat-belts are provided. Different types of 
prime mover have been tried out: gas turbine jet: 
propeller drive: and a second stretch of track is now 
being built for operation with a linear electrie motor. 
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The track is in the form of a reversed T with the 
projecting member on which the car is slotted rising 
2 feet high, This will be increased to 3 feet for the 
inter-city high-speed system of which the Orleans—Paris 
route is the “prototy pe. 

The eighty- -passenger inter-city hovercar now ready 
is intended to cruise at 155 m.p.h h. It is constructed of 
aluminium and weighs 20 tonnes all up. It is driven 
by a specially de signed and shrouded propeller mounted 
on the tail which is powered by two turbo-jet engines 
each developing 1,300 hp. A Separati power system 
also employing a turbo-jet engine (720 h.p.) produces 
the air cushion via fans. The vehiele is 26 metres Jong 


and 3-2 m wide and stands 33 m high apart from the 





propeller. A retractable wheel front and back enables 
the car to turn round under its own power when off 
the track. 

Work on tracked hovereraft has been going on since 
the Hythe hovercraft development unit was set up by 
NRDC ne arly 10 years ago. It has, however, only 
blossomed since that section of the unit was dee -oupled 
from Hythe and set up last year at Cambridge as an 
independent firm with £2 ‘million of developme ub 
capital. It will not be until well into 1970, however, 
that a passenger-carrying hovercar will be running on 
the Cambridgeshire test track. Most of the delays 
seem to centre on the track for which an 18-mile-long 
site on the banks of a fenland drainage channel was 
chosen nearly 2 years ago. Building has not yet 
started. On the other hand, official encouragement and 
the provision by the French T Transport Ministry of 
most of the capital costs of aérotrain installation is a 
powerful incentive to entrepreneurs on the other side 
of the Channel. 





INDUSTRIAL RESEARCH 


BISRA in Business 


Trrovenu all the changes the British steel industry 
has seen since nationalization-—and is about to see in 
the proposed new regional reorganization—the British 
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Tron and Steel Research Association keeps its sights + ates to a level consistent with a reasonable steady 


firmly on the need. to produce and refine iron and steel 
more cheaply. One of its most successful projects ha 
been the development of electro-slag refining as a 
secondary refining process for steel, and last week saw 
the commissioning of a new plant for production*and 
research. The process, which involves passing drops of 
metal through molten slag to remove impurities, was 
developed by BISRA and has proved so effective that 
a special commercially viable unit has been created to 
develop and market it. Other novel processes being 
evaluated include a process for producing iron con- 
tinuously, for manufacturing stainless steel strip 
directly from powder and a fast method for putting 
protective lacquer coatings on sheet steel. 

Long-term research planning is on a sounder basis 
now that BISRA has direct access to reliable plant 
operation costs and economics. The operational re- 
search department, which is responsible for techno- 
logical forecasting and planning, is expected to extend 
its activities this year. It will have to deal with the 
changes in research policy that will probably accom- 
pany the reorganization of the British Steel Corporation 
onto a system based on a small number of product 
divisions. 


ROCKEFELLER 


Is its annual report for 1968, the Rockefeller Foun- 
dation continues to bang the drum for the dwarf 
strains of wheat and rice developed largely under its 
auspices in Mexico and the Philippines. And justifiably 
so-—-the new high-yielding cereals, though only a 
few years old, have made a dramatic impact on the 
world’s agriculture. In 1967, the Philippines reached 
self-sufficiency in rice production for the first time in 
decades, and Pakistan is expected to do the same this 
year. Turkey bought 22,000 tons of Mexican seed wheat 
in 1967 and was rewarded the following year by double 
or triple yields on many farms near the coast. India 
has devoted over 16 million acres to the new cereals, 
and her grain production in 1967-68 exceeded 100 
mi 2 million tons more than the 
previous peak. This is a success story by any standards, 
and the chief question now must be the extent to 
which western philanthropy intends to make its 
discoveries available to the rest of Asia. The report 
makes no mention of this. 

The Rockefeller Foundation has cast its net ever 
wider for worthwhile projects in recent years, but as 
yet it has nothing to report as spectacular as its plant 
breeding programmes. Population control has absorbed 
$20 million of the foundation’s resources over the 
past five years, and the teaching and application of 
family planning have taken the lion’s share, although 
$5 million has been spent on fundamental research 
into reproductive biology. The report says that 
worthwhile progress has been made in controlling 
the world’s population growth. Of the thirteen develop- 
ing countries with populations of more than 25 million, 
only three-—Nigeria, Brazil and Burma—have taken 
no official action to encourage family planning. But 
concrete achievements are still in short supply. Only 
a few countries—Hong Kong, Singapore, Taiwan 
and perhaps South Korea—have reduced their birth 












state. The Rockefeller Foundation seems to pursue 


‘dts task of spreading favourable attitudes to contra- 


tion with the self-effacing wiles of the diplomat. 


Ta ‘Turkey, field workers held informal meetings for 
“focal young fathers in coffee-houses, 


and sparked 
off an awareness that eventually led to a government 
birth control programme. In Santiago, Chile, family 
planning movies are shown to newly delivered mothers, 
at what is surely a receptive moment in their lives. 

A few years ago the foundation hoped that the oral 
pill and the IUD between them would be a sufficient 
armoury for the world’s birth control. The chances 
that they will be now seem slight, and there is need 
for fundamental research into alternatives, the male 
pill, hormone implants, contraceptive vaccines and 
the like, The foundation is supporting a wide spectrum 
of such work in American universities, and it seems 
to be taking care not to step on the toes of the federal 
granting agencies. 

Rockefeller fortunes have also been finding their 
way into the patronage of the arts and the expansion 
of negro education. It is in describing these areas 
that the liberal assumptions of philanthropy begin 
to wear a little thin. The section describing the arts 
is littered with forgettable aphorisms like “the quest 
for a humane centre of personal experience has caused 
scientists to become aesthetes, and artists to become 
technicians”. 


PHARMACEUTICALS 


industry keeps Cheerful 


THE 1968-69 annual report of the Association of British 
Pharmaceutical Industry presents a picture of an 
industry remarkably pleased with itself. Exports 
reached a record £97 million in 1968, well over the 1967 
figure of £80 million, itself a record. The industry 
went metric in March, an event marked by the appear- 
ance of the plastic 5 ml. standard spoon. A further 
item for self-congratulation is that price reductions 
within the industry, mainly in antibiotics, led to 
estimated savings for the NHS of £10 million in 1968. 

Relations between drug manufacturers and the legis- 
lature nonetheless remain somewhat strained. In 1967, 
the Sainsbury Committee came to the conclusion that 
the pharmaceutical industry was reaping unfair profits 
by its exploitation of the British prescription medicines 
market. The industry replied with a quick spate of 
furious denials, but 1968 has seen a more temperate 
series of discussions between the industry and the 
Department of Health and Social Security. Mean- 
while, various academic studies of the economics of 
drug manufacture have appeared. Cooper and Parker 
of the University of Exeter have concluded that the 
high profitability of the British pharmaceutical indus- 
try is an illusion based on the accounting conventions 
used when comparing profits of different industries. 
In the words of Cooper and Parker, “the wide disparity 
between the profitability of the pharmaceutical indus- 
try and of industry in general owes more to the struc- 
tural differences in organization than to any real 
differences in the respective rewards to capital em- 
ployed”. 

The Minister of Health last year also drew attention 
to the high level of sales promotion costs in the industry 
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when he said that, “while industry should Have ‘a 
reasonable degree of freedom in promoting its products 
to doctors, we shall expect a very substantial reduction*” 
in the amount of promotion expenditure, particularh 
that which is taken into account in assessing a firm’s 
costs and profits under the revised price regulation 
scheme”. This dark statement of intent drew some 
murmurs from the medical journals, doubtless con- 
templating their advertising revenues, 

Yet another factor in the present very complex 
situation is the 1968 Health Services and Public Health 
Act, section 59 of which stipulates that the pharma- 
ceutical duties of the NHS should be “services of the 
Crown”, thereby enabling the Government to make or 
use any prescribed patented medicine for these services 
regardless of the patentee’s rights. The annual report 
describes section 59 as “hasty, unnecessary, and badly 
argued”, a “discouraging experience” coming as it did 
in the midst. of negotiations for a new Voluntary Price 
Regulation Scheme. As if this were not trouble enough, 
Hong Kong enacted legislation last year enabling the 
government to override patentee’s rights, and Nigeria 
has now followed suit. The annual report expresses 
some anxiety for the future of British drug exports 
if such legislation turns out to be infectious. 

Away from the tangled skein of international com- 
merce, the annual report has some solid scientific 
progress to describe. Collaboration between a British 
laboratory and a Swiss company has led to the market- 
ing of preparations containing a new antibacterial 
trimethoprim and sulphamethoxazole, a relative of 
sulphonamide. The mixture looks promising for the 
treatment of chronic bronchitis. Another innovation 
in the eastern Atlantic is measles vaccine, which should 
practically eliminate this childhood infection. 





ZOOLOGY 


Strange Sounds in Kensington 


ASSISTED by off-stage noises which included a belching 
elephant seal, a giant toad in mating cry, a song duet 
between a blackbird and a robin, and the song of a 
wren played at slow speed, the British Library of 
Wildlife Sounds (BLOWS) was opened recently by 
Mr David Attenborough, who is himself a recordist of 
some repute. BLOWS has developed, with the assis- 
tance of Mr Jeffery Boswall of the BBC Natural History 
Unit and Mr Patrick Sellar, as an offshoot of the British 
Institute of Recorded Sound, which was set up in 1955 
todofor recorded sound whatthe British Museum library 
does for books and the National Film Archive for films. 
The library is in Exhibition Road, London, and aims 
to be the national reference collection of wildlife 
sounds of all descriptions—-not just birds. Used in 
conjunction with other biological reference collections, 
BLOWS should have an important part to play in 
research into animal behaviour, taxonomy and evolu- 
tion, and those people who listen to bird songs for 
aesthetic reasons only will not be forgotten either. 
The library’s target. is 10,000 recordings (disk or tape) 
of 2,500 species of animal m five years. and Mr Atten- 
borough appealed for copies of commercial gramophone 
records, particularly disks out of print, and for copies 
of properly documented tape recordings of any animal 
sound made by either professional or amateur tape 
recordists. The collection already has most of the 
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BBC collection of natural history recordings and the 
BBC has also presented the complete collection of 

original recordings made by Ludwig Koch. Disks and 
tapes are welcome from any source, but the library is 
‘particularly keen to receive tape recordings made in 
Britain and western Europe, and it is assuming 
responsibility for wildlife sounds made in the Antarctic 
now that it has been presented with a large collection 
made by Dr Lancelot Tickell on South Georgia. 

As is the case with the national collection of sound 
recordings, BLOWS will not lend or allow the copying 
of commercial or BBC disks of wildlife sounds, but 
tapes will normally be available for loan, and any item 
can be heard in the institute's premises, 








ARCHITECTURE 








Parr of the large new extension to the Borough 
Polytechnic in London showing some of the labora- 
tories. On the right is a corner of the Division of 
Metal Science. The new buildings, formally opened. 
on July 9 by the Duke of Edinburgh and designed 
by Norman and Dawbarn, provide a further 145,000 
square feet of accommodation for the polytechnic 
which—with the College of Heating, Ventilating, 
Refrigeration and Fan Engineering, the Brixton 
School of Building and the City of Westminster 
College—is destined to become the Polytechnic of the 
South Bank. The new extension completely rehouses 
the departments of electrical and electronic engi ing 
metal science, social studies and humanities; H 
provides space for the expansion of several other 
departments: and it also houses the dining halls for 
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the whole polytechnic. The final cost of the buildings 
is about £1-5 million, to which sum ean be added a 


further £1 million for equipment and for the adapta- ‘ 


tions to the old buildings. 


PHYSICAL: SOCIETY 


Rationalization Year 

t tion Y 

_Prysrorsts are still not gregarious, it appears. Although 
membership of the Institute of Physies and the Physical 
Society rose by about a thousand during 1968, the 
total membership of just over 14,000 represents only 
about half the qualified physicists in Britain. A 
part of the reason may be that physicists who qualify 
by means of university degrees lack the incentives 
for membership which engineering institutions have 
until recently enjoyed. 

The [PPS has nevertheless made useful progress 
during the past year. It was active in helping to 
establish the | Kuropean Physical Society in 1968, and 
has been collaborating with the institutes of mathe- 
matics and of electrical and electronic engineering on 
meetings. The proliferation in physics journals is a 
subject that has been taken to heart by the European 
Physical Society and, although the IPPS is making 
its own efforts to increase the circulation of its journals 
in the United States, a rationalization of physics 
journals in Europe is recognized as a high priority. 

An extraordinary meeting of the IPPS was held in 
November 1968 to consider the proposal to apply for 
a Royal Charter. Although the general proposition 
was approved, some of the details encountered strong 
opposition and the IPPS will be holding a further 
extraordinary meeting at the end of this month to 
settle these points before submitting a petition to the 
Privy Council. 

The IPPS can feel cheerful at the success of its 
various exhibitions in 1968. The Physics Exhibition 
seems to grow in popularity year by year, and the 
Physics at “Work Exhibition—a new venture aimed at 
the 13-14 year age group—captured sufficient en- 
thusiasm from both school teachers and pupils to 
warrant installing it as an annual event. Another new 
activity, the seminar for industrial physicists, will also 
probably become a regular feature of the IPPS 
calendar. 


MEDICINE 


Thin Future for Lasers 


Puysicists and doctors meeting in London last week 
to discuss the applications of lasers in medicine found 
common ground in emphasizing the need to look more 
carefully at the interaction of laser light with biological 
tissues before lasers will be much used in treatment or 
diagnosis. The chief uses of lasers seem to be in oph- 
thalmology, where they are now almost accepted as 
tools to treat particular diseases of the retina, and in 
surgery where they can. be used for incising or destroying 
tissue. One problem is that the instrumentation is 
still primitive and it is difficult to interest laser manu- 
facturers in this field, while many surgeons are unwilling 
to try the techniques until suitable instruments have 
been developed. The idea behind last week’s conference, 
organized by the Institute of Physics, the Royal Society 
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of Medicine, the Ophthalmological Society of the 
United Kingdom, the Biological Engineering Society 
and the Hospital Physicists “Association, was to bring 
physicists and clinicians together to discuss these 
problems. 

Intense light sources are used in ophthalmology to 
treat conditions such as de ‘tached retina by forming a 
scar joining the retina to the adjacent t choroid laver; 
the advantage of using lasers is that they can be 
precisely focused and require much shorter exposure 
times than more conventional | light sources so that 
anaesthesia is not necessary and the patient can he 
in the direction required by the surgeon. The only 
laser based medical instrument which has so far been 
commercially developed is the laser ophthalmoscope, 
and three of these, developed by the French Temkine 
& Cie, Siemens (UK) and the International Research 
and Development Co. Ltd, were displayed at the 
exhibition associated with the conference. They are 
hand-held ophthalmoscopes with a ruby laser built 
into the handle. 

Lasers for surgical applications are still in the experi- 
mental stage, but the attractive features here are 
precision and the fact that high power focused beams 
can cut through tissue, sealing off most of the blood 
vessels as they go. The continuous wave CQ, laser is 
the most convenient to use, but pulsed ruby, neo- 
dymium or argon systems are also effective. The 
problem with these high power systems is to make 
accurate measurements of the energy densities received, 
and Dr L. Goldman from the University of Cincinnati 
complained that investigators often spend more 
money, time and effort on calibration than on the laser 
system itself. It seems possible that lasers will be used 
to cut out or burn out certain tumours, and the most 








A temporal detachment of the retina associated with a retinal 
dialysis effectively limited by multiple laser applications. 


Left, normal retina; right, blurred area of detachment: 

centre, line of laser applications sealing off detachment. 

(Photo by courtesy of the International Research & Develop- 
ment Co. Ltd.) 


NATURE, VOL. 223, JULY 12, 1969 


encouraging results so far have been with accessible 
small melanomas, which are highly malignant and 
often difficult to remove surgically, but skin defects 
such as “portwine” birthmarks and some tattoos 
absorb light readily and have been treated effectively. 
The surgeons’ main worry about. using lasers as scalpels 
is that the skin does not heal well. There is still no 
evidence that laser radiation has carcinogenic effects, 
although a group at Tulane University has found that 
the growth rate of human melanoma cells is increased 
by low doses of laser radiation. 


PLANNING 


No More Sports Centre 


Tue Minister of Housing and Local Government. 
Mr Anthony Greenwood, has refused planning per- 
mission for a 1,000-acre holiday sports centre in the 
Eden Valley near Appleby, Westmorland (see Nature, 
222 317: 1969). The scheme, which had the support 
of the Westmorland County Council, the North West- 
morland Rural Council and Appleby Borough Council, 
included plans for an artificial lake, swimming pools, a 
skating rink, halls for indoor entertainment, hotels, a 
motel and shops at Flakebridge about one mile north- 
east of Appleby: and artificial ski slopes and a ski lift 
on Murton Pike. The total cost would have been about 
£2-75 million. Objectors to the scheme included. the 
Friends of the Lake District, the Council for the 
Preservation of Rural England and other amenity 
organizations, and farmers and holders of common 
grazing rights. At the public inquiry last December it 
was stated that the scheme would spoil one of the few 
still completely undeveloped parts of rural England and 
that it would harm agricultural interests without any 
compensating benefit to the locality. The minister 
has turned down the application in a way which will 
make it hard for similar proposals for the same 
area to get very far. 


CONSERVATION 


New Head Keeper 


Mr Rogert Boore, deputy director (conservation and 
management) of the Nature Conservancy, has been 
appointed chairman of the Council of Europe Com- 
mittee for the Conservation of Nature and Natural 
Resources. One of the responsibilities of the committee 
is the preparation and organization of European Con- 
servation Year 1970, in which twenty-one nations are 
taking part. The principal event will be a European 
Conservation Conference at Strasbourg from February 
9-13, 1970. The participants will prepare a “European 
Conservation Declaration’? which will be distributed 
throughout Europe. Mr Boote is also secretary to the 
standing committee of the “Countryside in 1970”, 
which is the official UK organizer of ECY 1970. 


Parliament in Britain 


Inter-University Council 

Tux Inter-University Council for Higher Education was 
originally established by British universities to advise 
and assist development of higher education in the then 
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colonies. Now, at the invitation of Mr R. Prentice, 
Minister of Overseas Development, it has assumed 
responsibility for all current British arrangements for 
providing aid to universities in the developing countries 
except those in the Indian sub-continent and some 
Latin American countries. The council will be the 
Government’s main source of advice for initiatives in 
aid projects to overseas universities. (Written, answer, 
June 30.) 


Fulbright Awards Cut # yt 

Miss Jexnxre Ler, of the Department of Education and 
Science, said that under the terms of the agreement 
between Britain and the United Statés, the ratio of 
British and American contributions to the Fulbright 
Commission’s funds is 1 to 4. The British contribution 
had therefore been cut, in line with the cut in American 
funds announced last autumn. (Written answer, 
June 30.) 


Abortion 

Tr takes little to become the world’s abortion. capital, 
as British newspapers enjoy describing London. 
Mr R. Crossman said that in the three months March to 
May 1969, only 7 per cent of all abortions and 17-5 per 
cent of all private abortions were performed on foreign 
women. The anomalous situation in which it is harder 
to obtain an abortion in Birmingham than in London 
or Manchester is underlined by the figures for abortions 
notified up to the end of 1968. Of Birmingham women 
who had abortions, 37-8 per cent travelled to private 
clinics in London whereas only 12-5 per cent of Man- 
chester women did this. The total numbers of abor- 
tions on citizens of the two cities were 1,455 and 1,433 
respectively. (Written answer, June 30.) 





Government Research 

Mrs Saretey Wiraziams, replying for the Ministry of 
Technology, said that the gross expenditure on basic 
research within government establishments in 1966-67 
was £34,700,000; the corresponding figure for applied 
research was £62,598,000. Mrs Williams also gave a 
breakdown of expenditure between civil and defence 
work and within and outside the establishments. 





Table 1. 
AND DEVELOPMENT, 1966-67 (£ MILLION) 


GOVERNMENT EXPENDITURE ON RESEARCH 


Government  Non-govern- 
establishments ment sector Total 
Defence 86-7 183-0 260-6 
Civil 118-3 146-2 IBAE 
Total 205-0 3 








Sea-bed Reserve 

Lorp Cuatront said that there were at present no 
plans to create nature reserves on suitable parts of the 
sea-bed. NERC, advised by its Nature Conservancy 
and Oceanography and Fisheries Committees, is 
apparently considering the idea. (Oral answer, July 2.) 





Ancient Monuments 

Mr Joux Sxi, Minister of Public Building and 
Works, told the House that 329 of the 408 ancient 
monuments that had been recommended for scheduling 
in 1968 had now been scheduled. All the sites in 
private hands had been scheduled. The 79 that still have 
to be scheduled are Crown property and scheduling is 
not legally binding on the Crown although the authori- 
ties concerned had been notified and they will shortly 
be scheduled. (Written answer, July 4.} 
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Lunar Timetable 


OF the five landing sites in the equatorial region of 
the Moon which have been chosen as smooth enough 
for a manned landing, three are in the running for the 
Apollo 11 mission. What governs the choice of site is 
the angle of elevation of the Sun at the time of landing, 
and if launch goes ahead as planned on July 16, the 
landing will be at site 2 in Mare Tranquillitatis. On 
July 16, the launch window is from 9.32 to 13.54 
Eastern Daylight Time. But if the launch has to be 
postponed, then the landing could be at site 3 in 
Sinus Medii with a launch between 11.32 and 14.02 on 
July 18, or at site 5 in Oceanus Procellarum with a 
launch between 12.04 and 14.39 on July 21. Ifa serious 
delay crops up, then similar groups of launch dates are 
available in August and in September. 

In essence, the flight plan for Apollo 11 follows that 
for Apollo 10, but with the lunar landing occupying 
the time which the Apollo 10 crew spent on landmark 
tracking and lunar photography and with an extra 
orbit of the Moon fitted in so that the crucial landing 
sequence can be monitored with the 210-foot dish 
aerials at Goldstone, California, and at Parkes, Aus- 
tralia. After launch from complex 39-A at Cape Ken- 
nedy, Apollo 11 will be placed in a 100 nautical mile 
parking orbit while the spacecraft is checked. (As 
befits voyages of exploration, NASA describes its flight 
plans in nautical miles.) Assuming launch at the earliest 
opportunity at 9.32 (EDT) on July 16, the Apollo 
command and service modules, still attached to the 
Saturn IV-B stage containing the lunar module, will 
be fired onto a course for the Moon at 12.16 (2 hours 
and 44 minutes after launch). Then, as usual, the 
command and service modules separate from the Saturn 
IV-B, turn through 180°, dock with the lunar module in 
the Saturn IV-B, and withdraw it from its casing. 
When the complete Apollo 11 unit is at a comfortable 
distance, the empty Saturn IV-B stage is fired out of 
the way into a solar orbit. The coast to the Moon lasts 
73 hours 10 minutes, and on July 19 at 13.20 Apollo 
11 will be injected into an elliptical lunar orbit, 60 
nautical miles by 170 nautical miles. Three and a 
quarter hours later this will be changed into a 60 mile 
circular orbit, and the business of checking out the 
lunar module begins. The first stage in the landing 
sequence is to propel the lunar module so that it falls 
below and ahead of the command module (because, in 
a lower orbit, the spacecraft speeds up). 

At an altitude of 50,000 feet and at a horizontal 
distance from the landing site of 260 nautical miles, 
the descent engine is fired to brake the speed of the 
lunar module from 1 mile per second so that it falls 
behind the orbiting command module. At an altitude 
of 7,600 feet, a horizontal range of 26,000 feet, and 
a speed of 60 miles per hour, the lunar module is at 
a position which NASA terminology calls the hi-gate. 
When it enters the hi-gate the axis of the lunar module 
is horizontal with respect to the lunar surface—the 
position it was in when it separated from the command 
module-—heneeforth its attitude is gradually changed 
to the vertical for the landing sequence. From the 
hi-gate onwards the crew will be checking the condi- 
tion of the landing site through the windows of the 
module. At 500 feet and a horizontal range of 2,000 
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feet (the lo-gate), the module is almost vertical, and 
from then on the landing sequence is semi-automatic. 
At touchdown the lunar module will be 240 miles 
behind the command module, and 4 days, 6 hours and 
51 minutes out from the Earth. 

The lunar module is to be on the Moon for 21 hours 
27 minutes, with the crew spending something like 
2 hours 40 minutes outside. The plan is for Armstrong 
to be the first to leave, climbing backwards down the 
ladder attached to one of the four legs of the module. 
On the second rung he is to deploy a fixed television 
camera on the module to record his first steps. In 
fact, Armstrong's left foot will be the first to test the 
consistency of the surface material, while his right rests 
in the dish-shaped footpad of the module. The first 
5 minutes on the surface will be spent in acclimatiza- 
tion to the new environment (standing on one foot to 
check his balance, and so on) and in grabbing about 
two pounds of lunar soil in case the stay on the surface 
has to be cut short. Then Armstrong will take a 
television camera to record Aldrin’s exit from the 
module, eventually setting up the camera 30 feet from 
the module to record their activities, At this point, if 
the strength of the signal being picked up at the 
Parkes dish is found not to be adequate for good 
pictures, an S-band aerial will be erected. Meanwhile 
Aldrin will be setting up a foil screen to collect particles 
in the solar wind, and moving about on the surface to 
see how well his spacesuit stands up to lunar con- 
ditions. 

Together, the two astronauts are to inspect the 
condition of the lunar module, and remove the 
package of scientific instruments stowed away in the 
lower half of the module. Here Aldrin will be doing the 
lion’s share of the work to give Armstrong, who will 
have been out for 25 minutes longer, some rest. The 
instruments are a laser reflector, and a package of 
seismic equipment, to be deployed well clear of the 
area which will receive the blast from the ascent 
engine (roughly 70 feet away). Then the business of 
collecting interesting-looking pieces of rock begins, with 
Aldrin picking up the items and Armstrong holding 
open the sample bags. Two cores going down to a 
depth of about a foot will also be collected. After 
about 2-5 hours, Aldrin will be the first to re-enter the 
lunar module, and Armstrong will pass the samples 
up to him along a conveyor belt. 

The lower half of the lunar module then acts as a 
launching pad for the ascent stage. First the ascent 
stage climbs vertically for 14 seconds to a speed 
of 60 miles per hour, then tips over to an angle of 52° 
and a further firing of 7-25 minutes to orbital velocity. 
The ascent stage is then in a 12 mile by 45 mile elliptical 
orbit which is changed into a circular orbit of 45 
miles, 15 miles below the command module. A final 
rendezvous firing brings the two spacecraft together, 
5 days and 8 hours out from the Earth. The mission 
then follows the Apollo 10 mission, with injection into 
a trajectory for the Earth after 59-5 hours in lunar 
orbit. Flight time to the Earth is also roughly 59-5 
hours, and splashdown is to be in the Pacific just over 
eight days after launch, depending on which landing 
site is chosen. 
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Testing the Lunar Surface 


from our Astronomy Correspondent 


Wuen astronaut Neil Armstrong sets foot on the Moon 
next week (and planning has reached such a pitch that 
NASA engineers have decided that Armstrong’s left 
foot should be the first to make contact), the United 
States will have spent a large part of its $36-4 thousand 
million space budget since 1959 on making sure that 
the lunar surface is strong enough to bear his weight. 
For in the early 1950s, scientists interested in the Moon, 
then a parochial backwater off the mainstream of 
astronomy, were hotly debating whether a spacecraft 
landing on the Moon would flounder hopelessly in an 
intractable sea of dust. Chief proponent of the dust 
hypothesis was Professor T. Gold, in those days at the 
Royal Greenwich Observatory, who considered that a 
dust layer might explain the appearance of some of the 
eraters (for example, Mon. Not. R. Astron. Soc., 155, 
585: 1955). Even as late as 1965, Professor Gold was 
able to say of the Ranger spacecraft which provided 
close-ups of the Moon: “they cannot tell us whether 
it is material we can walk on, or something we would 
wallow in” (The Nature of the Lunar Surface, Proc. 1965 
IAU-NASA Symp., 107). But although many astrono- 
mers doubted that the lunar surface was as soft as Gold 
suggested, NASA had to make sure, and between 1966 
and 1968, seven Surveyor softlanders were launched 
which among other things tested the surface strength. 
Fortunately for the Apollo project, none of them dis- 
appeared in a layer of dust, and the last of the results 
which the five successful Surveyors radioed back are 
now being analysed. 

Yet, leaving out the measurements on the strength of 
the lunar surface, the Surveyor data resemble those 
from the Rangers in the sense that data are being used 
by opposing sides in a controversy, this time about the 
mineralogical make-up of the surface layers. The 
Ranger photographs, on the other hand, were expected 
to settle the question whether the lunar surface was 
shaped primarily by meteoritic impact or by volcanic 
activity. But after three successful Ranger shots out 
of seven, the question is still open. The chances are that 
the long-awaited samples which Armstrong and Aldrin 
will bring back will not provide an unambiguous potted 
history of the Moon either, and selenologists will have 
to piece together the results from several expeditions 
before a coherent picture emerges. This is particularly 
so because the first samples will be collected from within 
about 100 feet of the lunar module, and may well be 
affected by the rocket exhaust. 

What will the surface be like? An armoury of 
instruments carried by the Surveyors has prepared the 
astronauts for what to expect. The chief items were a 
television camera to photograph the lunar terrain, and 
to see how far the footpads had sunk into the surface, 
aretractable scoop to test the consistency of the material, 
and a capsule of curium-242 as a source of alpha 
particles to probe the chemical composition of the 
surface. As a bonus, some of the Surveyors had colour 
filters which could be switched in front of the camera 
lens so that colour pictures of the surface could be 
built up, showing the grey-brown material which the 
Apollo 8 and 10 astronauts described. A summary of 
the Surveyor results has been published by Leonard 
D. Jaffe, manager of Surveyor data analysis at the Jet 


Propulsion Laboratory of Caltech (Science, 164, 775; 
1969). By looking at the depressions produced by the 
footpads, and by imprints on the surface made by the 
retractable scoop under instructions from the Earth, 
the static bearing strength is estimated as 0-1 newton 
em? at a depth of 1 mm, and 5 newtons cm? at a depth 
of 5 em. The television photographs show the surface 
as disappointingly like terrestrial soil—a matrix of bulk 
density 1-5 g cm” made up of slightly cohesive particles 
generally Jess than 1 mm across, but with larger clods 
of particles and some more solid-looking boulders inter- 
mixed. Estimates of the porosity are between 40 and 50 
per cent. Because the soil took an impression of a 
pattern of ridges only 50-70 microns deep on the bottom 
of a footpad, an appreciable component of the soil must 
be finer than 60 microns, and one estimate of the peak 
of the mass distribution is 10 microns. From the 
appearance of craters photographed by Surveyor, the 
granular matrix extends to a depth which varies be- 
tween l and 20 metres. At greater depths the material 
seems to be stronger, but may still be a matrix of small 
particles—some of the rocks ejected from the prominent 
crater Tycho look porous, for example. The cohesion 
of the surface material was tested using the spacecraft 
engines to disturb the surface, and with the retractable 
scoop. Trenches dug by the scoop, for example, to 
depths up to 18 cm, had sharp vertical walls which did 
not collapse. And Jaffe reports that in general the 
material did not stick to the spacecraft, except when 
rubbed against spacecraft surfaces by the scoop. 

But the important clues to the composition of the 
surface material come from the curium-242 and from 
magnets clipped to the footpads and photographed with 
the television camera. By measuring the energy 
spectrum of the alpha particles from the curium source 
which had been reflected back from the top 25 mierons 
of the surface, a rough chemical analysis was produced. 
Three Surveyors carried this facility, and the dogma 
of the Surveyor team is that in each case the composi- 
tion corresponds to basalt. Yet Dr Gilvarry of the 
RAND Corporation claims that the chemical analyses 
for the maria regions at least also fit the compositions 
of shales and sandstones, a possibility which the 
Surveyor team seems to have ignored, and that shale 
gives a better fit than basalt. Dr Gilvarry therefore 
argues that the Surveyor results agree with his hypo- 
thesis that the maria are dried up oceans, and that their 
dark coloration is due to decayed organic matter 
(Nature, 218, 336; 1968). On the other hand, Dr J. 
Negus de Wys of JPL reports that the amount of 
material adhering to the magnet fixed on a footpad of 
Surveyor 5 was consistent with a landing in powdered 
basalt. with no addition of powdered iron (J. Geophys. 
Res., 78, 7193; 1968). This is one question at least 
which next week's landing should solve. 

Of the five successful Surveyors, four investigated 
possible landing sites in mare areas within 3° of the 
lunar equator while as a bonus the fifth, Surveyor 7, was 
landed on the flank of the crater Tycho in the southern 
hemisphere highlands. But the results which most 
concern Armstrong and Aldrin are from Surveyor 5 
which was aimed at the corner of Mare Tranquillitatis 
where next week’s landing will be. The Surveyor 5 
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results, summarized in a series of papers in J. Geophys. 
Res. (73, 7161; 1968), provide scant information about 
the roughness of the area because the spacecraft 
landed in a small crater about 12 m across. But Mr 
D. E. Gault, who heads the planetology branch of the 


Brazil 


ALTHOUGH there have been no further dismissals of 
Brazilian academics since the publication of two lists 
of people on April 21 and April 30, there has so far 
been no relaxation of the government's pressure on 
the universities, The result is that many academics 
are moving abroad-—the government of Brazil appears 
to have placed no obstacles in the way of doing so— 
and it is known, for example, that five of the twenty- 
three sacked from São Paulo University on April 23, 

and “deprived of their political rights” for ten years, 
have since left the country. 

A statement of some of the current problems in 
Brazilian universities, prepared by a group of science 
professors there, has now reached the Nature office. 
One immediate consequence of the sacking of the sixty- 
three professors in April has been to unsettle those 
unaffected by the decree, with the result that many of 
those still holding positions in Brazil hope soon to 
move elsewhere. The view here is that there seems no 
immediate prospect that the statutes which have made 
the repression of the universities possible will be 
amended in the near future although it does seem 
possible that external pressure may soften the rigour 
with which the statutes are applied. In this sense, the 
visit of Governor Rockefeller to Brazil two weeks ago 
is reckoned by some to have been helpful in limiting 
sackings from the universities. 

A more serious problem than the sacking of univer- 
sity teachers may be the effect of the legislation on 
students. It is known that a number of students were 
expelled from the University of Rio de Janeiro on 
June 21, under the provisions of Decree 477. The 
statement by the group of Brazilian academics points 
out that although university teachers may often be 
able to move abroad, students who are expelled from 
universities for political reasons will be unable to 
complete their training. One of the suggestions put 
forward is that there should be a scheme for providing 
students expelled from Brazilian universities with 
scholarships to enable them to complete their courses 
elsewhere, but even if there were funds for handling 
such a problem, the lack of information about the 
dismissal of students is an impediment to effective 
international remedial action. 

The root of the legislation under which the govern- 
ment of Brazil has moved against the universities is 
Institutional Act No. 5 of December 13, 1968. This 
allows the president of the republic to dismiss the 
congress and govern by decree. This same legislation 
introduced a new penalty of the “suspension of 
political rights” and a number of new offences. One 
of the articles of this act which affects universities 
directly is the definition as subversive propaganda of 
the incitement to action of “persons in their working 
place or in schools” as well as the holding of “assem- 
blies, public meetings and public demonstrations”. 

The mechanism for dealing with university discipline 
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Ames Research Center, is reported as saying that. 
Surveyors 1 and 3 in Oceanus Procellarum showed the 
lunar surface to be more strewn with debris than ex- 
pected from the Ranger photographs. Clearly, Neil 
Armstrong is going to need all his skill as a pilot. 


is defined by a decree (No. 477) of February 26, 1969. 
This lays down that it is an offence to paralyse the 
activities of a school, to plot against educational insti- 
tutions of all kinds, to organize or participate in 
picketings and parades, to distribute or even to have 
subversive material, to kidnap the director of an 
institution or his teaching staff and to use the property 
of a school for subversive or immoral purposes. The 
decree lays down that faculty members convicted 
under this decree will be dismissed and prevented from 
teaching for five years. For students, the penalty is 
expulsion with a restriction on attending another 
institution for three years. Domestic scholarship 
holders are deprived of their scholarships and foreign 
scholarship holders are required to leave the country. 

Responsibility for the administration of university 
discipline rests with the director of the institution 
concerned, who can be required to take action by the 
Ministry of Education and Culture or by “any other 
authority or person”. Persons convicted under the 
provisions of the decree are punished automatically. 
If the director of an institution or the deputy appointed 
for the purpose fails to find an alleged transgressor 
guilty, the case must automatically be appealed to the 
Ministr y of Education. 

As yet, there is very little numerical information 
about the application of these decrees, although it is 
known that students have been expelled from Brasilia 
and Rio de Janeiro. One of the difficulties is that the 
confidential instructions on press censorship which 
came into force on June 10 this year specifically forbid 
the publication of news about “comments, interviews, 
statements of any person concerning student unions 
dissolved by the government or concerning extra- 
curricular political activities, protests, manifestations, 
conflicts with teachers or with authorities”. Among the 
academics recently sacked are three people who had 
returned to Brazil at the end of last year, at a time 
when the government seemed to be anxious to bring 
people back. These include Sebastiao B., Henriques 
and his wife Olga, both biologists, who had just 
returned from the Soviet Union, and L. H. Pereira 
da Silva who had spent the past academic vear at the 
Institut Pasteur in Paris. 

Further information about academic posts which 
may be suitable for some of those affected by the 
decrees in Brazil may be sent to the Nature office. 
There follows a more complete list than that published 
on June 7 of the scientists affected. 

Professors M. Schemberg, J. Leite Lopes, M. L. M. 
Leite Lopes, J. Tiomno, E. F. Pessoa, 8. B. Henriques, 
O. B. Henriques, L. H. Pereira da Silva, J. C. Cardoso, 
A. A. L. Zamith, F. Fernandes, Isaias Raw, F. H. 
Cardoso, M. L. Bastos, ©. Ianni, P. Singer, P. C. Padis, 
M. Y. L. Linhares, M. 8. P. de Vasconcelos, A. Carvalho 
da Silva, H. L. de Oliveira, J. B. V. N. Artigas, 
Q. Campofiorito. 
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NEWS AND VIEWS 


Hybrid Cell Genetics 


Ever since the discovery of the technique of cell 
hybridization, the production at will of bybrid cells 
by inducing somatic cells of the same or different 
species to fuse in pairs has promised to be a most 
useful technique for mapping somatic chromosomes, 
for example, assigning a gene to a particular chromo- 
some in the human set. Now Professor Henry Harris 
and two American colleagues, Professors E. Engel and 
B. J. McGee of Vanderbilt University, have shown that 
somatic cell hybrids undergo recombination and segre- 
gation which is the formal equivalent to the reeombina- 
tion and segregation that occurs at meiosis. This 
experiment (see page 152 of this issue) is something 
somatic geneticists have been waiting for; it should 
give added stimulus to the cytogeneticists who are 
trying to map human chromosomes using hybrid cells. 

Professor Harris and his colleagues used two mutant 
strains of a line of mouse cells which have been main- 
tained in tissue culture for thousands of generations. 
Each mutant strain suffers from an enzymatic defect, 
which means it cannot synthesize an enzyme. and is 
therefore dependent on an external supply of metabol- 
ites essential for growth. Hybrid cells produced by 
fusing these two mutant strains in pairs are, of course, 
capable of multiplying in the absence of an external 
supply of the two metabolites because cach partner in 
the hybrid contributes the enzyme that the other 
lacks. But the hybrids with double the chromosome 
complements of the parental normal diploid cells are 
unstable. In particular, they tend to shed some of 
their extra chromosomes when they are cultured for 
long periods. 

The reason for this tendency of hybrids to segregate 
from the tetraploid hybrid chromosome complement 
towards the diploid complement of the parents is 
obscure. The most likely explanation seems to be that 
the diploid complement has evolved as the best 
adapted for any cell, and redundant genetic material 
which offers no selective advantage is therefore elimin- 
ated. But, whatever the reason, the process of segrega- 
tion can be exploited for somatic cell genetics. 

Engel, MeGee and Harris, for example, have shown 
that when hybrids of the two mutant mouse cell 
strains are cultured for a year or more, the proportion 
of segregants with less than the tetraploid chromosome 
set of the initial hybrids increases and eventually 
segregant cells with chromosome complements virtually 
identical to one of the parental cells emerge. What is 
more, these segregants are able to grow without sup- 
plies of either of the metabolites required by the 
parental cells. In other words, the chromosome sets 
of the hybrids have not only segregated back to that 
of a parent but there has also been recombination 
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between the two sets of chromosomes in the hybrid, 
eliminating the enzymatic defects carried on the 
chromosomes of the parents. It still remains to be 
seen precisely how this recombination takes place, 
but there are two obvious alternatives. Either the 
complete defective chromosome of one parental set is 
replaced by its normal counterpart from the other, or 
the recombination may involve some exchange between 
chromosomes of only that part of the DNA which 
specifies the particular defective enzyme. 

This sort of experimental approach can easily be 
adapted for mapping human chromosomes by, for 
example, fusing defective human cells with normal 
human or animal cells and correlating the loss of a 
particular chromosome with the loss of a defect or, 
conversely, the retention of a particular chromosome 
with the persistence of a defect of metabolism. These 
alternative states can be selected for by either adding 
or omitting the metabolites concerned from the culture. 








PAEDIATRIC RESEARCH 


Trouble with Chromosomes 


Tue recent legal decision that charity football matehes, 
such as that run in aid of the Spastics Society, will have 
to pay tax will reduce the society's resources for sup- 
porting research by £900,000 a year. But there is no 
immediate threat to the work on the developmental 
problems of childhood in progress at the Paediatric 
Research Unit at Guy’s Hospital, London. The society 
guaranteed a £2 million grant when the unit was set 
up in 1960. 

When the unit’s work was on show on July 3, during 

Spastics Week, Dr R. MacKeith said that if present 
naw ledge was applied in antenatal care, obstetrical 
practice ‘and care of the newborn, perhaps a quarter or a 
third of cases of cerebral palsy could be prevented. The 
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Fig. 2. The chromosomes of a mongol carrying the trans- 
location described in the text, 


brain damage that causes cerebral palsy——the charac- 
teristic inability of spastics to control posture and 
movement-—-may be present at conception, or it may 
develop during gestation, at birth or shortly after 
birth. Cerebral “pals sy is often associated with very 
fragile premature babies, and it is sometimes caused by 
road accidents or diseases such as measles. There is 
consequently PN scope for prevention by improving 
standards of care before and after birth. 

Much of the unit's work, however, is concerned with 
prenatal development. In a biochemical study of 
thirty families with mentally retarded children, Dr 
Philip Benson found previously unknown types of 
metabolic defect in four families. In cases of metabolic 
defect, the brain is usually normal at birth because the 
mother’s metabolism has kept it healthy. Brain damage 
and mental subnormality consequent on the metabolic 
defect only develop after birth. And so it is theoreti- 
cally possible that if affected children were diagnosed 
at birth immediate treatment might arrest the develop- 

ment of brain damage and mental subnormality. 

Dr Benson is also trying to discover the effects of the 
extra chromosome 21 in mongols (Fig. 1). Using radio- 
active media to culture cells from mongol children, he 
has found so far that these cells manufacture RNA 
more rapidly than those from normal children. 

Most. mongols have an extra chromosome 21 as in 
Fig. 1, but some have a more complex chromosomal 
make-up involving a translocation such as that shown 
in Fig. 2. A chromosome 21 becomes attached to 
another chromosome (it could be a 22 or another 21) to 
give the large abnormal obromocanic 21/22 (or 21/21). 
If a translocation of this sort is carried by an ostensibly 
normal mother, there is a ten to fifteen per cent risk 
that she will produce a mongol child. If the father 
carries the translocation there is less than a two per cent 
risk that his offspring will be mongoloid. 

It is possible to deteet abnormal chromosomes 
before birth by culturing cells from samples of amniotic 
fluid. At the moment this is not a general service, but 
Professor P. E. Polani, director of the unit, said that 
it could be useful for diagnosing chromosomal disorders 
in mothers who have previously produced affected 
children. His team is trying to reduce the time taken 
for this sort of screening: at the moment it takes three 
to four weeks to obtain results after taking the fluid, 
and the best time for this is at about three months of 
pregnancy. 
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Professor Polani and Dr Mary Seller have recently 
cured genetic anaemia in mice by injecting them with 
liver cells from normal animals. The anaemic mice 
could not adequately produce red blood cells in their 
livers, and so they were given some normal liver cells 
together with antilymphocytic serum to prevent 
rejection. The mice were cured, and this sort of trans- 
plant is now being considered as a treatment for 
certain types of hereditary anaemia in humans. 


NUTRITION 


Valuable Plant Breeding 


from a Correspondent 
THE complexity of problems facing scientists before 
man can be adequately fed was the dominating 
impression of the meeting of the Nutrition Society 
held at Cambridge on June 26 and 27. 

K. L. Blaxter (Rowett Research Institute) was 
impressed by the way the predictions of plant breeders 
had been fulfilled, citing the exploitation of the high 
globulin gene from ‘Opaque- 2’ maize. He rejected, 
however, the appeal from Professor V. A. Johnson 
(Lincoln, Nebraska) for more precise guide lines for 
breeders, regarding some “fuzziness” as essential. 
Effort might have been expended on developing 
maize with increased vitamin A content, but, as 
K. J. Carpenter (University of Cambridge) pointed 
out, pellagra can be allayed not only by nicotinic 
acid but by tryptophan and this is supplied by 
‘Opaque-2’. It is sometimes easier to supply vitamins 
artificially, but additives are not the answer where 
people do not eat processed foods. Nor is it possible 
in such environments to improve the nutritional 
value of crops by foliar sprays, as B. F. Folkes 
(University of East Anglia) suggested. 

Circumstances aggravating the acute dietary shortage 
of protein in developing countries were elaborated 
by R. Mossberg (Weibullsholm, Sweden). Progress 
in plant breeding must be accompanied by improve- 
ments in animal production, food handling and storage 
as well as in processing and culinary science. Potential 
expansion of many tropical food crops was demon- 
strated by W. R. Stanton (Tropical Products 
Institute, London), but he stressed that an introduced 
crop must be accompanied by its processing culture. 
The indigestibility of raw soybean is no problem in 
the East where complex preparative treatments are 
used, but it is a different story in Africa. With crops 
such as cassava, processing is necessary to eliminate 
antinutritional compounds, as Professor I. E. Liener 
(Minnesota) described. The widespread occurrence 
of proteinaceous, glycosidic and other factors which 
have serious effects on domestic animals and man. is 
alarming, but there are good reasons to suppose 
that selection could be effective in reducing the con- 
centration of toxins in plants. The need for evaluation 
of new foods to complement the use of laboratory 
animals was emphasized by considerations of BAPN, 
the osteolathyrogen from sweet peas which affects 
collagen in rats but not man, and of fabism, typified 
by haemolytic anaemia in some isolated groups of 
humans, which cannot be reproduced in other animals. 

In spite of the evolutionary potential of the pulses, 
the uncertainty of the future of the field bean in 
Britain is disconcerting. This crop, in spite of its 
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high protein content, depends for profitability on 
‘many agronomic and economic factors: political 
influences on price structure may determine its survival. 

More rapid tests, well correlated with biological 
assay, for use on many standing or harvested crops 
would be valuable. Only then could farmers be sure 
of higher prices for better quality produce. A break- 
through could lead to improvements in the quality of 
cereal starches and proteins, as outlined by R. N. H. 
Whitehouse (Plant Breeding Institute, Cambridge). 

It is clear that the developing peoples desperately 
need plant breeding, just as they need dietary and 
culinary advice. The world situation must somehow 
be changed so as to stop the flow of protein from 
Africa to industrialized regions, but, as was pointed 
out by one observer when referring to the new nations, 
they have no money, and so cannot take advan- 
tage of over-production elsewhere. Dr Blaxter summar- 
ized the general feeling: “We should recognize what 
plant breeders have done and are doing, but we are 
still only at the beginning of feeding both animals 
and man”. 


ANTIBIOTICS 


Carriers through Barriers 


from our Molecular Biology Correspondent 


Nor long ago a stir was caused in the membrane field by 
the discovery that certain cyclic peptide antibiotics 
grossly change the transport properties of both natural 
and synthetic membranes. It also emerged that these 
molecules possess the ability to sequestrate potassium 
ions, a property which is presumed to reflect their 
manner of action. The structure of one such complex, 
potassium nonactin, was recently determined by X-ray 
crystallography, and two other structures have now 
been deseribed. 

Dobler, Dunitz and Krajewski (J. Mol. Biol., 42, 
603; 1969) have prepared crystals of a complex of 
potassium iodide with enniatin, a cyclic compound, 
which, in common with many other antibiotics of this 
type (depsipeptides), has a backbone made up of both 
peptide and ester links. The ring has eighteen atoms, 
and both peptide and ester groups are in the trans form, 
and essentially planar. Whereas the larger nonactin, 
which has a thirty-two-membered ring, is more or less 
spherical in its potassium complex, enniatin is a disk. 
The potassium ion is surrounded by a coordination shell 
of oxygens in both structures, eight in nonactin, six in 
enniatin, and in both cases the outside of the structure 
is very hydrophobic, and, Dobler et al. suggest, imper- 
meable to ions. In the crystal the enniatin disks stack 
one on the other, in a manner to appeal to supporters of 
the notion that they form a tunnel within the mem- 
brane, down which the ions can travel. 

Another cyclic antibiotic with similar transport 
properties is valinomycin, and the crystal structure of 
this molecule in its complex with potassium auri- 
chloride has also now been determined (Pinkerton, 
Steinranf and Dawkins, Biochem. Biophys. Res. 
Commun., 85, 512; 1969). Here again the potassium is 
coordinated to six of the ring carbonyl oxygens. The 
ring itself is internally hydrogen bonded, with the 
nitrogen of each of the six valine residues linked to the 
carbonyl oxygen three residues removed. Ivanov et al. 
(ibid., 34, 803; 1969) have looked at the infrared and 
proton magnetic resonance spectra of valinomycin, and 
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inferred a structure with a different hydrogen bonding 
scheme. What they did find, however, is that not only 
are there shifts in the infrared spectrum on introduc- 
tion of potassium, but the optical rotatory dispersion 
undergoes a striking change, suggesting that there is a 
considerable conformational convulsion when the ion 
enters the ring. It also seems that whereas in a non- 
polar medium, such as carbon tetrachloride, all the six 
possible internal peptide hydrogen bonds are made, 
as in the crystal, in a polar medium they are replaced 
by hydrogen bonds to the solvent. 

Pinkerton et al. have gone beyond the structure deter- 
mination, and attempted to define the mode of action 
of valinomycin as a charge carrier. Because the 
peptide partitions into non-aqueous solvents, they were 
able to set up a system in which two solutions of potas- 
sium salts in water are separated by a barrier of 
chloroform containing valinomycin. The apparatus is 
simply a U-tube with chloroform in the middle and the 
aqueous solutions above it in either limb. Transport 
will occur only with appropriate potassium salts: 
evidently the anion must have a sufficient affinity for 
the organic phase, and picrate was found most effective. 
By adjustment with appropriate amounts of potassium 
chloride it is possible to arrange an imbalance of 
potassium and/or picrate ions on the two sides of the 
barrier. At equilibrium, the product of the potassium 
and picrate ion activities must be the same on both 
sides, and the system adjusts to this condition by 
transferring ion pairs through the organic phase, 
with valinomycin presumably acting as the carrier. 
Pinkerton et al. refer to this as a shuttle system, and it 
may indeed show the basis of observed effects in 
membranes, 





METABOLIC DISEASES 


Defect in Vitamin Metabolism 


from our Medical Biochemistry Correspondent 

[ygorn errors have been recognized in the metabolism 
of many compounds, but until recently none has been 
described for vitamin metabolism. The vital impor- 
tance of the formation of coenzymatically active forms 
of vitamin B,, has been underlined by a recent report 
concerning an infant who seemed unable to form 
deoxyadenosyl-B,, from dietary B,, (Mudd 4 al., 
Biochem. Biophys. Res. Commun., 35, 121; 1969). The 
outstanding biochemical observations on the four 
week old child, who was desperately ill, were that bis 
urine and plasma always had abnormally high con- 
centrations of homocysteine, cystathionine and a mixed 
disulphide of homocysteine and cysteine. No methio- 
nine was detected in the urine and the concentration 
of methionine in the plasma was extremely low 
although there was no decrease in the concentration of 
other amino-acids. 

The concentration of 5-methyl tetrahydrofolie acid 
in the serum was high, showing that: the child’s con- 
dition was not caused by a lack of the methyl groups 
needed for the formation of methionine. He was then 
found to be excreting large quantities of methyl- 
malonie acid in his urine. The enzyme metabolizing 
methylmalonic acid, like methyl folate methyl trans- 
ferase, is one of the only human enzymes known to 
require vitamin B}; as a coenzyme, and this suggested 
that the child’s condition was due to a lack of the 
vitamin. Before treatment, he was excreting 17-68- 
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19-3 mg of methylmalonic acid every twenty-four 
hours; five days after being given 50 ug of cyano-B,, 
this had increased to 22-0 mg, but two days after a 
further dose of 25 ug of B,, the excretion of methyl- 
malonic acid decreased slightly to 16-4 mg. 

At autopsy, seven and a half weeks after birth, the 
concentration of methionine in the frontal and oceipital 
lobes of the brain was 10 per cent or less of the concen- 
tration in normal brains of the same age; the concen- 
tration of methionine in the liver was low, but within 
the normal range. The activity of methyl- tetra- 
hydrofolate methyl transferase in both liver and kidney 
extracts was significantly lower than normal. The 
activity of betaine homocysteine methyl transferase 
was lower than normal in the kidney, but cystathionine 
synthase, cystathionase and methionine-activating 
enzyme were within normal limits in both liver and 
kidney extracts. A serum sample taken during life 
contained a high concentration of vitamin B,,. The 
total concentration of B, in the liver at autopsy was 
normal, but the coenzymatically active deoxyadeno- 
syl-B,, was present in less than 10 per cent of the 
concentration of this compound in the controls; the 
kidney had no detectable deoxyadenosyl-B,,. This child 
therefore had an inherited defect in the enzymes 
converting B, to its active form. The fatal outcome 
of the defect illustrates the importance of this con- 
version, and in retrospect Mudd et al. are able to 
suggest several rational lines of therapy for the con- 
dition if it should appear again. 


AUXIN ACTION 


Conflicting Views 


from our Plant Physiology Correspondent 


Tae influence of the powerful concepts of molecular 
biology is well illustrated by current ideas about the 
mode of action of plant growth hormones. A particu- 
larly attractive scheme has been proposed to account 
for the way in which auxin (8-indolyl acetic acid) 
stimulates extension growth of plant tissues. Plant 
cells are surrounded by a firm cellulose cell wall. 
Before growth can take place this wall must be 
“loosened”, that is, there must be an increase in its 
plastic extensibility. The idea is that auxin stimulates 
the template activity of nuclear DNA (gene activation), 
leading to an increase in the synthesis of specific 
RNA “molecules, perhaps of the messenger type. 
This will result in the synthesis of particular proteins. 
It has been proposed that these proteins could be 
enzymes which would act on cell wall constituents 
and so initiate cell wall loosening. There are three 
principal lines of support for this theory. First, anti- 
biotics that are known to interfere with RNA and 
protein synthesis frequently have an inhibitory effect 
on auxin-promoted responses. Second, treatment 
with exogenous hormone can give rise to an increased 
incorporation of labelled precursors into RNA and 
protein fractions. Third, treatment with exogenous 
hormone can give rise to increased synthesis of specific 
enzymes. Unfortunately these er iteria are not entirely 
rigorous and do not provide unequivocal evidence 
for the gene activation hypothesis. The auxin-induced 
growth extension of coleoptile tissue is a case in point. 
Is the increase in RNA and protein synthesis which 

follows treatment with auxin the primary event in 
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cell elongation, or is it a consequence of growth of the 
cell? Two recent papers report experiments which 
are relevant to this question. 

Masuda and Kamisaka of Osaka City University 
have examined the incorporation of uracil-2-4C into 
the RNA fraction of oat coleoptiles as a measure of 
changes in RNA synthesis following treatment with 
auxin (Plant and Cell Physiol., 10, 79; 1969). Auxin 
was found to stimulate the synthesis of RNA in the 
coleoptiles within ten minutes, even when the tissue 
was prevented from extending by immersion in 
0-25 M mannitol. Masuda and Kamisaka consider 
that this time is sufficiently short for auxin stimulation 
of RNA synthesis to be the primary event in the growth 
response. 

This view is not shared by Evans and Ray of the 
University of California (J. Gen. Physiol, 58, 1; 
1969). Using an ingenious optical measuring device, 
they have examined the effect of several different 
treatments on the latent time of auxin stimulated 
extension growth of oat and corn coleoptiles. The latent 
time is that period between the addition of auxin 
to the tissues and the first discernible increase in 
growth rate. Evans and Ray have assumed that this 
is a real measure of the time taken for the cell to undergo 
the various molecular events that lead to growth. 
They are careful to point out, however, that transport 
into and within the cell may have to be taken into 
account. At 23° C the latent time was ten minutes, 
a figure that agrees well with the value Masuda 
and Kamisaka found for stimulation of RNA synthesis, 
and that Masuda has found for auxin induced increase 
in the elastic extensibilitv of the coleoptile cell wall 
(Plant and Cell Physiol.,10, 1; 1969). 

This period could be extended by lowering the 
temperature or poisoning the cells with low concentra- 
tions of cyanide, but was not affected by pretreating 
the tissues with actinomycin D, puromycin or cyclo- 
heximide. At the concentrations used, all these 
antibiotics significantly reduced the growth response. 
Although actinomycin D and puromycin are somewhat 
non-specific in their action, they certainly interfere 
with DNA dependent RNA synthesis. The reaction 
sequence leading to synthesis of protein requires a 
finite time to go to completion. Interference with 
the mechanism of nucleic acid synthesis should there- 
fore have extended the latent time. Evans and Ray 
believe that this is adequate ground for rejecting the 
idea that the primary effect of auxin is to stimulate 
DNA dependent RNA synthesis. Their data do 
not exclude, however, the possibility that auxin 
acts at the translational level to induce the synthesis 
of cell wall protein or membrane protein. Davies, 
Patterson and Trewavas have fauna auxin to stimu- 
late synthesis of proteins and nucleic acids in pea 
tissue (Plant Growth Regulators, Soc. Chem. Monog. Ind. 
No. 31, 1968). In agreement with Evans and Ray, 
they believe these effects to be subsequent to the 
elongation of the cell wall. It seems that the elusive 
primary effect of 8-indolyl acetic acid on cell growth 
remains to be discovered. 


MOON 


Dodging the Lumps 


LARGE concentrations of mass under the maria on the 
near side of the Moon present navigational hazards 
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which could affect the actual position of a landing site 
by as much as five miles, according to Dr Irving 

Michelson, professor of aerospace engineering at 
Illinois Institute of Technology. He writes: The five 
most prominent mascons, as they have become known 
since their discovery in August 1968, are estimated to 
represent a total mass roughly 1/50,000 of the mass of 
the Moon itself (Muller, P. M., and Sjogren, W. L., 
Science, 161, 680; 1968). The close lunar orbits of both 
Apollo 8 and Apollo 10 were appreciably modified by 
causes which were unknown, but which were presumed 
to be the anomalous gravitational attraction of the 
mascons. Although data and the necessary precise 
calculations needed to plan for lunar landing missions 
like Apollo 11 may not be available for a year or more, 
simplified calculations give useful estimates and clues 
for the avoidance of orbit instabilities occasioned by 
the lumpiness of the Moon’s interior. 

A good general idea of the dynamical consequences 
of the presence of maseons is found by considering a 
single mascon of mass m situated below the lunar 
surface at “miss distance” | from the nominal elliptic 
trajectory of a close lunar orbiter travelling in a plane 
containing the mascon. The “encounter” with the 
mascon is of short duration, limited to the time when 
the spacecraft is close enough to allow the mascon to 
exert a dominant gravitational force that has the effect 
of putting a slight kink in the orbit. The miss distance 
l and the orbital speed g, together with the gravita- 
tional mass of the mascon, determine a deflexion angle 
for the encounter which is equal to the change in the 
orbital path angle resulting from the mascon attrac- 
tion. These quantities can be expressed in terms of 
the orbital characteristics of the lunar orbiter (specifi- 
cally, the semi-major axis @ and the ellipticity e) by 
elementary methods of mechanics. 

The calculation is scarcely different from that 
carried out by D’Alembert in 1770 to explain the 
peculiarities of Lexell’s comet. Viewed that year and 
determined to have a five year orbit periodicity, the 
question to be answered was why it had not been 
sighted earlier. The flyby orbit modification exerted 
by the planet Jupiter was the reason D’Alembert gave, 
and it is a similar flyby action of the mascons on close 
lunar orbiters that is of lively current interest. 

To explain the form in which the present finding is 
given, it should be mentioned that the observed 
peculiarity of the Apollo 8 and 10 orbits was the 
instability shown by the non-constant apolune and 
perilune distances in successive circuits around the 
Moon. The apolune distance, which is the greatest 
distance of the spacecraft from the centre of the Moon, 
was found to increase by a measurable fraction of a 
mile during each orbital period. This is exactly the 
opposite to the effect of the Earth’s atmosphere and its 
drag (resistance) exerted on an Earth satellite. Peri- 
lune (closest passage) decreased by comparable 
amounts. If periline change is denoted 6r,, apohine 
change òr, the calculation gives the formula 


sin 6 m a 
Mil 
where 0 is the true anomaly in the orbit, M is the total 
mass of the Moon, and the other symbols are as defined 
earlier. 

The formula shows that a single mascon affects 
perilune and apolune to the same extent, but in oppo- 


l+e sin 
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site direction. Furthermore, the effects are minimized 
by controlling the orbit eccentricity, vanishing as the 
square of this quantity when the orbit becomes circular. 
Independently, choosing the major axis of the orbit to 
pass through the mascon (so that 0=0) is equally 
effective in nullifying the orbital instability represented 
by cumulatively increasing displacements of perilune 
and apolune. 

To take account of numerous mascons, separate 
formulae of the form shown are written for each 
distinct mascon, its location determining values of J and 
9, its mass giving the appropriate value of m. It is 
apparent that near side mascons contribute effects that 
are offset by possible mascons on the far or dark side 
of the Moon roughly 180° away in the orbital plan. 

The formulae may be inverted, if ôr, and dr, and 
orbital data are fully known, to solve the equations to 
determine the masses m and depths given by l 

Finally, it should be mentioned that J. F. Lagrange 
studied essentially the equivalent problem, as reported 
in the second volume of his celebrated treatise on 
Mécanique Analytique. He imagined that two attract- 
ing centres, like the Moon’s centroid and a mascon, 
could only exist with relative motion between them, and 
so his calculation is introduced with the remark that, 
the solution could have absolutely no application to 
the solar system. His exact solution, characteristically 
ingenious, does not easily lend itself to direct physical 
interpretation, however. 


ASTROPHYSICS 


How do Stars Form ? 


from a Correspondent 


Tue sixteenth Liège international astrophysics collo- 
quium, held from June 30 to July 2, was concerned with 
star formation and the early stages of stellar evolution. 
It was clear at the end of the conference that this is a 
subject in which there is considerable uncertainty, 
many disagreements and much room for further work. 

C. Hayashi (Kyoto University), who predicted in 
1961 that stars should go through a stage of high 
luminosity, when they are also fully convective, before 
the onset of nuclear reactions in their interiors, described 
his recent theoretical work. He discussed the evolution 
of a star from the stage when it is a self gravitating 
condensation in the interstellar gas with a density 
10-8 g/cc, until it becomes a main sequence star. He 
found that the star has two luminosity maxima, the 
first just as it becomes opaque and the second when it 
becomes fully convective. Although Hayashi stressed, 
that there are uncertainties in his theory, taken alone 
his paper suggested that pre-main-sequence stellar 
evolution is rather well understood. 

But his work was disputed at almost every point. 
R. B. Larson (Yale University) queried Hayashi's 
initial conditions on the grounds that a protostar 
would already be self-gravitating when it had a density 
of 10-! g/cc and temperature of 10 K. His calewlations 
suggested a very different evolution from that found 
by Hayashi, and in particular, except for low mass 
stars, he found no high luminosity “Hayashi phase”. 
D. McNally and A. E. Wright (University of London 
Observatory) presented calculations which agreed with 
those of Hayashi for the earliest phases, but they found 
the subsequent stages of collapse to be much more 








130 


rapid and they found no highly luminous phase. As an 
antidote to the disputes between the groups studying 
the collapse of spherically symmetrical protostars, 
L. Mestel (University of Manchester), surveying the 
role of rotation and magnetic fields in early stellar 
evolution, stressed that it is risky to assume that these 
factors are unimportant. 

On one point all the theorists studying the collapse of 
spherically symmetrical condensations were agreed. 
The inside of a condensation collapses much more 
rapidly than the outside, giving the possibility that the 
interior can effectively form a star while the outside 
is still collapsing onto it. Several speakers, including 
Larson, thought this could lead to an interpretation 
of the infrared objects the properties of which were 
discussed by F. Low (University of Arizona). He said 
that several of these objects were probably protostars 
and that their spectrum could be understood as a com- 
bination of radiation from a central star, and stellar 
radiation degraded by absorption in a dusty cloud 
surrounding the star. Although he thought this to be 
qualitatively a satisfactory explanation, he stressed 
that the luminosity of some objects, combined with the 
observation that they had not changed significantly 
for a period of years, made them difficult to understand 
as ordinary theoreticians’ protostars. 

V. C. Reddish (Royal Observatory, Edinburgh) 
discussed observational evidence for the association of 
very young stars with dust clouds, and he linked this 
with the theory developed by Hoyle, Wickramasinghe 
and himself that the freezing of interstellar hydrogen 
onto cold dust grains could be the initial process in star 
formation. This theory was challenged by several 
speakers. M. Werner (University of Cambridge) 
doubted whether the grains would become cool enough 
and G, B. Field (University of California, Berkeley) 
doubted whether the hydrogen would freeze onto the 
grains. 


GEOLOGICAL TIME 


Short Polarity Intervals 


from our Geomagnetism Correspondent 

As more short geomagnetic polarity intervals are 
discovered, it becomes increasingly clear that the 
polarity time scale for the past four million years 
is not yet complete. When the main outline of this 
scale was first defined, it was found convenient to 
differentiate between “epochs” lasting about one 
million years and “events” lasting about 100,000 
years. Each epoch and event was then given a name, 
with the result that the time scale appeared as a 
series of epochs some of which included one or more 
events. Subsequent discoveries have emphasized 
the arbitrariness of this scheme. It now seems that 
the frequency distribution of polarity intervals is 
continuous. An epoch containing an event is really 
a series of three independent intervals which differ 
only in length. 

The original scheme was adopted because the main 
intervals were first defined from continental rocks 
dated by the potassium-argon method, which is 
usually incapable of resolving intervals much shorter 
than 100,000 years. Continuous ocean sediment 
cores and ocean magnetic anomalies later revealed 
the existence of shorter intervals. More recently, 
Cox (J. Geophys. Res., 78, 3247; 1968) predicted from 
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a statistical model for field reversals that many zero 
to 50,000 year intervals remain undiscovered. One 
such interval, the reversed Blake event, was recently 
reported by Smith (J. D.) and Foster (Science, 163. 
565; 1969) who dated it in the Brunhes normal 
epoch at 108,000 to 114,000 years on the basis of 
sedimentation rates. 

Because continental rocks are not continuous 
in time, the chances of detecting an interval of even 
a few tens of thousands of years on land are small. 
The only known example is the reversed Laschamp 
event defined in French Quaternary lava flows by 
Bonhommet and Babkine (Compt. Rend. Acad. Sei., 
264, 92; 1967). Bonhommet and Zahringer (Earth 
and Planet. Sci. Letters, 6, 47: 1969) have recently 
attempted to date this important event with sur- 
prising result. By sheer luck some of the flows contain 
only small quantities of excess radiogenic argon-40 
whose presence is usually a serious problem in the 
potassium-argon dating of young volcanic rocks, 
The result is that Bonhommet and Zahringer have 
been able to set an upper limit of 20,000 years for the 
end of the Laschamp event. A lower limit for the 
end of the event is given by the 8,730 year carbon-14 
age of overlying domitie projections. It is thus probable 
that the last reversal of the Earth’s magnetic field 
took place as recently as 9,000 to 20,000 years ago. 
Furthermore, previously reported normally magnetized 
lavas from Reunion with potassium-argon ages of 
40,000 years show that the maximum length of the 
Laschamp event could only have been 20,000 to 
30,000 years. 

Another interesting observation not offered by 
Bonhommet and Zahringer is that as more short 
polarity intervals are discovered, the average length of 
known polarity intervals goes down. This means 
that the statistical chance of a reversal following any 
given downswing of the dipole strength, such as the 
one occurring at present, may be higher than hitherto 
supposed. 


GEOPHYSICS 


Earthquakes and the Wobble 


from a Correspondent 

Tue NATO Advanced Study Institute on Earthquake 
Displacement Fields and the Rotation of the Earth, 
held at the University of Western Ontario from June 
22 to 29, attracted geophysicists and astronomers in- 
terested in the rotation of the Earth and the polar 
motion. Many of the contributions were prompted 
by the recent suggestion from D. E. Smylie (University 
of British Columbia) and L. Mansinha (University 
of Western Ontario) that large earthquakes excite 
the Chandler wobble and produce the observed changes 
in the secular pole. 

At the meeting, Smylie and Mansinha deseribed 
various aspects of the development of the statistical 
model of the earthquake excitation functions in order 
to show that earthquakes can excite the wobble to 
a value near the observed amplitude. They have 
examined polar coordinates and earthquake data 
recorded during the past decade, and were able to 
relate breaks in the pole path with the occurrence of 
earthquakes. Delegates were unable to explain the 
discrepancy between the results obtained from data 
supplied by the Bureau International de VHeure, 
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< Paris, and those ist from the International Polar 
Motion Service data. 
Physics, La Jolla) described his attempt to correlate 
earthquakes with polar discontinuities, and showed 
` that with his method of analysis no correlation was 
established between the smaller earthquakes and 
breaks in the pole path. 

N. P. J. O'Hora and D. V. Thomas (Royal Green- 
wich Observatory) gave the results of their analysis 
of the combined observations of the Herstmonceux 
and Ottawa P2Ts. They emphasized that their 
failure to detect a relationship between the epochs 
of polar disturbances and the dates of large earthquakes 
was not intended as an argument against the earth- 
quake excitation mechanism. Alternative mechanisms 
for the excitation were discussed by R. J. Jady (Uni- 


versity of Exeter) and S. K. Runcorn (University of 


Newcastle upon Tyne). Runcorn pointed out that 
certain features in the variation of latitude data seem 
to indicate an origin in the magnetohydrodynamic 
turbulence of the Earth’s core. 

Measures of the relative movements of the surface 
on the two sides of the San Andreas fault were given 
by R. B. Hofmann (Department of Water Resources, 
Washington) and R. D. Nason (ESSA Laboratory, 
San Francisco). Surface movements over much 
larger areas, determined by geodetic surveys, were 
reported by C. A. Whitten (US Coast Geodetic Survey) 
and H. E. Jones (Geodetic Survey, Ottawa). New 
strain meters, described by P. R. Romig and N. W. 
Major (Colorado School of Mines), show strain steps 
much larger in magnitude than those predicted by 
theory, and if these steps are real, they support the 
theories of Smylie and Mansinha. 

In two very interesting contributions, P. L. Bender 
(Institute for Laboratory Astrophysics, Boulder) 
and ©. O. Alley (University of Maryland) deseribed 
the purpose and method of Earth-Moon ranging 
experiments proposed for the Apollo 11 mission. 
If successful, these measures should provide precise 
determinations of the position of the pole and of the 
period of rotation of the Earth. These experiments 
are more likely to yield more accurate values for these 
parameters than the long baseline radio interfero- 
metry techniques proposed by N. W. Broten (NRC, 
Ottawa), J. L. Yen (University of Toronto) and 
I. Shapiro (Massachusetts Institute of Technology). 


MARINE GEOCHEMISTRY 


Analysing the Oceans 


from a Correspondent 
Fiery participants from Israel, North and South 
America, France, Germany, Holland, India and the 
United Kingdom gathered at the Weizmann Institute 
of Science, Rehovot, Israel, for the Bat-Sheva Seminar 
from June 9 to 26. This year’s subject was marine 
geochemistry. 

In a series of lectures, describing the box model 
approach to the distribution of properties in the ocean, 
Professor W. S. Broecker (Lamont Geological Observa- 
tory) discussed the usefulness of measurements of the 
inert gas radon in seawater. **Rn is produced in sea- 
water by the decay of dissolved **6Ra. The partial 
pressure of radon gas pr oduced in this way is greatly in 
excess of its pressure in the atmosphere and it therefore 
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tends to be lost from surface seawater to the air above. 
From measured vertical profiles of radon and radium it 
should be possible to calculate the rate of exchange of 
radon gas between the ocean and the atmosphere. 
Initial results from the Atlantio Ocean indicate that 
for a wind speed of 15 knots the exchange coefficient is 
about 7 cm per hour. This corresponds to an apparent 
thickness for the water boundary layer of about 
50 microns. 

Professor R. Siever (Harvard University) deseribed 
some of the first results obtained from the deep sea 
cores collected as part of the JOIDES programme. 
The transition from soft sediment to hard lithified roek 
has been observed for the first time in deep ocean cores. 
The deeper portions of some of these cores showed 
bands of chert and limestone which had been formed 
diagenetically. The chert was so hard that a diamond 
drill was needed to cut through it. 

In a discussion on the origin of the Red Sea brines, 
Professor H. Craig (Seripps Institution of Oceano- 
graphy) proposed a new mechanism for their formation. 
Oxygen and other isotope studies show that the water 
in the brine comes from above the sill at the entrance 
to the Red Sea. After entering the sill rock thro 
fissure the water percolates through evaporite deposite. 
This highly saline water then flows underground along 
the axis of the Red Sea, finally emerging, after 
approximately 1,000 years, to fill the Discovery and 
Atlantis Deeps. Membrane filtration of the water 
during its passage underground is invoked to explain 
the low ratios of magnesium and sulphate to salinity 
found in the Red Sea brines relative to the ratios in 
seawater. 

Because the residence time of water in the oceans is 
relatively short, it is necessary to study the sedi- 
mentary record in order to examine changes which 
may have occurred in the composition of seawater 
over geological time. From such studies, Professor 
R. M. Garrels (North-Western University) has been able 
to surmise that the composition of seawater has 
probably not changed greatly since it was formed 
initially. During. or shortly after, the formation of the 
Earth’s crust, 4 billion years ago, water vapour and the 
acid gases carbon dioxide and hydrochloric acid were 
released. As the crust cooled so the water vapour 
condensed to form the oceans. The acid gases attacked 
the igneous rocks of the crust and so, after a relatively 
short period, the oceans became saline. Sedimentary 
rocks formed in the oceans were later exposed to 
weathering and the sedimentary cycle was completed. 
It seems that the sedimentary rock mass has been 
recycled about five times since its initial formation. 











MATERIALS 


Fibres for Composites 


from a Correspondent 

More than 250 people attended a conference on fibres 
for composites: strength, structure and stability. 
organized by the Institute of Physics and the Physical 
Society at the University of Sussex on June 30 and 
July 1 

It was a pleasure that the carbon fibre work discussed 
at the conference was some of the detailed experimenta- 
tion behind the tub thumping, popular articles that have 
assailed us from popular science magazines and daily 
papers during the past few months. But if certain 
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features of mechanical behaviour seem to have been 
explained, several new questions have emerged, and 
these remain unanswered. The best paper on carbon 
fibres—indeed of the whole conference—came from 
W. O. Riiland (Union Carbide), who described some 
impressive X-ray and electron microscope work, and 
presented a model for the structure of carbon fibres 
with which most other speakers agreed in principle. 
The model is of a structure composed of ribbon-like 
fibrils containing highly disordered graphitic planes 
which extend over many crystallite diameters and 
which are erratically stacked. The fibrils are wrinkled, 
and the wrinkling is greater the less the degree of 
preferred orientation of the basal planes. 

The fibrils are not tightly bonded together because, 
as W. Watt (Royal Aircraft Establishment) suggested, 
the cross-linking reactions which occur between 300 
and 400° C during pyrolysis do not cross the polymer 
fibril boundaries. As a result, there are many needle- 
like micropores some 10-20 A in diameter disposed 
between these fibrils. Stretching this type of structure 
will cause an unwrinkling of the ribbons, and lead to 
non-Hookean elastic behaviour of the fibres, in agree- 
ment with experimental observations described by 
W. N. Reynolds (Atomic Energy Research Establish- 
ment), R. Bacon (Union Carbide) and J, W. Johnson 
(Rolls-Royce). Speakers did not agree about the size 
of fibrils and micropores and the source of the pores, 
and the question of whether the mechanism of un- 
wrinkling was stress-induced orientation and motion of 
erystallite boundaries or the movement. of dislocations 
was unresolved, 

The second day was devoted to fibres and whiskers 
other than carbon. Possibly the greatest interest was 
in the manufacture and properties of the larger diameter 
ceramic fibres, which can be continuously produced, and 
their compatibility with high-temperature metallic 
matrix materials. The most interesting disagreement of 
the day (for onlookers at least) was about the question 
of whether or not the boron fibre material was amor- 
phous or crystalline. The inevitable question of the 
economics of boron and carbon fibres was raised, but 
left. unresolved. A potentially exciting means of 

‘achieving a higher elastic modulus in oriented poly- 
ethylene by chain-extension during high pressure 
erystallization treatments was described by D. C. 
Baasett (University of Reading), and the conference was 
rounded off by G. F. Heron (Turner Brothers Asbestos) 
discussing the great possibilities available to users of 
the cheapest material available to composite manufac- 
turers—asbestos. As he observed, this is one of the 
oldest of the reinforcing fibres, having been used by 
the Greeks for reinforcing ceramics, but its potential 
as a competitor to glass and the new and expensive 
fibres is still far from being realized. 

In general terms the conference was successful, but 
some of the most important questions were not asked. 
Even if they were, the frequent, irritating response 
“I am not allowed to answer that” inhibited further 
comment. 


MOLECULAR BEAMS 


Chemical Accelerators 


from a Correspondent 


THE investigation of chemical change is moving 
nearer the ideal experiment in which the reactants in 
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specific quantum states collide with a well defined 
energy, and the distribution of products by chemical 
Species, quantum state, velocity and scattering angle 
are measured. This objective is being pursued in 
several laboratories with chemical accelerators—a 
term which came into use at the conference of this title 
in Boulder, Colorado, last year (Science, 162, 818; 
1968), and used to describe devices in which beams of 
chemically interesting species interact. In principle, 
the method is similar to nuclear accelerator experi- 
ments, although the actual techniques are very 
different. Particular difficulties arise in producing 
beams in the chemical energy range of less than a tenth 
to several hundred eV, and in detecting the very low 
concentrations of product which are formed. 

One approach to these problems has been described 
by Menzinger and Wolfgang (J. Chem. Phys., 50, 2991; 
1969) whose experiments with the accelerator ADAM IT 
have reached a half way stage. By combining beam 
techniques with isotopic labelling gas chromatography 
and radio counting, and using interpretative methods 
developed for nuclear recoil (hot atom) chemistry, they 
have been able to study the reaction of tritium with 
cyclohexane in the energy range 1 to 200 eV. In their 
latest experiments T* and T,* are produced in a plasma 
source, extracted into a mass analyser and then 
decelerated in a multi-element lens to produce an ion 
beam with an energy variable between 1 and 200 eV, 
and with an energy spread of 0-1 to 0-2 eV. The ion 
beam finally strikes a target of solid cyclohexane which 
is continuously deposited from a cyclohexane beam onto 
a surface cooled by liquid nitrogen. At the target 
surface charge neutralization forms T and T, with 
essentially unchanged kinetic energy. The resulting 
hot atom then undergoes collisions in the bulk of the 
cyclohexane in which energy loss or chemical reaction 
can occur in the same way as for hot atoms produced 
more conventionally. After about twenty minutes the 
target is removed to a radio gas chromatograph and 
the yields of tritiated cyclohexane, n-hexane and 
hexenes are estimated. For the cyclohexane T and 
n-hexane T products which correspond to processes in 
which a C—H and a C-—H+C—C bond are ruptured, 
threshold energies of 1-5 and 4-5 eV were observed. 
From a more detailed analysis it was also possible to 
estimate total reaction cross-sections as a function of 
energy. 

A rather different technique has been used by 
Herschbach and his colleagues at Harvard (J. Chem. 
Phys., 49, 2447; 1968) to study reactions such as 
Ci+ Br,-+CiBr+ Br. In their apparatus the beams are 
produced by hydrodynamic flow from Laval nozzles 
(Anderson, Andres and Fenn, Adv. Chem. Phys., 275, 
10; 1966). Beam energies from nozzles are less easily 
varied and have a more restricted energy range than 
for the ion neutralization technique. On the other 
hand, the intensities can be very much higher so that 
in the experiments at Harvard it was possible to use 
two intersecting beams and to detect the product 
scattered from the beam collision zone using a mass 
spectrometer which rotated about the collision centre. 
With this configuration the product scattering angle 
and the collision energy are directly measurable and 
information on the molecular dynamics of the reaction 
can be obtained more directly than from the solid 
target experiments. It seems likely that both tech- 
niques will contribute importantly to our understanding 
of the detailed mechanics of chemical reaction. 
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NEW VOLUMES 
IN PSYCHOLOGY FROM 


PSYCHOCHEMICAL 
RESEARCH IN MAN: 
METHODS, STRATEGY AND 
THEORY 


edited by 

ARNOLD J. MANDELL and MARY P. MANDELL, 
both at the Departmenti of Psychiatry, School af Medicine, 

University of California, San Diego, California 

This book is a collection of statements of a large variety 
of scientists relating behaviour to brain chemistry, and 
is a representative sample of work in all areas in this 
explosive new research field. The contributors state the 
goals and strategies of their vaious approaches, and 
the limits imposed by the current state of the art are 
spelled out, 


Contributors are: 

GEORGE WEBER; MINORU MASUDA; ARNOLD 
J. MANDELL; DANIEL X. FREEDMAN; WALLACE 
D, WINTERS: JOSEPH J. SCHILDKRANT,; SEY- 
MOUR 5S. KETY; ARTHUR YUWILER: SAMUEL 
EIDUSON; ARNOLD J. FRIEDHOFF: JACK 
DURELL; WILLIAM E. BUNNEY, JR.; EDWARD 
J. SACHAR; LOUIS SOKOLFF: R. T. KADO; 
W. R. ADEY; WILLIAM DEMENT; GEORGE 
WINOKUR; JAMES FERGUSON; HARRY COHEN; 
JACK BARCHAS; LEWIS JUDD; LOUIS A. GOTT- 
SCHALK; JACK H. MENDELSON; MORRIS A, 
LIPTON. 

October, 1969, about 378 pp. 


THE LANGUAGE OF EMOTION 


by LOEL R. DAVITZ, 

Depariment of Psychology, Teachers College, Columbia 
University, New York 

A Volume of PERSONALITY AND PSYCHOLOGY 
A Series of Monographs, Texts, and Treatises 

October 1969, about 175 pp. 93s. ($10.00) 


STATISTICAL POWER ANALYSIS 
FOR THE BEHAVIORAL SCIENCES 


by JACOB COHEN, 


Depariment of Psychology, New York University, New York 
October 1969, abaut 396 pp. 


ARTIFACT IN BEHAVIORAL RESEARCH 


edited by ROBERT ROSENTHAL, 

Department of Social Relations, Harvard University, Cambridge. 
Massachusetts, 

and RALPH L. ROSNOW, 

Department of Psycholagy, Temple University, Philadelphia, 
Pennsylvania 

November 1969, about 363 pp. 
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THE PATHOLOGY OF 
MEMORY 


edited by G. TALLAND, 

Harvard Medical School, Harvard University, Cambridge, 
Massachusetts, 

and NANCY WAUGH, 

Department of Psychiatry, Massachusetts General Hosplial, 
Boston, Massachusetts 


The book is a collection of articles on normal and 
abnormal processes contributed by a group of neurol- 
ogists, psychiatrists, and psychologists, each one of 
whom has treated a selected topic in some detail. Cov- 
erage is quite broad with topics ranging from the aphasias 
and ammesias to various aspects of memory in the 
normal individual as seen by the experimental psychol- 
ogist, Special emphasis has been placed on the inter- 
relation between clinical fact and general theory. 
Contributors are: 

RAYMOND D. ADAMS; JACQUES BARBIZE’ 
SAMUEL H. BARONDES: DIETRICH BLUM 
SERGE BRION; DONALD E. BRC BE 
JEROME S. BRUMER: CHARLES N. COFER; 
BORJE CRONHOLM;, NORMAN GESCHWIND; 
HENRY HECAEN: V. A. KRAL; KOESTLER: 
LAWRENCE S$. KUBIER; GEORGE MILLER, 
JOHN NEMIAH: MICHAEL POSNER: LEO POST- 
MAN: KARL PRIBRAM: EARL WALKER; MOYRA 
WILLIAMS: O. L. ZANGWILL: GEORGE A. TAL- 
LAND. 


October 1969, about 252 pp. 








CURRENT TOPICS IN CLINICAL AND 
COMMUNITY PSYCHOLOGY, Volume I 


edited by CHARLES D. SPIELBERGER, 
Department of Psychology, Florida State University. 
Tallahassee, Florida. 

October 1969, about 250 pp. ds, ($12.00) 


ADVANCES IN 
BEHAVIORAL THERAPY-—-1968 


edited by RICHARD D. RUBIN, 

Helene Fuld Hospital, Trenton, New Jersey, 

and CYRIL M. FRANKS, 
Neuro~Psychiatric Institute, Princeton, New Jersey 
November 1969, about 234 pp. 


ADVANCES IN CHILD DEVELOPMENT 
AND BEHAVIOR, Volume 4 


edited by LEWIS P. LIPSITT, 

Department of Psychology, Brown University, Providence. Rhode Isiand, 
and HAYNE W. REESE, 

Department of Human Development, University af Kansas, 

Lawrence, Kansas 

October 1969, about 328 pp. 
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Sephadex ion exchangers: 
in bead form 


combine the advantages 
of cellulose and 
resin ion exchangers 





' High capacity by virtue ofa three-dimensional The bead form ensures high flow rates, high 
cross-linked network of dextran chains which mechanical stability and optimal hydrodynamic 
allow introduction of a large number of flow characteristics. 
charged groups without significant loss of 
rigidity. New! 

QAE-Sephadex, a fully quaternized strongly 

C] Low non-specific adsorption is exhibited by basic anion exchanger for chromatography of 
the dextran gel used as a stationary phase. proteins and other labile biological substances. 


0] Superior reproducibility. 


Capacit | Approx. haemo- 
Type Description lonic form che y | gl lobin capacity 
eqig | gig at pH 


DEAE- Weakly basic anion exchanger 3.5.05 | 0.5; 8.8 
Sephadex Functional groups: diethylaminoethyl res N] 3; 8.8 


QAE- Strongly basic anion exchanger | i 0.3; 8.0 
Sephadex Functional groups: diethyl-(2-hydroxypropyl) 3.0404 | 6; 8.0 


aminoethyl 


CM- Weakly acidic cation exchanger ; , | 0.4; 6.5 
Sephadex Functional groups: carboxymethyl i 1 ewe 7; 6.5 





SE- 25 Strongly acidic cation exchanger f 0.2; 6.5 
Sephadex Functional groups: sulphoethyl i i 3:65 
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Proteins at Cold Spring Harbor 


from our Molecular Genetics Correspondent 


Tur topic for the thirty-fourth symposium at Cold Spring 
Harbor on June 6-12 was the mechanism of protein 
synthesis. With about seventy-five scheduled papers and 
some thirty brief reports the load was somewhat lighter 
than last year. 

The meeting was opened by C. Zamecnik (Massa- 
chusetts General Hospital), leader of the team which 
correctly deduced many of the basic outlines of protein 
synthesis. Explaining how this had been done, he 
described one of those lucky accidents which make the 
highlights of biochemistry. He and his team were trying 
to discover how ATP was involved in the transfer of 
amino-acids to ribosomes, and found that labelled ATP 
was converted into an acid-precipitable form. This made 
them think that perhaps ATP is sticky and, as a control, 
they tried using radioactive amino-acids. These too 
became attached to the acid-precipitate: this led to their 
discovery of amino acyl-transfer RNA as an intermediate 
in protein synthesis. 

The first day of the symposium was devoted to ribosome 
structure. The extensive characterization of the protein 
components of the 305 and 508 subparticles is still the 
chief objective of the groups from Geneva and Wisconsin. 
The 308 particle is now recognized as having some twenty 
protein components of which at least thirteen are present 
as one copy per particle. A few of the remaining com- 
ponents are clearly present in smaller amounts, which 
suggests that these minor components are contaminants, 
or that ribosomes are heterogeneous, or perhaps that there 
are several components which are only transiently bound 
to 308 ribosomes during protein synthesis. The principal 
technical advance has been the introduction, by the Swiss 
group, of polyacrylamide-SDS gels for measuring mole- 
cular weights of these usually insoluble proteins. This 
method has enabled them to show that at least twelve of 
the thirty-five proteins present in the 50S particle are 
present as one copy per particle. 

M. Nomura and P. Traub (University of Wisconsin) 
described the reconstitution of 30S particles. They have 
separated the proteins from the 168 RNA into nineteen 
fractions, and then reassembled them. Considering the 
chances of losing or inactivating components, their 
achievement in obtaining full biological activity (com- 
pared with undissociated ribosomes) is truly remarkable. 
Nomura and Traub’s latest work is the reassembly of 305 
particles in the absence of one protein fraction at a time. 
Of course, in some cases, the omission of one protein 
component prevents the formation of a 30S8-type particle. 
Thus, one protein is known to differ between the B and 
K12 strains of EB. coli; omission of this component in 
reconstitution experiments leads to the formation of a 
more slowly sedimenting complex. Another protein, 
called P10, has been identified as the component con- 
cerned with streptomycin resistance in the ribosome. 
Omission of P10 during a reconstitution experiment 
yields a 308 particle containing all the other protein 
components: this particle can bind phenylalanyl-tRNA 
(in the presence of poly-U and 508 particles) and will 
function in protein synthesis with a lower level of mis- 
reading in the presence of streptomycin, So far, many 
such singly deficient particles have been made; surpris- 





ingly, the omission of one component often gives a 308 
particle with a somewhat reduced biological activity 
(always tested by the ability to participate in poly- 
phenylalanine synthesis). More detailed tests will probably 
reveal more subtle differences. 


Chain Initiation 

In a gross way chain initiation is understood in bacteris. 
Formyl-methionyl4RNA is bound to 308 subunits im bhe 
presence of an appropriate natural messenger RNA, the 
initiation factors F1, F2 and F3, and GTP. Currently most 
effort is aimed at discovering what the initiation factors 
do, what {RNA binding sites exist on 305 subunits and how 
ribosomes dissociate after chain termination and before 
initiation. It has been known for somes time that formyl- 
methionyl¢RNAg can be bound to ribosomes in the 
presence of F1 and F2, a messenger containing the AUG 
or GUG codon and GTP. If a natural messenger RNA is 
used, R17 or Q8 RNA, for example, F3 is also required to 
form the complex. A 50S ribosome is then added to form 
a 70S initiation complex. The bound formyl-methieny!- 
{RNA can then initiate protein synthesis, or can react 
with puromycin to form formyl-methiony!-puromyein-— 
this latter is more conveniently measured. This scheme 
can also be followed using a GTP analogue resistant to 
enzyme hydrolysis, GMP.PCP; in these conditions the 
formyl-methionyl-tRNA on the 705 complex is unreactive 
with puromycin. All three initiation factors are isolated 
from, and only found on, 305 particles. Two groups, led by 
R. Thach (Harvard University) and by A. J. Wahba and 
S. Ochoa (New York University), have purified these 
factors extensively. Molecular weights are about 3,000 
(F1), 75,000 (F2) and 30,000 (F3), and Thach has prepared 
radioactive Fl. It oceurs associated with the 305 ribo- 
somal initiation complex, but is released from this when a 
508 subunit is added irrespective of whether the 305 
initiation complex is made in the presence of GTP or 
GMP.PCP. Factor F2 seems able to interact with OTP; 
this cannot easily be shown direetly with labelled GTP and 
F2 on a ‘Sephadex’ column, presumably because the com- 
plex is too unstable. Wahba, however, showed that 
F2 is readily inactivated by reagents which block -BH 
groups, but it can be protected by GTP from sueh re- 
agents. Thach, on the other hand, found that F2 can 
hydrolyse GTP in the presence of both 305 and 508 
subunits; either subunit alone is inactive in this hydro- 
lysis. F3 seems able to bind directly to a natural messen- 
ger, but no other properties are known. 





In Mammalian Systems 

Clearly the discovery of a mammalian messenger RNA, 
analogous to the f2 or RIT RNA which directs the syn- 
thesis of phage coat protein in a bacterial extract, would 
help enormously. Several groups have tried te find the 
messenger for haemoglobin. in reticulocytes, and although 
they claim to have isolated the haemoglobin messenger, 
these fractions probably contain different RNAs. J. A. 
Hunt (University of Hawaii) described his recent ex peri- 
ments in which haemoglobin messenger RNA can direct 
the synthesis of globin in a bacterial extract supplemented 
with N-acetyl-valyl-/RNA. Identification of the globin 
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Fig. 1. Sequences of R17 RNA. (a) Ribosome binding sites; (b) coat 
protein initiation site. 


rests on co-chromatography of the in vitro synthesized 
tryptic peptides with an authentic tryptic digest of globin. 
D. B. Wilson (Cornell University) has taken a different 
approach to chain initiation in mammalian systems by 
studying the unfinished fragments of the «-globin chain on 
rabbit reticulocyte ribosomes. The o-chain normally con- 
tains an N-terminal valine residue. By digesting these 
N-terminal fragments with trypsin, he found that the 
N-terminal tryptic peptide contained two components. 
The major component is indistinguishable from the N- 
terminal tryptic peptide of the «-globin chain. The minor 
component, comprising about 20 per cent of the total 
N-terminal peptide, has the same amino-acid composition 
as the normal N-terminal tryptic peptide, but its N- 
terminal valine seems to be unreactive towards dansyl 
chloride or phenyl-isothiocyanate. The nature of this 
unreactivity is unknown, but the pK of the N-terminus of 
this minor peptide is about 1 pH unit lower than the 
normal N-terminal valine. This minor component occurs 
principally on the shorter ribosomally bound globin frag- 
ments. Wilson concluded that a group other than valine 
is first incorporated at the N-terminus of globin during 
initiation, but removed before the chain is finished. 


In Bacteria 

There is convincing evidence that bacterial protein 
synthesis is initiated by ribosomal subunits. How do these 
30S and 508 subunits arise? S. D. Davis (Harvard 
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University) has found a dissociation factor which converts 
705 ribosomes to 30S and 508 particles and which he 
thinks may be the same as F3, acting in a stoichiometric 
rather than a catalytic fashion in dissociating ribosomes. 
Its activity can be inereased by purine nucleoside 
triphosphate. Other groups claim that 70S ribosomes 
may be an in vitro artefact (and therefore that there is 
no need for a dissociation factor); it would surely help 
clarify the matter if these workers, who inelude D. 
Schlessinger (Washington University) and L. A. Phillips 
(Publie Health Research Institute, New York), repeated 
Davis’s experiments, rather than, as Schlessinger did, 
stating that it is generally accepted that only 305, 50S 
and polysomes exist in vivo. 

There can be no doubt that ribosomes dissociate in vivo; 
previously R. Kaempfer and M. Meselson (Harvard 
University) showed that, after moving bacteria from a 
heavy isotope mediurn to a light isotope medium, ribo- 
somes of hybrid density are formed. Kaempfer has 
extended these experiments to yeast cells; in this eukary- 
otic organism ribosomal subunit exchange occurs just as in 
bacteria. Kaempfer has also shown that subunit exchange 
in bacterial extracts from heavy polysomes in the presence 
of an excess of light polysomes depends strictly on protein 
synthesis. This exchange is slow, but can be accelerated 
enormously by the addition of puromycin, which leads to 
artificial termination of the polypeptide chain. This 
indicates that intracistronic subunit exchange does not 
normally oceur during translation. 

A major problem of chain initiation is how the ribosome 
selects the correct AUG or GUG for initiation. For 
example, the R17 RNA may contain about 100 of these 
triplets, yet initiation only starts at three of them. It 
might have been thought that the ribosome starts at the 
5’ end of the messenger and works its way along until it 
meets the first AUG or GUG, This seems to be unlikely 
because, in experiments reported by M. Bretscher 
(Molecular Biology Laboratory, Cambridge), a circular 
single stranded DNA isolated from the fd phage can act 
directly as a messenger and bind, in the presence of 
initiation factors and GTP, formyl-methionyl tRNA to 
ribosomes. When neomycin B is added, extensive poly- 
peptide synthesis can occur in the presence of the elonga- 
tion factors. In the absence of neomycin B, circular 
DNA in a complete extract will direct the synthesis of 
several formyl-methionyl oligopeptides. 

The problem of isolating those sequences which initiate 
protein synthesis on the R17 RNA has been tackled 
ingeniously by J. Argetsinger Steitz (Molecular Biology 
Laboratory, Cambridge). Using highly radioactive R17 
RNA, she formed initiation complexes with ribosomes, 
initiation factors, GTP and formyl-methionyl-¢RNA. The 
R17 RNA not sereened by the ribosomes was trimmed 
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away with pancreatic RNase, and the remaining intact 
fragments held in the ribosomes were isolated. Using the 
techniques developed by Sanger, Brownlee and Barrell, 
Argetsinger Steitz determined the sequences of two of the 
three initiation sites, and a partial, tentative sequence for 
the third. The R17 RNA codes for three proteins: the 
coat protein, which begins with the sequence fmet.ala.ser. 
aspN.phe.thr.gluN. ..., the synthetase, which is believed 
to begin fmet.ser...., and the A protein, which is believed 
to begin fmet.arg.... The sequences isolated, together 
with a possible form of secondary structure for the 
beginning of the coat protein fragment, are shown in Fig. 1. 
Gupta (Yale University) showed a fingerprint of the 
initiating sequence of the coat cistron of f2 RNA, suggest- 
ing that this sequence may not be identical to that found 
for the RI7 RNA. Initiation of protein synthesis in 
E. coli extracts with the f2 RNA occurs usually only at 
the coat and A cistrons. H. F. Lodish (Massachusetts 
Institute of Technology) found that in extracts of B. 
stearothermophilus initiation occurs only at the A protein, 
and has shown that this difference resides in the ribosome 
fraction. This suggests that B. stearothermophilus ribo- 
somes may recognize different signals for initiation than 
E. coli ribosomes. 


Chain Elongation 

During the past year there have been considerable 
advances in our knowledge of the enzyme binding of amino 
acyl-tRNA and peptide chain elongation. Although the 
experimental facts seem to be clear—and there is general 
agreement on most of them—interpretation is severely 
hampered by lack of knowledge about ribosomal sites. 
The peptide synthetase which actually forms the peptide 
bond is known to be located on the 505 particle. Evidence 
reported by R. E. Monro (Instituto de Biologia Cellular, 
Madrid) suggests that there may be just one peptide 
synthetase per 50S particle. Many groups have purified 
the supernatant Tu, Ts and G factors, first described by 
Lipmann and his collaborators. The role of Ty and Ts in 
binding amino acyl-RNA to ribosomes was described by 
J. Lucas-Lenard (Rockefeller University), P. Lengyel 
(Yale University), M. Revel (Weizmann Institute of 
Science) and H. Weissbach (National Heart Institute, 
Bethesda). The lesson from their experiments is that 
T, and Ts can form a complex (Tu-Ts). This complex 
can bind GDP, GTP or GMP.PCP, in the presence 
of magnesium ions, with the formation presumably of 
a (TuT's.GTP) complex. The bound GTP is, how- 
ever, only found as GDP, and Gordon suggested that 
the (Tu-T's) complex can only bind GDP. All agreed, 
however, that in the presence of amino acyl-tRNA, the 
(Tu-Ts) complex binds amino acyl+RNA and GTP; at 
this stage Ts may be eliminated, giving a (GTP.Tu-amino 
actyl- tRNA) complex. Once transferred to the ribosome 
in the presence. of an appropriate messenger RNA, the 
GTP is hydrolysed, and a (GDP.Tu) complex, crystals of 
which have been obtained by Weissbach, is released, 
together with inorganie phosphate. The bound amino 
acyl-(RNA ean now take part in protein synthesis. The 
amino acyl-tRNA can also be bound in the presence of 
Ta Ts and GMP.PCP; in this case it cannot participate 
in protein synthesis, because the GMP.PCP cannot be 
hydrolysed enzymatically. 

The third elongation factor, G, has a molecular weight of 
about 80,000 and, according to A. Parmeggiani (Max 
Planck Institute, Göttingen), seems to be a tetramer. 
It is inhibited by —SH reagents. All the evidence 
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shows that it is required in some steps of transloca- 
tion, Lucas-Lenard and Lengyel both start with a 
complex of ribosomes, poly-U and N-acetyl-phenyl- 
alanyl-(RNA, and to this bind phen ylalanyl-¢RNA in the 
presence of Tu, T, and GTP. The N-acetyl- phenylalany!- 
tRNA is converted to N-acetyl-diphenylalanyl-“RNA, but 
this cannot react with puromycin. When G and GTP are 
added, the N-acetyl-diphenylalanyl-tRNA can react with 
puromycin, yielding N-acetyl-diphenylalanyl-puromyein. 
The conversion of a peptidyl-¢RNA from a puromyem 
insensitive to a sensitive state is assumed to reflect a 
translocation from the amino-acid site to the peptide 
site on the ribosome, and this is effected by the G factor 
and GTP. In the experiments reported by Lucas-Lenard, 
the {RNA moiety of the N-acetyl-phenylalanyl¢RNA was 
also labelled. This is not released as soon as the N-acetyl- 
diphenylalanyl-CRNA is formed, but is only released from 
the ribosome when G and GTP are added. She therefore 
concluded that G and GTP translocate the peptidy MRNA; 
the peptidyl--RNA replaces the free (RNA in this process. 
She produced further evidence for such a replacement 
reaction, for N-acetyl-MC phenylalany!“H tRNA when 
bound to ribosomes with poly-U can react with puro- 
mycin, The "C is removed from the ribosome, the "H 
remaining. Addition of G and GTP does not remove the 
labelled (RNA, indicating that a peptidyliRNA must be 
present to eliminate the labelled RNA. A role for G 
factor and GTP in the removal of deacylated tRNA from 
ribosomes was suggested by A. Kaji (University of 
Pennsylvania). 

P. Leder (National Institutes of Health, Bethesda) 
made one of the most interesting observations described 
at the meeting. Using the f2 RNA as a messenger, he 
found that formyl-methionyl-<RNA, alanyl {RNA and 
seryl-LRNA could be bound to ribosomes in the presence 
of initiation factors, T factors and GTP, but in the absence 
of the G factor. Hydrolysis of the bound ARN As revealed 
that they exist as formyl-methionyl-alanyl tRNA and 
seryl-{RNA. Because the N-terminal sequence of the 
phage coat protein is fmet.ala.ser...., this suggests that 
the ribosome is capable of binding three {RNA molecules 
in the absence of the G factor: this does not mean, of 
course, that the ribosome must have three sites both on 
the 308 and 50S particle, but could be interpreted im 
terms of partial sites, perhaps as Bretscher suggested. 

The only other evidence which might suggest that the 
ribosome has more than two {RNA binding sites was given. 
by H. Matthaei (Max Planck Institute, Gottingen). Ina 
series of very careful studies on the level of phenylalanyl- 
{RNA bound to ribosomes in the presence of poly-U as a 
function of phenylalanyl tRNA concentration, Matthaei 
observed equilibrium binding curves which, he feels, are 
best interpreted in terma of four different slopes. These 
slopes, he argues, reflect the affinities of four different 
ribosomal sites for phenylalanyl tRNA. 

Mammalian protein synthesis is catalysed by two 
factors, TFI and TF2 (which seem to correspond to 
Ty + Ts and to G respectively). Both transfer factors have 
been purified; B. Hardesty (University of Texas) reported 
that the molecular weights are 186,000 (for TEI) and 
about 70,000 (for TF2). K. Moldave (University of 
Pittsburgh) discussed TF2: using low levels of pure TF2 
to translocate N-acetyl-phenylalanyl “RNA bound to 
808 ribosomes with poly-U, he was able to show that TF2 
ean dissociate from the ribosome after converting the 
N-acetyl-phenylalanyléRNA from a puromyein-resistant 
to sensitive state. He concluded that a given TF2 
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Fragment of R17 RNA isolated after limited digestion with T1 RNase followed by analysis on polyacrylamide gel. 


Fig. 2. 


molecule can visit many ribosomes during the time taken 
to make a polypeptide chain. 

The mechanism of termination of the polypeptide 
chain was covered by M. R. Capecehi (Harvard Univer- 
sity) and C. T. Caskey (National Institutes of Health, 
Bethesda). Both now use Caskey’s assay system to 
measure the hydrolysis of ribosomal-bound formyl- 
methionyl-tRNA in the presence of the appropriate 
terminating codon. Three factors seem to be associated 
with termination. Rl and R2 are codon-specific; they 
recognize UAG and UAA, and UAA and UGA respec- 
tively. Both have molecular weights of about 45,000. 
Capecchi estimated that there are only about 500 of each 
R factor per cell, eompared with the 30,000 or so ribo- 
somes per cell. Neither factor seems to interact suffi- 
ciently strongly with any triplets to make detection easy. 
The third factor, which Caskey calls § but which Capecchi 
thinks might be T, stimulates the rate of termination with 
either RI or R2. This effect of S is abolished in the 
presence of GTP. Surprisingly, as Caskey showed, S 
seems to increase the affinity of the ribosomal complex for 
the codon being tested—in the presence of S a ten-fold 


lower concentration of UAA ean be used to give a rate of 


hydrolysis of formyl-methionyl--RNA similar to that in 
its absence. So far, nothing is known about termination 
in higher organisms. 


Nucleic Acid Sequences 

An international consortium, based in Switzerland, 
has determined the first 150 nucleotides from the 5’ 
end of the Q8 phage RNA. Their method, described 
by M. Billeter (University of Zurich), J. Dahlberg and 
H. Goodman (University of Geneva), was to label the 
plus strand by in vitro synchronous replication of the 
RNA using pulses of very hot triphosphates labelled 
with #P, followed by enzyme digestion and finger- 
printing using Sanger’s techniques. Unfortunately their 
sequence is not available at present, but it does show 
that the coat gene of the QB phage does not start within 
these 150 residues. 

Another sequence, described by J. M. Adams (Insti- 
tute de Biologie Moléculaire, Geneva), arises from 
the R17 phage RNA. On limited digestion with TI 
RNase, followed by analysis of the fragments produced 
on a polyacrylamide gel, many sharp bands are seen, 
indicating that the R17 RNA may have some regions 
more susceptible to attack than others. One of these 
bands has been found to contain the nucleotide sequence 
for the amino-acid residues between positions 82 and 100 
of the phage coat protein. This RNA fragment, fifty- 
seven nucleotides long, is shown in Fig. 2. This remark- 
able sequence can be folded up into a loop with nineteen 
base pairs—-that is, counting G-U pairs, which now seems 
to be the fashion---and, as Adams pointed out, probably 
explains why such a large fragment. could be isolated. This 
might then further suggest that large portions of the R17 
RNA exist as helices. 


Synthesis of Natural Polypeptides 


Several bacterial systems were deseribed in which DNA 
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can be used to direct the synthesis of active enzymes. 
G. L. Zubay (Columbia University) can now synthesize 
complete §-galactosidase in vitro. This synthesis is totally 
dependent on DNA carrying the lac operon, and can be 
almost abolished by addition of the lac repressor. The 
operon can be derepressed by the gratuitous inducer, 
IPTG, and in these conditions the addition of eyelie AMP 
can stimulate enzyme production up to thirty-fold. This 
system clearly has many possibilities for understanding 
the control of gene function in vitro, L. M. Gold (Rocke- 
feller University), also using an E. coli extract, showed 
that his system will synthesize two enzyme activities 
directed by T4 DNA: an early enzyme, §-glucosy! 
transferase and the late T4 lysozyme. The control 
experiments used T4 DNA with an amber mutation 
in the relevant gene, when no enzyme activity, as ex- 
pected, is formed, Curiously, the magnesium optima for 
the formation of early and late T4 enzymes seem to be 
different; 11 mM magnesium is best for both the « and 
B-glucosyl transferases and dCMP deaminase, all early 
enzymes, whereas T4 lysozyme is made maximally if 
15 mM magnesium is present. It looks as if these different 
magnesium requirements reflect some aspect of the 
control processes which allow early genes to be expressed 
early after T4 infection and the late genes only about ten 
minutes after infection. W. Salser (University of Cali- 
fornia) described some of the properties of T4 lysozyme 
messenger RNA, isolated from T4-infected cells. As 
measured by its ability to direct lysozyme synthesis in 
vitro, the messenger only appears ten minutes after 
infection; thereafter there seems to be a linear rate of 
increase of the messenger until thirty-five mmutes after 
infection. These measurements suggest that the rate of 
lysozyme synthesis in vive should increase linearly from 
ten to thirty-five minutes after infection, but this is not 
the case. Between ten and twenty minutes after infec- 
tion the rate increases; thereafter the level of lysozyme 
synthesis remains constant, which suggests that there is 
a form of translational control—but this could simply be 
a shortage of functional ribosomes. The lysozyme 
messenger seems to be about three times larger than the 
expected 500 nucleotides and is therefore presumably part 
of a polycistronic messenger. 

By the last morning it was evident that many of the 
participants had departed, which was a pity for those who 
missed W. Gevers (Rockefeller University) deseribe the 
mechanism of biosynthesis of gramicidin S, a eyelie 
decapeptide. Two large proteins, I and II, are involved. 
Protein I, with a molecular weight of 280,000, uses ATP 
to activate four different L-amino-acids; all four amino 
acyl-adenylates formed transfer the amino-acid moiety 
to the protein, probably bound as a thio-ester. Protein IT 
racemizes L-phenylalanine, and activates the p isomer. 
If both proteins are charged with their respective amino- 
acids, the addition of I to IT leads to the initiation of 
the synthesis of a presumed pentapeptide with N- 
terminal p-phenylalanine, bound to protein I. Two such 
complexes presumably interact to yield the eyclic decapep- 
tide. 


NATURE, VOL. 223. JULY 12, 1969 


Science and Universities 


137 


by In 1964-65 and 1965-66 the Brookings Institution of Washington 


JOSEPH BEN-DAVID 


Department of Sociology, 
Hebrew University, 
Jerusalem 


Tue first theme of the seminar was “the balance that 
should be struck, in the federal financing of academic 
research, between project funds awarded to individual 
investigators by the advisers and staff of Washington 
agencies, and funds awarded to academic institutions for 
local allocation”. Participants favoured granting of 
federal funds to institutions. Arguments in favour were: 
that larger institutional grants would reduce the amount 
of paper work and processing involved in individual grants; 
and that only institutional grants could cater for the 
specifie needs and potentialities of individual institutions, 
such as renovating a laboratory emphasizing one or 
another field, or giving sufficient weight to teaching and 
edueation. As Homer Babbidge put it: “What the college 
president wants more than anything else . . . is grant 
support on an institutional basis .. . some would spend 
it on science, some on art; some would use it to repair 
weak spots, others to build pinnacles of excellence. But 
each would like the authority to make that decision” 
(page 326). 

Another important argument in favour of institutional 
grants, advanced by Don Price, is that they are the only 
way to ensure institutional responsibility and economy 
in the administration of research funds. “It is... the 
restricted funds, controlled by the intentions of the donor, 
which a university administration has no incentive to 
control... the waste of funds would be greatly reduced 
if, on the whole, the government-—without giving up the 


move in the direction of support on a broader basis, 
putting more responsibility in the hands of the 
university faculties and administrations” (page 31). 

This led to the question of how to ensure that mstitu- 
tional grants should not be distributed according to some 
equalitarian principle which would channel many of them 
to institutions lacking the competence to use them effec- 
tively. A strong case was made in favour of a relatively 
equalitarian approach by Christian K. Arnold. His argu- 
ment rests on the distinction between “purchase” and 
“investment”. Government should not only spend on 
the “purchase” of research (which, of course, has to be 
acquired from those most qualified to perform it), but 
should also invest in the development of new scientific 
competence and resources (pages 96-100). As pointed 
out in the introduction, this approach (which is the basis 
of a bill introduced by Representative George Miller in 
1966) has been supported both by Leland Haworth. 


* Science Policy and the University. By Harold Orlans (ed). Pp. 
$52, (The Brookings Institution: Washington DC, 1968.) Distributed in 
the UK by George Allen and Unwin. $7.50. 72s. Publication date: January 
m 1068, 


organized a seminar, originally under the title “Science, Technology 
and Public Policy”. In its second year the seminar focused on Govern- 
ment policy towards research in universities which is the principal 
topic of the book which is reviewed in this article*. 


director of the National Science Foundation (NSF), and 
the president of the National Academy of Science, 
Frederick Seitz. 

Arnold’s paper was specially invited for the volume, 
and so was not discussed at the seminar, where attention 
centred on more selective types of institutional grants 
already in operation, namely, the Science Development 
Grants of the NSF (pages 101-113) which were compared 
with the earlier Ford Challenge Grants that served as their 
model (pages 116-118). Ultimately, the decisions in both 
cages rest to a considerable extent on personal judgments 
of the capability of the president, the distinction of 
department chairmen, the faculty's standing, the financial 
base of the university and the quality of the plan sub- 
mitted by the institution. None of the schemes contained 
any provisions for the evaluation of the results of the 
programmes. Yet there was a feeling that the choices, 
although largely intuitive, were on the whole correct; 
and that the scheme was beneficial in stiraulating institu- 
tional initiative and planning. 

The most important example of institutional grants is 
British support of universities through the University 
Grants Committee. Melville showed that, at least in 
Britain, this has achieved the aim of creating responsible 
university policies. But the system is much less adecuate 
for dealing with “big science’, or even perhaps with 
“medium” science. Indeed, the rapid growth of British 
academic research since the fifties has been due to a grow- 
ing extent to external grants for earmarked purposes 
which increased from 8 per cent of the total research 
expenditure of the universities in 1950-51 to some 36 per 
cent in 1966-67 (I am indebted for this information to 
Dr Stuart Blume from the OECD, Paris). 


National Science Policy 

The other central topic of the seminar was how to 
determine the national investment in research and its 
rate of growth. The principles involved in the different 
choices were treated by Harvey Brooks, Hendrik Bode 
and Alvin Weinberg. There was considerable agreement 
on fundamentals. As Orlans points out: “Tf this... 
discussion conveys the impression that the group... was 
not convinced of the feasibility or desirability of allocat- 
ing funds among scientific fields . . . that impression is 
accurate. Indeed. the group appeared to prefer almost 
any other mode of allocation to that by scientific felds” 
(page 142). 

Everyone accepted Weinberg’s idea (first formulated 
in Minerva, TIT, 3; 1964) that a distinction must be 
made between research the end of which is diseovery 
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for its own sake, and research which serves some practical 
purpose. The latter should be charged as overhead on 
the direct cost of the mission to which it is related. 

Questions which concerned others were: how to define 
science which was not to serve any practical purpose, 
and how to fix the amount to be allocated for it. Brooks 
tried to circumvent the difficulty of definition by suggest- 
ing that this sort of science be identified with academic 
research, He thought that this “is the only aggregate 
for which it is reasonable to have some policy for support. 
Other aggregates should emerge only as by-products of 
decisions regarding the creation of specific institutions 
and capital facilities. ...” The advantage of this ‘‘institu- 
tional” definition is that it is operational. According to 
Brooks it is also valid, for, in spite of considerable overlap 
between the functions of the university and of other 
research establishments, the creation of new knowledge 
for its own sake, its systematization and communication 
to others are the major functions of the former, and not 
of the latter. 

There were various suggestions for fixing the amount 
allocated for research serving no external purpose, such 
as charging it as an overhead on education (especially 
graduate education); or relating it to “the social costs of 
unsolved problems” or “opportunities for the enrichment 
of society”. It is, however, unclear how these suggestions 
can be translated ‘into practice. Only Brooks actually 
estimated requirements, concluding, on the basis of past 
experience, that a 15 per cent annual increase in the 
support of academie science is the minimum necessary to 
keep up with the expected increase in graduate students 
and faculty. 

Although there was general reluctance to choose between 
types of research and scientific disciplines, ultimately 
the problem could not be avoided. There was general 
agreement on the necessity to support the best research 
in all subjects, and there seemed to be general confidence 
that the “best” could be identified with reasonable 
accuracy. There might be problems with new disciplines, 
or very original approaches, but a combination of scientific 
entrepreneurship with a pluralistic system of support 
and decision-making would usually take care of these. 
One important suggestion to improve the funding process 
was to broaden the composition of review panels. Bode 
and Weinberg suggested including individuals from 
“neighbouring”? disciplines so as to give sufficient weight 
to the potential contribution of an investigation to other 
fields; and Brooks suggested more rapid rotation and more 
democraey (including election by grantees) of the panelists. 


Happy Medium 


This leaves Bode’s question of how to find “the happy 
medium between the support of the highest quality 
research and one which provides support for every quali- 
fied scientist”. While research funds expand as fast as, 
or more rapidly than, the production of qualified scientists, 
this is no serious problem. There was, however, a general 
feeling that this period would soon come to an end (and, 
perhaps, has already come to an end). 

As to the allocation between subjects, there seems to 
have been reliance on two mechanisms: universities 
appoint and promote people according to their needs and 
preferences, and this determines to a large extent which 
subject will receive what support. In addition there is 
the ‘proposal pressure” which presumably reflects the 
vitality of different fields. It seems to me, however, that 
there is a basic distinction between these two mechanisms. 
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The former is an economic process which tends towards a 
balance between supply and demand. Provided that 
university administrations, faculties and students exercise 
their own judgments, the subjects they select for rapid 
expansion will have some value for them. As long, 
therefore, as these groups have scientific and scholarly 
objectives (about which I feel much less sure today than 
when the seminar was held), their choices will establish a 
scale of “values” which presumably reflects the scientific 
and technological potential and the scarcity of competent 
manpower in different disciplines. On the other hand, 
proposal pressure exerted on Government agencies is 
purely political. Relatively poor and trivial topics may 
easily come to exert much greater pressure than those 
with great potentiality. Assuming that it takes some 
time for mediocre and poor researchers to recognize a 
new field and learn enough to be able to submit acceptable 
research proposals, and assuming that there are many 
more mediocre and poor than there are good and outstanding 
researchers, the greatest proposal pressure would always 
be exerted in relatively low yield, partly exhausted topics. 

The question is: how effective is the political and ad- 
ministrative process which deals with the pressures of the 
scientific community ? This is dealt with by Robinson, 
Staats, Roback and Carey describing how actual alloca- 
tions for research, either in a particular case (high energy 
physics) or in general, were made. The picture which 
emerges explains the consensus about the separation of a 
“pure” or “academic” research budget from budgets 
related to practical missions. This separation exists and 
will probably continue to exist, because neither the 
executive agencies nor the congressional committees 
overseeing their work are willing to abandon their power 
over decisions which may affect their work. There is, 
furthermore, good reason for this separation. The deci- 
sions which have to be taken when it comes to the support 
of “big science” are so incommensurable with the rest 
that in any centralized decision-making it would be difficult 
to justify big science. High energy physics, for example, 
could be charged as an overhead on the mission oriented 
work of the Atomic Energy Commission and when it 
outgrew the stage where this was justified, it had a special 
agency to bring it to the attention of the President 
(pages 166-167, 185). What would have happened to it 
had it competed from the outset with other basic disci- 
plines before a decision-making body responsible for the 
interests of science as a whole ? 


Judging Projects 

The other chief reason for this pluralism is the essen- 
tially judgmental process by which funds are allocated in 
science. The chief shortcoming of the process, it was felt, 
is not its apparently chaotic structure, but the relative 
mildness of the confrontations. Scientists are too reluc- 
tant to air their dissensions in public. This deprives the 
legislative, and perhaps also the executive, branch from 
the insight and wisdom needed for the adjudication of 
conflicting claims (pages 259, 269-270). Perhaps this 
reluctance is not merely tactics designed to increase the 
total allocation for science. Scientists are rarely in the 
position to evaluate research outside their own specialty, 
and even then they are likely to make gross mistakes 
in predicting possibilities of applications or indirect, 
effects (pages 255, 262). But whatever their reasons, this 
circumstance reduces the effectiveness of the checks and. 
balances of the democratie political process in the alloca- 
tion of funds for science. 
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Nevertheless; the executive and the legislature seem to 
have been rapidly building up the capacity to deal with 
the complexities of funding research. The Joint Comunit- 
tee on Atomic Energy has apparently obtained indepen- 
dent and direct information about high energy physics 
(pages 171-180). The Bureau of the Budget and the 
Office of Science and Technology have developed some 
means to review research and development procedures as 
a whole. Although the suggestion to have a yearly 
report on Science and Technology, parallel to that of the 
Economic Report issued by the Council of Economie 
Advisers, has not been accepted, some of the information 
is supplied by the Special Analysis I of the Federal research 
and development programmes in each year’s budget which 
summarizes budget totals across the different agencies in 
atmospheric sciences, medical research, oceanography, 
space programmes, water research and scientific information. 

Finally, legislative committees can obtain advice from a 
small Science Policy Research Division of the Legislative 
Reference Service, panels of specialists, the National 
Academy of Sciences and the OST (pages 257-262). The 
impression gained from Roback’s description of ‘“Present- 
ing Scientific and Technical Programmes to the Congress” 
(pages 233-254) is that congressional review is reasonably 
effective. The committees, even if not very knowledge- 
able about science, have a sense for good management and 
clearly stated purpose. The dual legislative process of 
authorization and appropriation by separate committees 
and the overlap between the functions of different com- 
mittees place a considerable and usually unproductive 
burden on the agencies. But they have the advantage of 
generating discussion and information on science among 
the members of Congress and the public in general. 





Special Issues 

Panofsky (pages 189-201) questioned the validity of 
the little science~big science dichotomy, and its use as a 
criterion of what research should or should not be pursued 
at universities in particular. He argued that there is a 
continuous range rather than a dichotomy. He shows 
that PhDs in high energy physics are neither better nor 
worse. but trained differently from other physicists. Their 
special skill is “data reduction”, which, according to 
some of the discussants, is not only an intellectually 
equivalent skill to that of the experimental and theoretical 
physicists, but also equally transferable to engineering 
applications. This may become true in the future, but 
Panofsky’s table about the employment of Stanford and 
Berkeley physics PhDs shows that so far PhDs in elemen- 
tary particle physics much less frequently do applied 
work than those trained in the more traditional specializa- 
tions (page 198). 

The other special issue, raised by John Morse (pages 
285-295), was the ethical problem of potential conflict 
of interest involved in the close relationship between 
government and university research, A hypothetical 
extreme situation was formulated in 1963 by Eugene G. 
Fubini, then assistant secretary of defence: “A university 
scientist could . . . be the senior investigator on a govern- 
ment-supported research project, be a panelist to advise 
the same agency on research proposals submitted by his 
colleagues in the same field, serve as a consultant to 
industry specializing in this field, and be a major stock- 
holder, or even sole owner of a company operating in 
this field. He could even legitimately require for his own 
research equipment of which he, when he has his industrial 
hat on, is the sole manufacturer”. 


In response to this situation the Office of Science and 
Technology and the American Council of Education 
(ACE, a voluntary organization of 1.194 colleges and 
universities and 230 educational organizations) developed 
a statement on preventing conflicts of interest. This 
was sent in a modified form to the universities most 
concerned jointly by the ACE and the American Assecia- 
tion of University Professors. All those approached either 
adopted satisfactory policies or were in the process of 
doing so by January 1, 1968 {the institutions were origin- 
ally approached in May 1965). 








Consequences of Mobility 


Another conflict of interest arises from the great mobil- 
ity of scientists. This led in many cases to a loss of loyalty 
to employers. Universities, in search of prestige, have at 
times encouraged this behaviour by their recruiting 
practices. Finally, there may be, and often is, a conflict 
between research and teaching obligations, leading in 
most cases to the neglect of the latter. 

Discussion focused on the first type of conflict. Its 
conclusion was that (a) in practice the problem was not 
serious; partly because there was a considerable adher- 
ence to formal or informal codes of ethics: (b) partly 
because the loss resulting from the enforcement of the 
codes would be greater than that resulting from a disregard 
for the existence of conflict—there are too few really 
competent people to make the avoidance of conflict 
situations possible; and finally, (c) because in the recent 
past the purpose of science policies was usually to stimu- 
late and develop activity, not to regulate it. Tt was 
believed, however, that this latter circumstance was 
likely to change. 

The quality of the papers is high and the discussions 
have been go well summarized and organized that they 
read as coherent and interesting articles. The book ean 
be recommended to everyone who is interested in universi- 
ties today. At the same time the fact that the papers 
relate all the problems of financing university research 
{and at times university in general) to federal support. is a 
serious shortcoming. No one reading this book would guess 
that federal support formed no more than 25 per cent of 
the total income of public and 34 per cent of that of private 
universities proper in 1963-64 (the corresponding percent- 
ages for all higher education, including colleges, are 19 
and 27 per cent—compare OECD, Reviews of National 
Science Policy, United States; Paris, 219; 1968). When 
current expenditures on research and development are 
calculated separately, federal support constitutes nearly 
60 per cent of the total, but even this does not justify a 
view according to which federal funds have to take care 
of all types of research, as well as of such things as 
renovating a laboratory or enlarging a library. 

Perhaps participants had good reason to believe that 
only the prodding and the help of the federal government. 
could revitalize institutional initiative and responsibility 
at the universities, but they did not explain what was the 
basis for this pessimistic view. If this view is correct, 
it is difficult to see how institutional grants, in supplement 
to the present project grant system, could remedy the 
situation. If authority over some 70 per cent of their 
budgets has not been sufficient to maintain institutional 
responsibility and initiative in the universities, it is 
unlikely that raising this percentage by a few points would 
restore responsibility and initiative. This crucial problem 
was not raised in this book. 
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Further Measurements of Magnetic Fields in Interstellar Clouds 


of Neutral Hydrogen 


by A new series of measurements of the Zeeman splitting of 2l-cm 


G. L. VERSCHUUR 


National Radio Astronomy Observatory, 
Green Bank, West Virginia 


We have extended our previous measurements! of 
magnetic fields in interstellar clouds of neutral hydrogen, 
using the NRAO 140 foot telescope and 413-channel 
receiver, Our previous results indicate strong fields in the 
two absorption features in the Perseus spiral arm in the 
direction of Cas A and a field in the deep component in the 
absorption spectrum of Tau A. The former have also 
been independently observed’, but with an opposite field 
direction. I have checked this calibration in the new 
experiment (December 19, 1968, to January 3, 1969) and 
find that the field direction was in error. 

Table 1 lists the sources whose emission or absorption 
spectra were examined during this latest experiment. 
Most of the observations were made with both receivers 
operating at the same bandwidth and these outputs were 
later added together, so that the effective integration 
time was about 20 per cent greater than shown in Table 1 
(see ref. 2), 

The absorption spectrum of Cas A was examined in 
some detail with the narrower bandwidths because 
Davies et al. have reported? Zeeman effects due to two 
oppositely directed fields (of several microgauss each) in 
the local (Orion) spiral arm absorption feature. We 
have found no such effeet in either series of experiments. 

Our results may be divided into two classes. First 
are the sources absorption spectra of which show strong 
field effects and, second, are those directions in which the 
effects are weak. The former group consists entirely of 
the 21 em absorption feature in the direetion of HIT 
regions and the second group contains only one HIT 
region. It has been suggested that the high fields 
(> 10° G) found in Cas A are the result of contraction of 
high density HI clouds and consequent amplification of 
frozen-in magnetic fields’, and the new results tend to 
confirm this suggestion, for higher density HI clouds have 
been observed in the speetra of some of the HIT regions 
and these show even stronger fields. The earlier Cas A 
results are, however, excluded from the following dis- 
cussion. 

Table 2 lists the results. Strong fields were found in the 
spectra of several HII regions and were particularly 
strong in the Orion A (W10) spectrum, which is also the 
best observed! of the sources. 

The experimental procedure was somewhat different 
from the previous run, for it was also possible to accumu- 
late long integrations with the help of various on-line 
displays. Although data were written on tapes for later 
reduction—every minute in a “sean” lasting 30 or 60 
minutes-—-it was possible to observe the full integration on 
the on-line oscilloscope or chart plotter. This made it 
possible to discover the very strong effect in the absorption 
spectra of the Orion nebula (Orion A) at the telescope even 
though 50 h had been earmarked for this source. The Cas 
Perseus arm field effect was also visible after 30 min of 
on-line integration. This facility made possible observa- 
tions on a grid of pomts all round Orion A in order to tell 
whether the cloud was seen in emission or absorption and 
also to determine the nature of the expected emission 
profile so as to indicate the true absorption spectrum. Long 
comparison runs were therefore also obtained near the 
other sources. 














spectral lines has revealed strong (> 10° G) magnetic field effects 
in several neutral hydrogen clouds in the direction of HII regions. 
Low limits have been set to the line-of-sight field components in 
six other regions of space. 


The magnetic field effects found in the Orion A spectrum 
do not correspond to equal fields in all of several possible 
components, so that the nature of each cloud needs to be 
determined separately. This has turned out to be impos- 



















sible with the 20° of are beam of this telescope. The 
Table 1. CATALOGUE OF REGIONS INVESTIGATED 
Con- 
Absorp- tinuum Channel Tnte- 
tion (A) source Dand- gration 
Region ii by Size oremis- tem- width time 
sion CE) perature (h) 
Ta CK) 
3 0-9 36 A 80 
í 0 E 5 
Bag A ü A 170 
M17 OT A 157 
30° north of M17 0 se E 0 
Near 3C 353 20 = E 0 
W43 9 15 A 79 
W5I 49 -Q 1s’ A 40 7-9 and 
3-04 
Cyg A 76 58 2 A 
Cas A TR aa P A 38 
and 0-08 
1° east of Cas A 113 ~2 ~ E 0 107 and 106 
0-08 
Tau A 185 ~S8 a” A 234 3-94 16-0 
Orion A I 209 -194 6^5 A 94 TR 
1” north of Orion A 209 ~ 18 _ E G 9-0 
Wiz 207 -16 i E 5 TO 
12 IF 2307 -165 =~ A?E 16 80 
south TIT 208 -16 ~ E 0 3-0 





Isolated emission features 


Intermediate velo- 
city cloud 1075 TOF = E 0 Lar 500 
Near CP 1133 230-90 656 -— E o 1-37 24-0 


Table 2. MAGNETIC FIELD STRENGTH AND VELOCITY! POSITIVE SIGN INDICATES 
FIELD AWAY FROM OBSERVER. ERRORS ARE TWO STANDARD DEVIATIONS 








Velocity of 


Field component 
Region strength” km/s wrt, Comments 


aG ler. 
Approx, ~16 Both very marginal effects. Not 
-72 significantly greater than 
noise 
No signals anywhere in data 
greater than noise 


SÖtRl 
O+ 5-0 iF 


























MIF Approx. +30 +14 Probably two field effects com- 

bin Signals clearly above 
i See Fig. 3 

M17 +30" Dee ~ wee No signals greater than noise 

Near 3C 353 bth 1S Os ; —— 

W43 ? +24 Strong effect. Insufficient data 
available to describe com- 
ponent. Needs confirmation 

Wat Associated with emission, Needs 
confirmation 

Cyg A Marginal detections 

Cas A : Ref, 2 data included 

Cas A + 8u RA A No signals greater than noise 

<10 ~ 48 

Tan A +110 Agrees with ref. 2 result of 
OGL OF pt 

Orion A bid Very strong effect. Field estim- 

+ 2d only. Considerable un- 
certainty in expected emission 
profile. See Figs, 1 and 2a 

Orion A + +05 No signals greater than noise. 

1° 15’ Dee r 2b 

Wi2t +0 Clear effects due to fields in 
emission features 

Wi2 IL ~ 20 +4 Clear effect due to feld in 
emission feature 

1° south LIT <10 mmen No signals greater than noise 

rmediate J 
ocity cloud ~40+5-6 -20 Fig, 4 i 
Near CP 1133 +3543 (i No signals greater than noise 


* A positive sign is a field away from the observer and errors quoted are 
two standard deviations. 
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Fig. 1. a, Spectra 15° of are away from Orion A. Some absorption is 
still present. The offsets in position are indicated by the symbols as 
follows: triangles, north of source; filled circles, east of source; crosses, 
south of source; and open circles, west of source. The full line represents 


the spectrum on the source. b, Spectra 30° of are away from Orion A, 
The symbols are the same as for a. 


emission spectra obviously vary on an extremely small 
angular seale, with clouds which are smaller than the 
beamwidth. Spectra 15’ away from the source to the 
north, east, west and south showed that the spectrum 
to the south was entirely different from the 

other three (Fig. la). The spectra taken 30’ 

of are away from the source (Fig. 1b) do not 

even show the emission line. These results +40 
indicate that within about 15’ of the source, 
there are at least two very different and 
strong emission clouds. 








a 





Measurements with the 300 foot telescope PCR) a; 
(C. P. Gordon, private communication) i 
reveal this bright feature to the south of the 20 | 


souree as well, but the present data do not 
suggest what the expected profile would be 
like. 

These comments illustrate that there is 
not enough information to determine unam- 
biguously the field strength in the absorbing 
clouds in Orion A, for we cannot derive the 
shape of the true absorption lines. Similar 
strong effects were seen in M17, W51 and 
W12, but too little is known of the features 
responsible for the polarization effects, 
which were found only after off-line proces- 
sing, with the result that little mformation 
was obtained from surrounding regions. 

The results of an 8 hour integration on 
Orion A are shown in Fig. 2, which is the 
sum of two 4 hour runs with different feed 
position angles, 180° apart. These two 
positions had entirely different cross-polar- 
ization lobe characteristics? but the same 


°K 





Fig. 2. 
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Zeeman patterns. The latter can therefore not be the 
result of some peculiar configuration of narrow HI 
emission lines at different frequencies in different parts 
of the side of the main beam. Fig. 3 shows that for 
M17 the complex absorption spectrum and the strong 


polarization effects do align with part of it. Both 
Figs. 2 and 3 include difference spectra obtained 


away from the continuum sources in order to illustrate 
the significance of the polarization patterns observed. 
As a further comparison, Fig. 4 presents the 50-hour 
integration on a very weak but very narrow emission 
line forming part of a cloud of intermediate velocity 
of neutral hydrogen®, Further integrations are planned 
to tell whether there really is a field, but the results 
so far give a 68 per cent probability that it lies between 
1-2 and 6-8 uG. 

The limits to the field strengths in the various absorption 
features in Cyg A and Sag A are quoted in Table 2, with 
two standard deviation errors. The Cyg A values are 
therefore marginal detections. The measurements of 
the local absorption feature in Cas A do not confirm the 
Jodrell Bank result? even with three different bandwidths 
which would have revealed the narrow spikes (one only 
3-5 kHz wide) that Davies ef al. claimed was part of the 
Zeeman pattern. Our field limit? for the whole of this 
feature is 0-9 pG. The new measurements of Tau A 
confirm the previous more extensive observations which 
showed the field to have a value of — 3507 uG in 
the deep absorption line*. 

An interesting neutral hydrogen cloud, with an ex- 
panding shell-like structure, has been found in the im- 
mediate vicinity of CP 1133 and has been mapped with 
the 300 foot telescope. This complex included very narrow 
emission lines and a field limit of 7-8 pG has been set at 
one point in this complex. 

The magnetic field effects which have been found do 
not all occur in absorption lines, nor are they related to 
the depth of the line, the intensity of the continuum 
sources or to their diameters. The observations of W12 
indicate that the fields are seen in emission. Two pomts, 
30 of arc apart and both on the source, were observed as 
was another 1° south of it. The pair showed field effects 
at different frequencies with different intensities which 
may be due to emission lines, for the antenna temperature 
on the source would be too low to give significant absorp- 
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¢ a, Absorption spectrum on Orion A; b, difference spectrum (Boh int 
plotted as right-minus-left, hand polarization incident on the telescope: e, di 
spectrum (9 h integration) obtained 1° 15’ north of Orion A. 














+10 


Velocity (Ls.r.) km/s 


+20 








142 


NATURE, VOL. 223, JULY 12, 1969 











po 


PA 








+30 


Velocity (La.r.) km/s 


Fig. 3. 


Ta CK) 


a, Absorption spectrum on M17; 
M17; c, difference spectrum (3 h in 


b, difference spectrum (@ h integration) on 
tegration) 30’ of arc north of M17. 











Velocity (La.r.) km/s 


Fig. 4. a, Emission spectrum of the intermediate-velocity cloud at I1 = 107°-5 bi = 79° 


b, difference spectrum (50 h 


tion lines on positions I and II. The measurement 1° 
south of the source showed no field effects above peak-to- 
peak noise. 

The strong field effect in Orion A has a central frequency 
corresponding nearly to Clark’s suggested component! with 
a density of 680 atoms cm, This estimate is probably 
too low, for Clark averaged spectra over several degrees to 
obtain an expected profile. Our data suggest a greater 
optical depth and, if one uses a lower kinetic temperature 
(say 30° K), this cloud can also be made to be gravitation- 
ally stable. Thus it is consistent with the motion? of high 
fields in high density and probably contracting clouds. 
A very rough estimate of the density of the cloud that gives 
rise to the strong field effect in M17 also leads to a high 
density. 

The fields by these observations say nothing, of course, 
about the so-called interstellar magnetic field, but only 
about fields in high-density and probably low temperature 
HI clouds. Even the lower field in the Tau A line is 
greater than the average interstellar field in that direction. 
Observations of pulsars give more reliable field values for 
the medium between clouds. The mean line of sight 
electron density’? to Tau A and the Faraday rotation 
measured for this source? yield a mean field of 5-5 x 10-7 G, 
nearly an order of magnitude less than the 3-5 uG in the 
cloud. The increased cloud field cannot be explained by 
simple gravitational contraction and subsequent field 
amplification, however. The directions of the field 
derived from the rotation measure data and the Zeeman 
effect on Tau A are also different, showing either that the 
rotation measurement of Tau A contains a very large 
inherent component or that the cloud field is effectively 
“detached” from the more general interstellar field in 
both magnitude and direction. 

We conclude that strong fields (> 10-5 G) are found 
chiefly in high density clouds. So far these have only been 
seen in the direction of several HII regions and Cas A. 
Because HIT regions are supposed to be the result of star 





integration) on this position. 


s A 


formation in dense HI complexes, the present discovery 
of small dense HI clouds near them is not surprising. 
Further evidence of that comes from a comparison of the 
velocities of the apparent Zeeman effect and the re- 
combination line velocities®. For the three sources the 
spectra of which show clear field effects--W10, W12 and 
M17—these two velocities agree to within 9, 2 and 3 km/s 
respectively. 

The Zeeman effect would tend to beseen in absorption, for 
high density clouds also have alow kinetic temperature’, so 
that there is an apparent selection effect in that absorption 
spectra reveal these dense, cool clouds while observations 
of emission spectra discriminate against them. Further 
observations of regions in which strong fields might be 
expected—the North Polar Spur or the spurs of HI 
associated with field reversals"——should make it possible 
to study this effect. 

The measurements on the HII regions have revealed 
only the presence of apparently strong magnetic field 
effects. Tt will require extensive mapping of the fields 
around these sources’ and of the emission spectra to 
determine the field strengths accurately. The present 
observations, in particular of Orion A, have also illus- 
trated the difficulty of determining residual effects for 
complex extended sources. 

I thank M. Balister for his help with the polarization 
calibration. 
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Crustal Structure of the East African Plateau and Rift 
Valleys from Gravity Measurements 


by 
W. T. C. SOWERBUTTS 


School of Physics, 
University of Newcastle upon Tyne 


To understand how the East African Rift System has 
developed, it is necessary to know the crustal structure 
of the region. Seismological studies would provide the 
most precise information on crustal thicknesses and the 
nature of the upper mantle in the Rift System, but some 
limits can be obtained by fitting structural models to 
measured gravity anomalies. This article presents an 
east-west profile across the Rift System at latitude about 
3° 8 and considers three structural models that would 
account for the observed gravity anomalies. 

The profile extends from the Congo Basin to the Indian 
Ocean (Fig. 1), crossing the Western Rift south of Lake 
Kivu, the East African Plateau south of Lake Victoria 
and the Eastern Rift between Moshi and Lake Eyasi. 
The Western Rift south of Lake Kivu is a graben about 
50 km wide, largely obseured by sediment fill and Recent 
voleanies. The Eastern Rift in central Kenya is a well- 
defined graben about 50 km wide bounded by two sets 
of opposing normal faults which tend to split up and 
diverge on passing southwards into Tanzania, so that 
at latitude 3° S the Eastern Rift is a zone of block faulting 
and tilting about 250 km wide. 

Gravity values for the onshore section of the profile 
are taken from profiles 28 and 29 obtained during 1961 
and 1962 by HMS Owen'. The section over land 
is constructed from 376 gravity values? including 
131 values measured by observers from the University 
of Newcastle. The data are projected onto an east-west 
line giving a generalized profile enabling two-dimensional 
interpretations to be made. The crustal structure in 
the Indian Ocean between km ~— 1150 and km — 500 is 
based solely on seismic refraction sections* projected onto 
the gravity profile. The structure between km — 500 
and the shore is based on seismie refraction sections® 
and the results of near surface surveys along the East 
African coast by British Petroleum and Shell. In the 
models, a transition zone between the continental crust 
and oceanic layer has been added immediately offshore, 
and the section between the shore and km —500 has 
been constructed to satisfy approximately the observed 
gravity anomalies, 


The observed gravitational anomalies of the East African Rift System 
are analysed in terms of three structural models. 


Because part of the negative Bouguer anomaly over the 
Western Rift is due to the effect of an unknown thickness 
of sediments and volcanics, these have been approxi- 
mated in the models by a vertically sided body of density 
2-2 g/em* extending from the land surface to sea-level. 
The effects of up to 2-4 km of sedimentary rocks in the 
Congo Basin? have also been considered. The empirical 


Nafe-Drake relationship? has been used through- 
out to obtain densities corresponding to  seismme 


velocities. 

For each model, gravity anomalies were computed 
by a method’ that takes account of the Karth’s curvature, 
and were compared with observed anomalies. The fixed 
crustal section at km — 558 was used as a control. 

The relationship between the major gravity anomalies 
and surface elevation (Fig. 2) shows that the region is 
approximately in isostatic equilibrium. Because the 
major anomalies have wavelengths of hundreds of kilo- 
metres they must be caused by mass distri 
depth and not by near-surface geological fe 
marked 60-70 mgal negative Bouguer anornaly coincident 
with the East African Plateau indicates that the mass 
effect of the plateau must be compensated at depth 
by a relative mass deficiency. 


Model | 

In model 1 the onshore gravity anomalies are accounted 
for by a homogeneous crust of variable thickness overlying 
homogeneous upper mantle (Fig. 2). The density of the 
upper mantle material is taken as 3-40 g/em*, to corre- 
spond roughly to the sub-moho velocities of 81-82 km/s 
determined at the seismic refraction stations’. The 
density of the continental crust is taken as 2-84 g/em* 
The computed crustal thickness for the East African 
Plateau, 36 km, is about 9 km greater than that computed 
for the Congo Basin, and the greatest. crustal thicknesses 
computed, 39 km and 38 km, are at the Eastern and 
Western Rifts respectively. For a simple structure of 
this type the regions of thickest crust will always correlate 
with the regions of greatest surface elevation. While 
the structure accounts for the gravity anomalies, the 
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Fig. 1. Map of East Africa and adjacent regions showing position of gravity line and location of seismic refraction stations in the Indian 
Ocean of ref 6. 
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geological history of the region alone suggests that it is 
unlikely to exist. 

A record of the vertical movements that have affected 
the African continent is preserved in erosion surfaces. 
Studies of these! show that most of the African continent 
was uplifted a few hundred metres during the Cainozoic. 
During this period most of East Africa was uplifted a 
much greater amount, about 1,300 metres, and the uplift 
was accompanied by warping and formation of the rift 
structures. Both Bailey" and Bott! have argued that 
because the East African Plateau is now approximately 
in isostatic equilibrium the Cainozoic uplift must have 
been accompanied by the formation of low-density 
material either at the base of the crust or in the upper 
mantle. These arguments assume the region was in 
isostatic equilibrium before uplift, and imply that the 
crust of the Congo Basin and East Africa either had a 
similar thickness before uplift, or that any variations 
in thickness would be related to major geological features, 
like metamorphic belts and granite batholiths, and not 
the present. day topography as in model 1. Thus model 1 
only serves to demonstrate the extent of the relative 
mass deficiency beneath the plateau and rift zones. 


Model 2: Low Density Upper Mantle 
In 1962 Heezen!® drew attention to the similarities 


between topographie profiles across the African rift 
valleys and mid-oceanic ridges; he noted that they form 
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part of a continuous feature, and inferred that they 
result from similar tectonie processes. 

A preliminary travel-time curve for eastern Africa! 
shows systematically longer arrival times for distances 
3<4<15° than those predicted by Herrin’s modified 
J-B travel-time curve. Because Herrin’s curvet for 
near distances is derived from data from the western 
United States, a region largely characterized by having 
alow Pn velocity", the longer arrival times for the African 
curve suggest the average density of the upper mantle 
beneath eastern Africa is lower than the density of the 
upper mantle beneath the western United States. Short 
period shear waves that travel in the uppermost part 
of the mantle are less efficiently transmitted beneath 
the rift zones of Ethiopia and northern Kenya than else- 
where in Africa’, suggesting the upper mantle beneath 
these rift zones is different to that elsewhere. 

Basaltie magma is thought to form in the upper 
mantle by a process such as partial melting. Because 
there are tremendous volumes of predominantly basaltic 
lavas and pyroclasties associated with the Eastern Rift 
in Ethiopia, Kenya and northern Tanzania, and smaller 
but still signifieant volumes associated with the Western 
Rift, the upper mantle beneath the rift zones must be 
partially depleted in its low-melting fraction, and so 
cannot be identical to the upper mantle elsewhere. 

In model 2 a layer of low-density mantle beneath East 
Africa is assumed to have the same density (3-15 g/em) 
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Fig. 2. 


Observed gravity anomalies on projected profile and three structural models that would account for them. 


The lower curve is the 


observed free-air anomaly and the upper curve the observed Bouguer anomaly (ọ = 2-67 g/cm). Solid circles represent computed anomalies 


for model 3, derived by applying the Bouguer correction to computed free-air anomalies, In model 1, the mantle and continental crust 

are assumed to have uniform densities. In model 2, a constant thickness crust beneath East Africa is underlain by low-density mantie. Model 

3 is similar to model 2 but incorporates low-density basal crust. Rock densities in g/cm? are indicated. In the sections the vertical exaggera- 
tion above sea-level is 17-2 :1, and below sea-level is 8-6 : 1. 
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as upper mantle material beneath some mid-oceanic 
ridges. The continental crust of the plateau and rift 
zones is assumed to have a constant thickness, the same 
as computed in model 1 for the eastern Congo Basin 
(31-9 km), For the structure to account for the observed 
gravity, the low-density mantle layer has to be up to 
14 km and 13 km thick beneath the Eastern and Western 
Rifts respectively, and at least 11 km thick beneath 
the East African Plateau (Fig. 2). 

With this type of strueture the increase in volume 
of mantle material, during conversion to low-density 
mantle material, can be postulated as the cause of the 
Cainozoic uplift of the plateau and rift zones. When an 
estimated 350 m of regional uplift is subtracted, the 
observed Cainozoic uplift of the plateau is about 850 m 
and of the rift zones between 950 m and 1,000 m. The 
uplift that would result from the formation of the quantity 
of low-density mantle computed for model 2 is estimated 
as 960 m for the platean and between 1,000 m and 1,600 m 
for the rift zones. These estimates were calculated 
assuming the 7-4 per cent increase in volume produced 
vertical movements only, and the total mass remained 
constant. 


Model 3: Low Density Basal Crust 

The formation of low-density mantle must be caused, 
to some extent, by heating. The isotherms within the 
crust of East Africa are therefore likely to be elevated, 
and the material at the base of the crust to have changed 
to a low-density form, in the same way as the under- 
lying mantle. Because of the combined effects of crustal 
extension and heating, the crust is unlikely to have the 
simple form assumed for model 2. Dopp! has detected 
material at depths of between 17 km and 33 km beneath 
the Western Rift with P-wave velocities of between 
6-70 km/s and 6-82 km/s. This material may represent 
low-density basal crust for these velocities are lower 
than the average” for the lower layer of the continental 
crust. 

The nature of the rift faulting in East Africa suggests 
that only a small amount of crustal thinning, caused 
by extension during uplift, is likely to have occurred. 
In model 3 long-wavelength anomalies at the rifts are 
accounted for by the presence of low-density material 
at the base of the crust. 

In model 3, the continental crust is divided into two 
layers such that, before any crustal modification, they 
would have the same thickness and same mean density 
as the crust of model 2. A density of 2-90 g/em? is used 
for the low-density basal crustal material, corresponding 
to the P-wave velocities measured by Dopp. A density 
of 3-20 g/em? is used for the low-density mantle, for this 
is considered to be a more likely value for material at a 
depth of over 30 km than the value of 3-15 g/em? used 
in model 2. The mean density of similar material beneath 
the Basin and Range Province of the western United 
States is 3-24 g/cm" (ref. 20). In order to compute a unique 
model the base of the low-density mantle was maintained, 
as closely as possible, at a constant depth, and the extent 
of low-density basal crust was confined to the lower 
crustal layer. 

In the computed structure a thickness of up to 9 km 
of low-density basal crust beneath the Eastern Rift 
extends laterally a distance about twice the width of 
the rift zone (Fig. 2). There is a smaller amount beneath 
the Western Rift. 

If low-density basal crust has formed beneath the 
rift floors, model 3 shows that it has probably formed 
beneath the rift shoulders also. If gradually increasing 
thicknesses of basal crust of both the rift shoulders and 
the rift floors have changed to a low-density form as the 
rift zones have developed, this change might help to 
explain why there is not always a detailed correlation 
between rift faults and the positions of igneous centres, 
and why there are some large igneous centres, for example, 
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Mount Kenya and Mount Elgon, up to 120 km from major 
rift faults. 


implications 

In the models the boundaries between layers have 
been assumed to be sharp merely to aid computations. 
The boundaries of any low density layers, in particular, 
are likely to be gradational. The maximum depth at 
which low density material could be present cannot 
be determined from the gradients of the Bouguer anomaly 
alone, because the contributions to these gradients from 
variations m the nature of the real crust and mantle 
are unknown. If, in models 2 and 3, different densities 
had been used for the low-density layers, the thicknesses 
of these layers would differ from those shown, bat their 
overall configuration would be similar. If the density 
of the low-density layer in model 3 was taken as 3-3 g/em? 
instead of 3-2 g/em’, the layer would have to extend 
to a depth of about 62 km to satisfy the gravity. Because 
this depth is close to the top of the low-velocity leyer™, 
there exists the possibility that there are either gaps 
in the mantle lithosphere beneath the Rift System in 
East Africa, as there are beneath some mid-ceeanic 
ridges", or gaps are beginning to form. 

The quantity of low-density material beneath East 
Africa required to account for the gravity anomalies 
can only have formed from higher density material 
by heating and expansion or by a change in bulk chemical 
composition. Reduction of confining pressure alone, 
by extension and faulting, will not produce sufficient 
material’. The formation of many features of the Rift 
System in East Africa, but not all, ean be explamed if 
a single convective upwell is postulated beneath the 
East African Plateau ag a heat transfer mechanism. 
The plateau uplift can be directly related to the formation 
of low-density material, and because the rift zones 
generally margin the plateau, their positions can be ex- 
plained satisfactorily for warping and tensional stresses 
during uplift would be greatest at the plateau margins. 

The gravity anomalies indicate that the greatest 
quantities of low-density material underlie the rife zones. 
Presumably these are the regions where the heat flow 
is greatest. Excess heating at the Eastern and Western 
rift zones cannot be explained with a single convective 
upwell beneath the East African Plateau alone. Also, 
with a single upwell it is difficult to see how the change 
from a double to a single rift zone, both north and south 
of East Africa, can be accommodated. Other difficulties 
arise if separate upwells are postulated beneath each 
rift zone. 

A mechanism of heat transfer to the rift zones or s 
mechanism of heat generation, initiated and controlled 
by extension, is required. Bailey?? has suggested that 
the migration of volatiles from the mantle into the rift 
zones will cause adiabatic heating and partial melting. 
If Bailey’s mechanism, or a similar mechanism, can be 
shown to operate on a crustal scale it will not be necessary 
to appeal to convection in the mantle as the dominant. heat 
transfer mechanism at the rift zones. It will be possible 
to explain the formation of the East African Rift System 
as the initial stage in the break-up of a rigid plate, with 
most of the low-density material and the uplift of the 
region being produced as a result of mechanisms initiated 
by extension. 
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Rates of Evolutionary Change in the Hominid Dentition 


by 
A. BILSBOROUGH 


Duckworth Laboratory, 
Faculty of Archaeology and Anthropology, 
University of Cambridge 


Owns of the fundamental problems of modern evolutionary 
studies is the elucidation of the rate at which species 
evolve. Recently there have been contributions from 
biochemistry and genetics, while palaeontologists and 
physical anthropologists have shown increasing interest 
in the rates of morphological change revealed by the 
fossil record. 

Caleulations of such rates are valuable in providing 

quantitative measures of temporal change both within 
and between phyla, thereby providing data on which to 
base assessments of “slow” or “rapid” evolution. while 
also providing insight into the functional interrelation- 
ships of the various parts of an organism. The term 
“functional complex” is currently in vogue in physical 
anthropology, and yet most ideas about what con- 
stitutes such a complex seem basically intuitive: for 
example, the lower limb in some way constitutes a func- 
tional complex of its own, as do the upper limb, head and 
so on, One definition of such a complex would be that 
based on the measurement of evolutionary rates---those 
parts of an organism changing at similar rates over a 
single period of time could constitute one functional 
complex. Elucidation of such complexes and their 
differing rates of change would make possible a much 
clearer understanding of mosaic evolutionary patterns 
within a genus or phylum. 
Moreover, quantification of evolution rates. together 
with studies in geology, mineralogy, palaeobotany and, 
for hominids, archaeology, would provide a basis for 
essing the ecological and selective forces that acted on 
l populations, resulting in an overall view of palaeo- 
species as a series of variable populations interacting with 
their environment, rather than as a mere collection of 
fossil types. 

It is generally accepted that there was a gradual 
reduction in the size of the hominid dentition throughout. 
the Pleistocene. I shall try here to quantify these changes, 
and, if my phylogeny is correct, to show that there were 
different peaks of change for the premolar and molar 
teeth. I have considered two linear dimensions of the 
teeth—mesio-distal diameter (M-D) and buceo-lingual 
diameter (B-L). In addition to rates of change in these 
linear dimensions, L have calculated rates for two para- 
meters obtained from them-—a shape index (100 B-L/M-D) 
and a measure of crown size (M-D x B-L). 

In considering changes in cheek tooth dimensions it 
is probable that the functionally significant aspect is 
change in the crown area available for chewing. This is 


























Rates of evolution of hominid dentition have been calculated for 
fossils from Olduvai Gorge in Tanzania. 
during the Pleistocene. 


Clearly rates fluctuated 


measured approximately by the crown size parameter 
above, assuming the surface of the tooth to be a rectangle. 
Changes in the crown area of the tooth can be effected in 
various ways-—by a change in either M-D or B-L diameters, 
or changes in both at the same time. The changes in the 
shape index reflect the relative contribution to total 
change made by each of the linear parameters and is a 
convenient way of summarizing changes in the tooth 
dimensions. While size parameters show considerable 
intra and inter-population variation, shape is less variable. 
Changes in size are often reversible in evolution (for 
example, ref. 1); changes in shape are rarely so, There is 
thus less likelihood of apparent shape changes resulting 
from sampling error than size changes. 

Rates can be expressed as proportional change per 
million years calculated aecording to Haldano’s? formula 


log 






rate = 


where œ, and x, are the values for a parameter at times 
t, and ¢,. The rates are expressed in millidarwins (one 
darwin is a change by a factor e in one million years). 
A negative rate corresponds to a decrease in the para- 
meter considered. 

Rates of evolutionary change obviously depend on the 
phylogenetic scheme used, and an incorrect phylogeny 
will result in meaningless evolution rates. There is still 
much controversy concerning a detailed hominid phylo- 
geny, but most authorities will probably accept the scheme 
assumed in this study. The earliest described Pleistocene 
hominids seem to be the gracile forms from Lower Bed I. 
Olduvai Gorge, Tanzania? The precise taxonomic status 
of these finds is disputed‘-?, but whichever taxon they are 
eventually assigned to, there seems no reason to doubt 
their ancestry to later members of the genus Homo. 
Measurements are therefore included here from the Bed I 
Olduvai hominids 4, 6, 7 (sites M K 1, F LK IT and 
FLKNNIY. These may have evolved, by way of inter- 
mediate populations such as those represented by the 
material from Olduvai Lower Bed II, into Homo erectus 
of the Middle Pleistocene. Measurements are therefore 
included here of one specimen from Lower Bed I- 
Olduvai hominid 13 (site M N K II)’, while two stages in 
the species H. erectus are represented by finds from the 
Djetis beds of Java (“Pithecanthropus’”’ IV maxilla and 
Sangiran B mandible)? and the later material from 
Choukoutien (Pekin), China’. H. sapiens probably 
evolved from widespread populations of H. erectus in the 
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later Middle or early Upper Pleistocene. The Olduvai 
Bed I material has been dated at about 1-75 million 
years"), and the Bed IL material is estimated to be 
about 1 million years old by interpolation™, The Java 
fossils are taken as about 700,000 years old, and the Pekin 
material as about 370,000 years old'* (assuming a Mindel 
date for the Choukoutien finds)’. 

The dental parameters used here differ widely in modern 
populations of H. sapiens. I have been unable to discover 
a single comprehensive study which gives mean values 
calculated on a worldwide basis, and have therefore used 
the mean of two studies—one on a microdont population 
(Bushmen)!* and one on a macrodont group (Australian 
aborigines)” and from these have calculated a mid-value as 
representative of modern H. sapiens. 

Before the late Middle Pleistocene, fossil fragments are 
rare and the Olduvai and Javanese measurements are 
based on restricted samples (often single specimens). 
There is thus no way of knowing whether the forms found 
he near the mean of the population or whether they 
approach the limits of the population range. For this 
study they have been taken as representing the means of 
the populations considered, but the rates derived from 
these measurements should be treated with caution, and 
will probably have to be modified in the light of further 
discoveries. With the Pekin material, however, a reason- 
ably large sample (by palaeoanthropological standards) is 
available, and the rates from the Pekin population should 
be more rehable than the earlier rates, which are based 
on more seanty material. 

In the results presented in Tables 1 and 2 and Figs. 1 
and 2 the rates vary from tooth to tooth, but. certain 
trends can be discerned. Between the Olduvai Bed I and 
Bed IL forms the general tendeney is for a decrease in 
tooth size with rates of reduction of M-D diameter much 
higher than those of B-L diameter. In M°, the only 
upper tooth known for hominid 7, there is in fact a slight 
increase in B-L diameter between the two forms. Rates 
of change of shape tend to be lower than those of size, 
but the teeth of the Bed II form are relatively broader. 
because of a higher rate of reduction in M-D diameter 
compared with B-L diameter. 

The Olduvai Bed Tl-Java Homo erectus segment 
shows a general increase in tooth size, caused principally 
by an increase in B-L diameter. M-D diameter is more 
variable. sometimes increasing, sometimes decreasing. 
But in all teeth except the third molars, rates of change 
in B-L diameter are higher than those in M-D diameter. 
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Because B-L diameter is increasing at a greater rate than 
M-D diameter, there is a relative broadening of all the 
teeth except Ma. l 
Within the H. erectus grade (Java Pekin) there is a 
marked reduction in the mean size of all the teeth, the 
rate of reduction being greater in the molar teeth with 
rates of 1 darwin and more. Rates of size reduction in 





diameter. 

Because of the number of teeth recovered from the 
Choukoutien deposits (134 permanent teeth) an estimate 
of the range of the Pekin population can be obtained. 
The largest premolars and first molars recovered from 
Pekin are larger than those from Java, and show rates of 
increase between +263 and +137 mdarwins (upper and 
lower first molars) and +398 mdarwins (anterior upper 
premolar) and +3873 and +121 mdarwins (posterior 
upper and lower premolars). But the largest second and 
third molars in both upper and lower jaws are still smaller 
than the Javanese specimens, and rates of reduction in 
crown area are — 749 and — 206 mdarwins (upper and lower 
second molars) and ~ 387 and — 195 mdarwins (upper and 
lower third molars). The smallest teeth fall well within 
the range of modern populations, and rates of reduction 
in crown area are — 863 mdarwins (P*); — 855 and — 1,219 
mdarwins (upper and lower posterior premolar); ~ 1.004 
and —1,543 mdarwins (upper and lower first molar); 
1,577 and —1,110 mdarwins (upper and lower second 
molar); and — 1,485 and — 1.823 mdarwins (upper and 











lower third molar}. Rates of reduction are thus greater for 
molars than premolars, and the third molars are especially 


reduced. Within the Pekin population the most variable 
of the cheek teeth in both upper and lower jaws is the first 
molar, and this is reflected in the discrepancy between 
evolution rates for maximum and minimum values of 
this tooth. Possibly sexual dimorphism contributed to 
this variance in first molar size. 

Within the final segment H. erectus (Pekin)-£Z. sapiens, 
there is a high rate of decrease in total size of the premolars, 
averaging about 1 darwin. Rates of reduction of total 
size of the molars, although marked, are much lower than 
those for the premolars, and average about 330 mdarwins. 
Shape changes are more variable and less marked than 
size changes, but there is a narrowing of the premolars in 
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Table 1, RATES oF EVOLUTIONARY CHANGE OF UPPER PREMOLAR AND MOLAR TEETH WITHIN THE HOMINID LINEAGE 











PY Pt 
Interval Parameter Rate Parameter 
Olduvai Bed E hominid~Olduvai M-D -87 
Bed Wi hominid (075 million B-L ~IL 
years) ie. I ~182-2 
ki A -100-1 
Olduvai Bed Ithominid-Homo  M-D 
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M-D, mesio-distal diameter; B-L, bucco-lingual diameter; I, shape index; A, crown area, 


both jaws, resulting from a greater rate of reduction of 
B-L diameter than of M-D diameter. 

As well as these rates between successive forms in the 
lineage, an overall rate from the Olduvai Bed II hominid 
to H. sapiens has also been calculated. Rates of reduction 
in M-D diameter have usually been higher than those of 
B-L diameter, leading to a relative broadening and 
shortening of the teeth. The only exception to this is 
P%, which shows a slight narrowing. 

The following general trends can be seen from the 
figures. (1) In the size changes, and to a lesser extent 
in the shape changes, there is considerable though not 
complete symmetry in the rates for both upper and lower 
dentitions. Thus a high rate of change in a tooth in the 
upper jaw is usually accompanied by a high rate of change 
in the corresponding tooth in the lower jaw. (2) The 
rates of change between the Olduvai Bed I and Bed IL 
forms and the Olduvai Bed IT and Java fossils are some- 
what low. Thus on the basis of the very restricted 
samples available, evolutionary change in the dental 
parameters considered was proceeding relatively slowly 
during the Lower Pleistocene. (3) Within the grade 
H. erectus (Java)—H. erectus (Pekin) there is a very high 
rate of reduction in the size of the second and third molars. 
The first molar shows a rather lower rate of change, and 
in this respect is intermediate between the rates for 
premolars and the other molars. The Middle Pleistocene 
seems to have been the time of maximum evolutionary 
change in the molar teeth. (4) From H, erectus (Pekin) 
to H. sapiens there is a high rate of reduction in the size of 


A B 
UPPER TEETH 


15 


1-0 


Rate (Darwins) 
> 


F 
a 


10 


LOWER TEETH 


the premolars, while the rates of reduction in molar size 
are much lower. Rates of change of shape are lower and 
more variable. (5) The overall rates calculated between 
the Olduvai hominid 13 and H. sapiens show that, with 
one exception, the rates for premolars and molars are of 
the same order, that is, although the rapid reduction in 
size of premolars and molars occurred at different times 
during the Pleistocene, the total change has been approxi- 
mately the same in both types of teeth. The exception is 
the first molar which is the most conservative tooth in 
H. sapiens—it had the lowest rate of change from the 
condition seen in the Olduvai Bed IT hominid. 

Previous studies!?-'6 of rates of hominid evolution have 
been concerned chiefly with the increase in cranial capacity 
during the Pleistocene. Campbell's data are the most 
comprehensive and his results most accurate because he 
used improved dating techniques, and showed that 
maximal rates of increase in cranial capacity-——of the 
order of 375 mdarwins—occurred during the later Middle 
Pleistocene. Campbell used a lineage segment not found 
in the study described here—that of H. erectus (Pekin) to 
early H. sapiens (Steinheim)—and the dates he used to 
calculate the rates are slightly different, but the dis- 
crepancies are not sufficient to invalidate a comparison 
between the two sets of results. It is interesting that there 
was a low rate of change in brain size and in dentition 
during the Lower Pleistocene, while the period of greatest 
rate of increase in cranial capacity was also that of 
very rapid reduction in molar size. It is possible that the 
rapid changes in these two complexes had a common 
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Fig. 2. Rates of change of shape of premolar and molar teeth within the hominid lineage, Symbols 
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Table 2. 


Ps Pi 
Interval Parameter Rate Parameter 
Olduvai Bed I hominid-Oldu- M-D 9-6 — 10:6-89 
vai Bed II hominid (075 B-L 99 — 10-9-9-8 
million years) 103-1 — 102:8-110-1 
A 95-0 —_ 115-5-87-2 
Olduvai Bed II hominid-Homo M-D —_ m 8:9-90 
erectus (Java) (03 million B-L — — 98-10-9 
years) I -— — 1101-1211 
A — pa 87-2-98-1 
Homo erectus (Java}-Homo M-D -87 ~ 9:0-88 
erectus (Pekin) (033 million B-L -9'9 _ 10:9-10-5 
years) I -113-8 _ 1211-1193 
A -861 -~ 981-925 
Homo erectus (Pekin)-Homo M-D 87-73 ~474 8B 74 
sapiens (0°37 million years) B-L 9-8-2 ~ 509 10-5-8-4 
I 1138-1123 -36  1193-113-5 
A 861-599 — 981 92-5-62-2 
Overall rates Olduvai Bed II M-D -T8 See 8-9-7 4 
hominid-Homo sapiens (1 B-L -82 ~ 9-8-8-4 
million years) I -112-3 — 110-1-113-5 
A -599 a 872-622 


Symbols are as for Table 1. 





cause—perhaps the change in selection pressures resulting 
from increased use of artefacts, including fire. 

Several factors affect the accuracy of studies such as 
this. They are principally (1) an incorrect phylogeny ; 
(2) inaccurate dating of the fossils used in calculating the 
rates; and (3) restricted sample size. In general, errors 
resulting from (1) and (2) are thought to be small. Dur- 
ing the past few years there has been general agreement 
on a more coherent and simplified hominid phylogeny 
based on two or three highly variable species. This 
probably corresponds more to reality than previous 
schemes based on a multiplicity of taxa. At the same 
time, the application of radiometric dating methods to 
the Lower and Middle Pleistocene has produced a temporal 
framework within which to date the fossils. 

Errors of sampling, however, have probably affected 
the results in two ways. First, the knowledge of the 
variability within any fossil hominid population is usually 
strictly limited even when, in palaeontological terms, 
a comparatively large sample is available (as at Pekin). 
This is because even with the Pekin material the repre- 
sentation of any particular tooth is comparatively in- 
frequent, and estimates of the variability are almost 
certainly awry. Most of the remains of fossil hominids 
consist of smaller samples than this and often a single 
specimen. These are so restricted in the amount of 
information they can yield that only very tentative 
conclusions can be derived from them. It is possible, for 
example, that the increase in size of the teeth from 
Olduvai hominid 13 to H. erectus (Java) is a result of 
sampling error rather than an overall increase in the 
mean values between the two populations they represent. 

A further source of sampling error arises because 
fossil hominid populations, like modern populations, 
were probably polytypic, with considerable variation 
in any parameter. This variability ig very inadequately 
represented in the fossil record. H. erectus is usually 
accepted as ancestral to H. sapiens, but it is impossible to 
say to what extent the Pekin population as such con- 
tributed to this ancestry. This makes many of the 
comparisons undoubtedly inaccurate in detail, a situation 
compounded by the wide variability shown within and 
between modern populations for the parameters con- 
sidered. For example, the means of the Australian 
aborigine dental parameters fall well within the range of 
the Pekin sample and for certain teeth (notably the upper 
molars) exceed the Pekin mean, so that several of the teeth 
increased in size during the past 370,000 years. On the 
other hand, the Bushmen’s mean dental dimensions. 
with a single exception, lie outside the Pekin range, and 
are usually well below the Pekin minima. The rates of 
change of crown area calculated from the Pekin means 
differ markedly between the two modern populations— 
those of the Bushmen lying between — 700 and — 1,400 
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mdarwins, those of the Australians between +20 and 
— 800 mdarwins. Thus the fastest rates in the Australians 
only just exceed the slowest rates in the Bushmen and the 
discrepancy in tooth size is especially marked in the 
upper molars, where there is a rate of increase in crown 
area averaging +180 mdarwins for the Australians, and a 
rate of decrease of crown area of -- 520 mdarwins for the 
Bushmen. Between the Pekin means and both modern 
populations, however, there is a general reduction in 
total premolar size, although the rates differ considerably 
between the Australians and Bushmen—upper premolars 
—570 and — 1,370 mdarwins respectively; lower pre- 
molars — 740 and — 1,380 mdarwins respectively. 

Although the variability of fossil populations is un- 
doubtedly underestimated, it is unlikely that they were 
as variable as contemporary H. sapiens, for they were 
fewer in number and oecupied a much more restricted 
geographical area. Although the estimated rates will 
therefore no doubt have to be altercd in detail to take 
account of new discoveries, there seems no reason to 
suppose that their relative magnitudes will be significantly 
affected, nor that the general patterns which do emerge 
from this study are not representative of what actually 
occurred, 

Studies of evolution rates emphasize the markedly 
mosaic nature of hominid evolution. Rates within so 
limited a complex as the cheek teeth fluctuated so much 
that more extensive studies of other parts of the hominid 
skeleton would probably show more marked fluctuations. 
For example, the increase in cranial capacity might well 
prove to be a consequence of differential increase in the 
size of the individual bones of the cranial vault at different 
times during the Pleistocene. 
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THe Omo Beds comprise some 500 m of fluvio-deltaic, 
paralacustrine and lacustrine beds of Phocene/Pleistocene 
age exposed north of Lake Rudolf in the lower Omo basin, 
south-western Ethiopia. Remains of fossil camels were 
recovered in 1968 by the United States contingent of the 
Omo Research Expedition! from at least two horizons 
in the main Omo Beds exposures. 

The earliest occurrence is a worn left lower molar 
(No. 111) from locality 1, a very rich fossiliferous locality 
below tuff C. The radiometric age of tuff C is unknown; 
but tuff B, which antedates the locality, has a K/Ar age 
of 3-75 m.y., so that the locality has an age approximating 
some 3-0 m.y. The tooth (Fig. 1), which was first recog- 
rized by A. W. and A. Gentry’, is 34-5 mm long and 21-9 
mam {occlusal surface) in breadth. The central cavities 
are preserved sufficiently to show the distinctive camelid 
external closure. 

Another specimen, the first found and recognized as 
eamelid by one of us (L. S. F.), is a distal metapodial 
{cannon bone, No, 104) from locality 52. This rich 
fossiliferous occurrence is between tuffs F and G, both 
of which are potentially datable radiometrically. An 
estimated age, on the basis of dated tuffs lower and higher 
in the sequence, is ~2-2 m.y. The specimen (Fig. 2) is 
broken at the lower end of the diaphysis and preserves 
the intercondylar notch, an essentially complete internal 
condyle (mt ITI), and most of the external condyle (mt IV) 
except for small portions of its anterior surface. 
specimen is an adult distal right metatarsal, show- 
ing the characteristic splayed divergence of the condyles, 
narrowed intercondylar notch, and posteriorly restricted 
mideondylar ridges of Camelus. The external condyle is 
narrower than the internal condyle, and projects inferiorly 
beyond the former. Some comparative measurements 
are given in Table 1. Lesbre’s* values for the maximum 
transverse breadth of metatarsal are 74 and 88 for ©. 
dromedarius and C. bactrianus, respectively; and his 
values for the transverse diameter of the external condyle 
are 33 and 42, respectively. He did not provide values 
for the other measurements, and so we have used other 
specimens. 

The specimen agrees well in size with the two-humped 
or Bactrian camel (C. bactrianus), and is correspondingly 




















Table 1. CAMEL METATARSAL DIMENSIONS (MM) 
Camelus Camelus  Paracamelus Ome 
drome- baet- piyas C. thomasi speci- 
darius* vianust (Schlosser)?! (Pome? men 
Distal metatarsal 
Maximum transverse 
breadth 79-1 918 86-0 
External condyle (IV), 
transverse diam, 343 Adel 46-0 42-0 
External condyle (1V), 
sagittal diam, 30-4 416 48-5 42 
Internal condyle (7D, i 
transverse diam, 36-5 415 45-0 35:5 
Internal condyle (111), 
sagittal diam. 39-3 39-9 48-5 39:6 


* Specimen 61154 in the Museum of Paleontology, University of California, 
Berkeley. . oh . 

+ Specimen 74678 in the Museum of Vertebrate Zoology, University of 
California, Berkeley. 


A molar tooth and metatarsal bone found in the Omo beds seem 
to be those of a camel of about the same size as today’s Bactrian 
camel. These are the first camel remains to be recognized in eastern 


larger than the one-humped dromedary (C. dromedarius). 
Beyond its apparent overall size resemblance to C. 
bactrianus it is impossible to identify the specimen from 
the Omo beds beyond Camelus sp. indetermined. 

This is the first fossil camel recognized in eastern 
Africa (the Gentrys have since reported two rather younger 
occurrences from Kenya and Tanzania?)*, one of the few 
reported from the African Pleistocene, and perhaps one 
of the oldest yet known on that continent. Tt is therefore 
of some interest in view of its rarity, its appearance in 
Pliocene/Pleistocene formations in Asia and south-eastern 
Europe, and its status as an emigrant from the western 
hemisphere. 














Fig. 1. Left lower molar of Camelus from the lower series of Omo Beds, 


southern Ethiopia, 





Undeseribed remains of Camelus sp. have been reported 
by Arambourg? from the “Earlier Villafranchian” locality 
of Garaet Ichkeul, Tunisia, in association with Elephas 
africanava, Stylohipparion (rather frequent) and Equus 
(rare). The last species, an emigrant, is lacking in the 
lower and middle Omo Beds, so presumably those forma- 
tions antedate Ichkeul (or Equus was still restricted to 
more northerly latitudes). Another specimen, a meta- 
podial, of uncertain but possibly substantial age is known 
from the Ouadi-Derdemy area (Bochianga locality 2 of 
Y. Coppens) of the north-eastern reaches of the Chad 
basin (Y. Coppens, personal communication). In younger 
Pleistocene deposits at Ternifine (Palikao), Algeria, 
Pomel’ originally identified Camelus thomasi, in relation 
to a rich post-Villafranchian fauna (now being studied by 
C. Arambourg) and what is now known to be an earlier 
Acheulian stone industry®. This camel was rather larger 
and more robust-limbed than C. bactrianus to which it 
was Clearly related to judge from certain cranial and post- 
cranial characteristics (Pomel, however, originally regarded 
it as more closely related to C. dromedarius). This form 
appears also in relation to a late Upper Pleistocene Nile 
terrace in the northern Sudan’, and unidentified remains 
have been recorded from some four Upper Pleistocene 
(and younger) sites in the Maghreb, with Mousterian, 
Aterian and Ibero-Maurusian cultural associations. 








* A. W. and A. Gentry had hoped that their article on “Fossil Camels in 
Kenya and Tanzania” would be published together with this artic Unfor- 
tunately, it was published in the May 31 issue of Nature (222, 898; 1969). 
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Reeently, camel remains have come to light in associa- 
tion with mid-Pleistocene faunas in south-western Asia, 
Ubeidiya, Jordan Valley, is the earliest occurrence from 
which Haas* has reported a mandible fragment. At a 
younger locality in Syria, that of Latamne on the Orontes, 
Hooijer? identifed a mandible fragment and a large, 
robust proximal metatarsal. In neither case can the 
specifie affinities of the remains be determined. 

Remains of camels have long been known from Pliocene/ 
Pleistocene (and younger) formations in eastern Europe. 
Gromova'™ has offered a useful summary of the available 
evidence. The most important localities are around the 
northern Black Sea coast and the Sea of Azov., The 
earliest occurrence, of a species termed Paracamelus 
alexejevii, is in association with Mastodon and Hipparion; 
forms referred to P. alutensis and P. gigas appear subse- 
quently in association with Anancus, Elephas planifrons 
and Hquus (Hippotigris), in Akchagyl/Kuyal’nitsa 
sands which are usually accepted as basal Pleistocene 
(Eopleistocene of recent Soviet authors) in age. Remains 
of camel are extremely abundant (more than 6,000 
specimens reported), in association with Mastodon, 
Hipparion and Struthio (ostrich), in the reddish loams 
infilling karstic caves in Pontian limestones about Odessa. 
Although several camelid taxa have been recognized in 
the past—~ineluding C. alutensis Stefanescu, C. bessarabien- 
sis Khomenko, C. kuyalensis Khomenko, and C. (P.) 
alexejevi~-Haveson® in his revision of these finds has 
proposed that all eastern European specimens are best 








‘ig. 2, Posterior and anterior views of distal right metatarsal of 
Camelus from the upper series of Omo Beds, southern Ethiopia. 
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referred to Paracamelus alutensis Stefaneseu. Para- 
camelus should probably be taken only as subgenerically 
distinct, and most forms can be reasonabl y assigned to 
C. (P.) alutensis, distinguished by relativ ely low-crowned 
teeth and preserving both premolars (unlike sextant 
species). Stefanescu™ first reported Camelus aluienss 
from Rumania, and there are now some half dozen locali- 
ties where this camel oecurs in association, initially. with 
Anancus, Mastodon, Tapirus, Hipparion and Equus 
(Hippotigris), and subsequently with an archidiskodont, 
Elephas meridionalis, The most westerly occurrences 
of camel, and seemingly early, are in the central Danube 
basin in Hungary (Kisláng and Ercsi localities), in associa- 
tion with Anancus, Elephas meridionalis, Tapirus and 
Struthio, m the Villanyian faunal stage’. 

In Kazakstan, central Asia, camelids (recorded as P. 
praebactrianus and P. gigas) are reported by Kostenko"™ 
in fluviolacustrine sediments of earher Ple 
with an “Ii valley” faunal assemblage ine luding An 
a ed mer ralis and Equus, and Ma 

peace ` faunal assemblage. 

A camelid referred to Paracamelus pracbactrianus Orlov, 
in association with a substantial Plio/Pleistecene rodent 
fauna, occurs in the Betejsk Beds of southern Siberia. 
while P. gigas Schlosser in western Siberia {Irtysh basin} 
is in a similar association which includes also a primitive 





































species of Equus, Paracamelus gigas was first described 
by Schlosser!’ and subsequently reported from more 





Zdansky'® and by Telbard de 
Chardin and Traessart?’. It occurs characteristically in 
the Lower Sanmenian time-stratigraphic unit in the Niho- 
wanian faunal stage of Pliocene/Pleistocene age. Th per- 
sisted into mid-Pleistocene times, and still occurs, for 
example, at the Locality I hominid occupation site of 
Choukoutien®. This form was rather larger than the 
Bactrian camel to which it bears some definite resem- 
blances. 

Camelus sivalensis, although quite large, evidently 
exhibits definite Bactrian-like characters and has affinities 
with C. alutensis. It seems first to appear in the Upper 
Siwaliks (Pinjor formation)}**. 

Camelus is accepted as an emigrant to the eastern from 
the western hemisphere**. The time is generally assumed. 
to be earliest Pleistocene or broadly Pliocene/Pleistocene’* 
In Central Asia and in south-eastern Europe some sub- 
stantial faunal assemblages are known in which Ca 
oceurs but in which Equus is absent (whereas Happarion 
and mastodonts are present, variously with or without 
archidiskodont elephants in association). This is not the 
case in the Maghreb of northern Africa where, at Garaet 
Ichkeul (Tunisia), Equus is infrequently represented and 
Stylohipparion is the common equid; the associated pro- 
boscideans are Anancus and Elephas africanava (or Elephas 
subplanifrons ?). In the Omo beds series, where the dating 
evidence is more satisfactory, Camelus precedes uppear- 
ance of Equus and Stylchipparion is the only equid rey 
sented. There is some substantive evidence to indicate 
therefore that the emigration of Camelus antedated, per- 
haps rather substantially, that of Equus. The time of 
dispersal of the former is still unclear, however, because of 
the absence of radiometric dating from critical localities 
in Asia. It may well have been the end of the Pliocene 
or basal Pleistocene depending on where the much d 
puted Pliocene/Pleistocene boundary is drawn. In any 
case, Camelus is a useful indicator for a range of Pliocene’ 
Pleistocene time, although like its co-ernigrant Aqwus 
(Hippotigris), and the autochthonous Elephas (Arehidisko- 
don) (and Leptobos) it is time-transgressive and did not 
appear simultaneously in widely separated parts of the 
eastern hemisphere. It is important to bear this fact im 
mind when considering vertebrate palaeontological criteria 
for defining a Pliocene/PI eistocene boundary”, 
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Tuere have been few studies on the segregation patterns 
of the chromosomes of somatic cell hybrids, but it seems 
that, in most cases, cells lose chromosomes with timet, 
Chromosome loss seems to be a more prominent feature of 
interspecific than of intraspecific hybrids. We here 
describe segregants of hybrids produced by fusing cells 
from two mouse cell lines, each having a different 
enzymatic defect, The karyotype of these segregants is 
very similar to that of the two parent cells, but the 
segregants show complementation of the parental enzy- 
matic defects. 

A, and Bg, mutants? of Earle's L linet? were fused by 
exposing the cells to inactivated Sendai virus, The A, 
cell lacks inosinie acid pyrophosphorylase; the Be cell 
lacks thymidine kinase. Neither cell grows when endogen- 
ous biosynthesis of purines and of thymidilic acid is 
blocked by aminopterin®; but hybrids between the two 
cells do grow, because they contain both the enzymes. 
This complementation in the hybrid forms the basis of the 
method used for selecting such hybrids in mixed popula- 
tions of the two parent cells’, In medium containing 
4x107 M aminopterin, 3x 10-*M glycine, 16x 10+ M 
thymidine and 1x 10-4 M hypoxanthine, only the hybrid 
cells grow. 

We have been studying the chromosomes of such hybrid 
cells, produced about a year ago by the action of in- 
activated Sendai virus and maintained in continuous 
culture ever since. A detailed description of the chromoso- 
mal changes which occurred during the first 3 months is 
given elsewhere? We now describe the chromosomal 
changes which have occurred in two subpopulations of 
these hybrid cells grown for a year in the selective medium, 
One subpopulation (A) arose from cells fused together by 
6,000 hacmagghitination units (HAU) of inactivated virus 
and grown in the selective medium as a mixed culture. 
The second (B) was derived from a single coleny of hybrid 


Populations of hybrid cells produced by the fusion of mouse cells 
with different enzymatic defects give rise to segregants with a 
karyotype very similar to that of the parent cells; but these segre- 
gants show complementation of the parental enzymatic defects. 


cells, isolated 25 days after the primary fusion in which 
4,000 HAY of inactivated virus were used. All the cells 
scored in this study (over 600) were photographed in- 
dividually and their chromosome content analysed on 
printed enlargements with direct microscopie control, 
Samples were taken from subpopulation A at about 
1 month, 2 months, 3 months, 6 months and 9 months 
after cell fusion. Samples were taken from subpopulation 
B at about 2 months, 3 months, 9 months, 10-5 months and 
12 months after cell fusion. 


Parent and Hybrid Cells 

A, cells contained an average of twent y biarmed 
chromosomes, either meta or submetacentric, thirty-five 
telocentric chromosomes and two “dot” chromosomes 
(probably minute rings). Bg cells contained an average 
of twenty biarmed chromosomes, thirty-two telocentries 
and one “dot” chromosome (Figs. 1 and 2). The chromo- 
some distribution and morphology of the two cell lines 
are extremely similar and attest their common. origin. 

As reported in detail elsewhere!, most of the hybrid 
eells, when first studied, contained a chromosorne com- 
plement very close to what one would expect from the 
fusion of 1 A, and 1 Bg, cell (2s cells). A few cells showed 
the equivalent of several parental chromosomal sets 
(poly-s-cells), but such cells tended to disappear with time. 
Their incidence reached a peak of about 6 per cent 1 
month after cell fusion, but fell to 1 per cent after 3 
months’ cultivation. These poly-s cells are not included 
in Table 1, which lists the incidence of hypo-2s and s cells 
in the population at various times. 2s cells are defined as 
those having chromosome numbers between 119 and 80, 
hypo-2s between 79 and 60 and s 59 or less. Table I 
shows that, in subpopulation A, 12 per cent of the cells 
are of the hypo-2s or s type 9 months after cell fusion. 
In subpopulation B, derived from a single clone, only 
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Table 1. PATTERNS OF SEGREGATION IN 4,~By, HYBRIDS 


Subpopulation A Subpopulation B 
Age of cultures Percentage of Age of cultures Percentage of 


(months) hypo-ds and a cells (months) hypo-2s and cells 
1 Q 2 10 
2 5 3 3 
3 5 9 34 
6 0 10-5 40 
9 12 12-0 49 


Table 2. CHROMOSOME NUMBER AND TYPE IN 28 HYBRID CELLS 


Subpopulation A 


Age of sample Type of chromosome 
(months) B T D Total count 
1 ITT 66-51 274 106-98 
2 87-73 69°39 279 109-92 
3 87-76 68-00 2:63 108-40 
6 37-62 64-09 2:38 104-09 
9 36-68 61-86 2:64 101-18 


Table 3. CHROMOSOME NUMBER AND TYPE IN 


Subpopulation B 


28 HYBRID CELLS 


Age of sample Type of chromosome 





(months) D Total count 
2 69-90 1-85 100-00 
3 60-67 1:86 
p 585 2-08 
105 Ag 1-93 
12 33-64 4R 2d 1:68 





66 per cent of the cells are of the 2s type 9 months after 
fusion. Six weeks later this value has fallen to 60 per cent 
and, ] year after fusion, to 51 per cent. The other cells 
in the culture are in the hypo-2s and s range, and meta- 
phases with fifty-nine chromosomes or less aceount for 
5 to 10 per cent of all cells. One would expect that, as 
inereasing numbers of hypo-2s and s cells appear, the 
average number of chromosomes in the 2s class of cells 


a 


Ag(s=56) 
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would also fall. Tables 2 and 3 show that this is so. 
While the chromosome number of the hybrid cells re- 
mained very stable during the first 3 months, thereafter 
a progressive fall in chromosome number occurred, This 
fall involved chiefly the telocentric chromosomes. In 
subpopulation A, the average chromosome number of the 
2s cells fell from about 108 at 3 months to 101 at 9 months. 
This fall is entirely caused by a loss of telocentric chromo- 
somes: the number of biarmed chromosomes remained 
the same. In subpopulation B, the chromosome number of 
the 2s cells fell from an average of 100 at 2 months and 
3 months, to an average of eighty-four at 12 months. 
This fall was again chiefly the result of loss of telocentric 
chromosomes (a fall from sixty to forty-eight), but, in this 
case, there was also a fall in the number of biarmed 
chromosomes (from thirty-eight to thirty-four). 





S Segregants 


Ten such cells, chosen at random from subpopulation B, 
10-5 months after cell fusion, were fully karyotyped 
together with 10 A, and 10 Ba, cells. In Table 4 the three 
cell types are compared and the distributions of meta- 
centric (M), submetacentric (SM), telocentrie (T) and 
“dot” (D) chromosomes are shown, The distribution of 
the various classes of chromosome is similar in each type 
of cell, except that D chromosomes tend to be absent im 
the s segregants, whereas one or two such chromosomes 
are normally present in the parent cells, It thus appears 
that the segregants contain a chromosome complement 
which is both quantitatively and qualitatively very 
similar to those of the two parent cells. This is also true 
for the marker chromosomes. A, and Ba, cells contain 
the same two marker chromosomes. One is a sub- 
metacentric with a constriction near the muddle of the 
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Fig. 1. Left, the chromosomes of A, and Ba: cells; middle, a 2s hybrid containing most of the chromosomes of the two parent cells; right, 


an s hybrid segregant showing a loss of chromosomes equivalent to one parental set. 


The submetacentric and telocentric markers of the 


two parent cells are shown. They are present in pairs in the 23 hybrid, but singly in the segregant. 
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Table 4, COMPARISON OF THE KARYOTYPES OF Ay CELLS, By, CELLS AND 
SEGREGANTS OF THE HYBRID CELLS 


Cell Ay cells : SM T 
reference Count M SM T D marker marker 
887-25 56 EF 8 35 2 i 1 
SA7~-34 60 12 10 36 2 1 1 
869-1 56 ii 9 34 2 ł 1 
869-3 56 11 9 3 2 0 1 
869-5 56 13 5 37 1 1 1 
86é9~9 58 12 10 34 2 1 0 
906-27 58 10 8 38 2 I 1 
06-29 59 10 dL 35 3 I 4 
911-17 56 8 11 BS 2 1 1 
996-17 56 12 8 35 1 0 1 
Bag cells 
860-11 53 10 10 32 0 1 1 
869-12 53 13 30 1 1 1 
880-16 53 10 10 32 I 1 1 
849-19 öt 11 9 33 1 1 1 
860-23 54 12 8 33 1 i 1 
869-25 53 12 & 32 1 l 1 
869-28 51 9 10 31 i 1 ł 
860-31 58 10 11 31 1 1 1 
869-33 52 11 9 31 1 1 1 
906-1 52 13 10 28 1 i 0 
S segregants 
1143-15 50 12 5 3 (i 0) 1 
1148-18 59 13 9 37 Q 1 1 
1143-22 58 10 t 36 1 i 1 
1146-6 55 l4 10 29 2 1 1 
1146-8 5R 12 10 36 0 1 1 
1146-10 p9 li 132 a7 0 1 1 
1146-12 57 14 7 36 0 0 1 
1146-14 58 13 9 36 0 1 1 
1146-18 59 13 9 36 l 7 1 
1146-22 58 14 7 7 0 1 1 


short arm; the other is a telocentric chromosome, one of 
the longest, with a terminal centromere and two additional 
constrictions which seem to determine two more centro- 
merie areas (Figs. 1 and 2). These markers, which are 
present in 2s hybrids in pairs, occur in the s segregants 
only singly (see Table 4). A study of ten more s segregants 
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Vig. 2. Left, the karyotypes of the A, and Bee parent cells: right, karyotypes of two hybrid segregants. 
are indistinguishable from those of the parent cells, except that dot chromosomes are absent. 
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examined after 12 months’ cultivation gave similar 
results. Fig. 1 shows metaphase spreads of A, and Bae 
cells, a 2s hybrid from subpopulation B, 2 months after 
cell fusion, and an s segregant from the same subpopulation 
10:5 months after fusion. Fig. 2 shows the karyotypes of 
the A, and By; cells compared with those of s segregants 
examined 10-5 months after cell fusion. 

These results indieate that although the hybrids 
produced by the action of Sendai virus do retain a stable 
2s chromosome number for the first 3 months of cultiva- 
tion, a progressive loss of chromosomes, mainly telo- 
centric, takes place after this period; and increasing 
numbers of cells appear with a chromosome complement 
closely resembling the s complement of the original 
parent cells, If only 2s cells had been scored our results 
would show that the intraspecific hybrids had lost only 
10-15 per cent of their chromosomes over the first year, 
a value not very different from that obtained by Little- 
field? for the same cells. But it is clear that these hybrid 
cell populations contain increasing numbers of segregants 
in which something very close to the equivalent of one 
complete parental chromosomal set has been lost. These 
s cells grow in the selective medium and must therefore 
contain both inosinie acid pyrophosphorylase and thy- 
midine kinase. This indicates that the segregants have 
acquired from one parent the genetic loci which permit 
the synthesis of inosinic acid pyrophosphorylase. and 
from the other parent the genetic loci which permit the 
synthesis of thymidine kinase. The possibility that 
these cells might be revertants of the parental A, or Be 
cells, and not segregants of the 2s hybrids, is eliminated in 
the case of subpopulation B by the fact that this sub- 
population was derived from a clone of 2s hybrids. 
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Significance of Chromosome Loss 

The mechanism of chromosome loss and segregation 
remains obscure, but we have already noted two pheno- 
mena which might be relevant??. Micronuclei of various 
sizes, resulting in the sequestration of parts of the hybrid 
cell nucleus, are commonly observed; and unstable 
structural anomalies such as ring chromosomes, dicentric 
chromosomes and chromosomal fragments appear in the 
hybrid cultures in increasing numbers as time goes by. 
Such anomalies may be seen in as many as 30 per cent of 
all cells in some cultures. Although cells with low 
chromosome numbers have been observed in populations 
of intraspecific hybrid cells’, the most extensive and most 
rapid loss of chromosomes appears to occur in certain 
interspecific hybrid cells, especially man-mouse hybrids*’’, 
Our study shows that extensive segregation also takes 
place in intraspecific hybrids, even those produced from 
two very similar cell types. And this segregation leads to 
an orderly restitution of something very like the parental 
chromosomal complement. It seems likely that much of 
the redundant genetic material is eliminated. A further 
point of interest is that, in the selective medium, segregants 
appear to have an advantage over the 2s hybrid cells, 
because the proportion of segregants in the hybrid popula- 
tions rises progressively. ‘This contrasts with the observa- 
tion previously made’, that the 2s hybrids, after a 3 
months’ period of cultivation, outgrew the parent A, and 
Baz cells in normal tissue culture medium. Chromo- 
some logs and segregation were more rapid in the 
clonal subpopulation B than in the random subpopu- 
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lation A. The cells in subpopulation A were defived 
from hundreds of small colonies arising in selective medium 
from the fusion of karyotypically heterogeneous A, and 
Baa cells. It is therefore probable that subpopulation A 
contained a much greater variety of hybrid cell types 
than subpopulation B. This could be responsible for 
the quantitative differences between the two subpopula- 
tions. Differences in the patterns of chromosome loss 
between clonal and random populations have also been 
described for interspecifie hybrid cells*. 

We are now growing clonal populations of these segre- 
gants in order to facilitate their further analysis. 

This work was supported by a grant from the US Public 
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fulvum. 


Durma recent years, virus particles with interferon 
stimulating properties have been described in a strain of 
Penicillium stoloniferum’4 and a strain of Penicillium 
funiculosum®. With P. stoloniferum, it was shown? 4 that 
double-stranded viral RNA was the active factor stimulat- 
ing interferon production; a double-stranded RNA, 
capable of inducing interferon production, has also been 
isolated? from a strain of P. funiculosum®* although a 
viral infection of this particular strain was not established. 
Virus particles have also been found in a number of 
penicillin producing strains of Penicillium chrysogenum™, 
one of which has been reported as producing an anti-viral 
agent!!; another strain of P. chrysogenum is known to 
produce an active interferon inducer (personal communi- 
cation from P. Van Dijk, E. De Clereq, C. Cocito and 
P. De Somer). 

As part of our research programme relating to fungal 
viruses and interferon production, we have screened 
various fungi for possible viral content. Following 
reports of an anti-viral agent isolated from Penicillium 
cyaneo-fulvum strain CMI 581381215, we have examined 
different strains of this organism for virus and interferon 
stimulating properties. We have now isolated a poly- 
hedral virus from P. cyaneo-fulvum strain CMI 58138 
and describe here some properties of the virus isolates, 
citing evidence that the virus particles, and double- 


A polyhedral virus has been found in a strain of Penicillium cyaneo- 
Double-stranded RNA isolated from the virus was active 
in stimulating interferon production. 


stranded RNA extracted therefrom, are active in inducing 
interferon production. 

Throughout this article, the term “virus” is used in 
relation to the polyhedral particles found in certain species 
of Penicillium. The justification for use of the term 
“yirug” in such cases was discussed in a previous publicas 
tion’. 


Preparation and Properties of the Virus 

P. cyaneo-fulvum strain CMI 58138 was grown in 
submerged culture in shaken flasks or 60 1. stirred fer- 
menters at 27° C, using media and cultural conditions 
similar to those described in reference 16. Virus prepara- 
tions were obtained from approximately 60 h old mycelium 
from shaken flask fermentations or 24 h old mycelium in 
the case of 60 |. scale fermentations. Interferon induction 
was carried out by intraperitoneal injection of preparations 
into groups of mice. Pooled sera were obtained after 
16 h and assayed for interferon activity on secondary 
mouse embryo cells against bovine vesicular stomatitis 
virus by the plaque reduction method!’ The 60 per cont 
plaque depressing dose (PDD,9), or titre, was determined 
by interpolation between the probits of the percentage 
reduction values obtained from serial dilutions of the 
seral®, A standard interferon preparation was included 
in each assay. 
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Fig. 1. Electron micrograph of virus preparation from P., cyaneo-fuleum 
strain CMI 58138, stained with potassium phosphotungstate ( x 206,250). 


Initially, crude virus preparations were obtained from 
mycelium derived from shaken flask fermentations by 
grinding the mycelium (5 g wet weight) thoroughly with 
earborundum powder and extracting with ten times this 
weight of 0-03 M phosphate buffer pH 7-0 containing 
O-L per cent thioglycollic acid. Cell debris were removed. 
by centrifugation at 15,000g for 30 min and the virus 
particles sedimented from the clarified extract by ultra- 
centrifugation at 78,480g for 90 min. The pellets from 
35 ml. supernatant were re-suspended in 0-5 ml. each of 
003 M phosphate buffer pH 7-0 (without thioglycolhe 
acid) and debris again removed by centrifugation at 
7,000g for 20 min. The resultant crude preparations 
were examined by electron microscopy (J.E.M. model 7) 
and shown to contain hexagonal virus particles approxi- 
mately 32-5 nm diameter (see Fig. 1). Four other strains 
of P. cyaneo-fulvum obtained from the Commonwealth 
Mycological Institute, Kew, Surrey (CMI Nos. 92210, 
92211, 92198 and 39764), were similarly examined; virus 
particles could not be detected in any of these strains. 

The amount of virus acquired from shaken flask 
fermentations of P. cyaneo-fuloum strain CMI 58138 was 
small; approximately 0-1 mg purified virus was obtained 
from 5 g wet mycelium. For further studies, larger 
quantities of virus were obtained from 60 1. seale pilot 
plant fermentations by the following technique. Approxi- 
mately 7 kg wet weight of washed mycelium (derived 
from 100 1. culture fluid) was suspended in 10 1. 0-03 M 
phosphate buffer pH 7-6 and disrupted by one passage 
through an A.P.V. Manton-Gaulin homogenizer (type 
15M-8BA) at 8,000 pounds per square inch. The homogen- 
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ate was diluted to 100 L with 0-03 M phosphate buffer pH 
7-6 and centrifuged at 13,200g in a Sharples No. 6 super 
centrifuge to remove cell debris. The virus particles in 
the supernatant were concentrated and partially purified 
by a modification of the method of Charney et ah. 

The supernatant was chilled to approximately 4° C, 
0-02 per cent B.D.H. Yeast RNA dissolved in pH 7-6 
phosphate buffer was added, and the pH was adjusted to 
5-0 with 10 per cent acetic acid. After 18 h incubation at 
4° © the precipitate (Yeast RNA-virus complex) was 
removed by Sharples centrifugation at 13,200g, washed 
with 0-03 M phosphate buffer pH 5-0 and re-suspended in 
1 1. 0-08 M phosphate buffer pH 8-5 to dissociate the 
complex. Debris were removed by centrifugation at 
15,000g for 30 min and the supernatant ultracentrifuged 
at 35,0009 for 16 h to sediment the virus. Tbe virus 
pellets were re-suspended in 10 ml. each of pH 7-6 phos- 
phate buffer and debris again removed by centrifugation 
at 15,0009 for 30 min. The resultant crude virus prepara- 
tion could be further purified by isopyenic caesium chloride 
density gradient ultracentrifugation, a light-scattering 
zone containing the virus being formed at a level corre- 
sponding to a density of 1:39. The virus “band” was 
collected from the density gradient column and caesium 
chloride removed by dialysis against 0-03 M phosphate 
buffer pH 76. Such preparations were homogeneous 
(S°y5.wl57) when centrifuged at 40,000g in a Beckman 
model Æ analytical ultracentrifuge and exhibited an 
ultraviolet spectrum characteristic of nucleoprotein, with 
Amar 259 nm, Amax 243 nm and 260 : 280 ratio 1-63. 

Both crude and purified virus preparations were active 
in stimulating interferon production. 

Antisera to the purified virus were prepared in rabbits; 
immunizing injections were 1 ml. of virus preparation 
introduced intravenously, 1 ml. of virus preparation 
emulsified with Freund’s complete adjuvant intramuscu- 
larly 7 days later and a similar intramuscular injeetion 
after a further 14 days. Sera were obtained 14 days after 
the final injection and an equal volume of glycerol added 
as a preservative before storage at 2° ©. Antisera to the 
P. cyaneo-fulvwm virus had specifie titres up to 1/8192 in 
routine precipitin tube tests? incubated for 5 h at 37° C; 
virus preparations had specific titres up to 1/512. Gel 
diffusion tests were performed on microscope slides by the 
method of Mansi”; a single virus-specific reaction line 
was formed between purified P. cyaneo-fulvum virus 
preparations and the antiserum. When virus preparations 
from P. stoloniferum strain ATCC 14586 (ref. 3), P; 
funiculosum® and P. chrysogenum strain Q.176 (ref. 10) 
were similarly tested against P. cyaneo-fulwum antiserum, 
no such reaction lines were observed (see Fig, 2). These 
results indicate that the P. cyaneo-fulvum virus is serolo- 
gically unrelated to the viruses from the three Penicillium 
species to which reference is made above. 

Selective heat treatment has been successful in freeing 
many plants, the edible mushroom® and P. stoloniferum? 
from virus infection. An apparently virus-free isolate of 
P. cyaneo-fulvum strain CMI 58138 (as determined by 
electron microscopic examination) was obtained by 
culturing a survivor from a spore suspension which had 
been subjected to heat treatment at 74° C for 30 min; this 
isolate remained free from virus after six serial sub- 
cultures on agar medium. Extracts from this virus-free 
strain did not stimulate interferon production. 





Preparation and Properties of Viral RNA 


The nucleic acid was extracted from the virus particles 
by a modification of the phenol deproteinization procedure 
of Franklin®. It moved as a single band when examined 
by electrophoresis on a 2-5 per cent polyacrylamide gel, 
using the conditions deseribed by Bishop et al.*4, and 
sedimented as a single boundary (S°s9.w. 12:5) when 
centrifuged at 200,000g in a Beckman model Æ analytical 
ultracentrifuge. The ultraviolet absorption spectrum was 
characteristic of a nucleic acid, with Amax 258 nm, Amin 
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INTERFERON STIMULATING ACTIVITY OF VIRAL RNA PREPARATIONS 


Table 1. à 
FROM P. cyanso- fulvum STRAIN OMI 68188 


Interferon titre 


Description of viral RNA Weight of RNA (PDD,,) of pooled 
preparation injected per sera from 
mouse (ug) fifteen mice 

Purited intact virus preparation in SSC 83 78 
Viral RNA in S8C 67 1,064 
Viral RNA in SSC treated with ribonu- : 

cleage (0-2 pg/ml.) for 2 h at 26° C 67 L016 
Viral RNA in 0-1 SSC treated with — 

ribonuclease (0-2 ug/ml) for 2 h at 25° © 72 <5 


230 nm, 260 : 280 ratio 22. The nucleic acid was charac- 
terized as RNA by hydrolysis with 0-3 M sodium hydroxide 
at 37° © for 16 h; four nucleotides, identified by their 
electrophoretic mobilities and ultraviolet spectra as 
uridylie acid, guanylic acid, cytidylic acid and adenylic 
acid, were formed in high yields. 

The viral RNA was shown to be double-stranded by its 
characteristic behaviour on heating and treatment with 
ribonuclease. When viral RNA was dissolved in SSC 
(standard saline~citrate solution; 0-15 M sodium chlor- 
ide, O15 M sodium citrate, pH 7-0) and treated with 
Boehringer pancreatic ribonuclease at 23° C, there was no 
detectable hyperchromic effect even after 16 h incubation; 
furthermore, there was no change in the composition of 
the RNA when examined by polyacrylamide gel electro- 
phoresis and analytical ultracentrifugation. In contrast, 
when this treatment was carried out in 0-1 SSC (ten 
times diluted SSC), a pronounced hyperchromic effect was 
observed (see Fig. 3a), a 29 per cent increase in optical 
density at 260 nm being recorded after 2 h incubation; 
the original RNA could not then be detected by poly- 
acrylamide gel electrophoresis and analytical ultra- 
centrifugation. Stability to ribonuclease at high ionic 
strength and susceptibility at low ionic strength are 
characteristic of double-stranded RNA™. Heat denatura- 
tion of the viral RNA was similarly studied by measuring 
the Increase in optical density at 260 nm of RNA solutions 
in SSC and 0-1 SSC as a function of temperature. Fig. 3b 
shows a rapid increase in optical density of viral RNA 
solution over the temperature range 95°-105° C, the thermal 
transition mid-point being 101° C; such an increase in 
optical density over a small temperature range is charac- 
teristic of double-stranded nucleic acid®*.2*. For purposes 
of comparison, similar results, obtained with yeast RNA 
(single-stranded) and viral RNA first heated to 96° C in 























P. eyaneo-fulvum strain CMI 58138, Centre well, antiserum; wells 4, 

P. cyaneo-fuloum CMI 58138 virus preparation: well B, P. stoloniferum 

ATCC 14586 virus preparation; well C, P. funiewosum virus prepara- 
tion; well D, P. chrysogenum Q.176 virus preparation. 


Serological gel-diffusion test with antiserum to virus from 
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Fig. 3, a, Action of ribonuclease on viral RNA. Viral R (20 agimi), 
‘ved in SSC (V) or 01 88C (O), was treated with Boehringer 
reatie ribonuclease (0-2 ug/ml) and the optical density at S60 ma 
sured as a function of time, b, Thermal denaturation of viral RNA. 
ral RNA and yeast RNA (20 gg/ml) in S8C and previously heated 
viral RNA (20 ug/ml) In 0-1 SSC, subjected to inerea tempers tires: 
optical density at 280 nm measured as s function of temperature, 
V, Viral RNA; ©, yeast RNA: D) viral RNA previously heated to 
ot’ C then quickly cooled to 25° C, 


























0-1 SSC and rapidly cooled to 28° C (to separate strands), 
are shown in Fig. 3b. 

A purified intact virus preparation, to 
variously treated viral RNA preparations, was examined 
for interferon stimulating properties. The results of a 
relevant experiment are summarized in Table 1. ‘The 
results clearly indicate that double-stranded RNA of viral 
origin is the active factor stimulating interferon production, 
for the activity of the viral RNA is destroyed by treatment 
with ribonuclease in 0-1] SSC but not in SSC. These 
results concerning the interferon stimulating activity af 
double-stranded RNA are consistent with the findings of 
Lampson et al.* and with our own findings*, together with 
those of Kleinschmidt et al.$, concerning viral RNA from 
P. stoloniferum. The results shown in Table 1 also 
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indicate that free viral RNA is a more active interferon 
inducer than that within the intact virus particles; this 
is in agreement with the observations of Tytell et al. for 
reovirus and its RNA (ref. 27). 

We thank Dr M. Hollings of the Glasshouse Crops 
Research Institute, Littlehampton, Sussex, for advice 
concerning serological techniques and members of the 
Fermentation Pilot Plant of this department without 
whose help this work would have been impossible. 
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Plasmid Formation: a New Mode of Lysogeny by Phase A 


by 
E. R. SIGNER 


Department of Biology, : 
Massachusetts Institute of Technology, 
Cambridge, Massachusetts 02139 


PHAGE } usually establishes lysogeny by insertion into the 
chromosome of its host, Escherichia colit. But we have 
discovered that, in very special conditions, the phage DNA. 
can instead persist in the host as a plasmid, replicating 
autonomously in the host eytoplasm in approximate 
synchrony with host cell division. 

Plasmid formation occurs only when gene N of à (Fig. 1) 
is inactive. This gene codes for a protein that is appar- 
ently necessary for efficient expression of other 4 genes: 
N- mutants make very little A-specifie mRNA (ref. 2). 
Because 4 DNA replication is brought about by A-specific 
proteins, N~ mutants do not replicate extensively?. Some 
replication of N- mutants can, however, be demonstrated!, 
The situation has been clarified by recent work of Ogawa 
and Tomizawa®, who studied the fate of infecting density- 
labelled 2 DNA. They showed that a phage carrying 
two sus (amber) mutations in gene N (NN-) replicates 
very slowly, about once every 30 min, and suggested that 
the rate-limiting step is initiation of replication rather 
than DNA synthesis per se. They also showed that both 
the normal (N+) rapid replication and the slow NN- 
replication are dependent on at least one phage gene, 
namely, P; that is, neither P- nor NN-P- mutants 
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à phage with amber mutations in the N gene can persist indefinitely 
as an independent replicating unit, a plasmid, in the cytoplasm of 
host E. coli cells. This newly discovered mode of } phage lysogeny 
may shed light on the evolution of plasmids and temperate phage. 


replicate at all. Other evidence? suggests that the P 
gene and the O gene (which is also involved in DNA 
synthesis) are expressed only poorly in the absence of N 
product. It is therefore likely that replication of the NN- 
mutant is hmited by low levels of O and P product (and 
perhaps other products as well). 

Now, the doubling time of the NN- mutant as measured 
by Ogawa and Tomizawa is of the same order as the 
doubling time of Æ. coli. Furthermore, it is known that 
expression of an N- phage, provided it is not inserted in 
the host chromosome, will not kill the host’. Thus 
if the DNA replication genes (O and P) continue to be 
expressed at a low rate, the NN~ genome would persist 
indefinitely in the host cytoplasm as an independently 
replicating element, that is, as a plasmid’. The evidence 
that follows shows that this is exactly what happens. 


Conditions for Plasmid Formation 

For ease in following intracellular % DNA in these 
experiments, bacterial genes for galactose utilization 
(gal+) have been incorporated into the } phage genome 
(see legend to Table 1). Thus continued replication of 
the galt phage DNA after infection of a gal- host cell 
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Fig. i. Vegetative map of 4, showing functions of genes in cach segment of the map. Capital letters represent cistrons defined by nonsense 

(tay iiaiatona K other ayinbels: h, host range; aft, prophage attachment region; int, prophage integration system; exo, exonuclease ; es 

clear plaque. The regions where the bacterial gal (galactose) and bio (biotin) genes are substituted in the transducing phages Agal and Abio, 
j respectively, are indicated. 
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will allow the formation of a colony that contains pheno- 
typically gal* cells, that is, a transductant; conversely, 
finding gal+ progeny after infection of a gal~ cell indicates 
that the galt phage DNA has been replicated, whether 
by host or phage enzymes. The phages used here also 
carry a mutation (cl,;;) that makes thermosensitive the 
prophage immunity repressor, which controls expression 
of the DNA replication genes. Hence the repressor can 
be inactivated at will by incubation at high temperature. 

Table 1 compares the ability of gal+ phages that have an 
intact (N+) or defective (NN-) N gene to transduce a 
gal- host to gal*, as measured by formation of gal* colonies 
on minimal agar after infection. 

Consider first transduction at high temperature, where 
the immunity repressor is inactive. The N+ phage gives 
very few transductants, presumably because in the absence 
of active repressor the phage grows lytically in every 
infected cell. In contrast, transduction by the NN- phage 
is extremely efficient, reaching a frequency of 0-5 trans- 
ductants per infecting phage in some experiments (see 
legend to Table 1). WN- transduction does not depend 
on the host recombination system, for it is efficient in a 
rec~ host: the 4 recombination system (Red) has not been 
studied here, but it is not likely to be involved. for at least 
two of its components, namely, exonuclease and §-protein 
(see ref. 9), are known not to be made by NN- phages’. 
NN- transduction is not affected by deletion of the pro- 
phage attachment region (att) in the bacterial chromo- 
some: this is not surprising because NN- phages are known 
not to express the prophage insertion (Int) system’. 
NN- transduction can be blocked, however, either by 
inactivation of the phage P gene or in an immune lysogen. 
In light of the experiments of Ogawa and Tomizawa, 
therefore, one may conclude that in these conditions. as 
in theirs, the NN- phages are being replicated at a slow 
rate by phage-produced enzymes. That this replication 
is not occurring in the host chromosome may be inferred 
from the lack of dependence of NN- transduction on any 
known recombination or prophage insertion system; 
furthermore, this replication depends on the P gene, 
and it is known? that expression of the P gene by an NN- 
phage is lethal to the host when the phage DNA is inserted 
mto the host chromosome. 

XN- transductant colonies purified on broth indicator 
agar segregate gal- subclones at a rather high rate (about 
10 per cent of the subclones from a minimal colony, 


Table 1. TRANSDUCTANT COLONIES PER INPUT Agal Clas, PHAGE 
Low temperature (34°) High temperature (40°) 
Phage: o+ NN- NNP- £ NN- NN-P- 

Host 
rect P6x107 43x 1071 82x10 36x107 
ree” Lixo 43x107 24x10 36x10 
recvatide! 22x10t 23x10 <5x107 836x107 27K107 <5x107 
recvattdet 

(Ah) 1-2 10° 13 «10-5 


Phage Agal clas, was obtained from Dr 8. Adhya. Although it transduces 
the entire gal (galactose) operon of E. coli it is able to form plaques, being 
derived from a strain in which gad is moved closer to the prophage by deletion 
of the intervening gene for resistance to chlorate”. Phage ANsus? Neusi3el ss 
(called NN) was constructed from *Neus? and 4Neus53 (ref. 24) derivatives 
by Mr I, Herskowitz; unlike a similar phage constructed by Hogness (see 
ref. 6), it has the normal à density. This phage was crossed with agalel es: 
to make AgalN.N-¢l 57, which was then crossed with 1Psus3 (ref, 24) to make 
gal N N clas P. The cas mutation makes the immunity repressor thermo- 
sensitive’. The su~ (suppressor-negative) gal-ree~ (recombination-deficient) 
bacterial strain is MR438, described by E. R. S. et al.%; the nearly isogenic 
eu-gal-rec* strain (MR42) is a rect recombinant isolated from the same 
cross" that produced MR43. The closely related strain (MRQ6) that carries a 
large deletion of the gal, att (prophage attachment) and bio (biotin) loci is 
described elsewhere’; it was lysogenized with phage 4°, which has the 
immunity of A but the host range and chromosomal attachment locus of 
p80 (ref. 28), 

For transduction experiments, bacteria were grown to about 2x 10° per 
ml, in YM broth”, resuspended in MgSO, (0-02 M), and mixed with an 
equal volume of phage suspension in SM (ref, 29) to give an input multiplicity 
of about 0:05, After adsorption (20 min at 87° C) the mixturepwas diluted and 
plated on minimal agar containing galactose and biotin. The numbers given 
above are for a typical experiment; the variation in transduction by the 
NN- phage was 1 to 5x 10-' (transductant colonies per input phage). 

Transductant colonies deriving from the N+ phage at high temperature 
are presumed to represent N- mutants in the population; four such colonies 
tested did not support the growth of ANsus7imm™ at 40° C, Colonies deriving 
from the NN- phage in the immune host (carrying AA**) are presumed to 
represent mutants constitutive for the OP region and are being studied. 
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and 50 per cent from a broth colony, are gal”). Gal* 
colonies, however, continue to remain in the population 
on repeated repurification. Although the rate of NN- 
replication might be somewhat slower than that of cell 
division, therefore, the plasmid state can be maintained 
indefinitely. 

Consider next transduction at low temperature, where 
the immunity repressor is active. The N* phage now 
transduces a rect cell fairly efficiently, because with an 
active repressor its DNA can be repressed and inserted 
into the host chromosome. Because transduction is ten- 
fold less efficient in the ree- host, most of this transduction 
is due to the host recombination (Rec) system. The 
remainder is probably due to the prophage insertion 
(Int) system, for deleting the prophage attachment 
region of the host chromosome (att) drastically reduces 
the frequency. 

The NN- phage, in contrast, transduces even the att 
deletion host very efficiently at low temperature, just as 
at high temperature. Again, this transduction depends 
on an active P gene and is blocked in an immune lysogen. 
These results show that the NN- mutant does not estab- 
lish immunity in the transduced cells. Now, one might 
argue that immunity is slow to be established even by an 
N* phage; that the slowly replicating NAN- represent 
only those phages that would have gone on to lysis had 
they been N+; and that, in a population of cells transduced 
by NA- plasmids, immunity is continually being estab- 
lished slowly and blocking replication in an increasmg 
fraction of the population. If this were so, however, then 
on repurification a transductant colony would segregate 
many more gal~ cells at low temperature, where repressor 
is active, than at high temperature, where repressor is 
inactive. In fact, on repeated repurification the trans- 
duced colonies appear to segregate at the same rate at 
either temperature and regardless of the temperature 
at which they were originally made. Hence, although 
the NN- phage might well be able to establish repression 
very slowly (see later), the explanation outlined is not 
tenable. One must therefore conclude that the NA- 
phage cannot efficiently establish the normal level of 
repression after infecting a non-immune cell. 





Repression and Gene N 

When NN- transduetant colonies are crosa-streaked 
against c7- to test immunity, they give a partially 
immune response, that is, incomplete lysis of the streak. 
At least part of the lysis is undoubtedly due to the non- 
lysogenic segregants. That part of the streak that does 
not lyse, however, probably does not represent cells 
that were immune to start with. Recall that the challeng- 
ing cI- phage is N+; hence its N product can in principle 
complement the MN- defect and initiate synthesis of 
repressor by the NN- phage. 

The NN- phage must be sensitive to repressor, for it 
does not form plasmids in an immune host. Hence the 
inability of the NN- phage to establish repression means 
that it cannot initiate repressor synthesis. There is a 
precedent for this: Eisen et al,’ studied N.N~ prophages 
that are inserted in the host chromosome (see later) and 
carry additional mutations in genes x, O or P (mutations 
in z are polar, and prevent expression of O and possibly P 
(ref. 12). When repressor is inactivated by heating, 
one may ask whether its synthesis can be reinitiated by 
these phages on a subsequent shift to low temperature. 
The answer is that the NN-O- and NN-P- phages cannot 
reinitiate repressor synthesis efficiently, and the NN-a- 
phage can do so only very slowly. In their system, Eisen 
et al. were not able to study NN- prophages that did not 
carry additional x-7, O- or P- mutations. 

Although the NN- phage cannot efficiently initiate 
repressor synthesis, it can maintain repressor synthesis 
once it is initiated. Repeated repurification of colonies 
surviving low-temperature infection by ANN-clss, (not 
carrying gal*) occasionally yields rare clones in which the 
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NN- phage has apparently established immunity and 
inserted into the chromosome. These clones give a com- 
pletely immune response when cross-streaked with cI 2A 
do not segregate non-lysogenic progeny, and die when 
shifted to high temperature. The frequency of such 
clones can be greatly increased by coinfection with the 
heteroimmune helper imm, the N gene of which is 
interchangeable with that of A (ref. 4) and therefore 
complements that of ANN-. 

Why AN+ can efficiently initiate repressor synthesis 
and ANN- cannot is not yet clear. Of the several models 
that one might construct, two may be noted briefly, On 
one hand, the N product might be involved only indirect! y. 
For example, ANN- might be deficient in expressing the 
clII or cUUT! genes, the products of which are necessary 
to initiate (although not to maintain) repressor synthesis". 
This is not unlikely because c7 might be controlled in the 
same way as O and P (ref. 12), and the latter are expressed 
poorly by ANN~; and because cI might also be under 
N control. On the other hand, the N product might be 
directly involved. The function of the N product is 
apparently to allow the synthesis of message past a point 
where it would otherwise usually stop (personal com- 
munications from H. Eisen and J. Roberts; compare 
ref. 6). Thus message synthesis would usually stop at 
some point before the O gene, and continue efficiently 
through O and P only in the presence of N product. 
Similarly, message synthesis might usually stop before 
the ef gene, unless the N produet were there to allow 
continuation of message synthesis through cf. In that 
case, however, message synthesis would have to proceed 
in some other way during the steady state when repression 
is established and N product is no longer being made. 
Further work on this question is in progress. 


Other Instances of Plasmid Formation by à 

The data presented here allow the explanation of two 
reports in the literature, otherwise puzzling, as being due 
to lysogeny by plasmid formation rather than by prophage 
insertion. First, Gottesman and Yarmolinsky'* reported 
that ANN- is capable of establishing lysogeny. This has 
been difficult to interpret (see ref. 1) because it seemed 
likely that the int (prophage insertion) gene would be under 
N control, as are most other A genes and, in particular, as 
is the adjacent exo (exonuclease) gene! (Fig. 1), Lysogeny 
was measured, however, by the establishment. of immun- 
ity, and above it has been shown that cells carrying ANN- 
as plasmid give an immune response. In contrast, when 
lysogeny is measured directly by insertion into host 
DNA, ANN- is found not to insert™. Hence it is clear 
that the ANN- lysogens scored by Gottesman and 
Yarmolinsky carried plasmids rather than inserted 
prophages. 

Tt is also well documented that single Neus mutants 
lysogenizes.'6, Because it was shown clearly in one such 
case that lysogeny was due to the prophage insertion 
system (Int), plasmid formation is probably not involved 
here, The phenotypic leakiness of single Nsus mutants 
is, however, notorious’? (and probably due to the low 
requirement for N product). Hence one is probably 
justified in considering as truly representative of N 
product deficiency only those experiments using either 
deletion N- or double sus (NN-) mutants; and for the 
latter one must. still be certain that the host strain does 
not suppress the sus mutations to any significant degree. 

The second report concerns the behaviour in transduc- 
tion of certain Abio (biotin) transducing phages. As 
shown in Fig. 1, in these phages a bloc of genes, starting 
at the attachment region and extending for a variable 
distance to the right, has been deleted. When the deletion 
falls short of gene N, the Abio is viable'*; when the deletion 
falls in gene N or beyond, the Abio will not form plaques*®. 
Those bios in which gene N is deleted but genes O and P 
are intact have two unusual properties, First, they 
transduce at high frequency (probably of the order of 0-1 
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to 1 transductant per input phage) when infecting singly, 
but at ten-fold lower frequency when coinfecting with 
wild-type phage. In contrast, Xbios that do not delete N 
generally transduce at low frequency (10-* to 10-2) in single 
infection, and at ten to one hundred-fold higher frequency 
when infecting together with wild-type’. Second, whereas 
the transductants made with coinfecting wild-type are 
fairly stable, those made in single infection segregate 
bio~ subclones at a high rate. Kayajanian™ documented 
these properties carefully for Abios the deletion of which 
ends in the ef gene. Although he did not explicitly 
mention in this connexion bios that delete N but not cI, 
such phages were shown to behave in the same way by 
Court and Sato” and, in preliminary experiments, by 
Manly*, A 80 derivative transducing the trp (trypto- 
phan) genes has also been reported to have these proper- 
ties*? and might therefore be transducing by plasmid 
formation®'. Note that the high transduction. frequency 
and rapid segregation shown by the N- deletion Abios are 
also characteristic of iyalNN~ (Table 1), and that gal NN- 
transduction frequency is depressed ten-fold or more by 
coinfecting N+ phage (data not shown). Hence one may 
conclude that bio phages deleting N but not O and P 
transduce by plasmic formation rather than prophage 
Insertion. 


Evolution 


agalNN- replicating autonomously as a plasmid is 
similar in many ways to an episome such as F'gal. This 
similarity raises an interesting evolutionary point. Did 
episomes such as F-factors or resistance-transfer factors 
evolve from temperate phages that had lost their N gene ? 
Or, conversely, did temperate phages evolve from episomes 
by acquiring an N gene and the ability to make structural 
phage components (heads, tails and so on)? Speedy 
resolution of this point is not anticipated. 

I thank Dr M. Shulman for having suggested originally 
that slow replication would account for transduction by 
xbioN-, Dr Shulman and Dr K. Manly for many useful 
discussions, and Mr Frederick Schaefer for providing excel- 
lent technical assistance. This work was supported by a 
research grant and a career development award from the 
US National Institutes of Health. 


Received June 18, 1969, 


| Signer, E., Ann. Rev. Microbiol., 22, 451 (1968), 
? Sraka A Butler, B., and Echols, H., Proc. US Nat. Acad. Sei., 58, 578 
dhe 

* Joyner, A. Issacs, L. N., Echols, H., and Sly, W. 8., J. Mol. Biel, 19, 174 
(1966). 

t Eisen, H. A., Fuerst, C. R., Siminoviteh. L., Thomas, R., Lambert, Lo 
Pereira da Silva, L. H., and Jacob, F., Virology, 30, 224 (1986). 

* Ogawa, T., and Tomizawa, J. E, J. Mol, Biol., 38, 217 (1068). 

* Kourilsky, P., Marcaud, L., Sheldrick, P., Luzzati, D., and Gros, F., 
Proc. US Nat, Acad. Sei., 61, 1013 (1968). 

* Eisen, H., Pereira da Silva, L. H., and Jacob, F., Cold Spring Harbor 
Sump. Quant, Riol, 88, 755 (1968). 

* Lederberg, J.P Physiol, Revs., 82, 103 (1952), 

* Signer, B., Echols, H., Weil, J., adding, C., Shulman, M., Moore, L., and 
Manly, K., Cold Spring Harbor Symp. Quant, Biol., 33, 711 (1963). 

 Radding, C. M., and Schreier, D. C, J. Mol, Biol., 18, 251 (1986). 

n Signer, E. R., Virology Gn the press). 

1 Pereira da Silva, L. H., and Jacob, F., Virology, 38, 618 (1967). 

Kaiser, A. D., Virology, 83, 42 (1967). 

u Gottesman, M, E., and Yarmolinsky, M. B., J. Mol. Biol., 31, 487 (1968). 

1 Brooks, K., Virology, 26, 480 (1965). 

16 Zissler, J., and Campbell, A., Virology, 37, 318 (1969), 

Y Radding, C. M., and Echols, H., Proc. US Nat. Acad, Sei., 60, 707 (L968). 

u Manly, K. F., Signer, E. R., and Radding, ©. M., Virology, 87, 177 (1969). 

 Kayajanian, G., Virology, 88, 30 (1968), 

a Court, D., and Sato, K., Virology (in the press). 

*\ Manly, K., thesis, Massachusetts Institute of Technology (1969). 

* Mateushiro, A., Sato, K., and Kida, $., Virology, 28, 299 (1964), 

s a ey Cleary, P., and Campbell, A., Proe. US Nat. Acad. Sei., 61, 956 
(1968). 

i Campbell, A, Virology, 14, 22 (1961). 

* Sussman, R., and Jacob, F.. CR Acad. Sci., Paris, 254, 1517 (1962). 

38 Signer, E. R., Weil, J., and Kimball, P. C., J. Mol. Biol. (in the press). 

+ Herskowitz, I., and Signer, E. R., Virology (in the press). 

33 Signer, E. R., Firology, 22.650 (1964), 

2° Weigle, J., Meselson, M., and Paigen, K., J. Mol. Biol., 1, 379 (1959). 





NATURE, VOL. 223, JULY 12, 1969 


LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Improved Limit on the Absence of 
Dispersion of the Velocity of Light 


LABORATORY measurements have duly verified that the 
velocity of light is independent of the velocity of the 
source to an accuracy of 1-3 in 10+ for y-rays from n? 
meson decay at 6 GeV (ref. 1) and is also isotropic to 
better than 6 in 108 (ref. 2), 2 in 10° (ref. 3) and 2 in 107° 
(ref. 4) in a frame of reference attached to the Earth. 
The best evidence that the velocity of light is independent 
of frequency probably depends on astronomical observa- 
tions of Cepheids in the nearest galaxies, and makes it 
possible to set a limit of 1 in 10° on dispersion. Somewhat 
poorer limits over a much wider range of frequencies, 
from the visible to the radio-frequency region, have been 
provided by observations of flare stars®. 

Very recently*®, optical pulses of width of 1:5 x 10> s 
were detected in the direction of the Crab nebula pulsar’. 
If this object is identified with the supernova remnant at 
an estimated distance of 1,700 pe (ref. 8), the pulse width 
allows a limit of |(Ac/e)|=|(At/)l=10-" to be put on 
any dispersion over the frequency range of 5 to 8 x 104 Hz. 
More refined measurements using a beam splitter and 
suitably gated photomultiplier tubes looking simul- 
taneously at the red and blue parts of the spectrum in 
conjunction with large reflectors (compare ref. 9) could 
improve the sensitivity—to the extent that it is limited 
by shot noise—by at least three orders of magnitude 
with integration times of a few hours. 

Observations in higher frequency regions of the spectrum 
suggest themselves, particularly if the recent observa- 
tions??™4 should prove that pulsars emit high energy 
y-rays. Radio frequencies show large dispersion’? because 
of the finite electron density in space and are unsuitable 
for this purpose. It is conceivable that optically (and even 
higher frequency) active pulsars may be associated with 
the more recent supernovae of Tycho Brahe (1572) and 
of Kepler (1604) located at comparable distances’. Should 
these younger objects have even shorter periods, an even 
greater improvement in the sensitivity may become 
possible. 

G. R. Isaak 
Department of Physics, 
University of Birmingham. 
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Below is the referee's report on Dr isaak’s MS, pub- 
lished by arrangement with the author and the referee 
—Editor, Nature. 


I po not wish to cast any doubt on the validity of the 
results stated, but I am wondering just what those results 
are, Experimentalists do not report their results in the 
raw form; they express them in terms of certain cone 
cepts, and that is a correct procedure, provided their 
concepts are correct. As the measurement of time becomes 
more accurate, Newtonian or quasi-Newtonian concepts 
become less applicable. It is imperative that results be 
stated in relativistic terms, proferably the general theory 
rather than the special theory. 

One asks then: What is a frame of reference 7 What is 
the velocity of light (I do not mean the value, I mean the 
concept)? In Newtonian physics, one considers a rigid 
body with two marks on it (A and B). One measures the 
distance AB with a rigid scale. One arranges to have a 
light signal pass from A to B. One notes the times of 
departure and arrival (ta and tg). Then the velocity of 
light is e= AB/(¢p—#4). Very nice and simple. But when 
we pass to relativity, these concepts evaporate. There is 
no absolute time and no rigid bodies, at least none with 
Newtonian simplicity (compare Born, 1909), Out of this 
debacle, one thing emerges—proper time as recorded by a 
standard (or atomic) clock—and that is why the aceurate 
time measurements become so fundamental. The measure- 
ment of proper time seems to me the most basic measure- 
ment in physics. It must then be treated with due respect. 

Imagine now a physicist on the Earth engaged on optical 
experiments of such accuracy that he cannot afford to 
muddle his thoughts with Newtonian concepts. Let Wa 
be the world line of his source and Wps the world line of 
some object. He sends a light signal from source to object, 
and it is sent back. The (proper) thine interval 7(ABA) 
is recorded by a clock carried along Wa. In this experi- 
ment, where is a velocity and where is a distance ? Neither 
is a basic concept any longer. The basic thing is T(ABA), 
Assuming that the experiment has been made in vacuo, I 
would say boldly that the distance is $7(ABA)—as we 
would if this were a radar signal bounced off the Moon 
or a planet. As for velocity, I would try to avoid this 
confusing word, or I might say that by definition it is 
unity. No frame of reference is involved here, unless you 
want to call the world line Wa by that name. 

Turning now to the first sentence of Mr Isaak’s article, 
T first notice reference to possible dependence of the 
velocity of light on the velocity of the source. T thought 
that the idea of such a dependence was dead many years 
ago—it does not make sense relativistically. With regard 
to isotropy, it is tautologous to verify it, for it is built into 
the definition of distance in terms of time, as indicated 
here. The question of what we can find out (without 
tautology) from refined optical experiments on the Earth 
has been dealt with in detail in my Relativity : the General 
Theory (North-Holland, 1964), p. 401, We can, of course, 
in Deinopis measure the Earth’s rotation {as Michelson 
did long ago using oil-pipes in the desert). We can also 
find the curvature of the observer's world line (which is 
the familiar g), and we can in principle find out something 
about the real gravitational field as incorporated in the 
Riemann tensor. But of course the effects are so small that 
one needs either a large apparatus or much more accurate 
clocks. The essential thing is to distinguish between what 
is relativistically real (physics) and the old outmoded 
ideas inherited from the Newtonian standpoint. 

But the article is primarily concerned with dispersion—— 
the dependence of velocity on frequency. Two photons 
with different frequencies start from a distant object and 
reach us within a certain short interval of time. Hence 
an estimate of a limit on dispersion. AH I would say here 
is that it should be made clear that the “velocity” in 
question is the group-velocity relative to some postulated 
medium, not the phase-velocity. 
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I think that the article should be published. I deplore 
the old-fashioned outlook still prevalent after half a 
century of relativity, but there are so many sinners in this 
respect that I would not like Mr Isaak to be made a 
scapegoat for them all. I can only hope that he will read 
these remarks and consider whether it is not time to think 
in a more modern way. 

J. L, SYNGE 


Pulsars and the Mass Spectrum 
of Cosmic Rays 


Now that it seems probable that pulsars are fast spinning 
neutron stars and that they generate relativistic gas 
including perhaps all or most of the cosmic rays’, there 
is a new interest in the mass spectrum of cosmic ray 
primaries. 

In the present understanding of the pulsar process, 
any gas that is accelerated in the rotating magnetosphere 
must have originated either from infall of external medium 
along or near to the axis of spin, or from material lifted 
by electrical processes from the surface of the neutron 
star. External material should reflect the nuclear com- 
position of the shell of the supernova explosion that 
gave rise to the neutron star. (Infall at a later epoch, 
when the supernova shell has dissipated and when ordinary 
interstellar gas would be available, cannot be a major 
source of cosmic rays because at that stage the rotational 
energy remaining in the star is down to a small fraction 
of the original value.) 

tas liberated at the neutron star surface is likely to 
represent, at least in part, material that has suffered 
compression to nuclear densities, and subsequent de- 
compression in the turbulence of the original implosion. 
That component will thus have the nuclear composition 
into which matter breaks up in the decompression process, 
a unique composition different from the general abundance 
of nuclides. The cosmic ray beam may thus contain, if 
this conjecture is correct, some admixture of this com- 
position, modified subsequently, no doubt, by spallation 
near the pulsar or in interstellar space. 

This cornponent is not at all likely to be similar in fine 
detail to the general elemental abundances. While the 
acceleration process may introduce substantial selection 
aceording to the mass of the particle and its charge-to- 
mass ratio, and therefore generate some gross distortions 


in the final mass spectrum generated, it is not capable of 


introducing large changes over a small range of masses or 
charge—mass ratios. 

The cosmic ray beam may therefore contain detailed 
evidence of its origin in neutron stars, in the form of fine 
detail in the relative abundances of tens or hundreds of 
nuclear species, and the attempts to measure its mass 
and charge spectrum have therefore a new significance: 
through this it may be possible to verify the pulsar 
hypothesis. Other suggested modes of origin, even an 
origin in the supernova explosion itself. would not be 
expected to result in the inclusion of decompressed 
neutron star matter, 

I thank Dr B. Peters for discussions on this subject. 
Work on the theory of pulsars is supported at Cornell by 
an ONR contract. 


T. GOLD 


Cornell-Sydney University Astronomy Center, 
Cornell University, 
Ithaca, New York. 
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High Energy X-ray Study of M-87 


Ow October 25, 1968, we searched for X-rays from M-87 
using a balloon-borne detector. The detector consisted of 
two xenon proportional counter arrays with a combined 
sensitive area of 2,000 cm?°. The electronic systems of the 
two arrays were identical, and they operated completely 
independently. A five channel pulse height analyser in 
each system covered the energy range from 15 keV to 
65 keV. Pulse shape discrimination circuits were used 
successfully to suppress the background radiation!. The 
collimation for both systems was 13° FWHM. The 
azimuth of the detector was stabilized by a serve-com- 
pensated torque motor, using the Earth’s magnetic field as 
a reference. An on-board control device changed the 
azimuth and zenith angles according to a programme set 
before launch. Crossed magnetometers and a Sun sensor 
measured the azimuth, and a shaft encoder measured 
the zenith angle. The energy channel settings and 
stability of the instrument were checked twice each hour 
during the flight by exposing the detector to a Am 
radioactive source. The counting rate, housekeeping and 
orientation data were all photographically recorded on 
board. 

The detector was launched from Palestine, Texas. and 
floated at a nominal atmospheric depth of 3-4 g em~? from 
1400 h UT until the payload was cut down near Valdosta, 
Georgia, at 2100 h UT. M-87 and the adjacent sky 
background were observed during the first three hours of 
float. Cygnus X--] was observed for a scant five minutes 
before cutdown. 

Our Cygnus X~-1 data are fitted by the power law energy 
flux spectrum 


(0-35 + 0-04) (2/30)-1-92 9) keV keV- em- s~ 


Cygnus Y-1 is known to be variable and this result is 
near the maximum flux previously reported fer this 
source’, 

We obtained an “effective” exposure to M-87 of 2.550 s, 
where by “effective” exposure we mean the integral over 
time of the fraction of the detector area exposed to 
M-87. We divided the three hour observation into five 
900-second source observations alternated with six 
background observations. The azimuthal positions for 
the background observations were alternated between 
36° east of M-87 and 36° west of M-87 (minimum zenith 
angle was 22°), From the data of the entire flight, we 
determined that the background counting rate varied with 
azimuth by nearly 1 per cent. The frequent alternation 
of the azimuth positions for the background measurements 
therefore proved erucial to the achievement of accurate 
results in this experiment. The background counting 
rate used in computing the source strength was taken to 
be the average of the background measurements made to 
the east and to the west of the source. The uncertainty in 
this background determination is included in our estimate 
of the systematic error in the results. Our methods of 
data analysis are described elsewhere’. 





Table 1. UPPER LIMITS ON THE ENERGY FLUX FROM M-87 


Channel lo Statistical confidence 2o Statistical confidence 

(keV) (107 keV keV em? st) (10 keV keV" om? g77) 
14-5 25-5 4-00 5-00 
25:5-35 1:25 1-83 
35~52 O44 0-63 
52-665 0-76 118 


Table 1 shows the upper limits on the intensity of 7-87 
in each of several energy ranges. The values are corrected 
for atmospheric absorption and escape radiation’, We 
assumed a primary energy flux spectrum of the form #74, 
with spectral index a=1. The results are insensitive to 
the choice of a. The upper limits include an estimate of 
the uncertainty in our background determination. A 
lo (2c) value is the intensity of M-87 at the top of the 
atmosphere such that the observed counting rate would be 
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a lo (2c) downward fluctuation from the expected sum of 
the background plus M-87 rates. 

The lo upper limit on the flux from M-87 in the range 
from 35 to 52 keV, including background uncertainty, is 


0-44 x 10- keV keV- em~? s71 


Using for the measured energy flux spectrum for Tau X~1 
the formula 0-20 (#/30)-'*, we find that the ratio of the 
M--8$7 flux to the Tau X-1 flux in this energy range is 
1/30, 

Fig. 1 summarizes the results of the pertinent X-ray 
measurements of M-87. If one fits a power law energy 
spectrum to our present upper limit and to the two low 
energy measurements performed by NRL‘ and MIT*, then 
one obtains an energy flux spectrum with spectral index 
#=1-07, Converting this to a number spectrum and 
integrating from 40 to 107 keV, we obtain 


2-70 x 10 photons em~? s-! 


This is to be compared with the value reported by Haymes 
et al. of 


(8-2 + 3-5) x 10-3 photons em~? s- 


Fig. 1 also shows a power law spectrum fitted to the rocket 
results and the results reported by Haymes et al. This 
fit gives a spectral index x=073. Using this energy 
spectrum over the range from 35 to 52 keV, our third 
energy channel, we anticipate a flux of 1-08+0-19 x 10-7 
keV keV~ cm~ s~ with an additional error due to back- 
ground uncertainty of 0-17x 10- keV keV-? em- s- 
This predicts that we should have seen a signal of 4-8 
standard deviations above the background in our channel 
from 35 to 52 keV. In contrast, treating our data with 
the greatest possible caution with regard to uncertainty in 
the background, we find the signal from M-87 to be less 
than one standard deviation above the background. 
From our own experience that the background counting 
rates of X-ray detectors show small but significant 
azimuthal variation, we would suggest that the discrep- 
ancy between our results and those of Haymes et al. may 
be because the latter were based on background deter- 
minations made at azimuth positions 180° away from the 
azimuths at which M-87 was observed. 

Referring to the composite of the spectrum data of 
M-87 shown in Fig. 2 (refs. 8-10), we find evidence in 
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Fig. 1. X-ray measurements of M-87. 
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Fig. 2. Spectral data on M-87. 

the X-ray region for a break in the extrapolated radio 
data (a=0-79). Fitting a spectrum to the X-ray rocket 
data and our upper limit at 43 keV, we obtain a lower 
limit of 1-07 on the spectral index œ. 

Our upper limit on the flux allows for a maximum 
X-ray luminosity for M-87 of ~7 x 10° times the X-ray 
luminosity of Tau X-1 from 35 to 52 keV. 

We thank Mr C. Hawks, Mr E. Mangan, Mr J. J. 
Gomes, Mr N. Saia and Mr C. Tourtellotte for technical 
assistance and the staff at the NCAR balloon base for 
their help in carrying out the flight operation. One of 
us (R. J. S.) thanks the Fannie and John Hertz Foundation 
for a fellowship. This work was supported by a US 
National Aeronautics and Space Administration grant. 
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Primordial Rare Gases in the 
Atmosphere of the Earth 


THE primordial rare gases in stony meteorites seem to 
consist of two distinct components, one with relative 
abundances similar to those in the Earth's atmosphere 
and called the planetary component! and the other with 
abundances closely resembling the mean solar system 
abundances and called the solar component. 

Fig. 1 shows the abundances of the rare gas nuclides 
Ne, Ar, “Kr and 4?Xe in four stony meteorites. Helium 
has not been included because of difficulties in separating 
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the primordial portion from the radiogenic and cosmogenic 
portions. The abundances in two meteorites, Khor 
Temiki? and Fayetteville>*, resemble the solar abund- 
ances®; the abundances in two other meteorites, Orgueil®® 
and Bishunpur®, are similar to those in the Earth's 
atmosphere. In some meteorites, the rare gases appear to 
consist of mixtures of the two components. In Fayette- 
ville, for example, the He, Ne and Ar abundances reflect 
the presence of the solar component, whereas the Kr and 
Xe appear to be chiefly from the planetary component. 
(Some of the scatter arises because the absolute concen- 
trations of the individual rare gases in meteorites are 
known only to about + 20 per cent.) 

The solar component may represent the average rare 
gas present in the early solar nebula or, alternatively, the 
solar wind implanted in meteoritic material after the 
contraction of the Sun. The origin of the planetary 
component, more difficult to assess, may represent?’ solar 
gas fractionated by diffusional escape from a gravitational 
field about 100 times less strong than that of the present 
Earth. Zahringer® considers that the planetary gas may 
be the residue after the diffusive loss of solar-type gas 
from solid particles. Other possibilities include the 
presence of an “atmosphere” of planetary-type gas within 
the early solar system as a result of diffusive escape of 
the lighter gases from the solar corona’, and it is even 
possible that the planetary gases were trapped in dust 
particles in interstellar space before the contraction of the 
solar nebula. (Some extra-solar system mechanism would 
then be responsible for the fractionation.) 

On the assumption of complete outgassing of the rare 
gases from the Earth’s mantle and an Si concentration in 
the mantle of 20 weight per cent, the “Ar/Si atomic 
ratio in the Earth is about 2x 107%. In the chondritie 
meteorites containing predominantly the planetary rare- 
gas distribution, this ratio ranges between 5x 10-7 and 
5x 10-*, with low values more common than high. 

The isotopic compositions of terrestrial Ne and Ar are 
within the range of values observed in the primordial 
meteoritic gases. The light isotopes of meteoritic Kr are 
depleted! by a few per cent relative to terrestrial Kr, 
whereas the light isotopes of meteoritic Xe are enriched’ 
by up to 40 per cent relative to terrestrial Xe. Although 
several proposals have been made to account for these 
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anomalies, no completely satisfactory explanation seems 
to have been found*. It is assumed in what follows that 
such isotopic variations do not bear on the origin of the 
Earth’s atmosphere. The similarity of the rare gas dis- 
tribution in the Earth’s atmosphere and the meteoritic 
planetary component suggests a common explanation. 
Most of the following conclusions will be based on this 
view. ; 

Altbough the origin of the stony meteorites is not 
known, it is unlikely that all of them come from the Moon 
and the most likely sources are asteroids and comets. 
This means that the process which produced the planetary 
rare gas distribution cannot have been confined to a 
distance of 1 au from the Sun nor to bodies as large as the 
Moon or larger. The only evolutionary stage common. to 
both the stony meteorites and the Earth is the initial 
condensation and agglomeration of the primitive cloud 
of gas and dust. The similarity of the **Ar/Si ratios in the 
Earth and in the meteorites suggests that this ratio was 
set at this very early stage and that it represents the ratio 
of gas trapped in the dust particles. Heating experi- 
ments!" indicate that the largest parts of the planetary 
primordial gases are released at temperatures greater 
than 600° C, which suggests that these gases are located in 
retentive sites, presumably in minerals which formed at 
high temperatures. 

The simplest explanation of the rare gas distribution 
in the Earth’s atmosphere is that these gases were trapped 
in the solid particles from which the Earth was formed 
and that they were subsequently released. 

There is no evidence that the Earth ever had an 
appreciable primitive atmosphere of solar composition, 
that an appreciable amount of solar type gas has since 
been captured from the solar wind, or even that the solar 
component was significantly present in the solid material 
which accreted to form the Earth. The terrestrial rare 
gases may have been captured from an atmosphere of 
planetary type gases pervading the entire solar system 
at the formation of the Earth and the meteorites, in which 
case it is curious that the rare gas/Si ratio is so similar in 
the Earth and the solid meteoritic matter when gravita- 
tional capture cannot explain the incorporation of the 
gases into the latter material. It is also possible that the 
terrestrial gases could have been captured from the solar 
wind by a mechanism discriminating against clements of 
low molecular weight", but this only emphasizes the 
embarrassing fact that the very similar distribution 
observed in the stony meteorites must have been produced 
by a different mechanism. 

The similarity of the meteoritic and terrestrial distribu- 
tions of rare gases indicates that negligible fractionation 
has occurred during the outgassing of the Earth, which in 
turn suggests that outgassing is now nearly complete. 
Zahringer® does in fact indicate that the Xe abundance is 
slightly lower in the Earth’s atmosphere relative to the 
meteorites, which could indicate partial retention of Ne 
within the Earth. but other mechanisms for the enrich- 
ment of Xe in the meteoritic matter provide alternative 
explanations. 

In short, if the same processes were responsible for the 
rare gas distribution in the Earth’s atmosphere and in the 
planetary primordial rare gas component of meteorites, 
the simplest explanation of the abundance of these gases 
on the Earth is that they were accreted while trapped 
within solid particles and subsequently outgassed into the 
atmosphere. There is no evidence that an appreciable 
fraction of the terrestrial rare gases has resulted from the 
capture of solar gases. Although many of these observa- 
tions have been made previously by persons engaged in 
meteorite research, they do not appear to have been sum- 
marized in print in spite of their importance for an 
understanding of the evolution of the Earth’s atmosphere. 

I thank H. D. Holland, W. M. Kaula, W. W. Rubey. 
H. E. Suess and G. W. Wetherill for valuable discussions. 
This research was supported in part by a US National 





NATURE, VOL. 223, JULY 12, 1969 


Science Foundation grant and a US National Aeronautics 
and Space Administration contract. 

Note added in proof. K. Marti (presentation at Meteori- 
tical Society Meeting, Oct. 1968) and O. Eugster, P. 
Eberhardt and J. Geiss (J. Geophys. Res., 74, in the 
press) have isolated predominantly solar Xe fractions 
from the Pesyanoe and Khor Temiki meteorites, and have 
found that the isotopic composition of this component is 
similar to that of terrestrial Xe. This suggests that the 
Xe in the Earth's atmosphere has mainly been captured 
from the solar nebula or solar wind, but otherwise does 
not change the arguments presented in this article. The 
Kr and Xe values for Khor Temiki reported by Eugster 
et al, are somewhat higher than the values of Zahringer 
shown in Fig. 1. 

Joux T. Wasson 
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Prediction of Geomagnetic Secular 
Change confirmed 


THERE is a strong (0-93) correlation’? between the change 
in the length of day and the change in westward velocity 
of the eccentric dipole or “magnetic centre” (as defined 
by Schmidt?) of the geomagnetic field, presumably 
because of the conservation of the angular momentum of 
the Earth. If the motion of the eccentric dipole is related 
to a motion somewhere in the core in which the magnetic 
field is “frozen” into the fluid, then a change in westward 
motion and angular momentum in the core must be 
compensated for by a change in angular momentum of the 
mantle. This appears as a change in the length of day, as 
determined astronomieally. 

Fig. 1 (after Ball et al.) shows the eccentric dipole 
motion for the years 1885-1965 (solid curve) and the 
change in length of day for the years 1885-1967 (dashed 
curve). The magnetic data are from Vestine’, Malin (pri- 
vate communication) and J.C. CŒ. et al’ and the astrono- 
mical data from the Nautical Almanac’. There is a lag 
of about seven years between the change in length of 
day and the motion of the eccentric dipole, which has 
been interpreted? as a consequence of the time needed 
for the magnetic signal to diffuse through the mantle. 
On the basis of this lag and the sharp drop in the length of 
day curve since 1961, the empirical prediction was made 
“that. the eccentric dipole (westward) velocity will decrease 
sharply during the next five years” (from 1965), 

A new model of the geomagnetic field for recent epochs 
was recently derived’ from data recorded by the OGO-2 
and OGO-4 spacecraft for Kp=0 intervals from October 


Table 1. CORFFICIENTS OF MODEL MAGNETIC FIELD (EPOCH 1965) 


n m ay) a™(ylyr) h™(y) h™fpiyr) 
na a a n 

1 0 ~ 30,338 254 ae ~~ 

1 1 2114 9-9 5,768 -47 

of 0 ~ 1,661 ~ 23-9 — ~ 

i 1 2,994 35 ~ 2,013 ~Fl 

2 2 1,594 -21 1083 -107 
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Fig. 1. Eccentric dipole motion and change in the length of a day (after 
Ball ef al”). 


1965 to December 1967. This field model, labelled POGO 
(10/68), fits these data to a root-mean-square residual of 
Ty using 120 internal coefficients and their first deriva- 
tives with respect to time. Except for the possibility of 
systematic distortions caused by external sources, the 
secular change terms for the lowest order coefficients should 
be accurate to within a few tenths gamma/year. The 
values of these coefficients are given in Table 1. 

Calculation of the eccentric dipole motion depends 
primarily on the secular change rather than the main 
field, so that the model best represents the state of the 
eccentric dipole motion at the epoch at which the data 
were acquired—-the period October 1965—December 1967. 
Using this model the eccentric dipole motion is westward 
at 0-114 degrees/year. As seen in Fig. l, this new value 
(NX) confirms the predicted decrease some time during this 
period to a level about equivalent to that forty yea 
earlier. 
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Possible Algal Microfossils from the 
Late Pre-Cambrian of California 


SEVERAL organically preserved microbiotas in cherts of 
Pre-Cambrian,age have been described during the past 
few years'-", some with structures such as cell walls and 
intracellular organelles intact*.*. Pyrite and/or haematite 
replacement. of possible Pre-Cambrian microorganisms, 
with loss of structural detail, has also been reported tet, 
Crystals of pyrite 5-10 microns in diameter and closely 
spaced along organic filaments “resembling a string of 
beads” are known from the Gunflint Iron Formation of 
Ontario, Canada”. “Chains of cells”, which our prelumin- 
ary examination suggests are haematite crystals, were 
reported from the Belt “series” of Montana. We here 
describe similar crystalline chains interpreted as biological 
in origin from the late Pre-Cambrian Beck Spring Dolomite 
of southern California. 
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Fig. 1, Composite photomicrograph (a) and outline drawing (b) showing 
a slightly curved filament composed of 40 cell-like haematite pseudo- 
morphs after pyrite. Thin section, 





Fig. 2 (a,b). Short crystalline aggregate; the terminal haematite pseudo- 
morph at the left exhibits well defined pyritohedral faces. Thin section, 


The radiometric age of the Beck Spring Dolomite, the 
middle formation of the Pahrump Group of southern 
California, has not been determined. The group is separ- 
ated from beds containing an Early Cambrian fauna by a 
regional unconformity and 1,000 to 1,500 m of apparently 
unfossiliferous strata. On this basis, the group is usually 
assigned to the late Pre-Cambrian. We have found chains 
of crystals in association with partially or completely 
silicified stromatolites in outerops of the Beek Spring 
Dolomite exposed along the northern slope of the Kingston 
Range, San Bernardino County (see ref. 12), 

Optical microscopy and electron probe X-ray miero- 
analyses indicate that the Beck Spring chains are com- 
posed of uniserially aggregated haematite grains pseudo- 

interspersed unaltered 


morphie after pyrite, with rare 
pyrite crystals. Individual grains or ervstals range in 
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Fig. 3 (a, b). Discontinuous and poorly defined crystalline chain out- 
lined by possibly diaphanous organic sheath. Thin section, 


Fig. 4. Slender, sinuous and partially disrupted filament about 260 
microns long. Composite photomicrograph, Thin section, 
outline from rounded to angular, and pyritohedral faces 
are distinguishable both on the pyrite crystals and haema- 
tate pseudomorphs (Figs. 2 and 5). The approximately 
isodiametric grains are about 6 microns in diameter and 
aligned in slender filamentous aggregates, commonly up to 
260 microns in length (Fig. 4). A diaphanous sheath, 
apparently composed of organic matter, encompasses the 
poorly defined chain shown in Fig. 8. Although many of 
the crystalline filaments are slightly curved, they vary 
from nearly straight (Fig. 5) to highly sinuous (Fig. 4) and 
recurved (Fig. 6). They are rather irregularly distributed 
throughout the chert matrix, commonly occurring In 
clusters subparallel to laminae. Fig. 7 shows. for com- 
parison, a “chain of cells” frorn the Belt “series” ™', 
The folowing points support the interpretation that 


























» chains result from the early diagenctic replacement 
probably 


of filamentous microorganisms. blue-green 
by iron sulphide {ultimately pyrite), followed by 
netic replacement by iron oxide (ultimately hacma- 








Fi i j i s T mi gematite pseudomor > eft exhibits well defined pyritohedral faces, 
Pig. 5 serka z straight Mlaments. he terminal haematite pseudomorph at the upper lef: exhibits well defined ps 
Pie even nae nite À Composite photomicrograph. Thin section. 


Fig. 6, Recurved mineralized lament. Composite photomicrograph, Thin section, 


Vig. 7. Chain of crystalline “cells” in slide prepared by Walcott (see ref. 11), Acid residue, 
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First, in size, shape and general organization, the chains 
are comparable with certain modern and fossil filamentous 
algae (for example, Oscillatoriaceae) and bacteria (for 
example, Beggiatoa). The regularity of crystal size, 
the close spacing of adjacent crystal grains, the sinuosity 
of the erystal chains, the occurrence of recurved and 
overlapping filaments and the common orientation of 
the chains subparallel to the laminae of the matrix are 
consistent with an algal or bacterial origin. This inter- 
pretation is supported by the occurrence of what seems to 
be organic sheath outlining the discontinuous chain shown 
in Fig. ù 

Second, the chains occur within silicified stromatolites 
which are usually considered to be biological in origin. 


The dominant microorganisms in modern and fossil 
stromatolitic communities are filamentous blue-green 
algae, and microscopic algae were widespread during 


the late Pre-Cambrian'™. Filamentous bacteria are also 
known from the late Pre-Cambrian*, which might suggest 
that the Beck Spring chains represent sulphur-containing 
bacteria in which pyrite was deposited during diagenesis. 
The association of these chains with stromatolites, how- 
ever, seems more consistent with an algal origin. 
Although cellular replacement and infilling of Holocene 
and ancient plant material (including algae) have been 


noted, the exact mechanism involved is poorly 
understood. Presumably the pyrite erystals initially 


comprising the Beck Spring chains were deposited in a 
manner comparable with that proposed®® for sedimentary 
pyrite spherules. involving organic precipitation in the 
presence of sulphate-reducing bacteria (for example, 
Desulfovibrio) and decaying organic matter. A “string 
of beads” or chain of crystals could result from the re- 
placement of each cell of an algal or bacterial filament by 
a pyrite crystal, preserving cell location and size but not 
structure. The environment in which the Beck Spring 
stromatolites formed was subtidal, with agitated (and 
therefore oxygenated) water; the reducing miero- 
environment necessary for deposition of iron sulphide 
could have existed within individual cells of decaying 
algal filaments. A more widespread reducing environ- 
ment would have existed beneath the interface of sediment 
and watert??? The occurrence of veins and concentra- 
tions of limonite within the Beck Spring Dolomite suggests 
that the conversion of pyrite to haematite occurred after 
lithifieation. either sub-aerially or through reaction with 
aerated ground water. 
Py thank the Smithsonian Institution, Washington, 
. for the loan of Walcott material and D. H. Zenger 
es ‘electron microprobe analyses. This work was sup- 
ported in part by a faculty research grant, University of 
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Atlantic Opening and the Origin of 
the Caribbean 


Funnell and Smith must be congratulated for their 
excellent geometric reconstruction of the opening of the 
Atlantic, which has led them to conclude that the 
Caribbean is a result of extension and shear in a transverse 
zone separating plates rotated about different axes. 

This model suggests a new explanation for what has 
seemed to be a paradoxical distribution of earthquake 
seismicity in the Caribbean. Fig. | shows that the 
western part of the Venezuelan coast is relatively aseismic 
while towards the east, in the vicinity of the Paria Penin- 
sula, there is a locus of very active seismicity. From this 
site, the stable north-eastern continental margin of South 
America extends south-eastward, while the active island 
are, the Lesser Antilles, continues to the north. It follows 
that the South American continental plate is welded both 
to the north with the Caribbean and to the east with the 
Atlantic, and that there is no strike-slip motion hetween 
these plates. This is an embarrassment because it 
contradicts the widely held theory that movement 
attending loss of crust in the island are is matched by 
right-lateral movement between the continent and the 
Caribbean. Those who propose this right-lateral move- 
ment have tacitly assumed a uniform westward advance 
of Atlantic crust opposite the Americas and the Caribbean. 
This assumption is Inconsistent both with the earthquake 
evidence and with the model of Funnell and Smith. 

The model of Funnell and Smith shows that the direction 
of the movement of North America has a northerly com- 
ponent and that its velocity is greater relative to South 
America. These differences can clearly be satisfied only 
by left-lateral relative movements in the Atlantic. Such 
an explanation resolves the apparent contradictions of 
Caribbean seismicity, in that relative movement between 
lamellae of the Atlantic plate from the latitude of the 
Lesser Antilles to that of the Greater Antilles allows 
contemporaneous welding of the continent to both the 
Caribbean and the Atlantic, south of the latitude of the 
Lesser Antilles. On this theory, the locus of seismic 
activity at the three-way join of the continent, the 
Caribbean and the Atlantic, is explained by a progressing 
tear resulting from left-lateral movement between strips 
of the Atlantic plate being taken up by underthrusting 
of the northern strip in the island are. 

Modification of the Funnell-Smith model is dictated 
by consideration of the continuation and configuration of 
the mid-Atlantic ridge across the transverse zone of shear 
and extension related to the genesis of the Caribbean 
(Fig. 2). The amount of shear necessary to reconcile the 
differential movements of the North and South American 
continents (2,000 km) matches in sense and magnitude the 
shear indicated by offsets of the mid-Atlantic ridge north 
of the Romaneh fault zone (Fig. 2). This can hardly be 
a coincidence. Projected extensions on the transverse 
faults on the ridge appear to continue into radial faults of 
the island are? and into the northern boundary zone of 
the Caribbean. Earthquake activity increases from south 
to north across the radial faults of the are. These observa- 
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Fig. 1. Epicentral map of Caribbean earthquakes from 1950 to 1064. 





magnitudes could not be determined were ass 


tions show that the magnitude and direction of shearing 
indicated by ridge offsets are real and are responsible for 
the development of the Caribbean. It appears that con- 
tinental blocks may indeed rotate about different axes, as 
suggested by Funnell and Smith, but the process by which 
this rotation is achieved involves changing direction and 
rate of oceanie crustal spreading across strike-slip faults 
separating thin strips of the oceanic plate. 

This modification of the Funnell-Smith model makes 
necessary a reinterpretation of the conclusion of Sykes? in 
his diseussion of Wilson’s transform faults? . Briefly, 
Sykes has demonstrated spreading from ridge segments 
and not lack of movement: in the sense indicated by ridge 
offsets. The 2,000km of left-lateral strike-slip motion 
indicated by ridge offsets is distributed among such a 
number of transverse faults that left-lateral movement on 
an individual fault is at least an order of magnitude less 
than the movement of crust from the ridge. The limited 
but nevertheless evident occurrence of earthquakes 
beyond these parts of the transverse faults between ridge 
segments (Fig. 2) may be the result of strike-slip faulting 
in the direction indicated by ridge offsets. 
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Recent Benthonic Foraminifera: 
Environmental Factors controlling 
their Distribution 


FORAMINIFERA have great potential as indicators of 
ancient climate and environments. Most ecological 


studies of recent Foraminifera! have dealt 
with the distribution of species or genera 





and their correlation with environmental 


parameters. This information cannot readily 
be apphed to extinet species or genera. To 
achieve such an extension, we must under- 
stand how the environment influences mor- 





s the character I chose for investigation?, 
as this is used*® to separate the major groups 
of Foraminifera (agglutinated, porcellaneous 
and hyaline calcareous). These groups have 
systematic local and worldwide distribution. 
patterns. 

The wide range of environments present 
in the shallow water bodies adjacent to the 
Gulf of Mexico enabled me to map the 
dominance distributions of these three major 
groups and to evaluate associated changes 
in paralic environments. This was done to 
establish correlations between environment 
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Fig. 2. Relocated epicentres of earthquakes (1055-1965) along the equatorial portion 
i Senses of shear displacement and strike of inferred fault 
plane are indicated by the orientation of the set of arrows beside each mechanism. 
Large circles denote more precise epicentral determinations; smaller circles, poorer 


of the mid-Atlantic ridge. 


determinations. (From ref. 3.) 





and wall type and, ultimately, to determine 
causal relationships. 

Data were obtamed for eight separate 
shallow water bodies around the Northern 
Gulf: Florida Bayt; Charlotte Harbour’; 
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PATHOLOGY ANNUAL 1969 
edited by Sheldon C. Sommers, M.D. 
(Appleton—Century—Crofts) 


World Medicine has said of this annual series: ”,.. The 
value of such studies to clinicopathological research in the 
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Ready Shortly 344 pp illustrated £5 15s. 
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JOINTS IN HEALTH AND DISEASE 
by Feroze N. Ghadially, M.D., Ph.D., D.Sc. (Lond), 
M.C.Path. and Subimal Roy, M.D., Ph.D. 


The purpose of this volume is to link existing knowledge 
on joint physiology and pathology with data which has 
recently been acquired from the results of electron 
microscopy. 
Ready Shortly approx 224 pp illustrated 
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Wear in Joints 


Proceedings of a symposium organised in Leeds, by 
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EDITED BY VERNA WRIGHT 
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152 pages of illustrated papers and discussions on 
lubrication in human joints; tribology and arthritis ; 
physical properties of synovial fluid; lubricating 
properties of synovial fluid in human and animal 
joints; load deformation response of the micro- 
structure of articular cartilage; lubrication mech- 
anism in human joints by scanning electron micro- 
indentation stiffness in articular cartilage 
in normal and osteoarthrosic femoral heads; tensile 
properties of articular cartilage; magnitude of forces 
transmitted at hip and knee joints; wear in artificial 
joints; a joint simulator; experiments on friction 
in the human hip; new information on weeping 
lubrication; study of articular gelling; the require- 
ments of an artificial lubricant for joints; studies 
on the formation of hyaluronic acid films. 


Speakers include D. Dowson, V. Wright, 
M. D. Longfield, P. S. Walker, R. Goddard, 
P. Sellers (Leeds); D. V. Davies, J. Pal- 
frey (St. Thomas’s); R. Vos (Delft); Jd. 
McCall, J. P. Paul (Strathclyde); G. E. 
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General Editor: R. Phillips Dales, 
Reader in Zoology, Bedford College, 
London. 


Practical Invertebrate Zoology 
compiled by R. Phillips Dales 


This is a laboratory guide designed to meet the 
needs of students and those who organize classes 
in invertebrate zoology. Emphasis is laid on 
methods to be followed in understanding the 
biology and morphology of each group, and 
sufficient practical directions are given to enable 
the student to do so. This book is produced in a 
special format with clear drawings to be used in 
the laboratory. 


70s Hard cover/25s Soft cover 


Marine Biology 
H. Friedrich 


This is a comprehensive book for students of 
advanced zoology. In its original German form it is 
already a standard text. It deals with the history of 
marine biological investigation, the problems, the 
achievements, and methods. 

Amply i//ustrated and with a most useful 
bibliography 

70s Hard cover/25s Soft cover 


Molecular Biology and the Origin of 
Species: Heterosis, Protein Polymorphism and 
Animal Breeding 

Clyde Manwell and C. M. Ann Baker 


This book is a review of a number of aspects of 
the genetics of populations, primarily but not 
exclusively at the biochemical level. A balanced 
review of the evidence refutes the frequently held 
belief in constant heterozygote superiority, the 
heterosis mystique. The new theory provides an 
explanation for a number of taxonomic and 
zoogeographical observations. 

The book is intended for both biologists and 
biochemists, including those whose interests are 
in medicine or agriculture. 


63s,Hard cover/21s Soft cover 
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SYMMETRY AND FUNCTION OF 
BIOLOGICAL SYSTEMS AT THE 


MACROMOLECULAR LEVEL 
edited by Arne Engström and Bror Strandberg 


This book contains the Proceedings of the Eleventh 
Nobel Symposium held at Stockholm, August 26th to 
29th, 1968, at which the aspects of symmetry in 
biology were discussed from the point of view of 
mathematics, physics, biochemistry, crystallography, 
electron microscopy and general molecular biology. 
The formal contributions at the symposium are 
presented in this volume which includes theoretical 
calculations of confirmations of polypeptides and 
proteins and both experimental and theoretical 
approaches to the problem of interaction between 
subunits in polymeric, functional proteins. In this 
connection the significance of allosterism was dis- 
cussed, The proceedings also contain important recent 
advances in the topics structure and assembly of 
viruses, symmetry and co-operativity in biological 
membranes and macromolecular arrangements in 
muscles. Other topics covered are symmetry in 
biological systems. Many leading experts were among 

the participants including five Nobel prize winners. 
July 1969 440 pages approx. 276s. 
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Distributed in the United Kingdom by John Wiley & Sons Ltd. 
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by Dieter Hummel, Institute of Physical Chemistry and 
Colloid Chemistry, University of Cologne, and Friedrich 
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D. Hummel: Kunststoff-, Lack- and Gummi-Analysis 
(1958) will consist of two volumes, the first of them in 
two parts. Volume One deals with the analysis of high 
polymers and resins (plastics, rubber, natural and 
synthetic fibers, lacquers and natural resins}. There 
are 1,758 spectra, 1.454 of them of polymers and 
resins, the remainder of monomers, acids, anhydrides, 
carboxylates, alcohols, phenoles, amines and other 
nitrogen compounds, epoxide compounds, and 
peroxides. Each spectrum of a macromolecular 


material is accompanied by the name of the manufac» 
turing firm; the composition is also given as well as 
the use, and the preparation technique used for 
obtaining the spectrum. 
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Computer Compilation 
of Molecular Weights 
and Percentage 
Compositions for 
Organic Compounds 


488 pp. £12 $32.00 


Blood Platelets in Man 
and Animals 


In two volumes 


542 pp. £18 $45.00 


Phase Equilibrium in 
Mixtures 


586 pp. £8 $20.00 


» Astronomical Problems 
An Introductory Course in 
Astronomy 


332 pp. 80s. $10.00 


Moiré Fringes in 
Strain Analysis 


434 pp. 
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M. J. S. Dewar and Richard Jones 
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results from nearly one and a quarter million caiculations—being data for over 
100,000 formulae—are included. 


B. Maupin Maitre de recherches du Service de Santé des Armées 


A comprehensive Survey of the problems concerning human and mammalian 
blood platelets and the related cells in other animals (i.e. thrombocytes on lower 
vertebrates; amoebocytes, ete., in invertebrates). Volume 1 embraces the general 
aspects, origin, life and destiny of platelets, their morphology, biochemistry, 
physiological and experimental variations, properties and functions, immunology, 
pathology with therapeutic implications. The final chapter is devoted to platelets 
and homologous cells and to hemostatic function in animals. Volume 2 contains 
a coded bibliography of more than 7,000 references, and should be invaluable 

to haematologists. 


M. B. King University of Birmingham 


Presents the basic groundwork upon which any understanding of the properties 
of solution must rest and then develops certain simple arguments which have 
been found useful in the interpretation of the solvent properties of pure fluids 
and solutions. 


B. A. Vorontsov-Velyaminov Sterberg Astronamical institute. Moscow 
University 


This textbook by one of Russia‘s leading astronomers gives a mest lucid treatment 
of the whole range of astronomical problems. Every field of classical astronomy 
and astrophysics is touched upon. Each chapter opens with a summary of the 
theory and formulae, and is divided into (1) an elementary section (sixth form or 
college preparatory level) and (2) a more difficult section suitable for 
undergraduate and graduate courses in astronomy. In each section the problems 
are grouped into sub-topics and set in order of increasing difficulty. This work 

is especially valuable as a textbook for undergraduates and graduates and as a 
reference source for research workers. 
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A complete and comprehensive description of the applications of moiré fringe 
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CHARLOTTE 
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Fig. 1. Dominance of three major foraminiferal groups in paralic environments adjacent to northern Gulf of Mexico; temperature and moleture 
budget gradients included, 


Tampa Bay*; Mobile Bay—Mississippi Sound’; Sabine 
Lake*; Matagorda Bay*; San Antonio Bay and en- 
virons’; and Laguna Madre. The relative contri- 
bution of each of the wall types (in per cent of total 
numbers of individuals) was caleulated for each of the 
stations in the estuarine habitats. From the caleulated 
values, the distribution information of Fig. 1 was compiled. 
Moisture budget isopleths (dashed lines, Fig. 1) were taken 
from Thornthwaite!; temperature data (solid lines) from 
Espenshade™. 

The moisture budget isopleths indicate moisture 
surplis (positive values) and moisture deficit (negative 
values), with regard to the balance between precipitation, 
run-off and evaporation. Low salinity concentrations in the 
bays are associated with high moisture surpluses, for fresh 
water influx into the enclosed shallow water prevents, 
to varving extents, the encroachment of higher salinity 
Gulf water (Mobile Bay~Mississippi Sound and Sabine 
Lake). High salinity concentrations are associated with 
moisture deficiencies, for the evaporation of lagoonal 
waters permits entrance of higher salinity Gulf water 
(Laguna Madre). 

The isotherms in Fig. 1 are based on January normal 
temperatures and reflect the increase in mean annual 
temperature to the south. Because all of the bays are 
shallow and well mixed by surface winds, their water 
temperatures are closely regulated by air temperatures. 
Thus there is a sequence of shallow water bodies with 
increasing temperatures and increasing salinities from 
Mobile Bay~Mississippi Sound and Sabine Lake with low 
salinities, through Matagorda Bay and San Antonio Bay 
on the west and Tampa Bay and Charlotte Harbour on the 
east with intermediate salinities, to Laguna Madre and 
Florida Bay with high salinities. 

The distribution of the three foraminiferal groups is 
closely correlated with these environmental factors: a 
sequence in dominance by each of the types corresponds 
to the temperature and salinity increases (Fig. 1). Agglu- 
tinated forms dominate in areas of low salinity and low 
temperature, hyaline calcareous types in areas of inter- 
mediate salinity and temperature, and porcellaneous 
forms in areas of high temperature and salinity. (These 
same correlations exist on a local scale within each bay or 
lagoon, but space does not permit their detailed discussion 
here.) 











How can such correlations be explained in terms of 
morphology or function?  Agglutinated Foraminifera 
construct. tests of clastic grains derived from the bottom 
sediment. Calcium carbonate. though reportedly used by 
some forms as a supplementary cementing material, is 
not required. The two calcareous types require caleium 
carbonate for test construction. Two physiologically and 
erystallographically distinct modes of caleite secretion 
and test wall construction are, however. used by the 
hyaline caleareous and the porcellaneous Foraminifera, 
respectively. Hyaline calcareous types use an organic 
nucleating surface for crystal orientation and, perhaps, 
greater efficiency of secretion, whereas porcellaneous types 
use no apparent nucleating mechanism, but only allow 
growth of randomly orientated calcite rhombs within a 
eytoplasmie sheath. I suggest that this difference in 
mode of calcite secretion exerts a significant control on 
foraminiferal test construction in areas in which avail- 
ability of calcium carbonate differs. 

Temperature and salinity are important controls on 
CaCO, solubility in seawater. Both increasing tempera- 
tures and increasing salinities produce an increase in 
CaCO, availability’®, Thus the sequence in dominance 
from agglutinated. through hyaline calcareous, to por- 
cellaneous types is correlated with, and ean be explained» 
by, a regular southward increase in available calcium car- 
bonate. Agglutinated Foraminifera are not restricted in 
their range but can build tests in any of the marine or 
brackish water environments. Their dominance in areas 
poor in caleium carbonate is a result of the imability of 
caleareous forms to secrete tests there. In environments 
rich in e¢aleium carbonate, caleareous types are able to 
dominate through occupation of niches unavailable to 
agglutinated forms (for example, on marine plants}. Por- 
cellaneous Foraminifera, using no nucleating surface for 
ealcite precipitation, generally require supersaturation of 
the water with calcium carbonate. The hyaline caleareous 
Foraminifera, by using an organie nucleating surface for 
calcite growth, can dominate environments with somewhat 
lower concentrations of calcium carbonate than those 
required by the porcellaneous groups, but are more limited 
than the agglutinated forms which require none. In 
hypersaline and high temperature environments the 
relative abundance of hyaline calcareous types decreases 
as conditions favourable to secretion of porcellaneous wall 
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types are approached. The poreellaneous types can com- 
pletely dominate environments with a great abundance of 
calcium carbonate, perhaps because of the unordered 
crystalline nature of their test walls. Hyaline calcareous 
types would be unable to secrete well ordered erystals in 
an environment supersaturated with calcium carbonate. 

This hypothesis presents a simplistic approach to the 
understanding of Foraminifera. If the distribution of 
these three groups is truly controlled by this one factor, 
there is a strong implication that Foraminifera are unable 
to work in chemical opposition to their environment. 
This could have far-reaching ramifications in the study 
of foraminiferal ecology and its application to geological 
situations, 

I thank Dr F, G. Stehli for advice, and Dr 8. J. Gould 
for critically reading this manuscript and offering valuable 
suggestions for its improvement. 

Gary O. G. GREINER 

Museum of Comparative Zoology, 

Harvard University, 

Cambridge, 

Massachusetts 02138. 

Received March 20; revised May 5, 1969, 

| Bandy, O. L, US Geol, Surv, Prof. Pap. ¢74-G (1950). Parker, F. La, 
Bull. Mus. Comp. Zool., 100, 213 (1948). 111, 454 (1954). Parker, 
F. L., Phieger, F. B., and Peirson, J. F., Cushman Found, Foramin, Res., 
Spec, Pub. ? (1953). Phieger, F. B., and Parker, F. L., Geol. Soe, Amer. 
Mem, 46 (1951). 

t Greiner, G. O. G., thesis, Case Western Reserve University (1969). 

? Loeblich, jun., A. R., and Tappan, H., Treatise on Invertebrate Paleontology, 
Part C, Protista 2, Land 2 (University of Kansas Press, Lawrence, 1964). 

*Lynts, G. W., Contrib. Cushman Found. Foramin. Res.,18, 127 (1962). 

* Bandy, O, L., US Geol. Surv. Prof. Pap. 254-F (1954). 

* Bandy, O. L, US Geol, Sure. Prof. Pap, 274-4 (1966). Walton, W. R.. 
Papers in Marine Geology, Shepard Commemorative Volume (Macmillan, 
New York, 1964). 

‘Phieger, F. B., Bull. Amer, Assoc, Peirol. Geol, 88, 584 (1954). Upshaw, 
C. F Creath, W. B., and Brooks, F. L., Miss. Geol., Econ., and Topo. 
Suro, Bull, 106 (1960). Walton, W. R., Papers in Marine Geology, 
Shepard Commemorative Volume (Macmillan, New York, 1964). 

* Kane, H. E J. Paleontol., 41, 947 (1967). 

* Lehmann, E. P., Wicropateontology, 3, 325 (1957). Shenton, E. H., Trans. 
Gulf Coast Assoc, Geol. Soe., 7, 135 (1987). 

Parker, E. L., Phleger, F. B., and Peirson, J. F., Cushman Found. Poramin. 
Res., Spec. Pub. 2 (1958). 

25 Phieger, F. B., Sei. Rep. Tohoku Unie., Second Ser. (Geol), Spec. Vole 
4, 83 (1960). 

* Thornthwaite, C. W., Geograph. Rev., 88, 55 (194%). 

`" Espenshade, jun., E. B. (ed.), Goode's World Atlus (Rand McNally, 
Chicago, 1960), 

i Towe, K. M., Contrib. Cushman Found. Foramin. Res., 18, 147 (1967). 

1 Angell, R. D., J. Protozool., 14, 566 (1067); 14, 299 (1967). Arnold, Z. M., 
Univ. Calif, Publ, Zool., 72, 1 (1964). Lynts, G. W., and Pfister, R. M. 
J. Protozool., 14, 387 (1967). Towe, K. M. and Cifelli, R., J. Paleantol., 
41, 742 (1967). 

i Revelle, R., Sediment. Peirol., 4, 103 (1934). 
R., Geol. Sac. Amer. Mem. 67,1 (1957). 











develle, Ru, and Pairbridge, 


Coccoliths as Late Quaternary 
Palaeoclimatic Indicators in the 
Subantarctic Pacific Ocean 


Cuimatic fluctuations during the Pleistocene have been 
revealed by isotope and palaeontological studies of deep- 
sea cores from the Atlantic and Indian Oceans!~! and the 
Pacific Ocean'-*, This article indicates the utility of two 
species of Coccolithophoridae as palaeoclimatic guides in 
high latitude areas. The eight deep-sea carbonate cores 
studied were collected from the National Science Research 
Vessel Eltanin in the South Pacific Ocean (Table 1). 


Table 1, LOCATION OF RIGHT CORES COLLECTED IN THE SOUTH PACIFIC OCBAN 


Core Lat. Long. Depth (m) Length (em) 
Bll-1 SAP BL S 314° 42 W 3,475 625 
Ell-3 56° 54° 8 115° 15° W 4,023 1,140 
E15-16 56° 03 S 119° 55 W 3,054 1,217 
E20-18 44° 33’ 8 111° 20’ W 2,868 473 
E21-24 49° 02° S 120° 05° W 3,319 448 
321-15 52° 01 S 120° 03° W 2,999 472 
E21-16 54° 05° S 119° 57 W 2,981 564 
E21-17 55 20° & 119° 56 W 2,816 1,006 


fera and Umb 
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The abundant Coccolithophoridae species found in the 
cores I used are: Umbilicosphaera leptopora (Murray and 
Blackman); Coccolithus pelagicus (Wallich); Gephyrocapsa 
oceanica (Kamptner sensu lato): Emiliania hyaleyt 
(Lohmann) and Helicopontosphaera kamptneri (Hay and. 
Mohler). 

Syracosphaera pulchra (Lohmann); Umbilicosphaera 
mirabilis (Lohmann); Rhabdosphaera stylifera (Lohmann); * 
Discosphaera tubifera (Murray and Blackman) and Cyclo- 
lithella annula (Cohen) occur spasmodically in the cores 
and never exceed 1 per cent of the total Coccolithophoridae 
present. With the exception of C. pelagicus all of these 
species are still living in the South Pacific’, 

Cores E111 and E11-3 were studied because of previous 
work on their radiolarian faunas’. Curves obtained 
by plotting the percentage of U. leptopora in the total 
coccolith assemblage correlate rather closely with curves 
given by Hays! based on percentage of warm water radio- 
larians in the total radiolarian assemblage (Fig. D). Com- 
plete agreement between coccolith and radiolarian trends 
is not expected, however, because these cores show clear 
evidence of carbonate solution throughout much of their 
length, particularly at certain horizons (Fig. 1), and the 
quantitative characteristics of foraminiferal assemblages 
can be greatly affected by selective solution’. In this 
study coccoliths also indicate the effects of selective 
solution, The coceoliths of U. leptopora are larger than 
those of the more abundant G. oceanica and probably are 
damaged less by solution; this leads to a high percentage 
of U. leptopora in core ELl-1 at 600-625 em and in core 
11-3 at 475-525 em where solution of carbonate has been 
extensive. 

The percentages of ©, pelagieus and U. leptopora in the 
total coceolith assemblage are plotted for six additional 
carbonate cores from a wider range of latitude (Fig. 2). 
An abundance peak occurs (I) at or near the top of each 
core immediately above a short interval of very low 
abundance (I). Below there are a series of peaks (IIT, 
IV and V}. The searcity of long carbonate cores has 
made correlation difficult in the lower portions of the 
longest cores. The data, however. indicate that below 
peak V there is a relatively long interval characterized 
by few U. leptopora (VI). In core E21-17 this long interval 
(containing a possible minor peak) occurs above a broad 
fluctuating peak (VII) that is distinguished by a general 
dominance of C. pelagicus over U. leptopora. Below peak 
VII in core E15-16 there is 7 m of core that contains 
consistently low percentages of both C. pelagicus and U. 
leptopora. 

The high frequency peaks of U. leptopora are believed 
to reflect relatively warm intervals, because they corre- 
spond with warmer water radiolarian faunas, and also 
because rare warm water coccolithophorid species (Syraco- 
sphaera pulchra, Discosphaera tubifera, Rhabdosphuaera styli- 
sphaera mirabilis’ occur only at these 
intervals (Fig. 2). 

If the peaks represent relatively warm intervals and 
the intervening troughs relatively cool intervals, it should 
be possible to correlate them with the glacial and inter- 
glacial stages distinguished in deep-sea cores from lower 
latitude areas. But because high and low latitude faunas 
are too distinet to be correlated directly, it is necessary 
to establish independent chronological criteria for the 
cores, Palaeomagnetic data’ are available only for the 
two longer cores (E15-16 and E21-17) and in these the 
faunal data and palaeomagnetic events do not show 
sufficiently consistent relationships to offer assistance in 
correlation. Radiometric dating is possible, however, 
by the excess “Th dating method using gamma-ray 
spectroscopy. In each of the six cores a level is de- 
termined below which essentially no excess “°Th is 
present (Fig. 2). These horizons represent a 300,000 yr 
BP isochron with a possible error of +25 per cent", 
Although this estimated error may represent as much as 
+ 75,000 yr, at worst they should provide a rough guide 
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as to the value of U. leptopora peaks as palaeoclimatic 
and correlative tools. The results do show, in fact, that 
the Th isochron occurs with reasonable consistency 
at the beginning or slightly preceding peak V in all cores. 

The curves based on the frequency of U. leptopora 
compare favourably with the climatice curve established 
for the Atlantic and Caribbean by Ericson and Wollin? 
based on foraminiferal criteria. These authors established 
a chronology based on magnetic reversals. 

If frequency peak V in the South Pacifie Ocean cores 
represents a relatively warm interval and the established 
300,000 yr isochron occurs at the correct horizon, then a 
good correlation exists between the palaeoclimatic curves 
I have described and those of Ericson and Wollin’. These 
authors place the beginning of the Sangamon Inter- 
glacial Stage at about 400,000 yr BP based on palaeo- 
magnetic reversals. Ku and Broecker! applied the 
“s/Th-dating technique to a deep-sea core from the 
Caribbean and arrived at a date of 320,000 (+ 32,000) yr 
BP for the beginning of the Sangamon, which is relatively 
close to the age of the beginning of frequency peak V. 
Exact correlation of glacial and interglacial stages between 
high and low latitudes would not be expected, however, 
because it is almost certain the floral and faunal changes 
are not isochronous in response to major world wide 
climatic changes. A consistent coecolith peak (LID) 
occurs in five of the six cores and appears to correlate well 
with a short interglacial during the Wisconsin Glacial 
Stage? (Fig. 2). 

Although the coecolith data compare favourably with 
the general climatic scheme of Ericson and Wollin, it 
must be emphasized that this is a preliminary treatment 
and that oceanographic variables, other than temperature, 
may control the distribution and abundance of coecolith 
species in subantaretic latitudes of the Pacific Ocean. 
The coceolith species U. leptopora and C. pelagicus are, 
however, useful palaeoclimatie indieators in Late Quater- 
nary sediments of the South Pacifie Ocean. 

I thank J. P. Kennett. H. G. Goodell. A. Niedoroda. 
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Fault-plane Solution of the Koyna 
(India) Earthquake 


THE peninsular shield of India has long been regarded as a 
stable region. The area had not been subject to orogenic 
deformation since the Pre-Cambrian, although a vast 
area (5x 10° square km) was flooded by basalts during 
Late Cretaceous to the KEocene—the Deccan Trap. 
Several years ago, a small dam was built across the 
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Koyna river, some 200 km south-east of Bombay (Fig. 1). 
The dam reservoir filled in stages, beginning with the 
monsoon of 1962, and reached a capacity of 2x 10° m? and 
a maximum depth of about 70 mt, 

From about the spring of 1963, several mild tremors 
have been recorded in the area of the Koyna reservoir, 
presumably as a result of small crustal adjustments due to 
the imposed water load—a mechanism suggested? for the 
seismicity associated with the filling of the Boulder 
(Hoover) dam = reservoir. The frequency of tremors 
gradually decreased from 1963 to 1965, but then increased 
again in 1966. On September 12 and 13, 1967, there were 
two shocks in the Koyna area which could hard! y be called 
tremors®, and the carthqueke of December 11, 1967, was 
an even bigger surprise, being felt over an area of nearly 
200,000 square km and recorded by scismograph stations 
all over the world. Fortunately, the dam was not broken 
and, despite the loss of hundreds of lives, intensive 
damage was confined to en area with a radius of 50 km 
around Koynanagar, a village near the dam sitet. 

Because no major fault is known to exist in the Koyna 
area and because of the aseismic history of the Peninsular 
shield region, this major earthquake was quite unexpected, 
A meeting was held in New Delhi on December 19, 1967, 
which led to a special issue about the Koyna earthquake 
published by the Journal of the Indian Geophysical Union 
(5; 1968) and there were suggestions that the filing of 
the reservoir triggered the earthquakes. Too little is 
known, however, to decide whether the triggering mechan- 
ism consisted of an increase of pore pressure in rock 
stressed to near its breaking strength) as at Denver, 
Colorado, or some other means. 

We believe that the Koyna earthquake is most hkely 
to be tectonic in origin. Wadia? has suggested that it 
might have been caused by slippage along a fault, which is 
a subsidiary of the Malabar Coast fault about 100 km to 
the west. Because feult-plane solutions are valuable in 
the study of earthquake mechanisms, we now present 
such a study in the hope that it will stimulate research 
on the origin of the Koyna earthquake. 

The epicentre? was within 10 km of the Koyna dam 
(17° 23’ N, 73° 45° E) at crustal depth (Fig. 1). The US 
Coast and Geodetic Survey has given the following data‘ 


Origin time: 22h 5i m 243s (GMT) 
Epicentre: 17° 40’ N, 73° 56’ E 
Depth : Restricted to 33 kin 
Magnitude: 60 


This places the epicentre about 35 km north-east of the 
Koyna dam. Because fault-plane solutions based on world 
wide data do not depend eritically on the precise deter- 
mination of the earthquake focus, we have used the above 
epicentre and an arbitrarily assumed depth of 8 km. 

We have based our fault-plane solution on first-motion 
readings of P-waves derived from the following sources: 
(1) Our own readings on long period seismograms from 
forty WWSSN stations (twenty-six readings altogether); 
(2) seventeen readings from all available Indian seismo- 
graph stations (supplied by Dr A. N. Tandon, director 
of seismology, Indian Meteorological Department); (83) 
twenty-four readings on file at the International Seismo- 
logical Centre, Edinburgh (Dr D. M. McGregor); (4) 
eighteen readings from the Earthquake Data Report No, 
77-67 (US Coast and Geodetie Survey); (5) one reading 
from the Seismological Bulletin, 1967 (Canadian Dominion 
Observatories). These eighty-six first-motion readings 
were given weights (1 to 4) according to the source and 
the quality of the P-wave arrivals. 

A fault-plane solution was made by a computer program? 
written by Wickens adapted to our computer (IBM 
360/65) and with the addition of an equal-area projection 
plot of the focal sphere. Emergent angles were computed 
by ray theory, the rays to various stations were traced 
back to the focal sphere, and a pair of orthogonal planes 
at the focus were assigned a sequence of positions in each 
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of which a score was computed based on the sign of the 
first-motion, theoretical radiation pattern and weight 
assigned to the stations. From 4,860 trial solutions, the 
five with best scores were refined to give the following 
fault-plane solution 


® (Strike) ô (Dip) 
Plane A 37° 72° NW 
Plane € 126° 84° SW 


This solution is well determined in the sense that none 
of the nodal planes can be rotated by more than 2 
degrees without significantly reducing the score. There 
were seventeen stations (out of eighty-six) where first 
motion was inconsistent with our fault-plane solution, but 
if these were ignored, the solution would be essentially 
unchanged because most of them have poor quality 
first-motion data and are not heavily weighted. 

Fig. 2 shows an equal-area projection of the lower 
hemisphere of the focal sphere. The two coordinates used 
to deseribe a station point are: (1) the azimuth from the 
epicentre to the observing station (measured from the 
north) and (2) the radial distance Æ which is proportional 
to sin (i/2), where 7 is the angle of incidence measured 
from the downward vertical. Closed circles represent 
compression; open circles, dilatation. The size of the 
cireles indicates the weight assigned to the first-motion 
readings—large circles have weights of 3 or 4, and small 
circles have weights of 1 or 2. 

The two nodal planes obtained from the fault-plane 
solution are also shown in Fig. 2. These planes are nearly 
vertical, and the sense of slip is left-lateral for plane A 
and right-lateral for plane C. Which nodal plane actually 
represents the fault cannot be determined from the 
first-motion data alone. The axes P and T represent the 
directions of greatest and least principal stresses for which 
the shear stress is maximum on either nodal plane. The 
orientations of P and T show that the Koyna region 
deformed by faulting in response either to north-south 
compression or east-west extension (Fig. 1). 

Our study shows that the faulting at the time of the 
Koyna earthquake occurred on a nearly vertical plane 
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Fig. 1. Map of India showing the epicentre of the Koyna earthquake 
and the Deccan Trap. Compression and tension directions are shown 
by P and T respectively. 
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Fig. 2. Fault-plane solution for the Koyna earthquake. Diagram it an 
equalarea projection of the lower hemisphere of the radiation teid, 
@, Compressions; ©, dilatations. 


striking either north-north-east or west-north-west and 
not north-south, as inferred from geomorphelogy*. 
This strike-slip faulting indicates that the maximum and 
minimum principal stresses are nearly horizontal. It 
follows that the vertical loading resulting from the 
filling of the Koyna reservoir cannot be the sole cause of 
the earthquake. We suggest that the teetome strains 
stored in the rocks in the Koyna region were the source 
of the energy released from the Koyna earthquake, 

We thank Dr A. J. Wickens for his fault-plane selition 
programme and his help in modifying it, and also Dra 
A. N, Tendon and D. M. McGregor for their first-motion 
data. 
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Debris from the Sixth Chinese 
Nuclear Test 


Derinc 1967, the Chinese People’s Republie conducted 
two nuclear tests, its sixth and seventh. Nuclear debris 
from these tests eventually reached Sweden and was 
collected and examined as part of our routine. Ground 
level air and precipitation are sampled at several stations 
spread over Sweden. High altitude air above and below 
the tropopause is sampled in cooperation with the Royal 
Swedish Air Force. The radioactive particles thus col- 
lected are examined by y-spectrometry and $-counting. 
“Reversal-autoradiographic’’ methods! make it po ible 
to examine the particles under the microscope and to 
investigate colour, form, size and specific activity. 














174 


NATURE, VOL. 223, JULY 12, 1969 


x 100 


4 
[| p” 
| 


| 
f || | 
L L 








2530 5 1 


15 20 25 30 5 10 15 20 25 30 5 1015 202530 5 1015 2025 30 5 10 15 202520 5 1015 202530 
=i skene. A. A. shennan 4. r a Ra warn a OEO VE AOE Y aaa Co a 4. renee 





20 
need Tt n E a 
UNE JULY AUGUST 


SEPTEMBER 7 





OCTOBER | NOVEMBER | DECEMBER 


Fig, 1. “Zr-Nb content in air at ground level, Units: dpm. ?Ze-Nb per kg air ten days after the explosion, 


The sixth nuclear test was conducted on June 17, 
1967 (ref. 3). According to information from the United 
States Atomic Energy Commission’ it was a thermo- 
nuclear device (the first genuine “H-bomb” in China) of a 
few megatons fired at or near the usual test-site in Lop-Nor 
{~40° N, ~90° E) Microbarographie investigations in 
Sweden (O. Dahiman and H. Wagner, personal communi- 
eation) clearly indicate that the device 
was exploded below the tropopause 
(<14 km), which contradicts conjec- 


tures about a very high altitude’. 10,000 


in which case the debris from China VI would have been 
fractionated normally in this respect’, 

In a sample of a few isolated “hot particles”, intensely 
active enough to be measured by a Ge(Li) y-detector, the 
ratio of Zr to “Nb could be measured, and it was thus 
established that the age of the activity at the beginning 
of September was about 70 days, as expected. The active 
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Meteorological forecasts suggested 
that the first passage of debris over 
Swedish territory could be expected to 
eecur about eight to ten days after the F 
explosion. No signs of fresh activity 
were found, however, until August 12, 
56 days after the event. The activity, 4 
found in a ground air sample, turned 3 
out to be borne by a single hot partiele i 
~23 um and ~700 6 dp.m. More 
particles appeared in the following days 
m samples from high as well as low 
altitudes, but, to begin with, they were 
still mostly “one by one”. Eventually, 
smaller particles appeared and the 
number per sample increased but not 
to more than a few tens per 100 kg air, 
even in high altitude samples. The 
debris continued to appear in this man- 
ner until January 1968 (see Fig. 1), 
when debris from the seventh Chinese 
test masked the picture. 1 = 
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Because of the long time lapse be- 
tween explosion and sampling, only few 
y-emitting nuclides could be determ- 
ined, mainly *Zr-Nb, Ce and Ce. 
Ru was hard to investigate, for 
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its Nal y-spectrum nearly coincides 
with that of "Be, which was strongly 
contaminating the samples at this 
time. 

Some of the most intensely active 
particles were isolated from the filters 
and were found to contain no Ru. 
There are some indications, however, 
that the smaller particles appearing 
later may have contained this nuclide, 


01 





iy pne eee 


to 


2 3 E & 





Particle diameter (um) 


Fig. 2. A-activity at 100 days after explosion versus diameter for particles from the sixth 
Chinese nuclear test. 
orange—blackish-red ones. 
surrounded by rings indicate particles directly measured by a 8-counter, 
ties of the other particles were determined from the spot sizes on the reversal-autoradio- 
grams.) Squares indicate values obtained by measuring groups of equally sized small 
particles in a 8-counter and record the average activity per particle, The numbers at the 
square indicate the numbers of particles in the respective groups, > 
corresponding plot for China TIT is shown schematically as a pair of dashed lines, which, 


Unfilled circles indicate colourless-orange particles, filled circles 
(No colour could be observed below ~06 um.) Circles 
(The 8-activi- 


For comparison, the 


encloses 90 per cent of the corresponding points. 
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particles can therefore be unambiguously related to the 
nuclear test of June 17, for no other nuclear tests in air 
were performed near that date. The most nearly coinci- 
dent nuclear tests in the atmosphere were the French 
tests of June 5 and 27 at Mururoa in the Pacific and 
south of the Equator; debris from them is unlikely to 
have been found in Sweden at all and still less likely to 
have been confused with China VI. Ventings from under- 
ground tests, which might have occurred, can easily be 
distinguished from air shots’. 

The particles resembled particles from earlier, Russian, 
thermonuclear tests. The colourless ones are mostly 
structureless and spherical, whereas the darker ones are 
slightly more irregular, sometimes with wrinkles and other 
surface marks. In the polarization microscope, the 
colourless particles show a structure similar to glass 
spheres with strong inner tensions. A few red particles 
were found to be optically anisotropic crystals. 

Even for the smallest particles, activity was propor- 
tional to volume (Fig. 2) and the specific activity is among 
the highest ever found. (Only a few particles attributed 
to the US test series 1962 had an equally high specific 
activity.) The average specific activity of the lighter 
coloured particles was twice that of the darker ones, in 
agreement with what has usually (but not always) been 
observed in fallout particles from the Novaya Semlja 
tests (see ref. 8). 

A few tens of particles were measured for size and 
sorted according to colour into two samples, one of 
colourless-to-orange particles and one of orange-to- 
blackish-red particles, and these were then measured 
separately with a y-spectrograph. The result is shown in 
Table 1, which confirms the differences in specific activity 
found in Fig. 2. 





Table 1. ACTIVITY OF COLOURLESS AND COLOURED SAMPLES OF DEBRIS 
MEDIAN VALUES OF S-ACTIVITY TAKEN FROM FIG, 2 
8 dpm. ssZr Ce 
per um? Atoms per um? Atoms per ym? 
“Colourless” particles 107 3-80 x 10° 5-19 x 108 
“Red” particles 52-5 1-50 x 10° 5-07 x 108 
Ratio 2-04 2-53 1-02 


There has been much discussion about the long time 
lapse between the nuclear explosion and the appearance 
of the fallout®.*. The fact that larger particles appeared 
first, followed after some time by smaller ones, indicates 
that the particles have fallen from greater altitudes than 
usual. (Similar observations were made in the United 
States? by Brar et al.9. Mamuro® in Japan found only 
a very weak activity, consisting chiefly of ***Np, shortly 
after the explosion, in ground altitude dust. A number 
of familiar nuclides such as }'Ce, *Zr-Nb and °Ba-La 
were not present and the activity was not borne by hot 
particles.) 

If it is assumed that the particles sampled above the 
tropopause (about 11 km) reached this altitude only by 
gravitational fall, a 2 um spherical particle of density 
5 g/cm? should have started at ~18 km by the time of 
explosion in order to reach the sampling altitude in 
~70 days. 

Krey" reports that in August 1967 the resultant cloud 
was centralized between 18 and 24 km above the latitude 
of the explosion. From the microbarographic investiga- 
tions, it seems reasonable to suppose that the device 
exploded at a comparatively low altitude (below 14 km) 
and that the bulk of the debris was carried to a high 
altitude by the rising fire-ball. 
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Delayed Exchange of Potassium 
from some Edges of Mica Flakes 


Wagy micas weather in the soil, their interlayer potassium 
is replaced by a hydrated cation, and a swelling mineral 
resembling vermiculite is formed’, Although this natural 
process may be simulated in the laboratory? *, we have 
found evidence to suggest that micas may alter less rapidly 
in natural conditions than laboratory investigations of 
ground or cut material suggest. Our results show that. 
the nature of the erystal edge affects the rate of alteration 
of micas. 

A mica flake in whieh the potassium is partly replaced 
shows at least two distinct regions under the microscope. 
A swollen outer zone, which contains very little potassium, 
surrounds an inner zone of unchanged mica and the inter 
face apparently moves smoothly inwards with time, 
spaced equally from the edge on all sides of the flake’. 
Contrary to these reports, however, the width of the potas- 
sium-depleted zone is not always uniform. During many 
observations of the interface movement in mica, we have 
often found that the exchanged region develops unevenly, 
especially during the early stages, or may even not 
develop at all. 

A rectangular flake of a phlogopite (P8), 1x2 mmx 
25 um thick, was cut with an 8.8. White ‘Airbrasive unit 
and further divided under water into two pieces by pres- 
sure with a surgical scalpel, causing a clean fracture quite 
unlike the ragged break obtained by a dragging action. 
After separate treatment of each piece im boiling 0-25 
N NaCl solution, both flakes developed usual alteration 
rims on three sides (a, b, c: a’, 6’, oc’; Fig. 1) but not on 
the fourth sides (d, d’), the edges that were separated with 
the sealpel. Using a fine collimator to limit the X-ray 
beam, oscillation photographs were taken of selected areas 
of piece X. When the extreme edge b was in the beam, 
only streaked reflexions characteristic of the alteration 
product were recorded, showing that the edge was fally 
altered. As the flake was moved farther into the X-ray 
beam, additional sharp reflexions from the unaltered mica 




















Fig. 1. 
alteration rims on three cut edges (a, b e a’, b, c9 but no alteration on 
the sharply fractured edges (d, d°). 


Partly exchanged phlogopite (P5), with evenly developed 
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were obtained, and when edge d only was in the beam, 
these were the only reflexions recorded, showing that 
this edge was less than one per cent altered. X-ray 
evidence thus confirms the optical observation that 
exchange of potassium is inhibited at sharply fraetured 
edges. 

A natural crystal edge behaves similarly; another 
phlogopite (P6)* with euhedral faces was cut as before so 
that two cut and two euhedral edges were exposed on the 
same flake. After alteration, the cut edge, a, was altered 
uniformly along its whole length (Fig, 24, B) as in the 
first example, whereas the natural edges, b, e, were only 
slightly exchanged in a few separated places. 

In addition to these extreme examples, we have also 
found that parts of a flake may be unaltered during the 
carly stages of treatment, but then develop exchanged 
regions after much longer treatments. Edges produced 
by grinding, by a dragging cut with a hard blade or by 
cutting with abrasive powder are disturbed and from such 
edges potassium exchanges without delay. By contrast, 
a long interval may elapse before edge exehange is estab- 
lished at a more ordered edge, formed by elean fracture 
or by erystal growth, 
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Big. 24. Partly exchanged phlogopite (P6), altered uniformly on cut 
edge (a) but only at isolated places on the eahedral edges b and e. 


Fig. 2B. As Fig. 24, but viewed through crossed polars. 
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Cut section through partly exchanged phlogopite, showlag mica 
region (m) and exchanged region (e) separated by optical discontinuity 
Note delaminated edge with cracks extending through unaltered 
mica. 


Diffusion is widely held to be the rate-limiting step when 
K is exchanged from micas; the main evidence for this 
is that the width of the exchanged region ig proportional 
to timet, and that K release kinetics fit expressions based 
on a diffusion model, Recent work”, however, has 
shown that the relationship with time? is often not 
followed, and we have confirmed this, so that processes 
other than diffusion may be modifying K exchange rates 
in mica. 

We can offer only a tentative explanation of the initial 
delay in the exchange of potassium. It has been sug- 
gested™ that the first step is the exchange of an unhydrated 
cation, for example, Nat, for K+ with only a minimum 
expansion of the layers and that hydration of the replacing 
cation within the crystal and swelling of the structure 
occur later, If this is correct, the delay may be the time 
taken for enough incoming cations to replace potassium 
in the unexpanded structure. Mica altered artificially at 
atmospheric pressure is always cleaved into packets of 
layers that seem to be not more than | um thick, and a 
section of a partly altered mica flake / Fig. 3) shows that 
this cleavage extends through the unexchanged mica 
core (see also ref. 3). It seems that the expansion from 
10 to 12 A cannot be accommodated through more than a 
certain number of repeat units in a mica crystal: when 
the crystal has more layers than this the strain produced 
by the swelling stress is relieved by cleavage. A roughly 
cut edge already contains very many weaknesses from 
which cleavage cracks can easily propagate, whereas a 
more perfect edge may have too few cracks to relieve the 
strain. Swelling is delayed while more incoming cations 
diffuse slowly through the unexpanded structure until 
the swelling stress develops force enough to initiate new 
cleavage cracks. 
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Transient Changes in the Potential of 
the Ag-Agl Electrode induced 
by a Light Pulse 


Exposure of a silver—silver iodide electrode in an electro- 
lyte solution to a flash of light causes transient changes in 
the electrode potential. This effect is a function of the 
concentration of potential-determining ions, T- and Ag’, 
and has a minimum near the point of zero charge (p.z.c.). 

We observed this photoelectrical effect studying the 
system Ag-AgI-electrolyte solution with saltbridge 0-1 M 
calomel electrode. The calomel electrode was protected 
against the possible influence of light. The electrolyte 
solution contained 0-1 M KNO, and a variable con- 
centration of potential determining ions. 

The silver iodide electrode was prepared according to 
Engel! by the direct reaction of iodine vapour with a silver 
rod; the thickness of the silver iodide layer was about 
150 nm. The changes in cell e.m.f. were measured with a 
Keithley voltmeter-amplifier (input impedance 10” Q) 
and registered by a Honeywell graphic recorder type 
110-R017-0019 and by a Tectronic scope type 503, 
equipped with a Polaroid camera. We used a Metz 
Mecablitz 502 electronic flash unit (120 W), giving flashes 
of about 1/1,000 s duration. The distance between flash 
and cell was about 10 ern. 

The absence of errors caused by electric induction 
effects was checked by an experiment in which the flash 
source was covered by black paper during the flash. A 
polished silver electrode not covered with silver iodide 
appeared to be insensitive to the flash. 
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Fig. 1. Transient changes in the electrode potential due to a light 


pulse. 


By exposing the silver iodide electrode in the galvanic 
cell to the flash we observed a fast deflexion from the 
equilibrium e.m.f., followed by a slow return to the 
original e.m.f. This effect depends on the pAg of the 
solution; the silver iodide electrode becomes transiently 
more positive at low pAg; the effect changes sign near 
the p.z.c. (pAg= 5-3) (see Fig. 1). The addition of urea 
(1:67 M) to the solution causes a shift of the effects to a 
lower pAg. Bijsterbosch? found a shift of the p.z.c. of 
the AgI/urea system in the same direction by a streaming 
potential technique. 

Preliminary experiments with AgBr and Cul showed 
similar effects. The phenomena described may offer a new 
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method for determining the point of zero charge of 
light-sensitive compounds. 
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Charge-transfer-to-solvent Spectra 


Tue ultraviolet absorption spectra of simple inorgani 
anions contain intense (f about 0-1) broad struetureles 
bands which have been characterized as charge-transt: 
to-solvent transitions’, or sp s of electron transf 
spectra’, Detailed models’? for these trans tions tr 
the excited state as a radical and electron, with the latter 
in a centro-symmetric orbital on the solvent molecules 









surrounding the parent anion site. Such a transition 
would be represented by 
Nag > OX + Jag (i) 





The development of this theory has so far been r rieted 
to the halide ions, and there is considerable disagreement 
about the detailed nature of the excited sta The 
description of other anions in solution involves uncertain- 
ties which are so far unresolved’. 

Current theories suggest that Emas. the absorption 
maximum, should be related linearly to y~, the ionization 
potential of the anion. In practice, however, for /x7 less 
than 70 kealories/mole, the experimental Emas tends to 
be independent of Jy-., and when Iyo is less than 50 
kealories/mole, E max mereases (Table 1). 

















Table 1. PARAMETERS OF IONS SHOWING CEVES. TRANSITIONS 

Ton Ix” nA) Lashes Rte an Se a 
Methyl cyanide Ha SH, 

Tor 2-08 í IILE 
NO: 181 ce 
Brus 1-80 
Chir 164 
Err 164 on 
Ns 2-04 
Bry 1-80 ia 
Ivy 2-08 110 
CN Se- 210" ~ 
CN Ter 235" 
8SH- 1-80 
CNS- TA 
OH- 1-53 
NH, 28 mam — ses 


All values in kealories mole unless indicated, 

* Values assigned by reference to CNS>, ref. 6. 

The subseripts I and Tf for the halides denote the 2per. and Spa come 
ponents of the observed doublets, 


Tt therefore seems more plausible to suppose a simple 
shell-type acceptor orbital for the electron centred on the 
site of the parent anion and bounded by the solvent 






molecules. The anion is then to be regarded as an electron 
donor and the solvated anion as a donor-acceptor charge~ 


transfer complex. The formalism developed by Mulliken? 
now leads to the transition energy 

Tyo > Ese C 
Esoly is the electron affinity of the solvent acceptor orbital 
—a cage of solvent molecules--and not that for isolated 
molecules. 


E max= dx m Ego — C + 
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Fig. 1. The fit of equation (2) to the observed values of E max for aqueous 
anions, with (4) n=0 (----) and CB) 1 2 2 (mm), 


That such a cage can exist is demonstrated by the 
presence of solvated electrons in water and aqueous solu- 
tions. The electrostatic energy difference C between 
ground and excited state configurations is small, for only 
polarization terms are involved, and is neglected at present. 
The overlap term, o, depends on both the overlap integral 
and the polarization interactions. Because of the spherical 
distribution associated with charge densities and also the 
ion—dipole interactions, a should be larger for inorganic 
than for organic charge-transfer complexes. 

Equation (2) implies that for a series of univalent anions 
in a given solvent, the graph of Emax against Zy- should 
be a parabola, and this is borne out by plotting the data 
of Table 1 for aqueous anions (Fig. 1). A similar curve 
is obtained for anions in methyl cyanide solution. On the 
assumption that o is the same for all anions, a best fit 
analysis of equation (2) for the data in aqueous solution 
gives curve A of Fig. 1. 

The overlap term o represents the solute-solvent inter- 
action in this model, and may therefore be related to the 
thermodynamic solvation parameters of an ion in solution. 
A good case has been made! for correlating these para- 
meters with the crystallographic radii of anions in solution, 
and this leads to the notion that o should depend on the 
radius of the anion. Thus the last term in equation (2) 
is modified to include an 7” factor and n is varied from +] 
to ~3. For both aqueous and methyl cyanide solution, 
chi-squared is a minimum for n= —-2. For aqueous 
solutions, the fit of equation (2) to the experimental data 
is now quite good (curve B of Fig. 1). It is interesting that 
the radial dependence term has the same exponent of r as 
had been proposed for previous models? based on the 
halides. 

The distinctive feature of this model is the inclusion of 
the overlap term for the solute—solvent interaction and, 
although this has been mentioned previously as a possi- 
bility®, the concept has not been applied quantitatively 
before. The success of this model implies significant 
ion~-solvent interaction in both ground and excited states. 
The ground state interaction is a formulation of Zone A 
of the Frank and Wen™ model for ion hydration. The 
heat of solution of an anion must include a contribution 
from the heat of formation of the charge-transfer complex. 

The solvated electron has been classified as the “zeroth” 
halide anion” and, by setting its ionization potential to 
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zero and applying the model developed here, a transition 
energy of 30 and 23 kealories/mole is obtained for aqueous 
and methyl cyanide solution respectively. The former 
result is in good agreement with observation’®. More- 
over, the difference between the calculated transition 
energies for the solvated electron in these two solvents is 
close to the difference in the measured Emax for iodide 
ion in these solvents. 
We thank our colleagues for discussion. 
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Characterization of Ethyl Bromide 
as a Liquid Anionic Membrane 


From studying the properties of ethyl bromide as a 
solvent we have found that  tetraheptylammonium 
bromide, when dissolved in ethyl bromide, acquires the 
characteristies of a nearly ideal anionic membrane. 

Ethyl bromide, the dipole moment and dielectric 
constant of which are u= 1-9 D and ¢= 9-2 at 25° © (ref. 1), 
has very little solvent and ionizing powers for many of the 
electrolytes which are mostly used in aqueous media. As 
shown by preliminary experiments, the solubilities of 
alkali metal or alkaline earth chlorides, bromides, iodides, 
perchlorates and fluophosphates in ethyl bromide (EtBr) 
are less than 1 g/l; further, the specific conductivities of 
the saturated solutions range from 10-8 to 107 Q- em~. 

Tetraalkylarnmonium salts of the type RINX (X=Cl, 
Br or J) behave like the inorganic salts mentioned when 
R<4. But when R24, this behaviour changes abruptly. 
Solubilities now range from 100 to 1,000 g/l., and specific 
conductivities are about 107 O~ em-! for 0-01 molar 
solutions, at 25° C. 

In particular, the solubility of tetraheptylammonium 
bromide (Hept,;NBr) in EtBr is about 300 g/l. whereas 
that in H,O is practically non-existent; in addition, EtBr 
and H,O are virtually immiscible (the mole fraction of 
EtBr in the H,O phase is about 0-0001; and that of H,O in 
the EtBr phase is about 0-002, at 25° C). These observa- 
tions suggested the study of the properties of ionic trans- 
port through a solution of Hept,NBr in EtBr acting as a 
liquid membrane separating two aqueous Br~ solutions. 

Emf’s of the cell 

H, (1 atm)/HBr (a, = const.)A/HBr (a,)/H, (1 atm) (1) 
were measured at 25°C. A denotes the solution of 
Hept,NBr in EtBr acting as an anionic membrane between 
two aqueous HBr solutions the mean molal activities of 
which are a, (fixed) and a, (variable), respectively. The 
hydrogen electrodes used in cell (1) were of the capillary 
imbibition type deseribed by Bianchi ef al., Each 
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Fig, 1. Comparison of the limiting emf # (solid line, calculated from 
egnation (3)) with the measured emf Er (O) of eoll (1), at 26° C, asa 
function of log aa; a, = 0-00877, 
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emf was measured for at least 2 h and remained constant 
within +0-05mV. The temperature of the cell was 
25° +0-02° C. The composition of the A solution was 
0-015 moles of Hept,NBr/l. of Et Br. With the HBr solu- 
tions, a, was constant and equal to 0-00877 while a, was 
varied between 0-000946 and 5-870. The measured emf's 
are shown in Table 1 together with the corresponding 
caloulated emf’s (E, from equation (3)) in the limiting 
ease of ideal anionic behaviour for A. 


Table 1. 
EMP’S (E) FOR CELL (1) AT 25° € 


MEASURED EME’S (E) AND CORRESPONDING CALCULATED LIMITING 
IN VOLTS, AT VARIOUS @, VALUES, 








a, = 000877 
dy Et E 
0-000946 ~ 010730 ~Q 11440 
0 0 
+ O-10861 + 010983 
+ 28305 + 28817 
+ 033304 + 033430 





The mean molal activities of HBr in Table 1 were obtained 
from the corresponding molalities using activity ceo- 
efficients interpolated from those in the lterature*-*. 

If A behaves as a non-ideal anionic membranen other 
words, if <1, where t4- denotes the transference number 
of the Br- ion through 4A—the expression for the emf of 
the cell would be% 


ay 
Ev=k f tdloga (k= RT(n10)/F; 
ay 
neglecting water transference through A. Ifthe behaviour 
of A were ideal, (.=1 and the expression for the emf 
would be 


a = const.) (2) 





E=k “ dlog a=k log 
ü; 
To compare the actual behaviour of A with the ideal 
behaviour, one can consider the relationship between 
E; and a, and between E and a, respectively, on the basis 
of the equations 





(ajaa) (3) 


dE /dlog a, = kt. (4) 
and 


d#/dlog ag=k 


obtained starting from equations (2) and (3). 
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In Fig. | the measured Ers, and the corresponding E's 
ralculated from equation (3), were plotted against log a. 
The solid line with a slope of k= 0-1183 volts represents 
E as a function of log a, (equation (5)) and indicates the 
limiting case corresponding to an ideal behaviour for A. 
It is seen that the F, points lie on a straight line which 
would be virtually coincident with the solid line of the Æ ‘a 
and would have a least-squares slope of kt. = 0/1166 + 
0-0009 volts. This fact, comparing equations (4) and (5), 
means that the transference number of the Br- ion through 
A is constantly close to unity: t-= (01166 + 0-0009)/ 
0-1183 = 0-986 + 0-008, In other words, A behaves as an 
almost. ideal anionic membrane, at least along the HBr 
activity range covered by the present experiments, i 
range which corresponds to nearly four logarithmic 
decades. This suggests, among other things, that A could 
be useful in electronanalysis", such as in setting up cell 
assemblages for Br- determinations over a wide range of 
coneentrations. The behaviour pattern shown by the 
solutions of tetraheptylammonium bromide in ethyl 
bromide ealls for further investigation about their possible 
permselective properties. 
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Fluorine Nuclear Magnetic Resonance 
of Peptides and Amino-acids 


We report here the development of a rapid new method 
for the analysis of mixtures of peptides and amino-acids. 
This technique is based on the measurement of the “F 
nuclear magnetic resonance spectra of trifluoroacety! 
or other fluorine containing derivatives of peptides and 
amino-acids. Earlier we reported that fluorine magnetic 
resonance can be used for the quantitative analysis of 
mixtures of metals as chelate derivatives of trifluor- 
acetylacetone {unpublished results of ROE. S9. Although 
the proton resonance spectra of Zr(IV) trifluoracetyl- 
acetonate and Hf(IV) trifluoracetylacetonate in chloro- 
form are essentially the same. the fluorine resonance peaks 
are well separated (0-23 p.p.m.) and easily integrated 
to provide quantitative analysis of Zr and Hf. It is well 
known that the fluorine chemical shift is much more 
sensitive (between one and two orders of magnitude) 
to small differences in shielding than the proton resonan 
Experience with the fluorine magnetic resonance of 
extremely similar metal chelates! led us to conclude that 
the same advantage could be realized in detecting small 
differences in chemically and structurally similar peptides 
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| 
Gly-Ala 
Vat-Val 
Phe 
Gly-Leu 
, SEC ae OO | 
0.5 ppm 
Fig. 1. “F nuclear magnetic resonance spectra of a mixture of N-TFRA- 


D-Val-L-Val-OC,H,,, N-TFA-1-Phe-OCH,, N-TPA-Gly-L-Leu-OCH,, 
and N-TPA-Gly-L-Ala-OCH, dissolved in acetone. Instrument, Bruker 
HFX-90 spectrometer operated at 4-6 MHz, 


and amino-acids. Accordingly, the N-trifluoracetyl 
derivatives of the amino-acids and peptides shown in 
Table 1 were prepared and the fluorine NMR spectra 
measured. It is readily seen in Table 2 and Figs. 1 and 2 
that the fluorine nuclei refleet small differences in 
structure, acting as what might be termed sensors, with 
the resonance peak for each trifluoracetyl group appearing 
at a characteristic field position. 


Table 1. WF CHEMICAL SHIPTS OF PEPTIDES AND AMINO-ACIDS 
ppm. relative to CF,COOCH, 


N-TFA-Gly-OH_ 0-600 
u Ala OH 0-486 
o *heVal-OH B35 
» teLew-OH (1312 
» Le Asp-OH 055 
ye Glu-OH 466 
» 6 Ala-OH 0-609 


aE FAE- Orn-00H, 0:307 and 0555 









N-TPA-L-Ala-OCH D455 
a ‘Ala-Gly-OCH, 0-420 
A Ala-t-Val-OCH, 0-443 
zs la-L~Phe-OCH, 0-428 
» le Leu-Gly-OCH, 020l 
» °Gly-L-Ala-OCH, 0:475 


Solvent, acetone. Internal standard, methyl trifluoroacetate, Instru- 
ments used were the Varian HA-60 operated at 56-4 MHz and the Bruker 
HFYX-90 operated at 84-6 MHz. Measurements with the Varian instrument. 
were made by the sideband technique with a frequency counter, For the 
few measurements made with the Bruker instrument the lock-signal method 
was used. 
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Figs. 1 and 2 show the spectral analysis of mixtures 
of peptide and amino-acid derivatives. It should be 
noted that the chemical shift of the N-trifluoroacety] 
group reflects differences not only in the amino-acid 
to which the group is immediately attached, but it also 
is influenced markedly by the second amino-acid, even 
when chemically very similar. In N-trifluoracetylgly- 
eylleucine methyl ester and N-trifluoroacetylglyeylalanine 
methyl ester the first difference in structure is nine bonds 
removed. This indicates that one should be able to detect 
structural errors in peptide synthesis, not only in the 
N-terminal amino-acid, but also in interior amino-acids 
as well. Unlike gas chromatography and mass spectro- 
metry there is no necessity for preparing volatile deriva- 
tives, thus much larger peptides can be analysed than 
is presently possible by these techniques. 

Although ester derivatives of the peptides were used 
in the early stages of this study the esterification step 
appears to be unnecessary. The chemical shift of N- 
trifluoroacetylglycine is concentration independent over 
the concentration range from about 2 to 30 per cent by 
weight in acetone. 

It appears that the speed of analysis of the fluorine 
NMR method offers one of the most important ad vantages 
over all of the other techniques at present in use. A 
spectrum can be recorded in about one minute. By 
contrast, separation and analysis by Stein-Moore liquid 
chromatography may require hours, and even the much 
faster gas chromatographic techniques? require approxi- 
mately one hour per analysis after derivative formation®. 
Thus if chromatographic separation can be avoided one 
can perform the actual analysis after derivativization 
many times faster than at present. Because it is extremely 
easy to form the trifluoroacetyl derivatives this phase 
ean be conducted on many samples in parallel, and con- 
ceivably the entire analysis could ultimately be automated. 

Bis(N,N’-trifluoroacetylornithine methyl ester is an 
interesting case because each amino group appears as a 
separate peak in the fluorine resonance and is indicative 
of what one expects in the speetrum of a peptide containing 
lysine, histidine or other polyfunctional amino-acids. 
At every point at which a fluorine containing moiety 
ean be introduced, additional structural information 
ean be obtained from the resulting fluorine sensor. Con- 


Ala 


Gly 





03 05 07 
ppm trom CF,COOCH, 


Fig. 2. “F nuclear magnetic resonance spectra of a mixture of 11 mg of 

N-TFA-b-Leu-OH, 14 mg of N-TFA-1L-Ala-OH, and 6 mg of N-TFA-Gly- 

OH, dissolved in 0'8 ml. acetone. The measurements were made against, 

the Internal standard methyl trifluoroacetate with the Bruker instru- 
ment at 84-6 MHz. 
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sequently, in addition to N terminal analysis it should 
be possible to perform C terminal analysis by esterifi- 
cation with an appropriate fluoro-alcohol. These studies 
are in progress. 

It is clear that a much larger sample of measurements 
must be made before empirical rules can be developed 
which will permit detailed structural interpretations. 
When these are available it should be possible, for example, 
to determine whether the coupling of a polyfunctional 
amino-acid such as lysine, aspartic or glutamic acid in 
a peptide chain has occurred in the desired way. That 
differences of this general type can be detected in various 
peptides is clearly indicated in Table 1 by the substantially 
different chemical shift of the trifluoroacetyl group 
attached to the -amino group in ornithine as compared 
with that attached to the 3-amino group. Because the 
fluorine spectra are much more sensitive indicators of 
the precise structural environment at a given position 
than the proton spectra, it is reasonable to expect that 
fluorine sensors can be used to detect differences not 
only in the primary structure of peptides but also in 
the secondary and tertiary structures. 

Perhaps the most fascinating illustration of the function 
of the fluorine nuclei as sensors is shown in Fig. 3. 
This spectrum shows the analysis of a mixture of the 
diastereoisomers N-trifluorcacetyl-p-valyl-L-valine cyclo- 
hexyl ester and N-trifluoroacetyl-p-valyl-p-valine eyclo- 
hexyl ester. By definition, the absorption peak of the 
L-L-isomer will be identical to that of the D-D-isomer 
in the absence of stereospecific intermolecular interactions. 
It is useful to imagine that the larger peak in Fig. 3 is 
the L-L-isomer rather than the p-p, and it can then be 
1 that the fluorine NMR spectra provide a rapid 
and simple test for racemization during peptide synthesis. 
In the synthesis of t-valyl-L-valine, racemization can be 
detected by the appearance of a second peak 0-02 p.p.m. 
downfield from the desired compound. The NMR method 
appears to be faster and more definitive than enzymatic 
procedures or measurements of optical rotation. It should 
be mentioned that proton magnetic resonance spectra 
of the above-mentioned diasterecisomers show detectable 
differences, but the proton spectra of larger peptides 
ave hopelessly complicated by spin-spin splitting and 





N-TFA-D-Val- D-VatO-C.H., 





N-TFA-D-Val-l-Valt-O-C,H, 


PR EEEE TEE, EEEE OE A 
-2.70 -2.40 
ppm from CR COOH 


Fig, 3. “F nuclear magnetic resonance spectra of a mixture of diastereo- 

isomers dissolved in benzene. Peak identification was confirmed by 

taking a larger quantity of the p-Val-p-Val isomer. Instrument, Jeolco 

4H-100 spectrometer operated at 94-1 MHz. Spectrum measured against 
trifluoroacetic acid as external standard. 
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it is virtually impossible to make quantitative measure» 
ments. Spin-Spin coupling does not occur in the fluorine 
spectra, so the peaks appear as singlets unconfused 
by interfering multiplets characteristic of the proton 
spectra. 
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Integrated Intensities of the Green- 
Yellow System of Lanthanum 
Monoxide Bands 


CONSIDERABLE progress has been made in determining 
integrated intensities of bands for the interpretation of 
spectra, especially in the case of overlapping bands? 
The difference in the equilibrium internuclear separations 
of the LaO (BX) system, which is of astrophysical 
interest?, has been assigned the value of 0-038 A by 
N. 8. M, who used the peak intensities* and the vibra- 
tional intensity theory of Manneback®. Later a rotational 
analysis revealed this difference, Are, as 0-030 A. 

The peak intensities are not of much use in the inter- 
pretation of the spectra, and so an accurate determination 
of the integrated intensities of the LaO (B-»X) system 
has been made using heterochromatic photographic 
photometry?*. The bands were excited in a steady d.e. 
copper are at atmospheric pressure, with lanthanum 
acetate (BDH) in the lower electrode, and then photo- 
graphed on a two-prism glass spectrograph. We followed 
the extrapolation procedure of Hébert and Tyte' for the 
intensity profiles in the case of overlapping adjacent bands 
in the sequences. Using these integrated intensities, and 
the method of Manneback*’. Are has been calculated. 
The necessary molecular constants are taken from Herz- 
berg’s treatise. The results are shown in Table 1. 


Table 1 


Band/s (v, v”) (0,0) (0,1) and (0,0) G1) and (1,8) (1,0) and (0,0) 
Are in Angstroms 0-084 0-031 0-031 0-031 
Mean dre in Angstroms 0-032 


We found the average value of Ar, to be 0-032 + 0-002 A, 
which agrees closely with Akerlind’s value! which is within 
the limits of error of this investigation. The result indi- 
eates that the extrapolation technique used in the case of 
the overlapped bands is reliable. The procedure of assign- 
ing Are, especially using the integrated intensities, enables 
us to find the validity of the revised rotational constants?" 
and also furnishes a means to check the Ar, in the case 
of doubtful rotational analysis. The details of this investi- 
gation will be published elsewhere. 
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Cranial Capacity and Taxonomy of 
Olduvai Hominid 7 


CALCULATION of the estimated cranial capacity of Olduvai 
hominid 7 (FLENN 1) was attempted on the basis of 
the ratio of biparietal endocast volume to total endocast 
volume!?, No serious attempt has been made to deter- 
mine the variability of this ratio within any hominoid 
species, although the lack of any significant variability 
is assumed in the calculation. Indeed, no eriticism has 
been raised with respect to the original calculation of the 
ratio based on a sample of four, one of which is a juvenile. 
Of the four, only two are australopithecines, and the only 
adult of this type belongs to the one species within which 
Olduvai hominid 7 has not been included. 

The only questions raised concerned the angulation 
of the parietals at the sagittal suture?*. It was con- 
cluded that slight changes in this angle do not significantly 
change the area enclosed?. This enclosed area is a function 
of the product of the sine and cosine of half the angle. 
Change in this funetion with respect to change in the 
angle is minimized when the angle is 90°. The cross- 
sectional angle for Olduvai hominid 7 is clearly greater, 
approaching 170°, For these reasons, both the biparietal 
endocast volume and the cranial capacity calculated 
from it are somewhat doubtful. The creation of a new 
taxon based on incomplete and dubious evidence is, 
similarly, subject to some question, It i$ interesting, 
however, that even if Tobias’s most recent estimate of the 
cranial capacity is accepted, this estimate does not justify 
the new taxon, 

Most authors have accepted the calculated cranial 
capacity of Olduvai hominid 7, resulting in some far 
reaching taxonomic decisionst*, These have resulted in 
several years of discussion as to whether or not the cal- 
culated cranial capacity of Olduvai hominid 7 could 
reasonably be expected to oeeur within the range of 
variation of Homo africanus, Tobias’ originally calculated 
this cranial capacity at about 680440 cc. Robinson? 
gives 430 ce as the mean value for Homo africanus (n= 6) 
with a standard deviation of 52, and thus a coefficient of 
variation of 12-1. This gives a difference of 4-8 standard 
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deviations between the Homo africanus mean value and 
that of Olduvai hominid 7. Even so, both he?’ and 
Holloway’ are willing to include this hominid in the species 
“africanus”. Tobias, on the other hand, argues that the 
inclusion of so divergent a specimen is impossiblet+.9:10, 

The problem of whether or not to inelude a specimen 
in a taxon represented by a sample is complex. In 
determining a course of action, however, it is imperative 
to include the questioned specimen in the calculation of 
estimated parameters for the taxon™36, Tobias*, in a 
recent publication, gives 657 +12 ce as the most accurate 
estimate of cranial capacity for Olduvai hominid 7. He 
has also published measurements for five adult South 
African specimens of Homo africanus’, and an estimate 
for the adult cranial capacity of the Taung child’, Using 
these data, and adding his value for Olduvai hominid 7, 
I have calculated the mean cranial capacity for Homo 
africanus (n= 7) to be 521 ec. The observed range for this 
sample is 435 to 657 cc, the standard deviation is 67, and 
the coefficient. of variation is 12-9. 

The value for Olduvai hominid 7 lies only 136 ce, or 
2-03 standard deviations, from the Homo africanus mean. 
Estimating the species range at either 2-5 or 3 standard 
deviations on either side of the mean, a procedure recom- 
mended by Tobias®, fits the Olduvai hominid 7 value well 
within the expected range of variation for Homo africanus. 

The accuracy of such an inclusion is indicated by the 
fact that with Olduvai hominid 7, the coefficient of 
variation for Homo africanus is 12-9, and thus is only 
slightly greater than the variability calculated from 
Robinson’s measurements of the South African forms 
alone’. The coefficient of variation for Homo africanus 
is not unusually great. I have calculated a mean of 
935 ee, a standard deviation 132, and a coefficient of 
variation of 14:1 for twelve specimens of Homo erectus. 
According to the data published by Tobias', the observed 
range for these specimens is 750 to 1,225 ec. Using an 
estimation of 2-5 standard deviations on either side of the 
mean, the two taxa have estimated ranges of variation 
overlapping by 80 ce. Using 3 standard deviations for 
the estimate, the overlap is so great that the mean for 
Homo africanus is almost within the expected range of 
variation for Homo erectus, 

I have calculated the parameters of cranial capacity 
for thirty specimens of Homo neanderthalensis reported 
in the literature. The mean cranial capacity is 1,342 cc, 
and the observed range is from 1,150 to 1,641 ec. The 
standard deviation of this sarnple ix 169, and the co- 
efficient of variation is 12-6. 

Ashton and Spence! give a coefficient of variation of 
11-7 for a Homo sapiens sample of 200, and Tobias him- 
self! gives 12-8 as the estimated coefficient for this species. 
Coefficients for other primates range from 6-8 for 144 
chimpanzees to 13-6 for 653 gorillas®, 

Thus in terms of cranial capacity, Olduvai hominid 7 
cannot be justifiably removed from Homo africanus. 
Taxonomie considerations based on this removal must be 
subject to considerable re-evaluation. This determina- 
tion adds to the mounting evidence™* that the specimens 
attributed to (Bed I) “Homo habilis’ would better be 
regarded as East African representatives of Homo afri- 
caus. 

M. H. Wo trorr 
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Aphasia and Rapid Eye Movement Sleep 


Since the discovery of particular physiological changes 
associated with dreaming', it has often been suggested 
that dreaming or rapid eye movement (REM) sleep is a 
form of information processing. Some of these proposals 
have used computer analogies*, others have been deduced 
from the kinds of perceptual events that occur in dreams’, 
and some are derived from the nature of the mental 
changes which follow dream deprivation’. Some of the 
models suggest that REM sleep serves to discard ex- 
traneous information. Another possibility is that any 
long term functional reorganization in the brain must be 
done with the help of REM sleep; that is to say, REM 
sleep is necessary for adding new information to existing 
stores or structures——in other words, a kind of program- 
ming of the brain occurs during REM sleep. 

This hypothesis predicts that a brain damaged patient. 
who is improving will have a higher percentage of REM 
sleep than one who is not. The improvernent we studied 
is that occurring over a period of weeks and months, so 
it cannot be attributed to the return of function of 
temporarily damaged, but net destroyed, brain tissue. 
Improvement was therefore to be considered as new 
learning or programming. Patients suffering from aphasia 
as the result of a discrete cerebrovascular accident or of 
trauma are suitable for this work. The increase in their 
speech production or comprehension can be determined 
quite easily. We assume that in patients who are learning 
to produce or understand new words, information is being 
added to the nervous system; this should be reflected 
by higher levels of REM sleep than in patients who show 
no improvement. 

Eighteen aphasic patients were selected by the staff of 
the Neurology Service of the Boston V.A. Hospital. 
The patients varied in their rate of improvement and the 
severity of the aphasia, but this information was withheld 
from us until we had completed our studies of their 
sleep. We studied the patients with all-night electro- 
encephalograph (EEG), electro-oculogram (EOG) and 
electromyogram (EMG) recording. All but four of the 
patients were studied at least two nights. The records 
were scored for REM sleep with the usual criteria of a 
low voltage mixed frequency EEG with REM and a 
decrease in muscle tone following a period of slow wave 
or spindle sleep. The patients were not receiving medica- 
tion during the study. 

The clinical severity of the patients’ aphasia and their 
rate of improvement at the time of the sleep studies 
were rated by the two speech therapists and the head of 
the Aphasia Unit. Both severity and improvement were 
rated on seales of 0-3. On the improvement scale—3 was 
dramatic, 2 clearly perceptible each week. 1 barely per- 
ceptible and 0 was for no detectable improvement. For 
severity—-0 was for barely perceptible aphasia and 3 for 
total aphasia or almost so, The ratings were based on the 
patients’ clinical progress and performance in regular 
speech therapy sessions. Data were also available from 
brain seans about the size of lesion in some patients. 
When rated by improvement. those with least improve- 








ment were compared with those with most improvement. 
Three patients with slight improvement, where there 
was no clear agreement among the neurology staff, were 
eliminated. When the percentage of REM sleep of these 
groups was compared there was a significant difference, 
Table 1 shows that non-improving patients averaged 
12:7 per cent REM sleep while improving patients showed 
20-1 per cent. The differences were significant at the 
0-005 level with both the ¢ test and the Mann-Whitney U 
statistic. While three of the four patients who had only one 
night in the laboratory were in the non-improving group, 
it is interesting to note that the non-improving group 
showed a lower percentage of REM sleep the second night 
than the first, so that the single nights could not have 
artificially lowered this group’s results because of a “first 
night” effect. When the effeet of severity on levels of 
REM sleep was examined. a similar difference (1> 
P> 0-05), although not as striking. was noted (Table 2). 
The most severely aphasic patients had lower levels of 
REM sleep than the less severe patients (12-9 per cent 
and 17-2 per cent respectively). There was considerable 
positive correlation between severity and lack of im- 
provement. Two patients who were rated as most severe 
did, nevertheless. show significant improvement and their 
levels of REM sleep averaged about 20 per cent, and two 
patients who were in the least severe group showed no 
improvement with an average of 16 per cent KEM sleep. 
Furthermore, the patient with the largest lesion measured 
by brain sean showed improvement. Thus there was not 
a complete correlation between severity and improvement, 
and improvement appeared to be the chief factor im the 
level of REM sleep. 


















A COMPARISON OF PERCENTAGE REM SLEEP IN IMPROVING AND 
NON-IMPHOVING APHASIC PATIENTS 


Subjects with clear improvement 


Table 1. 


Subjects with no improvement 








Percentage REM (min) Percentage REM imin} 
Subject REM Sleep TST (min) Subject REM Sleep TST (mim) 
l 4 9/242 ł 23, 27 x 
2 12 22/181 ea 23, 2 
3 20,15 62/315, 54/873 3 16,41 
4 12, 6 48/388, 20/365 4 25, 18 
5 25,18 50/239, 49/274 5 19 
6 15 64/411 6 16, 17 
T 16, 7 52/327, 22/338 
8 18, 6 47/850, 17/285 
9 10,11 80/308, 28/252 
N=15 nights N= Li nights 
Average 12-7 39/310 20-4 4 
Significance of difference averages: { fest: f= 848-0005 > P > 001, 


Mann-Whitney: U = 28-0005 > P> 0-001, 


Table 2. 
LEAST SEVERE GROUPS (ON A SCALE OF 0-3) (SIZ 
MENT ALSO SHOWN FOR COMPARIS 


Severe (2+ or 3) Tess severe (0-1 or 2) 








A COMPARISON OF PERCENTAGE REM SLEEP UN THE MORT ERE AND 
TE IMPROVE” 





’ Percentage Percentage 
Subject REM Imp. Size? Subject REM Imp. Size 
sleep sleep 
4 ah 2-3 1 jð lil + J 
2 12 - 2 2 25,18 + i] 
3 20, 15 - 4 3 19 + 1-2 
4 12,6 m 4 25, 18 = Ant 
5 15 ~ 4 16, 7 ce 4 
6 13, 6 ~ 
7 10, 11 
fa 23 bs 
9 16,17 + 


N =p nights 
Average 12-9 per cent 17-2 per cent 
Mann-Whitney U test. Ue 34-01 > P> 005. 
* Size estimated by brain scan on scale of l~5 with 1 the smallest, 


Our results are consistent with the hypothesis that 
recovery of function after brain damage involves a process 
of programming associated with REM sleep. The fact 
that severity of disability was not closely associated with 
a change in percentage of REM sleep, and that lesions 
were in different parts of the cortex, makes it less likely 
that the size or location of the lesions produced the lower 
percentages of REM sleep in the non-improving group. 
Feinberg’, in his studies of patients with chronie brain 
syndrome, also found decreased levels of REM sleep. His 
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diagnosis indicates that this was a group with brain 

damage of varying severity but with no improvement 

occurring at the time of study. On the other hand, 

Feinberg® found with mentally retarded children that the 

lower the LQ. the lower the amount of REM sleep. It 

seems probable that there is a correlation between I.Q. 

and amount of new information being added to the nervous 

systern. 

We realize that to establish REM sleep as necessary for 
the improvement we need to perform dream deprivation 
studies with brain-damaged patients. But our present 
findings are evidence of a relationship between a 
clearly existing reprogramming situation (improvement 
in aphasia) and higher levels of REM sleep. Other work 
is in progress to test this hypothesis and further tests 
have been suggested by Dewan’. 

We thank Dr F. Benson and his staff for their help in 
selecting and evaluating the patients. 
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Neural and Non-neural Mechanisms 
influencing Circulation during Sleep 


In the past few years there has been increasing interest. in 
cardiovascular changes during sleep, on the assumption 
that they might provide some insight into the neural 
control of circulation in a natural condition. The hypo- 
thesis that all cardiovascular events that occur during 
sleep are neurally mediated has never been crucially 
proved, however. Furthermore, sleep is accompanied by 
various haemodynamic phenomena which may well have 
different mechanisms. In the cat the greatest cardio- 
vasewlar changes occur during desynchronized sleep 
(D8)}2, a stage of sleep characterized by a desynchronized 
electroencephalogram and bursts of rapid eye movements, 
and in man associated with dreaming. We have shown 
recently that the arterial hypotension occurring during 
DS is dependent chiefly on a decreased peripheral 
resistance, change in cardiac output being small’, This 
is particularly true for animals subjected to sino-aortic 
deafferentation®, whose hypotension during DS is greatly 
exaggerated because of the removal of a buffer action 
exerted by arterial chemoceptors’, But in the few DS 
episodes during which hypotension is so profound as to 
cause electroencephalographic signs of cerebral anoxia 
(a phenomenon observed in deafferented animals only), 
the very large decrease in arterial pressure seerns to be 
exclusively a consequence of a dramatic fall in cardiac 
output*. It has been suggested’, though not demonstrated, 
that the decrease in peripheral resistance might result 
from a reduction of sympathetic vasoconstrictor activity. 
The decrease in cardiac output, which is independent of 
cardiac innervation? 5, may also be a consequence of a 
reduction of sympathetic activity resulting in a dilatation 
of capacitance vessels and a decreased venous return, 
although non-neural mechanisms may well be involved. 
The experiments reported here were devised to define 
the role of the sympathetic system in mediating the 
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various cardiovascular changes during sleep by comparing 
sympathectomized and unsympathectomized cats. All 
animals used had sino-aortic deafferentation because of 
their larger cardiovascular changes during DS*3. In four 
cats complete bilateral thoracolumbar sympathectomy 
was performed in two stages as described before‘. After 
recovery from sympathectomy the animals were subjected 
to sino-aortic deafferentation, and electrodes for electro- 
encephalographic, clectromyographic and electro-oculo- 
graphie reeording were implanted for evidence of the 
various stages of the wakefulness-sleep cycle. Arterial 
pressure was monitored continuously by a strain gauge 
transducer connected with a catheter placed in a femoral 
artery. When cardiac output was also measured, an 
electromagnetic flow-probe was implanted chronically 
around the ascending aorta. During recording, each cat 
slept naturally in a sound-attenuating cage, while cardio- 
rascular events were continuously monitored for at least 
ten consecutive light synchronized sleep (LS) ~desyn- 
chronized sleep (DS) eyeles. Nine other cats, also sub- 
jected to sino-aortic deafferentation, but with intact 
sympathetic system, served as controls. Differences 
between sympathectomized and control animals were 
evaluated by analysis of variance. 

As Fig. 1 shows, systolic and diastolic pressures de- 
creased slightly during DS in sympathectomized animals, 
and were maintained at significantly higher values than 
in intaet cats. Systolic pressure was significantly higher 
during LS also. The residual hypotension im sym- 
pathectomized cats did not result exclusively from vagal 
action on the heart, for it still occurred after full blockade 
of the vagi by methyl-atropine (1 mg/kg given intraven- 
ously), and even after bilateral cervical vagotomy. 

Further information was obtained from analysis of 
DS episodes during which cardiac output was measured 
continuously and total peripheral resistance was cal- 
culated from the mean arterial pressure divided by cardiac 
output (Fig. 2). In forty DS episodes recorded in sino- 
aortic deafferented animals with an intact sympathetic 
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Fig. 1. Changes in systolic (S) and diastolic (D) blood pressure during 
the wakefulness-sleop cycle. Each mark represents the mean of forty 
measurements (ten in each of four cats) in the following circumstances 
(left to right): quiet wakefulness (W), light synchronized sleep (LS: 
lowest measured values and end of LS), desynchronized sleep (DS: 
onset of DS, lowest measured values, end of DS), after desynchronized 
sleep (ADS). (-—~) Totally sympathectomized cats; (--~-) cats 
with intact sympathetic system, Both groups of animals subjected 
to sino-aortic deafferentation. Statistically significant differences 
between the two groups are indicated by crosses (P < 0-01) or asterisks 
(P< 0-001). Hollow circles indicate non-significant differences (P > 0-05). 
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system, the decrease in mean arterial pressure averaged 
39-9 per cent, and was chiefly a result of a 30-4 per cent 
reduction in calculated peripheral resistance, the cardiac 
output being reduced by 13-6 per cent only. In twenty 
DS episodes recorded after sympathectomy and sino- 
aortic deafferentation, the decrease in mean arterial 
pressure was halved, averaging 20-0 per cent; the decrease 
in calculated peripheral resistance was reduced even more, 
averaging 9-6 per cent. Differences in pressure and resist- 
ance changes between intact and sympathectomized cats 
were both highly significant statistically (P<0-001), On 
the other hand, the decrease in cardiac output was of 
similar magnitude in sympathectomized and intact cats 
(10:8 compared with 13-6 per cent). 
In sympathectomized cats a few episodes of DS were 
accompanied by falls in cardiac output so large as to cause 
signs of cerebral anoxia, This is confirmation that. changes 
in cardiac output during DS are not affected by sympathec- 


tomy. There was still a decrease in cardiac output and 
cerebral anoxia still occurred in sympatheetomized 


animals after blockade of the vagal innervation to the 
heart by methylatropine (1 mg/kg given intravenously). 

It can be concluded that the haemodynamic pattern 
most usually observed during DS is greatly modified by 
sympathectomy. The decrease in arterial pressure is 
markedly reduced, and the decrease in resistance becomes 
a component of much lesser importance. The principal 
cardiovascular action of DS therefore seems to be a 
dilatation of resistance vessels, resulting from a fall of 
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Fig. 2. Changes in mean arterial pressure (MBP), cardiac output (CO) 
and total peripheral resistance (TPR) during forty episodes of desyn- 
chronized sleep in cats with intact sympathetic system (---) and 
during twenty episodes recorded after total sympathectomy (=-=). 
All animals with sino-aortic deafferentation. Mean values at the follow- 
ing periods indicated on the abscissas: C, Control during synchronized 
sleep; 1, onset of desynchronized sleep (DS); 2, beginning of hypo- 
tension; 3, increase of hypotension; 4, further increase of hypotension; 
5, lowest pressure values during DS; 6, toward the end of DS; A, 
arousal from DS; ADS, 1 min after A; S$, reappearance of synchronized 
sleep. On the ordinates all cardiovascular measurements expressed as 
percentage changes referred to ©. Statistically significant differences 
between values measured at point 5 in animals with intact sympathetic 
system and after sympathectomy are indicated by crosses (P< 0-01) 
or asterisks (P <0-001), Hollow circles indicate non-significant differ- 
ences (P > 0-05). 


sympathetic vasoconstrictor tone, an interpretation sup- 
ported by recent electrophysiological evidence’. On 
the other hand, the decrease in cardiac output during DS, 
usually rather small but sometimes so large as to lead to 
cerebral anoxia, is independent of changes in sympathetic 
activity, and does not result from vagal influences on the 
heart. This decrease in cardiac output is not therefore 
caused by influences mediated through the autonomic 
nervous system, and seems to be mediated through a 
non-neural mechanism, the nature of which is unknown. 
The role of factors such as coronary underperfusion and 
respiratory changes should be tested experimentally. 

This work was sponsored by the US Air Force Office 
of Scientific Research, through the European Office of 
Aerospace Research, US Air Force, and by the Consiglio 
Nazionale delle Ricerche. 





GIORGIO BACCELLI 

MAURIZIO GUAZZI 

GIUSEPPE MANOIA 

ALBERTO ZANCHETTI 
Cardiovascolari, 








Istituto di Ricerche C 
University of Milan. 


Received April 8, 1969. 


1 Candia, O., Favale, E., Giussani, A., and Rossi, G. E, Arrh, Ttal. Biol, 100, 
216 0962). 

2 Guazzi, M., and Zanchetti, g Science, 153, 397 (1985), 

3 Kumazawa, T., Baccelli, G., Guazzi, M., Manela, G., 
Experientia, 28, 1021 (967) 

4 Guazzi, M., Baccelli, G., and Zanehetti, A.. 
11968). 

š Guazzi, M., Mancia, 
Cardiovascular Res., 2, 265 (1968). 

* Cannon, W. B., Newton, H. E., Bright, E. M., Menkin, 

A Amer, J. Physiol., 89, 84 (1929), 

"Iwamura, Y., Uchino, ¥., Ozawa, 3., and Torii, S, Proc. Japan Acad. 42, 
837 (1966). 

t Baust, W., Weidinger, H., 


and @Zanchetti, A., 





Amer. J, Phys 


G., Kamazawa, T., Baccelli, G., and Zanchettl, A. 


V.,and Moore, R. M., 


and Kirchner, F., Arch. Ital. Biol. 106, 370 (1908). 


Cultivated Plants and the 
Kon-Tiki Theory 


Pickersgill and Bunting say’ that the natural dispersal 
of the sweet potato is severely limited, for many varieties 
seldom flower and set seed even more rarely. Although 
this may be true for the United States’ ‘and Japan’, 
sweet potatoes are recorded to set seed abundantly in 
St Vincent‘ and only one in 100 clones failed to flower 
in Java’. 

Although floral differences were not used to distinguish 
eighty-eight West Indian clones because of the short 
duration and irregularity of flowering in many of them’, 
over 7 yr I noted that most varieties flowered and set 
seed in Trinidad. The breeding programme at the Univer- 
sity of the West Indies initially depended on more than 
1,000 seedlings raised from open-pollinated seeds collected 
from twenty varieties. Because the sweet potato is 
usually self sterile and cross-incompatibility is fre 
seed is usually only found in plots of mixed varieties 
as are grown on small-holdings particularly m the Wind. 
ward and Leeward Islands. 
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Proressor Bunting writes: Dr Pickersgill and I were 
not aware of the work in Java and St Vincent, to which 
Gooding refers: we are glad to have the references. We 
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readily accept that seed production in tropical regions 
may be more frequent than we implied, but we do not 
feel that this affects the argument in our article. We did 
take into account the possibility that sweet potato seeds 
had reached Polynesia, and cited Purseglove’s suggestion 
that the capsules would float. If South American sweet 
potatoes do habitually produce seed, and if this seed is 
eapable of long distance dispersal, our contention, that 
it is not necessary to postulate early trans-Pacific voyages 
to account for the distribution of the cultigens common 
to both sides of the Pacifie Ocean, is reinforced rather than 


weakened. A. H. Buytine 


Department of Agricultural Botany, 
University of Reading. 


Sex Expression and the Production 
of Ethylene induced by Auxin in 
the Cucumber (Cucumis 

sativum L.) 


Laibach and Kribben! and others: have reported altering 
the sex expression of monoecious cucumber plants by 
applying auxins to growing plants. The treatments in- 
creased the ratio of female to male flowers. A considerable 
change toward fernaleness in cucumbers was reported! as 
a result of a single treatment with 2-chloroethylphosphonic 
acid (CEPA), which causes the release of ethylene*®. There 
are reports that the production of ethylene is induced in 
many plants after treatment with indoleacetic acid 
(LAA)? or naphthaleneacetic acid (NAA). We have 
evidence that cucumber plants treated with auxins or 
CEPA also produce ethylene, which, we suggest, alters the 
sex expression of the treated plants. 

Cucumber plants (variety Wisconsin SMR-18) were 
grown in a greenhouse at temperatures of 20° to 28° C 
for 37 days before treatment. The plants had three 
oes true leaves at this time and were sprayed 
with 5 ml. of water solutions of LAA, NAA or CEPA with 
0-1 per cent ‘Tween 20° as a wetting agent. Cheek plants 
were sprayed with solutions of the wetting agent alone. 
After the plants had dried, bottomless 2 |. glass bottles 
fitted with rubber septum caps were placed over them. 
The chambers were forced into the soil around the plants 
and sealed by moistening the soil. The covered plants 
were kept in the laboratory during the measurement 
period at 24°42°C, Samples were taken for estimation 
of ethylene at 24 h intervals. after each of which the glass 
eovers were removed for 15 min to ventilate the plants. 
The samples were taken with a gas tight syringe and 
ethylene was determined with a gas chromatograph with 
hydrogen flame detector and activated alumina column 
using helium carrier gas. 

No ethylene was detected in any of the control plants 
during the 5 day measurement period but, as Table 1 
shows, ethylene was produced by plants treated with 
IAA, NAA or CEPA, and the rate of production increased 
with increasing concentration of NAA. Plants treated 
with 1,000 p.p.m. of NAA died shortly after the measure- 
ment period and those treated with 100 p.p.m. were 
severely damaged, with leaf epinasty and twisted stems. 
Plants treated with 200 p.p.m. of CEPA produced the most 
ethylene and had some leaf epinasty and grew a little more 


Table 1. ETHYLENE PRODUCED BY CUCUMBER PLANTS SPRAYED WITH 
AUXINS OR CEPA 
No. of Days after treatment 

Treatment: plants 1 2 3 4 5 
Co niro 2 0 0 D Q 0 
TA (100 p.p.m.) 2 O13 1s Ott =- aa 
N AA (10 p.p.m.) bal O28 O28 Oil = Trace 
NAA (100 p.pm.} 5 0-04 0-48 Odd O20 Trace 
NAA (1,000 p.p.m.) 2 1:27 1a) 1-48 O51 29 
CEPA (200 p.p.m.) 2 3-10 ve 113 == — 


Production of ethylene is measured as ul fplantjday. 
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slowly than the other plants, but they were healthy in 
other respects. Thus ethylene is not responsible for all 
of the formative effects of NAA. The ethylene released 
in the plant by CEPA is thought to be responsible for 
most if not all of the biological activity associated with 
applications of CEPA‘. 

A 200 ppm. application of CEPA is sufficient to 
eliminate all male flowers and to cause female flowers 
to develop on the first ten nodes’. The initial rate of 
ethylene production with this treatment was ten times 
greater than if 10 p.p.m. of NAA was used. The low rate 
and short duration of ethylene production by plants 
treated with 10 p.p.m. of NAA would account for the 
need for repeated applications to accomplish complete 
sex reversal’, 
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Occurrence of Asexual Reproduction 

. . . . 
by Budding in Sipunculida 
SIPUNCULID worms are unisexual or hermaphroditic and 
they only reproduce sexually’. Asexual reproduction 
by budding, which is common among the annelids?, 
has not so far been recorded for sipunculids®, but we have 
recently observed asexual reproduction by budding in 
Sipunculus robustus. 

A few of these worms were kept in an aquarium con- 
taining stale seawater without sand in our laboratory. 
In four out of twelve worms it was noticed that the 
posterior two thirds of the body became narrow and 
developed wrinkles. These worms were one and a half 
times longer than usual. Sixteen hours after, a second 
head developed near the middle of thé body (Fig. 1). 
The posterior part together with the new head finally 
separated as a free individual 46 h later. 

The first sign of a new head in the mid region of the 
body was the appearance of epidermal thickening in the 
form of a girdle, bounded above and below by narrow 
constrictions. The region lying immediately above the 





The arrow indicates the position 


Fig. L 
B, Bud; P, parent individual. 


Sipunculus robustus with bud. 


of the new head. 
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girdle then narrowed further from about 4 mm to 2:1 mm. 
By contrast, the region immediately below the girdle 
enlarged from 4 mm to 12 mm in diameter. Serial 
sections of the new head in this stage showed that the 
epidermal tissue posterior to the line of future separation 
had already formed masses recognizable as brain and the 
nerve collar. The pharynx and rudiments of dorsal and 
ventral retractor muscles were also recognizable. These 
events were followed by the deepening of the constriction 
above the girdle to a slender pedicel which finally broke off, 
resulting in a new individual. Subsequently, the girdle in 
the new individual gave rise to a circlet of smaller papillae, 
which became the tentacles. The girdle then elongated 
«from 2-5 mm to +3 mm in length and sank into the body 
from the oral surface, to form the introvert, following 
which the mouth opening appeared. The anus originated 
by an epidermal invagination that fused with the stump 
of the ascending limb of the digestive tract. In the 
parent individual, the connexion between the cut ends of 
the descending and ascending limbs of the digestive tract 
was established posteriorly by regeneration. 

We thank Professor G. Krishnan for encouragement 
and provision of facilities and Professor M. Locke of the 
Western Reserve University, Cleveland, Ohio, USA, for 
helpful suggestions, 
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Presence of Male Determining 
Factors found on Three 
Autosomes in the House Fly, 
Musca domestica 


Sex is determined by the presence of X and Y 
somes in the house fly, Musca domestica L. (males are 
heterogametic), and the Y chromosome determines 
maleness. Aneuploid house flies with from one to six X 
chromosomes (and with the normal five pairs of auto- 
somes) are females if no Y chromosome is present and 
males if one or more Y chromosomes are present’. 


sex chromo- 





Cytological studies show that some wild populations of 


house flies are not made up of normal XX females and X Y 
males nor do these populations follow the normal pattern 
of sex determination : in some strains, the males appear 
to have no Y chromosome, and both males and females 
have two X chromosomes. The heterochromatic nature 
of sex chromosomes, however, makes it difficult to determ- 
ine by eytological analysis whether or not the two sex 
chromosomes are homologous in males of strains contain- 
ing XX males and females, and genetic tests cannot be 
used to test for homology because of the lack of genetic 
markers on the X and Y chromosomes of house flies. 
Nevertheless, previous genetic testing of all strains con- 
taining XX males and females has revealed two methods 
of sex determination: either the XX males show holandric 
inheritance of one member (ITIM) of the third pair of auto- 
somes (ITIM/TTT), that is, all genes on this autosome are 
inherited by sons only, as though they were linked to a 
Y chromosome. or the males show holandric inheritance 
of THM and the XX females show hologynic inheritance 
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of one member of an undetermined pair of chromosomes. 
The hologynically inherited female determining factor 
(F) is epistatic over UTM. Fig. 1 shows such holandric 
inheritance of a typical XX-male stock. Milani et al.’ 
have reviewed sex determination in the house fly. 


Brown body female Wild-type male 





FIF hwh E M-derh* 
Parente! Noca eee PRE aa Rak st Pera 
X 
Wii weeny = 
TL lbet | Ti Lows 
Ti eh | TIJ Me-deeh 
and 
Aerate « Seatac fee Neree, aina 
T lbut TL Lbeb 
Brown, body female Wild-type male 
Fig. 1. Sex determination and gene segregation. in a stral of house 





fies in which both males and females are XX A chromosome ; 
TII =autosome HI; HIM =autosome HI with male -de ermining factor: 
bub = recessive gene for brown body colour; bwb* = wild-type allele of 
bub). ote that female progeny resemble mother and male progeny 
resemble father, and this continues te characterize the stock. 








Recently when the Bowhill strain of Musca domestica 
was acquired from Brisbane, Australia {we thank Mr 
G. H. S. Hooper, University of Queensland, St DLucia. 
Brisbane, Australia. for supplying the Aust alian strain of 
flies used in this study), cytological examination showed 
that the males and females were XX and that the sex 
ratio was near 1:1, Outerosses of males from the Bow- 
hill strain to females of various wild-type strains from 
other geographical locations, however, gave abnormal 
sex ratios (about 85 per cent males) though Bowhill 
females crossed with males from these wild-type strains 
produced normal 1:1 sex ratios. A test was therefore 
made to determine the presence of hol landric inheritance 
of one member of the third pair of autosomes (LTIM/IIT) 
and to uncover any other genetic differences in this strain 
that might explain the distortion in sex ratio obtaimed 
from the outcrosses of Bowhill males. The procedure was 
as follows: Bowhill males were crossed with virgin fernales 
from a multimarker stoek in which all five pairs of auto- 
somes are marked with one recessive gene; consequently, 
the stock is homozygous for five recessive mutations 

















(ac=alicurve, chromosome I, =aristapedia, chromo- 
some II; bwb=brown body colour, chromosome TIT: 
ct=cut wings, chromosome IV; and ocra=ocra eye 


colour, chromosome V}. The F, male progeny (wild type 
but heterozygous for five marker loci—one on each 
autosome) were then backcrossed to virgin females of the 
homozygous multimarker stock. The intention was to 
select F, males that contained only a single autosome from 
the original Bowhill male parent (homozygous for reces- 
sives on the other four pairs of autosomes derived from 
the multimarker stock) and to test F, males individually 
to determine whether or not the autosome that had been 
isolated contained a male-determiming factor. The ae*, 
+, bwh*, et and ocrat F, males were to be individually 
tested because each phenotype would contain only one 
autosome from the original Bowhill parent. Only twenty- 
eight of the thirty-two possible phenotypes were present, 
however, in the F, males. Thus it was possible to select 
and test art, bwb+ and ocra* males and some males with 
two or three of these chromosomes, but the act and ett 
phenotypes were found only in the female progeny. 
Backerosses of selected F, males (art, biwb* or oera* or 
combinations of two or three of these autosomes) with 
multiply-marked virgin females gave the results shown in 
Table 1. At least three of the autosomes in the Bowhill 
strain contained male-determining factors as shown by 
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Table 1, TESTS TO DETECT MALE-DETERMINING FACTORS ON AUTOSOMES H, 


WAND V OF THE BOWHILE STRAIN 


Twenty-three F, males containing forty-nine autosomes from the original 

Bowhill male parent (art, bwht, and/or oera*) were crossed to multiply- 

marked virgin females and the P 3 progeny were examined for holandric 
inheritance of these autosomes 


No. Bowhill chromosomes No. male No, not male 
tested determining determining* Exceptions 
20 art (II) 13+ 6 it 
14 bwb* (TIT) 4 10 
15 ocrat (V) 6t 8 1t 


* In these cases, maleness was determined by the other autosomes, 


F $ ae art and ocra* chromosomes were both holandrically inherited in one 
", male. 


t The results from one art-ocra* F, male could not be analysed, 


the holandric inheritance. Thus it seems proper to refer 
to these chromosomes as TIM, JJIM and VM. Because three 
male-determining factors are present in the Bowhill 
strain, a hologynically inherited female-determining 
factor (F), epistatie to the male determiners, is postulated 
to be present also, This would explain the 1 : 1 sex ratio 
found in the Bowhill stock. Tests were made to determine 
if such a fernale-determining factor is present, and, thus 
far, two male-determining factors (IIM and VM) have been 
shown to be passed through the female to male progeny, 
giving evidence for the hypothesized existence of the 
hologynically inherited F factor. It is premature to 
speculate concerning the existence of these male-determin- 
ing factors on the autosomes of other untested wild-type 
strains of Musca, but apparently sex-determination in 
Musca is even more complex than previously recognized. 
Darte E. WAGONER 
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Biochemical Polymorphisms in Bees 

(Apis mellifera ligustica) 

ALTHOUGH bees constitute excellent material for genetic 
and developmental studies, no investigations of bio- 
chemical genetics at the protein level have been reported. 
This article deseribes two such systems. 




















1 2 3 t 2 3 


Fig. 1. Photograph and representative sketch of the three main zones of 

protein migration in starch gel electrophoresis of honey bee pupae. The 

patterns ee the Aon ae crom below) correspond to the genotypes: 

i) př P$, > (2) pF > (3) r$ PS, The arrow shows the direction 
of a ok 
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Fig. 2. Starch gel electrophoretic pation of the three different” esterase 
activities: (1) male Est”; (2) male Es” ; (3) hybrid female Bst® Est”, 
The arrow shows the direction of migration. 


Six colonies of Apis mellifera ligustica from this depart- 
ment were used. The results shown in Tables 1 and 2 
were obtained with queens that were each artificially 
inseminated from a single drone. Pupae of drones and 
workers were taken directly from the colonies headed by 
those queens. Each bee was individually homogenized 
in two drops of distilled water and the suspension was 

centrifuged at 2,000 r.p.m. for 10 min. The supernatant 
was then absorbed on a small piece of filter paper (about 
6x10 mm) which was then inserted vertically into the 
gel. A discontinuous buffer system? was used for starch 
gel electrophoresis? performed at 10°C, 40 mA for 3 h. 
After completion of the electrophoresis, the gels were 
sliced horizontally and separated in cold water. One 
slice was stained with amido black and the other incubated 
for 10 min in 100 ml. of 0-1 M phosphate buffer (pH 6-5) 
containing 1 ml. of «-naphthyl acetate (2 per cent in 
acetone) as substrate and 300 mg fast blue BB salt as a 
dye-couplert. 

Three main protein zones were detected after electro- 
phoresis (Fig. 1). The third zone of protein migration 
behaves as a polymorphic system (Re and P$). All 
data concerning the inheritance of this system are con- 
sistent with the hypothesis of a single co-dominant locus 
(Table 1). Similar results were obtained for esterase 
activity (Fig. ¢ 2), and a monofactorial type of inheritance 
(Ests Est?) is suggested by the data in Table 2. 

The intermediate character of the protein migration 
pattern for the heterozygous Pe Be reflects a specific 
interaction of subunits in the protein concerned. It 
appears only during the pupal stage of bee development 
and is therefore of interest in relation to development and 
metamorphosis. The esterase patterns, on the other hand, 
are constant during the entire cycle of development. 
While one cannot be certain about the gene frequencies 





Table 1. CROSSES MADB TO DEMONSTRATE THR INHERITANCE OF THE Py 
PROTEIN VARIANTS IN PUPAE AND ANALYSES OF THE OFFSPRING, BOTH 
WORKERS AND DRONES 

Offspring 
No, of the Type of cross Workers Drones 
queen Queen Drone P$ p5 BE pF pi er p3 p? 
S pS s 5 
146-4-68 P3 PPPS 28 0 o me 
p S pS 
147-1-68 (P$ P3) - 290 0 
aries PIPE p3 17 11 6 carer 
517-08 PY PF pẹ 0 13 15 = 
43-4-69 PS i pë pP 0 4 14 wo 
174-2-88 PS p? pE o 17 u — — 


NATURE, VOL. 223. JULY 12, 1969 





Table 2. CROSSES AND ANALYSIS OF OFFSPRING TO DEMONSTRATE THE 
INHERITANCE OF THE ESTERASE ENZYME VARIANTS IN PUPAE OF BEES 


Genotypes within parentheses are deductions that fit the results 
Offspring 


No, of the Type of cross Workers Drones 

queen Queen Drone Est S pg Est” S est” Eat Est? Est" S patë 
147-1-68" (ust? Ea) =- a i Ea as ps W415 
4g-4-60 (Eat? est?) est 0 28 0 2s o 
B4-7-68 (ast Est) pst? 6 28 0 dang U 
1406-4-68 (pS paf) kaf o 16 12 ae HS 
VA-2-68 (tS paf) gë o 12 16 a. ni 
BE468 Creat® got!) Es o 13 15 


* This queen was not artificially inseminated, but her drone analysis 
indicated she was heterozygous, 


of either system, the esterase locus is undoubtedly poly- 
morphie with almost equal allele frequencies. 

Other biochemical systerns will be studied and we hope 
to relate the findings to the populational frequency of 
these genes. 

The work was supported by the São Paulo State Research 
Foundation, Brazilian Research Council and Rockefeller 
Foundation. 
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In corpore Fertilization and 
Development in the Sea Urchin, 
Arbacia punctulata 


HERMAPHRODITISM in echinoids is rare. Rarer still is the 
occurrence of ovotestes in the bisexual animals. This is 
the first reported case of in corpore fertilization and 
development in the sea urchin, Arbacia punctulata. 

In July 1968, 150 Arbacia punctulata were collected from 
the waters near the Osborn Laboratories of Marine Sciences, 
Brooklyn, New York. When subjected to electric shock, 
one of the urchins exuded the normally reddish eggs from 
four of the gonopores and a detectably lighter, pink ooze 
from the fifth gonopore. The } hermaphrodite was normal 





y 





Fig. 1. Eggs in various stages of cleavage within the tubules of the 


ovotestis. 
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Gastrula and pluteus larvae developing in corpore. 





in external appearance and of average size (22-5 men m 
diameter, without spines), Using controlled electrical 
stimulation it was possible to collect the gametes separ- 
ately from each of the gonopores. Microscopic observa- 
tions of the liberated eggs from four of the gonads revealed 
normal looking unfertilized eggs. The fifth gonad re- 
leased unfertilized eggs, embrvos in various stages of 
development and motile sperm. The unfertilized eggs 
from the ovotestis were self-fertilized immediately on 
immersion in seawater and developed normally. Approxi- 
mately 20 per cent of the released eggs were in stages of 
development ranging from early cleavage to actively 
swimming blastulae, gastrulae and plutei. Most of the > 
plutei were abnormally formed, either lacking or having 
poorly developed anal arms. The crowded conditions in 
the gonad probably accounted for the malformations ob- 
served in the emerging plutei. The released gastrulae, 
blastulae and cleavage stages developed into normal 
plutei. 

Unfertilized eggs from the other four gonads developed 
normally when outcrossed with sperm from a male urchin, 
Sperm was obtained from the ovotestis by allowi iz the 

55 ca water 
and vee av KOLIE swimming Suns silo pipetting off a 
small amount of solution. The sperm was us fertilize 
eggs from the other four gonads and from ar er female, 
Although the percentage of fertilization was low (30 per 
cent), all fertihzed eggs developed normally. The low p 
centage of fertilization was a consequence of the relat 
paucity of available spermatozoa. 

Histological analyses confirmed these observations. 
Four of the gonads were pure ovaries and the fifth an 
ovotestis, The ovotestis portion was not restricted to 
proximal medial or distal areas but extended the full 
length of the gonad. Approxim. ately half of the ovotestis 































ep- 


















consisted of tubules containing only unfertilized eggs, The 
other half consisted of tubules made up predominantly 
of eggs, some in various stages of embryo and a 






rather diffuse arrangement of sperm. o tubule was 
observed which was solely testis or consisted predomin- 
antly of testis. Every developmental stage, from ae cell 
to pluteus larvae, was observed in corpore, Figs. 1 and 2 
show cleavage stages, gastrulae and plutei developing 
within the tubules. 

This study was supported by a grant from the John A. 
Hartford Foundation, Inc. [thank Mr Stuart Hirsch and 
Miss Johanna Van de Kerkhoff for technical assistance, 
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Haemoglobin | Toulouse: 366 (E 10) 

Lys --Glu: a New Abnormal 
Haemoglobin with a Mutation localized 
on the E 10 Porphyrin Surrounding Zone 


TuE haemoglobin defined in the title was isolated in the 
Blood Bank of Toulouse. The propositus was 39 years 
old, born in the south of France of Caucasian parents. 
He was in good health and a blood donor until a mild 
anaemia was discovered after an acute attack of gout. 
Haematological data were as follows: RBC 3-3 x 10¢ mm’, 
reticulocytosis 1-4 per cent, MCV 120 microns?, MCD 8 
microns, haemoglobin 15-7 g/100 ml. Electrophoresis had 
shown a fast moving abnormal haemoglobin, and we 
undertook its study. 

On starch gel electrophoresis in trig-EDTA pH 84 
buffer (Fig. 1) the migration of the abnormal haemoglobin 
was very fast; it had two negative charges more than 
haemoglobin A which is the same as in the case of the 
haemoglobin I type of haemoglobin. The abnormal 
component was isolated in a pure form by maize starch 
block electrophoresis at pH 8-6. 

The concentration of the abnormal haemoglobin was 
about 40 per cent. The separation of the chains could 
not be attempted because the sample was too small, but 
localization of the mutation on the $ chain was obtained 
on a cellulose acetate gel electrophoresis in a 6 M urea 
buffer according to Cortesi et alt. The $ chain of the 
abnormal haemoglobin migrated (Fig. 2) more anodically 
than the pA chain. A fingerprint of the tryptic hydrolysate 
of the amino-ethylated abnormal haemoglobin was per- 








formed on thin layer cellulose and revealed the absence of 


the peptides Tp VII-IX and 8Tp IX and the presence 
of a new peptide in an anodic position which gave the 
Pauly staining reaction for histidine. The isolation of the 
abnormal peptide was achieved by column chromato- 
graphy according to Jones? (Fig. 3). The zone which 
normally contains the peptides «Tp VIII and 8Tp VIII 
was much lower in haemoglobin I and a supplementary 
peak was eluted in the first part of the chromatogram. 
This peak was first rechromatographed on a column of 








Al Ad AA 





Fig. 1. Starch gel electrophoresis: (vis EDTA buffer pH 8-4. From the 
right to the left, haemoglobin A/A, haemoglobin A/J, haemoglobin A/I 
Toulouse. Haemoglobin E Toulouse has two negative charges more than 


haemoglobin A. There is no duplication of the haemoglobin A, band. 
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Fig. 2. Six M urea electrophoresis, Gel acetate electrophoresis in dis- 

continuous 6 M urea buffer, For the strips: urea 6 M, T.E.B, 0-66 M in 

trix, For the vessels: O1 M in barbital, 130 V, 5 mA for 4h. From the 

left to the right, haemoglobin I ‘Toulouse, haemoglobin A. The Bl chain 
is more anodic than BA, 





‘Dowex AG 1 x 2’ (ref. 4), eluted by buffers with decreasing 
pH and finally purified on a column of “Dowex 50 x 4 with 
an inereasing pH pyridine-acetate gradient similar to the 
first one. The amino-acid determinations were performed 
with a micromethod?. The amino-acid composition of the 
abnormal peptide is represented in Table 1. It had the 
composition of the 8Tp IX with an additional glutamic 
acid residue. 


‘Table 1 
Haemoglobin 1 Toulouse 
Amino-acids JT-YIL BT-IX abnormal peptide 
Lys 1 L og 
His 1 Tis 
ATE 
Asp 3 3.9 
Thr 
Ser 1 ee 
Gla TO 
Pro . 
äly 2 PaE 
Ala 2 23 
1/2 Cys 
Val 1 Os5 
Met 
Tle 
Leu 4 36 
Tyr 
Phe 1 ine 


In a normal $ chain the bond between STp VII and 
BPp IX is not fully hydrolysed because of the lysine 
residue in the 65th position. With a replacement of 
the 866 Lys by a Glu or Gln, there would be no cleavage 
by trypsin between $66 and Val 867. and this would result 
in the disappearance of the 8Tp VHI and the $Tp IX 
peptides and the appearance of a new 8Tp VHT-IX 
peptide as has been observed. The substitution of a Lys 
by a Glu or a Gln is possible according to the genetic 
code’, but only the L alu substitution would give an 
increase of two negative charges as detected by electro- 
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Fig. 3. Partof the peptide patterns of a tryptic digest of aminoethylated 
haemoglobin A (broken line) and haemoglobin I Toulouse (full Hne) 
obtained by automatic column chromatography according to Jones’. 
The ordinate is absorbance of ninhydrin reaction product at 570 nm; the 
abscissa is ml. effluent. Column 09 x 20 Spinco type PA 35 resin, tem- 
perature 50°C. Rate 30-0 mil, per h, load 10 mg of hydrolysate, develop- 
ment linear gradient pyridine acid beginning at pH 3-1, 0-2 M pyridine 
and ending at pH 3-0, 2-0 M pyridine. The arrow and the hatched zone 
show the abnormal new peak. 


phoresis and fingerprints. Nevertheless Edman degrada- 
tion was performed with a micromethod ada pted (J. M. B. 
and N. Boigne. unpublished) from Schroeder’s method? 
and this verified that the N terminal residue was Glu. 
According to the three dimensional model of Perutz 
et al.® the 66th residue of the 8 chain is the tenth residue 
in the E helix. The eNH, group of this residue is probably 
linked by an ionic bond to the oxygen atom of the car- 
boxylic group of one propionic acid of the haem molecule. 
The other propionic acid group of the haem is linked to 
the oxygen atom of the hydroxyl group of serine at B44 
CD3. The haemoglobin I Toulouse 866 Lys—Glu is the 


first mutation reported which involves the substitution of 


an amino-acid linked to a propionic group of the haem. 
It will be interesting to investigate the influence of this 
substitution on the stability of the haem-globin linkage, 
on oxygen affinity, haem-haem interaction and the Bohr 
effect, 
We thank O. Belkhodja and J. Pagnier for technical 
assistance, 
J. Rosa 
D. LABIE 
H. WAJCMAN 
J. M. BOIGNE 
Institut de Pathologie Moléculaire. 
24, rue du Faubourg Saint-Jacques. 
Paris 14e. 
R. CABANNES 
R. BIERME 
J. RUFFLE 
Centre dHématologie. 
Centre National de la Recherche Scientifique, 
Toulouse, 


Received March 6. 1869, 





> 


! Rigas, D. A., Koler, R. D. and Osgood, B. E. 5 

* Cortesi, 8., Vettore, L., Frezza, M., and Peronna, 
26, 573 (1966). 

* Jones, R. T., Cold Spring Harbor Symp. Quant, Biol, 28, 207 (1964), 

Schroeder, W, A., and Robberson, B., Anal, Chem., 87, 1583 (L065). 

> Robin, P., Robin, De, and Jacquot, R., Bull, Soc, Chum. Biol, 48, 449 







jenee, IRL 37 
., deta Medica Patanina, 





8 






and 


* Schroeder, W. A., Shelton, J. R., Balog-Shelton, J., Cormick, Ja 
R. T., Biochemistry, 2, 992 (1963), 

«Perutz, M. P., Muirhead. H.. Cox, J. M., and Goaman, b. 0. Ga Nature, 219, 
131 (1968), 





Spectrum of Urease Isozymes: 
Genetic, Polymeric and Conformeric 


Ir is now becoming obvious that the simple view of 
urease structure and function, current for half a century’, 
is inadequate. The enzyme is not absolutely specifie for 
urea, and it has at least two additional substrates, 
hydroxyurea? and dihydroxyurea’. Kinetic isotope data 
indicate multiple substrate sites that not only interact 
but also interconvert*, and multiple molecular forms have 
been frequently demonstrated by analytic ultracentri- 
fugation and gel filtration techniques’. So far, however, 
the multiple forms have not been shown to be enzy- 
matically active. 

Recent development of a specific and sensitive catalytic 
stain for this enzyme‘, in combination with acrylamide 
gel electrophoresis, has enabled us to dispel all doubt of 
the molecular complexity of this enzyme, and to demon- 
strate that urease, as commonly purified, may exist in 
more than a dozen catalytically active forms. 

Urease from four different commercial jackbean meals 
was crystallized by the method of Sumner’, followed by 
several reerystallizations by the procedure of Dounce’, 
and was frequently subjected thereafter to gel Htratior 
through ‘Sephadex G-150° or ‘G-200°. Activities were 
determined by assay of ammonia using the Nessler 
reagent®, and protein was determined by the procedure 
of Lowry et al.8. Vertical chamber electrophoresis was 
carried out simultaneously with 5 per cent and Tô per 
cent acrylamide gels prepared in 0-05 M tris buffers 
acidified with glacial acetic acid to pH 7-4 or, more 
commonly, pH 8-5 (ref. 9). 

Crystallization of urease by the procedure of Sumner 
in the presence of 0-25 M mercaptoethanol followed by 
two Dounce recrystallizations gave a preparation with 
90 Sumner units/mg. Electrophoresis demonstrated that 
far from being hornogeneous, however, the preparation 
contained five distinet catalytically active bands im 5 
per cent acrylamide (Fig. 1, slot 7). In the 7-5 per cent 
gel (Fig. 1, slot 3) only the « and isozymes have migrated 
far enough in the same time interval to be identified, but 
in longer electrophoretic runs, six separate isozymes have 
been repeatedly demonstrated. By the migration ratio 
technique, the a-band had a molecular weight of 480,000, 
identifving it as the “traditional” form of the enzyme, 
while the 6 through ¢ bands represented the dimer through 
hexamer of g-urease. 

Other samples of urease, similarly prepared, demon- 
strated pure -urease on electrophoresis, with no detect- 
able traces of the higher polymers. One of the eritical 
factors turned out to be erystal draining. We can now 
prepare pure -urease consistently by initial erystalliza- 
tion in 0:25 M mercaptoethanol, all recrystallizations in 
1 mM mercaptoethanol, and not removing the last drop 
of mother liquor before solvation. Earlier investigators 
must also have encountered varying distributions © 
molecular species in different preparations, and this may 
account for the variability of kinetic data obtained with 
urease. 

Low molecular weight compounds, acting either 
ligands or as reducing agents, appear to be mvolved in the 
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equilibrium between a-urease and the polymeric series. 
Mild reducing agents, such as 2-mercaptoethanol and 
dithiothreitol, favour depolymerization to the «-urease 
form, An example of this is shown in slots 2 and 6 of 
Fig. 1, where the polymer series present in slots 3 and 7 
has been converted largely to «-urease by the addition of 
50 mM mercaptoethanol prior to electrophore The 
thiols also depolymerize w-urease, which represents a 
composite of all polymers with molecular weight above 
three million plus any insoluble active urease. The 
depolymerization is notably faster and possibly more 
complete when carried out at 60°--65° for 5 min, and 
this is probably the structural basis for the heat activation 
of urease by H,8 noted many years ago by Hofstee™, In 
our experiments, the solution specific activity of urease 
was not increased by such treatment, except where a 
significant fraction of the enzyme was w-urease. On the 
other hand, gel filtration of pure x-urease through ‘Sepha- 
dex G-25', ‘G-150 or ‘G-200° regularly produces the full 
polymeric series. The interconvertibility of the a through 
X isozymes indicates that these molecular species are not 
genetic variants, while the separate electrophoretic bands 
suggest that the equilibrium among them is slow enough 
to make the separation and isolation of individual species 
feasible. 

The specificity of the catalytic stain for urease is 
evident in slot 4, Fig. 1, where 700 ug of serum protein 
gives no detectable stain, although the proteins are clearly 
stamed on a duplicate slot (No. 5) with amido black. 
Amido black stain of urease (Fig. 1, slot 1) at levels 
100-fold that used for the catalytic stain (Fig. 1, slot 2) 
shows that the isozyme ratio is about the same in terms of 
protein quantity as in terms of catalytic activity and, 
further, that no extraneous proteins are demonstrable in 
the preparation. 

A different type of molecular variation oecurs in urease 
from different jackbean meal sources. This is shown in 
Fig. 2, slots 3 and 4, where aqueous solutions of two jack- 
bean meals have been electrophoresed side by side. Both 
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contain an a-urease and a B-urease, but the isozymes from 
one source have distinctly greater migration than those 
of the other source, Slot 8 of Fig. 2 shows a duplicate of 
slot 3 and indieates the reproducibility of migration 
distance on a single gel, while slots 1 and 6 show a Sumner 
preparation from the same jackbean meal. The difference 
in migration of the isozymes from different jackbean meals 
has been observed repeatedly, and is maintained after 
recrystallizations that result in 30-60-fold purification 
of the enzyme, suggesting that these « and 8 sub-bands 
represent genetic isozymes, 

Stil another type of molecular variation can be dis- 
cerned by gel electrophoresis. Pure -urease prepared 
from a given source migrates faster after each successive 
Dounce recrystallization, concomitant with sharp increases 
in specific activity, No change in the molecular weight 
of these «a sub-bands can be detected by migration ratio 
analysis’, and after standing in solution for several days 
the a-urease has returned to a slower migration rate 
together with a loss in specific activity. Within the limits 
of accuracy of the molecular weight data, these forms fit 
the definition of conformeric isozymes!”. If so, these are 
the first examples with clear functional significance, for 
the small changes in mobility are accompanied by large 
changes in specifie activity. In conjunction with the 
previously noted absence of extraneous protein, this 
suggests that the purification of urease is due, in large 
part, to alteration in molecular structure of the enzyme 
during crystallization™. 

At alkaline pH, 90 per cent glycerol converts -urease 
almost quantitatively into half-units#, as is shown in 
duplicate slots 2 and 7 of Fig. 2, designated A,, and the 
mobility ratio indicated a molecular weight of 240,000. 
To date, the A, band is the lowest molecular weight form 
of catalytically active urease which we have encountered 
consistently, and its speeific activity is nearly as high as 
that of s-urease. 

Initial crystallization in the absence of mercaptoethanol 
results solely in w-urease (Fig. 2, slot 5). The low solubility 





Fig. 1. Electrophoresis of urease and serum proteins in 5 per cent (slots 6 and 7) and 8 
per cent (slots 1~4) acrylamide gels for 3 h at 240 V and pH 8-5. Slots 1 and 5 were stained 
for protein with amido black, and are somewhat shrunken in comparison to the other slots, 
which were stained for urease activity. Slots 3 and 7 each contain 2 ag urcase (90 Sumner 
units/mg), while slots 2 and 6 each contain 1 ug urease plus 50 mM mercaptoethanol, Slot 1 
contains 100 ug urease in 50 mM mercaptoethanol for protein stain, and the bands have 
fractured in this corner slot by inadequate cooling. Slota 4 and 5 each contain 700 ug serum 


protein. 


See the text for discussion. 
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Fig. 2. Simultaneous electrophoresis of various urease isozymes in 5 per cent (gel 52, above} 
and 7-3 per cent (gel 53, below) acrylamide for 5 h at 240 V and pH 8-5. The corresponding 
slots of each gel have the same urease preparation, and both gels were stained for urease 
activity and were cut apart as necessary to prevent the more active bands from over- 
running the weaker bands, Slot 4 contains an aqueous solution of jackbean meal obtained 
from Worthington Biochemical Co., while slots 3 and 8 contain a similar solution of meal 


obtained from General Biochemicals Co, 


Urease from a Sumner crystallization of the 


latter meal in the presence of 0-25 M mercaptoethanol is present in slots 1 and 6, while 

ten-fold dilution of this preparation into glycerol at pH 8-5 results in almost complete 

conversion of a-urease to À urease as shown in slots 2 and 7, Crystallization in the absence 
of the thiol results in pure a-ureage shown in slot 5. See the text for discussion. 


of the higher polymers comprising @-urease no doubt 
accounts for the poor yield, which in this case was only 
one-tenth that of a companion preparation erystallized 
in the presence of 0-25 M mercaptoethanol}, 

The very complexity of urease structure may thus 
yet simplify urease kinetics, for varying combinations of 
isozymes in the hands of different investigators may have 
been responsible for the complicated mechanisms required 
to explain urease catalysis in the past! +*, 

This work was supported by grants from the US Public 
Health Service and the US Army Medical Research and 
Development Command. 
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„Isoenzymes and Short-term Temperature 
‘Compensation in Poikilotherms: 
Activation of Lactate Dehydrogenase 


Isoenzymes by Temperature Decreases 


Av physiological substrate concentrations, the rates of 
enzymatic reactions of poikilotherms may be highly inde- 
pendent of temperature!*, The basis of this effect has 
recently been clarified: for all enzymes from poikilotherms 
which we have examined, enzyme-substrate (E-S) affinity 
varies inversely with temperature over a 
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The effects of temperature on King Crab LDH activity 
at a series of pyruvate concentrations are illustrated in 
Fig. 1. In spite of the presence of five isoenzyme bands 
in the electrophoretic pattern, only two types of LDH 
activity are evident kinetically. These two LDHs are 
most clearly discernible at 10° and 15° C, temperatures 
at which they have greatly different values of the apparent 
Km of pyruvate (Fig. 1; Table 1). 

The temperature versus Km relationship we have 
observed for other enzymes from poikilotherms?~* is 
shown by the two King Crab LDHs (Fig. 1; Table 1). Note, 





large portion of the species’ range of habitat 
temperatures. In addition, E-S affinity 
frequently reaches a maximum at tempera- 
tures near the lower extreme of the species’ 
habitat temperatures?~‘, 

The importance of temperature-dependent 
changes in E-S affinity is suggested by 
current models of enzyme regulation®. Tem- 
perature decreases act analogously to posi- 
tive modulators, and as a result the decrease 
in catalytic velocity with lowering of the 
temperature which is expected on thermo- 
dynamic grounds is at least partially-—-and 
sometimes fully--offset by increases in E-S 
affinity. 

Our previous studies of temperature-Km 
effects have involved only single enzymes. In 
many poikilotherms, however, several var- 
iants of a given enzyme may be present in a 


Rate (AOD"**/unit time) 


























single tissue. The present studies determine 
the effects of temperature on the kinetics of 
complex isoenzyme systems. 

We examined two lactate dehydrogenase 
(LDH) isoenzyme systems: Alaskan King 
Crab (Paralithodes camtschatica) leg muscle 
LDH and rainbow trout (Salmo gairdnerii) epaxial 
musele LDH. Enzymes were prepared as described by 
Somero’. 

King Crab LDH. In the King Crab LDH system five 
isoenzymes were resolved on acrylamide gel electrophor- 
esis. It is therefore assumed that two subunit types are 
present which generate five different tetrameric LDH 
molecules, as in most. other organisms’, 
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Fig... Activity of King Crab leg muscle LDH as a function of pyruvate 
concentration and temperature, LDH activity was measured by 
following NADH oxidation at 340 mz. The reaction mixture contained, 
in a total volume of 2-0 ml, 0-02 M tris HCl buffer, pH 7-5; 0-1 mM 
NADH: varying concentrations of pyruvate; enzyme. Care was taken 
to maintain a pH of 7-5 at all temperatures. 


Fig. 2. Activity of rainbow trout muscle LDH as a function of pyruvate ¢ 
and temperature. Measurement of LDH activity was as described in the le 
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ation 
gend to Fig, 1. 


however, that the change in Km of the LDH having tke 
higher Km of pyruvate at 10°-18° © is greater than the 
Km change exhibited by the “low-Km” LDH (Table 1). 
This differential Km change, which has also been noted 
for partially purified rainbow trout LDH homopolymers?, 
may be significant to the organism. At physiological 
pyruvate concentrations (001-010 mmoles in King Crab 
leg muscle) only the “low-Km” LDH is active at 10%- 
15° C; the “high-Km” LDH makes no significant contri- 
bution to total LDH activity at these temperatures, for 
its apparent Kn of pyruvate is almost two orders of magni- 
tude greater than the concentrations of pyruvate present 
in the cell. As the temperature decreases, however, the 
Km of the “high-Km” LDH drops sharply, activating the 
enzyme, and by 5° C both LDHs are active at physiological 
pyruvate concentrations. As a result of activating this 
second LDH, the rate of catalytic activity at physiological 
substrate concentrations is higher at 5° CŒ, the species’ 
normal habitat temperature, than at 10° C, the upper 
extreme of its habitat temperature (Fig. 1; Table 2), 





Table 1. THE EFFECT OF TEMPERATURE ON THE KM OF PYRUVATE OF TWO 
KING CRAB LDH ENZYMES 
Km of pyruvate (mM) 


Temperature f L 
ec) “Low-Km” LDH “High-Kim' LDH 


0 0-13* 

5 0-08" 
10 0-30 0-70 
15 0:33 120 


Determined by double reciprocal plots of the data in Fig. 1. 
* At these lower temperatures the Km values of the two LDHs are approxi- 


mately equal (see Fig. 1). 


Table 2. Qi VALUES FOR THE KING CRAB AND RAINBOW TROUT LD 


REACTIONS 





Pyruvate (M) 


5x 10° 
2x 10 
Lx 10% 
5x 10-4 
2x10 
5x 10-5 
1x10 





2 
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Rainbow trout muscle LDH. Previous studies indicate 
that tissues of Salmonids possess unusually large numbers 
of LDH isoenzymes**. In rainbow trout muscle ten 
LDHs occur which appear to be generated by a non- 
random, tetrameric association of four types of subunits’. 

The effects of temperature on rainbow trout musele 
LDH activity are illustrated in Fig. 2. Note the leftward 
migration of the “bumps” in the saturation curve as the 
temperature is lowered. These changes indicate that, for 
the four types of LDH which can be distinguished kinetic- 
ally, the Km of pyruvate decreases as the temperature is 
lowered. ‘The complexity of the saturation curves pre- 
cludes making accurate estimates of the Kin values of 
these LDHs. None the less, the magnitude of the Km 
changes is well illustrated at low pyruvate concentrations, 
where the 10° C curve crosses over the 15° C curve (Fig. 2). 
Thus LDH activity at physiological substrate concentra- 
tions (assumed to be of the same order of magnitude as in 
King Crab musele) is higher at 10° C, the temperature to 
which the trout were aeclimatized, than at 15° C. 

In the two isoenzyme systems examined, the Km 
changes which occur as the temperature is lowered appear 
to activate certain isoenzymes which, at physiological 
substrate concentrations, are inactive at higher tempera- 
tures. Isoenzyme systems therefore appear to be of 
importance in short term temperature compensation as 
well as in long term temperature acclimatization’. 

The King Crab studics were performed aboard the 
R.V. Alpha Helix. University of California, San Diego, 
during phase III of the Bering Sea Expedition and were 
supported by the US National Science Foundation and the 
National Research Council of Canada. We thank Mr 
‘Andrew Tubour and Mr Oscar Dyson for their help in 
collecting the King Crab, and Dr C. Ladd Prosser, Mr 
James Freed and other members of phase II for discus- 
sions. Pyruvate determinations were earried out by Mr 
Freed. G. N. 8. is a National Science Foundation post- 
doctoral fellow. G. N. SOMERO 
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Systems of Materno-foetal Transport of 
yG Immunoglobulin in the Mouse 


Homan yG is transported across the mouse materno- 
foetal barrier in the direction of mother to foetus by a 
process which is sensitive to the maternal concentration of 
human yG!. With increasing maternal concentrations of 
human yG up to a level of 2 mg/ml., there is an even 
more rapid increase in the amount transferred to the 
foetus. When the maternal concentration rises from 
2 mg/ml. towards 10 mg/ml., there is a sharp fall in the 
amount transferred. while at levels above 5 mg/ml. the 
amount transferred is proportional to the maternal 
concentration. 

In the mouse, transfer of exogenous mouse yG is less 
than that of human yG?. The present study was under- 
taken to determine whether these proteins are transported 
by the same or by different systems and, if by different 
systems, whether the carrier system for human yG in the 
mouse is unique for human yG. 
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Mouse and guinea-pig yG globulins were isolated from 
pooled sera of the respective species by DEAE-cellulose” 
chromatography*; bovine, human and rabbit yG globulins 
and bovine and human albumins were isolated by low 
temperature ethanol-water fractionation’ ®. Aliquots of 
each of the proteins were labeled’ with iodine-125 and 
additional aliquots were labelled* with jodine-131. More 
than 97 per cent of the total radioactivity in each of the 
labelled protein preparations was precipitable in 10 per 
cent trichloracetie acid. 

Four different groups of pregnant Swiss albino mice 
were studied, all at 15 to 17 days’ gestation: pathogen- 
free mice with an average maternal serum concentration of 
endogenous yG of 25 mg/ml.; normal mice of the same 
strain with an average endogenous yG level of 50 mg/ml. ; 
and two groups of mice previously immunized with hen’s 
ovalbumin in order to increase endogenous synthesis of 
yG, the average serum concentration of yG at the time 
of study being 7-9 mg/ml. in one group and 102 mg/ml. 
in the other. The mice were given drinking water eon- 
taining 250 mg per cent of sodium iodide to block uptake of 
labelled iodide by the thyroid gland. 

Twelve to 24 h later, some of the mice from the different 
groups were given a single intravenous injection containing 
equal amounts of two different proteins, one labelled with 
jodine-125 and the other with indine-131. Injecting one 
animal with two proteins provides a control, eliminating 
the possibility of differences between the responses of 
individual animals. The total amount of labelled protein 
injected into each mouse was less than 6-6 mg and the 
amount of radioactivity was less than 2 pCi. Additional 
normal mice were injected with the same dose of labelled 
proteins together with a load of unlabelled protein, either 
100 mg of one of the yG globulins or 200 mg of one of the 
albumins. These loads resulted in a maternal serum 
concentration of approximately 4-5 mg/ml. of the wn- 
labelled foreign protein at 24 h after injection. At this 
time the mice were anaesthetized and exsanguinated. 

Aliquots of maternal serum were precipitated im ten to 
twenty volumes of 10 per cent trichloracetic acid. The 
foetuses of a litter (less the placentas} were pooled, 
weighed and homogenized in ten to twenty volumes of 
10 per cent trichloracetic acid. The precipitates were 
washed twice in 10 per cent trichloracetic acid and then 
assayed for iodine-125 and jodine-131 with a 3 inch 
sodium iodide crystal used with a 400 channel spectro- 
meter. The amount, F, of a given labelled protem found 
per g of foetal tissue relative to the amount, M, of that 
labelled protem per ml. of maternal serum, or F/M, 
was taken as a measure of the extent of materno-foetal 
transfer of the proteim!*. 

In hypogammaglobulinaemic mice, the F/M ratios for 
both mouse and bovine ~G were three to four times those 
in normal mice (Fig. 1). The ratios for these two proteins 
in normal mice were similar to those found im hyper- 
gammaglobulinaemie mice (Fig. 1). So, the transport 
system for mouse and bovine yG in the mouse is, within 
limits, sensitive to the concentration of mouse yG in the 
maternal serum. The constant F/M ratios of these two 
proteins at both normal and raised maternal endogenous 
yG concentrations are not unlike the constant ratio 
reported earlier’ for human yG when the maternal level 
of human yG was increased above 5 mg/ml. 

The F/M ratios for both human and rabbit yG and for 
albumin were similar in hypogammaglobulinaemic and 
normal mice (Fig. 1). In hypogammaglobulinaemuc mice 
the ratios of human and of rabbit yG were ten times those 
of either bovine or mouse yG, while that of albumin was 
only a tenth. In normal mice there was an even greater 
difference between the ratios for human and rabbit (and 
guinea-pig) yG and those for bovine and mouse YO, while 
the albumin ratio was much nearer to those of the bovine 
and mouse yG globulins. Increasing the maternal con- 
centration of endogenous mouse yG above normal 
lessened the ratios for human, rabbit and guinea-pig yG 
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to approximately half the ratios in normal mice. It did 
not affect the albumin ratio. 

When normal mice were given a load of 100 mg of yG, 
the total maternal globulin was increased to a level 
approximately the same as that of mice made hyper- 
ganmaglobulinaemiec by immunization with ovalbumin, 
which was twice the level in normal mice. This caused 
not only a doubling of the total yG in the maternal se um, 
but also a level of the foreign YG which was of the same 
order as the endogenous mouse yG. The ratio of labelled 
protein to the same unlabelled protein in the maternal 
serum was 1 to 333. 

Giving such a load of bovine yG decreased the F/M 
ratios for all the yG globulins by only a little (Fig. 2). 
While the ratios for human, rabbit and guinea-pig yG were 
reduced by about a third, they were still 20 or more times 
the ratios for mouse and bovine YG (Fig. 2}. This effect is 
similar to and of the same order as that of increasing the 
maternal concentration of endogenous mouse yG (Fig. 1). 
On the other hand, a load of 100 mg of human yG 
decreased the F/M ratios for human, rabbit and guinea- 
pig YG very much more, fifteen-fold (Fig. 2), and to an 
order similar to that for mouse yG in normal mice when the 
maternal concentrations of mouse yG (5-0 mg/ml.) are 
the same as the concentrations of fore gn protem in the 
maternal serum (4-5 mg/ml}. Loading with rabbit or 
guinea-pig yG had the same effect as loading with human 
7G, while loads of bovine or human albuming had little or 
no effect. 

At 3/4 to 4/5 gestation and when the maternal con- 
centration of a yG globulin being transported across the 
mouse placenta is 5 mg/ml., the F/M ratio is 1:100 
whether the globulin is of human, rabbit, guinea-pig, 
bovine or mouse origin. The concentration of mouse yG 
globulin in normal mice is 5 mg/ml. When the maternal 
concentration of a globulin being transported is less than 
5 mg/ml., the F/M ratio is higher, as, for example, when 
the maternal concentration of mouse yG is only 25 mg/ml., 
the F/M ratio for the mouse yG becomes 5 : 100, and when 
the concentration of either human, rabbit or guinea-pig yG 
is as low as 0-015 mg/ml., the ratio becomes 30 or 40 : 100. 

If serum concentrations of mouse yG are normal, there 
is a low F/M ratio when bovine yG is being transported, 
even though the maternal concentration of bovine yG 
is low. It will be remembered that in hypogamma- 
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Fig. 1. The average F/M ratios for guinea-pig (G), human ¢ H), rabbit 
(R), bovine (B) and mouse (M) yG globulins and human albumin (A) at 
different maternal serum concentrations of endogenous mouse yG. Each 
point represents from three to nine pregnant mice with seven to sixteen 
foetuses per litter. 
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Fig. 2. The average F/M ratios for mouse (M), bovine (B), human (H), 

rabbit (R) and guinea-pig (G) yG globulins and human albumin (A) in 

normal mice without additional protein load (graph on left), with a 

100 mg load of bovine yG (middle graph) and with a 100 mg load of 

human yG (graph on right). Gach bar represents three to nine pregnant 
mice; the line above each bar is I standard deviation. 
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globulinaemic mice the F/M ratios were similar for both 
bovine and mouse yG globulins. This suggests that mouse 
and bovine 7G are treated in the same way in the placental 
barrier. In contrast, if concentrations of mouse yG are 
normal, there is a high F/M ratio when human, rabbit or 
guinea-pig yG is being transported. This suggests that 
human, rabbit and guinea-pig yG are treated in the mouse 
placental barrier in a different way from mouse and 
bovine yG. 

Human yG in a maternal concentration of 5 mg/ml. will 
lead to a low F/M ratio not only of itself but also of rabbit 
or guinea-pig yG even when these other two are present 
in low concentrations in the maternal serum. Sunuarly, 
5 mg/ml. concentrations of rabbit yG will lead to low ratios 
for rabbit yG and for both human and guinea-pig yG 
when they are present in low concentrations. Five mg/ml. 
concentrations of guinea-pig yG likewise cause low ratios 
for all three of these globulins. Thus it would seem that 
human, rabbit and guinea-pig yG globulins are treated 
similarly in the placental barrier and in a different 
manner from mouse and bovine yè globulins. Conse- 
quently, we believe that there may be two systems for 
transfer of yG immunoglobulins across the mouse placenta. 

This investigation was supported by a grant from the 
US Public Health Service. 
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Effects of Some Cellular Antigens on 
Lymphocytes and the Nature of the 
Mixed Lymphocyte Reaction 


Hardy and Ling pointed out that irradiated lymphoma 
cells markedly activate human lyraphocytes in a mixed 
cell reaction in virot, As a radiotherapist concerned in 
the day to day care of lymphoma patients, this informa- 
tion suggests to me the first rational explanation of a 
phenomenon frequently observed in this group of diseases, 
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I refer to the situation where irradiation of a group of 
lymphomatous glands, with a single small dose. results in 
rapid clinical regression of other ]vmphomatous masses 
at distant sites in the body. 

The possibility of an immune mechanism has frequently 
been suggested, but immunological proof of this has not 
been forthcoming for man. While accepting the dangers 
of converting in vitro results to living biolog 
the coincidence is too close to ignore. 

Hardy and Ling also indicate that activation may 
require two populations of living cells and ponder on the 
differences between live and dead cells in this regard. 
Enquiry into the membrane potentials of cells in various 
states may be of assistance. 

Spangler and Cassen? reported that the electrophoretic 

- mobility of rabbit lymphocytes increased after treatment 
with doses of cobalt-60 irradiation of 200-400 r. They 
found that the magnitude of the effect decreased steadily 
with time, reaching normal levels after 30 min. 

Could it be that a membrane potential on both popula- 
tions of cells is an essential requirement for the activation 
phenomenon ? Extrapolating further, could it be that an 
increase in the membrane potential of a cell population 
confers ability to enhance this activation ? 

R. D. H. Ryaru 
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Dr Hardy and Dr Ling write: It is most encouraging that 
Dr Ryall should consider our results in the light of whole 
body immunity to lymphoma cells. We feel that some- 
thing very similar to the in vitro reaction of normal 
lymphocytes to irradiated cultured lymphoma cells could 
occur in the body. Tt would also be reasonable to suppose 
that the lymphoproliferation so induced is the first stage in 
an immune response resulting in the elimination of the 
lymphoma cells. Cell destruction, however, is not a 
feature of a normal mixed lymphocyte reaction, suggesting 
that either there are further events in the body not de- 
tected in vitro or X-irradiated cells induce a different 
response. 

The work of Moore's group’ and others in establishing 
lymphoid. cell lines from “normal” individuals could be 
interpreted to indicate that there are “abnormal” (7? 
potentially malignant) lymphoid cells even in healthy 
people. The establishment of malignant clones would 
usually be prevented by an immunological process 
analogous to that suggested above. Where, however, a 
tumour did arise, perhaps because of unrecognized antigens 
or fast proliferation, it might perhaps be only after irradia- 
tion that the immune system would be effective. At 
present there is no direct evidence for this hypothesis and 
we are investigating it in a mouse system. 

The suggestion that the activation observed is somehow 
dependent on the membrane potentials of the cells 
involved, we agree, deserves the most serious attention. 
As far as we are aware it has never been studied. Several 
observations may be relevant. (1) Agents acting on the 
cell surface, and thus presumably altering the membrane 
potential, block the reaction. Examples are anti-lympho- 
cyte antisera and anti-light chain antisera (described by 
M. F. Greaves, G. Torrigiani and I. M. Roitt in a paper 
presented to the British Society of Immunology in May 
this year), (2) We know of no work reporting changes in 
membrane potential after irradiation of lymphoma. cells 
at 6,000 r. Any changes which do occur, if they are im- 
portant in the stimulation, must be relatively stable 
because irradiated cells incubated for 72 h before mixing 
are virtually as effective as stimulators of normal lympho- 
cytes as those irradiated a few hours before. (3) The 




















stimulation obtained using XN-irradiated small lympho- 





cytes in a “one way” reaction was studied by } ura 
and Lowenstein? They reported that several “non- 


specific” factors affect the strength of a unidirectional 
reaction. It is possible that the factors mentioned were 
a result of changed membrane potential. (4) Antigenic 
differences do seem to be necessary in the mixed lympho- 
cyte reaction? and in the reaction against lymphoma cells, 
We ean obtain a stimulation with lymphoma cells heated 
to 50° C for 10 min. X-irradiated small lymphocytes 
when added to the lymphocytes of the same donor give 
no stimulation, showing that N-irradiation in itself is not 
responsible for the activation. 

We think the problem of the relative contributions of 
antigenic differences and metabolic factors {perhaps as 
differences in membrane potential) is very interesting 
both with regard to tumour immunity and tumunological 
concepts in general. 
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Disodium Cromoglycate, an Inhibitor 
of Mast Cell Degranulation and 
Histamine Release induced by 
Phospholipase A 


Pisopium cromoglycate (INTAL) has been shown to be 
an effective inhibitor of experimental allergen-induced 
bronchoconstriction in asthmaties!*, The compound is 
novel in that it specifically inhibits the allergie release of 
spasrnogens in immediate hypersensitivity reactions m 
several animal systems*. A recent suggestion wae that 
disodium cromoglycate does not inhibit the ree i 
body/antigen union per se but that it inhibits d 
of the mediators from mast cells‘. 

It is generally accepted that in the immediate hyper- 
sensitivity type reaction antibody is attached to the mast 
cell membrane and union with antigen occurs at this site? 
Fine structure studies using “‘reaginie’’ antiferritin sere 
have revealed antigen on the mast cell membrane* and 
some evidence of membrane rupture during passive 
cutaneous anaphylaxis’. This suggests that the release 
of spasmogen is initiated on the mast cell membrane. 
Thin-layer and column chromatography have shown that 
various phospholipids are important constituents of cell 
membranes’. Phospholipase A, known to degranulate and 
release histamine from mast cells’, has recer been 
demonstrated on the surface of mast cells, Tt therefore 
seemed worthwhile to investigate the effeet of disodium 
cromoglycate on mast cell disruption and histamine 
release mediated by phospholipase A, and to compare 
the results with those obtained in the antigen-induced 
immediate hypersensitivity reaction using the Nippo- 
strongylus brasiliensis system?! 

Preliminary work confirmed Uvniis’s findings that 
phospholipase A induced histamine release from sub- 
cutaneous connective tissue mast cells, but that phospho- 
lipase C and D in comparable concentrations had no effect. 

For our in vitro experiments we used Tyrode solution 
and pieces of rat subcutaneous connective tissue, approxi- 
mately 10 mg fresh weight, removed from the flanks of 
female Sprague-Dawley rats weighing 100 g. ‘Tissues for 
the antibody/antigen reaction were sensitized 24 h before 
removal by intradermal injection of 0-1 mi. of anti-Nippo- 
strongylus brasiliensis serum (diluted 1; 256) into normal 
rats, Unsensitized tissues for testing with phospho- 
































198 


lipase A and previously sensitized tissues for antibody/ 
antigen tests were removed from the flanks of rats and 
stored for 5 min in Tyrode solution at room temperature 
(19° C) before use. For reactions stimulated by phospho- 
lipase A or antigen, three groups of five tissues were used: 
manipulative controls, tissues challenged with antigen or 
phospholipase A, and tissues treated with 10 pg/ml. of 
disodium eromoglycate and challenged with antigen or 
phospholipase A. Tissues were washed twice in Tyrode 
solution at 37-5° C for 2 min before incubation. After 
15 min of incubation at 37-5° C, the tissues were challenged 
with either 10 ug/ml. of phospholipase A (Boehringer, 
London) or 0-1 ml. of Néippostrongylus brasiliensis antigen. 
(containing 1 per cent total worm protein). 

Tissues used for mast cell disruption counts were fixed 
in methanol 15 min after challenge, stained, and dis- 
rupted cells were counted‘. 

For measuring the release of histamine the tissues were 
removed 15 min after challenge, placed in 2-0 ml. of fresh 
Tyrode and boiled for 5 min to release residual histamine. 
The original bottles, containing the histamine released on 
challenge, were also boiled for 5 min. Histamine was 
assayed on isolated guinea-pig ileum. Untreated 10 mg 
samples of tissue were found to contain approximately 
326 ng of histamine and approximately 30,000 mast cells. 

Phospholipase A (10 ug/ml.) degre anulated 62-5 per cent. 
of the mast cells in 15 min at 37-5 5° C€ (Table 1). But when 
disodium cromoglycate was present (also 10 ug/ml.) only 
42-6 per cent of mast cells were degranulated. The figures 
shown for controls refer to mast cells degranulated by 
manipulation alone. The percentage of mast cells de- 
granulated in the reagin antibody/antigen system was 
55-4 per cent and this was reduced to 32-6 per cent in the 
presence of 10 ug/ml. of disodium cromoglycate. 








Table 1. MAST CELL DEGRANULATION IN CONNECTIVE TISSUE OF RAT CAUSED 
BY REAGIN ANTIBODY/ANTIGEN REACTION AND PHOSPHOLIPASE A in vitro 
WITH AND WITHOUT DISODIUM CROMOGLYCATE 


Challenge + 
disodium cro- 


Control Challenge moglycate Inhibition 

per cent per cent per cent per cent 
Rat reagin system 23-0 55-4 32-6 703 
Phospholipase A 315 62-5 42-6 64-1 


Each figure is the mean of values obtained from five tissues. 
The percentage inhibition figures shown in Tables 
l and 2 were derived peat the equation 


(Ch 





where C is the control percentage, Ch is the challenge per- 
centage and 1C is the challenge percentage with disodium 
cromoglycate present. 

Results of the histamine assay are shown in Table 2. 
In these results phospholipase A caused 21-5 per cent. 
histamine release which in the presence of disodium 
cromogly recate was reduced to 7:3 per cent. After the 
reaginic antibody/antigen fenel on there was a 31-0 per 
cent histamine release which in the presence of disodium 
cromoglycate was reduced to 149 per cent. 

Inhibition by disodium cromoglycate of both allergic 
and phospholipase A stimulated release of histamine 
may indicate a common pathway in the two processes, 
particularly in view of the fact that disodium cromo- 
glycate has relatively little general biological activity®. 

Although phospholipase A has been demonstrated on 
the mast cell!® and there is a suitable substrate lecithin 
in the mast cell membrane!*, we have no evidence that 
phospholipase A is directly implicated in the reagin anti- 





Table 2. RELEASE OF HISTAMINE BY CONNECTIVE TISSUE OF RAT CAUSED 
BY RBAGIN ANTIBODY/ANTIGEN REACTION AND PHOSPHOLIPASE A in vitro 
WITH AND WITHOUT DISODIUM CROMOGLYCATE 









Control Challenge D- Inhibition 

per cent percent moglycate per cent per cent 
Rat reagin system 87 31-0 149 72-2 
Phospholipase A 34 21-5 T3 78-4 


Each figure is the mean of values obtained from five tissues, 
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body/antigen mast cell degranulation. Several authors 
have suggested that reaginic antibody/antigen reaction 
activates an enzyme system which effects the release of 
spasmogens!: 34, Tt is possible therefore that disodium 
cromoglycate acts, if not on a phospholipid enzyme, on 
some other antibody/antigen activated enzyme or en- 
zymes and thus inhibits mast cell degranulation. 
We thank Dr A. M. J. N. Blair for advice and Mr M. C. 
Pollard and Miss J. M. Gwilliam for technical assistance. 
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Thrombocytopenia, a Prelymphoid 
Leukaemic Sign in AKR Mice 


ELECTRON microscopy has revealed that the “C’’-type 
viral particles of the murine and feline leukaemias are 
characteristically present im the cytoplasm of mega- 
karyocytes and platelets!-*. In mice thrombocytopenia 
can be used in dose response curves to titre both Friend 
and Rauscher viruses™® The thrombocytopenia that 
occurs after Rauscher virus infection is biphasic. The 
initial dose dependent thrombocytopenia develops within 
48 h of infection and reaches its nadir 2 weeks later. At 
this time the bone marrow is hypercellular with mega- 
karyocytic hyperplasia and there is no infiltration by 
leukaemic cells. Within 4-6 weeks in the surviving mice 
spontaneous recovery occurs, but 10-24 weeks after 
infection thrombocytopenia again develops, then asso- 
ciated with lymphocytosis in the peripheral blood, 
leukaemic cell infiltration of the bone marrow, and 
reduced numbers of megakaryocytes’. 

We have investigated whether an early preleukaemic 
thrombocytopenia could be demonstrated in AKR mice 
before the development of the spontaneous lymphocytic 
leukaemia. This strain was chosen because of an 80-90 
per cent incidence of spontaneous leukaemia by the age 
of 1 year. Preleukaemic thrombocytopenia was con- 
sidered to be a possibility because the original Gross 
leukaemia virus was isolated from spontaneous AKR 
leukaemia’ and type “C° viral particles have been demon- 
strated in this disease**, 

To test this hypothesis we carried out two experiments. 
In the first experiment individual platelet counts were 
obtained from thirty AKR and thirty BALB/c mie 
Both groups were females, 3 weeks old, obtained from the 
Jackson Memorial Laboratories, Bar Harbor, Maine. 
Blood was obtained by puncturing the retro-orbital venous 
plexus with a heparinized capillary tube and the platelets 
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were counted directly by Brecher and Cronkite’s method”. 
Five mice were killed in each group and bone marrow 
imprints were prepared from their femurs and stained with 
Wright’s-Giemsa (Table 1). Significant relative thrombo- 
eytopenia (P < 0-01) was demonstrated in the AKR mice. 
The mean platelet count in the AKR mice was 380,900/ 
mm’ less than the mean platelet count in the BALB/c 
group. Bone marrow imprints from both groups were 


similar. Megakaryocytes were present and there was no 
evidence of leukaemic cell infiltration in AKR bone 
marrows. 
Table 1. MBEAN PLATELET COUNT IN 3 WEEK OLD FEMALE AKR AND BALB/c 
MICE 
AKR BALB/c 

Platelets x 103 /mm? 602-5 983-4 

Standard deviation 140-9 182-9 

No, of mice 30 30 


Table 2. PLATELET COUNTS x 10MM IN AKR MICE 
Weeks after birth 
8 17 28 32 34 36 39 
Survival >39 weeks 





Mean GILI 3 876-4 90356 762-0 687-8 871-6 544-6 

Standard deviation 1 203:8 279-4 179-0 345-4 2508 2307 

Standard error ofthe mean 363 545 74:7 47-8 627 604 61-7 

No. of mice l4 14 l4 14 l4 14 14 
Survival >28 <39 weeks 

Mean 67O 821-8 786-7 713-8 427-8 3398 

Standard deviation 1771 128-9 208-1 256-3 287-8 205-0 

Standard error of the mean 49-1 357 563 74:0 959 S17 

No, of mice 13 13 13 12 9 a 


In the second experiment serial platelet counts were 
made on thirty individual AKR mice for 52 weeks after 
birth. The analysis of the data (Table 2) was divided into 
two sections to include animals that lived to 39 weeks 
and those that did not, but survived for at least 28 weeks. 
Seven platelet counts were made on the fourteen animals 
that lived 39 weeks, using analysis of variance with a 
factorial design. The means, standard deviations and 
standard error of the means of both groups are shown in 
Table 2. The analysis of variance showed that the in- 
crease and decrease of mean platelet count with time 
was highly significant statistically considering the data 
as a whole (Fis :94)= 7°38, P< 0-01). A similar and more 
marked trend was seen in the animals that died between 
28 and 38 weeks but, because of a lack of data, the analysis 
of variance could not be carried out logically. Eighty per 
cent of the mice were dead in a year. The six surviving 
mice had a mean platelet count of 541,000/mm? (range 
482,500 to 834,000/mm). 

Five bone marrow imprints were obtained from mice 
which died between 28 and 38 weeks with platelet counts 
< 400,000 /mm?. The marrows were infiltrated with 
leukaemic lymphocytes and the megakaryocytes had 
decreased. 

AKR mice with a high incidence of spontaneous 
lymphocytic leukaemia have a relative thrombocytopenia 
within 3 weeks of birth, compared with BALB/c mice 
with a very low incidence of spontaneous leukaemia. As 
the AKR mice mature, however, the platelet count 
increases and then decreases with the onset of leukaemia. 
This pattern is similar to that described following infection 
of BALB/e mice with high dilutions (10-%) of Rauscher 
virus’. BALB/c mice recover from the initial thrombo- 
eytopenia within 6 to 10 weeks of infection and the median 
survival is 21-1 weeks, whereas in an experiment AKR 
mice recovered within 13-28 weeks with a median survival 
of 38-0 weeks. 

Thromboeytopenia accompanies many viral infections 
in human beings'. Theoretically the initial thrombo- 
eytopenia may be caused by a direct metabolic effect of 
the virus on the platelets and megakaryocytes, dis- 
seminated intravascular coagulation and immune mech- 
anisms’. The possible mechanisms by which different 
viruses cause thrombocytopenia have received little atten- 
tion. Unpublished results in our laboratory indicate that 
the thrombocytopenia following Rauscher virus infection 
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is a consequence of a direct metabolic effect of the virus 
on the platelets. It is possible that some human virus 
infections associated with thrombocytopenia are caused 
by potentially leukaemogenic viruses. C tertainly thrombo- 
eytopenia is a sensitive index of infection with the 
leukaemia viruses in both experimental and spontaneous 
AKR leukaemia. 

This work was supported by a grant from the National 
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Induction of Alcohol 
Dehydrogenase in the Rat 


ETHANOL is metabolized to acetaldehyde by a zine con- 
taining enzyme, aleohol dehydrogenase (ADH) This 
is a rate limiting step and is dependent on ae presence 
of nicotine adenine dinucleotide (NAD) which acta as a 
hydrogen acceptor. Over 90 per cent of the alcohol 
ingested is oxidized and it is currently assumed that this 
occurs entirely in the liver?’ 

The rate of ethanol clearance is increased in alcoholics 
and in normal humans and rats following prolonged 
alcohol ingestion®-#*, This might reflect increased activity 
of ADH given a greater supply of NAD or alternatively 
the breakdown of aleohol by an alternative pathway. 

ADH has been measured m both humans with aleoholic 
liver disease and animals fed alcohol for long periods but a 
significant rise in hepatic ADH levels was not found??-*, 
In these studies, however, enzyme activity was only 
measured in the soluble fraction of cells and assays were 
confined entirely to the liver. Failure to demonstrate an 
increase in the enzyme could have been due to the presence 
of severe liver injury arising from chronic administration 
of large amounts of alcohol. The low to normal ADH 
activity in this situation might be explained on the basis 
of reduced functional cell mass, loss of enzyme in blood 
and bile! or possibly from reduced hepatic zine stores®*. 

We designed experiments to determine if ADH could 
be induced by its substrate ethanol in the liver and gastro- 
intestinal tract in the rat. In all experiments adult male 
Spragu awley rats weighing between 200 and 300 g 
were used, and alcohol was given orally in small doses 
caleulated to avoid tissue injury. In acute experiments, 
a single dose of alcohol (1-0 g) was given and animals were 
killed at timed intervals between 2 and 72 h. A second 
group were given 2-0 g alcohol per day for 14 days and 
animals killed 18 h later. Actanomyein D in a dose of 
70 ug and cycloheximide in a dose of 500 ug were given 
intraperitoneally to controls and rats given 1-0 g of 
alcohol. and the animals were killed 18 h later. 

In all animals the liver, small intestine and stomach 
were removed, washed repeatedly with normal saline, 
homogenized in 0-25 M sucrose containing 1-0 per cent 
‘Triton? and homogenates assayed for ADH", lactic 
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Table 1. ALCOHOL DEHYDROGENASE ACTIVITY IN LIVER OF ALCOHOL-FED 
ANIMALS 
Experi- No.of Mean specific Standard Comparison 
ment animals activity deviation with controls 
Control rats 13 0-36 +009 


Aicohol-fed rats--acute (1-0 g alooholgingle dose) 


4h 5 0:34 £024 Not significant 
Wh 6 0:53 +013 P <0-01 
ish 8 0:50 £017 P <0-05 
24h 8 O54 +018 P <001 
72h 5 O46 £ 0-06 P <001 
Alcohol-fed rats—chronic (2-0 g alcohol for 14 days) 
18h 10 OST 2013 P <0001 


Table 23. ALCOHOL DEHYDROGENASE AOTIVITY IN STOMACH OF ALCOHOL- 
FED ANIMALS 





Experi- No.of Mean specific Standard Comparison 
ment animals activity deviation with controls 
Control rats 12 O74 +015 
Alcohol-fed rats—acute (1-0 g alcoholaingle dose) 
4h 5 Fir £049 Not. significant 
10h 6 1-29 £027 P <0001 
18h 8 Per £047 P <QOL 
24h 8 Lig +053 P <005 
72h 5 1-20 £032 P <001 
Alcohol-fed rats—chronic (2-0 g alcohol for 14 days) 
18h 8 1:53 toH P <0001 


Table 3. ALCOHOL DEHYDROGENASE ACTIVITY IN SMALL INTESTINE OF 


ALCOHOL-FED ADULT RATS 


Experi- No. of Mean specific Standard Comparison 
ment animals activity deviation with controls 
Control rats 13 0-20 2071 
Aleohol-fed rats—acate (1-0 g alcohol—single dose) 
th 5 029 40-12 Not significant 
10h 6 O27 £000 Not significant 
18h 8 0-36 £001 P< 0-005 
24h 8 M24 + 0-08 Not significant 
72h 5 0-22 £016 Not significant 
Aleohol-fed rats—chronic (2-0 g alcohol for 14 days) 
igh 10 0-43 +027 P <00 


dehydrogenase (LDH)”, -glucuronidase and soluble 
proteins?” Specific activity (SA) of ADH was expressed 
as pmoles NADH formed per hour per mg protein, LDH 
in Wroblewski units per mg protein and 8-glucuronidase 
in Fishman units per mg protein. 

In thirteen control animals, SA of ADH in liver, stomach 
and small intestine was 0-36. 0-74 and 0-20 respectively. 
In thirty-two animals given 1-0 g alcohol (Tables 1-3) 
there was an increase in ADH specifie activity in liver and 
stomach as early as 4 h and this was sustained for 72 h. 
Alcohol given daily to ten animals for 14 days (Tables 
1--3) produced a two-fold increase in all three organs. 

In six animals given comparable doses of alcohol, ADH 
activity could not be detected in 24 h bile samples col- 
lected by an external biliary fistula. Tissues obtained 
from all three organs (stained with haematoxylin and 
eosin and sudan ITT) did not reveal any structural changes 
or fatty globules when examined by light microscopy. 

The SA of ADH in liver, stomach and small intestine 
in five rats given: alcohol and actinomycin D was 0:37 
{4 0:06), O81 (+ 0-42) and 0-19 (+004) and in four rats 
given alcohol and cycloheximide was 0:30 (+0-10), 
0-96 (+020) and 0-26 (+008). These values did not 
differ significantly from controls or rats given actinomycin 
or eyeloheximide alone but differed significantly from 
aleohol-fed rats (P values less than 0-05, 0-01 and 0-005 
for liver, stomach and small intestine respectively). 

LDH levels in the liver, stomach and small intestine of 
six controls were 2,592, 927 and 3,112 respectively. In 
seven animals given a single dose of 1 g of alcohol the 
corresponding values were 3,081, 1,690 and 3,036, the 
increase in liver and stomach being significant (P less 
than 0-02 for stomach). 

8-Glucuronidase levels in liver, stomach and small 
intestine in three controls were 179. 27 and 46 respectively. 
In alcohol animals the levels did not rise but in fact fell 
significantly to 102, 17 and 34. 
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Results of these experiments show that increased ADH 
activity can be produced in liver, stomach and small 
intestine following the oral administration of small 
amounts of alcohol. The effect may be specific, for an 
enzyme not involved in the metabolic pathway of alcohol 
(8-glucuronidase) did not show increased activity, 

_ Because actinomycin and cycloheximide prevented the 
rise in ADH activity, the increase in ADH levels in aleohol- 
fed animals was the result of de novo protein synthesis. 
Induction of the rate limiting enzyme ADH by its sub- 
strate provides a plausible explanation for the observed 
tolerance and increased rate of ethanol clearance in rats 
and man conditioned by prior administration of alcohol. 

The increase in LDH activity (a terminal enzyme in- 
volved in ethanol metabolism) provides further evidence 
that ethanol can be metabolized at a faster rate through 
the normal pathway. Because this can be shown in organs 
other than the liver, it is also evident that aleohol ean be 
metabolized in extrahepatic sites. This is contrary to the 
current’? view that alcohol is metabolized entirely by the 
liver and that the multiple metabolic derangements in 
the alcoholic are the consequences of its obligatory break- 
down in that organ. 
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Prevention of Allylisopropylacetamide 
Induced Experimental Porphyria 
in the Rat by Vitamin E 


Viramin E deficiency in experimental animals is charac- 
terized by species specific manifestations affecting a 
variety of tissues and organs such as the muscle, the 
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/. gonads and the brain’. In man and in primates, recent 


studies have shown the existence of an anaemia associated 


with a lack of this vitamin; the locus of the metabolic 
defect is believed to reside in the biogenetic sequence 
‘leading to porphyrins and haem‘-?. We have recently 
shown the existence of a similar metabolic defect in 
haem synthesis in the bone marrow of vitamin E deficient 
rats, which suggests a mechanism of action common to all 
animal species (H. 8. M., Pinelli and P. P. N., unpublished 
results). Although no unifying concept has been proposed 
to explain the apparent pleomorphism in the syndromes 
of vitamin E deficiency, it has been suggested that “trace 
lipids” such as fat soluble vitamins could function as 
regulators of vital metabolic processes at the molecular 
level’, 

The present study shows that, in the rat, vitamin E 
prevents the excessive formation of porphyrins and their 
precursors in experimental porphyria induced by allyl- 
isopropylacetamide. Our observations not only corro- 
borate a similar action of vitamin E on the effects of lead 
poisoning in the rabbit’, but also suggest that vitamin E 
exercises a metabolic control on the biosynthetic pathway 
leading to haem. 

Four groups of four male rats each of the Wistar strain 
weighing 150-200 g were studied. These animals were 
initially conditioned in metabolic cages for 3 days, and 
food was withheld 12 h before the beginning of the 
experiment. One group of rats served as control, while a 
second group received single doses of 100 mg of vitamin E 
per rat orally (aqueous solution of ‘Aquasol Æ’, US Vitamin 
Corporation). The third and fourth groups were given 
daily subcutaneous injections of allylisopropylacetamide 
(ATA) (200 mg/kg body weight in isotonie saline) for 4 
days. In addition, animals in the fourth group received 
single oral doses of vitamin E (100 mg/rat) 6 h before the 
first injection with ATA. Urine was collected for 3 days 
after the last injection with AIA. Food was withheld 
until the end of the experiment, but the rats had full 
access to water all the time. Urinary, 6-aminolaevulinic 
acid (ALA) and porphobilinogen (PBG)", and copro and 
uroporphyrins" were measured. 


Table 1. EFFECT OF CONCURRENT ADMINISTRATION OF VITAMIN E ON THE 
URINARY EXCRETION OF d-AMINOLAEVULINIC ACID AND PORPHOBILINOGEN 
OF NORMAL AND ATA TREATED ANIMALS* 


Urinary excretion t 


‘Treatment ALA PRG 
Control 1600+ 0-24 15-98% 0-96 
Control + vitamin E 19-64+ 2-60 16:334 1:10 
ALA 2,026 +290 604-9 + 95-5 
AIA + vitamin E 138-6 + 796 23-92 + 12-0 


* Results are expressed as ug of ALA and/or PBG excreted/24 h. Values 
represent mean of four individual observations and their standard error of 
mean. 

+ Statistical significances of differences in ALA and PBG excretion between 
different groups are as follows: control with respect to control + vitamin E, 
P>02 and >01; control with respect to ATA, P<0-001 and <0-02: 
control with respect to AIA + vitamin E, P>O-5 and > 0-2: control + vitamin 
E with respect to ATA, P < 0-001 and < 0-02; control + vitamin E with respect 
to ATA+vitamin E, P<0-001 and >06; ATA with respect to AILA + 
vitamin E, P<0-001 and <0-02. In each pair of P values, the first one 
corresponds to ALA, and the second one to PBG. 


Table 1 shows a 182 and a 37-fold increase over control 
values in urinary excretion of ALA and PBG in experi- 
mental animals administered AIA. By contrast, the 
urinary concentrations of ALA and PBG in animals 
receiving both vitamin E and ATA did not rise significantly 
above those of the control group. while the amount of 
these two urinary constituents excreted remained un- 
altered in animals treated with vitamin E alone. 

Table 2 presents data on the urinary excretion of 
eopro and uroporphyrins. In parallel with the observations 
in Table 1, ATA enhanced the urinary excretion of both 
copro and uroporphyrins, while the concurrent admin- 
istration of vitamin E to ATA treated animals prevented 
these changes. Unlike the response of ALA and PBG, 
however, administering vitamin E alone resulted in a 
significant decrease in the exeretion of copro and uro- 
porphyrins. 
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Table 2. EFFECT OF CONCURRENT ADMINISTRATION OF VITAMIN E ON THE 
URINARY EXCRETION OF COPRO AND UROPORPHYRINGS OF NORMAL AND ALA 
TREATED ANIMALS* 


Urinary excretion + 


Treatment Coproporphyrins Uroporphyrins 
Control TATE OAT 
Control + vitamin È 2:10 £038 


AIA 53-49 t O 
ATA + vitamin E LEES: 


* Results are expressed as mymoles of uro or coproporphyrins excreted) 
24 h. Values represent mean of four individual observations and their 
standard error of mean. 


-t Statistical significances of differences in copro and uroporphyrin exere- 
tion between different groupe are as follows: control with reapect to control + 
vitamin E, P<0-001 and <6-001; control with respect to ATA, P « 0001 
and <0-001; control with respect to ALA + vitamin E, P< 0-001 and 18> 0 
control + vitamin E with respect to ATA, P< 0-001 and <0-@1; control + 
vitamin E with respect to ATA + vitamin E, P<001 and <001; ATA with 
respect to ATA + vitamin E, P< 0-001 and <0-01, In each pair of P values, 
the first one corresponds to coproporphyrins, and the second to wropor- 
phyrins. 











According to current concepts, metabolic control of the 
biosynthesis of haem could be exercised (a) at the step 
involving the formation of the rate-limiting enzyme ALA 
synthetase’, (b) by a negative feedback inhibition by 
free haem of its own synthesis™, or (c) indirectly, by the 
regulation of the synthesis of globin which fune as 
a scavenger of free haem't. Because vitamin E restores 
to normal the defect in synthesis of haem precursors that 
results from a deficiency of this vitamin. and also counter- 
acts the induction of excessive synthesis of these sub- 
stances by porphyrinogenic agents (allylisopropylacet- 
amide), vitamin E probably participates in regulating 
haem synthesis. 
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Signal Transmission along Retinal Rods 
and the Origin of the 
Electroretinographic a-Wave 


WHEN light is absorbed in the outer segment at one end 
of a vertebrate retinal rod or cone, sensory signals quickly 
reach its other end where its synapse with the visual 
system lies. Because rods and cones resemble short 
neurones in structure, it is thought that these signals 
travel as membrane polarization induced by light-acti- 
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Fig. 1. 300 um section of live rat retina with the rods seen in profile and photographed by bright field microscopy in an infrared 
microscope. Two glass microelectrodes are in place, the left one close to the retina and the right in the rod layer, The outer segments, 
inner segments and the nuclear layers of the rods can be seen. 


vated current generators in the outer segments. Indeed, flowed tangentially along the receptor layer. The 
the membrane potentials of some rods and cones do stage of the microscope was heated to maintain 
increase in light', but it is not clear whether the effect the slice at 32°-34° C. A large wick earthed the chamber 
is primary and not the result of synaptic feedback from and an array of micropipette electrodes filled with 


deeper retinal neurones. Attempts to show 
that the outer segments are sources of mem- 
brane current by analysing the a-wave and 
PITT components of the electroretinogram* 
with intraretinal microelectrodes have not 
yielded consistent results, however’. We 
have therefore studied the spatial distribu- 
tion of membrane current of the rods of the 
rat retina by an improved method using 
arrays of extracellular microelectrodes inser- 
ted in the receptor layer under direct vision 
by infrared microscopy. 

Dark-adapted albino rats were killed by 
injection of pentobarbital. An eye was 
quickly excised under dim red light and the 
retina was removed in an oxygenated bath 
of Ringer solution with the aid of infrared 
radiation visualized with image converters. 
A sector of the retina was attached by 
suction to a ‘Millipore’ type HA membrane 
filter disk and slices of retina and filter, each 
200-300 um thick and about 5 mm long, were 
made by cutting radially through all the 
retinal layers. A strip of filter with its 
attached retinal slice was transferred to a 
flat chamber on the stage of an inverted 
infrared microscope, and the slice was turned 
so that the long axes of the rods were parallel 
with the microscope stage, thus permitting? 
the layers of the retina and the microelec- 
trodes to be seen in profile (Fig. 1}. A pair of 
platinum wires and an array of barriers 
pressed against the cut faces of the slice 
allowed reproducible pulses of uniform 
current to be passed through a 2 mm length 
in the radial (transretinal) direction. Two 
pipettes circulated a steady stream of 
oxygenated physiological solution which 
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Fig. 2. Steady “dark” voltage with superimposed photovoltage translents as function of 
depth in rod layer. A microelectrode was slowly advanced from right to left into the rod 
layer. Abscissa: distance from the rod tips to the tip of the microelectrode measured by the 
output from a motion transducer; ordinate: voltage difference between the penetrating 
microelectrode and a reference electrode at the tips of the outer segments. Voltage and 
distance were recorded simultaneously on an XY plotter. In the “normal” tracing the 
penetrating electrode became relatively positive as it entered the retina. Small arrows 
indicate 1 ws light flashes, containing approximately 4 x 10" photons/cm? at the slice. The 
photovoltage generated due to the flash is seen as a downward (outer segment positive) 
voltage displacement. Above each flash the photovoltage waveform taken on a separate 
penwriting recorder is shown. Low PO, Ringer. Below the normal record is a penetration 
made after 10 mM KCN in Ringer has been applied for 2 min. The steady “dark” voltage 
and photovoltage were completely abolished. 
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physiological solution and with tip diameters of 
about 1 um was thrust into the slice along lines parallel 
to the long axes of the receptors. The pipette tips 
were located in the receptor layer with an accuracy 
of +2 um. The electrodes were large enough to pre- 
clude intracellular recordings. Stimuli of wavelength 
560+ 10 nm were directed downward through the miero- 
scope condenser on the slice so that the light crossed the 
rod outer segments perpendicular to their long axes. 
When the physiological solution contained O, and 0-2 per 
cent glucose and flowed at a rate of 0-05 ml. per min, the 
preparations gave stable and consistent electrical responses 
to light for more than 3 h. At phosphate ion concentra- 
tions of 10 mM (“High PO, Ringer”), a nearly normal 
ERG was seen, while in solutions containing 1 mM PO, 
and buffered with  ¢tris(hydroxymethyljaminomethane 
(“Low PO, Ringer’) monophasic responses resembling 
sranit’s classical component PII were obtained?. 

In darkness, the photoreceptor layer shows a steady 
“dark” voltage gradient in its interstitial spaces (Fig. 2). 
The micromanipulator was attached to a linear motion 
transducer so that, as the pipette moved into the retina, 
the pen of the recorder was displaced horizontally. In 
low-PO, Ringer solution, the dark voltage increased until 
the layer of rod-bipolar synapses was reached at a depth 
of about 100 pm. Beyond this point, the voltage difference 
between the electrodes varied erratically. In the receptor 
layer, however, the pipette could be withdrawn and re- 
inserted six or more times while the pen retraced virtually 
the same smooth curve (+10 uV). The penetrating 
electrode was always positive relative to the fluid in 
contact with the distal ends of the receptors. Minor 
variations in the composition of the fluid in the pipettes 
or addition of as much as + 10-"' A to the normal amplifier 
input current of ~ 2x 10- A also did not affect the dark 
voltage gradient. It was abolished within 2 min, however, 
when 10 mM KCN was added to the bath. We believe 
therefore that the dark voltage gradient is caused by 
radial flow of current, sustained by metabolism, in the 
interstitial spaces from the cell bodies of the receptors 
into their outer ends. This current must exist uniformly 
in almost all regions of the slice and not simply at the cut 
edges or ends, because no steady voltage gradients were 
found in the bathing solution in any direction or in the 
slice except in the radial direction. 

Fig. 2 also shows the effects of 1 us light stimuli (arrows) 
on the radial voltage gradient. As soon as the electrode 
entered the receptor layer, light flashes produced mono- 
phasie voltage waves which transiently reduced the dark 
gradient. As the electrode was advanced, the amplitudes 
of these monophasic photovoltages increased roughly in 
proportion to the dark gradient itself. The wave shapes 
were independent of electrode depth, however, as long as 
the electrode did not penetrate more than 80-90 um. The 
amplitude of the photovoltage increased in direct. propor- 
tion to flash energy from 10® to 10" photons per emê. 
Above this energy, the responses saturated in amplitude 
and simply became longer. At no intensity or electrode 
position did the photovoltage gradient exceed the dark 
voltage gradient. Addition of 10 mM KCN to the Ringer 
promptly abolished the photovoltage. 

The dark voltage gradient and the photovoltage both 
appear in the region of the rod outer and inner segments 
(Fig. 2). Because these are the only structures present. 
distal to the outer limiting membrane the external voltage 
gradients must be caused by radial flow of interstitial 
currents which emerge from and disappear into the photo- 
receptors as membrane current. If so, the membrane 
current tm of the rods can be calculated from the inter- 
stitial voltage V by means of the divergence relation 





im = y- GYV (1) 


in which y is the vector differential operator and G is the 
conductivity tensor of the interstitial fluid considered as 
a continuous medium made inhomogeneous and anisotropic 
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Fig. 3. Steady “dark” current in rod layer. (4) Voltage gradient 


and resistance measurements made simultaneously (upper tracing). 
{wo microelectrodes with a fixed radial spacing of 10 em were slowly 
advanced into the retina. The voltage difference between the electrodes 
was recorded on the Y axis, and the distance of the electrodes from the 
rod tips was measured with a motion transducer (the mean electrode 
position being taken as the mid-point between the two electrodes), As 
the electrodes advanced, thirteen pulses of constant current. of about 
1 mA em and 0-2 s duration were passed radially acrose the retina. 
The resulting voltage displacements-—upward square pulses on the 
tracing—~were proportional to interstitial resistance per unit radial 
distance, which steadily increased as the electrodes penetrated the 
retina, whereas the dark voltage gradient (which is always rod-tip- 
negative) increased to a maximum and then decreased. The scale on the 
right side applied to the pulse height gives the absolute radial resistivity 
of the retina, (B) Radial current distribution between rods. Open 
circles: dark current density caleulated from the upper trace. Curve: 
radial current distribution to be expected if each rod showed uniform. 
inward current in its outer segment and uniform outward carrent in 
its more proximal parts. Discrepancy between curve and points is 
probably caused by constriction of rods in their nuclear and synaptic 
portions, The radial current density is highest at the junotion of the 
inner and outer segments, indicating that the sign of the membrane 
current reverses there. 


by the cells with their highly resistive plasma membranes. 
For a uniformly excited slice of retina insulated at its 
edges, the only appreciable steady voltage gradients and 
photovoltage gradients lie in the radial direction, Tan- 
gential gradients were always less than 10 per cent of 
radial ones. Thus equation (1) reduced approximately to 


wok (mn) = 


where grr is the conductivity of the interstitial spaces for 
radial current iz. 

Fig. 3 shows the interstitial conductivity, radial dark 
voltage gradient and radial distribution of rod membrane 
dark current of another slice of retina. A pair of pipettes 
with tips held at a fixed 10 um of radial separation were 
thrust slowly into the receptor layer. Simultaneously, 
constant current pulses of about 1 mA em- and 0-2 s 
duration were passed radially through the slice. Values 
of gzz were calculated from the voltage gradients induced 
at each point by the current pulses and used to convert 
the dark voltage gradient, observed between the pulses, 








(2) 
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Fig. 4. Spatial distribution in of membrane photocurrent density along ross. Left panel: photocurrent transients against time at electrode 


depths shown on seale, corrected for radial variations in retinal resistance as described. 


Stimuli: 1* 10° bV cm at 560 nm. 


Right panel: retinal rods of the rat drawn to scale. 


Centre penel: peak photocurrent against radial depth of centre electrode of recording triplet. 
from two slices stimulated with 1 x 10° hV em? (©) and 4x 10! hV crm? {@) are shown. 
Pattern of flow of photocurrent indicated by arrows, 


Each tracing is the average of sixteen responses. 
Results 
Error bars indicate rms noise in current tracings. 
Outer and inner segments, outer 


limiting membrane, and outer nuclear and plexiform layers are labelled. 


to values of radial current iz by Ohm's law (Fig. 38). The 
radial dark current grows from zero at the rod tips to a 
maximum value at the junction between inner and outer 
segments and declines again as the synapses with the 
bipolar cells are approached. Because the rod membrane 
current is the first space derivative of the radial current 
(equation (2)), Fig. 3B is explicable by a steady inward 
membrane eurrent in the outer segments balanced by an 
equal outward current along the deeper parts of the 
receptors. The solid line in Fig. 3B is caleulated on the 
assumption that the outward membrane current per unit 
length of the rods is constant. Clearly it is not, probably 
because the cells constrict to smaller diameters between 
nuclei and synapses. The average interstitial dark current, 
from ten measurements on slices in low PO, Ringer, was 
590 pA emt (range 415-878) at the inner~outer segment 
junction where it is largest. The dark current distribution 
and the photocurrent responses were virtually identical 
in low and high PO, Ringer in the region of the photo- 
receptors distal to the outer limiting membrane. In high 
PO, Ringer, however, the more proximal layers of the 
retina showed a more complex dark voltage gradient. 
The distribution of membrane photocurrent along the 
rods is similar to that of the dark current, except that it is 
of opposite sign. This can be shown by computing im 
directly with a movable array of three electrodes, A, B 
and C, spaced in a radial line with tips at fixed 10 mieron 
intervals. The eleetrode pairs A,B and B,C were con- 


nected to the inputs of two differential amplifiers whose 
gains kas and kpc were adjustable. The three electrodes 
were placed as a unit at known depths, Xa, Xs, Xo, in 
the retina and a series of 22 wA constant current pulses 
were passed radially through the slice. The pulses induced 
voltage differences between the electrode pairs which were 
proportional to electrode spacing, radial resistivity of the 
medium and current density. The gains were adjusted 
until the amplifiers produced output pulses which were 
exactly equal and of an arbitrary standard amplitude, 
indicating the same flow of applied radial current past 
each pair of electrodes. The outputs were then subtracted 
electrically to yield a voltage difference 


D = kan (Va-¥Fn) ~ kee (VeVe) = const. x tm (3) 
where im is the second order average! of the membrane 
current of the cells over intervals (XN 4~Np) and (Xp-Ne). 
The procedure corrected the voltage gradients caused by 
rod membrane current. for variations in retinal re tivity 
and in electrode spacing with radial depth of the arra yin 
the retina. Repetitive light flashes were then delivered 
uniformly to the retina and the resulting photoveltage 
transients in D were summed and their amplitudes used 
in equation (3) to calculate the light-induced membrane 
current of the receptors. tà 

Fig. 4 shows measurements of im at a series of radial 
depths in the receptor layers of two slices in low PO, 
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Ringer. The pattern of membrane current is somewhat 
widened by the finite electrode spacing, but the results 
nevertheless permit five conclusions. (a) The time course 
of the photocurrent is independent of electrode position 
along the receptors. (b) The sign of the photocurrent 
reverses near the junction betw een inner and outer 
segments. (e) All of the current which emerges from the 
outer segments re-enters the more proximal parts of the 
rods, because the n. under the left and right lobes of 
the curves in Fig. 4 are equal. No current is apparently 
lost through electrical tight junctions to deeper retinal 
elements. (d) The spatial pattern of membrane current is 
independent of light intensity over a range of at least 
4:1. (e) The membrane current density decreases uni- 
forinly from inner segments to synapses as would be ex- 
pected if cach outer segment produced an outward 
membrane current which then re-entered the rod over 
its inner segment, cell body and synaptic ending, thus 
hype rpolarizing the presynaptic membrane, No secondary 
maxima or minima are seen near the synap such as 
would oceur if the photocurrent were a se condary response 
to synaptic feedback from deeper retinal elements. 

Because rods are known to count single absorbed 
photons'!, it remains to show that their photocurrents 
are actually large enough per absorbed quantum to 
transinit reliable signals to the rod synapses. For the 
experiment of Fig. 4, cach flash containing 1x 10" 
photons em-? of 560 nm light at the retina caused 
~15x 107 electronic charges to flow out of each outer 
segment, If rhodopsin's extinction coefficient is 10,000 
em? mmole-? at 560 nm, the concentration of rhodopsin 
in the rods is 15x 10-3 M (ref. 12) and rat outer segments 
are 2 um in diameter (unpublishe ~d measurements on 
living rods), an average rod in the slice absorbed about 
250 photons from each flash. Thus the quantum current 
gain for the photocurrent was at least 60,000 charges per 
photon. This figure is an underestimate of the value at 
low light intensities, because the flashes used produced 
photovoltages of near lv saturating amplitude, but because 
requirements for minimum charge flow in quantal re- 
sponses of vertebrate rods are only ~ 3,000 electron charges 
per photon’, the observed photoeurrents are large enough 
to be effective as transmitter currents. Thus the present 
results suggest a primary role of the rod outer segments 
in produeing a photocurrent which transmits information 
to the synaptic end of the ce This photocurrent is 
similar in sign and waveform to the currents underlying 
the clectroretinographie A-wave and its component, PIH, 
and is large enough to aecount for the major part of these 
waves. Our experiments do not, however, rule out other 
contributions to the A-wave and PIH from deeper parts 
of the retina. 

We thank Dr Shuko Yoshikami for helpful advice 
about maintaining isolated living retinas. 


R. D. PENN 
W. A. HAGINS 
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Substructures of Chromosomes 
RECENTLY!:? we described “residual complexes” from 


calf thymus chromatin which consist of DNA and protein. 
We concluded from the strong binding forces that the 
complexes represent native substructures of the chromo- 
somes. The proteins, although often designated as non- 
histones, proved to be chiefly histones which becorne 
insoluble in acids because of their strong association with 
DNA. We failed to find more than 3 per cent of norn-basic 
or acidic proteins in the core of chromatin. Our findin 
are confirmed by the results of Frederica and Houssier*. 

The electron microscopie photographs of the “residual 
complexes” showed the DNA arranged as rosettes with a 
protein core? How do these structures originate and 
are they representative of chromosomal DNA aggregates 
and identical with chromomere units forming a chromo- 
some? when connected linearly ? 















Murray? showed that imereasing salt concentrations 
remove more and more histones from the chromatin. 


In 0-5 M NaCl the histones are still bound to the DNA and 
the eleetron micrographs of these solutions show round 
particles (Fig. la) We studied chromatin solutions in 
O45, 06. O8, LO 1:5, 2-0 and 40 M Nat'l. 
Parallel to the loss of histones one can observe th 
development of DNA loops. For example, = 


cgradual 
th as of 


preparations in 2-0 M NaCl; in 40M NaCl only free DNA 
ean be observed. 
The thickness of chromomeres is m the range from 


0-05 to 0-5 microns?!; the particles in Fig. 1a are 0-2 microns 
in diameter. The total length of the puffed DNA struc- 
tures is about 15-30 microns. From the DNA per 
chromosome and from the number of chromeomer 








Fig. 1. 
(a) 0-45 M NaCl, (b) 2 
Kleinschmidt” technique. 


Electron micrographs of preparations of thymus chromatin in 
YM NaCl Preparations were made by a modified 
{x 20,450.) 
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Rudkin, Corlette and Schultz’, and Edström? estimated 
a total of 104-105 nucleotide pairs per chromomere which 
is equivalent to a single DNA helix about 35 microns long. 
The agreement between my findings and these estimates 
supports the assumption that the particles in Fig. la are 
chromomeres. 

Experiments to re-establish, by reconstitution, the 
structures from the separated components were unsuccess- 
ful. Chromatin which had been dissociated in 4 M NaCl 
and then diluted to lower salt concentrations seldom forms 
rosettes, but instead gives rise to more irregularly dis- 
tributed aggregation centres or longish clusters of nucleo- 
protein and even in 0:45 M NaCl DNA loops are seen. 
Similar clusters are produced if the histones were first 
isolated and then mixed with deproteinized DNA in 
variable salt conditions. DNA mixed with 30 or 100 per 
cent of the most basic histone fraction, F 1, appears 
in the electron microscope as free DNA. From this 
one ean conclude that basic proteins alone are not sufficient 
to form the globular and flower-like structures. It seems 
that only the specific arrangement of definite proteins will 
lead to the structures in Figs. la and b. 

The alterations which are induced by the progressive 
detachment of histone fractions by increasing salt con- 
centrations are corroborated by the changes observed in 
viscosity and light scattering. With an Oswald viscosi- 
meter one can observe a strong increase in the relative 
viscosity which parallels the gradual development of 
DNA loops. Inversely the 90° light scattering of the 
globular particles is three times greater than that for the 
structures in 2-0 M NaCl. 

Much work has been undertaken on the priming activity 
of chromatin in the DNA dependent’ RNA synthesis. 
Increasing activity was observed with increasing removal 
of histones®. Our “residual complexes” are good primers', 
The parallel between the priming activity and the develop- 
ment of DNA loops should be noted. With their high 
content of DNA the single chromomeres could represent 
functional units, each comprising information for definite 
biosynthetic pathways. 

I thank Professor A. Butenandt for his help and Miss 
A. Preuss. Miss B. Riedel and Miss A. Kath for their 
technical assistance. 
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Possible Relevance of O-6 Alkylation 
of Deoxyguanosine to the Mutagenicity 
and Carcinogenicity of Nitrosamines 
and Nitrosamides 


Brorocicat alkylating agents-—“mustards”, ethyleni- 
mines, epoxides and alkyl alkanesulphonates—have been 
believed to induce mutations by causing atypical base 
pairing during DNA replication at sites bearing a guanine 


NATURE. VOL. 223, JULY 12. 1969 


residue which has suffered alkylation at the 7(N) 
position”, The most abundant reaction product found 
in acid hydrolysates of treated DNA is 7-alkyl guanine*-‘, 
although alkylated adenines and cytosine, notably 3-alkyl 
adenine, are recovered as minor products. Furthermore, 
genetic studies of alkylation mutants in bacteria and 
bacteriophages have shown that many point mutational 
events involve guanine to adenine transitions®®, 

A major stumbling block to the acceptance of guanine 
7(N) alkylation as a universally important pro-mutagenic 
reaction has been the fact that, whereas both methyl 
methanesulphonate (MMS) and ethyl methanesulphonate 
(EMS) react in this way with the DNA of T-even phages’, 
only EMS is mutagenic*, On the other hand, Hampton 
and I recently found’? that both N-methyl-N-nitroso-urea 
(NMU) and N-ethyl-N-nitroso-urea (NEU) are mutagenic 
towards T2 bacteriophage. 

Reaction of salmon sperm DNA with these two nitros- 
amides in identical conditions at neutrality, followed by 
acid hydrolysis and chromatography, revealed that 
extensive methylation had occurred at the 7(N) position 
of guanine and, to a lesser extent, at the 3(N) position of 
adenine moieties; only a trace of ethylated material was, 
however, detected’. These results accorded with those 
obtained by treating DNA at pH 7 with ethereal solutions 
of the corresponding diazoalkanes'*. We therefore con- 
cluded that 7(N) alkylation of guanine residues was 
irrelevant to mutagenesis in this system. Mutation of 
phage by treatment im vitro with reactive substances must 
result from base modification, and it was therefore sup- 
posed that the products leading to mutations were acid- 
labile, reverting to the parent bases in the conditions 
habitually used for DNA hydrolysis. 

Friedman et al. 2! obtained deoxy -(O-6)-methylguano- 
sine by reacting deoxyguanosine with diazomethane in 
methanol/ether; this gave guanine on hydrolysis with 
perchloric acid. Some ribosides (for example, inosine! 14} 
are known to yield O-6-methylated products with diazo- 
methane. I have now obtained a product. from reaction 
of NMU with deoxyguanosine in phosphate buffer (250 mg 
deoxyguanosine in 40 ml. 0-4 N phosphate buffer pH 7-2, 
1-03 g NMU added in 10 ml. dry acetone; 3h at 37°) 
which has the same chromatographic properties and an 
ultraviolet: spectrum very similar to deoxy-(O—6)-methyl- 
guanosine!? (see Tables 1 and 2). Although the yield of 
the product was very small, most of the deoxyguanosine 
being recovered unchanged, its isolation and purification 
by paper chromatography were facilitated by its brilliant 
light blue fluorescence in ultraviolet light; the yield from 
5 mg deoxyguanosine was easily detected on paper. 
Preliminary experiments with *H methyl nitrosourea 


Table 1. CHROMATOGRAPHIC PROPERTIES OF O-ALKYL DERIVATIVES 


Rr 
Substance Solvent A Solvent B 
is 8 MM 4 3 MM Author 
Deoxy-(O-6)-methyleuanosine O79, 08 (ref, 12) 
A rr 66 O72 tl Present 
NMU product 066 072 Ot Ps 
NEU product O78 DUT Ly 
EMS product, O74 GRES a 


* No. refers to Whatman paper gradings, 
Solvent A: isopropanol : water, 70:30"; solvent B: saturated aqueous 
ammonium sulphate: -propanol : 01 N phosphate buffer, 70.2. 19t. 









Table 2. SPECTRAL PROPERTIES OF O-ALKYL DERIVATIVES 
Substance in Od HCL in HO in COIN NaOH Author 
Amax Amin Amax Amin Amax Amin 
Deoxy-(O-6)- Diente (ref 
methylguanosine 28 252 276,244 250,232 275,243 261,231 42)" 
Gi s3 
F; 5) 
9-(2',3’,5°-Tri-O- 
etyl-8-p-riho- 
furanosyl)-2- 
amino-6- fe 
methoxy-purine 287 f 278 aes (ref. 17) 
NMU product 286 252 270,247 262.287 270,245 262 i 
NEU product 284 250 280,248 262.288 280,245 262 X 


* These spectra were determined by Dr A. Knowles using a model 11 Cary 
recording spectrophotometer. 
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indicate that it accounts for about 10 per cent of the total 
methylation products. The radioactivity was progres- 
sively lost on heating with perchloric acid. 

Reaction of deoxyguanosine with NEU in similar con- 
ditions (50 mg deoxyguanosine in 8 ml. 0-4 N phosphate, 
234 mg NEU added in 2 ml. dry acetone; 6 h at 37° C) 
yielded three to four times as much of a similar product. 
I have also reacted deoxyguanosine with MMS, EMS and 
dimethyl sulphate each in the conditions used by Lawley** 
for methylation of deoxyguanylic acid. Only EMS gave a 
fluorescent product with chromatographic behaviour 
resembling that of the O-alkyl derivatives. 

The discovery of O-6 alkylation of guanine 
residues in DNA treated with NMU, NEU a5 
and EMS would contribute to a resolution 
of the outstanding problem of phage muta- 
genesis assuming such reaction leads to 
atypical base pairing. This is expected 
because the 1 position which is involved in 
the normal hydrogen bonding of guanine 
with cytosine no longer bears a proton after 
O-alkylation. Dr A. M. Michelson (personal 
communication) agrees with this view. 

The relationship between nucleic acid 
alkylation and the carcinogenicity of nitros- 
amines and nitrosamides compared with 
“classical” alkylating agents is also unsatis 
factory’. The extent of nucleic acid alky 
lation, with which a correlation with carcino- 
genicity has been vainly sought, has been 
estimated after acid hydrolysis. It is 
particularly interesting, in this context, 
that Krūger et alJ® found no ethylation of 
tissue RNAs following NEU administration. 
This substance is a powerful carcinogen and 
of all the reagents discussed here affords 
the largest yield of O-alkyl-deoxyguanosine. 
Tt seems therefore that it may yet be 
possible to relate carcinogenicity with 
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Heart rate (beats/min) 





Fig. 1. 


in unrestrai 





nucleic acid reaction but only when the extent of 


O-alkylation can be measured. 

It is a pleasure to acknowledge the valuable co- 
operation of Dr Aubrey Knowles, who determined the 
ultraviolet spectra of the nitrosamide products. This 
work has been supported by grants to the Chester Beatty 
Research Institute (Institute of Cancer Research: Royal 
Cancer Hospital) from the Medical Research Council and 
the British Empire Cancer Campaign. 
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Heart rate of Caiman crocodilus during forced and voluntary dives. 
connected by vertical lines indicate heart rate of the floating (top) and “diving” (bottom) 
animal in the presence of investigators. Right, heart rate of same specimen (snout-vent 
length 38 cm, weight 1,500 g, water depth 15 em, temperature 26° C) during 14 h period 
1 ned state after investigator left the room (at 0 h) 
divetindicate the rate during a voluntary withdrawal dive on being approached by the 
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Diving Bradycardia and Withdrawal 
Bradycardia in Caiman crocodilus 


Drvinc animals have been reported to respond with a 
drastic reduction in heart rate when their head is sub- 
merged; this is known as “diving bradycardia”. The 
phenomenon has been reported in dozens of species 
including some that do not ordinarily dive’. The brady- 
cardia is extreme; for example, the heart rate of the 
alligator drops from 41 to 3 (ref. 2). We here suggest 
that a signifieant portion of the reduction reflects the 
animal's psychological state. 
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investigator, who entered the room for a brief time. 


South American caimans (Caiman crocodilus) were 
equipped with EKG and EMG leads for a study of their 
respiratory mechanics. The work reported here derives 
from multiple long term experiments on four specirnens 
(snout-vent length 92, 38, 19, 16 em) obtained from 
dealers, as well as numerous individual observations. 
EKG leads were sutured through the ventral musculature 
anterior and posterior to the heart, EMG leads were fine 
wires inserted by hypodermic needles which were then 
withdrawn. All electrical leads were connected to 
recording equipment by means of a mercury dish and 
revolving arm, thus permitting the animal considerable 
freedom of movement. Pressure in a balloon affixed to 
the mandible of two of the specimens indicated the 
position of the head relative to the surface of the water. 
They were placed in a large tank in an isolated ro 
and monitored by closed-circuit television®. With this 
arrangement the animals could swim and dive freely 
while heart rate, breathing rate and head position were 
recorded. 

While being fitted with instruments, the thoroughly 
disturbed animals exhibited classic diving bradycardia. 
On their return to the tank the animals dived and their 
heart rate dropped, often by more than twenty-one 
beats per minute (from twenty-eight to five beate per 
minute), whenever an investigator approached. The 
pattern changed as soon as the investigator left the room 
(Fig. 1). Thereafter the animals usually dived for only 
short periods during which they showed insignificant 
bradycardia. Indeed, the rate often increased if they 
swam about. Much more noticeable was a continuous 
drop of the heart rate over a period of several hours to a 
level of ten to twelve beats per minute. The heart rates 
of animals diving voluntarily for prolonged periods at 
this time dropped by only one or two beats per minute, if 
at all. On emergence the rate would first increase by 
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two to three beats and then drop again. When, however, 
an investigator entered the room the animals dived and 
their heart rate dropped to as low as five beats per minute. 

These observations raise some procedural questions 
about reports on animals tested in rooms traversed by 
various persons, or those carried out on animals strapped 
to tilting boards and forcibly submerged. While the 
phenomenon of diving bradycardia is a real one, a major 
component of the effect appears to be psychogenically 
induced; the initial level also seems to reflect a fear- 
induced tachycardia‘. 

Certain animals, especially those inclined to withdraw 
or become immobile when disturbed, show a marked 
fright (or better withdrawal) bradycardia, Belkin® has 
suggested that diving bradycardia may have evolved 
from some such mechanism. Our observations suggest 
that the mechanisms are independent and seem to occur 
in parallel. They also raise questions about the transition 
from withdrawal bradycardia to fright tachycardia. 
There remains the possibility that certain animals may 
also drop their heart rate to the “withdrawal” rather 
than the “dive” level when they anticipate an unusually 
long dive, or after they have voluntarily stayed beneath 
the surface for a more extensive period. These observa- 
tions also raise questions about the functional meaning of 
alterations in blood flow distribution and similar changes 
that parallel bradycardia during the several kinds of 
dives. K 
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Prostaglandin Antagonists: Synthesis 
and Smooth Muscle Activity 


We report here the synthesis of substances, structurally 
related to the prostaglandins, capable of selectively 
antagonizing the smooth muscle effects of both prosta- 
glandins E, and F,,. The availability of specific antagonists 
of prostaglandin may help solve problems about the 
' physiological roles of the prostaglandins", 

We reported recently the synthesis of rac.-7-oxaprosta- 
glandin F,,?* and related substances; we have now syn- 
thesized the corresponding 9,11-di- and 9,11,15-trideoxy 
compounds (la-g) and their ring homologues (Ha-g) by 
procedures paralleling those reported earlier. Because 
7-oxa-PGF,a possessed smooth musele activity, these 
structurally simpler relatives, although devoid of, or 
with little, intrinsic activity, might retain the affinity 
for the prostaglandin receptor(s), and so competitively 
inhibit the prostaglandins. 

We started with trans-2-(1’-n-octynyl)cyelopentanol 
and the corresponding cyclohexanol derivative TTT?4. 
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Alkylation of ITI with t-butyl w-iodohexanoate and sodium 
hydride in DMF gave the ester IV (80 per cent yield), 
which was converted to the acid IId (80 per cent) with 
trifluoroacetic acid in hexane at 25° ©. Treatment of 
the latter with SeQ, in boiling dioxane gave IIg (46 per 
cent) and the diol V (25 per cent), which were separated 
by thin layer chromatography. IIa was prepared by 
hydrogenation of IVb with 10 per cent Pd/C in ethyl 
acetate (90 per cent). The cis-acid ITb was obtained in 
quantitative yield from the t-butyl ester IV by reduction 
with Lindlar catalyst in ethyl acetate, followed by de- 
butylation with trifluoroacetic acid (75 per cent}. The 
cis-hydroxy acid Ie was prepared from the acetate of 
Ig (pyridme-acetie anhydride, 80 per cent) by Lindlar 
reduction (90 per cent) followed by saponification of 
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the acetyl group. The trans-acid IIc originated from 
TV on reduction with lithium in methylamine (75 per cent) 
and was converted to the trans-hydroxy acid If with 
SeO, in boiling dioxane (28 per cent). 

Smooth muscle assays were performed with three tissues 
—guinea-pig ileum, rabbit duodenum and gerbil 
(Meriones wnguiculatus) colon. The former two tissues 
were suspended isometrically in a 10 ml. bath containing 
Krebs solution and aerated with 95 per cent O,/5 per 
cent CO, at 36° C’. The gerbil tissue was suspended 
isotonically in de Jalon’s solution at 30° C, and aerated 
with pure oxygen exactly as deseribed by Weeks et al.*. 
“In all cases the agonist was added 2 min after addition 
of the antagonist to be tested. At least two dose levels 
of antagonist were administered, Each inhibition experi- 
< ment was preceded and followed by a measurement 
of the effect of the agonist per se. We determined the 
concentration required for 50 per cent inhibition (IC,») 
by interpolation from the log dose-contractile response 
curves. Table 1 shows the results for the derivatives 
Ila—g, possessing a six-membered ring; the five-membered 
ring analogues Ia~g gave essentially parallel results. 
None of the compounds elicited a contractile response 
in our test conditions. With all but one of the compounds 
50 per cent inhibition of PGE, was achieved within a 
narrow concentration range, 10 to 25 ug/ml. for the 
guinea-pig ileum and 4 to l1 ug/ml. in the case of the 
gerbil colon. The exception was the acetylenic diol V, 
which showed decidedly lower inhibitory activity in 
two of the species tested. Comparison of the latter 
compound with the acetylenic mono-ol IIg and the 
hydroxyl-free compound Id shows that inhibitory activity 
decreases with increasing degree of hydroxylation for 
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all three species. It has been reported that addition of 
hydroxyl groups in the (five-membered) ring will abolish 
antagonistic activity altogether and render these com- 
pounds agonists. This effect of the 9 and I1-hydroxyl 
groups is probably related to the increase in polarity, 
because, whereas the free diol VIa is an agonist at 4i- 
90x10 mM, the corresponding dibenzyl ether VIb 
antagonizes the effect of PGE, on the gerbil colon at 
IC59 = 20 pg/ml. (3-5 x 10 mM). 

We investigated the selectivity of these inhibitors 
by examining their antagonism towards acetylcholine 
and histamine. In the case of the guinea-pig ileum most 
compounds showed marginal or no inhibition at all at 
the highest level tested (32 ug) against these two agonists. 
By contrast, little selectivity was observed in the case 
of the gerbil colon, except with the acetylenic structures 
Hd and particularly Iig, which showed a significant 
differential in their IC,)-values against PGE, on the one 
hand and acetylcholine on the other. Two of the 
compounds IIg and Id were also tested for their antago- 
nism towards PGF,, (50 ug/ml.) using the gerbil colon. 
The former showed an ICj,=41 ug/ml, four times the 


Table 1. ANTAGONISTIC ACTIVITYJOF 9,11-DEOXY-7-OXAPROSTAGLANDIN DERIVATIVES TO POE, ACETYLCHOLINE AND HISTAMINE 


Antagonist, 
Tissue Guinea-pig eum 
Agonist PGE, Histamine 
Concentration 16 ng/ml. 200 ng/ml. 
R TC, pesmi. IC; egiml. 
(CH,),CH, >8 >8 
\ CHa) CHs 
ae 1 25 
ZOON 
H H 
H 
me a 21 >32 (15 per cent) 
a NCHp:CH, 
CEC CH) CH 10 > 82 (0 per cent) 
H 
ee 
“oo RN, CH,),CH. 
A Ny JA 2) CH, 23 
ZN 
HO H 
me EECC CH, y CH 
(CH,),CH, 15 > 82 (16 per cent) 


HO H 


| 

C—c=c— CCH, CH 
wot > 32 (28 percent) 

ÒH HO H 


R 

Gerbil colon 

Acetylcholine 
250 nefral. 


Rabbit duodenum 
PGE, 
16 ng/ml, 


PGE, 
20 ng/ml. 


Acetylcholine 
400 ng/ml. 


ge pgimhk Tso een, IC ugm. Slope” ICu we/ml, Slope” 
>8 >g 3720 34 46 37 
> 82 (35 per cents — t 450 + O38 38 ös 30 
> 82 (30 per cent) 15 OE OS 27 56 14 
> 2 (0 per cent) 3 4341-8 10 125 42 
— — 4410 28 10 43 
> 92 (23 per cent) 6 LDdt 263 21 200 8 
ae 50 (43 percent) Li-d+ 3-4 21 22 26 


* Slopes are expressed in terms of per cent increase in Inhibition per each doubling of dose. 


t Not tested, 
$ Figures in parentheses (per cent inhibition at 32 ug). 
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1 2 5 10 20 50 100 
Log dose PGE, (ng/ml.) 
Fig. i. Log dose-response curves for PGE, alone (W) and in the presence 


of two concentrations of the antagonist Ua. x, PGE,+ 2-5 ug/ml. Ia; 
@, PGE, +5 ug/ml. Ila, Gerbil colon. 


dose required to antagonize PGE, (Table 1), and the 
latter had an IC,,= 10 ug/ml. 

The close similarity in structure between agonists and 
antagonists in this series of compounds suggests the 
possibility that the observed antagonism towards PGE, 
and PGF,, might involve competition for the same 
receptor site. To test this hypothesis, we determined 
dose-response curves for PGE, alone and in the presence 
of 2-5 ug and & ug of Ha. Simple receptor theory? requires 
that if competition for the same receptor is involved the 
dose-response curves be parallel, and that, when equal 
effects are compared, doubling of the dose of antagonist 
be accompanied by doubling of the dose of agonist. 
The results of this experiment (Fig. 1) indicate that the 
above requirements for competitive inhibition are, indeed, 
very nearly met. 

We thank the Institute for Arthritis and Metabolic 
Diseases, US National Institutes of Health, for support. 
We also thank Dr J. Pike of the Upjohn Company for 
gifts of prostaglandins E, and F,, and Dr J. A. Weeks 
et al. of the same company for allowing us to see their 
manuscript before publication. 
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Microsomal Oxidations of Organophos- 
phate Insecticides in some 
Resistant Strains of Houseflies 


MICROSOMAL reactions play a part in the conversion o: 
many insecticides in mammals and insects. In the 
housefly, some resistant strains show an increased rate o: 
microsomal detoxication of methylearbamates! and DDT? 
Some well known insecticide synergists block microsoma 
reactions’ and, because they can overcome resistance ir 
some strains resistant to organophosphate (OP) inseeti- 
cides, it has been concluded that increased microsoma! 
degradation is a cause of resistance’, Synergists of this 
type can be either synergistic or antagonistic when 
combined with phosphorothionates, probably reflecting 
the balance of “intoxication” (activation by desulphura.- 
tion) to the corresponding phosphate, and detoxication of 
the phosphate’. 

We have measured microsomal reactions én vitro in two 
OP-resistant strains, Fe and Nic, and some susceptible 
strains. (LD; on topical application for diazinon 1-6, 0-5 
and 0-03 ug per fly, for parathion 0-15, 0-07 and 0-017 ug 
per fly for strain Fe, Nic and aer respectively. The other 
susceptible strains have somewhat higher LD,, values 
than aer, but never more than two times.) Previous 
studies had indicated that strain Fe is resistant to DDT 
because of a microsomal detoxication dependent on gene 
md in chromosome 5. The resistance of Fe and Nic 
can be overcome by the synergist sesamex?4, 

We obtained microsomes from abdomens (males and 
females in equal numbers} and incubated them with the 
organophosphate in the presence of NADPH. The mixture 
was extracted either by a eyclohexane—isopropanol 2:1 
mixture for phosphorothionates, or hy chloroform for 
phosphates. 

Diazinon*, its oxygen analogue diazoxon, parathion, 
and its oxygen analogue paraoxon were used as substrates. 
The amounts of substrates remaining and the amounts of 
phosphates formed from the phosphorothionates were 
estimated and indentified by gas-liquid chromatography, 
using a phosphorus detector. 2-°H ethyl labelled para- 
oxon, 5-9 mCi/mmole, synthesized in our laboratory by 
Mr W. Welling, was also used in some experiments. The 
activity in the chloroform phase, containing at least 99 per 
cent of the paraoxon and no other labelled products, and 
that in the water phase, representing products, was esti- 
mated in a liquid scintillation system. 

Table 1 gives the results. Control experiments were 
run in every experiment without NADPH: none showed 
more than traces of activity. Degradation of diazoxon 
and paraoxon and the formation of diazoxon and paraoxon 
from the corresponding thio compounds are both much 
faster in the resistant strains. This may be even more 
pronounced than the table indicates, because the oxygen 
compounds may start to be degraded after formation by 
the microsomal preparations. 

The last column in Table 1 gives the ratio of the rates 
found in the resistant strains over that in susceptible 
strains obtained in the same conditions. So far Km 
and Vmax of the reactions have only heen, estimated for 
paraoxon degradation in Fe and Nie (Km 53x10- and 
9x 10-8 M, V max 1-5 x 10-8 and 0-7 x 10- mole per abdomen 
per hour). The ratios apply at particular substrate 
concentrations, and they may not have physiological 
significance. Toxicological and genetic data, however, 
corroborate the significance of the higher conversion of the 
phosphates as a resistance mechanism. The synergism 
shown by sesamex has been mentioned. G enetically, 
it was found that the inereased diazoxon degradation is 
dependent chiefly on the same chromosome which carries 
the resistance factor (chromosome 5 in strain Fe, chromo- 




















*parathion, diethyl 3-nitrophenyl phosphorothionate 
paraoxon, diethyl 3-nitrophenyl phosphate 
diazinon, diethyl 2 isopropyl-4-methyl-6-pyrimidiny! phosphorothionate 
diazoxon, diethyl 2-isopropy!l-4-methy]-6-pyrimidiny! phosphate 
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Fig. 1. Time-knockdown curve of two strains of flies, injected with 


0-08 wg parathion per fly. Ten male flies of each strain were injected with 

0-6 wl. of an emulsion ‘of parathion in 0-02 M phosphate buffer, pH 7, 

containing 1 per cent NaCl and 3 per cent gum arabic. Injection, under 

CO, anaesthesia, took 10 min, individuals of the two strains being injected 

alternately. The CO, effect. lasts up to 3 min in some flies. Control 

groups, injected with ‘the same solution without parathion, do not show 
knockdown after this period. 


some 2 in strain Nic). Details of these experiments will 
be published elsewhere. 

Whether the increased oxidation rate of the thionates 
has toxicological significance is less certain. One might 
speculate that the “balance of increased formation and 
detoxication is in favour of the latter if the insecticides are 
applied in the usual way. For instance, it might be possible 
that the rate-limiting step in the formation of the phos- 
phates is not the oxidizing reaction itself but the speed 
with which the thio compound reaches the oxidizing 
system. 

We attempted therefore to find conditions in which an 
in vivo difference in formation of the oxygen analogues 
might appear. Injection was used in order to flood the 
oxidizing system with thio compounds. Fig. 1 gives the 
results. Both Nic and Fe strains were knocked down much 
faster than the susceptible strain. The effect is not found 
with diazinon, which is not surprising in view of the high 
rate of diazoxon conversion. These results show the 
importance of “opportunity factors”? for the outcome of 
toxicological reactions. 

The low specificity of the microsomal mechanism is 
remarkable. Advantage might be taken of it in the 
development of negatively correlated insecticides, more 
toxic for the resistant strains. A similar lack of microsomal 
specificity is found in mice after induction with pheno- 





Table 1, CONVERSION OF SOME OP COMPOUNDS 


Relative 
No. of Amount of rate in 
Amount abdomens oxo com- resistant 
Reaction Strain of used for pound degraded and 
studied substrate microsome or formed sensitive 
(ug) sample (xg/abdomen/h) strains 
Paraoxen Fe 10 5 0-32 16 
degrada- Nic 10 5 0-12 6 
tion acr 10 20 0-01 
ocra-SRS 10 20 0-03 
Parathion—> Fe 2 10 0-19 10 
paraoxon*® Nic g 20 0-18 9 
8 2 20 0-018 
ocra-SRS 2 20 0-015 
ach 2, 20 0-024 
Fe 10 10 0-26 
Diazoxon Fe 20 10 Bs 11 
degrada- Nie 25 20 +5 13 
tion acb 20 20 Or4 
SRS 20 20 0-3 
Fe 50 10 Ti 
100 20 73 
Nic 40 20 6-5 
Diazinon—> Fe 20 20 0-84 7 
diazoxon* Nie 20 20 0-76 6 
acr 20 20 O12 


The indicated amounts of microsomes and substrate were incubated for 
15 min at 27° Cin 2 ml. of phosphate buffer pH 7-5 plus 2 mg NADPH. 


* Rates are minimum values, because paraoxon and diazoxen will be 
degraded as they are made. 


ali 


barbital’~*. Activation or detoxication are both affected, 
depending on the insecticide. Very few quantitative 
data are available on the activation of phosphorothionates 
in insects. Nakatsugawa, Tolman and Dahm} found a 
paraoxon formation of 0-04 ug per fly per hour in a 
resistant strain of housefly, which is slightly more than in 
our susceptible strains. Data on activation by fatbody of 
the American roach! are difficult to compare with those 
for the housefly. 
We thank Mr W. J. M. Tonk and A. Weijers for 
technical assistance. 
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Prevention by a Diphosphonate of 
Immobilization ‘‘Osteoporosis’’ in Rats 


THE work reported here grew out of our studies of the 
possible role of inorgamie pyrophosphate in calcium 
homeostasis'*, as a result of which we proposed that the 
inorganic pyrophosphate known to be present in bonet- 
may be a factor that regulates the rates of formation and 
resorption of bone mineral. This hypothesis was based 
on the observation that pyrophosphate retarded both the 
growth!'* and dissolution!’ of apatite crystals in vitro. 
According totthe hypothesis, the amount of pyrophosphate 
present at sies of formation and of resorption in bone 
would be controlled separately by different pyrophos- 
phatases, the activity of which would in turn be controlled 
by hormones and other agents. Disturbances in this 
control might be responsible for various diseases of bone. 

For example, osteoporosis, in which the bone mass is 
decreased, might arise from a relative deficiency of pyro- 
phosphate at sites of resorption, a deficiency which would 
allow the mineral to dissolve faster than normal. Unfor- 
tunately pyrophosphate cannot itself be used to suppress 
bone resorption in vivo because it is rapidly hydrolysed to 
orthophosphate. Compounds related to pyrophosphate, 
but which contain P-—-C--P bonds instead of the P-—O—-P 
bond of pyrophosphate, have been found recently to 
inhibit apatite crystal growth in vitro in a manner similar 
to that of pyrophosphate®. These compounds, known as 
diphosphonates, are resistant to chemical? and enzyme* 
hydrolysis and it has been suggested that they might be 
useful in the treatment of disorders of calcium metabol- 
ism’. In favour of this suggestion, various diphosphonates 
were found to inhibit vitamin D,-induced calcification of 
the aorta and the kidney of rats’. In addition, these 
diphosphonates also inhibit the dissolution of apatite 
crystals in vitro? and inhibit bone resorption both in tissue 
culture and in living animals®. We have now shown that 
dichloromethylenediphosphonate (CLMDP), with the 
structure shown, prevents immobilization osteoporosis 
induced experimentally in rats. 
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Forty male Wistar rats, weighing 130-150 g, were 
divided randomly into two equal groups and fed a diet 
containing 1-01 per cent (w/w) calcium and 0-85 per cent 
(w/w) phosphorus (as P). One group received daily 
subcutaneous injections of disodium dichloromethylene- 
diphosphonate (at pH 7-4, 10 mg P/kg body weight) for 
15 days and the other group the same volume (0-2 ml./ 
100 g body weight) of 0-9 per cent NaCl. On the third 
day of injection the left hind limb of each rat was im- 
mobilized by division and resection of about 5 mm of 
each of the second, third and fourth left lumbar nerve 
trunks as close to the spine as possible’. Twelve days 
later the tibias and femurs from each hind limb were 
examined radiologically, and their wet, dry and defatted 
dry weights as well as their Ca and P content were deter- 
mined. 

As Fig. 1 shows, immobilization of the left limb resulted 
in a significant reduction (about 10-30 per cent) in all 
these parameters when the femur and tibia of that limb 
were compared with the femur and tibia of the control, 
right limb. The subcutaneous administration of CLMDP 
significantly reduced differences between the immobilized 
and non-immobilized limb. The administration of CLMDP 
also led to an increase in the weight, ash content and the 
radiological density of the non-immobilized limb of the 
treated animals compared with the corresponding limb 
of the non-treated animals. 

The observed effects of CLMDP are most readily 
explained as an inhibition of bone resorption. Cl,MDP 
and other diphosphonates might therefore be useful in the 
prevention of osteoporosis and other diseases in which 
bone resorption is increased. Furthermore, because the 
structures of P-—-C-——-P and P--O—-P are similar, the 
effect of CLMDP and other diphosphonates on bone 
resorption strengthens the hypothesis that inorganic 
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Fig. 1. Differences between the left (immobilized) and right (non- 


immobilized) femur (top) and tibia (bottom) of control rats (clear 
columns) and of rats treated with Ci,MDP (black columns). Differences 


are expressed ag mean + SZ, of x 100 per cent, All differences 


between control animals and animals treated with CL.MDP were signifi- 
cant at less than the 1 per cent level. 
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prophosphate could function as a physiological regulator 
of bone resorption. 

This work was supported by the Procter and Gamble Co. 
The diphosphonates were supplied by Dr M. D. Francis, 
Cineinnati, Ohio, USA. 
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Obesity and the Heat Increment 
of Feeding 


RECENTLY Stirling and Stock! presented data that might 
be interpreted in support of the hypothesis that “... the 
development of obesity is more likely to be due to a 
thermogenie defect fa defect in food-induced thermogenesis 
or heat inerement of feeding] than to aberrations in 
appetite”. Such an interpretation, which seems to be 
implicit in their report, is based on a mistaken premise. 

Stirling and Stock cite, as a base for the hypothesis, that 
“Miller and Payne? have demonstrated that rats and pigs 
possess the capacity to increase heat production in response 
to increased caloric intake such that body energy content 
remains constant’: and, later, state that rats in their own 
experiments! “behaved in a similar manner and confirm 
the findings of Miller and Payne’. At the end of a 7-day 
experimental period Miller and Payne’s rats on a low 
protein-high calorie diet had eaten 32 per cent more (as 
kealories) than the group on a high protein-low calorie 
diet. The low protein group indeed did not alter their 
energy content, but the high protein group that was the 
reference base for the change in food intake lost about 
30 per cent of their energy content (our calculation). 
Compared with their reference base, therefore, the low 
protein group showed a relative gain of energy, It is not 
possible to get an estimate of carcass energy from Miller 
and Payne's? pig data. 

Stirling and Stock’s! data for apparently comparable 
rats, conditions and diets showed a 69 per cent greater 
food intake and a 51 per cent greater carcass energy 
content on the low protein than on the high protein diet 
at the end of a 20-day period. Thus the two sets of 
experiments show similar results beeause the carcass 
energy increases, either relatively or absolutely. This 
contrast in energy content between the low and high 
protein groups represents a relative obesity of the low 
protein rats, in the only way in which obesity can manifest 
itself when body weight is held constant by experiment- 
ally imposing a diet that just maintains weight!. Thus the 
premise that the energy content of the animals remained 
constant in the presence of an increased food intake is 
unacceptable. 

In summary, Stirling and Stock! show that rats on the 
low protein diet eat more, become obese, by increasing 
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the caloric density of their carcass, and show greater food- 
induced thermogenesis, greater noradrenalme induced 
thermogenesis and increased concentration of L-a-glycero- 
phosphate oxidase in the liver. These results do not seem 
to be consistent with the concept that defective thermo- 
genesis is responsible for the development of obesity. 
The results seem to indicate, rather, that increased intake 
induces obesity and that the sumultaneous proportional or 
enhanced increase in thermogenesis is incapable of correct- 
ing the energy balance sufficiently to prevent the obesity. 
This is not to say that the hypothesis proposed is un- 
reasonable; variation in the heat increment of feeding 
may play a part in individual susceptibility to obesity. 
But we think that it should be made clear that the 
evidence presented and cited does not give any support 
to the hypothesis. 
S. D. Morrison 
F. K. MILLAR 

Laboratory of Physiology, 

National Cancer Institute, 
National Institutes of Health, 

Bethesda, Maryland. 
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Mr Srocx writes: The main criticism was levied against 
our support for the suggestion that defective thermogenesis 
may be responsible for the development of obesity. “It was 
not, however, the intention of our article to pronounce in 
detail on this hypothesis but rather to explain the origins 
of thermogenesis in the normal (non-obese) animal. The 
supporting evidence for the hypothesis has been given 
elsewhere (refs. 2, 3 and 5 in our paper) and relies to a 
considerable degree on the work with human subjects— 
work which Morrison and Millar omitted in their con- 
sideration of the theory. In defence of the hypothesis, 
however, I would point out that the confirmed ability of 
overfed lean subjects to control body weight by thermo- 
genesis together with the evidence for defective thermo- 
genic mechanisms in the obese provides ample grounds 
for suspecting a thermogenic defect in obesity. Indeed, 
the concept probably has better experimental verification 
than the more popular practice of blaming gluttony-—a 
sin which, by common observation, appears to be prac- 
tised by thin and fat alike. 

Concerning our experiments, we would agree that the 
low protein group of rats were “relatively obese” but 
would point out that this was relative to a group of semi- 
starved controls. Similarly, in the experiments of Miller 
and Payne the same low protein group showed a relative 
obesity which was caused by a greater loss of energy in 
the control group. Thus what Morrison and Millar call 
“obese” rats are in fact normal rats that have more 
carcass energy than emaciated control rats. 

M. J. STOCK 
Department of Nutrition, 
Queen Elizabeth College, 
University of London. 
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Attenuation of Rhinovirus 
Type I5 for Humans 


Here we describe results which indicate that third 
passage in human embryonic lung fibroblasts (WI-26) 
resulted in attenuation of rhinovirus type 15, and suggest. 
that such attenuated strains might offer an approach to 
control of rhinovirus common colds. 

Preparation and safety-testing of inocula, inoculation 
methods, virus isolation and identification procedures, 
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neutralization tests and clinical evaluations were per- 
formed with reported methods”. Two stocks of rhino- 
virus type 15 (strain NIH 1734) were prepared for volun- 
teer inoculations and written informed consent was 
obtained from inmates of the Texas Department of 
Correction. One stock was obtained from harvests of 
second passage in WI-26 cells, and one from harvests of 
third passage in W1-26 cells. Titres of virus were 45 and 
5-0 logy 50 per cent tissue culture infectious doses 
(TCID;o) per ml., respectively. 










Table 1. RESPONSE OF VOLUNTEERS TO NASAL INOCULATION WITH VARYING 
DOSES OF RHINOVIRUS TYPE 15 (1734 WI) 
Dose No. of 

(LCID s*) volunteers No, infected Ne, U 
32,000 1 1 Q 
1,000 3 3 } 
10 3 3 Q 
1 3 1 ü 
0-01 4 0 (i 


50 per cent human infections dose (HI Dss)=10 TCLD ay (05 per cent 
confidence interval 0-1, 9-6). 
* 50 per cent tissue culture infectious dose, 


Titration of inoculum 1734 WI, in volunteers who did 
not possess detectable serum neutralizing antibody to 
rhinovirus type 15 is shown in Table 1. The 50 per cent 
human infectious dose (HID; was estimated by the 
Karber method to be 10 TCID; By contrast, previous 
studies with inoculum 1734 WI, indicated an HID, of 
0-032 TCIDs, (refs. 3 and 4). Thus there was a thirty- 
fold decrease in infectivity for man associated with third 
passage of rhinovirus type 15 in WI-26 cells. 


Table 2. COMPARISON OF VOLUNTEER RESPONSES TO TWO RHINOVIRUS 


INOCULA: 1734 WI, AND 1734 WI, 
3 Serum neutralizing 
No. of virus isolates antibody titres* 
per man (mean) (reelprocal 
log, mean) 


No. of men with 
indicated response 
Infected il 

1734 WI, 17 1st BO: BO) ps pop 
1734 WI, 8 0 34 #15 
* All volunteers free of detectable antibody before inaculation. 
+ Thirteen afebrile upper respiratory Hinesses (URD) and two febrile URI 
(T 237-7° C). 
ff test. 


Inoculum 


P<omt 


Comparative responses of volunteers using these two 
inocula are shown in Table 2. Fifteen of seventeen volun- 
teers infected with inoculum 1734 WI, developed iness, 
and two were febrile. By contrast, inoculum 1734 WI, 
has failed to produce any observable signs or symptoms 
in eight infected volunteers. Virus doses ranged from 
0-1 to 32,000 TCID,, for the WI, inoculum and were 
comparable with those of the WI, pool. Although all the 
inoculations reported in Table 2 were not performed 
simultaneously, continued ability of the WI, pool to 
produce illness when inoculated in low doses has been 
demonstrated during the same time period. Furthermore, 
the frequency of virus shedding among volunteers inocu- 
lated with 1734 WI, was less than among volunteers 
given 1734 WI,. By contrast to these differences, in 
seven of eight volunteers inoculated with 1734 WT 
sixteen of seventeen inoculated with 1734 WI, serum 
neutralizing antibody titres increased four-fold, and mean 
responses were nearly identical for the two groups. The 
illness produced by 1734 WI, was similar to that observed 
in previous studies of sixty-four volunteers who received 
intranasal inoculation with second passage harvests of 
WI-26 cell cultures of rhinovirus types 13, 15 and 17 
(refs. 2, 5 and 6). In those studies. 80 per cent of the 
volunteers developed typical common colds, 10 per cent 
had febrile colds, and 10 per cent had inapparent infec- 
tions. This corresponds to findings with naturally occur- 
ring rhinovirus infections’, and indicates that little or no 
attenuation of rhinoviruses occurs from two passages in 
WI-26 cells. 

The present studies have demonstrated attenuation of 
a rhinovirus strain after three passages in human em- 
bryonic lung fibroblast tissue cultures. Attenuation was 
indicated by a thirty-fold decrease in infectivity to man, 
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failure to produce illness and decreased frequency of virus 
shedding. Serum neutralizing antibody response was not 
affected. These findings suggest that it may be possible 
to develop attenuated rhinovirus vaccines, and indicate 
the need for determining ìf attenuation of other rhinovirus 
serotypes occurs following a limited number of tissue 
culture passages. 

Attenuated vaccines administered nasally may offer 
some promise for control of rhinovirus common colds. 
At present, control of rhinovirus common colds by means 
of inactivated vaccines appears impractical because of 
the large number of serological types and the lack of pre- 
dominance of one or several serotypes. In addition, 
although monovalent inactivated vaccines have been 
shown to be antigenic, the serum titres of antibody 
achieved have been poor, and protection, as demonstrated 
by challenge studies, has been inconsistent**. Attenuated 
vaccines are usually more antigenic than their inactivated 
counterparts, and local infection would be more likely to 
induce higher levels of secretory IgA antibody which is 
considered very important in prevention of respiratory 
viral infections'®1, Thus homotypic protection should 
be optimal from attenuated vaccines. In addition, protec- 
tion against subsequent rhinovirus illness not involving 
antibodies and lasting up to 16 weeks has been demon- 
strated following rhinovirus infection‘. If this heterotypic 
resistance follows infection with attenuated rhinovirus, 
an additional advantage would ensue. Tests are currently 
under way to determine if infection with the attenuated 
strain described here is followed by homotypic and 
heterotypic resistance. 

This work was supported in part by a grant from the 
Clinical Research Centers Branch, US National Institutes 
of Health, and in part by a contract from the Vaccine 
Development Branch, National Institute of Allergy and 
Infectious Diseases. 
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A Reappraisal of Cystic 
Fibrosis 


Danes and Bearn! have reported increased metachromasia 
in cultured skin cells in cystic fibrosis (CF), and their 
observations have been confirmed recently by Matalon and 
Dorfman?, who find that the acidic mucopolysaccharides 
are of an apparently normal type in these cells, although 
they are present at two to five times the usual level. 

Because no clinical abnormality has hitherto been 
observed in mucopolysaccharide metabolism, these findings 
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are surprising. Further complexity has been added to 
the cystic fibrosis picture recently by the observations 
of Gugler et al.? that polyacrylamide gel electrophoresis 
patterns of cystic fibrosis salivary proteins show abnor- 
malities which can be removed by the addition of EDTA; 
calcium ions have been implicated as the cause of the 
abnormalities. 

I believe that these observations, together with the 
usual clinical findings in cystic fibrosis—disordered epi- 
thelial glycoprotein secretion and high concentrations of 
exocrine Na* ions-—can be reconciled in terms of a single, 
generalized, inheritable defect in cellular Na* ion uptake, 
for which there is now evidence in sweat glands‘, in 
submaxillary glands and in red cells‘. 

The secretion of glycoproteins or acid mucopoly- 
saccharides involves essentially the movement of highly 
negatively charged molecules from the cell. To maintain 
overall electrical neutrality, cations, most likely Nat ions, 
must leave the cell simultaneously. With a reduced 
capacity to take up Na+ ions, secretory activity might be 
impaired in three ways: (a) secretory materials may 
build up in the cells concerned; (6) other ions, such as 
calcium ions, may serve as the accompanying cation; 
(c) the molecules secreted may become less negatively 
charged, for example, by the substitution of fucose 
(neutral) for neuraminic acids (charged) in epithelial 
glycoproteins. 

The first impairment is a common pathological condition 
of the goblet cells of the gastro-intestinal tract in cystic 
fibrosis, the second seems to account for the salivary 
electrophoresis results and the third was noted by Dische 
et al. as long ago as 1959 (ref. 7). 

Work with cystic fibrosis skin fibroblasts suggests 
that, in culture, restriction of acid mucopolysaccharide 
secretion occurs and secretory materials accumulate. 
Acid mucopolysaccharide production by cells in vitro 
seems sufficiently rapid and uncontrolled for this to 
occur, a situation which does not appear to be dupli- 
cated in vivo, perhaps because acid mucopolysaccharide 
production is slowed to the point where secretion of 
cations can keep up with it, despite defective uptake of 
Nat ions. It is significant that abnormalities of epithelial 
glycoprotein secretion occur in cystic fibrosis, a process 
which can, on occasion, be very rapid, and moreover 
takes place in a predominantly hypotonic environment, 
which should aggravate any defect in Nat ion uptake. 

This theory also offers an explanation for the impairment 
of pancreatic bicarbonate secretion in cystic fibrosis, 
which formed the basis of a recent speculative article’. 
Bicarbonate is negatively charged and cells involved in 
its active secretion would need to release positively 
charged species simultaneously. Failure to retain suffi- 
cient positive charges could lead to the pancreatic dys- 
function described. 

I believe that a number of the apparently unconnected 
findings relating to cystic fibrosis appear to be reconciled 
on the basis of a shortage of intracellular sodium in 
secretory cells. 


J. ©. MARSDEN 
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Book Reviews 


EDUCATION OR INDOCTRINATION? 


The Teaching of Science 
Education, Science and Society. 
Pp. 208. (Allen and Unwin: 
40s boards; 25s paper. 


By F. R. Jevons, 
London, April 1969.) 


Taar this fascinating book should be written now and 
that the author should hold a chair of liberal studies in 
science are symptoms of a contemporary situation as 
entirely uncomprehended by 20th century narrow 
specialists as it was unforeseen by the giant pioneers of 
science and engineering of the 19th century. To the 
latter, the pursuit of science not only served to satisfy 
a basic human curiosity but also offered a seemingly 
limitless power over man’s physical environment. Even 
Thomas Carlyle, not one who would be considered to be 
naturally euphoric, thought that this potentiality to control 
the world was the distinguishing characteristic of the 
human animal, and in 1831 made his famous Professor 
Teufelsdréckh say: 

“(Man is) weak in himself... Feeblest of bipeds .. - 
Nevertheless he can use Tools, can devise Tools: with these 
the granite mountain melts into light dust before him; 
he kneads glowing iron, as if it were soft paste; seas are 
his smooth highway, winds and fire his unwearying steeds.” 

The confident view of the Victorians that to study science 
is obviously a virtuous act was applauded by all sections 
of society other than Luddites or religious obscurantists, 
and has persisted to the middle of the 20th century. 
Moreover, for many years it was commonly assumed 
that the young possess an intrinsic desire to learn about 
science and only recently have we heard of Dr Liam 
Hudson’s romantic ‘‘divergers’” to whom science is a 
presumed anathema. Consequently, to ensure the wider 
spread of scientific knowledge and thereby hasten Utopia, 
it appeared to require only the provision of human and 
physical resources to establish science subjects as regular 
elements in the school curriculum. It was felt that no 
one would disdain to imbibe the heady liquor from this 
cup of scientific knowledge knowing that it contained 
an elixir conferring in equal measure potency and wisdom 
on the drinker. 

Alas, events in the second half of the 20th century have 
shown all too plainly the danger of this complacent 
attitude and the pedagogic errors to which it has led, 
Because we failed to identify agreed social goals and to 
understand the effects of science on society, we have too 
frequently allowed science to be misapplied. Tt is small 
wonder that, sensing this, the present younger generation 
inereasingly argues that, because the advance of science 
may create many social problems to which it seems to 
offer no solution, it can no longer be taken as axiomatic 
that the study of science is desirable. Indeed, the argu- 
ment goes further by suggesting that the study of the 
nature of man is more urgent than the study of Nature 
by man. 

Many of we older scientists must accept some degree 
of culpability for this situation. We did not give sufficient 
thought to the problems of science and society. In our 
headlong and, let us adimut it, fascinating search for new 
knowledge we never held up a mirror to our own activities, 
nor reflected seriously on science teaching at all levels. 
Unthinkingly we have permitted rampant specialization 
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and fragmentation of the curriculum even at school 
level, and the development of quite artificial subject 
boundaries. It may surprise readers of Nature to know 
that, excluding mathematical subjects and history and 
philosophy of science and handicrafts, there are now 
eighteen subjects classified as science which may be 
presented for examination at O-level in the General 
Certificate of Education. We have allowed the syllabuses 
to become overloaded with unimportant material and 
too frequently let examination marks be the reward 
for passive acceptance of revealed doctrine, Is it really 
a matter for surprise that secondary achool pupils, 
an increasing fraction of whom have enjoyed in their 
primary schools the discovery method of learning about 
science, find their enthusiasm diminished, and in some 
cases totally quenched, as they move through the second- 
ary school-—-or that university students given the option, 
as at Keele, vote “with their feet” against science ? 

Professor Jevons'’s book must be seen in this context. 
Its appearance is timely and the subtitle “Education, 
Science and Society” entirely appropriate. He has 
done a considerable service to the cause of science edu- 
cation in emphasizing the interrelationships linking these 
three elements. This small volume contains so many 
ideas which deserve comment or fuller development that 
the only adequate review would be another book, This 
is praise rather than criticism, for even those readers who, 
unlike myself, do not share many of Jevons's views will, 
nevertheless, be unable to remain indifferent to them, 
and it would be a totally insensitive reader who was not 
provoked to ask himself at least once “What is the 
educational purpose of my lectures and clas 27°, “Am 
I achieving it ?”, “When did I last really try to rethink 
the purpose, content and mode of presentation to meet 
the needs of students today Y°. I recommend the book 
to every teacher, researcher and exploiter of science as 
a stimulus to self-interrogation about his own activity, 
about the future of his subject and its relation to other 
areas of study outside, as well as within, science. Some 
purists are likely to be irritated by some of the author's 
assertions, but I would guess that much of their irritation 
would melt before the evident concern of Jevons for 
students as people which pervades the whole book. 
Who could resist the warm humanity behind the phrase 
“the educator must keep at the forefront of his mind 
that he is teaching students rather than subjects, and 
for their own sakes...’ ? Those of us who are teachers 
know that our real job is to issue to our pupils an attrac- 
tive invitation to take part in science so that they will 
wish and be able, with our help if necessary, to learn 
for themselves. We also know that in recent years we 
have been less successful than we would wis Jevons’s 
book may help some of us to discover why, and we 
must do the rest. ] 
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EXPANSION FOR WHAT? 
The School that I'd Like 
Edited by Edward Blishen. Pp. 171. 4s. 
The Hornsey Affair 


By Students and Staff of Hornsey College of Art. General 
Editor, Willem van der Eyken. Pp. 220. 6s. 


The Impact of Robbins 


By Richard Layard, John King and Claus Moser. Pp. 
153. 6s. 
(Penguin Education Specials.) (Penguin Books: Har- 


mondsworth, 1969.) 

Tuese three Penguins discuss different aspects of the 
same educational situation. Blishen, who has for many 
years been one of those who has been introducing new 
ways of teaching English in secondary schools, has 
collected a group of short essays and aphorisms by 
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secondary school children which criticizes the existing 
school set-up, and criticizes it in a far more radical way 
than the people who have been purely concerned with 
organizational matters such as the introduction of the 
comprehensive system. The children are not nece ily 
bound by the inhibitions which prevent older critics 
from attacking the teaching profession, or from 
questioning important issues in moral and religious 
education. To take three items virtually at random 
to illustrate this: “C'I go to a gramunar school and this 
is a fairly accurate description of what a lot of the lessons 
are like. All this is wrong’ (Stephen, 13). ‘In my view, 
the sooner we all get out of the stuffy classroom, the 
better it will be for everybody. Life is much more im- 
teresting if you can go out and see something instead 
of just sitting in a desk and being loaded with infor- 
mation about it? (Lynne, 15). ‘What a bore school is 
nowadays, the same as it has been for hundreds of years. 
What we get is the same old thing--teacher, outdated 
textbooks, and a class fed up to the teeth with the teacher 
and the school. What we need is one vast change in the 
educational system of this country. Children do not 
want to be taught at, but want to find out things for 
themselves. If a child is interested in the way a dog- 
fish's heart works, let him go and find out by cutting 
one up’ (Robin, 16).” (The School that Pd Like, page 59). 
These suggest a very strong reformist attitude on the 
part of the children. 

it must be remembered, however, that Blishen is a 
reformer himself and that children have an almost 
infinite capacity for serving up what adults want to hear 
—the more radical and reforming the headmaster or 
headinistress, the more the children will be concerned 
to take part in the student revolt; the more conformist 
the headmaster or headmistress, the more the children 
will be in favour of corporal punishment, God and the 
Queen. Certainly my own experience in visiting schools 
and as a teacher has led me to be very cautious m 
interpreting apparently spontaneous references to 
education on the part of children. 

This same caution applies to the story of the Hornsey 
College of Art, where a year ago students and some of 
the other members of the college began a sit-in and for 
a while ran the college themselves. One of the great ironies 
of the Hornsey affair was that the Principal of Hornsey 
is himself a well known and progressive figure im the 
world of art education. It seemed to the outsider that 
the students at Hornsey had achieved a higher reputation 
in art education than almost any other college in the 
country. There was a constant flow of foreign visitors 
to see the liveliness of their work. The conditions there 
were relatively less unfavourable than in many other 
local authority colleges. Yet it was at Hornsey that the 
most dramatic revolt took place. The key to the feeling 
appears to have been that the Summerson reforms 
(which were an attempt to give degree level status to the 
art world by introducing GCE barriers to entry and 
giving some sort of “degree equivalence” to the structure 
of the art course) led to a situation where many genuine 
radicals in the world of art education felt that all their 
true standards were being overwhelmed by a race for 
prestige. “Where was the student in all this?” one 
contributor asks. “His struggle was subordinated to his 
position on the production line of the latest ‘prestige 
project’, an example of which was the now infamous 
electric car. The staff, often unwittingly, colluded with 
these national standards in devising prestige courses 
which would give art education and their college a good 
name. Many of them were part-time teachers. Those 
who did so wiwillingly felt they were being exploited 
to import novel and often really ereative ideas into a 
college with whom they had peripheral contact. Many 
of these met for the first time after 28 May. Before 
that, everyone came in for the hours they were paid, 
during which, if they were lucky, they might meet one 
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or two of their colleagues in the same department. In 
Hornsey, two thirds of the staff worked on this basis 
without knowing that other staff, students, departments, 
even buildings existed. The first time most people saw 
Harold Shelton, the Vice-Principal, the Registrar and 
the Bursar was after 28 May” (The Hornsey Affair, page 
84). This judgment is almost certainly unfair, but that 
it was a strong feeling in Hornsey and probably the 
precipitating issue in the revolution is certainly the case. 
The revolutionary students, if they may be called 
revolutionary, were motivated by educational ideals 
and the revolution took the form of a radical change in 
the nature of the educational process at Hornsey. 

This makes the third book under review even more 
important, because Professor Moser, at present the 
Director of the Central Statistical Office, as Research Officer 
for the Robbing Committee was probably more responsible 
than anybody else for the ultimate form of the Robbins 
Report. Looking back on Robbins, its one major achieve- 
ment was to argue successfully for a process of steady 
expansion over the next twenty years or so in the numbers 
of students. These arguments for expansion seemed to 
many at the time completely sound, and subsequent 
experience seems to have confirmed their validity: 
there is a shortage of places in higher education, the 
demand for places is rising imexorably, and it seems 
extremely probable that it will rise at an even faster 
rate, The present depressed view of the Government 
and the UGC about the possibility of financing the 
demands for expansion seems extremely short-sighted 
and, in fact, during the later 1970s, the rate of expansion 
may have to be higher—rather than lower-—than it has 
been in the 1960s. 

What the Robbins Report neglected was any sustained 
and serious discussion about the philosophy of higher 
education, the nature, structure and content ef the 
education given in universities and colleges. This weak- 
ness revealed itself in the committee's fudging of the 
division between the universities and the rest of higher 
education-—a fudging which was seized upon by the 
officials in the the Department of Education and Science 
in order to invent the so-called binary svstem. It is 
now generally agreed (at least outside the Department of 
Edueation and Science) that the bmary system is not 
viable for the long term. It is at most a temporary 
expedient. But because the Robbins Report never 
faced the serious issue of what would be the nature of 
a widespread higher educational system, the timid 
divisiveness of the civil servants in the Department of 
Education and Science was able to triumph. 

What is deeply interesting about Moser’s new book 
which he has written with Layard, who worked with him 
on the Robbins Report, and with John King, is that by 
implieation it again ignores these central matters, and 
it is in ignoring this, I think, that the central weakness 
of the Robbins approach is revealed. Expansion for 
what and for whom? That is the question raised by the 
first two books. Joux VAIZEY 





























REGENERATION REGENERATE 


Principles of Regeneration 
By Richard J. Goss. Pp. ix+287. (Academic Press: New 
York and London, January 1969.) 107s 4d. 
Tuts book is outstanding in two respects: its superb 
teaching qualities and the extent to which it rejuvenates 
and advances the classical approach to regeneration. In 
both respects it will be invaluable to student and teacher 
alike, and it should also reinvigorate the research worker. 
All will appreciate the author’s genius for clear, apt illus- 
trations which match the corresponding qualities in the 
text. 

Primarily, it is a student's introduction, judging by its 
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moderate size, its spacious and attractive format and its 
material—creamed as skilfully as Hemingway ever did. 
The material selected, a representative series of investiga- 
tions in each of the relevant groups of anunal, is ideal for 
the purpose and the author has followed each series 
logically, re-putting the original questions to spice the 
answers, drawing conclusions decisively where the facts 
are considered adequate and omitting evidence which is 
equivocal, obscure or redundant. The style is informal 
and the text rich in humour, aphorism and simile. 

The preface explains what sacrifice from the complete 
literature on regeneration the selection has entailed. 
Nevertheless, hard pruning has given space for some 
consideration of most of the main branches of recent work 
and the resulting tree is shapely enough. Perhaps there 
were one or two unintentional victims of the secateurs; 
for instance, Ludwig’s demonstration that the Serpulid 
opercular inhibitor is side and not size specific. It is 
also possible to suggest further major topics, such as 
mammalian liver regeneration, which would have illu- 
minated other important facets of the subject, but no 
doubt with some loss in unity of theme. 

Among new contributions to the subject is the idea of 
the “utilitarian imperative”, with its corollary that the 
regeneration of a system is largely controlled by factors 
which control its normal functioning. This has permitted 
explanations, though not all equally plausible, of a 
number of puzzling variations among regeneration- 
mechanisms. Many of the author's contributions can be 
summed up as just more incisive thinking. 

Lest this review be considered hypocritical it should be 
emphasized that there are a number of points in the text 
on which one could join issue. It could also be contended 
that some pen-pictures are too black and white, though 
no doubt in general restraint and impartiality are more 
characteristic. The econeluding chapter seems to deal 
somewhat arbitrarily with only a few of the unsolved 
problems and suffers from some of the defects common in 
such chapters. Here is one of the very few diagrams 
(fig. 122) open to criticism. 

In selecting topies on a taxonomic basis, there is 
inevitably some overlap of phenomena described, but 
this is at least a cue for interphyletic comparisons, and the 
author has often failed to exploit it. The careful collation 
within chapters stands in rather sharp contrast. Perhaps 
the advance should be consolidated by a second line of 
heavy armour, an updated Korschelt. 

A. E. NEEDHAM 


DIVERSE WAYS OF LIFE 


Genesis of the Hymenoptera and the Phases of their 


Evolution 
By 8. I. Malyshev. Translated from the Russian. Edited 
by O. W. Richards and Sir Boris Uvarov. Pp. vili +319. 
(Methuen: London, March 1969.) 63s. 


Tue order Hymenoptera, which contains representatives 
of such different ways of life, is a particularly difficult 
group to systematize coherently. Professor Malyshev 
attempts to do this with an evolutionary tree the main 
branches of which may be summarized as follows: 
Phytophaga are derived from a panorpoid ancestor 
and the Terebrantia (Parasitica) arise from gall-forming 
sawflies by way of an inquiline stage which is at first 
only partly carnivorous. The wasps are derived from 
stinging Terebrantia which paralyse their hosts and ants 
are in turn an early offshoot from bethylids, with Sclero- 
derma illustrating a probable intermediate stage where 
eggs are not laid in separate cells. Alternative hypotheses 
are reviewed and a very great deal of useful detailed 
information is included. 

Unfortunately, the evidence is often unconvincing. 
For example, experimental transfer of Pontania larvae 
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may show that they can become carnivorous on other 
occupants of the same gall, but it does not shaw that 
this is necessarily the line of evolution of terebrants. 
Little other evidence is presented, but later in the book 
this hypothesis is quoted as established fact. Similarly 
it is suggested, with inadequate evidence, that qacen 
ants (for example, Lasius niger) founding colonies alone 
benefit from eating fungal hyphae and that this links 
them more irrefutably with Scleroderma, which will eat 
fungus on occasion. 

The major steps in the evolution of the hvmenopteran 
subdivisions are clearly changes in behaviour. and the 
relevant fossils—if by ineredible luck they are found 
and recognized--can enable inferences only to be made 
about the origin of these differences. One must therefore 
doubt the seientifie value of such hypotheses because 
they cannot be tested and ask what is the function of 
a book built around them. The most obvious function 
is to systematize knowledge, but a classification basec 
on thorough comparative studies can scarcely be improved 
by evolutionary speculation which does not add new 
information and merely results in circular argument, 
The main function of this book must be to stimulate 
research even though this is unlikely to provide definite 
answers to evolutionary problems. 

This book is certainly very stimulating, with a wealth 
of information and eighteen pages of references including 
Russian titles translated into English. Hymenopterists 
in general should find it well worth reading——partieularly 
those who do not agree with my opinion of evolutionary 
speculation. A. J. PONTIN 






























LIGHT AND PLANTS 


Perspectives in Phytochemistry 

Edited by J. B. Harborne and T. Swain. 
of the Phytochemical Society Symposium, Cambridge, 
April 1968.) Pp. xi+235. (Academic Press: London 
and New York, April 1969.) 63s; 89.00. 


(Proceedings 


Tuts book contains review papers presented at the tenth 
anniversary meeting of the Phytochemical Society held 
in Cambridge in April 1968. The meeting was organized 
to provide a broad perspective of developments in ph 
chemistry during the past ten years, and all the major 
aspects of the subject are covered by the leading 
authorities in their respective fields. An introductory 
chapter, indicating the importance of spectroscopic 
methods in structural elucidation of natural plant gon- 
stituents, is illustrated by reference to the flavonoid 
pigments. Then follow three chapters outlining the most 
recent developments in the biosynthesis of o mogenie 








glycosides, carotenoids, triterpenes and fatty acids 
aa J X i 
The next four chapters are devoted to molecular 


taxonomy, another very active area of phytochernical 
research; there are two broad review chapters, followed 
by more detailed accounts of the chemotaxonomy of 
the Compositae and the monocotyledons, The importance 
of metabolic and functional studies has not been neglected; 
the two final chapters deal with the metabolism of 
phenolics in the fungi and the role of flavonoids in con- 
trolling the growth of higher plants. Such is the rate 
of growth of phytochemistry that this is probably the 
last time it will be possible to consider all the various 
aspects of the subject within a single volumne. The 
broad scope of this book, the novel material presented 
in many of the chapters, and the authority and distinction 
of the various contributors should guarantee its appeal 
to all those interested in phytochemistry, be they organic 
chemists, biochemists or botanists. a et 
The preceding paragraph is taken in toto from the 
flyleaf of the book. Its quality is such that I would nob 
attempt to better it because it is an excellent summary 
of the book’s contents and the aim of the 1 





symposium. 
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The editors of this book have attained a high standard 
of writing and presentation from the individual authors 
so that the book is at once readable, authoritative and 
well documented—-no mean feat from authors of seven 
different countries. The book has been published within 
a year of the syrnposium and includes author, chemical 
compounds, genus and species, and subject indices, and 
it should therefore be a valuable addition to any library 
and to any student or research worker with an interest 
in chemical taxonomy, bio-organic syntheses and meta- 
bolism, and in modern methods of spectroscopic analysis. 
The concluding chapter in the book, on ‘Flavonoids 
and Photomorphogenesis in Peas’ by A. W. Galston, 
is by far the most speculative. It illustrates 
the importance of definitive identification of closely 
related chemicals in a plant. The relationship of four 
different flavonoid conjugates to three light-induced 
effects in pea seedlings is analysed in relation to hormone 
influences on plant growth. This is an appropriate final 
chapter in that it attempts to correlate many fields of 
modern plant research, D. O. HALL 


UNWANTED PLANTS 


Weed Control 

(Principles of Plant and Animal Pest Control, Vol. 2.) 
(Publication 1597.) Pp. xvi+471. (National Academy 
of Sciences: Washington, DC, 1968.) $8. 


In spite of the phenomenal advances in weed control 
technology in recent years, authoritative books on the 
subject are as scarce as herbicides are now numerous. 
This long-awaited book written by a group of leading 
American weed specialists is to be welcomed as a compre- 
hensive review on the principles of weed control and its 
practice in the United States. It is the second of a series 
of six volumes concerned with the principles of plant 
and animal pest control sponsored by the Agricultural 
Board of the US National Research Council. Each is 
prepared by a subcommittee working under the direction 
of the Committee on Plant and Animal Pests. In the 
preface to this volume it is stated that the subcommittee 
had in mind a readership consisting of administrators 
of science programmes, scientists in weed control and 
related fields, advanced students in weed science, and 
weed control technologists seeking to broaden their 
understanding of control principles. The lists of some 
170 contributors contain the names of many distinguished 
weed scientists from industry, universities and state and 
federal research organizations in the United States. 

In its twenty-two chapters plus appendices the book 
provides a comprehensive account of the ecology and 
properties of unwanted plants, principles of control by 
physical, biological, ecological and chemical methods, 
herbicides, weed control practices, and weeds injurious 
to the health of man and animals. In the final chapter 
entitled “The Future of Weed Control”, the crystal ball 
is in fact little used but there is a valuable discussion 
on current developments. Perhaps this cautious approach 
is justified because few would have guessed two decades 
ago the fantastic advances in weed control technology 
that lay ahead. 

In this chapter there is also an interesting comment 
that throughout the United States in 1960 there were 
only 233 full-time workers employed from state and 
federal funds in all areas of regulatory, teaching, extension 
and research work in weed control--approximately 
+7 workers per state. In the North Central Region 
there were eight times as many people employed outside 
industry in entomology and plant pathology as in weed 
control, while American farmers spend $2°5 billion on 
fighting weeds as compared with $660 million against 
pests and diseases. This division of labour and funds 
within the field of crop protection is, of course, by no 
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means restrieted to the United States and is a reflexion 
of the youth of weed science combined with the remarkable 
suecess of herbicides. 

This book is concerned almost exclusively 
American scene, although occasionally 
given relating to other countries. For example, the 
account of the UK Pesticides Safety Precaution Scheme 
is remarkably detailed and the chapter on the biological 
control of weeds is international in character. Never- 
theless, the book has much to interest students in weed 
control in all parts of the world. It is particularly to be 
commended for the emphasis which has been given through- 
out to ecological principles and the need to consider 
control measures in relation to the environment as a 
whole. 

The book is well written and printed, but is rather 
spoiled by the use of poor quality paper and a thin card 
cover. The lack of an index is a serious omission, which 
will undoubtedly prevent the full value of an extremely 
useful text being obtained by the busy reader wishing 
to extract information on specific topics. 


with the 
information is 


J. D. FRYER 


PATHWAYS IN CELLS 


Bacterial Physiology and Metabolism 
By J. R. Sokatch. Pp. xii+443. (Academic Press: 
London and New York, April 1969.) 100s; $14.50. 


ALTHOUGH microbial biochemists, by and large, have 
learned the importance of not looking at the properties 
of enzymes in isolation but of paying most attention to 
the way in which they function as part of those econcate- 
nated series of reactions called pathways, there is a curious 
hesitation—-particularly among those writing textbooks— 
in taking the kinetic approach a stage further and con- 
sidering the organization of these pathways in the for- 
mation of macromolecular components, and discussing 
the way in which these structures are fitted into the 
growing cell. This is particularly evident in this book. 
The treatment of the chemistry of bacterial cells. of 
bacterial nutrition in overall terms and of the mathe- 
matics of bacterial growth are excellently done, and there 
is an extremely thorough coverage of the processes 
of energy metabolism im bacteria. The biosynthetic 
pathways necessary for macromolecular synthesis in 
bacteria are also described in very great detail. So much 
so, in fact, that one sometimes feels, looking through 
these sections of the book, that the effort needed to 
set out all these metabolic interconversions both in text 
form and in chemical notation could have been much 
better devoted to providing the information more com- 
pendiously. After all, it is only the most conservative 
of microbiology teachers who would expect his students 
to assimilate even a fraction of the detailed information 
contained in this book, and it is probably only a minority 
of specialists that are really interested in the history of 
the elucidation of a particular biosynthetic pathway. 
Much better would have been a section on the principles 
underlying the organization and function of pathways 
in living cells. How, for example, the chemical changes 
brought about in degradative pathways tend to extract. 
energy from the compound in packets (such as two hydro- 
gen atoms or the eleetronic equivalent or by the generation 
of energy-rich phosphates) that can then be dealt with 
effectively by a restricted range of metabolic processes 
in the cell—for example, the cytochrome system. 

The great detail expended on the biosynthetic path- 
ways in this volume would not be so serious were it not 
for the imbalance that follows. Whereas thirty-five 
pages are devoted to amino-acid metabolism, there are 
only six on their regulation (there are some serious 
omissions here, for example, polarity) and very little on 
how the pathways fit into cell growth and metabolism 
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as an overall process. There is, for example, no mention 
of amino-acid pools and their relationship to growth. 
Overall, therefore, this book is a quite excellent account 
of the microbial biochemistry and physiology in the 
rather static form in which it was studied until relatively 
recently: pathways existed and material flowed along 
them—but to what. precise purpose ? Where end-product 
inhibition occurred was it really exercised by the end- 
product ? There is really very little attempt to put the 
processes described into their context in the architecture 
of the cell and this makes the book rather drab reading 
to anyone who finds the investigation of the relationship 
between structure and function in bacteria-~-and one 
hopes that these will inelude all current students—such 
an exciting pursuit. M. H. RICHMOND 


RANDOM PROCESSES 


Stochastic Integrals 

By H. P. McKean. (Probability and Mathematical 
Statisties: a Series of Monographs and Textbooks, 
No. 5.) Pp. xiii+140. (Academic Press: New York and 
London, March 1969.) 84s. 

Tus little (but unfortunately expensive) book deals with 
a special, albeit very important, aspect of the mathe- 
matical theory of random processes; essentially with 


f 
the theory of integrals of the form fe db, where b(t) 


0 
is the famous Bachelier-Wiener model of one-dimensional 
Brownian motion. The price paid for the simplicity of 
the model is an extreme irregularity of behaviour; the 


t 
total distance fidb] travelled by the Brownian particle 


0 
is always infinite, and the definition of the integral is by 
no means an easy matter. The book is really a hymn to 
the beautiful theory of K. Ito, who showed how the 


t 
integral fe db could be defined and manipulated for 
0 


a large class of integrands e, depending both on time ¢ 
and on the values of 6(s) for s <t. 

As one expects from Professor McKean, the treatment 
is elegant and economical; its conciseness can be seen 
from the fact that he has been able in 140 pages to include 
rigorous introductions to such topics as the fine struc- 
ture of the Brownian path, the construction of general 
diffusions via their stochastic differential equations, the 
general form of the Cameron~Martin formula, local 
time, and diffusions on manifolds and (more especially) 
on Lie groups. Inevitably, this makes more demands on 
the reader than would a more leisurely treatment, but 
the author has gone to some lengths to make his exposition 
readable, with a large measure of suceess. Anyone 
familiar with the mathematics of random processes 
will find the book a rewarding introduction to an 
interesting theory, and the expert will find a good deal 
which is new and surprising. J. F. C. KINGMAN 


CHEMICAL TOPICS 


Programmes in Organic Chemistry 

By D. R. Hogg. Vol. 4: Electronic Effects and their 
Application. (Chemical Science Texts.) Pp. 125. (English 
Universities Press: London, April 1969.) 16s paper. 
Tuis is the fourth volume in this useful series of pro- 
grammes in organic chemistry and is the first one 
to deal specifically with theoretical topics and their 
applications; it is divided into three main sections 
covering in turn the classification of reagents, inductive 
effects, and mesomeric effects. These programmes were 
originally devised for second year students at the Uni- 
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versity of Aberdeen to help them obtain a really firm 
grasp of the principles and to give practice in their appli- 
cation to simple structural and experimental problems. 
There is separate evidence of the programmes’ success 
in this context and, implicitly, of their thorough testing 
in the process. They could be used with first year studenta 
in universities and technical colleges, and also with more 
advanced sixth form students in schools. 

The programmes are linear, but the size of frame and 
the type of response required are varied to some extent—~ 
choosing between alternative statemonts, inserting a 
missing word or words in a sentence, completing a struc- 
ture, and so on--to reduce the repetitiveness that is 
inherent in this mode of instruction. This is broadly 
successful in practice, but one cannot help but feel that 
the brighter student is going to be bored--his mind is 
going to work noticeably faster than the programmes 
can be operated. That apart, one can be left in no doubt 
at all that a student who has successfully negotiated 
the three programmes will really understand these topics 
at the elementary level: no small achievement, for all 
can, and do, easily lead to ambiguity and confusion in 
the student’s mind. 

The subject matter of the programmes is the area of 
chemistry where visual impact and clarity of represen- 
tation are particularly important; it is a pity, therefore, 
to have to say that the reproduction of individual formu- 
lae is not nearly as good as it might be, and the pattern 
of arrangement of several formulae with respect to each 
other in a reaction scheme often leaves something to be 
desired, little endeavour being made to focus attention 
on the salient event that is taking place. That apare, 
teachers of chemistry will find these programmes useful 
as an initial source of information for all but the brighter 
students, and as helpful revision material for them as 
well. PETER SYKES 


DESCRIPTIVE GEOLOGY 


The Geological History of the British Isles 

By George M. Bennison and Alan E. Wright. Pp. x + 406. 
(Arnold: London, March 1969.) 100s boards; 508 paper. 
GEoLoGIcar history is worked out using the methods 
of stratigraphy to interpret and synthesize numerous 
local rock sequences. This poses a dilemma for any 
writer on geological history: either he expounds his 
conclusions but skates briefly over the facts and can 
be accused of failing to give chapter and verse for his 
interpretation, or he retails the facts at length and can 
be charged with being unreadable. The present authors 
have chosen the second course. Notwithstanding the 
title this book consists largely of stratigraphical deserip- 
tion. 

The introduction deals briefly with matters such as 
sedimentation, palaeogeography, fossils and stratigraphi- 
eal correlation. Stratigraphical principles are not very 
clearly expounded, and the distinction between litho- 
stratigraphical units and biostratigraphical (or chrono- 
stratigraphical) ones is not made perfectly clear. There 
are a number of careless or inaccurate staternents; for 
example, most stratigraphers would not regard bio- 
stratigraphical and time divisions as synonymous (page 
24), although the latter may depend on the former. 
The authors seem to have little awareness either of 
recent discussion or recent practice. The American 
Code of Stratigraphic Nomenclature is mentioned in 
passing, but neither it nor other attempts to bring order 
into the chaos of stratigraphical practice are expounded 
or discussed. The text sometimes seems inconsequential 
or inconsistent: on page 20 is the (misleading) statement 
that “In general different outcrops of strata of the same 
geological age will possess the same faunal assemblage”, 
while on page 21 “rocks formed contemporaneously 
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but of different facies will be found to have very different 
faunas”. The hemera, said to be a useful concept (page 
24), is not in fact in current use and is not used elsewhere 
in the book. 

The treatment is chronological, a chapter for the 
Pre-Cambrian and one for each geological system, with 
extra ones for the Caledonian and Variscan orogenies. The 
text is largely a recital of facts with some interpretative 
remarks. The book will doubtless be a convenient source 
of systematic information, although there are some 
inaccuracies and inconsistencies in the descriptive text. 
Some opportunities seem to have been missed. For 
example, one would have thought that the recent work 
of Professor P. Allen on the Wealden deltas provided 
almost ready-made material for a textbook, but instead 
of emphasis being laid on the sedimentary pattern, the 
Wealden is described in terms of the conventional for- 
mation names with reference to conditions of deposition 
of each, so that a mental picture of the whole is difficult 
to construct and the impact of Allen’s interpretation 
is lest. On a similar topic, cyclic sedimentation is 
mentioned a number of times, but the possible causes 
and significance of such sedimentation are not discussed, 
although there is a simple diagram (page 223), relating 
it to intermittent subsidence. 

Many stratigraphical facts and generalizations are 
best expressed by diagrams and maps, and the book 
is well provided with these, some of them original and 
many of the others adapted from recent sources. There 
is a 16-page list of references arranged by chapter headings. 

Tt is stated in the blurb that the book is a suitable 
text for undergraduates of all years. Its suitability for 
advanced years may be questioned, as the text is uncritical 
and does not make use of specific cases to examine 
principles and problems of stratigraphy and palaeo- 
geography. D. T. DONOVAN 





PHYSICAL FIELDS 


An introduction to Field Quantization 

By Y. Takahashi. (International Series of Monographs 
in Natural Philosophy, Vol. 20.) Pp. xi +298. (Pergamon: 
Oxford, London and New York, March 1969.) 75s; $10. 


Tur conventional approach to the subject of field quanti- 
zation is from the canonical formalism starting from a 
Lagrangian action principle. This defines variables 
canonically conjugate to the fields @g(z) and leads to 
field equations. Postulating Heisenberg’s commutation 
relations, one obtains Heisenberg’s equation of motion 
for the fields, — A8, Dala) = [@(x),P,], where Py is 
the operator of the momentum four-vector. 

The author’s aim is to avoid the canonical formalisrn 
because it treats space and time differently and because, 
for higher spins, it is not easy to single out the canonically 
independent variables. Following the procedure put 
forward by Umezawa and himself, and by Rivier, he 
simply starts from given field equations and shows that 
a consistent solution, that is, commutation relations 
for the fields and an expression for the operator Py, 
can be given such that Heisenberg’s equation of motion 
is satisfied. The solution is not unique, and additional 
assumptions—-shades of the exorcized Lagrangian——must 
be made if the resulting theory is to have a physical 
content. 

This procedure is exemplified in great detail for non- 
relativistic free fields (Schrödinger field, harmonie lattice 
vibrations) and for relativistic free fields of integral or 
half-integral spin up to spin 2, with or without mass, 
with special consideration for fields satisfying the Klein- 
Gordon equation. Among other things, the properties 
under inhomogeneous Lorentz transformations and under 
the discrete transformations of charge conjugation, 
reflexions and time reversal are studied. 
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The last chapter, about one-fifth of the text, deals 
with the important quantization of interacting fields, 
satisfying coupled field equations, by the method of 
Kallen and of Young and Feldman. Although detailed 
discussions of the mathematical rigour of the formalism 
and of the fundamental difficulties of obtaining a solution 
for even the simplest realistic systems are avoided, the 
technical complications are clearly much greater than 
for free fields. Examples treated are the interaction of 
an electromagnetic field with a Dirac field or with a 
Duffin-Kemmer field, and a pseudoveector interaction 
between a pseudoscalar field and a Dirae field. For 
practical applications of the formal mathematical 
apparatus presented, that is, for calculations of cross- 
sections of physical processes or of the lifetimes of 
decaying particles, a reading guide to other books and 
sources is given. 

Canonical foundation or not, the (postgraduate) 
student. who works through the details of the presentation 
of this book (and the sixty-odd problems) will gain close 
familiarity with many of the mathematical tools and 
concepts needed for further study of this subject and 
its applications. W. A. HEFNER 


SULPHUR AND ITS COMPOUNDS 


Inorganic Sulphur Chemistry 

Edited by G. Nickless. Pp. x +770. (Elsevier: Amsterdam, 
London and New York, 1968.) 365s. 

Tue chemistry of sulphur is arousing increasing interest. 
This book is therefore quite definitely filling a gap, if 
one might use this rather hackneyed phrase. It would 
have appeared a good deal earlier but for the death of 
one of the editors, Dr F. H. Pollard. 

The title, “Inorganic Sulphur Chemistry”, is somewhat 
misleading because organic compounds play a significant 
part in some chapters. The volume contains. as is usual 
for edited works, some differences in style and treatment, 
although these are not very glaring. Chapters one to 
six describe the concepts of sulphur chemistry and the 
techniques by which the compounds have been studied; 
chapters seven to nineteen are devoted to recent features 
in the chemistry of sulphur compounds. 

I found the chapter on “Orbitals in Sulphur and its 
Compounds” (D. W. J. Cruickshank and B. C. Webster) 
particularly good and stimulating, as was the chapter 
on the “Mechanisms of Sulphur Reactions” (R. E. Davis). 
The author sets himself and others very high standards 
in experimentation as well as in the interpretation of 
the results, and one cannot help but admire the beautiful, 
but arduous, work of Bartlett and his co-workers, which 
he describes. The discussion of the very complex mechan- 
isms is presented with lucidity and humour, The chapter 
on the “Structural Studies on Sulphur Species’ (A. J. 
Banister, L. F. Moore and J. 8. Padley) is very compre- 
hensive and useful, as is the one on “Elemental Sulphur” 
(B. Meyer), which will undoubtedly clear up muiscon- 
ceptions still current in textbooks and lecture notes. 
It is therefore a great pity that, inexplicably, in these 
two important chapters there are hardly any structural 
diagrams. 

“The Sulphur Cycle” (J. R. Postgate) is a chapter 
rather different from the others, in that it has a rather 
large biochemical content. 

The chapter on ‘Sulphanes” (K. W. C. Burton and 
P. Machmer), appropriately written by two authors 
of the University of Cologne, describes the great progress 
which has been made in this subject, much of it due to 
Féher and his co-workers. One notes that this volume 
is not quite up to date as, in the chapter on “Oxides 
of Sulphur” (P. W. Schenk and R. Steudel), the recent 
work by Gillespie and co-workers, especially on the 
so-called sesquioxides, is not mentioned. 
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The field of the sulphur nitrides and related compounds 
(H. G. Heal), always a fascinating one, has, however. 
suffered from a great deal of confusion and misconception 
until in more recent years N-ray crystallography prov ided 
some solid evidence for a discussion of their structures. 
Even now, there is still great scope for further experi- 
mental and theoretical studies. 

Two chapters are devoted to 
Gillespie} and “Fluorosulphurie Acid” (R. C. Thompson 
as solvent systems, topics to which Gillespie and his 
> group have made major contributions, and it is fitting 
. to find him as author of the first of these. 

The volumne is completed by a further nine chapters. 
There is a subject index, but no author index. This book 
is of a high standard of publication and it can be recom- 
mended to all chemists interested in sulphur and its 
compounds, although its high cost will ee many of 
them from purchasing a personal copy. R. A. Suaw 





“Sulphurie Acid” (R. J. 








HYBRID COMPUTERS 


Hybrid Computation 
By George A. Bekey. Pp. xili+ 464. 
and London, April 1969.) 125s. 


Since the appearance of the digital computer the demise 
of the analogue computer has “been forecast. This has 
not as yet occurred, however, and the connexion of the 
two computer forms to produce numerous true hybrid 
computing installations has gone on unabated. Now 
the doom of the hybrid computer is predicted-—once 
the numerical analysists have produced an accurate 
and fast digital substitute for the analogue integrator! 
Bekey and Karplus do not offer an opinion on when this 
event will occur but do give useful and valuable advice 
to those considering buying or setting up ther own 
hybrid computing service. 

A survey of hybrid techniques given in chapter one 
and chapter six indieates considerations to be taken into 
account when specifying a hybrid computer, including 
the philosophy of operation. The component parts of 
a hybrid computing system are also described in part one 
of the book, including their methods of operation, and the 


(Wiley: New York 





errors of such a system are identified, analysed and 
discussed (chapter five). The theoretical chapters survey 


numerical methods for the solution of differential equations 
and discuss transform techniques. For completion a 
chapter on software requirements is included, which ts 
adequate but not developed as fully as other sections. 
The provision of suitable software determines the effective- 
ness of a hybrid computing system r ardless of the quality 
of the hardware and it would have been useful to know 
of the author’s views on this important aspect. Another 
omission from part 
various word lengths and conversion speeds available 
with data conversion equipment (analogue to digital 
converters and digital to analogue converters). 

Although the first part of the text is entitled theory 
and mechanization, the second and slightly larger part 
entitled applications also includes a considerable amount 
of theory to augment the practical applications, Theoreti- 
cal discussions of methods of problem solution include 

chapters on parameter optimization, optimal control 
and random processes. The remaining chapters discuss 
applications drawn mainly from the aero-space field, 
which is not surprising as this is the field where hybrid 
computation began and continues to have its biggest 
applications. 

Hybrid Computation is a very readable book which 
all practising hybrid programmers ought to possess 
as a standard reference text, because it should provide 
a starting point for most of their problems. The book 
also provides an excellent base for postgraduate courses 









one is an analy sis of the effects of 


a2) 


in computational methods for control studies and might 
even be used for undergraduate and postgraduate studies 
in computing science courses. 3 ©. BARNEY 








Correspondence 


Students are not Employees 
Sir.—With reference to your editorial “Students are net 
Employees” (Nature, 222, 1213; 1969), we would like 
to point out the following facts which you have con- 
yeniently overlooked in your haste to mount a vehement 
and misinformed attack on the student body as a whole. 

First, the proposals embodied in our pamphiets relate 
exclusively to postgraduate research workers. Also, to 
clear up any confusion still remaining, the work of post- 
graduates is as far removed from that of undergraduates 
as is the research done in indus In faet, the bulk of 
experimental research in universities is done by post- 
graduates. 

Second, the suggestion of a 35 hour week is merely a 
legal requirement in any contract of employment, and it 
must be stressed that this was meant as a minimum 
requirement--most postgraduates would work far im 
excess of this, as they do alread 














Third, we fail to understand your argument that the 





introduction of loans would increase starting salaries. 
Why should a man with a large debt be of greater value 
to an employer, unless it is through the law of supply and 
demand, when the number of ‘postgraduates has been 
drastically reduced by the loan system ? 

At the moment, postgraduates receive £10 per 
for work that commands £1,300 per annum in mdustry, 
and have no means whereby they can keep abreast of 
increases in the cost of living. Introduetion of a salary 
structure, then, would only give postgraduates the bene fita 
enjoyed by the rest of the community, and the status 
their work deserves. 


week 


Yours faithfully, 


P. POYSER 
P, R. ELPHERK 
Postgraduate Action Committee, 
Imperial College of 
Science and Technology, 
Chemistry Department, 
South Kensington, 
London SWT. 





SI Units 

Str,—-I have again looked at Dr Stopes-Row 
(Nature, 222, 500; 1969). All four of the s; 

mentions seem to imply distinctions between B and H 
and between D and E in a vacuum. He now tells me that 
I can have B=H in a vaeuurn, but that I must accept 
at least one of his two possible ‘‘force-constants’’. Do 
this, or does it not, alle z that De E m a 
vacuum? Because Ir DE and 
as equally objectionable. Jn two places in Dr 
Stopes-Roe’s table one of these ratios appears as itself 
the ratio of two “constants”. Am I standing on my head 
or my heels? I Aik again, where is the el larification 
(musprimted as i 
222, 806; 1969)) aded by NE all 
stants” ? 
Neither ef us wishes to prevent theoreticians from 
using “rational”, “atomic” or any other units in their 
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computations. All that I ask is that they should be more 
careful what they publish in textbooks. It is not only 
students who are misled by this mania for putting dimen- 
sional constants equal to unity. Eddington once published 
the absurd staternent that the Sun’s mass can be measured 
in kilometres. 

Yours faithfully, 


H. N. V, TEMPERLEY 


Department of Applied Mathematics, 
University College of Swansea, 
Singleton Park, Swansea. 


Matthew’s Chance : Probability and Prejudice 


SiR,—Concerning the statistical paradox quoted in the 
book review “Probability and Prejudice” (Nature, 221, 
291; 1969) and commented on by Pierre E. Nel (Nature, 
222, 201; 1969), may I submit an analysis of the problem 
which firmly pinpoints the flaw in Matthew's reasoning 
and the fallacy of his optimism ? 

It may be expedient briefly to restate the problem. Of 
three prisoners, Matthew, Mark and Luke, two are to be 
executed, but Mark is not allowed to know which. He 
asks the jailer “since either Mark or Luke are certainly to 
be executed, you will give me no information about my 
chances if you name one man, cither Mark or Luke, 
who is going to be executed”. Accepting this argument, 
the jailer truthfully replied “Mark is to die”. Matthew 
now feels happier, because whereas earlier he took (quite 
rightly) his chance of survival of 1/3, he now knows that 
the choice of the survivor is only between him and Luke 
and has consequently increased to 1/2. Is Matthew right 
to feel happier ? 

If two of the three prisoners are to be executed they 

may be dispatched in three possible combinations: (a) 
Matthew + Mark, (b) Matthew + Luke, (c) Mark + Luke. 
Without further information cach of these has clearly 
equal probability. Since Matthew’s chanee of survival is 
with (e), is it 1/3? 
_ We are told that the draw has taken. place and its result 
is known to the jailer. Note that this statement is import- 
ant because, if the situation were otherwise, the story 
would have a different end. 

We (and Matthew) know that the jailer named Mark 
as a certain victim and with this knowledge option (6) is 
removed as a possibility, but we still cannot distinguish 
between the two remaining options which therefore must 
be taken to be equally probable, each having now a 
probability of 1/2. The reader will note that so far we 
agree with Matthew's reasoning. However, what we must 
now consider and what Matthew unfortunat ely (not of 
course for his own peace of mind) forgot are the chances in 
this situation of the jailer actually naming Mark rather 
than Luke. By the rules of the game he was not permitted 
to name Matthew if he was one of the two chosen victims. 
We must assume that the jailer had no preference other- 
wise, and if the actual draw would have been (c), there 
was an equal chance of him either naming Luke or Mark. 
If the draw would have been (a), on the other hand, the 
jailer had no choice but to name Mark. Tt is in this 
inequality of the options open to the jailer that we find 
the clue to the problem. 

Because the probability of the jailer naming Mark in 
case (a) is 100 per cent and in case (c) only 50 per cent, 
the fact that Mark’s name was chosen-—apart from 
removing option (b)—~also implies that it is twice as hkely 
to have come from option (a) than from option (c). We 
had noted earlier that each of these two options has a 
probability of 1/2; it follows that the probability of 
option (e) being suggested by the jailer’s disclosure is 
2/3x 1/2=1/3. This is, of course, the same probability 
that Matthew had to allocate to this option (his only 
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survival chance) before the apparent indiscretion by the 
jailer. We arrive, of course, at exactly the same answer if 
we assume that the jailer names Luke. 


Yours faithfully, 


W. J. G. PINSKER 
63 Heronscroft, 
Bedford. 


University News 


Mr D. R. Bland, University of Manchester, has been 
appointed professor and head of the department of 
mathematics at the College of Aeronautics (proposed 
Cranfield Institute of Technology). 

Dr F. C. Kafatos has been appointed professor of biology 
at Harvard University. 

Dr C. C. Lamberg-Karlovsky has been appointed 
professor of anthropology at Harvard University, and 
curator of Near Eastern archaeology in the Peabody 
Museum. 


Mr D. G. Anderson, Harvard University, and Mr R. W. 
Brockett, Massachusetts Institute of Technology, have 
been appointed Gordon MeKay professors of applied 
mathematics at Harvard University. 

Dr J. G. Buchanan, University of Newcastle upon Tyne, 
has been appointed to the chair of organic chemistry at 
Heriot-Watt University. 

Dr H, Allred has been appointed to the chair of conserva- 
tive dentistry tenable at the London Hospital Medical 
College, University of London. 

Mr D. J. Neill has been appointed to the chair of dental 
prosthetics tenable at Guy’s Hospital Medical School, 
University of London. 

The title of professor of surgical science has been con- 
ferred on Dr D. G. Melrose in respect of the post held by 
him at the Royal Postgraduate Medical School, Uni- 
versity of London. 

The title of professor of experimental and preventive 
dentistry has been conferred on Dr D. C. A. Picton in 
respect of the post held by him at University College 
Hospital Medical School, University of London. 


The title of professor of pharmacognosy has been con- 
ferred on Dr E. J. Shellard in respect of the post held by 
him at Chelsea College of Science and Technology, 
University of London. 

The title of professor of haematology has been conferred 
on Dr J. W. Stewart in respect of the post held by him 
at the Middlesex Hospital Medical School, University 
of London. 

The title of professor of optical design has been conferred 
on Dr C. G. Wynne in respect of the post held by him at 
Imperial College of Science and Technology, Univer- 
sity of London. 

Dr F. C. Neidhardt, Purdue University, has been 
appointed professor and chairman of the department of 
microbiology in the Medical School at the University of 
Michigan, in succession to Dr W, J. Nungester. 
Professor S. D. Drell has been appointed deputy director 
of the Stanford Linear Accelerator Center (SLAC), 
Stanford University. 


Appointments 


Dr N. S. Grace, Dunlop Research Centre, Ontario, has 
been elected president of the Chemical Institute of 
Canada for 1969-70. Dr J. W. Tomecko, Industrial 
Research Institute, University of Waterloo, Ontario, has 
been elected chairman of the institute’s board of directors. 
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Dr W. E. Duckworth has been appointed director of 
research at the Fulmer Research Institute. He succeeds 
Mr E. A. G. Liddiard, who has retired. 


Dr A. L. G. Rees, chairman of the chemical research 
laboratories and chief of the division of chemical physics 
of CSIRO, has been elected president of the International 
Union of Pure and Applied Chemistry. 


Dr Walter Marshall, director of the Atomie Energy 
Research Establishment, Harwell, has been appointed a 
member of the National Research Development Cor- 
poration. 


Announcements 


The following members of the Metrication Board will 
take the lead in coordinating work on metrication in 
particular sectors of the economy: the Earl of Bess- 
borough, deputy chairman of the board, supported by 
Dr F. Lincoln Ralphs, in agriculture, horticulture, forestry, 
fisheries and land; Dr F. Lincoln Ralphs, supported by 
Professor M. L. McGlashan, in education and industrial 
training; Mr E. F. Knight, supported by Professor M. L. 
McGlashan and Sir Thomas Padmore, in the engineering 
industry; Professor M. L. McGlashan, supported by 
Mrs Ailsa Stanley, in fuel and power; Mr H. J. Cruick~- 
shank, supported by Mr A. G. Dawtry, in industrial 
materials and the construction industries; Sir Thomas 
Padmore, supported by Mr E. F. Knight, in transport 
and the communication industries; and Mr G. Bowen, 
director, supported by Dr Mark Abrams, Mrs Ailsa 
Stanley and Mr A. G. Dawtry, in distribution, food and 
consumer goods. 


Dr J. M. Fowler, director of the Commission on College 
Physics and visiting professor of physics at the University 
of Maryland, has received the Robert A. Millikan 
Award of the American Association of Physics 
Teachers. 


The Industrial Pest Control Association has changed 
its name and will be known in future as the British Pest 
Control Association. 





Erratum. In the article “International Practical Tem- 
perature Scale of 1968” by C. R. Barber (Nature, 222, 
929: 1969), the term “At” in the footnote to page 930 
should read ‘“‘A;”. In equation 10 on page 931 the 
denominator of the fraction in the third bracket should 
be 419-58° C, not 4:1958° C. 

Erratum. In the article “Centroid Method of Integra- 
tion” by I. J. Good and R. A. Gaskins (Nature, 222, 697; 
1969), ‘‘en(v)” in lines 15 and 22 on page 697 should read 
“m(v)”’. On the same page, 7 lines up, p should be equated 


to 2. And 4 lines up, “m=(4, 0, 0,..., 0)” should read 
“mfd, O, O,..., 0)". 
Erratum. The letter “Science, Industry and Govern- 


ment” from V. C. Reddish (Nature, 222, 2009; 1969), was 
written from the US and his address in Edinburgh was 
added in error. 


CORRIGENDUM. A. K. Jonscher has written to say that 
his review of the book Solid State Electronics by G. Fournet 
(Nature, 222, 49; 1969) “contains the statement ‘No 
mention is made of Hall effect---this may be understood if 
one bears in mind that despite a long argument about 
holes, the author falls into the familiar trap of equating 
(negative mass, negative charge) with (positive mass, 
positive charge). This would have given him the wrong 
sign of Hall effect for holes’, The editor of the English 
edition, Mr S. Chomet, has drawn my attention to the fact 
that this statement is incorrect in the sense that the author 
equates (negative mass, negative charge) with minus 
(positive mass, positive charge) which formally leads to 
the correct result”, 
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International Meetings 


July 27~August 1, Second International Conference of 
the International Society of Hemorheology, Heidel- 
berg (Conference Secretariat, Friedrich Engels Strasse 25, 
6750 Kaiserslautern, Germany). 





September 7-12, Pharmaceutical Sciences, London (Mr 
E. L. Robins, 29th International Congress of Pharmaceu- 
tical Sciences, Pharmaceutical Society of Great Britain, 
17 Bloomsbury Square, London WC1). 


September 23-26, Botanical Society of Edinburgh-— 
Research Symposium, Ayr (Mr J. T. Swarbrick, 
Department of Botany, West of Scotland Agricultural 
College, Auchincruive, Ayr, Scotland). 

October 19-25, Sexology, Stockholm (Swedish Associa- 
tion for Sex Education, Box 17006, S-104 '62 Stockholm 
17, Sweden). 

October 20-24, 25th Annual Meeting of the International 
Air Transport Association, Amsterdam (KLM Royal 
Dutch Airlines, KLM Head Office, Schipol Airport, 
Amsterdam, Netherlands). 


October 21-24, Quality Control, Tokyo (Union of Japan- 
ese Scientists and Engineers, 5-10 Sendagaya, Shibuyaku, 
Tokyo, Japan). 


October 23, Heat Transfer and Fluid Flow in Elec- 
trical Machines, London (Thermodynamics and Fluid 
Mechanics Groups, Institution of Mechanical Engineering, 
1 Birdcage Walk, London SW1). 


October 27-29, Antimicrobial Agents and Chemo- 
therapy, Washington (R. W. Sarber, Executive Secretary. 
American Society for Microbiology, 1913 1 Street NW, 
Washington DC 20006, USA). 


October 27-31, World Federation of Engineering 
Organizations, Beirut (Dr G. F. Gainsborough, Secre- 
tary-General, World Federation Engineering Organiza- 
tions, Savoy Place, London WC2). 


October 30-November 1, Photographic Systems, Wash- 
ington (Society of Photographie Scientists and Engineers, 
1330 Massachusetts Avenue, NW Washington DC 20005, 
USA). 


October 31~November 1, Biochemistry, Bucharest (Dr 
Tonel Caloenescu, Secretary-General, Union of Medical 
Science, Societies of the Socialist Republic of Rumania, 
8 Rue Progresul, Bucharest, Rumania). 

October 31-November 1, Work-Factor Time Standard, 
Tokyo (Japan Management Association, c/o Kyoritsu 
Building, 25 Shiba Park, Manato-ku, Tokyo, Japan). 
November 17-21, Joint International Conference on 
Mental Health, Washington (Dr P. Lemkau, 615 North 
Wolfe Street, Baltimore, Maryland 21205, USA). 


Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of families about to 
take up periods of sabbatical leave. To begin with, 
no charge will be made for advertisements like this. 
It is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


Vacant: From September 1, 1969, to end of June 
1970, 2 bedroom furnished house in La Jolla, Cali- 
fornia. Gas heat, garage. Convenient for university, 
Scripps Clinic, Oceanographic Institute. Please 
contact Associate Dean, Wiliam Glazier, Einstem 
Medical College, 1300 Morris Park Avenue, Bronx, 
NY, USA. 
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British Diary 


Monday, July 14 


Atomic Absorption Spectroscopy (five-day conference) Society for Analytical 
Chemistry, m association with the Institute of Physics and the 
Physical Society, at Sheffield. 

Optical Instruments and Techniques (six-day conference British National 
Committee for Physics, under the auspices of the International 
Commission for Optics, at the University of Reading, 

Summer School on Earth Observation Satellites {twelve days) British 
Interplanetary Society, at Gonville and Caius College, Cambridge, 


Tuesday, July 15 


Electron Microscopy of Enzyme Molecules and Enzyme Complexes 
{two-day meeting) Royal Microscopical Society, at the University of 
Edinburgh. 

Enamine Chemistry {two-day international symposium) Chemical Society, 
Heterocyclic Group, at the University of Salford, 

Nuclear Magnetic Resonance Spectroscopy (international symposium) 

hemical Society, Nuclear Magnetic Resonance Discussion Group, at 
the University of Birmingham. 


Wednesday, July 16 
Surface Area Determination {three-day symposium) International Union of 


Pure and Applied Chemistry; and the Society of Chemical Industry, 
at the University of Bristol, 


Thursday,"July 17 

Maritime Meteorology, and Recent Meteorological Research in Wales 
{two-day meeting) Royal Meteorological Society, at the Institute of 
Science and Technology, University of Wales, Cardiff. 

Friday, July 18 


Technological Tomfoolery, or the Art of the Remotely Possible (7,45 
pmj H. G. Wells Society, at Imperial College, London, SW7. 








Monday, July 21 


Analytical Chemistry (international symposium) Society for Analytical 
Chemistry, at the University of Birmingham. 


Modern Optical Microscopy (five-day course) Roval Microscopical Society, 
at the University of Nottingham. 


Reports and Publications 


(nol included in the monthly Books Supplement) 
Great Britain and Ireland 


Passenger Transport: Present and Future. By Professor C, A, O'Flaherty. 
(Inaugural Lecture delivered in the University of Leeds on 29 April, 1968.) 
Pp, 76415 plates. (Leeds: Leeds University Press, 1960.) 6s. [26 

Bulletin of the British Museum (Natural History), Geology. Vol. 17, 
No. 8: Some Bathonian Ostracoda of England with a Revision of the Jones 
1884 and Jones and Sherborn 188% Collections, By R. H. Bate. Pp. 377- 
437 +16 plates. 648, Vol. 18, No. 1: Some Early Ar Brachiopods and 
Trilobites from Wales. By D, E. B. Bates. Pp. +0 plates. 439. 
(London: British Museum (Natural History), 1969.) [26 

Society of Foresters of Great Britain. Fifty Years Gn: Report of the 
Ninth Discussion Meeting, Reading, 3 to 5 January, 1969. (Supplement to 
Forestry.) Pp. 128. (London: Oxford University Press, 1969.) 20s. [26 




















British Flame Research Committee. 1968 Annual Report. Pp. 18. 
(London: British Flame Research, Committee, 1960.) [26 
The Wellcome Trust 1966-68—Seventh Report. Pp. 99. (London: The 
Wellcome Trust, 1969.) [36 


UK. Petroleum Industry Statistics: Consumption and Refinery Produc- 


tion, 1967 and 1968. Pp 8, (London: Petroleum Information Bureau, 
1969.) {86 
Plant Breeding Institute. Annual Report 1968. Pp. ix +136, (Cambridge: 
Plant Breeding Institute, 1969.) {36 
The Work of Aslib for the year ended December 1968. Pp. 31. (London: 
Aslib, 1969.) (36 


An Extension to the Department of Zoology Laboratories, University of 





Edinburgh: Report and Assessment of the Manufacture and Erection of a 
Precast Concrete Structure for a Zoology Research Laboratory. Pp, 48. 
(Edinburgh: Department of Architecture, The University, 1969.) [46 
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Volumes start in January, April, July and October, but subscriptions 
may begin with any issue. 
The direct postal price per subscription for one copy of NATURE 
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“12 MONTHS (52 issues and 4 indexes) 
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$52 each 
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{by alr freight) 

(by air freight) 
Elsewhere overseas by surface mail 
(Charge for delivery by air mail on application) 
(Minimum three months.) 


*Shorter periods pro rata. 
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_ Royal Observatory Bulletins, No. 148: Time and Latitude Service 1967, 
January-March, Pp. 165-180. (London: HM Stationery Office, 1969.) 
3e. net. [46 

Institute of Physics and the Physical Society. Booklet No. 5: Publica- 








ions Pp, 23. (London: Institute of Physics and the Physical Society, 
1989, ” {56 
PEP Broadsheet 512: Women at Work. By Pauline Pinder. Pp. iv+ 


523-654. (London: Political and Economic Planning, 1969. Obtainable 
from , evenrolt Publications, 11, Nelson Road, SE10.) 10s. (iy postals. 
extra). 156 

Royal Observatory Bulletins. No, 149: Time and Latitude Service 19€7, 
April-June. Pp, B183-B196, 2s. bd. het, No. 150: Time and Latitude 
Service 1967, July-September. Pp. B197-B208. 28. 6d. net. No. 161: 
Time and Latitude Service 1967, Octo December, Pp, B209-Be24, 
3s. 6d. net. (London: HM Stationery Office, 1960.) {56 

The British Food Manufacturing Industries Research Association. Annual 
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g S0 YOU THINK 


YOU HAVE SEEN - 
EVERYTHING! 


you havent, you know, 
not unless you've used 


the new JEM-1008B 


First, look at its specification 


Resolution—2.1Å lattice or 3A point to point 
Magnification-—-500-500,000-—-single knob, digital 
readout, no realignment 

Accelerating voltages—20, 40, 60, 80, 100k V—digital 
readout 

Selected area diffraction—and with choice of three 
camera lengths 

Dark field—with dual channel controls 

Six lens optics—for the best performance in all modes 
Fully automatic vacuum system 

Automatic camera and exposure system 


And you have all this and more in just one 

electron microscope. 

Now, make this your new electron microscope. 

Come and see it today—and bring your specimens too. 
The JEM-100B will show you everything. 





P 





G 
JEOL 


Now, Direct Sales & Service by 


JEOLCO (U.K.) Ltd. 





Shakespeare Road, London, N.3. 
Telephone: 01-346 7211 

A subsidiary of JAPAN ELECTRON 
OPTICS LABORATORY CO. LTD. 
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THE UNIVERSITY OF ROTTERDAM 





COMPUTERS AND MEDICAL RESEARCH 





Our client, the University of Rotterdam is seeking Senior Computer Personnel to participate in its clinically 
oriented cardiovascular and pulmonary disease research project, working with the latest and most advanced 


equipment in this field, 


Computer Manager 


Applicants must have experience in daily supervision of an on-line computer system, be interested in the 
vocational aspects of intensive care of patients and desire to co-operate in the pursuit of scientific research, 


Senior Programmers 


Formal training should include mathematical and physical sciences. A working knowledge of a classical assembly 
language and experience in the use of FORTRAN or ALGOL is essential. Experience in biologically related 
fields and the use of time sharing computer systems is desirable but not a pre-requisite. 


Applicants must have effective experience in formulating computer solutions to scientific problems, and for both 
these positions a training in physiology, medicine or electrical engineering is highly desirable. 


These are permanent positions and the successful applicants will be given the opportunity to make significant 
contributions to man’s understanding of disease processes and patient care. Training will be given in the more 


specialised aspects of the work. 


A very competitive salary will be negotiable and includes removal expenses and other fringe benefits. 


Interviews will be held in London. ALL applications must, in the first instance, be sent to: 


SONSES a aaan 


Box No. 3340, c/o Charles Barker & Sons Limited, Recruitment Publicity Division, 20 Cannon Street, London, E.C.4. 


UNIVERSITY OF IBADAN 
NIGERIA 


Applications are invited for (a) SENIOR LEC- 
TURESHIPS or (b) LECTURESHIPS IN DE- 
PARTMENT OF ZOOLOGY in the fields of 
genetics, comparative or cellular physiology or 
entomology. Applicants with qualifications in 
other fields will also be considered. Salary 
scales: (a) £€N2,275 to £N2,575 per annum ; 
4b) £N1,200 to £N2,175 per annum (ENI = 
£i 3s. 4d. sterling) Salary supplemented in 
range £240 to £515 per annum (sterling), and 
education allowances and children's holiday visit 
passages payable in appropriate cases under 
Briush Expatriates Supplementation Scheme. 
Family passages; various allowances: F.S.S.U. ; 
regular overseas leave. 

Detailed applications (ix copies), naming three 
referees by August & 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
WIP ODT, from whom particulars are ce 


UNIVERSITY OF IBADAN 
NIGERIA 

Applications are invited for (a) SENIOR LEC. 
TURESHIP or (b) LECTURESHIP IN DE- 
PARTMENT OF BIOCHEMISTRY. Salary 
scales (a) £N2,275 to £€N2,775 per annum ; 
{by £N1,200 to £€N2,175 per annum {ENI = 
£1 3s. 4d, sterling). Salary supplemented in 
range £240 to £555 per annum (sterling) and 
education allowances and chikirens’ bolday visit 
passages payable in appropriate cases under 
British Expatriates Supplementation Scheme. 
Family passages; F.S.$.U0.; various allowances + 
regular overseas leave, 

Detailed applications (six copies), naming 
three referees by August 15, 1969, to Inter- 
University Council, 90/91 Tottenham Court 
Road, LONDON WIP ODT, from whom par- 
ticulars are available. 13 





(194) 





QUEEN MARY COLLEGE 
(UNIVERSITY OF LONDON) 


DEPARTMENT OF ZOOLOGY AND 
COMPARATIVE PHYSIOLOGY 


Applications are invited from graduates 
in biological subjects with an interest in 
physiology and biochemistry for the post 


of Research Assistant to work on problems 
ef acid-base balance and intracellular pH 
of vertebrates, Commencing date October 
1, 1969. Salary within the range £950 to 
£1,250 per annum. Initial salary accord- 
ing to qualifications and experience. 
Application forms obtainable from the 
Registrar, Queen Mary College, Mile End 
Road, London, E.l, to be returned by 
July 25, 1969. (205) 





ST. MARY’S HOSPITAL 
HARROW ROAD, W.9 (01-286 4884) 
Probationary Grade Medical Biochemiist 


required for well equipped department of 
Haematology with active Research pro- 


gramme. The Department takes pact in 
the training of undergraduate medical 


studems. Experience with radio isotopes 
would be an advantage, training in this 
field will be given if necessary. Whitey 
Council salaries and conditions. 

Apply to Director of Pathology. 


(206) 





For further Classified advertisements see page vi. 


NATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 
CUNIVERSITY OF READING) 

The Physics Department has two vacancies for 
ASSISTANT ‘EXPERIMENTAL OFFICERS to 
assist in the preparation of specimens, mainten- 
ance of apparatus, and measurement of records 
in applying (1) X-ray crystallography and (2) gas 
chromatography to biological materials, including 
dairy products. For post (1) minimum qualifica- 
tions are “A “devel in physics and/or chemistry, 
with mathematios or biology, or HUN.C. in 
physics. For post (2) “A level in chemistry, 
with physics, mathematics or biology, or H.N.C. 
in chemistry. Previous experience is not essen- 
tial, but for post (2) preference will be given to 
candidates with some experience of gas chromato- 
graphy. Starting salaries up to £1,150 according 
to age, in scale £1,385. 

Apply on forms obtainable from the Secretary, 
NARD., Shinfield, Reading RG2 9AT, quoting 
Reference 69/13 (21) 


“UNIVERSITY OF MANCHESTER 
SCIENCE IN INDUSTRY 

Applications invited for a post of TEMPOR- 
ARY LECTURER or ASSISTANT LECTURER 
in the Department of Liberal Studies in Science. 
Initial appointment for two years, but post ex- 
pected to be confirmed as permanent towards 
the end of that period, Candidates, preferably 
with qualifications in science or technology and 
industrial experience, should have interests in 
science-based innovation. Duties to include par- 
ticipation in a new M.Sc. course. Salary ranges 
per annum: Lecturer, £1,585 to £2,850; Assis- 
tam Lecturer, £1,240 to £1,470. F.S.S.U, 
Particuiars and application forms (returnable 
by July 25) from the Registrar, The University, 
Manchester M13 9PL. Quote Ref. saat Ni 
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UNIVERSITY OF GLASGOW 


ASSISTANT LECTURESHIP IN 
MICROBIOLOGY 


Applications are invited for an Assistant 
Lectureship in Microbiology preferably 
from candidates with Ph.D. or M.Sc. 
Special interest in Bacterial Metabolism or 
Bacterial Genetics would be an advantage. 
A new Advanced Teaching and Research 
Extension will be completed by the end of 
1969 and excellent facilities for develop- 
ment of research interests are available, 
Salary scale: £1,240 to £1,470 per annum, 
Initial salary according to experience and 
qualifications. F.S.S.U. 

Applications (three copies) should be 
lodged not later than July 21, 1969, with 
the undersigned, from whom further par- 
ticularg may be obtained. 


ROBT. T. HUTCHESON, 
Secretary of the University Court. 


(119) 





INSTITUTE OF OPHTHALMOLOGY 
(UNIVERSITY OF LONDON) 
JUDD STREET, LONDON, W.C.1 


ELECTRON MICROSCOPY 


An experienced technician required ime 
mediately to carry out research on ibe 
ultrastructure of eye disease. 


Grading according to qualifications and/ 
or experience but there are unusual oppor- 
tunities for promotion to higher grades. 


Applications stating age, sex, quak- 
fications, experience and giving names of 
two referees to: 


The Director, Department of Pathology, 
at the above address. (183) 


THE CITY UNIVERSITY 
RESEARCH ASSISTANT 
PHYSICS DEPARTMENT 


A vacancy exists in a group recently 
awarded an S.R.C. grant to investigate the 
solid state batteries. The successful appli- 
cant will be expected to plan and interpret 
experiments using facilities avaiable in the 
departmemt which includes an electron 
microscope, equipment for optical absorp- 
uon and X-ray diffraction: An LOCVT. 190% 
computer can also be used. Experience of 
vacuum technique, ionic conductivity or 
thick film methods would be desirable but 
is not essential. 


The appointment will be in the salary 
range £1,240 to £1,470 according to age 
and experience and will carry F.S.S.U, 
benefits. 


Applications, accompanied by a brief 
curriculum vitae and the names of two 
referees, to Mr. J. E. Caffys, Physics De- 
partment, The City University, St. Joba's 
Street, London, ECI, by July 24 1969. 


(181) 






UNIVERSITY COLLEGE 
LONDON 


LECTURER IN 
BIOCHEMISTRY 


Applications invited for above post in 
Department of Biochemistry. Salary on 
seale £1,240 to £2,850, plus £60 London 
allowance, per annum; F.8.8.0. 

Applications by July 30 to Secretary, 
UCL., Gower Sweet, W.C.1, from whom 
further particulars can be had. (190) 









FOREST PRODUCTS RESEARCH LABORATORY, 
MINISTRY OF TECHNOLOGY 


PRINCES RISBOROUGH, AYLESBURY, BUCKS. 


BIOLOGIST (graded Experimental Officer/ Assistant Experimental Officer) to join the 
Biodeterioration Group for duties mainly concerned with research on the biology and 
control of insects which damage timber. Some experience in insecticide testing would 
be an advantage. 


Prospects of permanent pensionable appointment. 


Application Forms from the Director at the above address. 
Please quate: HC/20/1823/G. Closing date: July 29, 1969, 


ARMY PERSONNEL RESEARCH ESTABLISHMENT, 


WEST BYFLEET, SURREY 


PHYSIOLOGIST (Graded Experimental Officer/Assistant Experimental Officer) te- 
quired to assist with research into the physiology of the soldier in his military environ 
ment. The work will inclade both laboratory and field experiments in this conntry 
and more occasionally overseas. Investigations in the field relate to such problems as 
physical fitness, mutritional requirements and artificial acclimatization to heat. The 
laboratory work will include standard physiological determinations, analysis of respira- 
tory gas samples, experimental data processing (by calculating machine or commuter) 
and the preparation of reports for publication. 

Qualifications : Preference will be given to a candidate who has, in addision to the 
basic qualifications for the grade mentioned below, experience relating to keman 
physiology, pardcularly if the experience includes data processing, 

Tt is expected that the West Byfleet detachment will move to Farnborough in two 
to two and a half years time. 

Application forms: are obtainable from the Ministry of Defence, CENP) (AD), 
Northumberland House, Northumberland Avenue, London, WCA Please quote 16/ 
69/G. 






SALARIES, QUALIFICATIONS AND AGE LIMITS 


Experimental Officer Class 

A qualification of the standard of HMC., or a general degree in an appropriate sub- 
ject is normally required, but if you are under 22 and have appropriate © A levels, 
you will also be considered. Starting salaries depend on age and experience in the 
range £683 to £2,006. Promotion prospects. 

Age: normally 26-30 for E.Q. 18-27 A EO. 


Salaries of posts in Londen carry a supplement. 





roay 
Clive 





ORGANIG CHEMIST 


for Basic Research 


Applicants should have a B.Sc.(Hons.) in organic 
chemistry and experience in the synthesis of organic 


compounds. Preferred age 25-30. 


The Murphy Chemical Company is a member of the 
Glaxo Group and manufactures a wide range of 
agricultural, horticultural and industrial chemicals. 


The salary is negotiable. 


oe apply, quoting reference U.34, to the Personne! 
cer, 


The Murphy Chemical Co Ltd 
Murphy Wheathampstead, St. Albans, Herts 


(180) 








O ASSISTANT 
ex LIBRARIAN 


The Building Development Group of ICI, a fast developing 
unit, is setting up a small technical library and information 
service and requires an Assistant Librarian. The appointment 
could be filled by either a science graduate with some experience 
of library or information work or someone holding an ALA or 
equivalent diploma in Librarianship with a modest technical 
background. 














The person appointed will assist in the establishment of the 
library, classifying the library stock and indexing abstracts 
prepared from the technical literature. 


Please reply briefly quoting ref. 57755/N. to: 


C. H. Oakley, ICI BUILDING DEVELOPMENT GROUP, 
Rosanne House, Bridge Road, Welwyn Garden City, 
Herts. (164) 





OXFORD HAEMOPHILIA CENTRE 


Plasma Fractionation 
Laboratory 


Technical staff are required by the Oxford Haemophilia Centre for the 
following additional posts in the new and expanding Plasma Frac- 
tionation Laboratory : 


I, For work on the preparation from human blood plasma of thera- 
peutic materials used in the treatment of patients suffering from 
defects of blood coagulation, 


2. For research and development work in the biochemistry of pro- 
teins involved in blood coagulation. 


“O” Level Mathematics and English Language essential. Appli- 
cants should also possess National Certificate, [LS.T. or equivalent 
qualifications in Chemistry or Biology, plus several years laboratory 
experience. Workshop experience an advantage. 


Appointments will be to the staff of the Lister Institute of Preventive 
Medicine on the Technician or Senior Technician grades, as appropri- 
ate, according to age, qualifications, and experience. Salary scales: 
Technician, £935 to £1,195 per annum; Senior Technician, £1,125 to 
£1,450 per annum, 


Apply in writing to The Secretary, Oxford Haemophilia Centre, 
Churchill Hospital, Headington, Oxford, OX3 7LJ. 


(192) 





FIELD STUDIES COUNCIL GRADUATE ASSISTANT REQUIRED TO 
take part in work directed towards elucidating 
ST Cemale) at Matham Tarn Field nearonal/neurogtial relationships. The work wii 









involve tissue cuhure and other techniques of cell 
g yo wH interest in Physical Geograph biology and will be suitable for a graduate in 
Main dunes: teaching, with good opportun zoology or physiology. The successful applicant 
for research, Appointment: in Autumn, or will be expected to work for a higher degree. 
earlier, Salary according to age and experience For 
Application forms from the SCIENTIFIC further information apply to the Director, 
DIRECTOR, Field Studies Council, 9 Devereux M.B.C. Research Group in Applied Neurobic- 
Count, Strand, Londen, W.C.2, to be returned logy, Institute of Neurology, 8 Queen Square, 
by Jufy 19, 10649. {183} London, WCL (169) 


te, nr, Seule, Yorks., good degree in Gev 
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UNIVERSITY OF DURHAM 


RESEARCH ASSISTANT IN 
BOTANY 


required to work on the Population 
Dynamics of Selected Species of the Upper 
Teesdale flora with Dr. M. E. Bradshaw. 
Applicants should have a first. or upper 
seoond class Honours Degree in Botany. 
The successful applicant may be allowed 
to register for a Higher Degree. The ape 


pointment will commence as soon as pos- 
sible after the chosing date and will be for 
one year in the first instance, with possible 
renewal for a further period. 

Salary will be on the scale £850 by £50 
to £950 (nder review) with F.SS.U. 


Applications (three copies), giving details 
of education, experience and interests, to- 
gether with the nemes of three referees, 
should be sent by July 25, 1969, to the 
Registrar and Secretary, Old Shire Halt, 
Durham, from whom further particulars 
can be obtained. (157) 





THE CITY UNIVERSITY 
DEPARTMENT OF CHEMISTRY 


BLECTRONIC 
PROTECTIVE ME 


ONDUCTION IN 
‘AL OXIDE FILMS 






Applications are invited for the post of 
postdoctoral 


RESEARCH ASSISTANT 


to work on the above SRO. sponsored 
project. Preference will be given to candi- 
dates whh experience in Chemical Metal- 
jurey, Corrosion Science and Electro- 
ohemistr lary up to £1,600 per annum 
plus F. benefis. 


RESEARCH STUDENTSHIPS 








S.U, 





ions are also invited from gradu- 
ates holding a good honours degree in 
Chemist Materiais Science, Metallurey 
and Physics. for re udentahins for 
work on the above or t or in electra- 
catalysis. 






Applications, giving detalis of age, 
qualifications and experience, sbouki be 
sem to Dr. A. C. C., Tseung, Depart- 
ment of Chemisiry, The University, 
St John Sree, London EC (149) 





NATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 
ASSISTANT EXPERIMENTAL OFFICER 
required to supervise the running of experimental 
animal colonies in the Physiology Department, 
Candidat should have previous experience in 
the breeding and mana yent af experimental 
animals. LAT. quatificadons, although not 
essential, would be prefer Excellent oppor- 
tunities exist for further study. Starting salary 
up to £1,150 per annum according 10 age. 
Apply on forms obtainable from the Secretary, 
N.LR.D.. Shinfield, Reading RG2 9AT. Quote 
Reference 69/22. (42) 


UNIVERSITY OF OTAGO 
DUNEDIN, NEW ZEALAND 
LECTURER IN APPLIED CHEMISTRY 


Applications are invited for the post of Lec- 
turer in Applied Chemistry, Experience in in- 
dustry and/or in chemical engineering is desir- 
able. Salary scales under review, for 1969, the 
rales are as f ws Lecturer SNZ3100 by 
SNZ200 to S$NZ4,700 by SNZ1IQ0 to SNZ4,800 
per annam; Senior Lecturer $NZ4,700 by 
SNZ200 to $NZ5,500 per annum, thereaficr a 
ane of salaries up to $NZ6.600 per annum, 

e: ŞNZ100 equals £46 Lis. 4d, sterling, 
$ $112, $A100.) 

Further particulars are available from the Sece 
rotary-General, Association of Commonwealth 
Universities (Appts.), 36 Gordon Square, London 
W.Ct, or from the Registrar of the University. 
Applications close in New Zealand and London 
on September 30, 1969, 130) 
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AUSTRALIAN NATIONAL 
UNIVERSITY 
RESEARCH SCHOOL OF BIOLOGICAL 
SCIENCES 
TECHNICAL OFFICER GRADE I OR II 


Applications are invited from technicians with 
experience in the preparation and examination of 
biological specimens by light microscopy and 
electron microscopy, for a position as Technical 
Officer in the Developmental and Cellular Bio- 
logy Group of the School. The possession of 
a formal qualification with biology as a major 
subject is preferred. 

Salary will be within one of the following 
ranges depending upon qualifications and experi- 
ence: Technical Officer Grade 1, $A3,475 to 
$A4.285 per annum ; Technical Officer Grade H, 
$A4,283 to $A4,553 per annum. In addition a 
salary loading at the rate of $A200 per annum 
is payable to Technical Officers for an approved 
University degree or SA100 per annum for cer- 
tain recognised Technical College diplomas or 
membership of a professional body recognized 
by the University. Assistance with passages and 
accommodation will be provided. 

The successful applicant will be required to 
undergo a medical examination. Written appli- 
cations, quoting reference number 69228 should 
be forwarded to the Registrar, Australian 
National University, Box 4, P.O. Canberra, 
A.C.T. 2600, Australia, with whom applications 
close on July 31, 1969. (185) 





UNIVERSITY OF QUEENSLAND 
AUSTRALIA 
DEMONSTRATORS IN GEOLOGY 


The University invites applications for the 
above-mentioned positions. Applicants should 
have an Honours Degree in Geology (First or 
upper Second Class). The appointees (there are 
several vacancies in the Department) will be em- 
ployed with first-year classes and specialised 
laboratory work with advanced classes and will 
have opportunity for research towards a Ph.D. 
Equipment and projects for research ate excel- 
kat. Although applicants are desired in the 
fields of petrology, sedimentology and palaeonto- 
logy, those with other interests should also 
apply. The salary will be within the range 
$A3.375 to $A3,825 per annum. 

Additional information and application forms 
will be supplied upon request to the Secretary- 
General, Association of Commonwealth Univer- 


sities (Appts), 36 Gordon Square, London, 
W.C.1. Applications close in London and 
Brisbane on August 4, 1969. 


aso 


UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF PHYSICAL CHEMISTRY 


Applications are invited for an S.R.C. sup- 
ported post-doctoral research assistantship to en- 
gage for a period of two years commencing in or 
soon after September, 1969, on work on the 
photo electron spectra of species on the surfaces 
of single crystals and in the gas phase. A photo- 
electron spectrometer which is incorporated in an 
ultra-high vacuum system is to be constructed. 
The salary will be in the range £1.300 to £1,400 
per annum according to qualifications, 

Applications should be made to Professor 
J. W, Linnett, Department of Physical Chem- 
istry, Lensfield Road, Cambridge, from whom 
further particulars can be obtained. (178) 


UNIVERSITY OF GHANA 
DEPARTMENT OF BIOCHEMISTRY 
Applications ate invited for the 


CHAIR OF BIOCHEMISTRY 


The successful candidate will head a Depart- 
ment of Biochemistry being organised jointly be- 
tween the Medical School and the University. 
The successful candidate, who need not be a 
medically qualified biochemist, will be in full 
control of the whole teaching programme. which 
will provide a biochemical basis for the study 
of biology in its widest sense. 

Salary: N@€6,400 per annum (non-medically 
qualified) ; N€8,660 per annum (medically quali- 
fied). (Non-taxable inducement allowance of 
N@900 per annum for expatriates). (Official rate 
of exchange for the New Cedi: One pound sterl- 
ing=N@2.45. One U.S. dollar = NG1.02.) 

Appointment normally four or six years in the 
first instance but a shorter period of secondment 
will be considered. 

Further particulars and forms of application 
should be obtained from the Assistant Registrar, 
University of Ghana Office, 15 Gordon Square, 
London, W.C.1, or the Registrar, University of 
Ghana, P.O. Box 25, Legon, Accra, Ghana, with 
whom applications (EIGHT COPIES), should be 
fodged not later than August 8, 1969. (196) 





UNIVERSITY OF MANITOBA 
WINNIPEG, CANADA 

































DEPARTMENT OF PLANT SCIENCE 


PROTEIN CHEMIST— 
GENETICIST 


Applications are invited for a position 
of Assistant or Associate Professor. The 
candidate should have experience in pro- 
tein chemistry and knowledge of biochem 
cal genetics. The successful candidate will 
work with other biochemists and geneticists 
on the inheritance of endosperm proteins 
in wheat and related grain species. Salary 
will be commensurate with qualifications 
and experience. 

Interested applicants should send cur- 
riculam vitae, list of publications, and 
names of three referees, to Dr. R, C. 
McGinnis, Head, Department of 
Science, University of Manitoba, Winnipeg 
19, Canada. (gob 


Applications are invited for a post in 
the undermentioned Department : 


BIOCHEMISTRY 
LECTURER 


Applications from suitably qualified 
candidates will be carefully considered 
but it is boped to appoint a person 
who can contribute to research on the 
correlation of the structure and activity 
of the components of eukaryotic cells. 
Reference No. 44/1/D. 


SALARY SCALE: 

£1,240 to £2,850 (probationary to 

£1,470; efficiency bar at £2,045). 

Applications (three copies), Stating 
age, qualifications and experience and 
naming three referees, should reach the 
Registrar and Secretary, the University, 
Leeds, LS2 9JT, not later than August 
4, 1969. 


Please quote reference number, 
167) 


UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited from well qualified 
students (2.i. Honours or equivalent) with wain- 
ing in biochemistry, chemistry or biology for 
scholarships for research leading to the degree 
of Ph.D. The research interests of the depart- 
ment aré particularly concerned with biological 
control mechanisms and the relationship between 
structure and function at all levels of biological 
organisation. There are excellent facilities for 
these and allied research problems. 

Applications to Professor W. Bartley, Depart- 
ment of Biochemistry, The University, Sheffield 
S10 ZTN before July 21, 1969. Quote Ref. 
R.20/G. (135) 





ZARIA, NIGERIA 


Applications are invited for post of PRO- 
FESSOR AND HEAD OF DEPARTMENT OF 
GEOGRAPHY. Specialisation in one or more 
of the following fields is desirable: Economic 
Geography, Agricultural Geography, Settlement 
Geography or Bio-geography. Interest and ex- 
petience in resource analysis and regional plan- 
ning advantageous, Salary £N3,200 per annum 
(ENi=£1 3s. 4d. sterling). Salary supplemented 
by £640 per annum (sterling) and childrens’ holi- 
day visit passages and education allowances pay- 
able in appropriate cases under British Expatri- 
ates Supplementation Scheme. Family passages ; 
various allowances; superannuation scheme ; 
regular overseas leave. 

Detailed applications (six copies), naming three 
referees by July 31, 1969, to Inter-University 


Council, 90/91 Tottenham Court Road, LON- 
DON WIP ODT, from whom particulars are 
available. (133) 


UNIVERSITY OF OTAGO 
DUNEDIN, NEW ZEALAND 
LECTURER OR SENIOR LECTURER IN 
CLINICAL BIOCHEMISTRY 








Applications are invited from medical or 
science graduates for the position of LECTURER 


or SENIOR LECTURER in Clinical Biochem- 
istry. 

Salary according to qualifications and experi» 
ence within the following scales: 

Science Graduate: Scales under review. For 
1960, the rates are as follows: Lecturer, 
$NZ3,100 by $NZ200 to $NZ4.700 by SNZ10G 
to $NZ4,800 per annum; Senior Lecturer, 
§N74,700 by $NZ200 to $NZ5,500 per annum i 
thereafter a range of salaries up to $NZ6,000 per 
annum. 





Medical Graduate: Lecturer, a scale from 
$NZ4,270 to $NZ6,800 with a bar at $NZ5.G00 
per annum; Senior Lecturer, a scale from 
$NZ7,000 to $NZ8,100 per angum, (Note: 
SNZ100 equals #46 13s. 4d. stg; SUSIA; 
$A100), 

Family passages and assisiance with removal 


costs are provided. 

Further particulars are available from the Sec- 
retary-General, Association of Commonwealth 
Universities (Appts), 36 Gordon Square, Lons 
don, W.C.1, or from the Registrar of the Uai- 
versity. Applications close in New Zealand and 
London on August 15, 1969, C136} 





AUSTRALIAN NATIONAL 
UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 
RESEARCH SCHOOL OF SOCIAL SCIENCES 
SECOND CHAIR OF STATISTICS 
Applications are invited for a second Chair in 














the Department of Statistics of the Research 
School of Social Seiences. The Head of the De- 
partment is Professor P. A. P. Moran. The 


work of the Department is concerned wih re 
search and graduate teaching in the fields af 
mathematical statistics and probability theory, 
and their applications in the social, biological 
and physical sciences. The appointee will be 
required to devote his emire time to research 
and the supervision of research students 

The normal salary for this post is 13.000 
per annum; superannuadion is on the SU, 
pattern with supplementary broefits. Reasonabic 
appointment and travel expenses will be paid to 
the successful applicant and his family. and 
assistance with housing is provided. A Profes- 
gor ig entitled to twelve months’ study leave 
on full salary, with up to $A3,200 towards €X- 
penses, in every four years of service. 

Further particulars may be obtained from the 
Association of Commonwealth Universities 
(Appts), 36 Gordon Square, London, Wall. 
Applications close on August 1, 1969, BRES] 









UNIVERSITY OF MELBOURNE 


LECTURESHIP 
in the 
DEPARTMENT OF ZOOLOGY 
Applications are invited for the above- 


intment in the fekt of Cellular 
and Comparative Physiology. Preference wil be 
given to applicants with interests in the physio- 
logy of insects or other invertebrates or 3 
tively in the field of developmental biology. 

DUTIES: WH include Jecturing to junior and 
senior science biology studerus and conducting 
laboratory classes. 

The Department has excellent modern facflicies 


mentioned ap; 















for electronmicroscopy, electrophysiology. histo» 
and ¢yto-chemistry, tissue culture and bio- 
acoustics, The Head of the Department is Pro- 


fessor G. Burnstock. 

SALARY: $A5,400 to $A7,300) per annum, 
Initial salary will be determined according to 
qualificadions and experience, 

Further information, including details of supet 
annuation, travel and removal expenses, housing 
assistance and conditions of appointment, is 
available from the Association of Commonwealth 
i §.), 36 Gordon Square, London, 
auons close on September 1, 
1969. It is desirable t applicants should be 
able to take up the position as avon as possible 
after appoiniment. C35) 








ROYAL AGRICULTURAL 
COLLEGE 
CIRENCESTER GL7 61S 
Required: Assistant Lecturer in Agriculural 
Chemistry to commence duties in October 1969. 
Salary according to the Burnham Technical Scale. 


Further particulars may be obtained from the 
Principal. 1120) 
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NORTHERN POLYTECHNIC 
Holloway, London, N.7 


Department of Physics 


There will be vacancies in September for RESEARCH ASSISTANTS 


in two groups in the Department: 
(a) Development of low back 


cosmic ray studies, 


(b) Infrared atomic spectroscopy : 


lamps. 


ground counting systems: underground 


excitation processes in discharge 


Candidates appointed will be expected to assist in research, do a limited 


amount of teaching and register 


as students for higher degrees either as 


internal students of the University of London or with the C.N.A.A. 


Salary scale: £870 by £30 to £930, 


Apply in writing to the Head of the Department of Physics. 


NEW ZEALAND 
AGRICULTURE DEPARTMENT 


Applications are invited for the under- 
mentioned vacancies: 


VACANCY B 13/2/147/2419 
SCIENTISTS (2) 
HORTICULTURAL FIELD RESEARCH 
(a) PUKEKOHE, (b) HASTINGS 


_ Salary: Payable up to $NZ6,060 accord- 
ing to qualifications and experience. Op- 
portunity exists for a further promotion to 
$NZ7,300 on scientific merit, 


Duties: G@) Research and field experi- 
mental work on all aspects of vegetable 
production in Franklin County, including 
plant nutrition, soil management, weed, 
pest. and disease control. The two mosi 
important crops are potatoes and onions. 


tb) Research and field experimental work 
on all aspects of vegetables and fruit pro 
duction in Hawke's Bay, including plant 
nuirition, soil management, weed, pest, 
and disease control, but with special em- 
phasis on processed vegetables and fruit 
in the Hasungs district. 


Qualifications desired: Degree in Horti- 
cultural Science or Science with honours 
preferred. Knowledge of horticultural 
craps and field experimental methods would 
be an advantage, 


Passages: Fares for appointee and his 
wile and family, if married, will be paid. 
_ Incidental expenses: Up to £35 for a 
single man and £100 for a married man 
can be claimed to cover the cost of taking 
personal effects to New Zealand, 
Application forms and general informa- 
are available from the High Com- 
oner for New Zealand, New Zealand 
Haymarket, London, S.W.1, with 


whom applications will close’ on August 6, 
1969, 


Please quote reference B 13/2/147/2419 
when inquiring. (197) 


UNIVERSITY OF 
MANCHESTER 


ASSISTANT KEEPER IN 
BOTANY 


Applications invited for this post in the 
MANCHESTER MUSEUM from candi- 
dates with an interest in Systematic Botany 
and care of Herbaria, Salary range? 
£1,240 to £1470 per annum. F.S.8.U, 


Further particulars and application forms 
{returnable by August 25), from the Regis- 
trar, University of Manchester, Manchester 
Mia OPL. Quote ref: 145/69.N, 











(198) 


UNIVERSITY OF 
MANCHESTER 


DEPARTMENT OF PHYSIOLOGY 
AND 


MANCHESTER ROYAL 
INFIRMARY 


DEPARTMENT OF ANAESTHETICS 


Applications invited from candidates with 
medical qualifications registrable in this 
country for two joint posts of Temporary 
Assistant Lecturer in Physiology/Senjer 
House Officer in Anaesthetics. The person 
appointed will work in the University De- 
partment of Physiology and in the Depart- 
ment of Anaesthetics in the Royal Infirm- 
ary, spending approximately half their 
time on work in each department. Ex- 
perience in Anaesthetics desirable, Salary 
range per annum: £1,570 to £1,799. 
Duties commence October 1, 1969. 

Particulars and application forms (re. 
turnable by July 30) from the Registrar, 
The University, Manchester, M13 9PL. 
Quote Ref.: 143(b)/69N. (200) 


NEW ZEALAND 
AGRICULTURE DEPARTMENT 


Applications are invited for the under- 
mentioned vacancy: 


VACANCY B 13/2/146/2420 
SCIENTIST (Crop Agronomy) 


INVERMAY AGRICULTURAL 
RESEARCH CENTRE 


Salary: Payable up to $NZ6,060 per 
annum, depending on qualifications and 
experience. 


Duties: Supervise erop variety and 
manurial trials, Conduct research in crop 
agronomy with particular emphasis on 
plant population studies and effects of crop 
rolations on soil fertility and crop yields. 
House available at assessed rental. 


Qualifications desired; Ph.D., M.Agr.Se. 
or M.Sc. 


Passages: Fares for appointee and his 
wife and family, if married, will be paid. 

Incidental expenses: Up io £35 for a 
single man and £100 for a married man 
can be claimed to cover the cost of taking 
personal effects to New Zealand, 


Application forms and general informa- 
tion are available from the High Commis- 
sioner for New Zealand, New Zealand 
House, Haymarket, London, S.W.1, with 
whom applications will close on August &, 
969. 


Please quote reference B 13/2/146/2420 
when inquiring. (199) 






















AGRICULTURAL 
RESEARCH 
COUNCIL 







Institute for Research 
on Animal Diseases 


CLINICIAN 


Applications are invited from Veterinary 
graduates for a vacant post of Clinician at 
the Institute for Research on Animal Dis- 
eases, Compton, with associated work at 
the Grassland Research Institute, Hurley. 
In addition to assisting the Senior Clinician 
at Compton with the medical and surgical 
work required for the livestock at that 
Institute, the appointee will provide a link 
between the scientists at Hurley and the 
veterinary help required to define the prob- 
kms of animal health associated with or 
anticipated in the intensification of live- 
Stock production and land usage. 












Experience in large animal practice re- 
quired with an interest in modern trends in 
agricukture. The appointment will be for 
a fixed term of up to three years. Salary 
in the range £2,000 to £2,500 according to 
age and = experience. Accommodation 
avaiable at Compton. 






Applications, including the names of 
two referees, should be submitted by 
August 1, 1969, to the Secretary, Institute 
for Research on Animal Diseases, Comp- 
ton, Newbury. Berkshire, quoting Ref. 105. 
(193) 


THE HATFIELD POLYTECHNIC 
RESEARCH ASSISTANTS 


Microbiologist/Plant Pathologist to work 
on Specific Replant Disease in Malus app. 
The successful candidate should have a 
sound knowledge of biochemistry and 
microbiology and will be expected to pre- 
pare for a Higher Degree of the C.N.A.A. 


Salary Seales: (under review). 
£870 to £930 per annum. 


Further details obtainable from the Sec- 
retary and Academic Registrar, The Hat- 
field Polytechnic, Hatfield, Herts. Quote 
ref.: JISJN. (203) 





KING’S COLLEGE HOSPITAL 
MEDICAL SCHOOL 
(UNIVERSITY OF LONDON) 


DENMARK HILL, CAMBERWELL, 
LONDON, S.£.5 


LIVER RESEARCH UNIT 


Applications are invited for the appoint- 
ment of a Biochemist to join a team work- 
ing on the development of methods for the 
treatment of acute hepatic failure. These 
methods include a number of biochemical 
problems and it would be possible for the 
candidate to develop one of these for « 
higher degree, The starting salary would 
be £1,130. 

Applications, including curriculum vitae 
and names of three referees, to the Sec- 
retary of the Medical School by Monday, 
July 28, 1969. 158) 


















UNIVERSITY OF LIVERPOOL 


DEPARTMENT OF PHARMACOLOGY 
AND GENERAL THERAPEUTICS 


Applications are invited for the post of 


LECTURER IN 
PHARMACOLOGY 


Preference will be given to applicants with 
postgraduate experience in biochemical 
aspects of Pharmacology. A medical quali- 
fication is not essential. 

Initial salary will be within the range 
£1,585 to £2,850 per annum according to 
qualifications and experience. 

Applications, stating age, qualificauons 
and experience, together with the names of 
three referees, should be received not later 
than July 31, 1969, by the Registrar, the 
University, P.O. Box 147, Liverpool L69 
3BX, from whom furher particulars may 
be obtained. Please quote Ref.: RV/ 
2784/N. (170 





THE BRITISH COUNCIL 


LEBANON 


THE LEBANESE UNIVERSITY, 
BEIRUT, requires a LECTURER IN 
THERMODYNAMICS by mid-October, 
1969. Candidates should have a Ph.D. de- 
gree, or its equivalent, from a university 
in Britain. Some teaching and research 
experience at university level is desirable. 





Salary: £2,275 to £2,735 per annum 
according to qualifications and experience. 
Married overseas allowances within the 
following ranges: (accompanied) £611 to 
£472 ; (unaccompanied) £391 to £252. Chib 
dren's and home education allowances. In- 
come tax refunded if levied. Free furn- 
ished accommodation. Outfit grant. Em- 
ployer's superannuation contribution paid. 
Medical and insurance schemes. Fares 
paid for Lecturer and family, including 
mid-tour passages for children in Britain. 
Assistance with freight and import duty 
on approved car. The appointment which 
is guaranteed by the British Council is ex- 
pected to last for two years. 


Write quoting reference number 9PU61, 
to Appointments Division, The British 
Council, 65 Davies Street, London WIY 
2AA, for further particulars and applica- 
ton form to be returned completed as 
soon as possible. (208) 


UNIVERSITY OF EAST AFRICA 
UNIVERSITY COLLEGE, NAIROBI 
Applications are invited for the following posts 
in the FACULTY OF AGRICULTURE which 
will accept is first students in July, 1970: 
(a) PROFESSOR OR HEAD OF DEPART- 
MENT OF CROP PRODUCTION 
(b) PROFESSOR OR HEAD OF DEPART- 
MENT OF APPLIED PLANT SCIENCES 
(c) PROFESSOR OR HEAD OF DEPART- 
MENT OF AGRICULTURAL ECON- 
OMICS AND MANAGEMENT (with 
responsibility also for Rural Sociology and 
Agricultural Extension) 
(4) LECTURER IN MATHEMATICS AND 
APPLIED STATISTICS 
(©) LECTURER IN BIOCHEMISTRY 
() LECTURER IN BOTANY OR AGRI- 
CULTURE 
Posts (a) (b), (© tenable at Professorship, 
Readership, or Senior Lectureship levels. During 
1970-71, with the expansion of the Faculty, 
further appointments at various levels in these 
and other fields wilt arise. Salary scales: Pro- 
fessor £K3,150 per annum; Reader, £K2.540 to 
£K2.825 per annum; Senior Lecturer, £K1,950 
to £K2,615 per annum; Lecturer, £K1.350 to 
£K2,230 per annum (£Ki#£1 3s. 4d. sterling). 
Salary supplemented in appropriate cases in range 
£345 to £505 per annum (sterling) under British 
Expatriates Supplementation Scheme. F.S SU. 
Family passages; biennial overseas leave. 
Detailed applications (six copies), naming three 
referees, as soon as possible to Inter-University 
Council, 90/91 Tottenham Court Road, LON- 
DON WIP ODT. from whom particulars are 
available. (129) 





AUSTRALIAN ATOMIC 
ENERGY COMMISSION 


RESEARCH ESTABLISHMENT, 
LUCAS HEIGHTS, NEAR SYDNEY 


Health Physics Research Section 


RESEARCH SCIENTIST 
ENVIRONMENTAL STUDIES 


The Australian Atomic Energy Commission wishes to appoint a scientist to 
investigate the problems associated with the disposal of radioactive wastes 
in natural systems. The economic application of nuclear technology for 
peaceful purposes involves some release of radioactive materials into the 
environment, Such planned releases are only acceptable if the fate of the 
radionuclides in the environment is known and can be demonstrated to be 
within safe limits. The prediction of the movement of radionuclides in the 
biosphere and geosphere is a complex problem drawing information from 
many branches of biological and physical science. 


The person appointed will be asked to familiarise himself with the prob- 
lems of the environmental disposal of radioactive waste: develop contacts 
with environmental scientists in other institutions, with a view to collabora- 
tive or assisted projects and to the exchange of opinions or advice in this 


field ; conduct research in an appropriate subsidiary field, for example. 


systems ecology, marine biology, 


or meteorology. 


lant or animal physiology, hydrology 
paj EY à B 


At present the Commission has four professional staff members. with 
adequate supporting staff, engaged in this field. The successful applicant 
will, depending on qualifications and experience, become leader of all or 
part of this group. Preference will be given to applicants with a demone 
strated ability to collate results from diverse fields. 


Applicants must have a Ph.D. degree (or post-graduate research experience 
of equivalent standard and duration) supported by satisfactory evidence 
of research ability. Salary, depending upon qualifications and expericnce. 


will be within the salary ranges of 
SAus.5321-$Aus.6693 


Research Scientist 


Senior Research Scientist $Aus.6963-SAus.8045 


Application forms may be obtained by writing to the Atomic Energy 
Adviser, Office of the High Commissioner for Australia, Canberra Houses 
10-16 Maltravers Street, Strand, LONDON, W.C.2, not later than Septem- 


ber 15. Please quote position R62. 


IMPERIAL COLLEGE FIELD 
STATION 
SILWOOD PARK, ASCOT, BERKS 


SENIOR 
TECHNICIAN 


(£1,026 to £1,361) 


required for a new TSETSE FLY BE- 
HAVIOUR STUDY. Duties will include 
assistance in performance of experiments, 
construction of apparatus and help in 
maintenance of the fly colony. Patience, a 
keen interest in animals and ingenuity with 
apparatus are essential; some knowledge 
of insects would be an advantage. Desir- 
able qualifications: four G.C.E. passes in- 
cluding two at * A" level, pass degree or 
equivalent. Starting salary according to 
age and qualifications ; four weeks holiday. 


Apply in writing to Dr. J. N. Brady, 
giving personal details and names and ad- 
dresses of two referees before July 31. 


(264) 





BROOKE BOND LIEBIG 


RESEARCH CENTRE 
BLOUNTS COURT, SONNING 
COMMON, READING, RG4 9NZ 





An ë 
INFORMATION SCIENTIST 


is required, to be responsible for the ine 
formation requirements of a section of the 
Company's R & D interests, and Lo assist 
in scanning and developmental work in the 
information section. Applicants must have 
a degree, or its equivalent, in Chemistry 
or in Science. 


Whilst preference will be given Io those 
who have worked in Industry, previous 
experience of library or information work 
is not essential. The preferred age range 
is 23 to 30 years amd the commencing 
salary, dependent upon age, qualifications 
and experience, will be within the range 
£1,100 to £1,875 per annum. 


The Company operates a contributory 
pension scheme, and a staff restaurant is 
available for lunch. 


Please write for an appl 
the Administrative Offi 
address, quoting referen 






XXX 











stofi 


The Post Office, already one of Europe’s major 
commercial users of computers, is making advanced 
studies into computer applications and technology. 
Currently, two appointments are available at Principal 
Scientific Officer grade: 


Advanced 


Programming Research 
(Section Leader)... 


... to lead a small specialist team conducting research 
into the use of computers in technical work; there will 
be ample scope for original work and the development 
of new techniques. Responsibilities will include 
software writing and non-numerical applications for the 
Research Department. There is access to a wide range 
of computer facilities. Candidates should have experi- 
ence of advanced software techniques, 


OCR Scientist... 


... to head a research group in developing and design- 
ing processes and equipment for the extraction and 
conversion of address information from letter mail into 
a form suitable for subsequent recognition. The group 
will have access to its own computer. Candidates 
should have experience in optical scanning and elec- 
tronic circuit techniques and should have some 
knowledge of the principles of optical character 
recognition, 

Candidates for both appointments should be aged 30 or 
over and should have a degree of Dip. Tech. with rst or 
2nd class honours or an equivalent or higher qualifica- 
tion in mathematics, engineering or science. The posts 
are based at the Research Station, Dollis Hill, N.W.2., 
but wil} move to Martlesham, near Ipswich in 1972. 
Starting salary may be above the minimum of the scale 
£2550 to £3500. There are career prospects of posts 
with salaries rising to £5000. 


For further details please apply, quoting ref. 
U. 160/80/1 to: 


Mrs. E. M. Meli, 

Post Office Telecommunications Headquarters, 
Room 331, 

Armour House, 

St. Martin’s-le-Grand, 

LONDON E.C.1. THE MEW 


POST OFFECE_ 


(52) 
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UNIVERSITY OF 
AUCKLAND 


NEW ZEALAND 






SCHOOL OF ENGINEERING 







Applications are invited for the follow- 
ing appointments : 





SENIOR LECTURESHIPS/ 
LECTURESHIPS IN CIVIL 
ENGINEERING 


There are vacancies in the fields of (a) 
Structures ; (b) Fhiid Mechanics and Water 
Resources ; (¢) Transportation Engineering, 
fn the structural field the main research 
interests lie in the area of dynamic 
response of structures and members and in 
computer analysis. In Fluid Mechames, 
loose boundary hydraulics, hydrology and 
water resource studies form the present 
fields of research. Transportation Engin- 
tering is a new area in which development 
is expected. In general, the applicants for 
these vacancies should have advanced de- 
grees or specialist professional experience 
for appointment at Senior Lecturer level. 


SENIOR LECTURESHIPS’ 
LECTURESHIPS IN CHEMICAL AND 
MATERIALS ENGINEERING 


Candidates should be university gradu- 
ates; a higher degree and/or professional 
experience wouki be an advantage. Cur- 
rent special interests in the Department he 
in the fields of electrochemistry, including 
gaseous electrochemistry, fluid dynamics, 
mechanical behaviour of materials, especi- 
ally metals, the accompanying sub-struc- 
tural changes, and the department is in- 
terested in extending its range of activities 
into other fields, in particular, but not 
solely, pulp and paper, polymers and 
elastomers. 


SENIOR LECTURESHIPS/ 
LECTURESHIPS IN MECHANICAL 
ENGINEERING 


it is hoped to recruit people interested 
in research in one of the areas—Mechanics 
of deformation of solids, particularly poly- 
mers, unfired clays and metals at high 
rates of strain, low speed non-eeronautical 
aerodynamics, boundary layer flows, two» 
phased flows and the agricultural aviation 
problems of distributing fertilizer and in- 
secticide. Also it is hoped to recruit a 
person, not necessarily an engineer, who 
has a good knowledge of company admin- 
istration, product development and market- 
ing, to participate in the Dip.B.LA. course 
ami in the engineering teaching pro- 
gramme. 







It is not necessarily a prerequisite for 
appointment as a lecturer that a candidate 
should already have beld a teaching post 
at another university. 


Commencing salary within the appropri- 
ate scale will be determined in accordance 
with qualifications and experience, Jn the 
case of new members of staff coming from 
overseas, the current practice is to pay 
salaries from an approved departure date. 
Senior Lecturer:  §&NZ4,700 rising to 
§N2Z5,500-—in exceptional cases this may be 
extended to SN Z6,600 ; Lecturers : 
$NZ3,100 rising to $NZ4,500. 





Travel and other removal expenses are 
allowed within specified limits. Upon the 
completion of five years’ satisfactory ser- 
vice, return fares on an approved basis to 
country of origin may be granted to the 
person appointed and his dependent family, 
provided that such fares are not being met 
from some other source. 








Farther particulars, details of F.S.S.U. 
arrangements, and information as to the 
method of application may be obtained 
from the Secretary-General, Association of 
Commonwealth Universities (Appts) 36 
Gordon Square, London W.C.1. 






Applications close in New Zealand and 
London on July 31, 1969. (184) 
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NEW ZEALAND 
AGRICULTURE DEPARTMENT 


Applications are invited for the under- 
mentioned vacancy : 


VACANCY B 13/2/136/2328 
TECHNICAL OFFICER OR 
TECHNICIAN 


RUAKURA ANIMAL RESEARCH 
STATION 

Salary: Salary payable up to $NZ3.840 
per annum according 10 qualifications and 
experience. 

Qualifications desired: = A.L.S.T. or 
equivalent. Experience in biological assays, 
particularly of oxytocin and vasopressin ; 
a knowledge of the staustical aspects of 
bio-assay ; Knowledge of the principles of 
radio-immune assay for peptide hormones 
and ability to undertake limited experi- 
mental surgery an advantage. 

Passages: Fares for appointee and his 
wife and family, if married, will be paid. 

Incidental expenses: Up t £35 for a 
single man and £100 for a married man can 
be claimed to cover the cost of taking 
personal effects to New Zealand. 

Application forms and general informa- 
tion are available from the High Commis- 
sioner for New Zealand. New Zealand 
House, Haymarket. London S.W.1, with 
whom applications will close on August 
29, 1969, 

Please quote reference B 13/2/136/2328 
when enquiring. (47) 





AHMADU BELLO UNIVERSITY 
ZARIA, NIGERIA 

Applications are invited for (a) READER- 
SHIP or (b) SENIOR LECTURESHIP IN DE- 
PARTMENT OF BIOLOGICAL SCIENCES. 
Preference given to candidates with teaching and 
research experience in Entomology, Mammalogy 
or Hydrobiology. Salary scales: (a) £N2,750 per 
annum: (b) £€N2,275 to £N2,575 per annum 
(ENI =f£1 3s. 4d. sterling). Salary supplemented 
by £455 to £550 per annum (Sterling) and edu- 
cation allowances and children’s holiday visit 
passag?s payable under British Expatriates Sup- 
plementation Scheme. Family passages ; various 
allowances; superannuation scheme; regular 
overseas leave, 

Detailed applications (six copies). naming three 
referees by July 31, $999, to Inter-University 
Council, 90/91 Tottenham Court Road, LON- 
DON WIP ODT, from whom particulars are 
availabl (128) 

SOUTH-EASTERN REGIONAL 
HOSPITAL BOARD 
SCOTLAND 

Applications are invited from registered medi- 
cal practitioners and from science graduates for 
the post either as Consultant Chemical Patho- 
logist (whole-time or maximum part-time) or 
of Principal Grade Biochemist, to the Fife Hos- 
pitals. Further particulars on application. 

Apply giving particulars of age, qualifications 
and previous experience to the Secretary, H 









Dramsheugh Gardens. Edinburgh, EH3 70Q, 
within four weeks from the date of this adver- 
tisement. 


den 


UNIVERSITY OF MIAMI 

DEPARTMENT OF BIOCHEMISTRY 
The Department will shortly proceed to the 
appointment of a PHYSICAL BIOCHEMIST as 
a faculty member at the assistant, associate or 
full professorial level, The principal teaching 
duues will be to graduate students enrolled in 
the Molecular Enzymology programme, Prefer- 
ence will be given to candidates with research 
interests in the fields of kinetics or hydro- 

dynamics, 

Applications or nominations should be sent to 
the Chairman, Professor W. J. Whelan, Depart- 


mem of Biochemistry, University of Miami 
School of Medicine, P.O. Box 875, Biscayne 


Annex, Miami, Florida 33152 
th i 


from whom fur- 














Ing has vacancies for in 
Biochemical Engineering section on enzyme iso- 
lation. Biochemical and auto analyser experience 
an advantage.—~Apnlication forms from Personne) 
Officer (Tech. Staff. EB/2), University College 
London, Gower Sueet, W.C.1. (145) 


SCOTTISH MARINE BIOLOGICAL 
ASSOCIATION 


DUNSTAFFNAGE MARINE RESEARCH 
LABORATORY, ARGYLL 


Immediate applications are invited for a post 
of EXPERIMENTAL OFFICER (EQ) or 
ASSISTANT EXPERIMENTAL OFFICER 
(A.E.O.) from candidates with a biological and/ 
or biochemical background to assist in work on 
marine invertebrates. Experience of, or famili- 
arity with, modern methods of analysis-~Techni- 
con Autoanalyser for general analysis and amino 
acids, G.L.C.. and thin layer chromatography 
would be an advantage. The salary scales are 
those applicable to E.O, or A.E.O. grades in the 
Scientific Civil Service, dependent on age and 
qualifications. A university degree is desirable 
but candidates with technical taining and ex- 
perience and with the appropriate certificates will 
be considered. There is a contributory supran- 
nuation scheme. 

Applications, giving mame, date of birth, aca- 
demic record, full particulars of career and 
names of two referees should be sent without 
delay to the Director, Dunstaffnage Marine Re- 





search Laboratory, P.O. Box 3, Oban, Argyll, 
Scouland, from whom further particulars may be 
obtained. (151) 


SOUTH-EASTERN REGIONAL 
HOSPITAL BOARD 
SCOTLAND 
Applications are invited for the post of 
SENIOR GRADE BIOCHEMIST in the Depart- 
ment of Clinical Chemistry at the Westem 
General Hospital. Edinburgh, a recently re- 
equipped department which occupies new labora- 
tories. The Department provides a service com- 
mitment for a 1,000 bedded group. including the 
Nuffield Organ Transplant Unit, and offers ex- 
cellent opportunities for further training leading 





to a higher qualification—in particular, the 
M.C.B. The successful candidate will be ex- 


pected to collaborate in research in addition to 
the service commitment. Whitley Council con- 
ditions of service apply. 

Further particulars may be obtained from the 
Secretary, South-eastern Regional Hospital Board, 
Scotland, 11 Drumsheugh Gardens, Edinburgh, 
EH3 700. with whom applications, giving the 
names of two referees, should be lodged within 
four weeks from the date of this pia 

162, 


UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF GENETICS 





cations are invited from suitably qualified 
CHEMISTS for the poston of POST- 
DOCTORAL RESEARCH ASSOCIATE to col- 
laborate on an investigation of the biochemical 
genetics of purine metabolism in Saccharomyces 
cerevisiae, The appointment will be for one 
year (with the possibility of renewal for a 
second year) from September 1, 1969, at a salary 
of £1,240 with F.S.S.U. provision. 

Applications (three copies), naming two 
referees, to Dr. R. A. Woods, Department of 
Genetics, The University. Sheffield S10 ZTN, if 
possible by July 23, 1969. Quote Ref. R.19/G. 
(139) 


UNIVERSITY OF BELFAST 
DEPARTMENT OF PURE AND APPLIED 
PHYSICS 











Applications are invited for the posidon of 
POSTDOCTORAL RESEARCH FELLOW Ex- 


perimental or Theoretical) in a group investigat- 
ing laser produced plasmas, Candidates will be 
expected to develop an astrophysics oriented 
study of vacuum U.V. spectra from highly 
ionized plasmas in collaboration with workers at 


UK.A.E.A, Culham laboratories. Previous 
experience with electro-optical systems, high 
power or mode-locked lasers,  subnanosecond 
recording techniques, spectroscopy or plasma 


diagnostics would be advantageous. Salary scale 
tunder reviow) is £1,470 to £2,630 with pension 
rights und SS. 

Anpicar . giving full details of experience 
and the n s of two referees should be sent 
as soon as sible to Dr. M. H. Kev, Depart- 
ment of Pure and Applied Physics, The Queen's 
University of Belfast, Belfast BT7 INN. Northern 
Ireland, from whom further particulars can be 
obrained. (140) 























FREELANCE TRA? ATORS REQUIRED 
from and into all European and other languages, 
especially in Engineering and Chemical Sciences. 
University degree in the respective subjects essen- 
dial.—Write with full details of experience to 
Box 165, Nature. T. G. Scott and Son, Ltd.. 1 
Clement's Inn, London, W.C.2. (165) 





APPOINTMENTS WANTED 


37, SEEKS INTEREST- 
Worked in Private 
ur years. Experienced in in- 
d allied fields. y o neenti 
mure, T. G. nd Som 
London, (82) 


PHYSICIST, M 
iog R and D 
Laboratory last fo 
sirumem design 
able,—-Box 182. 
Ltd. | Clement’s Inn. 
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GRANTS & SCHOLARSHIPS 





RESEARCH TN CHEMISTRY 


Research grants are available for British 
students, at post-Grad, RLC. post-Dip. Tech, 
level for research in the following subjects from 
October, 1969. 

(a) Organometallic Chemistry 

(b) Metal Carbonyls 

(c) Organosilicon Chemistry 

(d) Inorganic Polymers 

(e) Organophosphorus Chemistry 

(Ð Heterocyclic and Aromatic Chemistry 

ig) Organic Reaction Mechanisms 

th) Polymer Synthesis 

G) Oxidation Reactions 

(D Organo-sulpbur Chemistry 

(k) Free Radical Chemistry 

(D Carbene Chemistry 

im) Organic Photochemical Reactions 

(no) Synthetic Organic Chemistry 

to) Combustion and Flame 

ip) Hereragencous Catalysis 

Postgraduate, etc., grants range from £55 
£900 per annum depending upon the topic. 

Applications should be sent as soon as possible 
after the appearance of this advertisement fo 
Professor R. N. Haszeldine, F.R.S. The Uni- 
versity of Manchester Institute of Science and 
Technology, P.O. Box No. 88, Manchester, MeO 
IQD, (134) 











UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF BUILDING 
SCIENCE 


GAS COUNCIL SCHOLARSHIP 


Applications are invited from candidates 
with a good honours degree, or an equiva- 
lent qualification, in a natural science or 
engineering subject for a Gas Council 
Scholarship award. The holder will under- 
take work on the relation between fuel 
consumption for building heating and the 
conditions imposed by the weather and in 
particular by solar radiauon. The award 
is subject to réguladions similar to those 
which govern an SRC Research Student- 
ship. The holder may be re a 
higher degree student. rant 


ng age, qualifications 
her with the names of 
ent ta The Regis- 
e Unive n P.O. Box 147. Liver- 
pool L69 3 
lars may 
RV/2782/N. 


Applications, 
and experience, 





FELLOWSHIPS AND 
STUDENTSHIPS 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF ORGANIC 
CHEMISTRY 


Applications are invited for an 


S.R.C. POSTDOCTORAL 
FELLOWSHIP 


concerned with the functions of 
pigments in plants, Apoplics 
organic chemists, preferably 

in physico-chemical techniques 
botany (plant physiology). 

The salary will be approxir 
per annum with F.S.S.U. be 
appropriate. 

Applications, giving personal details and 
the names of two referees, ald be sent 
to the Registrar, The University », Box 
147. Liverpool L69 IBX. Quote Re 
2783 /N. 


phenolic 
must be 
interest 
and/or 











UNIVERSITY OF WARWICK 
SCHOOL OF MOLECULAR SCIENCES 


PH.D. RESEARCH 
STUDENTSHIP IN CHEMISTRY 
The Schoo] has three S.R.C. student- 


ships under the co-operative awards scheme 
{C.A.P.S.) with industry. The student- 


ships, which are for study for a Ph.D. de- 
gree, are financially equivalent to ordinary 


S.R.C. studentships, and will involve some 
time at the co-operating firms, 

Students who have (or expect to receive 
this summer) a first class or HU) Honours 
degree in Chemistry from a British Uni- 
versity and who would like further details 
of the projects for which the studentships 
are available should contact Dr. J. M. 
Brown (Transition-Metal Organometallic), 
Dr. B. T. Golding (Synthetic Organic) or 
Dr. T. J. Kempt (Physical or Physical- 
Organic), School of Molecular Sciences, 
University of Warwick, Coventry CV4 
TAL. (27) 





AUSTRALIAN NATIONAL 
UNIVERSITY 


JOHN CURTIN SCHOOL OF MEDICAL 
RESEARCH 


RESEARCH FELLOWSHIP IN MEDICAL 
CHEMISTRY 

Applications are invited from organic chemists 
for appointment to a Research Fellowship in the 
Department of Medical Chemistry to work with 
Professor Adrien Albert, F.A.A. Applicants 
should hold the degree of Doctor of Philosophy 
or have had equivalent research experience. 
successful applicant will be required to work on 
the nucleophilic addition reactions of hetero- 
cycles containing four or more nitrogen atoms. 
Other senior research workers in the Denarument 
in this field are Dr. D. J. Brown. Dr. W. L. F. 
Armarego and Dr. G. B. Barlin; other senior 
workers are: Drm. D. D. Perrin, E. Spinner, 
T. J. Batterham and J. E. Fildes. 


The salary of a Research Fellow is determined 
in the range: $A5,400 to $A7,250 per annum 
according to qualifications and experience. The 
appointment is for three years. Superannuation 
is on the F.S.S.U. pattern with supplementary 
benefits, Reasonable travel expenses are paid 
and assistance with housing is provided. 

Further particulars and information as to the 
method of application should be obtained from 
the Secretary General, Association of Common 
wealth Universities (Appts, 36 Gordon Square, 
London, W.C.1. Applications close on Septem- 
ber 30, 1969. m 


UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF CHEMISTRY 


A Research Studentship is available for work 
on electron spin resonance spectroscopy, Quali- 
fication requiremems and stipend are the same 
as those for S.R.C. grants. 

The work will be supervised by Dr. N. M. 
Atherton, to whom enquiries and applications 
should be addressed at Department of Chemistry, 
The Universny, Sheffield S3 7HF. Quore Ref. 
R.18/G, (138) 


UNIVERSITY OF HULL 


RESEARCH STUDENTSHIP IN 
BIOCHEMISTRY 


The Science Research Council is pre- 
pared this year to offer to a suitable can- 
didate a Research Studentship under the 
Co-operative Awards in Pure Science 
Scheme. The successful candidate will 
carry out an investigation of the enzymic 


hydrolysis of cyclic adenosine monophos- 
phate under the supervision of Dr. E. N. 


Ramsden. The appointment will com- 
mence on October 1, 1969, 


Applications, together with the names 
and addresses of two referees, should be 
sent as soon as possible to Professor E. A. 
Dawes. Department of Biochemistry, The 
University of Hull, Further particulars 
will be sent to graduates who are inter- 
ested. (125) 





THE SCHOOL OF PHARMACY 
UNIVERSITY OF LONDON 


TEACHING FELLOWSHIP 
IN PHARMACEUTICS 


Applications are invited for a three-year 
appointment as a Teaching Fellow in the 
Department of Pharmaceutics from persons 
holding an Honours Degree in Pharmacy 
with some postgraduate research and 
teaching experience. The appointment will 
offer opportunities for research for a 
higher degree in a topic acceptable to the 
Head of the Department. The successful 
candidate will be required to take up his 
appointment on September 1, 1969, or as 
soon thereafter as possible. Salary will be 
in the range of £1,240 to £1,470 per annum 
plus London Allowance of £60 per annum. 


Applications, in the form of a letter 
accompanied by a curriculum vitae, should 
be sent by July 18, 1969. to the Clerk to 
the Council, The School of Pharmacy, Uni- 
versity of London, 29/39 Brunswick 
Square, London, W.C.1, from whom fur- 
ther particulars may be obtained. (143) 


UNIVERSITY OF WARWICK 


RESEARCH POSTS IN 
BIOCHEMISTRY 


Applications are invited for two research 
posts to work with Professor D. C. Burke 
in a research group investigating the bio- 
chemistry of virus multiplication and inter~ 
feron production. 


1. RESEARCH FELLOWSHIP, for 
work on the biochemistry of temperature 
sensitive mutants of RNA viruses. Salary 
on scale £1.240 by £115 to £1,470, with 
superannuation affangements ander 
FSS.U. The appoinument would be for 
two years, 


2. JUNIOR RESEARCH ASSOCIATE- 
SHIP for work on biochemical aspects of 
myxovirus multiplication. Jnidal salary of 
£640, with additions for postgraduate ex- 
perience, A higher salary can be offered 
if the applicant does not register for a 
higher degree. Appointment is for one 
year in the first instance, renewable for a 
further two years. 


The positions are suitable for biochem- 
ists with an interest in animal virology or 
for virologists with a good knowledge of 
biochemistry. Applications (two copies), 
giving the names of two referees, should 
be sent to the Registrar, University of 
Warwick, Coventry CV4 7AL, Warwick- 
shire, from whom further details may be 
obtained, (146) 





UNIVERSITY COLLEGE 
CARDIFF 


Applications are invited for two RE- 
SEARCH FELLOWSHIPS in Hospital 
Studies to be held in the Department of 
Mathematical Statistics and Operational 
Research at University College, Cardiff. 
Both posts will be joint appointments be- 
tween the College and the Welsh Hospital 
Board. The successful applicants will be- 


come Honorary Officers of the Board. 
They will be expected to devote most of 
their time to research problems relevant to 


the Welsh Hospital Board. Their work 
will be in the field of Statistical Analysis 
and Operational Research. The appoint- 
ments will be for three years in the first 
instance with initial salary within the range 
of £1,240 to £2,850 per annum. 


Further particulars can be obtained upon 
application from the Registrar, University 
College, Cathays Park, Cardiff CF1 3NR. 


a75) 
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UNIVERSITY COLLEGE 
CARDIFF 


Department of Physics 


CO-OPERATIVE AWARDS 
IN PURE SCIENCE 


Applications are invited for a Science 
Research Council Studentship under the 
above scheme. The Physics Department at 
University College, Cardiff, is co-operating 
with the National Institute of Agricultural 
Engineering, Silsoe, near Bedford, in de- 
vising a method, using optical diffraction 
techniques, for determining the distribu- 
tion of droplet sizes from agricultural 
spraying equipment, The candidate shouid 
hold, or expect to obtain this summer, the 
minimum qualification of a Class H Divi- 
sion I Honours degree in Physics or an 
appropriate subject, The holder will be 
academically based at Cardiff, where he 
will undertake theoretical and practical 
studies on Fraunhofer diffraction from sys- 
tems of droplets. He will also be expec- 
ted to visit NILAE. from time to time 
and will eventually spend extended periods 
there on trials with agricultural equipment. 
The Physics Department is well equipped 
for Fraunhofer diffraction studies: a new 
instrument based on a 50 mw helium-neon 
laser has recently been completed. 


The award is subject to the conditions 
applying to S.R.C. Research Studentshins 
and the bolder will be able to submit the 
work for the Ph.D. degree of the Univer~ 
sity of Wales. 


Applications, giving full particulars of 
qualifications and naming two referees, 
should be sent to the Registrar, University 
College, Cathays Park, Cardiff CFI 3NR, 
to arrive on or before July 31. Further 
particulars may be obtained from Professor 
C. A. Taylor at the above address. 


a4) 





UNIVERSITY OF SHEFFIELD 


HUMAN RESPONSE TO 
VIBRATION 


A Research Student is required for the above 
work. An S.R.C. grant is available and the 
student will be expected to register for a higher 
degree. 

Applications from graduates in physics, 
anatomy, physiology, engineering or related sub- 
jects will be considered and should be made to: 
Head of Department, Department of Mechanical 
Engineering, The University, Sheffield Si 37D. 
Quote Ref. R.21/G. (160) 


LIVERPOOL REGIONAL 
COLLEGE OF TECHNOLOGY 


(Polytechnic Designate) 
DEPARTMENT OF CHEMISTRY AND 
BIOLOGY 


POSTGRADUATE RESEARCH 


The Science Research Council is pre- 
pared this year to offer to suitable candi- 
dates a limited number of (CAPS) research 
studentships tenable in the above Depart- 
ment. The Value of these awards will be 
£410 or £530 per annum plus the usual 
allowances where appropriate. Applica- 


tions are invited for studentships in the 
fields of: 


i) Gas Phase Oxidations 
di) Adsorption Studies at Solid Surfaces 
Git) Thermal Decomposition of Polymers 


The studentships will normally be ten- 
able for a period of three years, and the 
candidates will be expected to work for 
the award of the degree of Ph.D. 

Applications should indicate the field of 
interest, give a brief curriculum vitae, and 
the names of two referees. The Head of 
Deparment. Department of Chemistry and 
Biology, Liverpool Regional College of 
Technology, Byrom Street, Liverpool, L3 
3AF. (168) 
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CHILDREN’S MEDICAL 
RESEARCH FOUNDATION 
PERTH, WESTERN AUSTRALIA 


RESEARCH FELLOWSHIP 


The Children’s Medical Research Foun- 
dation of Western Australia invites appli- 
cations for a POST-DOCTORAL RE- 
SEARCH FELLOWSHIP in scientific disci- 
plines related to Paediatrics. 


Applicants are not restricted in their 
field of investigation, but special facilities 
exist for research in immuno-chemistry 
within the Immuno-Chemistry Unit attached 
to the Department of Child Health, Uni- 
versity of Western Australia, which is 
situated at the Princess Margaret Hospital 
for Children. There will be full co-opera- 
tion with clinical units at the Hospital. 


The duration of appointment will be 
initially for a term of up to three years. 
Salary will be in accordance with qualifica» 
tions and experience and will be based 
on National Health and Medical Research 
Council gradings. Provision will be made 
for the successful applicant to travel from 
his place of residence to take up appoint- 
ment, 


Prospective applicants should write to 
Mr. J. D. Clarkson, Secretary, Children’s 
Medical Research Foundation, c/o Princess 
Margaret Hospital for Children, Perth, 
Western Australia, for application form 
and additional information. Applications 
close August 31, 1969. 


J. D. CLARKSON, 
SECRETARY. 
GD 


UNIVERSITY OF 
SOUTHAMPTON 


DEPARTMENT OF PHYSICS 
RESEARCH STUDENTSHIPS 


Applications are invited from first or 
second class Honours graduates or final 
year Honours students, for two postgradu- 
ate studentships in Atomic and Molecular 
Spectroscopy : 


(a) to participate in crossed beam ex- 
periments involving the study of inelastic 
cross-sections for electron-ion and ion-ion 
collisions. Most of this work will be 
carried out at the Culham Laboratory. 


(b) to develop a high resolution X-ray 
photoelectron spectrometer for the study of 
atomic and molecular systems. 


The successful candidate will be expected 
to register for a higher degree. Further 
details can be obtained from the Deputy 
Secretary, the University, Southampton 
SO9 SNH, to whom applications, naming 
two referees, should be sent by July 2), 
1969, (179) 


UNIVERSITY COLLEGE 
CARDIFF 


WOLFSON RESEARCH 
STUDENTSHIP 


A vacancy exists in he Deparment of 
Mineral Exploitation for a member of a 
team examining mineral resources in parts 
of Wales. 


The salary and conditions of the award 
are similar to N.E.R.C./S.R.C. Research 
Studentships and can lead to submission 
for a higher degree. Further details may 
be obtained from the Department. 


Candidates should possess a good 
Honours Degree in Geology or Mining. 
Applications should be sent by July 20, 
1969, to the Registrar, University College, 
Cathays Park, Cardiff. (174) 
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FOR SALE AND WANTED 





CSIRO 


POSTDOCTORAL FELLOWSHIPS 
IN PLANT BIOCHEMISTRY 
AND PLANT CYTOLOGY 


AUSTRALIA (Three Positions) 
DIVISION OF HORTICULTURAL RESEARGH 


The Division of Horticultural Research of the Commonwealth Scientific and 
Industrial Research Organization invites applications for Postdoctoral Fellowships 
in Plant Biochemistry and Plant Cytology. 


The Division is concerned primarily with research on perennial horticultural 
plants, Current programmes include studies on the physiology and biochemistry 
of the vine and its fruit, clonal selection studies on vines and basic and applied 
investigations on plant parasitic nematodes. The Division has laboratories at 
both Adelaide, South Australia and Merbein, Victoria. Excellent facilities for 
laboratory and field research are available. The successful applicants for these 
positions would be required to take up their duties in Adelaide, South Australia. 


Research to be pursued during the term of the Fellowship would be basic studies 
in one or more of the following fields: biochemistry of fruit, nucleic acid meta- 
bolism, ultrastructure of cuticles and chloroplasts, and the function of inorganic 
elements in metabolism. 


QUALIFICATIONS Applicants should have a Ph.D, degree in an appropriate 
field or postgraduate research experience of equivalent standard and duration, 
supported by satisfactory evidence of research ability. 


SALARY Depending upon qualifications and experience, the appointments 
will be made within the salary range of Research Scientist, $A5,321~$A6,893 
p.a. Salary rates for women are $A428 p.a. less than the corresponding rates 


for men. 


CONDITIONS The Fellowships will be for a period of three years although 
a lesser period would be considered subject to negotiations regarding conditions 
of appointment. The appointments will be conditional upon passing a medical 
examination and an initial probationary period of twelve months may be specified. 
Fares to Australia, including those of wife and dependent family, will be paid by 
the Organization. If the appointees are at present permanently domiciled 
outside Australia, return fares will be paid at the conclusion of a fixed term 
appointment. 


Applications (quoting Appointment No.: 491/1). and stating full name, place, 
date and year of birth, nationality, marital status, present employment, details of 
qualifications and experience, together with the names of not more than, four 
persons acquainted with the applicant's academic and professional standing, 
should reach: 

Mr. R. F. Turnbull, Chief Scientific Liaison Officer, Australian Scientific Liaison 
Office, 64 Kingsway, London, W.C.2, by the 8th August, 1969. 


Applications in U.S.A. and Canada should be sent to The Scientific Attaché, 


Australian Embassy, 1601 Massachusetts Ave. NW, WASHINGTON DC 20036. 
(195) 
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UNIVERSITY OF SURREY 


DEPARTMENT. OF CHEMICAL 
Pe Od eee ee ee ere PHYSICS 
NORTHERN POLYTECHNIC, Holloway, London, N7. M.SC. IN 


DEPARTMENT OF CHEMISTRY 


M.Sc. in 
Inorganic Polymers 


X-RAY CRYSTALLOGRAPHY 


A postgraduate course in Xray Crystal- 
lography, leading to the examinations for 
the degree of M.Sc., is held in this De- 
partmemt, The entrance qualification is 
either a first degree in the physical 
sciences, or the Grad. RLC, or whe Grad. 
Tnst.P. 








This College offers a two- or three-year course of lectures and practi- A ae of he theory of the 
cal work held in the evenings only, leading to the degree of Master of man branches of Xray Crystallography is 


Science of the Council for National Academic Awards, 


Inorganic and semi-inorganic macromolecules will be studied in the 


context of inorganic and polymer chemistry, The course 
students possessing an Honours Degree in chemistry or 
qualification, 

Further information from the Head of Department. 








ANNOUNCEMENT 






Biomembranes and 
Intracellular Structures 


Rothschild, Paris} 
Will be held in Eilat and Rehovot, December 7-19, 1969. 
The lecture courses will consist of the following subjects : 


which include accommodation and full board. 
TRAVEL expenses to and from Israel will be borne by participants, 
REGISTRATION FEE: $30.00. 


GLASSWORKERS' 
STAIN-VIEWING 
POLARISCOPE 


Full wave retardation analyser 
for 5800 A gives most sensitive 
colour indication of strain. 
Field and sight aperture 14” 
dia. Dimensions 64” x 54° x 5”, 
Price: £15 10s, 6d. 


As above but without colour 
analyser showing strains against 
black field. Price: £11 11s. 0d. 


Immediate delivery 


H. S. B. MEAKIN, LTD., 25, Victoria Street, S.W.1 


SUPPLIERS OF POLAROID PLASTICS, WAVE PLATES and GLASS Tel. : 01-222 6713 








THE WEIZMANN INSTITUTE OF SCIENCE, Rehovot, Israel 
THE THIRD EDMOND DE ROTHSCHILD SCHOOL 


sponsored by the Institut de Biologie Physica-Chimique (Fondation Edmond de 


APPLICATION FORMS can be obtained from: Dr. Z. Bohak, Organizing 
Committee, Edmond de Rothschild School on Biomembranes and Intra- 
cellular Structures, The Weizmann Institute of Science, Rehovot, Israel. 


presented, and supplemented by a scheme 
of practical work and by a study project. 
Additional lectures on computing methods 


is intended for are available. The next course beging in 
an equivalent October, 1969, 

Both fulltime and day-release students 

are accommodated, The — day-retease 

a76) scheme requires attendance on one full day 


per week. 

The course has been approved by the 
Science Research Council for the tenure 
of its Advanced Course Stadeoishins, 

Full details and application forms may 
be obtained from Professor V. 8, Griffiths, 
Department of Chemical Physics, Univer- 
sity of Surrey, Guildford, Surrey. Tej: 
Guildford (OGUD 71281, (X4) 
aonana.) 

UNIVERSITY OF MANCHESTER 

INSTITUTE OF SCIENCE AND 

TECHNOLOGY 
in collaboration with the John Dalton College of 
Technology 
A Short course on 
MICROBIOLOGICAL ASPECTS IN 
METALLUROY 
will bs held in the Institute on 
September 23 and 24, 1969 

The course is designed to introduce Metallur- 
gists and Biologists to the relevant mtincyyes in. 
volved in each others discipline and to review 
presem Kreonwledge. 






































Excitable Membranes; Intracellular Structures; Integration of Intracellular Structures hoe ae Belg ules ane ees isn 

Pi i enn ies n i : ai S g ia WHE ERSAT, me Univer. 

into Cybernetic Units; Specific Experimental Techniques and Systems. sity of Manchester Institute of Science and Tech. 

Lecturers: nology, PLO, Box No, 88, Manchester, M60 10D. 
4 

B. Chance, Univ. of Pennsylvania; H. Fernandez -Moran, Univ. of Chicago: S. Inoue, 63) 

Univ, of Pennsylvania: A, Katchalsky-Katzir, Weizmann Inst. of Science; R. D. Keynes, 

Inst. of Animal Physiology, Cambridge, UK. A. Klug, Lab. Molecular Biology. EPEE 2 a = 

Cambridge, U.K; D. Mazia, Univ. of California; E. Racker. Univ. of Ithaca: F O. UNIVERSITY OF KEELE 

Schmitt, Neurosciences Res. Program, Boston: P. Siekevitz, Rockefeller inst; M.Sc. € in € te 

l. Silman, Weizmann Inst. of Science: |, Tasaki, NIH, Washington D.C, PEO. Course I Ceramics 

The language of the School will be English. _ A one-year postgraduate course in the 

The Fondation Edmond de Rothschild of Paris will cover the cost of the School and Fundamentals of Ceramic Technology ead- 


j od 7 i é ing to the degree of MSc. has ` Or» 
offers a per diem support to participants. This support will cover expenses in israel, aie AEE a ete Deen 


ganized in conjunciion with the Ceramics 
Department of ihe North Staffordshire 
Polytechnic, ‘The Science Research Coun- 
cil is prepared this year to offer a limited 
number of studentships to suitable candi- 
dates reading this course, 


















Application forms and further particu 
lars are available from the Registrar, The 
University, Keele, Staffs, STS SBG. 
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M Proceedings of the HC London Conference 1967 
useum Air pollution =- humidity control «lighting = 
museum design in the tropics 


Climatology Price £2 10s. (U.S. $7.50) incl. postage 


Obtainable from 


THE INTERNATIONAL INSTITUTE FOR CONSERVATION 
OF HISTORIC AND ARTISTIC WORKS 


176 Old Brompton Road London SW3 
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Nature 


T. G. SCOTT AND SON LIMITED 
1 Clement's inn, London WC2 
Holborn 4743 
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DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
testing processes you are invited to contact 


EDWARD GURR LIMITED 


for supplies. 
We hold stocks of an enormous variety of dyes, ready for immediate 
despatch, including: 


Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue, 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p-Ethoxy- 
chrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green, ete, 


Industrial Research Establishments 


are invited to make use of our professional services as 
consultants on the selection and use of dyes as research 
and production tools. 


BIOLOGISTS are invited to send for our catalogue of: 


‘MIH CIHR © MIE” 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount, Lipid crimson, Matamount. 
May-Griinwald, Leishman, Giemsa, Toluidine blue, Cresy! fast violet, 
Papanicolaou stains, Thioflavine S, Brilliant cresyl blue, Nile blue. 
Pyronin Y, Trifaigic acid, Rhodanile blue, Hapio, etc. 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, $.W.14 
Cables: Micromlabs Londen SW74. Telephone: 61-876 82289 


@ NO CREVICES 


© A0 BLIND SPOTS 


Ş B.S, 410:62 
U.S. and other 
National Standards 
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Versatility 


We pride ourselves in the ability to produce 
the widest range of Organic Chemicals, 
whether a routine item such as i= 


f N 
ce Oy aad 
al 


at $24/kilo 


or an unusual mixture of atoms =- 
E 


at $12/1 gm. 


If you have an organic requirement, 
whatever its nature, why not ask us 

to quote. 

MAYBRIDGE CHEMICAL CO. LTD. 
TINTAGEL, CORNWALL. UK 


(Div. of Maybridge international Enterprises, 
Skibbereen. Co. Cork. fish Republic) 









CHEMTRIX 
polarographic systems 


featuring image 
storage, for the 
added dimension 

in organic and 
inorganic chemical 
analysis 

Precise chemical analysis to 
parts-per-billion made in less 


than a minute, with storage 
display for detailed waveform 















Ideal for the sep- 
aration of powder 
and aggregates, 
partial analysis 
and micro-sieving 
problems, 





The wire mesh used in every 
ENDECOTT TEST SIEVE 


is now tested on our 


IMAGE ANALYSING 
COMPUTER to ensure 


accuracy. 


ENDECOTTS 


{TEST SIEVES) LTD. 


LOMBARD ROAD > MORDEN FACTORY ESTATE © LONDON S.W.19 
PHONE 01-542 8121/2/3 > GRAMS ENDTESIV LONDON S.W.19 





studies. Several models are 
available, with such features 
as digital readout of peak cur- 
rent (Ia) and three-electrode 
operation for dynamically con- 
trolled IR compensation. 


Polarographic Systems 
Model SSP-2 

3-Electrode System .... $3070 
Model SSP-3 Digital 
Readout System ..... 
Plug-in units avaliable separ- 
ately. Tektronix oscilloscopes 
available locally worldwide. 


. $3610 


For information on these and other polaregraphic instr 
systems, contact your local representative, or wr 
All prices f.0.b, factory. 


CHEMTRIX, INC. 


Gnahiamentation fer Science 
P.O. Box 725 Beaverton, Oregon 97005 u.s A. (503) 648-1434 









Other Chemtrix Instruments 
Type 800 

Waveform Source for 
Electrochemistry ........ $875 
(Triangle and rectangular 
waveforms, variable slope with 
wide-range control) 
No. A-111 

Glassy Carbon 
Electrode ners ennass 
{For vollammetry in & 
gion where DME operation is 
prohibited} 
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in Olympus SZM Zoom Stereo Microscope 


Ei ht Outstandi ng Featurë 





The outstanding feature of the zoom 
system is that magnification and 
field of view can be changed freely 
while the whole specimen or any mag- 
nified part of it is continuously observed. 
Every scientist knows there is no substitute 
for quality and experience when it comes 














to precision optical equipment. Olympus gives 
you fifty years of both in the SZI Stereo Micro- 
scope, the world’s first with a zoom-in system. 
To know this is the best instrument available. 
just check its features: 


Q Zoom ratio 5.7. 

(2) Magnification from 7x to 40x by mere- 
ly turning the zoom ring while continu- 
ing observation without any extra optics. 

© Objective attachment lens 2x giving 
continuous magnification up to 160x 
with eyepiece G20x. 

O No change in focus or working distance 
during magnification. 

O Complete zooming mechanism elimi- 
nates “out of focus” while zooming. 

Q Objective lens provides sharp stereosco- 
pic images in a wide and bright field. 

@ Magnification indicator ring readable 
from any observer position. 

O Two types of binocular heads, inclined 
45° and 60°, for maximum comfort, 
especially for prolonged observations, 

To get the best results, use Olympus SZI, the advan- 
ced and reliable stereo microscope available for the study 
of plants, the anatomy of animals, or inspection and 
assembly of precision parts. Let our dealer demon- 
strate it for you, or write for our pamphlet to: 


OLYMPUS 


OLYMPUS OPTICAL CO., LTD. 7, 3-chome, Kanda-Ogawamachi, Chiyoda-ku, Tokyo, Japan 
OLYMPUS OPTICAL CO., (EUROPA) GmbH. 2, Hamburg 1, Steindamm 105, West Germany 
OLYMPUS CORPORATION OF AMERICA 2 Nevada Drive, New Hyde Park, N.Y. 11040, USA. 


Printed in Great Britain by FISHER, KNIGHT & Co. LTD., St. Albans, and pubi shed by MACMILLAN (JOURNALS) LIMITED, 
at 4 Little Essex Street, London, W.C.2-—Saturday, July 12, 1969. 
a 
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HEATHWA 


New Design Model S3-3 in. Bore 
BENCH MOUNTED GENTRIFUGAL LATHE 


Specification Speed range 60-1800 RPM 
Spindle Bore 3 in. dia. 
Swing over bed 16 in. 
6 splined main drive shaft 
Equipment Quick acting chucks 
Centrifuging saddle 
Bearing Bracket for Carbon Roller 
Other models available S 3-2 in Bore, Speed range 60-2500 rev/min. 
S 3-2 in Bore, Speed range 5-480 rev/min. 
S 3-3 in Bore, Speed range 3-360 rev/min. 
May we send you details of our range of lathes and equipment 
Write or phone: 


The HEATHWAY MACHINERY CO., LTD. 
UXBRIDGE ROAD, HILLINGDON, MIDDX. 
TEL.: UXB 36345/6 * GRAMS: HECO UXBRIDGE 


Or contact one of our Overseas Agents : Canada: Norte! Manufacturing Ltd.—Scarborough, 
Ontario. France: P. Foulon—Paris. Holland & Belgium: A. Bruyaux—Amsterdam. Australia: H. B. 
Selby. Scandinavia: Kebo—Stockholm. U.S.A.: Bethlehem Apparatus—Hellertown PA, 
Switzerland: Ernst Keller-—Basle. Germany: Hahn & Kolb—Stuttgart 


the Americar 
Journey to the 
Moon 


Index to 
volume 221 


Vol 223 No 5203 


Macmillan (Journals) Limited 4/-UK 60c USA 


SECOND-CLASS POSTAGE PAID AT NE nx 


Nature, July 19, 1969, p. if 


EDWARDS UHV COMPONENTS have no ‘history’ 
behind them; they start with an ultra-clean vacuum 
brazing process. So whether you build your own 
system or buy a complete plant from Edwards you 
get built-in advantages—initially and permanently. 





Eire tigi, . z 
Piven Rie. i > 
SDNY nery avae anent: e 







When Edwards UHV components emerge from the vacuum 
brazing furnace they are thoroughly degassed, really clean. Their 
previous manufacturing and surface treatment ‘history’ has 

been completely obliterated by a degassing bake at 1050C’. 
System for system, that means higher vacua with lower 
baking temperatures, shorter cycles, and big economies 

in heating and control gear whether you build your 

own plant, buy a standard plant from Edwards or order 
something custom-built with the pumps best suited to your 
application and budget. Edwards have no axe to grind -— you can 
choose from sputter-ion and radial electric field pumps, liquid helium 
cryropumps, sublimation pumps, properly trapped vapour pumps and 
rotary pumps, and sorption pumps. Flanges can be either Conflat® 
compatible or ISO type. Leaflets are available; we'll gladly send you 

a set. Or ask for the Edwards UHV Summary ~ Publication No. 13780. 


a Conflat is o registered code nome of Voran Associates 


Edwards Vacuum Components Limited 
Edwards 


A member of the BOC group 


44442 Manor Royal, Crawley. Sussex, England 
Telephone Crawley 28844 Telex 87123 Edhivac Crawley 


eo 


NATURE, JULY 19. 


1969 





Why does this bottle of M.A. Medium sell 


for about $6.00 when the chemicals in it are 


only worth a small fraction of that cost? 





Because of the UNSEEN QUALITIES contained in each bottle of Microbiological 


Associates’ Medium. 


lf you can't answer yes to the 
following questions, you're not 
getting your money's worth. 


1. Is your distilled water stand- 
ardized routinely to insure it is 
essentially free of electrolytes 
and pyrogens? 


2. Are you assured that the 
buffering capacity is within stand- 
ard limits of the prescribed 
formulation? 


3.Has your medium been steril- 
ity tested over a 21 day period; 
has it been sub-cultured in four 


different kinds of bacteriological! 
media? 


4, Do you KNOW that your 
amino acids conform to the 
proper specifications and include 
the proper isomers and exclude 
any evidence of spontaneous 
decomposition? 


5. Has your media been shown 
to be non-toxic and optimal for 
cell growth? 


6. Is your media of such uni- 
form quality that you don't have 
to sacrifice some of it for testing? 


lf you use M.A. Media, you will 
unhesitatingly answer “YES” to 
all of these questions . and 
assure yourself that you're using 
the very best media available. 
And, if you have a specific me- 
dium requirement, why not get 
in touch with us? 


THE OLDEST AND LARGEST 
COMPANY OF ITS KIND IN 
THE WORLD 


MICROBIOLOGICAL ASSOCIATES 


AIR Bethesda Awe 
SOF San Pata aye , 


Bethesda, Ma. 26044150476 
Rihany, Caf. G4768 (64515 







alkalis, powders, pastes, gases, 
solvents and slurries at 





DELS FOR THE 

TORY AND FACTORY 

WITH FLOW RATES 

FROM icc IN 60 DAYS TO 2000 G.P.H. 






; im ciple developed to scientific precision 
by. Watson-Mariow.: 

An elastic tube clipped to a curved track is squeezed 
cvagainstit by three rotating rollers). basically that's all. 
Yet behind ‘this deceptive simplicity lies ten years 
development and experience in peristaltic pumps. The 
present. dayi Watson-Martlow range offers industry, 
medicine and research a wide choice of precise meter- 
> ing flow inducers, with facilities for manual, automatic 
and remote control. Flow rate ranges extend to several 
thousands fo one. 

Tubing is available in a range of materials to handie 
even highly cerrosive solutions, 

To pump a different solution merely requires a change 
of tube; contamination hazards are thus virtually re- 
moved and time wasting cleaning is eliminated. 

Send for our catalogue, Watson-Marlow will willingly 
advise without obligation on the most suitable unit for 
any application. 


The world's largest range of peristaltic pumps 












WATSON-MARLOW LIMITED 


MARLOW, BUCKS, MARLOW 2233 
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R i 
eputation eee 


We have built this on the supply of several thousand 
new compounds per year. We make these largely 
in small quantities e.g. 10-100 gms. 


BUT 


We can also supply the more common lab chemicals 
at prices which are helpful to the research budget: 


Acetyl acetone £9/gallon Anthranilic acid 60/—/kg 


3,5-dichloro- 
salicylaldehyde 90/—/kg 


Cyanoacetamide 45 /—/kg 


Hydroxylamine 


hydrochloride  40/—/kg Salicylaldehyde 60/--/kg 


p-toluenesulphonyl chloride (pure) 140/—/5 kg 
(above prices for U.K. only) 


Please write to obtain a quote on your requirements. If we 
cannot save you money on the regular range of your 
organic purchases, we will make a gift of several of our rare 
organics to reimburse you for the trouble of writing. 


MAYBRIDGE CHEMICAL COMPANY LIMITED 


Launceston, Cornwall, U.K. 


Division of Maybridge international Enterprises Ltda 
Skibbereen, Co. Cork, Irish Republic. 





PATRA 


E Humidity Cabinet 


Accurately simulates mild, severe and accelerated 
climatic conditions 


Your Answer to Shelf Life Problems... 

The PATRA Humidity Cabinet offers the best way of 
finding out whether your chosen package will stand up to 
the worst climatic conditions likely on its journey and at 
its point of sale. No need for expensive, time-consuming 
‘and often unreliable trial shipments -the job can be done 
more simply and more efficiently in your own factory, 
For low temperatures a refrigerator is available as an 
optional accessory. 

lilustrated catalogue on request to 

Laboratory Thermal Equipment Ltd. 
Greenfield, Nr. Oldham. 

Telephone: Saddleworth 3221.2 












-Si vous désirez obtenir des 
renseignements complé- 
mentaires sur tout article 
figurant dans les pages 
d'annonces, veuillez in- 
“scrire les details appropriés 
sur la formule ci-contre, 
la détacher et l'adresser a 
T. G. Scott & Son Ltd. 
Nul affranchisement n'est 
requis en Grande-Bretagne 
ni Irlande du Nord, mais 
tous nos lecteurs 4 letran- 
ger devront affranchir leur 
carte au tarif habituel. 





Falls Sie an weiteren Einzel- 
heiten eines in den Anzeigen 
angeführten Artikels in- 
teressiert sein sollten, 
tragen Sie bitte das betref- 
fende Bezugszeichen in die 
nebenstehende Karte ein. 
Die Karte ist dann abzutren- 
nen und an T. G. Scott 
& Son Ltd. zu senden. 
Für Grossbritannien und 
Nordirland ist keine Brief- 
marke erforderlich, wohl- 
aber bei Aufgabe im Aus- 
land, 


Se desiderate ricevere ulter- 
iori informazioni riguardanti 
qualsiasi prodotto o articolo 
pubblicato, compilate la 
scheda qui a fianco 
riportata. Distaccatela e 
inviate a: T. G. Scott e Son 
Ltd. L'affrancatura é a 
carico del destinatario se la 
spedizione viene effettuata 
dalla Gran Bretagna o dall 
Irlanda del Nord, mentre 
tutti i lettori esteri dovranno 
affrancare regolarmente. 


ACature, July 19. 1060, po v 
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READER ENQUIRY SERVICE 


IF you would like to receive further information on any product or service 
advertised in this issue, please enter the appropriate details on the form below, 
detach the page and post it to T. G. Scott and Son Ltd. No stamp ts required 
if the letter form is posted in Great Britain or Northern Ireland, but all over- 
seas readers must pay the necessary postage. 
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PLEASE SEND REPLIES TO: CAPITOL LETTERS PLEASE 
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Position 

Organisation isc caste ln E E a 


Address 
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READERS OUTSIDE U.K. PLEASE 
AFFIX POSTAGE STAMPS 


2nd Fold 





¥ 
BUSINESS REPLY SERVICE 
Licence No. W.C. 2866 
L 


T. G. SCOTT & SON LTD 
1 Clement's Inn 
Strand 
London WC2 
England 
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NO POSTAGE 
STAMP 


NECESSARY IF 
POSTED IN 
GREAT BRITAIN 
OR NORTHERN 
IRELAND 
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This 
ENQUIRY 
SERVICE 


has been instituted 
to enable you to 
obtain information 
on any product ad- 
vertised in the pages 
of NATURE easily 
and in the shortest 
possible time. Please 
make use of it. 


ENQUIRIES MADE 
WITHOUT OBLIGATION 


Please ensure that 
your full name and 
address are carefully 
indicated on the form 
overleaf. 


NATURE, JULY 19, 1969 


Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion, 
The Publishers will noc be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch. 
Minimum £3, each additional 1/12th of an inch 
10s. Full page £158, Half page across £80. 
Colour (orange) £20 extra, 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
Inn, Strand, London, W,C.2. Telephone: 
01-405 4743. Telegrams: Textualist, London, 


C2. 








APPOINTMENTS VACANT 


IMPERIAL COLLEGE 


RESEARCH ASSISTANT IN 
MINING GEOLOGY 


Applications are invited for funda- 
mental research in the synthesis of 
base metal sulphides at low tempera- 
tures and pressures which simulate the 
natural geological environment. Ap- 


plicants should have postgraduate 
research experience in physical chem- 
istry, with knowledge of mineralogy. 


Commencing salary up to £1,530 
(by £115), with F.S.S.U. membership, 
from October, 1969, for three years. 

Apply to Professor of Mining Geo- 
logy, Imperial College, London 

à ode 


(297) 


MONASH UNIVERSITY 
MELBOURNE, AUSTRALIA 
DEPARTMENT OF PHYSIOLOGY 
Applications are invited for appointment to 
the position of Senior Lecturer or Lecturer in 

the Department of Physiology. 

This Department teaches courses in Physiology 
and Pharmacology for the degrees of B.Sc, and 
M.B., B.S., and accems postgraduate students 
for the degrees of M.Sc. and Ph.D. Principal 
research interests inchide: brain mechanisms, 
including learning mechanisms, sensory physio- 
logy, physiology and pharmacology of central 
and peripheral synapses, biophysics and pharma- 
cology of smooth and cardiac muscle, circula- 
tory and endocrine physiology. Increasing anen- 
tion is being paid to the correlation of ultrastruc- 
ture with physiological findings, and the use of 
computer technology in the analysis of experi- 
mental data. 

Salary ranges: Senior Lecturer: SA7,500 to 
$A8,750 per annum; Senior Lecturer (medically 
qualified), $A7,740 to $49,430 per annum ; Lec- 
turer, $45,400 to $A7,300 per annum with 
superannuation on F.S.S.U. basis and disability 
cover. 

Benefits: Full travelling expenses for appointee 
and family; removal allowance; repatriation 
after three years’ appointment if desired ; initiak 
subsidised housing; availability of loans for 
home purchase; STUDY LEAVE js granted at 
the rate of one term's leave for six terms’ ser- 
vice with provision for financial assistance, 

Further general information including details 
of application procedure is available from the 
Academic Registrar, Monash University, Welling- 
ton Road, Clayton, Victoria 3168, Australia, or 
the Seeretary-General, Association of Common- 
wealth Universities (Appts.), 36 Gordon Square, 
London, W.C.1. Information concerning re- 
search and teaching programmes may be ob- 
tained from Professor A. K. McIntyre in the 
Jniversity. 

Closing date for applications: August 31, 1969. 

The University reserves the right to make no 
appointment, or to appoint by Invitation. 

¢ 











MINISTRY OF AGRICULTURE, FISHERIES AND FOOD 


PLANT PATHOLOGY LABORATORY 
Hatching Green, Harpenden, Herts 


Plant Pathologist/Virologist 


(graded S.S.0./S.O.) for duties covering scientific and technical 
advice to administrators on quarantine problems relating to 
plant virus diseases ; technical planning and periodic revision of 
official Certification Schemes for potatoes, fruit and ornamental 
plants ; training of Plant Health Inspectors: research on prob- 
lems arising out of the above duties and on related virus patho- 
logy questions. Experience in diagnosis of plant virus diseases 
and field or research experience of such diseases would be an 
advantage. Reference §/52-53/MAF/6. 


FISHERIES RADIOBIOLOGICAL 
LABORATORY Lowestoft, Suffolk 


Zoologist 


(graded $.S.0./8.0.) with PHYSIOLOGICAL or BIOCHEMI- 
CAL RESEARCH experience and an interest in working on 
problems related to the metabolism of a wide range of radio- 
nuclides in aquatic organisms, their internal movement at organ, 
tissue, cell and cell component levels, with implications for 
internal dose and public health problems. The successful candi- 
date would be part of a team currently engaged on research and 
monitoring problems associated with the disposal of radioactive 
waste to aquatic environment. Reference §/52-53/MAE/7. 


SALARIES, QUALIFICATIONS AND AGE LIMITS 


Scientific Officer Class 


We normally expect you to have a Ist or 2nd Class honours 
degree. For Senior Scientific Officer posts you must be 26 or 
over and have a minimum of three years’ post-graduate research 
experience. Starting salaries depend on age, experience, and 
qualifications ; within the range £1,071-£2.491. Good promo- 
tion prospects to Principal Scientific Oficer (salary £2,599- 
£3,596). Non-contributory pensions. Prospects of promotion. 


APPLICATION FORMS are obtainable by writing to the Secre- 
tary, Civil Service Commission, 23 Savile Row, London WIX 
2AA, or by telephone 01-734 6010, ext. 229 (after 5.30 p.m. 
01-734 6464 “ Ansafone ” Service). Please quote appropriate 
reference number. Closing date August 1, 1969. (296) 


HUNTINGDON RESEARCH CENTRE 
A RESEARCH OFFICER 


is required to direct a team engaged in respiratory research. 
Considerable experience in histological procedures is nece 





with supervisory ability. This vacancy arises due to promotion’ 


Department. Candidates must be at least 28 years of age and qualified to 
the standard of A.LM.L.T., F.LM.L.T., or HNC. 


Exceptional career prospects and encouragement given to continue with 
the team’s published work, 
Applications should be addressed to the Personnel Officer, Huntingdon 
Research Centre, Huntingdon, quoting reference CU; RO. 

(2823 


The 5 Ge¥ Electron Synchrotron, NINA, situated at the Daresbury Laboratory in north west Cheshire is 
being used for research into high energy physics by university and resident teams. 


HIGH ENERGY PHYSICISTS 


are required to join the Experimental Physics Group as Research Associates at Junior, Senior or Principal 
level to carry out experiments on high energy electromagnetic interactions using the 5 GeV electron 

synchrotron, One team is presently engaged in studying fundamental properties of the vector interactions 
Another team is planning to do experiments using streamer chambers, 


using standard counter techniques. 


and this work will involve film analysis and data reduction and interpretation. 


The successful candidates will be expected to contribute to the existing experimental programme and to the 
planning of new experiments at Daresbury and CERN. 


Salaries will be within the range £1,310 to £3,425 and will depend on age, qualifications and experience. 
It is expected that this salary range will shortly be increased by 5%. 


Possession of a Ph.D. degree is normally required. 
Contributory superannuation under F.S.S.U. 

Advice and assistance to obtain house loans is available, 
Write?for application form, quoting reference DL/319/T to: 


Science 
Research 
Council 


QUEEN MARY COLLEGE 
DEPARTMENT OF GEOLOGY 
Applications are invited for the posts of 


TECHNICIAN for work using a variety 
of light engineering machinery for cutting 
and polishing rocks ew. 


TECHNICIAN (male or female) for 
work involving a variety of techniques. 
Previous experience in a biological or 
palacontological laboratory will be an ade 
Va hla ge. 


Salary on scale £743 to £1,047 per 
amum plus London Weighting £125 per 
annum and possible £30 or £80 Qualifica- 
tien Award. Five-day wrek, 4/5 weeks 
annual leave. Pension scheme. Social 
Chub. 


Letrers only to Registrar (G/T), Queen 
Mary College (University of London), Mile 
End Road, E1, stating ful details of age, 
experience amd present work. {226} 





ITY OF 
BIRMINGHAM 


GEOLOGY DEPARTMENT 





SENIOR TECHNICIAN 


to assist with research on Kinetic Mech- 
anisms in Mineral Systems. Applicant pre- 
ferably a Graduate in Chemistry or Geo- 
logy. 


Salary range £1,086 to £1,411. 
Apply: Personnel Adviser, University of 
3 


Birmingham, P.O. Box 3, Birmingham 
15, quoting reference 137/ST/4688, 





Ge 





(225) 


DARESBURY NUCIEAR 
PHYSICS LABORATORY 


UNIVERSITY OF 
MANCHESTER 


EXPERIMENTAL OFFICER IN 
THE DEPARTMENT OF 
BIOLOGICAL CHEMISTRY 


Applications invited, preferably from 
graduates, for this post with responsibility 
for operation and development of tech- 
niques using the analytical ultracentrifuge 
and other instruments employed in the De- 
partment’s research. Experience of the use 
of an analytical ultracentrifuge desirable 
but not essential. Salary range per annum 
£1,000 to £1,660. F.S.S.0. 


Further particulars and application forms 
(returnable by August 9) from the Regis- 
trar, The University, Manchester M13 9PL, 
Quote ref.: [41/69/Na,. (228) 


UNIVERSITY OF 
LEICESTER 


EXPERIMENTAL OFFICER 
IN DEPARTMENT OF 
GEOLOGY 


Applications are invited for the post of 
Experimental Officer from persons with a 
degree or equivalent in science or techno- 
logy to take charge of and operate the X- 
ray laboratory which is equipped with an 
electron probe microanalyser and x-ray 
diffractometer, 


Salary scale in the range £1,020 by £90 
to £2,010 a year, with F.S.S.U. member- 
ship. 

Applications, giving the names of two 
referees, should be sent to the Head of the 
Deparment of Geology, The University, 
Leicester, not later than July 28. (232) 


Personnel Officer, 

Science Research Council, 
Daresbury Nuclear Physics 
Laboratory, 

Daresbury, Nr Warrington. 


Closing Date: July 31, 1969. 





ST. MARY'S HOSPITAL 
MEDICAL SCHOOL 


DEPARTMENT OF IMMUNOLOGY 
SENIOR (HEAD) TECHNICIAN 


required to take overall charge of the teche 
nical work in the department which is 
surongly orientated in cellular immunology. 
Responsibility will include maintenance and 
ordering equipment and partici n in 
research. Sound knowledge of research 
techniques in immunology and/or cell bio- 
logy and biochemistry @mportant, Some 
administrative experience am advantage. 

Salary within the folowing scales. Senior 
Technician I, £1,446 two £2,012; Senior I, 
£1,215 to £1,540 according to age, quafi- 
cations and experience, 

Applications to the Seeretary, St. Mary's 
Hospital Medical Schoo], Paddington, W.2, 
with the names of two referees, (238) 


UNIVERSITY OF 
NOTTINGHAM 


Applications are invited from Honours 
graduates in Zoology, Entomology or Agri- 
cultural Zoology (including 1968 graduates) 
for 


DEMONSTRATOR IN 
AGRICULTURAL ZOOLOGY 


in the Department of Physiology and En- 
vironmental Studies School of Agriculture, 
Sutton Bonnington. Candidates should 
peeferably be interested in Soll Zoology, 
Acarofogy or Nematology. Salary scale 
£900 by £50 to £1,000 per annum. 
Conditions of appointment and form of 
applicauion to be returned by July 28, 
1969, the Registrar, Nottingham University, 
University Park, Nowingham NG7 3RD. 


Gan 
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UNIVERSITY OF OTAGO 
DUNEDIN, NEW ZEALAND 
DEPARTMENT OF EDUCATION 


Applications are invited for the following aca- 
demic appointments: 


LECTURER OR SENIOR LECTURER 
{specialism in either Educational Psychology or 
Educational Measurement) 

An applicant with appropriate qualifications 
may be considered for appointment at a higher 

level. 

LECTURER OR ASSISTANT LECTURER 
(qualifications in either Educational Psychology, 
Educational Theory, Chid Development or 
Educational Sociology) 


Salary Scales: Under review. Interim scales 
for 1969 are as follows: Lecturer, $NZ3,100 by 
§NZ200 to $NZ4,700 by $NZ100 to $NZ4,800 
per annum; Senior Lecturer, $NZ4,700 by 
§NZ200 to $NZ5,500; thereafter a range of 
salaries up to $NZ6,600 per annum; Assistant 
Lecturer, $NZ2,400 by $NZ100 to $NZ2,900 per 
annum. (Note: SNZ100 equals £46 13s. 4d. 
sig.; $US112; $A100.) 


Further particulars are available from the Sec- 
retary-General, Association of Commonwealth 
Universities (Appts), 36 Gordon Square, Lon- 
don. W.C.1, or from the Registrar of the Uni- 
versity. Applications close in New Zealand and 
London on August 25, 1969. (292) 


~ UNIVERSITY OF LAGOS 
NIGERIA 
INSTITUTE OF COMPUTER SCIENCES 


Applications are invited for post of (a) 
ASSOCIATE PROFESSOR or (b) SENIOR 
LECTURER ; and (© LECTURER in the Insti- 
tute of Computer Sciences. Candidates should 
have academic qualifications and teaching ability 
in at least two of the following areas for (a) 
(b) opUmtization techniques ; information theory 
and information retrieval; operations research 
or antomated manufacturing; and for (©) in 
sysiems simulation: computer systems design 
and synthesis: scientific computer programming 
including numerical methods and/or compilers ; 
optimization techniques, information theory and 
information retrieval; operations research ; 
modern control theory and mathematical statistics ; 
or stochastic processes. In addition candidates 
should have experience in University teaching 
and research or professional systems development 
and for @) (5) competence in Computer 
Applications in Business and Administrative pro- 
cesses. Duties include teaching at both under- 
graduate and postgraduate levels. Appointees 
will be expected to participate in other normal 
academic work such as examinations, curriculum 
development and extension programmes especi- 
ally in relation to Government and the Business 
Community. Salary scales: (a) £N2,750 per 
amum ; (b) £N2,275 to £N2,575 per annum ; (c) 
£N1,200 to £€N2,175 per annum GNIi= 
£1 3s. dd. sterling). Salary supplemented in 
range £240 to £550 per annum (sterling) and 
education aHowances and children’s holiday visit 





passages payable in appropriate cases under 
British Expatriates Supplementation Scheme, 
Family passages; various allowances; superan- 


nuation seheme ; regular overseas leave. 
Detailed applications (six copies}, naming three 
referees by August 18, 1969, to Inter-Liniversity 
Council, 90/91 Touenham Court Road, LON- 
DON WEP ODT, from whom particulars are 
availabe. (277) 


RHODES UNIVERSITY 
GRAHAMSTOWN, SOUTH AFRICA 
Applications are invited for the posts of: 
SENIOR LECTURER/LECTURER IN 
INORGANIC CHEMISTRY 
SENIOR LECTURER/LECTURER IN 

CHEMISTRY 


The salary scales are: Senior Lecturer, R4,350 
by R150 to R4800 by R300 to R5,700 per 
annum; Lecturer, R3,300 by RISO to R4,800 
per annum. Note: Ri==approximately lis. 7d. 
stg. A pensionable allowance equal to 10 per 
cent of basic salary of up to R4,350 in the case 
of lecturers and R5,100 per annum in the case 
of Senior Lecturers, and a vacation bonus of 
R130 per annum (single) and R260 (married) are 
also payable. Previous experience and qualifi- 
cations may be taken into account in determining 
the initial salary and the persons appointed will 
become members of the University's pension and 
medical aid schemes. 

Further particulars, application forms and de- 
tails relating to stall benefits, ete., may be ob- 
tained from the Secretary-General, Association 


ef Commonwealth Universities (Appts), 36 
Gordan Square, London, W.C.1. Applications 
chose on September 8, 1969. (248) 


BDH (RESEARCH) LIMITED 


requires a 


RESEARCH ASSISTANT 
IN HAEMATOLOGY 


for a post concerned with resea 
fibrinolysis. Applicants of either 


rch on blood coagulation and 
sex should possess a degree, 


diploma or equivalent qualifications in physiology, haematology, or 
an allied subject, and some previous experience in the field would be 
preferred. Further training in appropriate techniques will however 


be provided as required. 


An attractive salary in accordance with experience and qualifications 
will be paid, and excellent working conditions in pleasant and 
weil-equipped laboratories are provided. 


Applications, giving a brief personal history, should be addressed to: 


Department, 


(BDH) 


Godalming, Surrey. 


Head of the Biological Research 


BDH (Research) Ltd., 


t968 


THE AUTEN G AWARD 
TO INDUSTRY sega 


C6) 


DIRECTOR 


Furniture Development Council 
and 
Furniture Industry Research Association 


Applications are invited for the above post which will shortly become 


vacant when the present holder retires. 


Headquarters are at Stevenage. 


A salary commensurate with the importance of the appointment will be paid. 


A car is provided and there is a good 


pension scheme, 


The Director is responsible for the management of all activities of these 


twin bodies serving the Furniture indus 
technical aspects of the industry, its inte 


try. He will direct research into all 
rests and developments, He will also 


be concerned with relations with Government departments, particularly Board 


of Trade and Ministry of Technology, a 
The appointment demands a genuin 


nd a variety of other organisations. 
e creative interest in the Furniture 


Industry and its products, but also a commercial and administrative awareness. 


The man required, who will probably 


be aged 35 to 50, needs a scientific! 


technical background, but must also have had successful experience as an 
administrator with a wide range of gencral industrial interests, 


Please write in confidence, quoting reference L/384/162. 


Sir Roger Falk, Chairman, Furniture Development Council, 
12 Grosvenor Place, London, 8.W.1. 


QUEEN ELIZABETH COLLEGE 
(UNIVERSITY OF LONDON) 
CAMPDEN HILL ROAD, W.8 
Applications are invited for the post of LEC- 
TURER in the Physiology Department, vacant 
October 1, 1969. 

Further particulars from the Secretary, to 
whom four copies of the applications should be 
seat by July 31. {281} 


For further 





UNIVERSITY OF READING 
PROFESSORSHIP OF PURE MATHEMATICS 

Applications are invited for an axkiidonal Pro- 
fessorship of Pure Mathematics, 

Further particulars may be obtained from the 
Registrar (Room 208, Whiteknigits House), The 
University, Whitcknithts, Reading, ROG 2AH, 
by whom applications should be received mot 
later than October 11, 1969, (249) 


Classified advertisements see page xxiv 


EVANS ELECTROSELENIUM LIMITED 
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The Unicam SP3000 Spectrophotometer 
is the most accurate way to make 
absorption measurements... 


...time 


... after time 


~ 


... after time 








The Unicam SP3000 Automatic 
Uttraviolet Spectrophotometer is 
designed to eliminate error. At its heart is 
a unique high-stability single-beam 
photometric system, and before each 
measurement cycle the instrument 
automatically standardises itself against 
an integral reference. To ensure accuracy, 
results are presented digitally to 


applications of the Unicam SP3000 
Spectrophotometer. Itcan be used for 
many more. 


And by adding accessories such as the 
Unicam SP3002 Automatic Sample 
Changer and the SP3005 Fast 
Programmer, the SP3000 becomes a 
fully-automatic digital 


+ QO.OOTA or: O.1%T. 


This high-performance can save you 
time and money on most routine analyses 
where a coefficient of variation of as low 
as 0.2% is required. Metals, drugs and 
dyestuffs are just three examples of the 


spectrophotometer — the world’s first. 


Write or telephone Pye Unicar Ltd today 
for a quotation or discussion of your 
measurement problem. We've solved 
problems like yours, time, after time, after 
time. 














PYE UNICAM 


Pye Unicam Ltd 
York Street Cambridge, CB1 2PX, England 
Telephone (0223) 58866 Telex 81215 


Precision Instruments 
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Annales de l’Institut National | 
de la Recherche Agronomique | 
| 


ANNALES AGRONOMIQUES (General 
science), 6 issues annually. 


ANNALES DE L’AMELIORATION DES PLANTES (Plant 
breeding), 4 issues annually. | 


ANNALES DE PHYSIOLOGIE VEGETALE (Plant physiology) 
4 issues annually. 


ANNALES DES SCIENCES FORESTIERES (Forestry,) 4 issues | 
i 
if 
| 


agronomy, soil 


annually. 


ANNALES DE PHYTOPATHOLOGIE (Mycology, bacteriology, | 
virology), 4 issues annually. | 


ANNALES DE ZOOLOGIE--ECOLOGIE ANIMALE (Zoology, | 
ecology), 4 issues annually. 


ANNALES DE TECHNOLOGIE AGRICOLE (Agricultural and | 
food technology), 4 issues annually. | 
ANNALES DE ZOOTECHNIE (Animal breeding and animal | 
production), 4 issues annually. 


ANNALES DE BIOLOGIE ANIMALE, BIOCHIMIE, BIO- 
PHYSIQUE (Animal biology, biochemistry, biophysics), 
4 issues annually. 

ANNALES DE GENETIQUE ET DE SELECTION ANIMALE 
(Animal genetics), 4 issues annually. 


Subscriptions should be sent to: 


SERVICE DES PUBLICATIONS I.N.RB.A., | 
route de St-Cyr, 78-VERSAILLES, France. | 


Specimen copy on request l 
(Orders can also be sent through any bookseller) 


LUCKHAM 


TEST TUBE RACKS 


| 
| 
] 
| 
| 
l 









Extensive range of Test Tube Racks | 
available for Laboratory use. 
Precision made of aluminium, 

anodised for protection, colour | 
coded if required. “Specials” made | 
to individual specifications. 
Prices range from 6/- to £6 each 


full details freely available from == 


LUCKHAM LTD. 
*» LUCKHAM 


LNGWdiINDF AYOLVHOSYI 


Victoria Gardens, Burgess Hill, Sussex. 
tel: Burgess Hill 5348/9 





telex: 87323-FS1 Brighton Code-Luckham. | 





GRIFFIN for STATISTICS 
Statistical Monographs 


THE MOST RECENT TOPICS 


6 Robinson: Infinitely Many Variates 285. 
7 Khintchine: Mathematical Theory of Queueing 34s. 
8 Kendall: Geometry of n dimensions 16s. 
9 Robinson: Random Wavelets 32s, 
10 Kendall and Moran: Geometrical Probability 28s. 
11 Wegner: Symbolic Programming 38s. 
12 David: Paired Comparisons 28s. 
13 Buckland: The Life Characteristic 24s. 


14 Lukacs and Laha: Characteristic Functions 45s. 
15 Geary and McCarthy: Linear Programming 30s. 


16 Godwin: Distribution Functions 24s. 
17 Keilson: Green’s Function Methods 40s. 
18 Huitson: Analysis of Variance 18s. 
19 Seber: The Linear Hypothesis 24s. 
20 Leser: Econometric Techniques 26s. 
21 Fisk: Stochastically Dependent Equations 40s. 
22 Vajda: Patterns in Finite Spaces 32s. 


23 Vajda: Mathematics of Experimental Design 30s. 
24 Van Dobben de Bruyn: Cumulative Sum Tests 24s. 
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DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
tasting processes you are invited to contact 


EDWARD GURR LIMITED 


for supplies. 


We hold stocks of an enormous variaty of dyes, ready for immediate 
despatch, including: 


Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue, 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p-Ethoxy- 
chrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green. etc. 


industrial Research Establishments 


are invited to make use of our professional sarvices as 
consultants on the selection and use of dyes as research 
and production tools. 


BIOLOGISTS are invited to send for our catalogue of; 


“MII CIAUR O MIE’ 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount, Lipid crimson, Matamount, 
May-Grimwald, Leishman, Giemsa, Toluidine blue, Cresyl fast violet, 
Papanicolaou stains, Thioflavine S, Brilliant cresyl blue, Nile blue, 
Pyronin Y, Trifalgic acid, Rnodanile blue, Haplo, etc. 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, S.W.14 
Cables: Micromlabs Landon SW14. Telephone: 01-876_82289 
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Open Season for Disarmament 


THE reopening last week of the conference at Geneva 
of the United Nations sub-committee on disarmament 
seems to have been more cheerful than usual. The 
arrival of two new delegations, from Japan and Mon- 
golia, is a sign that the committee’s work is not entirely 
disregarded outside Geneva, and there is still talk 
that the French Government may occupy its seat on 
the committee now that General de Gaulle has gone. 
Then there is the prospect of talks between the United 
States and the Soviet Union on the limitation of strate- 
gic missiles. Even though it has not yet been decided 
whether the two sides will assemble in Geneva or 
Vienna, the chances are that they will certainly have 
something to say to each other by the beginning of 
August, and there is even a sporting chance that there 
will be something to report by the next General Assem- 
bly of the United Nations. 

In circumstances like these, it is both sensible and 
laudable that the British Government should now have 
put forward in the Geneva Committee the draft of a 
convention which would amount to a somewhat tighter 
restriction of the rights of nations to dabble with 
bacteriological weapons than is provided by the Geneva 
Convention. Even Mr Fred Mulley, who argued the 
ease for the Foreign Office in Geneva on July 10, 
cannot be too hopeful that the nations which have not 
yet signed the Geneva Convention will now be falling 
over themselves to sign his much more onerous docu- 
ment. Quite properly, however, the British Govern- 
ment has not been deterred by that. Even resolutions 
which have only a little chance of winning international 
adoption should nevertheless help to stir the pot. 
And there is always a chance that the combined pressure 
of smaller nations will foree some kind of agreement 
out of the major powers. That is something to work 
towards, 

To begin with, at least, the British proposals deal 
only with the prohibition of biological warfare, but 
there is no reason to take seriously the complaints 
that by not dealing at the same time with chemical 
warfare, the new proposals would weaken the Geneva 
Protocol. For one thing, of course, adoption of the new 
proposals as an International Convention would not 
supersede the Geneva Protocol, while it is also proposed 
(Article V) that parties to the convention should 
attempt an agreement on chemical warfare. The point 
at which the new scheme would bite hard is in the way 
in which it would prohibit not merely the use of biologi- 
cal weapons but also their manufacture and storage. 
This implies that signatories would be denied the use 
of biological weapons even in self-defence, which is why 


it is only sensible that the proposals would also involve 
the Security Council in the investigation of complaints 
of violation of the convention. Biological weapons 
are defined in the broadest terms, and the prohibitions 
extend not merely to the production of military agents 
but also to research directed towards their production, 
It will be remarkable if the great powers are prepared 
to swallow this mouthful, but it goes without saying, 
of course, that the convention will count for very 
little if they do not. Some sign of unbending here is 
what to watch for in the months ahead. 

But what if the British proposals simply he like a 
fossil on the table at Geneva, a testament to national 
good intentions but nothing else? Is there nothing 
to be done? Luckily there remains a good deal of 
room for intelligent manoeuvre. No doubt a part of 
the reason why the British Government has taken the 
initiative is the plain fact that Britain, for reasons of 
geography, is especially susceptible to attack by 
chemical and biological weapons. To be sure, it is 
hard in cold blood to imagine that these materials 
would ever be used, but the mere possibility is a 
sufficient justification of the kind of research which is 
arried out by the British Government at Porton. It 
remains, however, an embarrassment in principle that 
the work at Porton is carried out in close liaison with 
that in the United States, not vet a signatory of the 
Geneva Protocol. 

But does not Mr Mulley’s initiative at Geneva imply 
that the British Government should make common 
cause, in its defensive research, with other nations 
which are willing to sign not merely the Geneva 
Protocol but the stiffer document which is now being 
canvassed ? In other words, the time may have come 
to begin an international research programme aimed 
at the development of techniques for protection from 
the effects of chemical and biological weapons among 
those nations willing to renounce their use in anger, 
There is plenty of useful work to be done, as, for 
example, in the development of automatic means for 
the detection of chemical and biological agents im the 
atmosphere. Now that a great deal is publicly known 
about the nature of these weapons, the fear that 
collaborative research would provide innocent govern. 
ments with a means of making weapons cheaply, always 
patronizing, has lost much of its force, And the mere 
prospect of a defensive research consortium, which 
would identify those who do not belong to it as out 
and out black sheep, would be an invaluable tool to 
help the Disarmament Conference along. 

For the rest, the affairs of the Geneva Disarmament 
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to open at about the time that most people in the 
northern hemisphere will be bound for their holidays. 
What are the prospects? It has been surprising to 
see how steadfast even the vacillating President has 
been in his willingness to see progress on the talks, 
and equally surprising that he and other arms of the 
Administration in Washington have been undermining 
the good impression thus created. The trip to Rou- 
mania, for example, will not help to smooth the way 
at the missile talks; it would be safe to write off a 
few days at the beginning for recrimination about 
this jaunt. It is also strange that the Department of 
Defense should be letting contracts for the manufacture 
of multiple re-entry warheads (MIRV) to be fitted to 
the new Minuteman III and Poseidon rockets at a 
time when the need is to lend a sense of moderation to 
the continuing dispute about the wisdom of the forward 
strategic planning of the United States, particularly 
the ABM. The most probable explanation is that Mr 
Nixon is still responding in a disarticulated fashion 
to the advice of separate groups of advisers. The 
chances are that Dr Henry Kissinger is the prime 
mover behind the missile talks, but that neither he nor 
Mr Richard Nixon has yet been able to fire the rest of 
the Administration with enthusiasm. In circumstances 
like these, it would not be wise to hope for much. 
Quite apart from the political difficulties which lie 


New Hearts on Tap 


MODEST successes seem to have taken the excitement 
out of heart transplantations, and nobody should be 
surprised. A good deal of the sensation in the news- 
papers in the past two years has been inspired by 
macabre interest in the survival of the recipients. Will 
he be alive tomorrow ? That is what people used to 
ask. Now that the answer is not always gloomy, 
interests have turned to other things, and no purpose is 
served by complaining that people are exceedingly 
fickle if they interest themselves in disaster but not 
attainment—that, after all, is what people are like. 
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ahead, there will be technical problems of unaccustomed 
difficulty. The most serious is that there is no prospect 
that an agreement to limit the numbers of strategic 
missiles, or the complexity of their warheads, will in- 
clude provisions for verification by mutual or even 
neutral inspection. Any agreement which comes out 
of the talks will have to rest almost. entirely on trust. 
And here the difficulty is that the installation of the 
first multiple warheads in the United States seems to 
be only a few months away, Soon it will be too late 
for the other side to have much confidence in what 
would have to be a declaration of good faith. And the 
trouble, of course, is that MIRV and all which it implies 
is a good deal more unsettling for international relations 
than even the ABM, on which the United States Senate 
has given the Administration a hard time in the past 
few weeks. So is it not sensible that there should now 
be some attempt to regulate those features of the con- 
tinuing development of strategic missiles which are at 
least observable from the outside? In other words, 
the best way of regulating MIRV is to extend the 
partial test-ban treaty to cover all nuclear explosions. 
There is less likelihood that the two sides would agree 
to a limitation of the testing of strategic rockets, if 
only because this would necessarily limit the military 
uses at present being made of Earth satellites. 

The guiding principle should be a concern for the 
tangibility of the next substantial measure of arms 
control, whatever it may be. The partial test-ban 
treaty does at least have the advantage of being self- 
consistent. Inspection is easy and everybody knows 
where he stands. The treaties on the Antarctic and 
what is called Outer Space are viable because nobody 
in his senses would choose to make a military base out 
of such inhospitable and vulnerable places. But the 
Non-Proliferation Treaty has been a kind of mockery 
of the notion that a general pattern of disarmament 
can be constructed from smaller measures of arms 
control, if only because many of the nations which 
have been prepared to haggle about the wording of the 
treaty have not yet deigned to sign it. The explanation 
is the way in which the treaty created a dissymmetry 
between the members of the nuclear club and the 
outsiders. This is why the next step should be one that 
helps to redress that balance. 


But it would be a pity if the growing acceptance of the 
transplant business were to persuade the Health 
Ministers that the steps which seemed urgently neces- 
sary at the beginning of the vear, when Mr Richard 
Crossman set up his Advisory Group on Trar splantation 
Problems, should now lapse. The group’s first report, 
published this week (Cmnd 4106, HMSO, Is 3d), is a 
good point from which to start. As luck will have it, 
Mr Crossman, the Minister for Social Services, is a doer 
if not quite the classical man of action. 

The committee’s first report is straightforward and 
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sensible. Its guiding theme is that existing impedi- 
ments to transplantation should be diminished, which 
is as it should be. The group has also uncovered some 
strange ambiguities in the Human Tissue Act 1961 
which should put a good many parliamentary lawyers 
to shame. What, for example, is the meaning of the 
term “person lawfully in possession” applied to a body 
after death? Is it the doctor in attendance ? Or the 
relatives who have not yet had a chance to claim the 
body? The point is important to the transplanters 
because the law says that the person concerned may 
follow previous instructions of the dead person about 
the disposal of organs. In practice, there seems to 
have been enough doubt to make most doctors wait 
to talk to the relatives as well, and also to the coroner 
(or the procurator-fiscal in Seotland) if there is any 
chance that an inquest on the donor might be necessary. 
If the new proposals are taken with those argued by 
Lord Justice Davies some weeks ago (see Nature, 222, 
507; 1969), there will be the raw material for a more 
just and direct law on tissue transplantation. 

But how are potential donors to be recognized ? 
The group is divided between a modest. clarification of 
existing legislation and a scheme in which doctors 
would be free to remove the organs of those who have 
not been known to object. The supporters of the 
second scheme have logic on their side but fly in the 
face of inalienable irrationality. The trouble with 
transplants, and a part of the explanation of the fuss 
which there has been about them, is that people are 
emotionally as well as intellectually concerned with 
what goes on. The transfer of a heart from one body 
to another may in one sense be simply a mechanical 
substitution, but it is not sensible always to ask that 
the recipient or the relatives of the donor should regard 
it as no more than that. Transplants are bound to 
have some of the undertones of adoption, or divorce, 
or marriage, and it is wrong to pretend otherwise. 
The problem is to prevent emotional considerations 
like these becoming obstacles to the ready supply of 
organs for transplantation which medicine undoubtedly 
needs. 

This is why the first reaction of the Government to 
the group’s report should not simply be an amendment 
of the legislation, necessary though that may be. A 
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much more practical and important step would be to 
recruit a few million people to a register of potential 
donors. By embarking on a task like that. the Govern- 
ment would be well placed to measure the tide of public 
opinion—and even to divert it in the right direction. 
This would also be a chance to try out the kind of 
computer system which will be essential if speedy 
decisions are ever to be possible, even with modified 
legislation. 

It is also important that one part of the Advisory 
Group’s recommendations should be given closer 
attention than it has so far received. The group has 
settled for the simple view that hospitals are entirely 
within their rights to withhold the names of donors and 
recipients from the newspapers, chiefly on the grounds 
that publicity causes too much distress. Unfortun- 
ately, the group has not also considered the possibility 
that some information about individual transplant 
operations should be made public, after the event, 
and in some seemly form. In reality, however, trans- 
plant operations are not simple private arrangements 
for the health or survival of the recipients but, in the 
widest sense, social contracts involving the community 
at large. As those who urge that the supply of organs 
should be increased are the first to admit, for example, 
not everybody in need can be provided with a new 
heart. In circumstances like these, it is important 
that there should be some way of demonstrating that 
there is no unseemly bias in the composition of the 
recipients or of the donors. It would, for example, be 
disturbing if recipients were usually well-to-do. And 
so there is a case for a register of donors and of recipi- 
ents, with certain rudimentary details of the operation, 
much along the lines of the public register of births 
and deaths. In the long run, the surgeons concerned 
would probably find the device a useful means of pro- 
tection. The closest analogy is with the registration of 
adoptions, because it would be necessary to conceal 
the links between specific donors and specitic recipients. 
Most probably, it would also be necessary to impose 
some period of delay. Yet some device like this is 
the only sure way of meeting the legitimate claims of 
the newspapers and the public without offending the 
equally legitimate demands for privacy of the people 
concerned, 
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What Future for Broadcasting ? 


Tue British Broadcasting Corporation is one of the 
grand institutions of the twentieth century. For close 
on fifty years, it has been able to combine the ideals of a 
public service with the methods of the more vigorous 
entrepreneurs, so that it has been able continually to 
break new ground in the production of broadcasting 
material. British television, for example, is probably 
as good as any. It is therefore something of a disap- 
pointment that the corporation should now be making 
such heavy weather of its attempt to make more 
rational use of conventional sound broadcasting. This 


has for a long time been something of a Cinderella, and 
it seems also beyond dispute that sound radio has 
become a haven for a great many people who would 
have been more productively employed, and perhaps 
even happier, in other organizations, as well as for 
several ideas left over from the golden age of sound 
broadcasting. The orchestras on which the corporation 
has been spending more than £1-5 million a year are 
one example, and it is ironical that the corporation 
should have been so placid in its acceptance of this 
unnecessary burden that it should now find itself 
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pilloried as a skinflint by the Musicians’ Union for 
seeking to reduce the number of independently main- 
tained orchestras by four. The problem, of course, is 
that the BBC is trying to live within the substantially 
fixed income of the revenue from radio licences, and in 
a world where costs are bound to go on rising, economies 
are inescapable. The modest proposals which the 
corporation has put forward for the reorganization of 
the sound services would probably have been justified 
on the grounds of good management if there had been 
no immediate need for saving money. But it is an 
important question to know whether the attempt to 
live within a fixed budget is compatible with the 
corporation's wish to be a pace-setter in broadcasting. 

The trouble, of course, is that the whole nature of 
broadcasting has changed since the twenties, when the 
BBC first burst on the air. Then, the technical diffi- 
culties were so formidable that it was entirely sensible 
that broadcasting services should often consist of a 
single organization providing a single range of pro- 
grammes. It was an uncovenanted benefit that 
ordinary radio receivers were quickly able to pick up 
programmes from distant places. But now there is at 
least the hope that it will be possible for television 
programmes to be made as widespread as short-wave 
radio has ever been, partly through the use of television 
satellites and partly by means of cable television. 
Ordinary television sets may soon be used for receiving 
programmes from anywhere in the world, and the result 
of that could well be as big a revolution in the use made 
of broadcasting as anything accomplished by the BBC 
in the twenties. So is there not a case for asking that 
the corporation should put some of its energy into these 
technical developments as well as into schemes for 
saving money? There is even a chance that it could 
use cable television as a means of safeguarding its 
income for the future. In the long run, only a device 
like that will free it from this repetitive recourse to one 
round of economy after another. 


PUBLIC HEALTH 


Stopping the Rot 


Tue cause of fluoridation in Britain reecived a powerful 
boost last week with the publication of a report of the 

: Committee on Research into Fluoridation by the Depart- 
ment of Health and Social Seeurity (HMSO, 5s 6d). 
The committee,has reviewed the experience of fluorida- 
tion in Britain in the past eleven years, and has con- 
cluded that it should. be possible to reduce the incidence 
of dental caries by about a half by a vigorous application 
of fluoridation. This argument was cheerfully accepted 
by Mr Richard Crossman, the Minister for Social 
Services, who promised a campaign to persuade un- 
willing local authorities—80 of the 204 local authorities 
are committed against fluoridation—to lace their water 
with one part per million of fluoride ion. Undoubtedly 
there will now be a howl of protest from the anti- 
fluoride organizations. Mr Crossman will, however, 
be supported by 18 local authorities already adding 
fluoride to drinking water, including Birmingham and 
Newcastle. 
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The studies on which the new report is based were 
set in hand in the mid-fifties, after the Medical Research 
Council and the then Ministry of Health had decided 
that a strong case for fluoridation seemed to have 
been made by evidence from other countries. The new 
report therefore strengthens the case presented by the 
research committee in 1962, after five years’ experience. 

Most of the studies reported have been carried out 
in Anglesey and in the London area. In the south, 
for example, water at Watford was fluoridated at the 
expense of the Ministry of Health, but controlled studies 
were also carried out in Sutton, another outer suburb 
of London. The comparisons are complicated by the 
improvement which there seems to have been in the 
condition of children’s teeth even in the control areas, 
presumably as a result of better dental hygiene. In 
Sutton, for example, the number of decayed teeth in 
the mouths of children aged eight to ten declined from 
an average of 3-0 to an average of 2-5 between 1956 
and 1967. During the same period, however, the 
number of damaged teeth in the corresponding children. 
in Watford declined from an average of 3-0 to an 
average of 1-5, a decrease of 50 per cent. In the same 
spirit, although the percentage of children entirely 
free from dental decay increased from 14 to 23 among 
eight to ten year old children in Sutton, the corre- 
sponding percentage in Watford increased from 
14 to 42. For the study and contro] areas as a whole, 
the percentages of eight to ten year olds entirely free 
from dental decay were respectively 34 per cent and 
18 per cent in 1967, implying an increase of 127 per 
cent in the fluoridated areas and only 13 per cent else- 
where. 

Some of the most dramatic evidence in favour of 
fluoridation seems, however, to have come from the 
experience of Kilmarnock, where the town council 
decided in 1962 to abandon fluoridation. In an 
appendix to the report, Professor J. N. Mansbridge of 
the University of Edinburgh describes how the per- 
centage of children without tooth decay increased. 
after the town council gave up fluoridation and has 
by now returned to the point at which it started. In 
four year old children, for example, the average number 
of decayed teeth was 7:12 when the study began, was 
reduced to 2-97 in 1961 as a result of fluoridation but 
finally increased again to 6-08 in 1968. These studies, 
however, show that older children in Kilmarnock, 
with some experience of fluoridation, do nevertheless 
have better teeth than those entirely innocent of it. 

In the modern fashion, Mr Richard Crossman has 
estimated the saving to be expected from fluoridation 
on a national scale. Altogether, it is expected that the 
fall benefits of treating water supplies would consist 
of 35 million dental fillings at a cost of about £2-5 
million a year. The cost of making sure that water is 
properly fluoridated will be something between £2-5 
and £3 million, which implies that the costs will 
almost exactly cancel each other out. 






WEST GERMANY 


Slackening of Growth 


THE expenditure of the West German Government on 
scientific research during 1969 has risen noticeably less 
than was predicted in the Federal Government's 
financial programme adopted in July 1967, according 
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to figures released by the West German Ministry of 
Scientific Research last week. The first table com- 
pares the actual expenditure with that envisaged in 
the 1967 programme, and the second shows how 
the Government's scientific budget has actually been 
divided between the different sciences and technologies. 


Table J. FEDERAL GOVERNMENT EXPENDITURE ON 


SCIENTIFIC RESEARCH 


(millions of Deutsehmarks) 


Allo- 
cation 
(over 
July 
1967) 
1,930 
2,220 


2,940 


Per cent 
inerease 
{over 
previous 
year) 
20-4 
15-0 
14-9 
15-3 


Per cent 
increase 
(over 
previous 
year) 
19-9 
11-4 


Year Actual 


1968 
1969 
1970 
1971 


Table 2. BREAKDOWN OF 1969 FEDERAL EXPENDITURE 


ON SCIENTIFIC RESEARCH 

(millions of Deutschmarks) 
General Scientific Research .1,020-8 
Universities and technical colleges 
Government research establishments 
Max Planek institutes 
Oceanography 
Other items 


Nuclear Research and Technology 
Nuclear research centres 
Work outside nuclear centres 
International organizations 
Documentation 

Research on Space and Air Transport.. 351-2 

Extraterrestrial research 

Satellites, etc. 

Basic programmes and inter national ¢ or, rganiza- 
tions p 


90-8 


Data Processing and New Technologies 
Data processing ue s 
New technologies 


The funds actually allocated for scientific research 
this year are some DM 80 million less than had been 
foreseen in 1967. One of the explanations is that 
federal expenditure on universities and technical 
colleges has not risen as steeply as had been intended. 
Whether any modification of the overall scientific 
research programme will be called for in the light of the 
latest figures remains to be seen, but considerably more 
money will have to be earmarked for scientific research 
for the next twe years to keep in line with the ministry’s 
forecast of an average growth of expenditure of 16 per 
cent between 1968 and 1971 


ROYAL SOCIETY 


More Foreign Relations 


Tue Royal Society can boast that it had a Foreign 
Secretary long before the British Government. The 
society’s continuing involvement in international 
affairs is now described in a progress report by the 
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Foreign Seeretary of the Royal Society (London: 
The Royal Society, 1969). There are now more than 
forty committees and subcommittees handling the 
society's international affairs, and together they aecount 
for more than a third of the budget. Contact with the 
National Academy of Sciences in Washington is close, 
but there are alr ready many agencies devoted to 
cooperation across the North Atlantic and perhaps 
more important has been the Royal Society's recent 
ventures in Europe and elsewhere, The European 
science exchange programme has now been under way 
for two years, a programme in which every nation of 
Western Europe is cooperating. The Royal Society 
contributed £200,000 to the scheme in 1968, and hopes 
to give £250,000 this year. The money is spent on 
visiting fellowships, both junior and senior, and also 
on research conferences, modelled on the lines of the 
American Gordon Conferences. 

The scheme is happily free of bureaucracy as it is, 
but even so the Royal Society is considering 
possibility that science might be better served if its 
own scheme was merged with ventures like the EMBO 
fellowship programme. Meanwhile, separate agree. 
ments have been framed for exchanges with Israel 
and several countries of Eastern Europe. The Eastern 
European programme has been bedevilled to a certain 
extent by administrative difficulties, but there is a good 
chance that there will be greater flexibility in the future. 

The Royal Society acts as the British member of the 
International Council of Scientific Unions, a task that 
grows more onerous as the activities of ICSU prolifer- 
ate. The International Union of Nutritional Sciences 
was admitted to ICSU in 1968, so that there are now 
sixteen unions in membership, each entailing much 
routine administrative work. The Assembly of ICSU 
last year discussed a proposal to set up a committee 
on the social implications of science, but action was 
shelved pending the planned investigation of the topie 
by various agencies of the United Nations. 

A sector of the world still without formal scientifi 
ties with Britain is South America. The Royal Society 
sent a delegation to Brazil, Mexico and Cuba last 
year, and a reciprocal visit is planned. There is 
every likelihood that a planned series of exchanges 
will be set up with these and other South American 
countries before long. Nearer home, the closing two- 
culture gap is claiming the society’s attention. Most 
European national academies cover both the sciences 
and the humanities, and it is natural that the increasing 
British cooperation with these academies should sug- 
gest the possibility of liaison between the Royal Society 
and the British Academy. Asa first step the two bodies 
have planned a joint symposium later this year on the 
use of radioactive dating in archaeology. Similarly, 
the British National Committee for Geography has 
suggested that some needs of the subject would be 
better satisfied by the formation of a new committee 
including members from both the society’ and the 
academy. l 


the 






























TECHNOLOGY 


When Britain led the World 


Tars year is the bicentenary of the granting of patents 
for two inventions which played a crucial part in making 
Britain the most important nineteenth century indus- 
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trial power, In 1769, James Watt patented his separate 
condenser, which proved to be the greatest single 
improvement ever made in steam engines, and Richard 
Arkwright patented his spinning machine, which, 
strictly speaking, was less an invention than a success- 
ful exploitation of a much earlier machine which 
never quite worked. To mark the oecasion, the Science 
Museum in London has arranged a characteristically 
subdued exhibition of the two original patents, bor- 
rowed from the Public Records Office, a little bio- 
graphical material, a couple of florid portraits and 
eight or nine cases containing recent and contemporary 
models and drawings of Watt’s work and Arkwright’s 
original spinning machines. More interesting than the 
exhibition itself is a short monograph, James Watt and 
the Separate Condenser, by Mr R. J. Law of the museum, 
which was published the day the exhibition opened; 
it is a pity that the museum did not produce a mono- 
graph on Arkwright, who was an equally colourful 
character. 

Watt began his work on the steam engine when he 
was asked to repair a model of a Newcomen engine, 
to be seen at the exhibition, which then belonged to 
the Natural Philosophy class at Glasgow University. 
He quickly discovered that the model would never 
work satisfactorily because most of the heat was used 
to heat the cylinder instead of moving the piston. He 
tried making a eylinder of wood soaked in linseed oil 
and then baked but came to the conclusion that wood 
was no substitute for metal and began experimenting 
with an engine in which the steam was condensed not 
in the cylinder but in a separate condenser vessel. By 
1769 Watt had associated with a Scottish colliery 
owner called Roebuck who put up the then large sum 
of £1,200 for the patent of the separate condenser in 
exchange for a two-thirds share in it. When Roebuck 
went bankrupt, one of his creditors, Matthew Boulton, 
accepted this share in the patent as part payment of 
Roebuck’s debt and this led to the association of 
Boulton and Watt who, from their factory in Soho, 
Birmingham, “made engines for the world”. In fact, 
they supplied the valves and drawings, a specially 
trained man to supervise erection of the engines, and 
specified that the cylinders must be bought from the 
ironfounder Wilkinson, leaving the purchaser of the 
engine, more often than not a Cornish copper mine 
owner, to build locally the beam and other simply made 
pieces. 

Arkwright’s success in making a spinning machine 
in 1769, when others such as Lewis Paul of Birmingham 
—who as early as 1738 had patented a spinning machine 
~-had failed, stems from the exploitation of a succession 
of rollers to thin out the carded cotton. Paul had had 
the idea of using rollers in this way but his machine 
was too complicated for the mechanical resources of 
the eighteenth century whereas Arkwright’s was 
elegantly simple but ingenious, Once he had invented 
his machine, Arkwright, who was as daring a business- 
man as he was an inventor, set up a factory in Notting- 
ham and began making his fortune. To protect his 
monopolistic position he kept up a running fight in and 
out of the courts which culminated in his defeat 
in the courts in London in 1785 when he had the whole 
of the Lancashire cotton industry arguing against his 

lea for an extension of his patents. But in spite of all 
his setbacks he continued to flourish, became a landed 
squire in Derbyshire, lent money to the Duchess of 
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Devonshire to pay off her gambling debts, and rose 
from a poor barber to be the first cotton tycoon in 
Britain. 


RECLAMATION 


Waste Not, Want Not 


Wuart goes into the dustbin is more valuable than it 
seems. This was one of the main themes of the Inter- 
national Reclamation and Disposal Exhibition, held 
at Olympia in London from July 14 to 18 in conjunction 
with a conference on new ways of dealing with waste. 
From many of the exhibits, it was clear that much 
ingenuity now goes into purifying and re-using waste 
products that were once quietly dumped in the nearest 
convenient place. 

The reclamation industry claims that it is already 
indispensable to the British economy, saving £1,000 
million a year in imports. This includes the obvious 
example of the steel industry, where nearly 53 per cent 
of last year’s production was based on the re-utilization 
of scrap. Papermakers also hope to reprocess up to two 
million tons of waste this year, and are actually depen- 
dent on something like this figure being reached. It 
is, however, in less spectacular fields that the most 
imaginative attempts are being made to save money 
by reappraising rubbish. At the Warren Spring 
Laboratory the recovery of metals from domestic refuse 
has been improved by the development of a fluidized bed 
separator which can sort out metals of all kinds, non- 
ferrous as well as ferrous. Previously, while ferrous 
material could be removed magnetically, slow and 
unhygienic hand-picking methods were needed for 
anything else. Platinum can be recovered from dis- 
carded sparking plugs and silver from solder waste. 
On a larger scale, the residues from instant coffee 
production can be made into a wood-like plastic, 
so that even a literal “coffee table” is now a possi- 
bility. 

Environmental pollution was not widely explored at 
the exhibition, which seems to have been aimed mainly 
at informing industry of the economic benefits of 
recovery. The more that is re-used, the less there is to 
be dangerous, although there is a danger that the effect 
of some processes is simply that noxious substances 
are discarded in a more concentrated form than before. 
A common opinion among exhibitors was that the 
control of pollution is basically a legal matter—manufac- 
turers are more likely to spend money on treating what 
they reject if compulsion is impending. Prevention of a 
repetition of the recent Rhine disaster would not, it 
seems, be guaranteed by the normal course of research 
alone. It is even more difficult to know how to deal 
with materials such as waste plastics, which ironically 
are used chiefly because of their resistance to destruc- 
tion. In a paper on biodegradation read to the confer- 
ence on July 15, Professor D. E. Hughes of the Univer- 
sity College of South Wales (Cardiff) argued that al- 
though biodegradable detergents are now a reality, 
“most of the present day polymers. ... are so bioresistant 
that our age may be dated by future archaeologists 
by following the stratigraphy of specific polymers”. 
A successful process which makes PVC fit for re-use is, 
unfortunately, exceptional. One solution for re- 
caleitrant remains might be to seal them in mineshafts 
as these become disused, but geological considerations 
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such as interference with natural water cycles may rule 
out many otherwise attractive sites. The disposal 
of unwanted journals is made possible by devices 
from O. Kay Engineering Services Ltd, which has 
exhibited a “Newsprint Conditioner” and a “Magazine 
Ruffler”. 


NATIONAL LABORATORY 


Oak Ridge Reshuffle 


Tur Oak Ridge National Laboratory recently announ- 
ced a reorganization of its Biology Division which will 
now operate as six sections, each with a director who 
will serve for a three year period. While continuing 
their own research, the six section leaders will help the 
division director, Dr H. I. Adler, and the deputy 
director, Dr S. F. Carson, to administer the scientific 
effort of the whole division. 

The first six section leaders are Dr W. E. Barnett 
(genetics and developmental biology) who has been at 
Oak Ridge since 1961 working on the genetic code and 
its translation ; Dr F. T. Kenney (carcinogenesis) who 
joined the laboratory in 1959 and works on mammalian. 
biochemistry; Dr W. L. Russell (mammalian genetics) 
who has been at Oak Ridge since 1947 and is working on 
genetics of melanin pigmentation, genetic effects of 
radiation, and the relative importance of heredity and 
the prenatal environment; Dr R. B. Setlow (bio- 
physics and cell physiology) who has been the bio- 
physicist at the laboratory since 1961 and worked on 
molecular biophysics, effects of ionizing and non- 
ionizing radiation and the photochemistry of nucleic 
acids and proteins; a newcomer to Oak Ridge, Dr J. B. 
Storer, who is currently the deputy director of the 
AEC’s Division of Biology and Medicine and who will 
head the pathology and immunology section; and 
finally the biochemistry section will be led by Dr E. 
Volkin, who has been working at Oak Ridge since 1948 
on biochemistry and biophysics of nucleic acids. 


PLANNING 


Army to the Rescue 


A SOLUTION has been found to the Tate Gallery 
controversy (see Nature, 221, 703; 1969) which should 
please everybody and which could even be ideal. 
Publie opinion has scored, the gallery's trustees seem 
to be delighted, and the British Government has 
successfully completed what must have been tricky 
negotiations with the army doctors. There is even 
money available. The solution is that the Tate’s 
present building with its portico and steps is almost 
certain to be kept intact, as an extension will be built on 
at the back; and the gallery will get a brand new 
building on the site of the Queen Alexandra’s Military 
Hospital next door when the army doctors vacate it 
in about five years time. This change of plan has 
come about because the doctors have at last agreed to 
move from their Millbank site to a new military 
hospital which will be built on army land at Woolwich. 
The hospital will cost £6 million, but half of this would 
in any case have been spent to modernize the existing 
Millbank and Woolwich military hospitals. 

What has obviously helped to sway the Government 
in the right direction was the recent decision by the 
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Calouste Gulbenkian Foundation to give the Tate 
Gallery the handsome sum of £250,000 to house 
temporary exhibitions. Together with the money 
promised by the Government—a basic contribution of 
£850,000 and a special contribution of £200,000 
announced earlier for the Henry Moore collection-— 
this should go a long way towards meeting the £2 
million which the new proposals will cost, itself about 
the same as the Tate’s trustees had in mind for the 
earlier controversial proposals. This, however, may 
be a little optimistic, although it is certainly a good 
deal less than the £12 million which the trustees last 
February bemoaned would be the cost of a new gallery. 

Everything is not yet plain sailing. First, the design 
of the new building will have to be approved. Second, 
the Government’s decision in no way clears up the 
thorny issue of public support for art galleries in 
Britain, nor the future status of the Tate itself. Will 
it for example, continue to be the National Gallery of 
British Art and the National Gallery of Modern Art 
under the new proposals ? 


CURRICULUM DEVELOPMENT 


Courses for Electronics 


A strep towards closer cooperation between universities 
and junior colleges in the United States is made by a 
one-year project, based on the University of Ilinois, 
to develop teaching materials for a new associate degree 
course in electronics technology. The project, directed 
by Professor Daniel S. Babb and supported by the 
National Science Foundation with a grant of $183,000, 
culminates next summer in a teachers’ course which 
will introduce the new laboratory and classroom 
methods and, after this, the preparation of teachers’ 
guides should be complete in time for the new academic 
year. Practical testing of the ideas that emerge is to 
take place chiefly in Parkland Junior College (Cham- 
paign) throughout the project, though six other colleges 
are also concerned. 

The university hopes that its work will rectify a 
shortage of suitably qualified teachers in the newer 
technological fields. It has already developed tech- 
niques for training, among others, microprecision 
technicians to work in space science, and its latest plans 
should help fill an equally important gap. 


ARCHITECTURE 


Prize Buildings 


A RESEARCH station and a computer centre are two of 
the ten buildings selected by the Royal Institute of 
British Architects for its awards this year. The Gas 
Council Engineering Research Station was selected as 
the best building in the northern region, It was 
designed by Ryder and Yates, and this is its third 
architectural award, having won last year’s Financial 
Times Industrial Architecture Award and a commen- 
dation in the 1968 Civic Trust Awards. The architects 
were asked to design a building whose future require- 
ments are conjectural and dependent on research pro- 
grammes. ‘““The result”, the jury says, “is a scheme 
in which there is remarkable flexibility of space and 
services and the skill with which this has been done is 
most impressive. Within the flexible framework, 
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Gas Council Engineering Research Station, Killingworth. 
(Photo by W. J. Toomey. Architects’ Journal copyright.) 








Computer Centre, Leeds. (Photo by Braithwaite and Jackman.) 


provision has been made for a number of rooms with 
specialist needs and the requirements of a multiplicity 
of complex machinery have been examined in great 
detail.” 

The Computer Centre, designed for Yorkshire 
Bank Limited by Braithwaite and Jackman, was 
described by the jury as the best building among the 
262 entered. “The key working areas are on the first 
floor, with vertical access and services kept to the 
outside, and these facts are expressed with clarity and 
strength ina design that allows the building to sit with 
conviction on a difficult, sloping, suburban site.” 


Parliament in Britain 


Mental Illness 

Mrs Suratey WiitraMs, of the Department of Educa- 
tion and Science, said that the Medical Research 
Council’s spending on mental illness in 1969-70 was 
about £726,000, and a further £425,000 is being spent 
on related psychological studies. These sums represent 
8-1 per cent of the MRC’s current budget. (Written 
answer, July 7.) 
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Drug Addiction 

Mr Juras Snow, Under-Secretary of State, Ministry 
of Health and Social Security, reported alarming 
statistics on the growth of drug addiction in Britain, 
At the end of December 1963, 97 patients were in 
mental illness hospitals and units because of drug 
addiction. At the end of December 1967 and 1968, 78 
and 104 heroin addicts were in-patients at these 
institutions. 391 heroin addicts attended out-patient 
clinies as new out-patients in the six months July to 
December 1967 and 1,999 were newly registered in the 
year 1968. (Oral answer, July 7.) 


Medical Education 

Ix the House of Lords, Lord Kennet said that the 
Government intends to expand the medical schools to 
provide a further 1,000 places by 1975, as the Todd 
Commission suggested. The Government has completed 
its consultations on postgraduate medical education 
and will make an announcement shortly. Discussions 
between the University Grants Committee, the Uni- 
versity of London and the Department of Health are 
still going on, but Mr Richard Crossman should soon 
be in a position to make a progress report. (Oral 
answer, July 9.) 


Warmer Britain 

Domestic gas consumption in Britain is increasing 
rapidly, no doubt because of increasing installation of 
central heating. Mr R. Freeson, for the Ministry of 
Power, said that between the last quarter of 1963 and 
the last quarter of 1968 average monthly gas con- 
sumption in homes had risen from 113 million therms 
to 187 million therms. Between the first quarters of 
1964 and 1969, consumption had risen from 161 to 365 
million therms a month. (Written answer, July 8.) 


Uranium Supplies 

Mr J. P. W. Matrarrev, for the Ministry of Fech- 
nology, announced that demand for uranium for 
nuclear power is expected to rise from about 2,000 to 
3,500 short tons of uranium oxide per year during the 
next five vears. It will be met from stocks and from 
imports from Canada and South Africa under long- 
term contracts, Mr Mallalieu added that in the near 
future there is unlikely to be a shortage of uranium: 
the geological survey for uranium in Scotland has not 
so far yielded any startling results but it is not yet a 
year old. (Oral answer, July 9.) 


Marine Science 

Mr G. Fowtrr, of the Ministry of Technology, 
explained that chief responsibility for oceanography 
lies with the DES and the NERC. Marine technology 
is, however, continually discussed by the Inter-depart- 
mental Advisory Committee on Marine Technology 
set up in April 1968. 

Mrs S. Williams, for the DES, said that the NERC’s 
budget for marine science research vessels is currently 
about £1,536,000. Total budgets for marine research 
of all sorts have risen from £1,930,000 in 1967-68 to 
£3,230,000 in 1969-70 and there has been an increasing 
emphasis on such applied research as study of tides, 
waves and sediments, locating commercially valuable 
minerals and improvement of fisheries. Dr J. Bray, 
for the Ministry of Technology, said that the current 
commitment of the National Research and Develop- 
ment Corporation exceeds £300,000. (Oral and written 
answers, July 9.) 
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United Nations against CBW 


Tue United Nations Expert Committee on Chemical 
and Bacteriological Weapons has come out with as 
strong a condemnation of these potential agents of 
modern, warfare as any to have been published in the 
past few months. One of its particular contributions to 
the public discussion of chemical and biological weapons 
is its warning that the large scale use of chemical and 
biological weapons in war could lead to permanent 
damage to the environment. “No one could predict 
how enduring the effects would be, and how they would 
affect the structure of society and the environment in 
which we live. This overriding danger would apply as 
much to the country which initiated the use of these 
weapons as to the one which had been attacked. 
regardless of what protective measures it might have 
taken in parallel with its offensive capability.” 

The Expert Committee was set up by the secretary- 
general of the United Nations in response to a resolu- 
tion of the last General Assembly in 1968. It consisted 
of fourteen consultants, many of them public servants 
but required for the purposes of the study to act in a 
personal capacity. The secretary-general says in his 
introduction to the report that he accepts it “in its 
entirety” and that he would like to see more states 
acceding to the Geneva protocol of 1925, that he would 
like the signatories of the protocol to agree that the 
prohibition applies even to agents such as tear gas 
and that there should now be an agreement to halt 
“the development, production and stockpiling” of all 
biological weapons. In Geneva on July 10, Mr Fred 
Mulley, speaking for the British Government, argued 
that the second of the proposals would not be accept- 
able, chiefly on the grounds that several countries 
have come to rely on agents similar to tear gas for the 
control of civil disorders. 

The committee states that its object has been to 
identify the likely effects of the use of chemical and 
biological weapons. In general, it says that they are 
distinguished by their variability and even unpredict- 
ability, and by the way in which civilians are more at 
risk than the military. Protection, the argument goes, 
would be costly and “all but impossible” from an 
administrative point of view. And even if military 
personnel were somehow able to escape the immediate 
effects by being protected, they would not escape the 
widespread and long-term effects which the weapons 
could cause. Finally, the committee argues, escalation 
is a particular danger with chemical and biological 
weapons. 

The committee says that the technological problems 
of chemical and biological weapon production are not 
so great that a nation with “well advanced” chemical, 
pharmaceutical and fermentation industries would be 
incapable of manufacturing them. But there are 
problems of safety, chemical synthesis and delivery 
systems as well as the need, particularly with bio- 
logical weapons, to ensure that the agents remain 
viable. By contrast, the problems of defence are more 
difficult—alarm systems against chemical attack, for 
example, “are very complex electromechanical devices 
whose production demands a highly technologically 
based industry”. 

The committee retails an interesting case of an 
experiment to assess the feasibility of disseminating 





bacteriological agents. The harmless powder zine 
cadmium sulphide was released in the form of two 
micron particles from a ship at sea. Some 200 kilograms 
was released on a course parallel to the coastline and 
260 kilometres Jong. The report says that the material 
travelled at least 750 kilometres and covered an area 
of more than 75,000 square kilometres. Even allowing 
for the decay of the viability of real infectious bacterio- 
logical particles in passage through the atmosphere, 
the committee considers that an area of between, 5,000 
and 20,000 square kilometres could have been attacked, 
and that the downwind risk associated with the opera- 
tion would have been negligible, Covert attack could 
be even more effective-—half a kilogram of a culture 
of Salmonella could poison a reservoir containing 5 
million litres of water. 

Although the biological agents considered as potential 
weapons are usually the causes of known diseases, the 
report says that their effects could be more severe 
when they are used as aerosol weapons, chiefly because 
of the variability of resistance, among human popula- 
tions. Thus weapons designed to incapacitate could be 
lethal against a population undermined by malnutri- 
tion. The committee’s list of organisms includes the 
suggestion that genetic selection could be made to 
vield more virulent and stable strains of known viruses, 
that rickettsiae are comparatively poorly known, that 
strains of bacteria resistant to an antibiotic as well as 
to sunlight and drying could be selected, that fungi 
have little promise as biological weapons as have 
protozoa (which are too complex) and parasitic worms 
(which are too slow). The report points out that bio- 
logical attack against animals might often be more 
effective than attack against human populations, and 
that plant pathogens could be used for military 
purposes if there were sufficient amounts of the relevant 
host plant in the regions to be attacked and if geo- 
graphical circumstances were suitable for the spread 
of infection. On methods of protection, the Expert 
Yommittee savs that antidotes to nerve gases (such as 
atropine) can be valuable within a very short time of 
exposure, but are not without their side effects. Vac- 
cination is unlikely to be effective for whole popula- 
tions, partly because of the difficulty and cost of a 
thorough vaccination programme and the problem of 
predicting what materials must be protected against. 
Antisera against all possible biological agents could 
not be manufactured, while the use of antibiotics would 
have very little value if the user of the weapons knew 
about antibiotic resistant strains. 

The report is weak on detection and warning, The 
problem, it says, is determined by the fact that a 
person breathes in between 10 and 20 litres of air a 
minute. Warning devices consist of air sampling 
instruments and area survey instruments, and the 
latter have the advantage of being independent of the 
wind. One of the problems with biological weapons is 
the way in which they merge into the background in 
suitable circumstances, 

The report has some detailed information about the 
efficacy of various nerve agents, the most toxic of 
which cause death at a dose of 10 mg min/m*. (See 
Table 1.) Mustard gas and the more recently developed 
vesicants can produce irritation and even blindness at 
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Table 1. CHEMICAL PROPERTIES, FORMULATIONS AND TOXICITIES OF LETHAL CHEMICAL AGENTS 


Agent Sarin VX Hydrogen cyanide 


Nature Lethal agent 


Lethal agent, 
(nerve as) 


(nerve gas) 


Lethal agent 
(blood gas) 
Solubility 
in water 
Volatility 
(20° ©) 
State 
(20° C) 
Duration 
of hazard 
Casualty 
dosage 
LCtse 


100 per cent 1-5 per cent 100 per cent 


412,100 mg/m 3-18 mg/m? 873,000 mg/m? 


Liquid Liquid Liquid 


het ht 


3-21 days Few minutes 


> 3 meg tnin/m® 
100 mg min/m? 


> 0-5 mg minj" 
10 mg min/m’ 


> 2,000 mg min/m* 
5,006 mg min/m? 


eae aop of mustard weighing a few mg can produce a serious blister which will be incapacitating if it interferes with the normal activities of an 


concentrations as low as a few milligrams per cubic 
metre so long as the exposure is long enough. Botulinin 
toxin is quoted as the most powerful natural poison. 

The committee has made a careful study of the 
possible effects of an attack with lethal agents on 
human populations. The spread of agents in the form 
of vapour or a cloud of aerosol—the pattern of the 
distribution of the material would resemble the familiar 
pattern of the spread of fallout from a nuclear explo- 
sion. As with nuclear weapons, more concentrated 
bursts produced by the impact of shells would lead to 
less elongated distribution. One of the particular 
tactical advantages of chemical and biological weapons 
is that it should be possible to release them along a 
linear pattern and thus more carefully than with radio- 
active fallout to control the pattern in which they 
spread. 

For action against protected troops, it would be 
necessary to distribute something between a tenth and 
10 grams of liquid nerve gas per square metre. Ob- 
viously such an attack would not be a casual under- 
taking. Such an attack would also spread aerosol in 
the surrounding area and lethal effects would occur 
wherever the dosage was greater than 80 mg min/m3, 
This would imply casualties within some tens of kilo- 
metres of a military target. In attacks against popu- 
lated cities, surprise would be important, but, given 
luck, in this sense, it should be possible to disable 
half the population, killing a quarter of it. Of the 
biological agents which the committee has considered, 
anthrax, plague, Q fever, cholera and yellow fever are 
singled out. Aerosols are considered to be the most 





Table 2. 


Cyanogen chloride 


Lethal agent, 


6-7 per cent 


3,300,000 mg/m? 


Few minutes 


> 7,009 mg min/m? 


11,000 mg min/m? 





Botulinal 
toxin A 


Lethal agent 


Phosgene Mustard gas* 


Lethal agent, 
{hmg irritant) 


Lethal agent 


(blood gas) (vesicant) 


Hydrolysed D05 per cent Soluble 


6,370,000 mg/m” 630 mg/m? Negligible 


Vapour Vapour Liquid Solid 


Few minutes 2-7 days 


001 rig (oral) 
6-02 mg min/m 


> 1,600 mg min/m® 
3,200 mg min/m® 


> 100 mg min/ne 
1,500 mg minjm? 


likely means of distribution, presumably sprayed from 
aircraft. With these devices, a single aircraft could 
produce an aeroso! line source 100 kilometres long and 
thus ensure that some 50 per cent of the population in 
5,000 square kilometres downwind would be affected. 
In this spirit, the committee goes on to caleulate a 
comparison between the effects of a one megaton 
nuclear attack, a chemical attack with 15 tons of nerve 
agents and a biological attack with 10 tons of a culture 
laden with microorganisms. Some of the results are 
shown in Table 2. 

In the use of these materials, much will depend on 
environmental factors, especially the weather. The 
objective would be to ereate an infectious aerosol 
which would be an inhalation hazard. The viability 
of organisms would depend on atmospheric factors 
such as temperature and humidity, but it is known that 
some materials used in agricultural applications decay 
at a rate of 5 per cent a minute. 

Of the long-term effects of chemical and biological 
warfare, the committee says that the ecological con- 
sequences of the use of these materials could be per- 
manent. The organophosphorus nerve agents, for 
example, could kill all forms of animal life and thus 
seriously disturb the natural balance. The committee 
has nothing specific to say about the use of herbicides 
in South Vietnam (16 per cent of the forested area of 
which has so far been treated), but it does say that 
birds have migrated from some of the areas attacked 
and that experience there has shown that regenerated 
forest has in the past been associated with the appear- 
ance of scrub typhus. 


COMPARATIVE ESTIMATES OF DISABLING EFFECTS OF HYPOTHETICAL ATTACKS ON TOTALLY UNPROTECTED POPULATIONS USING A NUCLEAR, 


CHEMICAL OR BACTERIOLOGICAL (BIOLOGICAL) WEAPON THAT COCLD BE CARRIED BY A SINGLE STRATEGIC BOMBER 


Type of weapon 


Criterion for estimate 


Area affected 
Time delay before onset of effect, 
Damage to structures 


Other effects 


Possibility of later normal use of 


affected area after attack 
Maximum effect on man 


Multi-year investment in sub- 
stantial research and develop- 
ment production capability t 


Nuclear 
fone megaton) 
Up to 800 km? 
Seconds 
Destruction over an area of 100 
km? 
Radioactive contamination in an 
area of 2,500 km? for 8-6 months 


3-6 months after attack 


90 per cent deaths 


35,000- $160,000 million 


Chemical 
(15 tons of nerve agent) 


Up to 60 km? 
Minutes 
None 


Contamination by persistence of 
agent from a few days to weeks 


Limited during period of con- 
tamination 


50 per cent deaths 


$1,000~$5,000 million 


Bacteriological (biological) 
(10 tons*) 


Up to 100,000 km* 

Days 

None 

Possible epidemic or establishment 
of new endemic foci of disease 


After end of incubation period or 
subsidence of epidemic 

50 per cent morbidity: 25 per cent 
deaths if no medical interven- 
tion 


$1,000- $5,000 million 


* Tt is assumed that mortality from the disease caused by the agent would be 50 per cent if no medical treatment were available, 
+t is assumed that indicated cumulative investments in research and development and production plants have been made to achieve a sub- 


stantial independent capability. 


Individual weapons could be fabricated without making this total investment. 
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NEWS AND VIEWS 


Have Grades, will Travel 


Dr K. C. Dunnam, director of the Institute of Geologi- 
cal Sciences, recently told the Select Committee on 
Science and Technology investigating NERC that he 
thought no university could really so call itself unless 
the earth sciences were taught. Dr Dunham’s remarks 
are bound to command respect, but there are some 
signs that they were in response to the suggestion 
(Nature, 221, 903; 1969) that halving the number of 
geology departments in Britain might have beneficial 
effects. Certainly that article has stirred up interesting 
responses, ranging from agreement to rejection. The 
subject deserves broader discussion. 

It is clearly desirable that every university entrant 
should be able to wipe the slate clean as he leaves school 
and move, if he wishes, in a new direction. For some 
university courses this is relatively easy. An arts 
man may find that he can switch with ease from classies 
to theory, or philosophy, or history and not feel that 
he has five years of school work to catch up. He is 
unlikely to find the jump to physics an agreeable 
experience-—attempts in the past to smooth his path 
have not met with unmitigated success. But just as 
jumping into science is difficult, the first year science 
undergraduate is loath to set aside his almost vocational 
training after so many years and within sight of his 
precious degree. Undoubtedly this explains why 
many of the scientists who emerge from the universities 
are disillusioned and bored, and is in part a reason for 
the small but significant swing away from the sciences 
in the past few years. Clearly it is desirable to keep 
doors open as long as possible. Science has profited 
enormously, particularly in recent years, from the 
man who has eggs in two baskets. For this reason, 
one cannot but agree with Dr Dunham’s remarks when 
taken in the spirit that everyone ought to have the 
chance to dip into geology. By the same token, per- 
haps every linguist ought to have the chance to learn 
Chinese and therefore all universities should be able 
to cater for all tastes. 

Some sort of non-proliferation treaty has emerged, 
of course, over the years, either informally or as a 
direct result of Government policy. It is one thing to 
promise an undergraduate anything under the Sun 
but quite a different thing to amass a suitable teaching 
staff to keep the promises. Yet there still seems, in 
some places, to be a feeling that a course of some sort 
is better than none at all. The problem of offering 
undergraduates a full choice but one which is of quality 
across the board, however, is not insuperable. The 
fly in the ointment must surely be the precious auton- 
omy of the universities and even, in some places, of 
colleges within universities. The principle of autonomy 
has been so stoutly defended over the years that in 
keeping out the world, the flesh, the devil and the 
Government, universities have followed widely different 


paths. This is fine in so far as individual character 
is developed and each university has its own flavour, 
but not so fine in making effective use of limited re- 
sources or in enabling a prospective undergraduate to 
find a university to suit him. Confronted with forty 
different mixtures, it would need remarkable insight 
to choose the most satisfactory. 

The solution stares us in the face. Mobility is urgently 
needed. If an earth sciences department is necessary 
to every university, it is surely not for its high table 
conversational skill nor any unique contribution to 
university life. What Dr Dunham undoubtedly meant 
was that students should have access to the earth 
sciences and, by the same token, to astronomy, molecu- 
lar biology and many other disciplines. For the time 
being, at least, universities do not seem keen to hire 
buses to take their people twenty miles to hear good 
lectures—they claim it would interfere with their 
administrative arrangements. How about some credit 
system instead ¢ The immobility of the undergraduate 
in England is alarming. Uf a man revealed to his 
prospective employer that he had been to two universi- 
ties to get his BSc, he would come under immediate 
suspicion of having failed or been expelled for taking 
drugs. But is a peripatetic scholar, commonly accepted 
in Europe for centuries in the past. such a bad idea ? 
Probably quite the opposite—-a student will be less 
crammed full of the pet subjects of his professor and 
he can start his career from a broader, more sharp 
witted and tolerant base. 

The one major obstacle is that of examinations. 
Everyone who has interviewed graduates will know 
the remarkable dissimilarities between universities 
ün the name of autonomy). Is it not possible for the 
Committee of Vice-Chancellors to start putting its 
mind to a uniform examination system after the first 
year? The administrative problems are surely not 
insuperable. 





With examination marks on a card and 
credits safely tucked away for the vear, the under- 
graduate could then move on to taste high quality 
teaching elsewhere. And some of the sciences, such as 
geology, which gain few converts in attenuated de- 
partments would have a much larger stream of enguir- 
ing minds interested in them if they could boast a 
smaller number of well staffed centres of excellence. 





ASTRONOMY CONFERENCE 


Boom in Microwaves 


from our Astronomy Correspondent 
THE movement to extend astronomical observations to 
exotic regions of the spectrum last week took a step 
further with a meeting at the Institute of Theoretical 
Astronomy at the University of Cambridge to discuss 
the no man’s land between optical and radio observa- 
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tions. The four day’ conference---on infrared and 
microwave radiations from nebulae and extragalactic 
systems—could hardly have happened at a better time 
for British astronomy. The Science Research Council 
is backing the 60-inch infrared telescope—big by world 
standards—being built at Imperial College, London, 
and is also supporting the joint infrared programme of 
the Universities of Minnesota and California to the tune 
of £40,000. 

It seems clear, for the time being at least, that infra- 
red astronomy is important for what it has to say about 
interstellar matter and the processes of star formation. 
The same goes for the burgeoning interest in micro- 
wave emissions from molecules in interstellar clouds, 
which was enormously stimulated by the discovery of 
1-25 cm lines from ammonia by a team from the 
University of California, Berkeley, closely followed by 
the discovery of water lines by the same team and 
formaldehyde by the US National Radio Astronomy 
Obser rvatory . Last week microwave observations took 
up a whole day of the discussions, with Professor 
Charles Townes of the University of California, as 
cheerleader. 

If Professor Townes is right, further discoveries will 
have to await improvements in technique. Even so, 
the discoveries of the past few months make a fascinat- 
ing picture. For one thing, it is odd that there should 
be enough molecules to be detectable, and the measure- 
ments imply that in interstellar clouds, molecules can 
form rapidly and are also protected from dissociation by 
ultraviolet radiation. One possibility is that interstellar 
dust acts as a catalyst. Another problem is the maser 
action which enhances some of the signals, and here 
Professor Townes is in his element. There is also the 
observation of formaldehyde absorption lines in a part 
of the sky where there seems to be no background 
source—almost a case of darkness amplification by 
stimulated absorption of radiation, Professor Townes 
thought. 

Several Doppler-shifted components are usually 
present for each line, and there was some discussion. of 
how the strueture in the lines could be related to 
motions of the molecules. Dr S. H. Knowles, of the 
US National Radio Astronomy Observatory pointed out 
that with imagination, the emission lines from inter- 
stellar water seem to fall into groups of three, and that 

the clouds of molecules could be expanding, contracting 
or rotating. Although the observations have only been 
going on for a few months, in six out of eight cases the 
microwave lines from water molecules vary with time. 
Dr Knowles says that lines from the cloud W49 take 
roughly two weeks to show significant variations, and 
the variations seem to be aperiodic. This places an 
upper limit of 1,000 astronomical units on the size of 
the cloud of water molecules. During the next few 
months, long baseline experiments should show whether 
the water lines come from precisely the same positions 
in W49 as the more familiar OH emission. All but two 
of the eleven known water sources seem to be associated 
with OH emission, and roughly thirty per cent of OH 
sources also show water emission. One possibility is that 
maser action limits the water emission to a narrow 
beam, which is why it is not invariably associated with 
OH emission. 

Clearly the microwave study of interstellar space is 
only beginning, and with the announcement earlier this 
vear of American infrared measurements suggesting that 

silicon is an important constituent of interstellar 
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material, the astronomy of interstellar space has 
altered almost overnight. One point is that the 
influence of the interstellar molecules is more than that 
of trace additives. By their radiation, they seem to be 
a significant source of cooling, and they contain a fair 
percentage of the nitrogen and perhaps most of the 
hydrogen in interstellar clouds. 


COSMOLOGY 


Galaxies and Anti-Galaxies 


THE attempt to demonstrate that the Universe consists 
of large masses of matter and antimatter organized 
into galaxies has now received further support with 
the publication in Physical Review Letters of an article 
by R. Omnés of Orsay, near Paris (28, 38; 1969). The 
argument follows naturally from the work of people 
such as E. R. Harrison (Phys. Rev., 167, 1170; 1968, 
for example), Gamov and others. On this view of the 
construction of the Universe, matter and antimatter 
should coexist at some early stage in a big bang. For 
if only the temperature is ‘high “enough, it should be 
possible for nueleons and antinucleons to rub shoulders 
with each other. To be sure, simple theory would 
suggest that these should afterwards annihilate each 
other, with the production of photons and neutrinos. 
To account for a Universe in which matter and anti- 
matter are concentrated into separate galaxies, it is 
therefore necessary to explain how such a separation 
can have taken place at a very early stage in the develop- 
ment of the primaeval fireball. Once this has been 
accomplished, of course, the continued expansion 
of the Universe should be a sufficient assurance of 
galactic permanence. Protogalaxies. whether matter 
or antimatter, would contract under their own 
gravitational attraction, while annihilation would be 
confined only to the rare processes of diffusion bet ween 
one galaxy and another. 

In theories of the separate coalescence of matter 
and antimatter, it is therefore necessary first of all to 
explain how inhomogeneities can occur and then how 
they can be maintained. Fluctuations of density of 
the kind which would occur at temperatures correspond- 
ing to particle energies of 300 MeV are not apparently 
enough to account for a sufficient degree of separation 
between matter and antimatter. What Dr Omnès has 
done is to demonstrate that, with certain simplifying 
assumptions, it is possible to prove that the specific 
free energy of a particle (or anti-particle) contains a 
term which is proportional to the product of the 
number densities of the particles and anti-particles 
(or at least of those which are involved in strong nuclear 
interactions). Briefly, particles and anti- particle ps must 
be supposed to repel each other at temperatures which 
are great enough for annihilation to be improbable. It 
follows from this that initial inhomogeneities in the 
primaeval soup of particles and anti- particles should. 
be exaggerated by this repulsion. In short, the prob- 
lem is not that of explaining how matter and antimatter 
can have been separated at some early stage in the 
formation of the Universe from a big bang, but that of 
explaining how things can ever have been other- 
wise. 

Dr Omnès advertises an impressive list of successes 
for his detailed calculations, not yet published. For 
one thing, he says that he can show how coagulations of 
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matter and of antimatter will tend to grow by diffusion, 
and also explain the existence of the 3K microwave 
background, presumably by the accumulation of 
radiation from annihilation by diffusion. Another 
possibility is that quasars may represent circumstances 
in which matter and antimatter are being annihilated 
on a substantial scale. It will be interesting to see how 
this impressive programme is eventually worked out, 
although Dr Omnés’s colleagues will also, to begin with, 
be anxious to be sure that his assumptions—many of 
them drastic—do not implicitly neglect some essential 
characteristic of matter and antimatter—the possi- 
bility of annihilation, for example. 


POWER 


Electricity Twenty Years On 


from a Correspondent 


Tur Society of Chemical Industry spent last week 
looking into the future. From July 7 to 11, members 
gathered at Lancaster for a symposium on new horizons 
for chemistry and industry in the 1990s. Proceedings 
opened with a session on electricity and power, which 
was introduced by Professor R. Spence (University of 
Kent, Canterbury). He described the nuclear process 
industry which has grown up in Britain to manufacture 
fuel elements for nuclear power stations. This industry 
is one of the largest and most advanced in the world; 
the Springfields plant has a turnover of £30 million per 
annum. By 1990 installed nuclear power capacity in 
Britain could be almost twenty times today’s figure. 
If the estimated world nuclear capacity in 1990 
(10® MW) were to be generated entirely from thermal 
reactors, the known world reserves of low cost uranium 
would be completely inadequate. Although the fast 
breeder reactor, which is expected to utilize about 
70 per cent of the uranium supplied as against 1 per 
cent in thermal reactors, should be in commercial 
operation by 1990, the world requirement for uranium 
will still be uncomfortably large in relation to present 
low cost reserves. The extraction of uranium from sea- 
water may then become an economic proposition. 
The economies of electrice powered transport, includ- 
ing motor cars driven by batteries and fuel cells, were 
discussed by K. R. Williams (Thornton Research 
Centre). Compared with the internal combustion 
engine, electric batteries have very low power/weight 
ratios, and the resulting inferior performance could 
out weigh the benefits in cities of silence and the absence 
of pollution. A methanol/air fuel cell, which could 
propel a high performance vehicle more cheaply than 
can the petrol engine, could be developed by the mid 
1970s. Successful cells giving 500 W power have 
already been built at the Thornton Research Centre. 
In data processing and communications the develop- 
ment of opto-electronics, with hybrid components 
involving both optical and electronic devices, should 
rival present solid state devices. The laser is likely 
to have as great an effect on everyday life as television 
has had. Professor D. J. Bradley (Queen’s University, 
Belfast) described a cheap flashlamp pumped dye 
laser developed at Belfast. This system, which pro- 
duces megawatts of power in a frequency tunable 
beam, could be important in chemical analysis and 
processing long before 1990. The potentialities of 


237 


high power lasers for triggering fusion reactions were 
also discussed but with considerable scepticism. 
Talking about new materials for electrical conduction 
and superconductors, P. F. Chester (Elect ricity Council 
Research Centre, Capenhurst) described the replace- 
ment of copper by aluminium, and by sodium co- 
extended with a polyethylene sheath to give a simple, 
lightweight flexible conductor with considerable econo- 
mic and practical advantages. Although superconduc- 
tors have specialized applications such as in magnetic 
coils for bubble chambers or particle accelerators, they 
do not at present seem economically attractive for 
power transmission lines. But a material with a 
transition temperature above 77 K (liquid nitrogen 
temperature) could change the situation drastically. 





LIPIDS 


A Place for Chlorine 


Ir carbon tetrachloride, DDT and polyvinyl chloride 
are typical, organic chlorine compounds would seem 
to have distinctly non-biological connotations. Of 
course, the chloride ion is accepted as a necessary 
electrolyte in every living cell, but covalently bound 
chlorine is associated with toxic substances, plastics 
and the like. Natural compounds which contain chlor- 
ine are limited to a few exotic substances isolated from 
fungi and to certain antibiotics. The finding of a class 
of lipids which contain chlorine, now reported by 
J. Elovson and P. R. Vagelos (Proc. US Nat. Acad. Set., 
62, 957; 1969), may have greater significance. 

Elovson and Vagelos apparently discovered these 
compounds during a routine investigation of fatty acid 
biosynthesis in the alga Ochromonas danica. Cell free 
extracts of this organism lacked the capacity to build 
long-chain fatty acids from malonyl-coenzyme A and 
inhibited the same process when added to other systems. 
Other properties were reminiscent of certain detergents 
which block enzyme reactions, but isolation and partial 
characterization revealed the presence of previously 
unknown compounds, now classed as chlorosulpholipids. 

A culture of the organism yielded cells in which about 
15 per cent of the lipids were of this type. Lipids were 
extracted from the cells using conventional solvents 
and the sulpholipid fraction was hydrolysed to yield a 
mixture of diols. Trimethylsilyl derivatives of these 
were analysed by gas-liquid chromatography coupled 
with mass spectrometry. Examination of the mass 
spectrograph prompted the idea that some of the 
sulpholipids contained chlorine. 

Further analysis was facilitated by growing the 
cells on radioactive chloride or sulphate. Crude diols 
from the unfractionated lipids produced in these eul- 
tures were resolved by thin-layer chromatography. 
The pattern of bands--which were located by auto- 
radiography—was simpler than that of the gas chromato- 
graphic peaks and it was not difficult to correlate the 
two. Combining the various Ry and m/e values, Elovson 
and Vagelos were able to describe an impressive array 
of fatty acid derivatives, and concluded that O. danica 
elaborates a mixture of docosane and tetracosane di- 
sulphates containing up to six chlorine atoms substi- 
tuted for hydrogen atoms. These compounds may well 
turn out to be more than mere collectors’ pieces and 
enlightenment on their biosynthesis and function will 
be awaited with interest. 
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RIBOSOMES 


Translation 


from our Cell Biology Correspondent 


ELUCIDATION of many of the outstanding questions 
about the fate of messenger RN A-ribosomes complexes 
at the termination of translation has been hampered 
by lack of a suitable system in which complexes of 
single ribosomes with mRNAs can be generated. 
Webster and Zinder at the Rockefeller University, 
however, now report (J. Mol. Biol., 42, 425: 1969) an 
ingenious trick by which translation of f2 phage RNA 
by single ribosomes can be monitored. They incubated 
f2 RNA with a cell free protein synthesizing extract 
which had been depleted of the amino-acid asparagine 
by incubation with asparaginase. In these conditions a 
single ribosome binds to the phage RNA and begins 
translating the coat protein cistron but is halted at the 
position of the first asparagine residue in the coat 
protein, which is the third amino-acid in the chain. 
Further synthesis of coat protein is then entirely 
dependent on added asparagine. 

Using this system and RNA obtained from a wild 
type and a mutant phage, which has an amber codon in 
place of the codon for the sixth amino-acid, glutamine, 
in the coat protein cistron, they have been able to 
show, first, that the rate of svnthesis is about twenty- 
five to thirty amino-acids a minute, and second, that 
when the amber mutation is allowed to act as a chain 
terminator the mRNA is released from the complex 
with ribosomes within 0-75 minutes. This release 
occurs at the same rate when the amber codon. is at 
position six or position seventy in the coat cistron. 
When, however, the ribosome is allowed to translate 
the whole coat cistron (specifying 128 amino-acids) 
until it reaches the natural termination signal, there is 
a rapid but only partial release of the mRNA from the 
complex. This suggests that if translation of a messen- 
ger is terminated prematurely the ribosome~mRNA 
complex is broken, whereas after normal termination 
at least some of the ribosomes may remain attached to 
a polycistronic messenger and begin to synthesize the 
next cistron. The proximity of an initiation site to a 
terminator may decide whether the ribosome-mRNA 
complex dissociates or remains intact, 

Webster and Zinder’s experiments fit in well with 
current ideas about the cyclical dissociation of ribo- 
somes into subunits after each round of protein syn- 
thesis. But 708 ribosomes can be isolated from bac- 
terial cells and there is currently an argument about 
whether or not these are artefacts of extraction, 
Kelley and Schaechter (J. Mol. Biol., 42, 603; 1969) 
report that the free 708 ribosomes isolated from 
Bacillus megatherium differ from the 70S ribosomes 
which, with mRNA, constitute polysomes; the free 708 
particles dissociate into subunits at higher Mg** con- 
centrations than the polysome 708 ribosomes, This 
argues strongly that the free 708 ribosomes extracted 
from cells are not just the remains of polysomes frag- 
mented by shear forces during isolation. 

One of the chief remaining problems of chain initia- 
tion is how a ribosome selects the correct AUG or GUG 
codons for initiation because, internally, these codons 
specify methionine not formyl-methionine, the initiat- 
ing amino-acid. Bretseher’s work (ibid., 595) with a 
circular DNA molecule seems to have eliminated the 
most obvious suggestion, namely that the ribosome 
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staits at the beginning of an mRNA and works along 
until the first AUG or GUG codon and then initiates 
protein synthesis. He finds that with the circular fd 
phage DNA acts as messenger and yet it has no free ends. 


STEROIDS 


Central Nervous Activities 


from a Correspondent 


THE common complaint that insufficient time is set 
aside for discussion at scientific meetings, particularly 
when the topics chosen prove more interesting than 
the organizers anticipated, could not be made of the 
meeting of the Steroid Biochemistry Group of the 
Biochemical Society at Oxford on July 11. In this 
case discussion of techniques and interpretations was 
an important feature. 

Some of the problems arising in the study of the feed- 
back action of steroids on the brain were outlined by 
B. T. Donovan (Institute of Psychiatry, London), who 
pointed out that until quite recently the secretion of 
gonadotrophin by the human pituitary was presumed 
to wax and wane during the menstrual cycle and to be 
linked with the rhythmic secretion of sex hormones, 
But the results of sensitive immunological assays of 
gonadotrophin now indicate that notable amounts of 
hormone are secreted only at ovulation, and that much 
smaller and near constant quantities are detectable at 
other times. With the weakening of evidence for a 
feedback action of gonadal steroids on the brain during 
the menstrual cycle, it becomes more difficult to account 
for the regular oecurrence of ovulation, except on the 
basis of the presence of a twenty-eight day clock in the 
brain. 

No doubt this represents an extreme view adopted 
to provoke discussion, for other evidence was cited 
which establishes that the secretion of gonadotrophin 
is controlled by the sex hormones. Thus, as described 
by B. A. Cross (University of Bristol Medical School), 
the changes in the activity of nerve cells in the hypo- 
thalamus brought about by sex hormones can be 
followed by tracing the firing rate of neurones in 
different conditions. To abolish the influence of stimuli 
reaching the hypothalamus of the rat from other parts 
of the brain, the surrounding tissue can be removed 
to form an island and the effect of steroids can be 
followed, as it were, in isolation. Not all units are 
affected in the same way by sex hormones, for some 
fire more rapidly and some slow down, while the dis- 
charge rate of others remains unaltered. Overall, 
however, the unit activity of hypothalamic islands 
changes in phase with the oestrous cycle, and is highest 
in the anterior hypothalamus during pro-oestrus. as 
might be expected with ovulation impending. 

The way in which androgen causes masculinization 
of the mechanisms governing sexual behaviour and 
gonadotrophin secretion in the male was another prob- 
lem raised. This was the gist of the contribution from 
S. Levine (Stanford University). Male rats castrated 
immediately after birth are functionally female in the 
behavioural sense when mature, and display lordosis— 
forward curvature of the spine—and allow mounting 
by other males when treated with oestrogen and 
progesterone. Conversely, treatment of newborn 
female rats with androgen prevents the development 
of female sexual behaviour and favours the manifesta- 
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tion of masculine reactions. 
lack of female sex hormone, 


This is not only due to a 
because removal of the 


ovaries and suitable replacement therapy with 
oestrogen and progesterone fails to evoke feminine 
responses. 


The need for androgen at particular phases in the 
sexual development of the male was underlined in a 
different way by F. Neumann (Schering AG, Berlin), 
who described many experiments involving the use of a 
synthetic steroid, cyproterone acetate, w High acts as 
an androgen antagonist. Exposure of foetal rats and 
dogs to the action of this substance, by treating the 
mother, prevents differentiation of the ACCESSOrY SEX 
glands and ducts of the males and can lead to the 
formation of a vagina. This condition provides the 
experimental counterpart of the clinical condition of 
testicular feminization. Another steroid, cyanotri- 
methylandrostenolone, is effective in disrupting the 
steroidogenic enzyme activity in the adrenal glands 
and, by causing overproduction of androgens, can 
reproduce the adrenogenital syndrome known in man. 


ENZYMES 


Facets of Phosphorylase 


from our Molecular Biology Correspondent 
Despire the obscurity of its physiological purpose, 
polynucleotide phosphorylase is an enzyme of great 
interest and utility for the biochemist, and it has been 
found to have some remarkable properties. The 
enzyme, as prepared from Æ. coli or Micrococcus lyso- 





deikticus, is apparently a hexamer, with a molecular 
weight of some 200,000 or a little more. Work in 
Grunberg-Manago’s laboratory has, however. recently 


unearthed a variant existing in certain strains of FẸ. colt 
which has half this molecular weight (Europ. J. 
Biochem., 8, 577; 1969). The interesting feature of this 


mutant form is that it is entirely inactive in respect of 


polynucleotide synthesis (this being a role which the 
enzyme is in any case not thought to exercise in the 
cell). But the phosphorylase activity remains, opek 
not without enzymological differences—notably re- 
quirement for a higher magnesium cone entration, and 
inability to operate on high- molecular weight sub- 
strates. The mutant enzyme appears also to catalyse 
the exchange of phosphorus in the nucleoside diphos- 
phates against pyrophosphate (although contamination 
with traces of another enzyme is not entirely excluded). 
Grunberg-Manago et al. refer to kinetic evidence that 
polynucleotide ‘phosphorylase has two independent 
active sites, one concerned with polymerization, the 
other with attachment of nucleoside diphosphates. 
Moreover, the diphosphate is not a substrate or 
inhibitor for phosphorolysis, and they infer that the 
phosphorylase and polymerization sites are again 
separate entities. Whether the activity of the polymer- 
ization sites depends on the integrity of the quaternary 
structure, or whether a region common to both the 
polymerization and an association site is affected by 
the mutation, remains to be established. 

From the same laboratory (Harvey et al., Europ. J. 
Biochem, 9, 50; 1969) comes the observation of a 
transient state of very high viscosity during the poly- 
merization reaction. The precise ‘magnitude of the 
effect. depends on a number of factors, including the 
enzyme concentration. The enzyme has been shown 





to be free of detectable endonuclease contamination, 
and the sharp peak in the viscosity time curve cannot 
therefore be explained in these terms. There remain 
the possibilities that the enzyme possesses a hitherto 
undetected function, whereby it breaks down long 
chains to a limiting size, or that it forms cross-links by 
attaching to several segments of growing polynucleotide 
chains, The latter is perhaps the more likely explana- 
tion, since no polynucleotide intermediates of very high 
molecular weight have been observed. 

A further ramification of polynucleotide phosphory- 
lase activity concerns the circumstances in which an 
oligonucleotide primer is required for the polvmeriza- 
tion reaction to proceed. In addition to the action of 
mild denaturants, limited proteolysis with trypsin was 
found by Klee and Singer to bring about conversion of 
phosphorylase of M. lysodeikticus from a primer- 
independent to a primer-requiring form. The basis of 
this transition has now been further studied bv Klee 
(J. Biol. Chem., 244, 2558; 1969). Proteolysis was 
shown to involve the cleavage of only five or six peptide 
bonds, evidently with loss of some fragments of the 
chain, for the molecular weight of the modified enzyme 
was detectably decreased. 

The most striking feature of the primer-dependent 
form is its ability to revert to the primer-independent 
condition on treatment with a thiol reagent, and ee 
reversal of this effect by N-ethylmale imide. Klee has 
now established that the trypsin-modified enzyme, 
unlike the native, possesses an apprec table free thiol 
content, amounting to 0-5 mole per mole of protein, 
After treatment with the thiol reagent. dithiothreitol, 
this increases to 1 mole per mole. 

As with so many observations on polynucleotide 
phosphorylase, the interpretation is elusive. One 
cannot easily conceive of the basis for an all-or-nothing 
transition in enzymological behaviour acconipanyving a 
change in accessible t thiol content of a half mole. It 
must be supposed in any event that proteolysis causes 
a change of conformation sufficient to alter the proper- 
ties, that this is somehow reversed on reduction, and 
that insertion of a bl ocking group changes the con- 
formation back once more. 

















CARCINOGENS 


Herbal Medicines and Cancer 


AFTER reading that Du Plessis et al. (Nature, 222, 1198: 
1968) detect red the carcinogen dimethylnitrosamine in 
the fruit of Solanum incanum (used in the Transkei to 
curdle milk), Dr R. Schoental of the MRC Toxicology 
Research Unit, Carshalton, has been reminded of her 
own enquiries. She writes: During a short visit to East 
Africa in January, I made enquiries about the use of 
herbal medicines among patients suffering from oeso- 
phageal and naso-pharyngeal cancer, mostly in the 
Kenyatta National Hospital, Nairobi, the Mission 
Hospital, Shirati, Tanzania, and the New General 
Hospital, Kisumu, Kenya. 

I came to suspect t Solanum incanum. The Kenyans 
have several uses for the fruit. They cut it in half and 
apply it to the cut end of the umbilical cord of babies. 
Extracts are also used for bathing babies with sore 
buttocks. A hot leaf extract is drunk as a treatment 
for stomach ache. The ripe fruit, crushed in milk, is 
used asa treatment for worms. In Tanzania the root is 
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used against schistosomiasis. The same plant is 
included in the list of medicinal plants used by the 
Masai and Kipsigis (Glover, P. E., Stewart, J., and 
Gwynne, M. D., Hast Afric. Agric. Forestry J., 32, 200; 
1966). Other species of Solanum are mentioned as 
being used to treat such conditions as anthrax, pneu- 
monia and cough, 

J. M. Watt and M. G. Breyer-Brandwijk reported the 
use of Solanum incanum against pleurisy, pneumonia, 
sore throat, toothache, earache, abdominal pains, 
liver troubles, ringworm, carbuncle, gonorrhoea and 
syphilis Medicinal and Poisonous Plants of Southern 
and Eastern Africa, Livingstone, Edinburgh, 1962). 
Poultices or infusions of the fruit are even said to be 
effective in removing benign tumours. 

If oesophageal cancer were induced by carcinogens 
from certain medicinal plants, this would fit better 
with the incidence of the disease than if the carcinogens 
were present in foods. Carcinogenic medicines, used 
only in times of illness, would add to the existing 
universal exposure to carcinogenic factors, and might 
be what tips the balance in favour of the disease. 

Dimethylnitrosamine, principally a liver carcinogen, 
is not known to induce oesophageal tumours (Magee, 
P. N., and Barnes, J. M., Adv. Cancer Res., 10, 163; 
1967); rather it could be one of the factors responsible 
for the prevalence of liver disease in Africa. The use of 
Solanum incanum to treat babies brings to mind some 
forms of infantile malnutrition, such as marasmus or 
kwashiorkor (Schoental, R., Brit. Med. J., 1, 351; 
1955). Although low protein diets are the rule, not all 
children in Africa suffer from clinical “malnutrition”. 
Obviously other factors are involved. Malaria, measles, 
parasitic infestations and so on have been suspected; 
tribal remedies used for such conditions should also be 
considered, 

Malnutrition can be “genuine”, caused by inade- 
quate diet, or ‘incidental’, resulting from an 
inability to ingest and digest food, after, for example, 
liver damage. The latter form of malnutrition, like 
cachexia in cancer, does not change significantly with 
an improved diet as long as the underlying disease 
continues. Clearly an investigation of the potential 
toxic and carcinogenic effects of traditional tribal 
medicines is likely to reveal something about the 
aetiology of these diseases as well as cancer. 


DISEASES 


Trouble with the Liver 


from a Correspondent 


Waes the Association of Clinical Biochemists (Southern 
Region) held a symposium on some biochemical aspects 
of liver disease in London on July 4, Professor Sheila 
Sherlock (Royal Free Hospital, London) reviewed the 
problem of drug jaundice. She classified into three 
groups the types of hepatic reactions to drugs which 
cause jaundice. There are those caused by interference 
with bilirubin metabolism at various points, after 
treatment with, for example, sulphonamides; those 
due to direct hepatotoxins such as carbon tetrachloride ; 
and hepatie hypersensitivity reactions caused by, for 
example, halothane. The first two types of reaction 
are dose dependent, the latter are not. The mechanism 
of the hypersensitivity reactions is at present obscure. 
It has been proposed that, in view of the close similari- 
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ties between the livers of these patients and others 
with viral hepatitis, the mechanism involves activation 
of the hepatitis virus, but recent experiments with the 
Australian virus have made this hypothesis untenable. 

Reviewing the problems of jaundice in the newborn, 
Professor G. H. Lathe (University of Leeds) said that 
he regards the “physiological” jaundice of the new- 
born as a transient metabolic defect. He discussed 
the present concepts of the biochemical mechanisms 
involved in the rare condition known as “‘breast-milk 
jaundice”, in which inhibitors are thought to be present 
in the mother’s milk, causing jaundice in the baby. 
The reported isolation, from cases of breast milk 
jaundice, of an unusual form of pregananediol, pregnane 
3(«),20(8)-diol, which was proposed as the inhibitory 
factor, has apparently not been confirmed, either in 
respect of the presence of this form in the milk or of 
its inhibitory properties. 

I. Dymock (King’s College Hospital, London) has 
found the differential ferrioxamine test a reliable 
measure of body iron stores in patients with haemo- 
chromatosis. It is useful both in diagnosis and monitor- 
ing treatment. Dymock discussed the controversial 
presence or absence of a specific binding protein in 
gastric juice, which has been proposed as the cause of 
the abnormality of iron absorption in patients with 
haemochromatosis. Reviewing the immunological 
aspects of liver disease, J. G, Walker (Central Middlesex 
Hospital, London) considered that the available 
immunological tests are not outstanding as diagnostic 
tools, but are of some value in differentiating the vari- 
ous forms of cirrhosis in patients with chronic liver 
disease. 

When he reviewed the value of liver function tests 
in the diagnosis of liver disease, Professor D. N. Baron 
(Royal Free Hospital, London) proposed that, because 
the liver is involved in many metabolic systems, diag- 
nostie tests should be selected with respect to the 
specific aspect of liver function that is being investi- 
gated. He thought there was no case for applying the 
so-called “routine” liver function tests to all patients 
regardless of the indications. He also reported pre- 
liminary results of computer calculations applied to 
biochemical results obtained from six groups of patients. 
The calculations yielded canonical variates, and Baron 
discussed their application in diagnosis. 


TROPISM 


Polarized Growth 


from our Plant Physiology Correspondent 


Ir is well known that for most plants, phototropic 
growth curvatures are determined by the direction, 
colour and intensity of the light source. In addition 
to these parameters, the direction of growth of young 
sporelings (protonemal filaments) of certain mosses 
and ferns ean be modified by polarized light. If the 
protonemal filament of a male fern (Dryopteris felix-mas 
L.) sporeling is irradiated from above with plane 
polarized light, the filament will grow in a direction at 
right angles to the plane of polarization. This growth 
curvature is not directly comparable with the photo- 
tropic response in higher plant shoots where curvature 
results from the induction of a lateral gradient in 
growth rate across the shoot. Phototropism and 
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polarotropism in fern sporelings result from the 
induction of a new growing point at the tip of the 
filament in the region of greatest absorption of light, 
and the subsequent. outgrowth of the new apex. 

Blue and ultraviolet light are most effective in pro- 
moting phototropic curvatures in higher plants, the 
red end of the spectrum eliciting little or no response. 
Phototropism and polarotropism in sporelings are 
initiated by short wavelength light, in a similar manner, 
but in addition there is a marked response to the red 
and far-red regions of the spectrum. There are two 
reasons why the tropic response of these sporelings to 
light is of interest. First, action spectra may suggest the 
nature of the light-absorbing pigment and, second, 
the unique quality of the polarotropic response may 
give some clue to the physical structure of the photo- 
receptor. 

A. M. Steiner of the University of Freiburg has been 
looking at the first of these possibilities, and has amassed 
a wealth of information about the dose-response rela- 
tionship and the action spectrum for the polarotropic 
response of the male fern sporeling (Photochem, Photo- 
biol., 9, 493; 1969). The outstanding conclusion to be 
drawn from his data is that these sporelings, in contrast 
to all other known systems, respond tropically to all 
wavelengths of visible light. Steiner has constructed 
an action spectrum which shows that blue light is the 
most effective, but there is appreciable response to 
the ultraviolet and red regions of the spectrum. It 
seems quite possible that several different molecules 
are involved in absorption of the various colours of 
light which mediate polarotropism. In particular it 
has been proposed that the photomorphogenic pigment 
phytochrome is responsible for absorption of light in 
the red and far-red regions of the spectrum. There is 
no doubt that phytochrome is present in archegoniates, 
and Mohr has demonstrated conclusively that the 
germination of fern spores is under the control of the 
phytochrome system (for example, J. Linn. Soc. (Bot.), 
58, 287; 1963). 

Nebel has proposed a scheme which may explain how 
phytochrome could fulfil the role of photoreceptor in 
moss phototropism (Planta, 81, 287; 1968). Physcomi- 
trium turbinatum is a moss with protonema which is 
peculiar in showing no tropic response to blue light. 
Nebel found that red or far-red light was equally 
effective in promoting positive phototropic curvatures 
towards the light source, but that far-red light was 
only effective if supplied simultaneously with red or 
ultraviolet radiation. Currently it is thought that 
photomorphogenie effects are a response either to 
the amount of phytochrome converted to the Pfr 
form or to a critical ratio of Pfr to Pr. Nebel proposed 
that the response he had observed was based on the 
total quanta absorbed by the phytochrome molecule, 
and that phytochrome must be continuously “cycled” 
or interconverted from one form to the other. Red 
light, which is absorbed by both Pr and Pfr, would 
therefore be effective by itself, but far-red light would 
require supplementary radiation to convert Pr to Pfr, 
and so maintain an appreciable rate of cycling. 

Red and far-red light seem to be equally effective in 
promoting polarotropie growth towards the light source 
in Physcomitrium, but again far-red light would exert 
its maximum effect only in the presence of supple- 
mentary red light (Planta, 87, 170; 1969). Polaro- 
tropic responses are believed to be a characteristic of 
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oriented dichroic photoreceptors located at or near the 
cell surface (Jaffe and Etzold, J. Cell. Biol. 18, 13; 
1962). Etzold has proposed that these photoreceptors 
are rod-shaped and oriented tangentially to the cell 
wall. When phytochrome is converted to the far-red 
absorbing form, the receptor molecules become radially 
oriented, that is, they stand on end perpendicular 
to the cell wall. Nebel finds that both red and far-red 
light striking the growing cell surface perpendicularly 
are absorbed regardless of their angle of polarization. 
Radiation striking the cell flank at a tangent, however, 
is absorbed only if the plane of polarization is parallel 
to the cell surface. The conclusion from these results 
is that the photoreceptors in Physcomitrium are disk 
or coin shaped, with their faces oriented towards the 
cell wall. No evidence was found for any change in 
the orientation of the photoreceptor after irradiation 
with red or far-red light. 

In his discussion Steiner is careful to point out that 
phototropism and polarotropism in archegoniates are 
complicated and not well understood, Any hypothesis 
based on these recent results must necessarily be 
tenuous. Nevertheless, these findings are of great 
interest and may well lead to the elucidation of yet 
another role for phytochrome in plant development. 





BIOLOGICAL CONTROL 


Fungal Silvicides ? 
from our Microbiology Correspondent 


THE quest for increasingly sophisticated means for 
eradicating “undesirable” components from our eco- 
systems continues unabated, with effectiveness, selec- 
tivity and cost prescribing the prime criteria for success. 
Recent pronouncements on the use and disuse of DDT 
and other chemical pesticides can be expected to 
produce even greater activity, and perhaps some 
rethinking, on the part of developers and manu- 
facturers of such materials. One class of pest control 
agents that looks ripe for exploitation is miero- 
organisms and microbial products. The theory and 
practice of microbiological control are, of course, not 
new, but the seemingly simpler approach of chemical 
agents has been adopted most extensively. An interest- 
ing, and so far encouraging, application of microbio- 
logical control has been developed for the eradication of 
certain species of oak during reafforestation pro- 
grammes in central Minnesota. The aim of this pro- 
gramme is to replace so-called undesirable or unsaleable 
oaks, such as northern pin, northern red and bur, with 
more profitable pine forest. 

Recently, D. W. French and D. B. Schroeder (forest 
Science, 15, 198; 1969) reported the results of trials on 
the use of the oak wilt fungus, Ceratocystis fagacearum, 
to eliminate oaks. They claim that in natural con- 
ditions oak wilt is disseminated too slowly and errati- 
cally to effect the eradication of the oaks, and so they 
tried mechanical inoculation of the fungus. The bene- 
fits of using C. fagacearum in this context are that it 
removes the overstory of oaks from above the planted 
pines and eliminates an alternative host for the rust, 
Cronartium quercuum, that attacks the jack and other 
hard pines, and it is selective (non-fagaceous trees are 
said to be immune to oak wilt). 
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The first Minnesota trials were set up in 1953 and 
successive experiments followed in 1957, 1959 and 


1965. It was typical to find rapid development of 


wilting symptoms in inoculated pin oaks (more than 
70 per cent in 5 weeks) and a subsequent high mortality 
rate (91 per cent at the end of the first year). Wilt 
inoculation was superior to chemical treatment. or 
mechanical clearing. Whereas most inoculated pin and 
bur oaks were dead within a year, 50 : 50 mixtures of 
2,4-D and 2.4,5-T killed less than 10 per cent of the 
trees and, even though treatment with 2,4,5.T pro- 
duced an 80 per cent killing, the residual leaf canopy 
was too dense to allow for good pine growth. Areas 
cleared by bulldozing were quickly recolonized by oak 
sprouts. A cost of 1 to 2 cents per killed system for 
the wilt application was very competitive compared 
with other methods, and there was very little dissemin- 
ation of the wilt. 

If, then, we wish to eradicate oak, these are porten- 
tous findings. But the development of such a fungal 
silvicide, indeed of any biological control agent, should 
proceed with great caution. French and Schroeder 
aptly conclude their article by drawing attention to the 
dangers of introducing a virulent pathogen such as 
Ceratocystis and of extrapolating carefully controlled 
plot trials to other situations. They argue that this 
control procedure should be considered only for areas 
where the fungus is endemic and where the oaks are of 
little or no value (commercial value being assumed). 
But even in Minnesota, wilt had extensively killed oaks 
with the serious loss of shade and forest trees. Promis- 
ing though the approach appears, much remains to be 
known before its adoption is recommended. What is 
the outcome of building up a massive local reservoir of 
the pathogen, for example ? It is to be hoped that the 
regulations for the use of microbiological pesticides 
will be at least as stringent as those governing the 
application of chemical agents. 


AGRICULTURE 


Grow Better Crops 


Born scientists ‘and farmers agree that British crop 
yields are only half what they might be. This was the 
major theme to emerge from a symposium on potential 
crop production in Britain, held at the University 
College of Wales, Aberystwyth, last week. It brought 
together scientists working on fundamental aspects of 
plant growth and agriculturists concerned with the 
types of farming applicable to different parts of Britain. 

As G. Thorne and D. J. Watson (Rothamsted Experi- 
mental Station) pointed out, the useful parts of major 
British arable crops——cereals, potatoes and sugar beet— 
are «composed. almost entirely of carbohydrate and 
water, so arable crops can be regarded as machines for 
converting carbon dioxide and water into carbohydrate 
using the Sun’s energy. The present yields represent 
less than 3 per cent conversion of the available radia- 
tion whereas the theorétical maximum is 18 per cent, 
so that there is plenty of potential for improving 
yield. It is not practicable to increase carbon dioxide 
and light artificially in the field, but the water balance 
canbe affected by irrigation. The role of water, H. L. 
Penman (Rothamsted) said, is to provide the right 
environment for the roots that will ensure maximum 
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availability of nutrients and maximum efficiency of 
photosynthesis in the leaves. In a well drained’ soil 
this environment exists for a range of water content 
which is quantified by the term “limiting deficit”. 
This is used in the interpretation of field results and as 
the basis of advice on when to irrigate and how much 
to apply. When the soil water content is maintained 
within this range crop yields are limited by other factors 
and water content cannot be used to make good some 
other defect in management; the better the manage- 
ment, the better the return from judicious irrigation. 

Several speakers showed that despite the long 
growing season in Britain, the period when the mean 
temperature is above 42° F, temperature plays a domin- 
ant part in the pattern of plant growth, The slow rise 
in the spring which fails to keep pace with the enormous 
incoming radiation means that plants are slow to get 
away and often only reach their maximum photosyn- 
thetic capability—-that is, maximum leaf area index—- 
some weeks after radiation levels have begun to decline. 
This problem is accentuated in northern climates and 
by high altitudes. It is therefore important to try 
to increase leaf area indices earlier in the year. For 
cereals, longer survival of individual leaves would be 
valuable, for cereal grains only start to accumulate 
carbohydrate at anthesis when the leaf area index has 
reached its maximum. Thorne and Watson pointed 
out that greater maximum leaf area indices are un- 
likely to increase yield much unless the arrangement 
of the leaves can be changed so that light penetrates 
deeper inte the canopy. 

There have been attempts to breed Mediterranean 
races of perennial rye grass with these characteristics. 
These races are markedly different from northern 
races in their ability to continue active growth at low 
temperatures. But, as J. P, Coopsr (Welsh Plant 
Breeding Station) remarked, this ability is linked to 
low frost resistance. Norwegian races can adapt much 
better to a sudden rise in temperature and produce a 
larger increase in the photosynthetic rate. The adapta- 
tion to low temperature seems to be related to enzyme 
concentration. Norwegian races are thought to produce 
more enzyme at low temperatures. They have smaller 
leaves than the Mediterranean races and a greater 
protein content per unit leaf area. More basic research 
is needed into the possibility of increasing overall 
protein contents. 





‘ssed that more intensive effort is 
needed on problems connected with the selection and 
breeding of crops able to grow at low temperatures. 
There are two aspects to be considered—photosynthetic 
ability at low temperatures and active cell division-— 
both of which are controlled at the molecular level. 
We know little of the mechanisms involved, but, once 
understood, there is the possibility that chemical 
treatments might be used to promote growth at low 
temperatures. 

The demands from the processing industry for 
uniform products and stability of yield under the 
stress of adverse weather conditions are bound to have 
an effect on the way research goes. The growing trend 
towards more intensive systems will need a more 
critical approach by research workers of all aspects 
of agricultural development and processes and, as 
Mr Emrys Jones said, we separate research, develop- 
ment and application at our peril. 
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Three Origins of the Moon 


by 
NICHOLAS WADE 


Wuere did the Moon come from ? Was it spun off from 

darth, accreted from the same cloud of dust or formed 
elsewhere and captured? All three theories are still 
entertained in one form or another, despite the decade 
of unmanned voyages to the Moon that began with the 
Russian Lunik in 1959. All of them will probably survive, 
or manage to adapt, to the analyses of the first lunar 
rocks that the Apollo flights will bring back to Earth. 
New understanding of the early history of the Earth~- 
of the evidence, for instance, that is stored in fossil clocks 
and fossil tidal gauges-—-suggests that the Earth may hold 
at least as many keys to the origin of the Moon as the 
lunar surface. 





The Gerstenkorn Theory 

If the capture theory looks a shade more respectable 
than its rivals, this is largely because of a remarkable 
analysis performed by Gerstenkorn in 1955. The Moon 
now lies more than a quarter of a million miles from the 
Earth, or about 60 Earth radii, and is receding at the rate 
of about 3 em a year. The recession is the result of the 
tides raised on Earth by the Moon’s gravitational attrac- 
tion. If the ocean tides were perfectly frictionless (and 
the tides in the solid Earth perfectly elastic), the high 
point of the tidal bulge would always lie directly under the 
Moon (see Fig. 1). But because of friction the tides, 
carried forward by the Earth’s rotation, lag behind the 
Moon in time by an angle known as the phase lag and 
there is a delay in the time of high tide. 

The distortion of the tides leads to a torque on the 
Earth which retards its rate of rotation. Because the 
angular momentum of the Earth-Moon system must be 
conserved, there is an equal and opposite torque which 
accelerates the Moon in its orbit. This transfer of 
momentum, the chief effeet of which is to increase the 
length of the day and the Moon's distance from Earth, 
was first considered mathematically by George Darwin, 
who arrived at what is generally agreed to be the wrong 





Fig. 1. Without friction, the tidal bulge would lie underneath the Moon 

(top figure). But friction leads to a delay in the time of high tide and a 

forque which slows down the rotation of the Earth and accelerates the 
motion of the Moon (bottom figure). From ref. 5. 


Apollo II will have left for the Moon by now. What will it find ? 


conclusion--that the Moon was spun off from: Earth by a 
resonance effect between the solar tides and the Earth's 
free oscillation. Jeffreys showed that the Earth's tides 
would be damped by friction and the resonance prevented, 
and several other dynarnical objections to the fission 
theory have since been raised. 

It was left to Gerstenkorn' to “solvet, as Alfvén 
puts it, the prehistory of the Moon. The Moon’s orbit is 
at present inclmed at about 5° to the ecliptic, and the 
obliquity of the Earth's rotation axis to the ecliptic is 
23-45°. By integrating the Moon's orbit backwards in 
time, Gerstenkorm showed that the inchnation of the 
Moon's orbit and the obliquity change rapidly as the 
Moon approaches the Earth. This is because the rotation 
of the Earth carries the tidal bulges out of the plane of 
the Moon's orbit, and there is a component of the torque 
that tips the Earth and the plane of the Moon's orbit in 
directions which depend on their relative speed. 

The twist on the plane of the Moon's orbit is what 
prevents the Moon from entering within the critical radius, 
known as the Roche limit, at which it should be disrupted 
by the tides raised m its interior by the Earth. Gersten- 
korn’s analysis showed that if the Moon were to approach 
the Earth in a retrograde orbit (moving m the opposite 
sense to its present motion and to the rotation of the 
Earth), it would be drawn in by the tides, not pushed out 
as at present, As it drew closer to Earth, the torque on 
the plane of its orbit would tip the orbit across the poles 
and down the other side. The effect of this manoeuvre 
would be to reverse the direction of the Moon's orbit 
round the Earth. Once in a prograde orbit, the tides on 
the Earth would begin to push the Moon outwards to its 
present position. Gerstenkorn has recently revised his 
calculations to show that the Moon was captured at an 
inclination of about 90°, with its orbit. being drawn to the 
Roche limit (29 Earth radii) or even inside it. 












Objections to Capture 

This elegant theory of capture has won champions and 
eritics. The chief diffieulty hes in the time seale and 
the catastrophic events that would have aecormpanied 
the Moon’s close approach to Earth, 
mates the time of close approach at 2 aeons ago (1 aeon 
is 1,000 million years) although the uncertainties in the 
extrapolation allow times from l to 4 aeons ago, Up to 
3 aeons ago, however, lies within the geological record 
which could reasonably be expected to contain some hint 
of the Moon's capture. As the Moon is drawn in to Earth, 
large amounts of energy would beve been dissipated. 
Depending on where the tidal friet 
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sphere over a darkened Earth. Giant tides on a 5-hour 


dav, with steaming tidal bores following the Moon on a 
7-hour polar orbit. Mr Gerstenkorn may not appreciate 


having his name attached to this era”. 

Alfvén and Arrhenius have protested against this 
blackening of Gerstenkorn’s name‘. It is true that simple 
tidal theory predicts tides on Earth 6 kilometres in 
height as the Moon approaches the Roche limit, but simple 
tidal theory is not adequate even to account for the present 
behaviour of the tides. The theory of continental drift 
implies that 0-2 aeons ago the land masses of the world 
were grouped into two supercontinents, a disposition that 
would certainly have influenced the behaviour of the tides 
and the rate of the Moon’s recession. If the rate of 
dissipation of tidal energy bas varied in the course of time, 
there is no means of knowing from calculations of the 
's orbit when the Moon came closest to Earth. And 
the effects of the approach may well have been less 
horrific than the picture painted by Munk. 

Gerstenkorn’s theory of capture has also been eritieized 
on dynamical grounds, chiefly by MacDonald’. Gersten- 
korn assumed the Moon’s orbit to be cireular, which it 
very nearly is. MacDonald showed that, m calculating 
the Moon's motion backwards in time, a circular orbit is a 
good approximation until the time of close approach, 
when the eccentricity of the orbit increases rapidly. fn 
these circumstances it is impossible for the Moon to do 
its flip over the poles into a retrograde orbit. Instead, the 
orbit becomes inereasingly eccentric with the perigee 
height remaining constant and the apogee being reached 
farther and farther away from Earth until the Moon is 
lost. The reverse of this history offers a possible mechan- 
ista of lunar capture but one which, MacDonald calculates, 
would have dissipated enough energy to raise the tem- 
perature of the whole Earth by 2,000° C and melt it. 

A] theories of capture face the difficulty of time seale. 
If the phase lag of the tides has been constant throughout 
the history of the Earth-Moon system-—and despite the 
seals: Bly Arrhenius there is certain 
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must 
strangely silent geological] record. 
difieulty, MacDonald suggests, is to suppose that the 
Earth once had several Moons. Since the torque on a 
satellite varies as the square of its mass, four satellites a 
quarter the mass of the Moon will be only a quarter as 
effective in braking the Earth, and a longer time scale is 
allowed for the formation of the Earth-Moon system. 

MacDonald supposes that the largest: of the moonlets 
would have swept up the smaller satellites as it moved 
out from Earth, so that the surface of the Moon would 
have taken its final form as recently as 1-5 acons ago. A 
direct. test of MacDonald’s many-moon hypothesis would 
be determination of the age of the lunar surface. But in 
a recent article with Urey’, MacDonald seems to favour 
capture of the Moon 4:5 aeons ago. 

MacDonald’s dynamical objections to the capture hypo- 
thesis have been reconsidered by Singer, who argues that 
some of them ean be removed or attenuated’. MacDonald, 
for example, assumes that the phase lag of the tides is 
constant whatever the position of the Moon in its orbit. 
ut the phase lag may vary both in magnitude and sign 
a ee orbit of the Moon, and when this is taken 
unt it tums out that the Moon can approach 
be reflected out again without attainmg a 
orbit. In these circumstances less energy 
ted through tidal friction. 
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formation in a Binary System 

Formation of the Earth and Moon as a binary system 
is less amenable to dynamical treatment than the capture 
theory and offers few points of contact with the geological 
or inferred prehistory of the Earth. Goldreich has noted 
that if the Moon had formed within a critical distance of 
the Earth—10 Earth radii—it would have formed an 
equatorial orbit and should now lie within the plane of 
the ecliptic’. Goldreich’s calculations “do not strongly 
support any of the current theories of the origin of the 
Moon” but, if the time-scale difficulty is ignored, the most 
attractive possibility is formation by accretion at a 
distance between 10 and 30 Earth radii. 

A problem with the binary system theory, as Urey has 
noted, is that as the proto-Earth and proto-Moon acereted 
out of the primordial dust cloud, the gravitational forces 
between them would have increased and the orbital 
velocity of the Moon would have had to keep pace in 
such a way that the Moon neither fell into the Earth nor 
escaped into orbit round the Sun, This would require 
rather special conditions for the build-up of the mass and 
angular momentum of the two bodies. 

Another difficulty is that if the Moon and Earth formed 
from the same dust cloud they might be expected to have 
a similar gomposi ion. But the Moon’s average density 1s 
3-34 g em compared with the 5-5 g em of the Earth. 
Orowan, however, has proposed a simple explanation for 
the Moon's lower density? Metallic particles im the 
primordial gas cloud might stick together by cold welding, 
so that the planets would start with a ready made core 
composed largely of iron. Once a metallic core had been 
developed, a crust of non-metallic particles such as silicates 
would be collected by gravitational attraction. But the 
shell of gas lying in the orbit of the proto-Earth would be 
depleted of metallic particles, leaving the Moon to aggre- 
gate largely from the non-metallic materials that remained. 











Origin by Fission 

McCrea (this issue, p. 
suggestion with Lyttleton’s remark that both 
and Mars could have been derived from the Earth by 
fission. This would explam very neatly why the Moon 
and Mars resemble each other but not the Earth in their 
overall composition, which is presumably similar, how- 
ever, to the silicate materials of the Earth's outer layers. 

Lyttleton believes that, as far as dynamical arguments 
go, almost all the suggested origins of the Moon are 
possible, with the exception of the simple fission theory™. 
But he has given some attention to the possibility that 
Mars was spun off a rotationally unstable Earth, a break-up 
in which a stream of droplets might form between the two 
bodies!, There is a good chance that the droplets would 
go into orbit around the larger body (but not round the 
smaller; it is significant that Mars’s two satellites Phobos 
and Deimos are probably captured asteroids). There is 
nothing extravagant in regarding the Moon as droplet 
formed in this way because its mass is only 1 per cent of 
the Earth-Moon-Mars system. In the break-up of such 
a body the two main components must have a mass ratio 
of about 10:1, which is one reason why the Moon could 
not have been spun off from Earth by itself, its mass 
being about an cightieth of the Earth’s 

The mass of Mars, however, is one- ene of Earth’s,. 
and its internal structure appears to be such that the 
planet may be made out of the same general material as 
the outer layers of the Earth. As the angular momentum 
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GILFORD UV & VIS 
SPECTROPHOTOMETERS 


OVER 300 READINGS PER HOUR . .. 
with the model 2443 RAPID SAMPLER 


The Gilford vacuum operated rapid sampling system 
requires samples of only 0.5 mi and can process over 300 
per hour. The cuvette remains in the measuring beam for 
both filling and cleaning, minimizing sample handling and 
cuvette breakage. Construction of chemically inert Kel-F 
permits the use of a wide variety of reagents. 

With this increased productivity available, transcription 
time becomes a limiting factor. A permanent record of 
absorbance or concentration can be printed out automati- 
cally by adding the Gilford Model 410 Absorbance/Concen- 
tration Meter and Model 4006 Data Lister. 


UV or VIS .. . STAINED OR UNSTAINED 
with the model 2410 LINEAR TRANSPORT 


Separation of ribosomal RNA by gel electrophoresis has 
made a powerful technique available. The development of 
the Gilford Model 2410 Linear Transport permits you to 
scan such gels in the ultraviolet directly. You get increased 
accuracy with high resolution, The time consuming staining 
process is eliminated. 

Unstained and stained materials may now be analyzed, as 
both ultraviolet and visible energy can be used. With the 
Model 2410 Linear Transport you will be able to handle 
materials such as polyacrylamide gel cyclinders and stabs, 
cellulose acetate membranes, and photographic emulsions. 
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RECORD 4 INDIVIDUAL REACTIONS WITH 12 
POINTS PER REACTION EVERY 3MINUTES... 
with the model 2441 AUTOMATIC POSITIONER 


Your spectrophotometer equipped with the Gilford auto- 
matic sample handling system will produce more data than 
before, while maintaining the precise alignment demanded 
when using micro cuvettes. in the automatic mode up to 16 
plot points, four per individual cuvette, can be recorded in 
one minute. The exclusive offset feature permits individual 
baseline adjustment for each cuvette position. 
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over 300 
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300 Club... 





..three hundred users of the Philips 
EM 300 Electron Microscope, in 24 
countries throughout the world. 
There's nothing exclusive about this 
club. Its membership is growing 
steadily. 

But there are some special privi- 
leges associated with belonging.... 
ownership of the most respected 
high-resolution electron microscope 
jn the world... support of the finest 
service organisation, backed by the 
finest research and development 
team. Best of all is the unusual pro- 
tection against obsolescence, New 
improvements and accessories keep 
coming along. The latest include a 









new TV display system with image 
intensifier, new X-ray spectrometer 
attachment, new pre-pumped air- 
lock, and new specimen chamber 
cold trap. Each of these may be re- 
trofit to existing equipment. 

lf you are already a member of 
the EM 300 Club, you should take 
full advantage of your membership 
by contacting your Philips represen- 
tative about these new improvements 
to the EM 300 - and EM 200 as well. 

if you're not already a member, 
you should look into becoming one, 
don’t you think ? 

Write for our free EM 300 brochure, 
as a first step. 
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of the proto-planet inereased with the accretion of new 
material, its figure would change from a uniform sphere 
to one that was squashed along the axis of rotation. With 
further increments of mass the proto-planet would become 
an ellipsoid with three different axes which would elongate 
until the axes reached the eritical ratio of 23: 10:8. At 
this point stability would be lost and in the consequent 
fission a thin neck of material connecting the proto-Earth 
and proto-Mars would be poised between them in neutral 
equilibrium. In this neck the Moon would form as a small 
droplet to go in orbit round the Earth whilst Mars would 
escape to go mto solar orbit. 

A variation of the fission theory has been proposed by 
O'Keefe. To satisfy the constraint on the mass ratio 
he assumes that the prote-Moon was a tenth of the mass 
of the Earth when it was spun off, but lost the bulk of its 
matter and angular momentum in the period of severe 
energy dissipation that followed the break-up. This 
proposal surmounts vet another of the objections to the 
simple fission theory, that when the Earth and the Moon 
are combined the angular momentum of the parent body 
gives it a rotation period of about 5-5 hours, which falls 
far short of the rotational instability required for fission. 
‘To explain the deficiency of angular momentum in the 
present Earth-Moon systern, fission theorists must lose 
angular momentum from the system either in Mars, as 
Lyttleton does, or from a larger proto-Moon, which is 
O'Reefe’s solution. O'Keefe envisages that frictional 
effects would evaporate material from the surface of the 
proto-Moon, until the satellite had been reduced to its 
present size. 


Fossil Clocks 

Study of dynamies is not the only way of reconstructing 
the Moon’s past. The capture theory allows a major role 
for the Moon in the geological history or prehistory of 
Earth, and several investigators claim to have found 
traces of the Moon's close approach in the presence (or 
absence) of certain geological features. A class of 
meteorites has recently been adduced as the debris 
ejected when the Moon grazed the Roche limit, and 
equally intriguing bearings on the Moon's behaviour are 
afforded by fossil clocks and fossil tide gauges. 

Fossil clocks include marine organisms such as corals 
and bivalves whose shells are striated by numerous fine 
ridges. In certain species the ridges are interspersed with 
regular bands which seem to correspond to yearly, monthly 
or half-monthly cycles. Wells was the first to suggest that 
the fine ridges correspond to daily spurts of growth, a 
thesis which he confirmed by counting about 360 ridges 
in the space of a year’s growth on a living species of coral. 
Turning to a Mid-Devonian coral, he found that the annual 


bands contained an average of 400 ridges, suggesting 
there were 400 days in the year at this time. Wells noted 





Table 1. DATE OF THE MOON’S CLOSEST APPROACH TO EARTH- (OR FORMATION) 
ACCORDING TO VARIOUS AUTHORS 
(1 aeon = 1,000 million years) 
Date of 
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(aeons ago) 
H. Alfvén and OF Stromatolite and meteorite Capture 
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H. Gersternkorn Tidal friction Capture 
P. E. Cloud Oldest: metamorphic rocks Capture 
F, A. O Keefe Oldest metamorphic rocks Fission 
8. F. Singer Oldest metamorphic rocks Capture 
H. C. Urey and Absence of crater on Earth Capture 
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that this value agrees with the increase in the length of 
day of 2 seconds per 100,000 years caleulated from 
astronomical measurements since the seventeenth century: 
a linear extrapolation gives 400 days to the Mid- Devonian 
year and 425 at the beginning of the Cambrian 600 million 
years ago. 

The agreement of the ¢ and the astronomical 
measurements is both a consolation and an embarrassment 
to the dynamieists. If the present rate of increase of the 
Moon's distance is typical of past periods, the distance 
vanishes as recently as | or 2 aeons ago. But MacDonald 
has pointed out that if the present phase lag of the tides 
(2:167) has been constant, the length of the day m Mid- 
Devonian times should have been 21-7 hours, whieh is in 
remarkable agreement with the 21-9 hours implied by 
Wells’s 400 day year’. The evidence from the Devonian 
corals thus suggests that tidal fnetion was substantially 
the same then as now. 

Another factor that would affect the slowing down of 
the Earth's rotation is a change in its moment of inertia, 
as would arise when the iron in an initially homogeneous 
earth sank towards the core. Runcorn has shown that 
such a change has been insignificant since Devonian 
times. Besides the yearly bands noted by Wells, Serutton 
observed that bands on other species of Mid-Devonian 
corals corresponded to monthly phases of growth'® The 
average number of daily growth ridges per band was 
30-6, which in a 400 day year gives 13 lunar months per 
Mid-Devonian year. From this measurement, Runcorn 
calculates that the Earth's moment of inertia has changed 
by less than a half per cent since Mid-Devonian time, 
leaving tidal friction as the principal influenee on the 
Earth's rotation. 

Counts on Late Cretaceous bivalves by Berry and 
Barker have given a value of 370-3 days in the eontenypor- 
ary year, which compares with the 371 days calculated 
from a straight extrapolation of the astronomical measure- 
ments!’ But a more extensive study by Pannella, 
MacChntock and Thompson'* does not confirm the linear 
extrapolation corroborated by the fossils clocks of Wells 
and of Berry and Barker. Pannella and colleagues counted 
the monthly bands on nine groups of fossil organisms 
and found evidence for a non-uniform decrease of days 
per month over the past 500 million vears. They aseribe 
this non-linearity to changes in the area of shallow seas, 
the place where most tidal friction is dissipated, which can 
reasonably be expected to accompany the drifting of the 
continents among other factors. 
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Fossil Tide Gauges 
The fossil clocks are valuable recorders of the Moon's 
motion as far as they go, despite the hazards of interpreta- 
tion which Runcorn has twice been obliged to point out!®2%, 
But the more ancient fossil tide gauges lie nearer to the 
Moon’s possible time of capture. These are stromatolites, 
a kind of marine algae which grows between the high and 
low water mark and the length of which is probably related 
to the height of contemporary tides. Cloud had noticed 
that many pre-Palaeozoie stromatolites have amplitudes 
from 2-5 to 6 metres, which implies that t 
to be raised by Sun alone existed at least ¢ 
Ripple-marked sandstone in rocks about’ 
points to high tides at this time, from 9 
that the Moon must have been in or 
ago. a 
The stromatolite data are otherwy’ 
and Arrheniust. The oldest kng 
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lived at least 2-7 aeons ago, are only a few centimetres in 
length, suggesting that lunar tidal forces were practically 
absent at this time. These and the fossils cited by Cloud 
point to a steady increase in the height of the tides from 
2-3 aeons or so, when the Moon may have been captured, 
until Late Pre-Cambrian times when maximum stromato- 
lite heights of 6 metres are recorded. 


Evidence from Meteorites 

Alfvén and Arrhenius are encouraged to think that the 
6 metre stromatolites may mark the tides of the Moon’s 
closest approach because the fossils are of the same general 
age as certain classes of meteorite. Radiometric determin- 
ations on a group of 49 hypersthene chondrites and 21 
octahedrites show that these meteorites were formed some 
4-5 aeons ago but underwent a period of heating and 
degassing 0-5 to 0-7 aeons ago, the range indicating the 
uncertainty of the analysis. Could the meteorites be 
fragments that were spun off the Moon at its closest 
approach? Gerstenkorn’s revised calculations have the 
Moon entering within the Roche limit where enough 
frictional energy would be liberated to raise the whole 
of the Moon to 1,000° C or the surface to higher tempera- 
tures. Fragments spun off the molten tidal bulge on the 
Moon would move in orbits within the lunar orbit; 
though they would ordinarily be swept up by the Earth 
within a few million years it is possible that some could 
be locked in relatively stable orbits by a resonance effect 
and fall as meteorites after a considerable lifetime in space. 

The coincidence of the stromatolite and meteorite dates 
leads Alfvén and Arrhenius to propose that the Moon was 
closest to Earth 0-7 aeons ago. Assuming that the surface 
of the Moon was molten at this time, the predominant 
age of the surface rocks should be 0-7 aeons, with the body 
of Moon yielding ages at least as old as the Earth (45 
aeons). But they add the caveat that the Moon could 
have been reflected away from the Roche limit if it had 
been caught in a resonance; coupling between the period 
of the Moon’s orbit and the period of the Earth’s rotation 
could lock the Moon in a slowly expanding orbit until it 
broke free of the resonance. In this case the Moon would 
not have been melted and the predominant age of its 
surface rocks should be at least 4 aeons, 


















The Geological Record 
Several attempts have been made to date the Moon's 
closest approach by events in the geological record, 
Cloud has noted that the deficiency of the noble gases in 
the Earth’s atmosphere compared with their cosmic 
abundances implies that the Earth's primary atmosphere 
was lost, presumably by some thermal episode, and the 
present atmosphere and oceans were formed by degassing 
from the body of the Earth". A significant part of the 
arth's outer layer must have melted to release volatiles 
in sufficient quantities, and the source of the heat, in 
addition to radioactive decay and the energy released by 
formation of the Earth’s core, may have been tidal friction 
induced by the capture of the Moon, A closing bracket 
on the Moon’s capture is afforded by the stromatolite and 
other evidence for large lunar tides up to 3 aeons ago. 
Cloud suggests that the date of the Moon’s closest approach 
may be marked by the age of the oldest known meta- 
morphie rocks which, for a wide variety of sites and 
‘ormations, cluster round the age of 3:5 to 3-6 acons and 
- have been formed by a heating episode that occurred 
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marked by the Lipalian interval, the missing gap that is 
found between Pre-Cambrian and Cambrian rocks in 
many parts of the world®. The interval lasted from 
1 to 0-6 aeons ago and is characterized by a scarcity 
of dated rocks. Some continents, for example the 
Baltie and Canadian shield areas, have been denuded 
into flat plains of Pre-Cambrian age and the pieture is 
suggestive of fairly world-wide erosion by high tides. 
Close lunar approach between 1 and 0-6 aeons ago straddles 
the date proposed by Alfvén end Arrhenius, who, as 
mentioned above, have argued that the oceans and atmo- 
sphere could have survived such an event. Cloud, however, 
believes that the approach of the Moon would leave 
visible effects in the geological record, for which he can 
see no evidence in rocks younger than 3-5 aeons” 

If Olson’s date for close lunar approach is base 
negative evidence, a dramatically positive event to accom. 
pany the approach of the Moon has been postulated by 
Herz™!, About a hundred massifs of anorthosite, a 
material that must originate in the high temperatures 
of the upper mantle or lower crust, are distributed appar- 
ently at random throughout the world. But the massifs 
have two remarkable characteristics in common. First, 
their radiometric ages cluster around 1:3 aeons, suggesting 
they could all have been formed at the same time; second, 
when plotted on a reconstruction of the continents in 
their pre-drift positions, the massifs become aligned into 
two broad belts, one of which tracks across the super- 
continent of Laurasia in the northern hemisphere and 
the other across Gondwanaland in the southern hemi- 
sphere. The coincidence of the massifs in space and time 
suggests they may have been thrust up from the mantle 
during a cataelysm which overtook the Earth b3 aeons 
ago, and which Herz proposes may have been the birth 
of the Earth-Moon sys 

“Tt is easy to discern in the planetary sy the 
verae causae which tend to change its configuration,” 
George Darwin told the British Association im 1878, 
“but it is in general very hard to give any quantitative 
estimate of their effects Darwin's own solution of the 
Earth-Moon systern has been disproved by present 
dynamical reconstructions and what hints there are in the 
geological record of Earth allow the origin of the Moon 
to range from capture, accretion or fission $5 aeons ago 
to capture as recently as 0-7 aeons ago. The rocks brought 
back by the Apollo astronauts may provide further con- 
straints but are unlikely to afford a simple explanation. 
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Numerical Studies of Lunar Motion 


by 
J. DERRAL MULHOLLAND 


Jet Propulsion Laboratory, 
California Institute of Technology, 
Pasadena 


Numerical integration has been used to investigate the adequacy of 
the lunar theory for high precision applications and to examine the 
problem of modelling the apparent departures of the lunar motion 
from strict gravitational theory. The truncation of the planetary 
perturbations and the obsolescence of the elements of the solar 
motion in the analytic theories require a special perturbation theory 


for space research. 


Tue attempt to describe adequately the motion of the 
Moon is one of the oldest scientific endeavours. Ptolemy 
is credited with the empirical discovery of the largest 
deviation from elliptic motion. Beginning with Newton, 
the development of successful dynamical theories for the 
lunar motion occupied the attention of many of the fore- 
most mathematicians for well over two centuries. Today, 
we await the publication? of undoubtedly the most 
complete analytical lunar theory yet devised, yet we 
know that, for some very high-precision purposes, it is 
already inadequate. The difficulties have three known 
aspects: truncation error in the planetary perturbations, 
inadequate representation of the planetary and solar 
motions, and the constants of the lunar orbit. 

Since the isolation of the gravitational defect in the 
planetary part of the Brown theory*’, it has been evident 
that the high accuracy required of the lunar ephemeris, 
for maximum utility in the analysis of spacecraft or laser 
ranging data, can be obtained only by numerical integra- 
tion of the equations of motion. The publication of the 
Eckert~Smith theory will not alter this circumstance, 
because they considered only the “main problem”; 
Brown’s planetary development will be used with the 
new theory, and the conclusions of ref. 2 will still apply, 
at least until such time as this part of the theory is 
extended. 

The work that was reported by Devine and myself 
consisted of a single-body integration* of the lunar orbit 
over a 2 year interval, differentially corrected to fit a 
lunar ephemeris designated LE 4 (ref. 4), which consisted 
of an evaluation of a corrected Brown theory. That is, 
the theory was used to provide synthetic observations. 
With the establishment of serious defects in the theoretical 
ephemeris, an effort was made to extend the numerical 
integrations to a meaningful time span. To treat the 
long-term characteristics of the motion properly, the nodal 
period (18-6 years) can be regarded as a practical minimum 
interval over which to extend the differential correction 
procedure. The interval actually adopted was from 
JED 243 3280-5 to 244 0800-5, slightly more than 20 years 
beginning at the epoch of the JPL Ephemeris Tape System. 





* Single-body integration is taken to mean an integration of the equations 
of motion of one object only, with perturbing-body information taken from a 
pre-existing ephemeris. 


Theoretical Ephemeris 

Several arguments favour producing acceptable fits to 
the theoretical ephemeris before dealing with the observa- 
tions. The most cogent argument in the early stages of 
the work was the ease and rapidity with which our com- 
puter programs could be modified to perform this task. 
At present, it is far more important that this process can 
be regarded as a controlled experiment that will permit 
the development of techniques for solving the real prob- 
lems of fitting the lunar motion without introducing the 
uncertainties and biases that always accompany observa- 
tional data. Despite its flaws, the lunar theory does 
conform rather well to the real motion of the Moon, 
particularly in those features that are a hindrance to 
the production of an accurate ephemeris by numerical 
integration. These features primarily affect two aspects, 
the differential correction and the modelling of effects 
that arise from other than point-rmass gravitational 
considerations. 

The Moon is a highly perturbed object, and the standard 
differential correction procedures used in ephemeris 
development programs are based on formulae that assume 
Keplerian motion. This is acceptable in the planetary 
case because the planets are remarkably well behaved. 
In the attempts to extend the correction span beyond 
2 years, the suspicion was amply confirmed that the 
unperturbed partial derivatives are not adequate in the 
lunar case. Successive corrections for a series of 5 vear 
integrations failed to converge to a final solution. The 
true partial differential coefficients were approximated by 
a simple finite difference technique, and a converged 
series of integrated fits was obtained over the 20 year 
span. Although the correction series did converge to a 
final solution. the residuals of that solution were not 
really satisfactory, and the reason for this situation was 
believed to lie in the modelling problem. 

The chief flaw of using a theory as the comparison base 
for a numerical integration is the possibility that empirical 
adjustments to the theory may destroy the faithfulness 
with which it reflects the nominal model on which it was 
constructed. In the case of the lunar theory and our 
integrations, the tides, the figure of the Moon, and per- 
haps some yet unknown cause have led to such adjust- 
ments. In each case, analysis of the observational data 
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revealed one or more of the orbital parameters to be 
inadequately represented by the theory, and in each case 
the theoretical expressions were replaced by the observa- 
tional values. The numerical integrations are based on 
gravitational models not greatly different from that on 
which the theory is founded, so that these empirical 
aspects of the theary would not be expected to be modelled 
properly in the integration. It is necessary either to learn 
how to model them or how to handle such empirical fixes 
in conjunction with a numerical integration. 


Angular Momentum 

Such a component in the lunar motion is attributed to 
the frictional losses in the tidal deformations of Earth. 
These losses reduce the rotational angular momentum of 
Earth, with subsequent gain in the orbital angular 
momentum of Moon. This gain ts reflected in a secular 
increase in the mean distance and decrease in the sidereal 
mean motion. This includes a secular acceleration of the 
mean longitude 


AL = 


-122 T° 
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these various effects were the cause of the long-period 
residuals, the empirical effects were removed from the 
theory, and an integration was fitted to the remainder. 
The residuals in longitude are shown in Fig. 1. The smaller 
periods are representative of the truneation of planetary 
perturbations first revealed in ref. 2. but a long-period 
component also remains. T. C. Van Flandern suggested 
that such effects may be unavoidable, for the planetary 
mean angular rates embedded in the theory have them- 
selves suffered significant truncation and cannot be 
matched by a rigorously dynamical description. If this 
ig sO, it represents the fundamental limitation on the 
efficacy of fitting an integration to the theory. 

On the other hand, other numerical studies suggest that. 
we are fast approaching the situation in which further 
Improvements in the ability of any general theory to 
predict the observed lunar motion will be dependent on 
the prior construction of more adequate general theories 
for the planetary motions. In particular, it does not seem 
likely that much further improvement in the accuracy of 
conventional (that is, national almanac) ephemeral data 
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Fig 1. Longitude residuals for a single body numerical integration of the lunar orbit differentially corrected to fit a reduced hinar theory, 


T measured in Julian centuries. There is less than com- 
plete agreement on the detailed mechanism of this angular 
momentum transfer, but it is widely assumed (for example, 
in ref. 5) that it involves the gravitational couple generated 
by the tidal bulge. 
modelled in the differential equations of motion, and a 
means must be found of treating the real phenomenon. 
Both the perigee and the node have motions that arise 
from unmodelled causes. Our current ephemeris programs 
treat Moon as a point mass, whereas the Brown theory 
embodies a triaxial Moon not greatly different. from the 
one currently recommended, Eckert! has shown that the 
present observational values of dn/d7 and dO/dT cannot 
be satisfied with the present model without assuming an 
unbelievable lunar density distribution. That is, the 
perigee and node have motions that cannot be modelled 
in the light of present knowledge, These last two effects 





Whatever the mechanism, ib is not 
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‘There seems to be no simple resolution of this e 
empirical adjustments. As a means of discovering whether 


is possible until the lunar theory can be evaluated in 
terms of a new theory for the heliocentric motion of 
Earth. The basis for this statement is shown in Fig. 2, 
which represents the differences between two numerical 
integrations of the lunar orbit. These two computations 
differed in one respect only; the planetary ephemerides 
used for computing the perturbative accelerations. In 
one case, the planetary data were quite similar to those 
used in the lunar theory’, while the other case made use 
of a recent development at the Jet Propulsion Laboratory. 
This latter ephemeris? is the result of a simultaneous 
numerical integration of all nine planetary orbits. dif- 
ferentially corrected to fit transit circle observations of 
all except Pluto and radar range observations of Mercury, 
Venus and Mars. It isa much more accurate representation 
of the true positions of the planets than are the planetary 
(ineluding solar) data in the lunar theory. The effeets 
shown are almost entirely a consequence of the difference 
in the Earth's orbit. The difference in true longitude A 
seems to have a secular component of about 8” per century, 
comparable in magnitude to the empirical adjustments 
that have been nec 
with observations. Indeed, we may well wonder whether 


ssary to foree the theory into accord. 
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Fig. 2. Differences between two numerical integrations of the lunar motion, using different planetary ephemerides 


this may not lead to an explanation of the dilemma of the 
node and perigee noted here. 

A differential correction procedure was used to minimize 
the residuals of Fig. 2 by adjusting the osculating initial 
state of the second integration. The differences induced 
in the initial state, for example, an inclination difference 
èI = 0°34", are sufficiently large to indicate that inadequate 
values of the Sun’s orbit constants will corrupt attempts 
to improve the constants of the lunar theory. 

The lunar theory will be of no great utility, in the near 
future. as a tool in the analysis of extremely high precision 
of spacecraft doppler 
0-1 mm/s) laser 


observations, such as beacons 


(current and corner 
reflectors (expected accuracy 15 cm). A special perturba- 


tion theory, a numerical integration fitted to observational 


accuracy range 


data of various types, is now in preparation for this 
purpose. 
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THE MOON 
$54,400 km 
+473 km 
27 days 7 h 43 min 


Distance from the Earth 

Diameter 

Period of rotation 

Synodie period (time taken to return into con 
junction with the Sun) 

Mass with respect to Earth 

Density 

Acceleration due to gravity m/s 

Velocity of escape 2-38 km/s 


lays 12 h 44 min 
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Implications of Convection within the Moon 


by 
D. L. TURCOTTE 


Graduate School of Aerospace Engineering, 
Cornell University, Ithaca, New York 


E. R. OXBURGH 


Department of Geology and Mineralogy, 
University of Oxford 


CONDUCTION calculations for the temperature within the 
Moon, using either a chondritic or terrestrial! concentra- 
tion of radioactive elements, indicate that a substantial 
portion of the Moon is completely melted?. Studies of 
the figure of the Moon’, however, show that the lunar 
interior must be sufficiently strong to sustain stress dif- 
ferences of the order of 10° dynes/ern?; this is not con- 
sistent with a liquid interior. There are two possible 
explanations of this dilemma: either the concentration of 
radioactive material within the Moon is considerably less 
than the chondritic value, or solid state convection is 
oeeurring within the Moon. 

Runcorn”! has shown that convection within the Moon 
ean explain the departures of the lunar surface from 
hydrostatic equilibrium. He also argued that with thermal 
convection it is likely that the Moon has reached a steady 
state thermal balance. For a chondritic concentration 
of radioactivity uniformly distributed throughout the 
Moon he concluded that the mean surface heat flux is 
Sergs/em’s. If the Earth is in a steady state heat balance 
and the mean surface heat flux? of 63 ergs/em* s can be 
attributed to a uniform rate of heat release over the 
mantle, the required heat release is 7-8 x 10-* ergs/g s. If 
the Moon has a uniform rate of heat release equal to this 
value and is in a steady state thermal balance. then the 
mean surface heat flux on the Moon is 15-1 ergs/em? s. 
If surface heat flux measurements on the Moon give values 
in the range 5 to 15 ergs/em?’ s, it is conclusive evidence that 
the terior of the Moon is hot and that solid state con- 
vection is occurring. 

We have proposed a boundary layer theory for the 
structure of fully developed convection cells’. In this 
theory the temperature gradient is large within a thin 
thermal boundary layer adjacent to the surface in which 
heat is transferred by conduction. Beneath this boundary 
layer heat is transferred principally by convection and 
the thermal gradient is nearly adiabatic. From the surface 
heat flux given here and a thermal conductivity of 3 x 10° 
ergs/em s K the mean surface temperature gradient on 
the Moon is found to be 6 K/km. It is a good approxima- 
tion to extend this linear temperature gradient through 
the thermal boundary layer; the boundary layer is 
terminated at a temperature for which thermal convection 
is expected to occur. With diffusion creep or other 
deformation mechanisms we expect significant convection 
to occur at temperatures above 1.400 °C. We conclude 
that the cold thermal boundary layer on the Moon has a 
mean thickness of about 300 km. This compares with a 
typical thickness of 75 km for the cold thermal boundary 
layer adjacent to the surface of the Earth’. Beneath the 
thermal boundary layer convection is occurring and the 
thermal gradient is near the adiabatic value. The result- 
ing ternperature-depth profile for the Moon is given in 
Fig. 1. Also included in this figure is the conduction 
profile obtained by Fricker eè al." which includes the 
effect of complete melting. While the two profiles are 
similar, solid state convection prevents the temperature 
within the Moon from reaching the melt temperature. 

MacDonald’ states that the principal argument against 
convection within the Moon is the absence of faults on 
the lunar surface showing transverse displacements. On 
the Earth, mantle convection seems to produce relative 
motion between the segments of the Earth’s crust, We 














Convection within the Moon could explain several phenomena, 


including perhaps the occurrence of maria on the near side but not 
on the far side. 
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Fig. 1. Convection (~~~) and conduction (- ~~~) temperature profiles 


within the Moon. 


have shown, however, that the cold outer shell of the 
Moon is a faetor of four thicker than the cold outer shell 
of the Earth; this difference combined with the smaller 
radius of the Moon could have prevented the break-up 
of the outer shell. A rigid outer shell does not preclude 
convection at depth; conveetion can oceur with a mgid 
surface boundary condition, 

An expression for the viscosity of the Earth's mantle 
has been proposed!’ 
q = 06902 x 10° Texp [(6-3829 x 10440-7244 x 1077 p/P] 

(1) 

with T in K, p in dynes/em*, and y in poise. Using the 
temperature profile given in Fig. 1, a dependence of 
viscosity on depth for the Moon can be obtained from 
equation (1); the result is given in Fig. 2. Also included 
in Fig. 2 is the corresponding dependence of viscosity on. 
depth for the Earth. The effeet of the larger pressure 
within the Earth is to limit the region of low viscosity 
to shallow depths. Within the Moon the pressure effect is 
almost negligible and the interior of the Moon has nearly 
uniform viscosity. It is also clear from this figure that the 
high viscosity outer shell on the Moon is considerably 
thicker than the terrestrial lithosphere. 
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The stability analysis for a self-gravitating sphere of 
fluid with uniform heat generation is given by Chandra- 
sekhar", The appropriate Rayleigh number for this 
problem is 


(2) 





where r is the radius of the sphere, k the thermal conduc- 
tivity. x the thermal diffusivity, g the heat release per 
unit. mass and time, « the coefficient of thermal expansion, 
and G the universal constant of gravitation. From Fig. 2 
we take 4=10% poise and r=1-4x 108 em; with q= 
78x 10" ergs/g s, x=3x 105 K7, k= 4-2 x 10° ergs/em 
sK, x=10-* em*/s, and p=3-34 g/em’, we find from 
equation (2) that Ra=10". The critical value of this 
Rayleigh number for the onset of thermal convection with 
a fixed surface boundary condition is 5,575. With the 
other parameters as given, convection would oecur within 
the Moon for a viscosity less than 10°% poise. 





Fig. 3. Streamlines for the fundamental (2=1) mode of convection 


within a self-gravitating sphere with uniform heat release. 
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For Rayleigh numbers slightly above the critical value 
the convective flow is associated with the lowest axisym- 
metric mode, |= 1, of an expansion in spherical harmonies. 
The streamlines for this flow are shown in Fig. 3. Run- 
corn®-* argues that the convection within the Moon was 
originally of this type but that a small core was dif- 
ferentiated out, which caused the flow to switch to a 
[= 2 mode. 

On the Earth, volcanic activity is associated with the 
ascending mantle convection beneath oceanic ridges. 
Similarly voleanie activity could be associated with 
ascending mantle convection on the Moon. For the i=l 
mode of convection illustrated in Fig. 3 voleanic activity 
would be expected on one side of the Moon but would be 
absent on the other. If we attribute the origin of the 
maria to voleanic flows associated with ascending convec- 
tion, an /=1 mode of convection would explain their 
presence on the near side of the Moon and absence on the 
far side. It is possible that the presence of regions of 
higher mass, mascons, beneath the maria can be attributed 
to the inversion of large subjacent basaltic intrusions to 
eclogite. Regardless of the origin of the mascons, ib is 
clear that their continued presence close to the surface 
of the Moon is a result of the existence of the very thick 
lithosphere proposed here. Otherwise they would have 
been expected to sink, unless they are too recent in origin 
to have had time to do so. 
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The Moon may be a Former Planet 


by 
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George Washington University, 
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Washington, DC 20005 


THERE are regularities in the orbits of the planets which 
are not predicted by the laws of Kepler and Newton and 
which are related to the mechanism of formation of the 
solar system. 

The orbital velocities of the planets lie on a smooth 
curve (Fig. 1). Beginning at about orbit 7 (Saturn) and 
proceeding inwards through Jupiter, the asteroids, Mars, 
Earth and Venus, the orbital velocities he on a straight 
line. The point A corresponding to the orbital velocity 
of Mercury at orbit 1, however, lies far above this line. 
The orbit of Mercury, in addition, has an unusually large 
eccentricity of 0-206 (most of the numerical values used in 
this article come from ref. 2). 

The tit is better if Mercury is assigned to orbit 0 (point B 
in Fig. 1). This implies, however, that a planet is missing 
from orbit 1. The predicted period P and the orbital 
radius R for such a planet is 0-41 yr and 0:55 AU respec- 
tively, calculated from the value of R/P obtained from the 


Certain peculiarities of the orbit of Mercury may be explained if 
there was once a planet between Mercury and Venus. 
would have been unstable, and the hypothetical planet could have 
been captured by the Earth. 


But this orbit 


orbital velocity curve together with Kepler's relationship 
P= RP, 

The Bode-Titius law, when written in the form R = 4 
+0-3(2)"-2, where R is the radius and n is the number of 
the planetary orbit, correctly predicts the orbits of the 
first eight planets except for Mereury. Used in this form. 
when n= 1, the law also predicts a planet at radius 0-55 AU. 
The corresponding value for Mercury (m=) is then 
0-475 AU. 





Table 1 with those for Venus and Earth. The orbit of the 
missing planet is unstable, however. The predicted period 
0-408 yr) is 5/4 times that caleulated for Mereury (0-327 yr) 
and 2/3 of that of Venus (0-617 yr). There thus exists a 
condition of double resonance between Luna, Mercury and 
Venus, which would tend to induce eccentricity in the 
orbit of Luna. (The almost circular present orbit of 
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Fig. 1. Orbital velocity relationship for planets of solar system, Orbital 

velocity (2xKk/P), where Ris radius of the planetary orbit in AU and P 

is period in years, plotted against the number n of the planetary orbit, 

from Mercury n=1 to Pluto n= 10 (solid circles), The open circles for 

Mercury, Luna, Neptune and Pluto are the values predicted by the 
Bode-Titius law, R= 0-4 +0-8(2)0-4, 


Venus (e= 0-006) may reflect transfer of “eccentricity” to 
Luna during this resonance phase.) Because of the 
relative closeness in the orbits of Luna and Mercury 
(7,000,000 miles), close encounters with Mercury may have 
occurred. 

The remaining discrepancy in the angular momentum of 
Mercury at orbit 0, and the consequence of transferring 
this amount of angular momentum from Mercury to a 
planet of mass 0-22 times that of Mercury (that is, the 
mass of the Earth’s moon) in an initial orbit of 0-55 AU, 
were evaluated. The semi-major axis, period and average 
orbital velocity for Luna following encounter with 
Mereury were found given the conditions of Table 2. 
Angular momentum is proportional to mR*/P where m is 
the mass of the planet and R and P the radius and period, 
respectively, in dimensionless units (astronomical units and 
years). From the condition of conservation of angular 
momentum, we have 

mr ipit M RE/Py=mr ef lpet+ M RY/P, 
where 7,, pı and ra p, are the initial and final values for 
the orbital radii and periods of Luna: R, P, and Rap P, 
are the initial and final values for Mercury; and m and M 
are the masses of Luna and Mercury respectively. 
Inserting the known values and solving for r, and po, 
we have 
T3?/Pa = (0-550 x 1:348) + 4-418[(0-475 x 1-451) — 

(0-39 x 1-603)] 

TP = 1025 
(Kepler's law) 


ra fpa? eat = 0-975 


Ta fPo Ta fPe 
from which radius r, is 1-05 AU and period p, is 1-08 yr. 
Because the orbital velocity is proportional to R/P and 
the Earth’s orbital velocity for R/P =1 is 18-52 miles s~t, 
the average orbital velocity of Luna following interaction 
with Mercury will be 18:52 x 0-975=18-2 miles s- An 
orbit of this type will gradually become circular with 
loss of angular momentum and decrease in the semi- 
major axis? 

The eccentricity in the orbit of Mercury after interaction 
with Luna is derived by considering that Mereury, in a 
cireular orbit with a= 0-475 AU, loses sufficient angular 
momentum to put it in an orbit with a= 0-39 AU, and that 
the loss of angular momentum oecurs over a small are of 
a circle so that, because Mercury remains in a periodic 


which gives 
Because 


we have 
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Table 1, PERIODS AND ORBITAL RADII FOR THE INNERMOST PLANETS 
Period P (yr) Radius R (AU) 
Predicted Found Predicted Found 
Mercury 327 0-244 0-475 0-39 
Planet Luna 0-468 = OSS — 
Venus 0-617 0-617 O72 O72 
arth 1-0 1-0 10 10 


The predicted orbital radii (R) and periods (P) were calculated from the 
orbital velocity relationship (R/ P) depicted in Fig. 1 in conjunction with the 
Keplerian relationship Æ = P®, The deviations in the predicted values for 
Mercury are attributed to interaction with Planet Luna. The instability in 
the orbit of Luna resulted from a double resonance between Mercury and 
Venus. The period of Venus is 3/2 that calculated for Planet Luna and that 
predicted for Mercury is 4/4 that of Planet Luna. 


Table 2, ENCOUNTER OF LUNA WITH MERCURY 


R (AD) P (yr) RIP 
Mercury, initial 0-475 0327 145} 
Mercury, final 0:39 0-244 1-603 
Luna, initial 055 0-408 1:348 


Mass of Mercury = 4418 Moon masses, 


orbit, the aphelion will remain at 0-475 AU. Thus the 
eccentricity is given by (1-+¢) x 0:39= 0-475 from which 
e=0-218. This compares favourably with the present 
observed value of 0-206. 

Another way of looking at this is to consider that if the 
present eccentricity of Mercury resulted from disturbance 
of a previously cireular orbit, then the present aphelion 
of Mercury represents the radius of the previous circular 
orbit. The aphelion of the orbit of Mercury is now 
at 0-467 AU, which is close to the value of 0-475 AU, 
predicted by the Bode—Titius law, and used in this article. 

Tsolated interactions such as that between Luna and 
Mercury will tend to recur repeatedly, until collision or 
some outside agency removes one of the bodies. This is 
because the first close encounter converts Mereury to an 
elliptical orbit with an aphelion at the radius of the 
previous circular orbit. This ensures that subsequent 
encounters will occur at the same aphelion point. The 
same argument holds for Luna. The perihelion remains 
essentially the same after each encounter. The collision 
cross-section of Mercury is small, because of its relatively 
amall gravitational field, and the transfer of angular 
momentum from Mercury to Luna could thus be spread 
over a number of close encounters. 

The probability for capture of a satellite by the Earth 
is normally very low. The conditions for capture are that 
the body enters the inner collinear Lagrangian point with 
an angular velocity closely matching that of the Earth. 
Under these circumstances, transfer from solar orbit to 
Earth orbit can occur. (The problem is best considered 
using Hill’s curves of zero velocity’. On this basis, the 
value of the Jaeobian constant C corresponding to the 
Earth’s inner Lagrangian point and to the oval of zero 
velocity around the Earth is given by 
2(1—p) ce "i 2u 

b (= u)Riu tp, 


where u is the fractional mass of the Earth in the Earth- 
Sun system and Ry, and R, are the distances of the inner 
Lagrangian point from the Sun and Earth respectively in 
dimensionless units’, The value of C for the Earth-Sun 
system when the eccentricity of Earth’s orbit is zero is 
3-0009. A body having this value of C may pass freely 
through the inner Lagrangian point from solar orbit into 
Earth orbit. Any process which leads to a decrease in 
energy and hence to an increase in the value of C will trap 
the body in Earth orbit. The value of C for the Moon in 
its present. orbit is 3-00012 (ref. 5).) A small loss of kinetic 
energy at this stage, as may for example be produced by 


tidal friction or planetary perturbation, can make the 

Table 3. RANGE OF ORBITAL VELOCITIES OF PLANET LUNA WHICH ALLOW 
CAPTURE BY EARTH 

Distance of Lagrangian 


Distance of Earth Capture velocity 





from Sun point from Earth at Lagrangian 
(millions of miles) (thousands of miles) point (mil et) 
99-2 1,017 17-25 
93-0 953 18-34 
86-7 889 19-60 


The extreme values of the Barth's distance from the Sun are derived from 
the maximum valne (0-067) calenlated by Stockwell® for the eccentricity of 
the Earth’s orbit. 
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transfer permanent. It is also possible for the eccentricity 
of the Earth’s orbit to effect the capture’. 

Stockwell® showed that the eccentricity of the Earth’s 
orbit ranges between 0 and 0-067 in a cyclic fashion with 
a period of about two million years. The inner Lagrangian 
point therefore traces out a path such that capture may 
oecur at distances from the Sun ranging between 85 
million and 98 million miles. The corresponding distances 
of the capture point from the Earth itself vary from about 
889,000 to 1,017,000 miles. The maximum, minimum 
and median values for the orbital velocity of Planet 
Luna at the Lagrangian point, such that capture may 
vecur, are given in Table 3 and were derived as follows. 
The position of the inner Lagrangian or Lẹ, point was 
calculated, with minor approximations, from the relation- 
ship 

(1— a?)(1— a)? 

a*{1+(1—a)] 
using a value of u (the fractional mass of the Earth in the 
Earth—Sun system) of 1/303,000. This gave a value for « 
(the fractional distance of the L, point from the Sun) of 
0-98975 AU. 

The maximum and minimum distances of the Earth 
from the Sun were obtained from Stockwell’s figure for 
the maximum value (0-067) of the eecentricity (e) of the 
Earth’s orbit as follows: maximum distance= 93 (1+¢) 
million miles, minimum distance=93 (l-e) million 
miles. 

The maximum and minimum values for the capture 
velocity at the Lagrangian point were derived from the 
relationships 


(=e) 
(1+e)" 


; dto 
7 =(=% e T 
Fimax= (1 — «’) a 2) } 


where V1 is the capture velocity for Luna at the Lagran- 
gian point, e the eecentricity of the Earth’s orbit, «’ the 
fractional distance of the Lagrangian point from the 
Earth and Ve is the circular orbital velocity of the Earth 
(18-55 miles s-!), These calculations show that slow 
changes in the position of the Earth’s inner Lagrangian 
point together with a gradual decrease in the semi-major 
axis of the orbit of Luna could bring about conditions 
suitable for capture by the Earth. 

The capture of Planet Luna would explain a number of 
anomalies in the Earth-Moon system? *. The closeness 
of the two bodies and the relatively large mass of the 


Vudnin)= (1 a’) J Ve 


and 


The Moon and Mars 


by 
W. H. McCREA 


Astronomy Centre, 
University of Sussex, 
Brighton 


By combining a number of recent ideas and discoveries 
reported by a number of investigators, it may now be 
possible to understand why (a) the Moon is composed of 
silicates producing a chemical composition similar to 
that of the outer layers of the Earth; (b) lunar material 
is in the form of compacted “soil”; and (e) the Moon 
and Mars have a similar composition which differs from 
the overall composition of the Earth. The recent work 
concerns: (1) The study of the lunar surface by means of 
lunar probes, particularly! Surveyor V. (2) The discovery? 
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satellite are unlike those of other planetary satellites. In 
the Jupiter system, for example, the mass ratio is of the. 
order 1;10,000. The Earth—Moon system is best dë» 
scribed as a double planet. But the present rates of tidal 
friction, if extended into the past, predict a 1 cian 
age for the system which is less than half that of the 
Earth itself", This has been interpreted by many, 
therefore, to mean that the Moon was derived relatively 
recently, either by fission from the Earth or by capture. 
The much greater inclination (234°) of the Earth's spin 
axis to the plane of the ecliptic than that of the orbit. of 
the Moon (5°) supports origin by capture rather than by 
fission (see ref. 12 for an alternative explanation, however), 
It has also been noted that origin by fission would require 
that the primitive Earth had an unusually high rotation 
rate compared with the other planets’. 

The capture of Planet Luna in a direct orbit by the 
process described can be compatible with both the 
observed rotational angular momentum of the Earth- 
Moon system, and the time-scale proposed on the basis of 
tidal friction rates, The orbit of the former Planet 
Luna and the pre-encounter orbit for Mereury are in 
accord with the Bode-Titius law. The hypothesis 
accounts for the deviation in the present orbital velocity 
of Mercury, and predicts an eccentricity for the orbit of 
Mercury which is close to the observed value. It is eon- 
cluded therefore that the Moon may be the former Planet: 
Luna which once occupied an orbit between those of 
Mercury and Venus at a mean distance of 51,000,000 
miles from the Sun. 

I thank Father F. J. Hyden of the Georgetown Uni- 
versity Observatory, Dr H. Jehle of the George Washington 
University and Dr John A. O’Keefe of the Goddard Space 
Flight Center for helpful advice and suggestions. 
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The composition of the Moon, and similarities between the Moon 
and Mars, may be explained by the recently discovered possibility 
that silicates were present in the raw material of the solar system. 


of evidence for the presence in interstellar or circumstellar 
matter of grains made of silicates. (3) The significance ¢ 
various sorts of particles for the agglomeration of planets”. 
(4) The possible origin of the Earth-Moon-—Mars system 
from a single rotationally unstable planet’. (5) A particu- 
lar process of segregation of materials in a proto-planet®. 

The investigation of the material of the lunar surface 
by the Surveyor V mission! and by other US and USSR 
probes, as well as ground-based studies (for example, 
that by Hapke*), all seem to show that the material is 
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composed of silicates similar to those of terrestrial basalts. 
Because the mean density of the Moon is 3-34 g em, 
while the density of olivine, for example, is tabulated as 
3-26 to 3-40 g em, it is natural to infer that the Moon is 
composed of similar material throughout. On the surface 
the material is evidently in the form of compacted “soil”, 
and various formations on the lunar surface indicate that 
the Moon is in this form to a considerable depth. Thus a 
theory of the formation, of the Moon must account not 
only for the chemical composition of its material but also 
for.the circumstance that this material (or an appreciable 
part of it) has been pulverized and is now compacted, 

A highly significant development in the study of inter- 
stellar and circumstellar matter is the very recent dis- 
covery of evidence, both theoretical and observational, 
for the presence in this material of grains of refractory 
silicates*, The various authors involved in this investiga- 
tion explicitly compare the inferred composition of the 
grains with meteoritic material and with terrestrial 
minerals, mentioning olivine in particular, and they infer 
similarities of composition. If the interpretation of the 
evidence is valid, it implies that silicate grains are a 
significant component of interstellar dust. Other com- 
ponents must be the grains formed of graphite and various 
“ices” previously discussed by numerous authors. Pre- 
sumably there are also the metallic grains that have often 
been diseussed but that seern not to have reeeived much 
attention recently. 

A few years ago I suggested a mechanism by which 
stars and planetary systems might be formed from inter- 
stellar material in the galaxy as it exists at present’. In 
collaboration with I. P. Williams, I then showed how 
materials could have become segregated in a proto- 
planet®. According to these ideas, a planet would first 
appear as a body of interstellar material, gas and dust, 
having about the Jeans critical mass for holding itself 
together by its own gravitation at the initial density and 
temperature inferred from the theory. As a typical 
illustration, we took a mass of 10 g, radius 3:3 x 10? em, 
temperature 100° K, with 1 per cent in the form of dust. 
If this body is “seeded” by a relatively small number of 
grains of not less than about 10-? em radius, then accord- 
mg to our picture these will fall towards the centre, 
accreting (normal) grains as they go and thus producing 
a sedimentation of heavy material towards the centre. 
The gravitational energy thereby released is about the 
energy required to disperse the gaseous part of the 
material of the body. In a case where the energy is not 
actually sufficient, the body as a whole would ultimately 
condense to form a major planet. In a case where the 
energy does suffice to disperse most of the gas, the residue 
of heavy material would form a terrestrial planet. The 
discussion by Williams and me seemed to show the whole 
picture to be satisfactorily coherent; there are indeed 
certain unsolicited recommendations as, for instanee, that 
the process would not operate in a plausible fashion in 
material at a density appreciably less than the initial 
density considered, while it appears to be almost embar- 
ssingly effective at about this density, the value of 
which I had inferred from other aspects of the theory in 
my earlier work. 

For reasons stated, we assumed that an aecreting grain 
would sweep up all the other grains in its path. But here 
the ideas discussed by Orowan? are of special relevance. 
He states that metallic particles would in fact be expected 
to stick together, while silicates in general fracture in a 
collision. He infers, “... the agglomeration of the planets 
should then start with metallic particles’. Orowan 
evidently envisages a process of agglomeration somewhat 
different from that just deseribed, but this particular 
property would hold good equally well for our process. 
Tt implies that the material featuring in the sedimentation 
mechanism would be metallic. If we have our case where 
the gas then escapes, the process being like the escape of 
a planetary atmosphere which has often been studied, 
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then the rest of the (unmetallic) dust would be left behind 
to form the outer part of the resulting planet, giving 
the same outcome as that contemplated by Orowan. 

Applied to the proto-Earth, this would give a body with 
a metallic (presumably mainly iron) core and a silicate 
(presumably olivine) mantle. Now Lyttleton has pointed 
out’ that “the Earth and Mars can be paired together 
satisfactorily as components resulting from a single 
rotationally unstable planet since their mass-ratio is as 
high as 9:1.... On this basis, the Moon could be regarded 
as a droplet formed between the Earth and Mars after 
the latter was spun off”. On this picture, Mars and the 
Moon would have the same composition which would be 
that of the outer part of the proto-Earth, that is mainly 
silicates. This is because the break-up could occur only 
after a condensed body had been formed, and therefore 
after the formation of the metallie core which would 
remain part of the Earth as the larger component. But if 
the break-up did take place, it would have occurred as 
soon as the condensation had proceeded far enough, 
which would be before the elaborate evolution of the 
outer layers of the Earth as we know it. Mars and the 
Moon are too small to produce such evolution for them- 
selves. Thus, while the overall chemical composition of 
these two bodies and of the outer layers of the Earth 
would be similar, they would be in the main no more 
than compacted balls of silicate dust. 

Thus the features (a), (b) and (c) listed at the start may 
perhaps be understood. There is an appealing simplicity 
about the picture: the Moon is made of silicates because 
silicates were present in the raw material; it is made of 
silicates, rather than other components of the raw material, 
because silicate grains do not stick together; the lunar 
material was once in powder form simply because the 
Moon was made out of powder—-we do not need to invent 
a mechanism to pulverize it; the Moon and Mars are 
similar bodies because they were parts of the same body; 
the latter body was the outer part of the Earth and so this 
has a similar chemical composition; and so on. Even if 
the particular mechanisms here proposed are mistaken, it 
is difficult to believe that these simple results are not 
substantially valid. To some extent such features are 
indeed present in the scheme deseribed in more general 
terms by Orowan. But an essential element in the present 
more particular scheme is that the segregation and con- 
densation of heavy materials are regarded as occurring 
after a diffuse proto-planet has been formed; this has 
advantages. So far as the present discussion is con- 
cerned, it accounts for the two planets Earth and Mars 
with very different overall compositions being in neigh- 
bouring orbits. Most other theories seem to regard the 
planets as having been formed directly out of small 
particles in orbit round the Sun, but among other things 
this makes it hard to account for the different compositions 
of the Earth and Mars. In faet, the plausibility of the 
outcome supports not only the present scheme itself but 
also some of the particular premises, in particular the 
crucial supposition that silicates are present in the initial 
raw material. 

I assembled these ideas after hearing a talk by Dr ALA. 
Mills on fluidization processes and the origin of lunar 
surface features. 
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Mensuration and 


by 
J. J. GILVARRY* 


Space Science Laboratory, 
General Dynamics/Astronautics, 
San Diego, California 


I wave pointed out! that the mass concentrations (mas- 
cons) in the circular maria and the negative mascons in 
the irregular maria of the Moon? are almost immediately 
explained in terms of a lunar atmosphere and hydrosphere 
lasting some milliards of years’. My original objective 
was to explain the relative shallowness of craters in the 
maria, the existence of protruding rims of ghost craters 
in the mare floors, the ruined appearance of the runs that 
face the maria in the bordering craters and the pro- 
nounced smoothness of the mare floors implying high 
fluidity of the filling material—all inexplicable on the 
lava hypothesis'. Although the theory has been eriticized 
on the grounds that there is no evidence for erosion by 
streams on the lunar surface’, direct evidence in the past 
few years from Surveyor and Orbiter missions points 
strongly to an elemental composition of material and a 
size distribution of fragments in the mare floors which 
implies sedimentary deposits“, to traces of river systems 
of terrestrial type in the lunar highlands*? and to 
numerous sinuous rilles bordering the maria which can 
reflect only the effect of flowing water®*. This quantitative 
evidence is additional to the telescopic evidence that can 
be adduced in this connexion? 1, 

My present purpose is to support by mensuration of 
the lunar mascons and maria my contention that the true 
mascon craters were isostatically compensated primor- 
dially, °, that the weight of the mascons is supported by 
the stilugth of the underlying rock. The same conclusion 
has independently been reached by an argument based 
on lunar height differences, analogous to Jeffreys’s com- 
putation of the stress differences required to support the 
bases of mountains and continents!?, 








Table 1. MENSURATION OF ACTUAL MASCON CRATERS 


Mare 
Mascon Surface Floor Rim Crater dia- 
Mare thickness depth depth height depth meter 
Ames (Km) deur (km) fact (Kin) lse tkm) dao (km) Dkm} 
Imbrium 8 14 55 193 1,140 
Serenitatis 6 8 3 11 790 
Nectaris 35 7 4 H gO) 
Crisium 33 6 4 10 510 
Humorum 2 7 25 5 440 





My previous model supposed that the sediments in the 
floor of a mare can be represented geometrically by a 
cone (with apex downward) lying on the true floor of the 
crater (Fig. 1). The true floor was assumed to have been 
compensated isostatically before deposition of the sedi- 
ments, so that an imaginary fiducial stratum passing 
through the original floor of the crater would have under- 
gone isostatic elevation. At the same time, this fiducial 
stratum would have undergone isostatic subsidence under 
the rim. The load of the mascon sediments is thus sup- 
ported by the strength of the underlying rock. 

Numerical values for the thickness Amas (at the cone 
apex) of the mascon in each prominent circular mare! are 
tabulated in the second column of Table 1, and have been 
inferred by scaling from calculations for Mare Serenitatis 
and presuppose a bulk density gseas 2-4 g/cm for the 
sediments forming the mascons, corresponding to the 
mean density of shale. 
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lsostasy of Lunar Mascons and Maria 


The theory that mascons have been formed by the partial filling of 
impact craters now leads to the conclusion that they are isostatically 
in equilibrium with the rocks beneath. 


The actual depth fact of the floor of a mascon crater 
relative to the level of the surrounding terrain is fixed 
approximately in terms of the mascon thickness imas by 

fact = hmas + eur (1) 


in which dgus is the depth (below the surrounding level) 
of the surface of the sediments in the mare. The maximum 
values of deur in the third column of Table 1 have been 
read from a lunar contour map’. The corresponding 
values of the floor depth face implied by equation (1) are 
shown in the fourth column. 

The actual depth daon of a mascon crater (from rim 
crest to true floor) is determined by 

dan = fact + lao (2) 

where Jac: is the actual height of the rim. The values of 
laa shown in the fifth cohunn of Table 1 correspond to 
maximum heights of the mountains forming the rims!?*1*. 
The penultimate column shows values of the actual depth 
dace implied by equation (2) and the final column gives 
values of the corresponding crater diameter D (measured 
from crest. to crest of the rim). The present rim of Mare 
Humorum is too ruined to yield a reliable value of Jaci; 
as an approximation, the rim height of Mare Humboldt- 
ianum'*, roughly of the same diameter. has been entered 
in its stead in Table 1. 

The time required for isostatic adjustment of large 
features on the Moon to cease! was estimated by use of 
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Fig. 1. Schematic cross-section through the ma y erater represented 

by Mare Imbrium (Tables 1 and 2). The mascon itself is croga-hatched. 

The isostatic adjustment AV; in rim volume and the volume AT 

corresponding to upward displacement of the crater floor are indicated 

by stippling. Notations for and relations between pertinent dimensions 

of a mascon crater are specified in the left and right-hand margins. 
The vertical scale is groasly exaggerated. 
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Haskell’s equation. On the assumption 107 
that the origin of the maria in impact 

events agreed closely in time with the 

birth (presumably about 4-5 x 10° years 
ago) of the Moon, a time ti in the range 10° 
10° ta 105 yr was found for isostatic 

adjustment of the original crater of a 

mascon as large as Mare Imbrium (with 

diameter Da1,200 km). Apart from 

the circular maria, however, lunar 10 b 
craters do not exceed about 230 km in 
diameter (see Fig. 2). Because Haskell’s 
equation implies that the time ti varies 
inversely as the maximum crater dia- 
meter D, it follows that the craters of the 
Moon (with the exception of the circular 
maria) are not in general compensated 
isostatically. One can therefore use the 
curves for the diameter D of a lunar 
crater? 1.1? as a function of its depth d to 
infer the original uncompensated depth 
dan of a maseon crater. The argument 
presupposes that isostatic adjustinent of 
a crater leaves the diameter D essentially 
unchanged. i 

Fig. 2 shows curves for hard and soft 
rock (corresponding to the highlands and 
maria respectively) and the relationship 
due to Baldwin for the diameter D of 
lunar craters of Class I as a function of 
the depth d. Crater dimensions in 
Baldwin’s original work! have been 
used to determine my curves, but that 
due to Baldwin is based on later and 
more accurate measurements of crater 
dimensions made by J. Young and given by D. W. G. 
Arthur (private publication, cited by Baldwin’) and 
which differ substantially from earlier results. This is why 
Baldwin's curve corresponding to explosion of the 
meteorite on impact with the surface will be used to 
estimate the uncompensated depth d,,, of a mascon crater 
from its diameter D (Table 2). The depth Ad of isostatic 
adjustment of the erater depth fixed by Ad=d,,—daa is 
given in the third column. 

Representative points corresponding to the actual crater 
dimensions of Table 1 are shown in Fig. 2, for comparison 
with Baldwin’s curve. Both curves for the lunar craters of 
Class I correspond to the youngest craters on the Moon, 
as judged by apparent sharpness of appearance and 
presumptive lack of erosion. These curves exhibit a 
continuous variation through the analogous curve for 
terrestrial meteoritic craters into the corresponding curve 
for explosion craters on the Earth (for example, those for 
nuclear explosions indicated in Fig. 2). My curves for 
lunar craters of Class V shown in Fig. 2 correspond to 
those craters presumed to be the oldest, on the criteria 
mentioned. The dimensions of these craters, too small to 
have been compensated isostatically in the time tp are 
assumed to have been affected strongly either originally 
by the presence of a water cover, as for the nuclear 
explosions indicated in Fig. 2, or afterwards by the effects 
of moving water®:*-", Representative points for all other 
lunar craters (of Classes II, TIT and IV) lie densely in a 
band (shown stippled in Fig. 2) between the extremes in 
question. The curve for craters of Class I has been used 
to estimate the pristine dimensions of the mare craters 
on the assumption that the original craters were formed 
before significant effusion of water or deposition of 
sediments. 

Curves for the diameter D of lunar craters of Class T as 
a function of the rim height Z have been given by myself** 
and by Baldwin'*. The analytic fit corresponding to 
Baldwin’s curve implies, however, a point of inflexion 
at D=10°" kmw4-6 km. Beyond this value of D, his 
curve yields the unphysical conclusion that the rim 
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Representative points for actual mascon eraters from the data of Table 1, for 
comparison with the relations of diameter to depth in lunar craters as given by myself 
(solid curves) and by Baldwin (dot-dashed curve), 
in the neighbourhood of the curves and in the band (shown stippled) between them. 
The solid diamonds indicate dimensions of actual maseon craters inferred by Baldwin, 
by Conel and Holstrom, and by myself for the density differential dọ noted (in unita 
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height ¢ increases faster than the diameter D. Predictions 
from the curve are therefore in the region of strong m- 
flexion in the neighbourhoad of the representative points 
for the actual mascon craters (Fig. 3). The difficulty is, 
however, resolved by determining the uncompensated 
rim height lun from the average given by Baldwin's curve 
and by my curve for hard rock, with error limits corre- 
sponding to the two curves (Table 2). The table also 
shows values of the uncompensated floor depth fun defined 
by fue=dun—lan, analogous to equation (2). Values of 
the isostatic adjustments Al=lun—lact in the rim height 
and Af=fan—fact m the floor depth also appear. The 
dimensions of the mascon crater depicted in Fig. 1 
correspond to the data of Tables 1 and 2 for Mare 
Imbrium. 

Shown also in Fig. 2 are representative points for mascon 
craters as fixed by equations (1) and (2) from the model of 
a lava fill in the crater with a density differential Ao = 0-4 
g/cm? relative to the surrounding rock, as urged by 
Baldwin?” for Mare Imbrium and for the model of a 
crater fill (not necessarily lava) proposed® for Mare 
Serenitatis. Both models are inconsistent with the 
notion of a crater originally formed by explosive impact 
of a meteorite and thus conforming to extrapolation of 
the diameter-depth relations for lunar craters, unless the 
density differential approaches at least 1 g/em*. Ter- 
restrially, however, a density differential of 0-25 g/em® is 
about the maximum observed as a source of gravity 
anomalies over large areas? 

The figures in Tables 1 and 2 are sufficient to prove, 
within the aecuracy of the data, that the true mare 


Table 2, MENSURATION OF ISOSTATICALLY UNCOMPENSATED MASCON CRATERS 


Crater Depth Floor 
depth adjust- Rim Rim Floor adjust- 
Mare dun ment height adjustment depth ment 
(km) Adikm} lw (km) Al(km) Fun Oem) Af (xm) 
Imbrium 838 18-5 9546 23 +6 9 +6 
Serenitatis 20 18 8 t4 1 + 10 #4 
Nectaris 32 21 8 +5 20 +5 13 +8 
Crisium 21 11 SHS 25 1-5 + 25 T525 
Humorum 18 8-5 4 4155 T5216 5215 
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10 representing Mare Serenitatis falls nearly on the 
ACTUAL CRATERS line, which is significant because this point is 
MARE. IMBRIUM presumably the most accurate, for it was evalua- 
MARE NECTARIS ted by direct scaling, The error for the other 
10° MARE SERENITATIS points can be partly explained, apart from that 
MARE CRISIUM / arising from uncertainty in the rim height as 
| BALDWIN predicted from the curves of Fig. 3, by the fact 
CURVE, that the mascons are not strictly geometrically 
108 CLASS | similar. Thus, for example, the mascon in Mare 
3 Nectaris does not extend out to the rim as in the 

oes a case depicted by Fig. 1 for Mare eee i 
E ' The close equality between AV; and AV; 
a BALDWIN-CURVE indicated by Fig. 4 implies that the model of a 
giw] mascon crater adopted is self-consistent 1 mer 
2 the true crater is compensated isostatically and 
2 e tied the mascon itself is supported by the finite 
LUNAR. CLASS IS strength of the rocks of the compensated crater. 
10° B Further, if the true mascon craters are indeed 
compensated isostatically, the density rs of the 
~ SOFT ROCK dark material in the floors of these features 
HARU ROCK) ON i must necessarily have approximately the bulk 
| density 2-4 gjem? (corresponding to shale) used 
a f: t J in my previous article!, for otherwise the 
Q MEAR SET ROG LAND excellent correlation in Fig. 4 would be 

@ NUCLEAR, HARD ROCK, WATER destroyed. 

@ NUCLEAR, SOFT ROCK, WATER Because of the low compression of the rocks 
10* wane in the lunar mantle, the initially horizontal 


107 10° 101 10* 10° 10 
Height ? of rim (m) 


Fig. 3. Representative points for actual mascon craters from the data of Table 1, for 

comparison with the relations of diameter to rim height as given by myself (solid 

curves) and by Baldwin (dot-dashed curve). Points for actual lunar craters He in the 
neighbourhood of the curves and in the band (shown stippled) between them. 


craters are isostatically compensated and support the 
mascons through the strength of the rocks. 

The gravity of the Moon is so weak (about one-sixth 
that of the Earth) that effects of compression on the 
constituent rock can be neglected even at substantial 
depths. If the rim of a mascon crater is assumed triangular 
in cross-section, isostatic subsidence of the rim through a 
distance Al must accordingly have induced a deformation 
of the fiducial stratum indicated in Fig. 1, which is also 
a triangle in cross-section, with altitude equal to the 
adjustment Al in the rim height. This subsidence would 
necessarily have created a horizontal flow of rock in a 
layer of low strength (the lunar asthenosphere), which in 
turn would have produced an isostatic elevation. of the 
fiducial stratum under the crater floor (Fig. 1). Because 
the flow of the rock can be treated as incompressible, 
volume must be conserved and the relation AV;= AV: 
must hold, where AV; is the isostatic adjustment im rim 
volume and AV, is the volume corresponding to upward 
displacement of the original floor. 

The adjustment AV; in the rim volume is given by the 
theorem of Guldinus (or of Pappus) for a body of revolu- 
tion by 

AV. = (n/2) uw D A (3) 


in which w is the width of the triangular rim at its base 
corresponding to the level of the surrounding terrain. 
For the whole range of lunar craters of Class I, Baldwin? 
finds the proportionality w= yD, where the dimensionless 
constant y equals 10-°7= 0-2; this relation will be extra- 
polated to the circular maria. The volume AV, corre- 
sponding to displacement of the crater floor will be 
regarded as conical, and is given by 


AV, = (2/12) D? Af (4) 


The isostatic adjustment AV; in rim volume is plotted 
against the volume AV: corresponding to floor displace- 
ment in Fig. 4 from the data in Tables 1 and 2. The points 
for all the maria included fall on the straight line of 
inclination 45°, corresponding to equality, within the 
limits set, by the rectangle of error, and agreement holds 
through nearly two powers of ten. Moreover, the point 


108 stratum at depth corresponding to the pristine 
lunar asthenosphere must have undergone a 
depression under the crater rim and an elevation 
beneath the crater floor, of magnitude Al and 
Af, respectively, equal to those for the fiducial 
stratum. If Paur is the density of the surrounding 
country rock in which the mascon crater was formed and 
Pas that at the depth of the pristine lunar asthenosphere, 
the pressure balance at this level for points under the erater 
centre and under its rim (on the Airy formulation of 
isostasy)*! yields 

Pas! Psur = (dacit Alj/ Ad (3) 
to fix the density ratio gas/gsur- In Fig. 5, the quantity 
Pag+ Al on the right-hand side of equation (5) is plotted 
against Ad in Cartesian coordinates from the data of Tables 
land 2. A least-squares fit to the mean values represented 
by these points yields Pas/Psar= 1-1, from equation (4), 
which is the slope of the solid line shown in Fig. 5. 
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Fig. 4 The isostatic adjustment 477 in the volume of the rim ofa 

mascon crater as a function of the volume 4 Vt corresponding to isostatic 

elevation of its floor, for comparison with the straight line of inclination 

45° denoting equality. Mean values and error bars are from equations 
(3) and (4) with use of data in Tables 1 and 2. 
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din the depth of a maseon crater (Tables 1 and 2). The solid line 

represents a least-squares tit to the mean values, with slope equal to the 
ratio oas/osur from equation (5), 


The density sur can be estimated from results obtained 
by Scott and Roberson“? in the mission of Surveyor VIL 
The landing site in this case was on the rim flank within 
a diameter of the crater Tycho in the highlands, and hence 
rocks or boulders in the vicinity can reasonably be 
expected to represent throwout from below the high hand 
surface ejected in the explosion that formed the crater. 
One such rock was wel ighed by the soil surface sampler, 
to vield a crude density in the range 2-4 to 3-1 g/em}. 
Subsequent work to determine the volume from televised 
photographs of the rock has narrowed the range within 
2-8 to 2-9 gjem? (R. F. Scott, private communication). 

A mean value eur = 2 ‘8, gjem? will be adopted here. 
With the value of gsur found, one obtains a= 3-3, 
+065, gem? for re density at the | level of the pristine 
lunar asthenosphere, within ‘Tinits taking into account the 
errors specified by Table 2. The average value is very 
close to the mean density (3-34 g/em*) of the Moon. The 
position within the lunar interior of the level of mean 
density is unknown, but it is a satisfying feature of the 
present treatment that it yields a density for the former 
lunar asthenosphere w hose aver age value does not exceed 
the mean density of the Moon and which satisfies a 
reasonable upper bound. 

It follows from the present dircussion that if a density 
discontinuity exists at depth in the Moon analogous to the 
Mohorovitié discontinuity in the Earth, it must undergo 
a deformation under the rim and floor of a mascon crater 
similar to that shown for the fiducial stratum in Fig. 1 

The conclusions here differ significantly from those of 
Baldwin, who attempts to explain'® the relative shallow- 
ness of many of the lunar craters as the result of isostatic 
compensation (he invoked an unknown erosive agent in 
his first work!®). Such a process would have to be selective 
in its operation on the craters, however, because these 
features for a given diameter display a range of depths, 
corresponding to the band (shown stippled) in Fig. 2. 
Further, the mechanism would entail an efficiency sur- 
passing that implied by Haskell’s equation", for it neces- 
sarily would have to be operative for craters of very small 
dimensions, as Fig. 2 implies!!. On the present basis, how- 
ever, the vast majority of lunar craters are not compen- 
sated isostatically. The shallowness of many such craters 
(which lie predominantly in the maria) arose primarily 
from the effects of water on the Moon®$?!, 

This explanation accords with the unequivocal evidence 
of erosion on the lunar surface? found from Surveyor VHI, 
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represented by an embedded surface rock showing a 
rounded elongate upper face in situ but a highly angular 
subsurface when turned over by the soil surface sampler 
—-virtually impossible for a Moon always airless and 
waterless. Further, in televised photographs from Sur- 
veyor VH as well as in Orbiter pictures, there have been 
identified? extensive flows on the rim flank and in the 
erater interior of Tycho, strongly suggesting transport by 
a fluidizing agent. Water is the most likely candidate. 
There are also channels with levees, suggestive of old 
terrestrial rivers. Finally, virtually every local closed 
depression above a certain size in the vicinity of Tycho 
displays a flat floor covered with a dark material obviously 
transported to the site and indistinguishable from that 
appearing in the maria”. On my theory, these features 
represent playas*®-"! and they show branching grooves 
resembling the cracks and fissures formed by contraction 
in desiccation of the beds of dry lakes on the Earth’, 

The dark colour of the mascons arises on my theory 
not from the intrinsic colour of the surfaee rocks (as in 
the lava hypothesis) but from carbon derived from organic 
compounds formed primordially or a lunar biota existent 
ineipiently®*-") m conformity with results on carbon 
abundance in the maria from Surveyor missions. (Turke- 
vitch et al.™ give only upper limits, but Urey and Marti”? 
show actual values.) The possibility of a pristine lunar 
biota was first suggested’? on the basis of an age 2-6 x 10° 
year for the oldest known fossil plant, an alga, on the 
Earth (implying overlap with the time when water was 
present on the Moon). This likelihood has been enhanced 
by the recent discovery of evidence of fossil algae exceed- 
ing 3-2 10° year in ages. Note that the ocean floors, 
when they eventually form mascons', must similarly 
show desiccated sediments darkened by the organic 
matter from life forms!!. 

From the present treatment, it can be noted again that 
the argument. for the presence of water on the Moon is 
quantitative! ®>®7, in contrast with the essentially qualita- 
tive considerations of the lava hypothesis. 
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Standing Waves on the Moon 

Since the discovery and identification of fundamental 
modes of free vibration of the Earth following the great 
Chilean (1960) and Alaskan (1964) earthquakes, the 
possibility of similar effeets on the Moon has been con- 
sidered. Such efforts have been directed at a determina- 
tion of the periods of vibration for different lunar 
models?-4, in a fashion analogous to that used for the 
Harth’, No consideration has been given to the effect 
which free vibrations of the Moon might have, over 
selenological time, on surface morphology. We show in 
this article that both local and global vibrations have 
played a part in the shaping of visible selenological 
features and that they constitute an important lunar 
tectonic force. 

When planetologists meet to discuss the surface of the 
Moon they separate into those favouring the dominance of 
planetesimal (meteoric) impact and those who advocate 
volcanic activity. It is not possible to avoid taking sides 
in this issue, but we point out that much of what we say 
applies equally well in either circumstance. The release 
of energy at the surface of a sphere, whether it be of 
endogenic (volcanic) or exogenic (impact) origin, is followed 
by a distribution of that energy over the entire body of 
the sphere; thereafter the physics of the phenomenon is 
to all intents and purposes identical. Only the scale of 
the observed effect is likely to be different. 











Standing Waves on a Sphere 


Standing waves on a string are characterized by point 
nodes. In two dimensions, as on a circular disk, nodal 
lines are observed~-the familiar Chladni’ figures. The 
observation that both concentric circles and radial lines, 
or a mixture of the two, are frequently seen in such 
patterns may be of importance in discussing the Moon, 
for the “rays” which surround craters on the maria lie on 
great. circles radial to the craters themselves, while con- 
centric circles are frequently to be seen around some of the 
large craters. Many lunar craters, moreover, are evidently 
polygonal—-another characteristic of Chladni figures for a 
circular disk, These similarities prompted our considera- 
tion of free vibrations of the Moon. There are also 
distinct differences. 

Determination of the detailed description of oscillations 
of a homogeneous elastic sphere is an old mathematical 
problem?-", Nodal surfaces are generated which for 
fundamental vibrations comprise concentric cones with 
apices at the sphere centre, intersecting the surface on 
small circles of latitude, and diametral planes intersecting 
the surface on great circles of longitude. Vibrational 
overtones yield concentric spheres about a common 
global centre. Two distinct modes of the first (C, or 
“torsional”) and second (C, or “‘spheroidal’’) classes may 
be identified, the distinction being that the former con- 
stitutes purely tangential displacements, while the latter 
has a radial component. 





* Ön leave from the Instituto de Astronomica, Universidad Nacional de 
Mexico and the Observatorio Tonantzintla. 
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The existence of local annular and radial structures in the environ- 
ment of lunar craters, and of a global selenographic tectonic pattern, 
is ascribed in part to standing “‘moonquakes”’ 
impact or eruption. 


established after 


the azimuthal and polar angles through functions involving 
tesseral harmonics and associated Legendre functions. 
Table 1 summarizes the displacements u,v, w correspond- 
ing to spherical coordinates x, 0, 9 for a vibrating self 
gravitating sphere. The zeros for each m and / of the 
tesseral spherical harmonics define a pattern of nodal 
lines on the lunar surface, the number of nodal latitude 
lines being (/—m} and of nodal longitude lines 2m. The 
value of n uniquely defines the radial character of the 
vibration so that n =0 is the fundamental, n= 1 the first: 
order overtone and so on. For oscillations of high order sa 
and degree 1 the lunar surface is subdivided into cellular 
tesserae of opposite motion (Fig. 1b). 

For the Moon, it is proposed that release of sufficient 
energy at or near to the surface will lead to the ouset of 
free vibrations of long period (up to of the order of 15 min). 
Rotation will lead to a westerly drift of the displacement 
pattern!" which will remove degeneracy of the associated 
eigenvalues, but this is expected to be of mdary 
importance. It is the very nature of the oseillatory forces 
established by the vibrations which is significant, for the 
forces occur on a global scale. For torsional vibrations 
of the general kind at any moment of time the domimant 
global force is provided by the adding of forces m neigh- 
bouring tesserae (Fig. 1b) to produce huge 45° banes of 
uni-directional shear which can be identified on small 
circles running NE-SW and NW-SE (Fig. lc). Secondary 
bands of alternating shear running E-W on small circles 
and N-S on great circles can also be visualized. For 
spheroidal vibrations a similar pattern occurs, but the 
radial component of displacement introduces compressive 
and tensile forces which are a feature of this type of 
oscillation (Fig. lc). The pattern of nodes on the surface 
of the globe is one of points and lines packed in a simple 
square fashion. This is due to a dependence of the angular 
components of displacement on the gradients of the 
tesseral harmonies. 

Forces for a Chladni figure for spherical geometry are 
demonstrable. By driving a balloon filled with water (an 
approximation to a self grav itating globe) using a signal 
generator and loudspeaker, it is possible to reveal the 
nature of surface nodes and te s. Lines of latitude and 
longitude can be obtained, either separately or together, 
packing more densely at the high frequencies. Most 
frequently a close-packed array of hexagons is observed, 
using a distribution of fine flour to throw the pattern inte 
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Fig. 1. Schematic representation of the basic features for free torsional 
(eft-hand side) and spheroidal (right-hand side) oscillations of a homo- 
geneous self-gravitating sphere. a, Two typical simple oscillations are 
those of oscillatory twist, with the equator and the north and south poles 
held firm (torsional), and of alternating polar/equatorial proiation and 
oblation (spheroidal), Clearly the latter possesses a radial component of 
surface displacement. b, In more complex oscillations the surface of the 
globe is divided into tesserae by lines of latitude and longitude. Neigh- 
bouring “cells” rotate in opposite direction in the torsional case. In the 
spheroidal case, they are in tension (T) and moviag in (Z), or are in 
compression (C) and moving out (0). e, The global system of forces 
established by vibration is dominated by NW-SE and NE-SW systems 
of alternating shear (torsional) or of alternating tension and compression 
(spheroidal). 





contrast (Fig. 2). We do not, of course, imply that the 
lunar surface is a simple Chladni figure, but the basie 
directional features of vibration can nevertheless be shown 
compatible with many of the observed directional topo- 
graphic structures. 


Application to the Moon 


The lunar surface is a conspicuous conglomerate of 
craters and maria-17, Maria are gigantic “plains” 
surrounded by “mountain” ranges while craters are entities 
in themselves. It has been recognized that both 
craters!*~)® and maria are often polygonal in shape. We 
cite the case of the Mare Crisium which is clearly hex- 
agonal (Fig. 3). A recent study’ separates lunar craters 
into two populations based on a circularity index, the 
author proposing formation of a subcircular population 
during a period of stress in the lunar crust. There is also 
a grid system?*.*1,22 defined by preferential directions 
shown by the entire collection of linear formations of the 
surface revealed by crater sides, mountain chains, valleys 
and ridges of the lunar continents. Fractures, rilles** and 
crater chains in the uplands and wrinkle ridges in the 
maria follow the same pattern. Extension of this grid 
system to details on a fine scale is evident in photographs 
taken by the Orbiter satellites?! and in observations 
made from Apollo 8. Minor systerns of lineaments radial 
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or subradial to mdividual craters are clearly local. Major 
systems strike SW-NE, SE-NW, N-S and E-W, and are 
global. The close relation which these systerns bear to the 
global pattern of oscillatory forces for a vibrating Moon is 
immediately apparent. A prima facie case for at least 


partial contributory cause and effect is therefore 
established, 


If the proposal that lunar vibration is a major teetonic 
force is to be seriously entertained, it has to be demon- 
strated that other features fall into the same general 
pattern. This we shall do in detail elsewhere. We 
briefly observe, however, that polygonal craters mostly 
present even numbers of sides as the theory requires. 
Hexagons are dominant, while octagons and squares can 
also be identified. Triangles are never seen. The further 
fact that polygonal crater sides lie contiguously on or 
near to directions determined by the lunar grid encourages 
us to conclude that their shape is frequently a response 
to global stimuli and is not local. The existence of two 
populations of craters, moreover, is explicable in terms of 
their age. Table 2 illustrates this point by comparing the 
geological and selenochronological systems. It is signifi- 
cant that the old Pre-Imbrian craters are patently poly- 
gonal, while the younger features are undeniably round. 
Evidently lunar craters have been reshaped over extensive 
periods of selenological time. Global vibration must have 
played some part. 

It is appropriate here to make clear the fundamental 
difference between the proposal that vibration is an 
important tectonic force and a coexistent process by means 
of which modifications of lunar topography, particularly 
height, can be made by continuous viscous adjustment**-*8 
of surface irregularities. This difference reflects the time 
seale of the constraint. In the elastic case we seek 
solutions to the Laplace equation; in the viscous case of 
the Navier-Stokes equation. 


Local Vibration 

Because global lineaments can be identified in part with 
global oscillation we might expect local lineaments, which 
are related to particular craters or maria, to be a con- 
sequence of local vibration. The rays which radiate from 


a C 





b d 


Fig. 2. Chladni figures for a balloon filled with water. Annular nodal 

lines can be obtained (a), packing more densely at the higher frequencies 

4b). Most frequently a close-packed system of hexagons is obtained (e), 
though radial features are sometimes seen (d). 
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Fig. 3. 


Terrestrial based photograph of the “oid”? hexagonal Mare 
Crisium, projected onto a sphere. 


the newest craters and which are clearly visible at full 
Moon are a prime example of the unique identification of 
radial and subradial lineaments with single selenographie 
features. Closer investigation reveals that all such craters 
also present in some measure an annular system of cracks 
and ridges. 

If local vibration is initiated following point release of 
energy at the lunar surface, the system of standing waves 
produced will be more akin to that observed for a cireular 
disk (Fig. 4). The rays surrounding a crateriform feature 
might then represent fissuring of the lunar crust in re- 
sponse to forces established by a dominant system of 
radial nodal and antinodal lines (Fig. 4a). In partial 


Table 2. 


GEOCHRONOLOGY SELENOCHRONOLOSGY 


Origin of 
Selar System 















PRE-IMBRIAN <e—te- Large Mountainous Regions as in 








quakes. We propose that the moonquakes were estab- 
lished as standing waves. 

The best example of a concentric ringed crater is 
undoubtedly that of Mare Orientale (Fig. 5). Five 
annular rings can be identified, the diameter nereasing 
roughly by multiples of 4/2. Interpretations of the mode 
of formation of this huge feature are as varied as for any 
other on the lunar surface**-**, One author has taken 
account of the relation between the ring radii. Likening 
the ring system to the train of water waves on a shallow 
layer overlying a rigid base, Van Dorn’? shows that by 
suitable adjustment of the parameters of depth and time 
the spacings can be made compatible with the resulting 
dispersion curve. This proposal that Mare Orientale is a 
“frozen tsunami” suffers from difficulties. The first is 
the r quirement that at a certain moment of time the 
travelling “fluid” wave is at all points simultaneously 
arrested and preserved, when the pressure falls below a 
critical value. Second, it is possible te generate a dis- 
persion curve in several other ways so as to fit the observed 
ring diameters, including that of using gravitationally 
affected Love and Rayleigh waves for differing solid hiner 
models, Finally, there would appear to be no good rease 
for neglecting the possibility of a sixth or possibly seventh 
ring with smaller amplitudes and larger radi, but not 
detectable in the photographs of Orbiter TV. 

The annular pattern of nodes produced on a free 





























COMPARATIVE GEOLOGY AND SELENOCHRONOLOGY 
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vibrating circular disk with isotropie non-dispersive 
properties consists of equispaced rings (Fig. 4b). Rings 
of geometrically increasing or deere ing radii can be 
created, however, on a disk which tapers either to the 
centre or the edge (Fig. 4d), in a manner analogous to the 
standing waves of differing wavelength on a string of 
linearly changing mass per unit length (as in a whip). 
Following impact, or eruption, the lunar surface in the 
Immediate environment of the focal point would be 
subjected to a violent pressure and temperature “spike” 
which, except for the scale of the disturbance, would be 
much like that produced when a fast moving heavy 
charged particle enters a crystal’. This disturbance 
would spread radially, the amplitude falling in proportion 
to the reciprocal of the radius vector, and like Van Dorn 
we can conceive of a fluid-like behaviour. At inereasing 
radu, however, the medium would be progressively more 
viscous and finally truly solid. Ef the distance l over 
which this “phase change” took place was comparable 
with or less than the wavelength of the distance at that 
adius, thon the standing-wave-ratio would be sufficient 
to permit constructive interference of stationary waves of 
smoothly varying length, though leakage of energy to the 
remaining solid globe would undoubtedly occur, 

Again there is a clear difference between this proposal 
that standing annular moonquakes of local character can 
be established, and alternative suggestions involving 
features of collapse. Yet there dors not appear to be any 
good reason why stationary waves immediately after the 
event could not layer the concentric pattern of tectonic 
fractures for more quiescent exploitation during longer and 
less violent periods of lunar time. 

We suggest that the selenomorphology of many of 
the observed features on the surface of our satellite is 
due to standing moonquakes established after either 
planetesimal impact or violent eruption. In local terms, 
this “ringing” of the Moon gives rise to radial and con- 
centric patterns in the immediate environment of a crater, 
For total global oscillation the reshaping of older craters 
and the production of tectonic features lying on a lunar 
grid take place over extensive periods of selenological 
time. These processes do not replace others whieh occur 
































a f: 








b d 
Fig. 4. Chladni figures for a uniformiy thick disk consisting of rays (a), 
concentric rings (b) or a mixture of the two (c). For a disk which tapers 





toward the centre G2}, the rings have progressively increasing radii 
(compare Fig. 3}, 
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Orbiter IV photographs of the great Mare Orientale near the 
terminator shows prominent concentric rings, 


Fig. 5. 


simultaneously, such as conveetion®, tidel flow and crustal 
collapse, but should be accounted for in any effort to 
understand the long and complex nature of lunar history. 

In a separate communication”? we consider sources of 
energy and discuss the origin of the symmetry of global 
vibration due to impact, relative to the distorted shape of 
a nearby Moon, to behaviour of the bound Earth- Moon 
system in a gravitational dipole and to “nesting” of areal 
crater density contours, 

We thank the staff of the North American Rockwell 
Seience Center library for their assistance in making a 
full literature survey of the physies of the Moon. 

Note added in proof, Recent results of R. A. Wells 
(Geophys. J. Roy. Astron. Soc., 17, 209; 1969) show that 
the canals of Mars fall on a global grid system essentially 
similar to that of the Moon. Coupled with Mariner 
observations of Martian polygonal craters, this strongly 
suggests a similar origin for both sets of surface features. 
We support the hypothesis of N. A, Barrieelli and R. 
Metcalfe (Icarus, 10, 144; 1969) that the Moon, slowly 
increasing its distance from Earth, has cleaned up the 
skies at all distances between its original and present 
orbits. It is a well known feature of a major satellite 
system (for example, Jupiter and Saturn) that only a 
portion of the moons, namely those closest to the mother 
planet, rotate in the equatorial plane, while external moons 
show very great inclinations and may even be retrograde. 
This would lead one to expect that the most recent 
satellite impacts are often those located at the greatest 
distance from the Moon's equator. Such impacts would 
preferentially establish the global modes of vibration 
we have described, and would be in keeping with the 
observed distribution of numbers of craters and with their 
distribution in size. 

Mars therefore takes a position in the selar system com- 
parable with that of the Moon and its relation with Earth. 
The proximity of the asteroid belt is also clearly of 
importance. 
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THE various satellite representations of the Earth's gravity 
field portray a quite consistent pattern of mass anomalies, 
and this has stimulated considerable speculation as to 
how the anomalies have arisen. Lee and MacDonaldi? 
suggested that the minima in the satellite-determined 
gravity field correspond to the areas of maximum heat 
flow and vice versa, but Scheffer? pointed out that the 
European distribution of heat flow is such that zones of 
high heat flow correspond to maxima in the geoid. Strange 
and Khant could find no general correlation between 
anomalous gravity and heat flow, except over shield areas 
where low heat-flow values seem to be associated with 
negative gravity anomalies. Kaula? pointed out that, on 
a global seale. correlation between heat flow and the 
variations in gravity do not seem to be significant, 
although there is evidence of an inverse correlation on a 
more local scale. Actually the heat-flow coverage so far 
is not sufficiently dense to study global correlations. 
Vogel® and Egyed’? proposed the association of geoidal 
extrema with ‘undulations in the core-mantle boundary, 
but the suggestion was refuted by Coode and Runcorn’. 
The mathematical possibility of the relation of the core- 
mantle boundary to the low degree harmonics of the 
gravitational potential has, however, been discussed by 
Cook®. 






Anomalous Gravity Field 

For geophysical investigations of a global nature, the 
stresses resulting from the departure of the actual Earth 
from hydrostatic equilibrium become significant particu- 
larly when the long-wavelength components of the 
anomalous gravity field are studied. The use of a refer- 
ence other than the hydrostatic figure fails to take these 
stresses into consideration. Consequently, the anomalous 
gravity vector must be referenced to a figure of zero 
stress for a geophysically meaningful appraisal of the 
anomalous mass distribution of the Earth. The advant- 
ages of adopting the hydrostatic figure as the reference in 
computing the anomalous gravity field are discussed by 
O'Keefe and Kaula™ and Khan}, 





Anomalies in the Earth’s gravity field are probably due to density 
differences in layers below the lithosphere, and agree with the 
tectonic model of sea-floor spreading. 


Fig. 1 shows the gravity anomalies, referred to an 
equilibrium figure with a flattening of 1/29975 (ref. H) 
obtained from Kozai's® zonal and Gaposhkin’s! tesseral 
harmonic coefficients to the eighth degree of harmonic 
representation. The gravity anomalies range from + 34 
mgal (Indonesia) to — 39 mgal (Ross Sea). The possibility 
that these anomalies are related to known or inferred 
features of the Earth is discussed in the folowing sections. 














Lithosphere 

As pointed out by several authors’, the satellite- 
determined gravity anomalies do not have any consistent 
association with topography (Fig. 1), although there 
some. correlation between the two in a limited frequency 
band’, The negative anomalies over Hudson Bay and 
Siberia are at places recently depressed under Pleistocerie 
ice, but other negative anomalies occur at places that 
were never depressed by ice. The gravity anomaly pattern 
has a merely random relationship to sballow-foeus earth- 
quakes (Fig. 2; deeper earthquakes are discussed later), 
as well as to specific seismicity“, heat flow (already noted), 
and aetive volcanoes. The gravity anomalies over late 
Cenozoic voleanic and orogenic regions are generally more 
positive than over adjacent regions, but many exceptions 
oceur (for the long- wavelength harmonics used, a feature 
as small as the Caribbean Are probably would not be 
detected anyway). 

The satellite-derived gravity anomalies show no clear 
association with the continents and ocean basins. Hence 
they do not support the suggestion? that there is a fanda- 
mental difference between the composition and structure 
several hundred kilometres under continents and ocean 
basins. 

Evidence that some continents have drifted apart seems 
overwhelming!*. The model of crustal evolution by 
Hess!7""® proposes that the crust and uppermost mantle 
move as a unit during the spreading of the sea floor. 
Morgan’? proposed that the surface of the Earth consists 
of a number of great blocks, bounded by the ocean ridge 
system where new surface is formed, by trenches or young 
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Fig. 1. Map of gravity anomalies as determined by satellite observations, Sth degree of harmonic representation, and referenced to an 


equilibrium figure of the Earth with a flattening of 1/299-75. 


folded mountains where surface is destroyed, and by 
great faults. These blocks move about relative to one 
another but constitute rigid units in themselves. Morgan" 
and Le Pichon? found support for this hypothesis from 
data on transform faults?! and palaecomagnetism®?.*5, 
Isaacs, Oliver and Sykes* cite seismological evidence in 
its support. 

If the gravity anomalies had their origin in density 
differences within the lithosphere, one might expect the 
negative anomalies to be symmetrical over the ocean 
ridge system, where less dense parts of the mantle sup- 
posedly have recently convected upward. Fig. 2 shows, 
however, that this is not so. Only one anomaly is nearly 
centred over the ridge, and is positive (North Atlantic}. 
In many instances, the zero isogal is close to the ocean 
ridge system, almost as if Maxwell's demon were working 
there, segregating denser material to one side and less 
dense matter to the other. It is difficult to imagine how 
that might happen in the lithosphere. 

From analysis of a model of heat flow, McKenzie? 
concluded that the heat flow and gravity field measured 
at the Earth’s surface probably are controlled by the 
strength and thermal properties of the lithosphere, but 
long-wavelength harmonies of the gravity field are not 
affected by the lithosphere, and may be related to flow in 
the mantle. Kaula’ pointed out that a considerable part 
of the long-wavelength components of the satellite- 
determined gravity field arises from sources in the upper 
mantle. Khan and Woollard® concluded, from an analysis 
of the satellite-determined and surface gravity data over 
the Solomon Islands area, that the satellite-determined 
gravity anomaly does not show any significant relationship 
to topography and is probably related to density distribu- 
tion in the upper mantle. In brief, the available evidence 
does indicate that the long-wavelength components of 
the gravity field originate below the lithosphere. 


Asthenosphere 


Barrell?” proposed the concept of the asthenosphere— 
as an outgrowth of the theory of isostasy—that below the 
lithosphere there must be an Earth-shell that can yield 
readily to stresses of limited magnitude. Recently the 
probability of flow in that part of the mantle, and the 
possible mechanisms involved, have been discussed at 





Contours are 5 mgal, 


length**, Interpretations of geophysical information allow 
some dimensions to be given to the asthenosphere. The 
mantle layer between about 100 and 400 km depth has 
lower viscosity*® and shear velocities®®, and attenuates 
seismic waves*! more than layers above or below. Marked 
increases in gradients of seismic velocities, density, elec- 
trieal conductivity, viscosity and seismic quality factor 
at depths of about 400 km indicate? changes in phase 
(olivine to spinel structure) and in composition (to in- 
creased fayalite content). Press** tested five million 
randomly generated Earth models against the Earth's 
mass, moment of inertia, travel times and free oscillations. 
The six models which tested successfully show a density 
gradient at about 400 km depth that is even higher than 
the standard model. Press** interprets the models as 
compatible with phase and chemical changes below about 
400 km and with lateral heterogeneity above. Though 
these models inhibit mantle-wide convection, they do 
imply unstable conditions in the upper mantle, ` For 
further discussion, we will therefore consider the mantle 
layer above 400 km (see also Tozer) as the astheno- 
sphere, in which rock flows plastically out from under 
folded mountains and trenches toward ridges*t, We 
suggest that this flow pattern gives rise to all or part of 
the satellite-determined anomalous gravity vector. 

Flow in the asthenosphere would not resemble the 
movement of the great blocks of the lithosphere. There 
would be no rigid units, and the flow need not return 
directly opposite (180°) to the direction of movement of 
the surface block above it. Flow at any point depends 
strongly on the geometry of the ridges and trenches at 
the surface. Wilson*® noted that where a given continent 
has a mid-ocean ridge on either side of it, that continent 
remains relatively immobile, and the ridges migrate away 
from the continent. Continents on the far side of the 
ridges will drift from the relatively immobile continent 
at twice the apparent palacomagnetic spreading rate. 
Africa has an active ridge both east and west of it; the 
mid-Atlantic and mid-Indian ridges are shown (Fig. 3) 
as moving away from it. 

Fig. 3 also illustrates that the asthenosphere on one 
side of a moving ridge is filled in from the opposite side 
of the ridge, then becomes immobile relative to the over- 
lying lithosphere and the underlying mesosphere. On the 
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Fig. 2. 


mobile side, the asthenosphere moves ridgeward from the 
trenches at a rate sufficient to supply both halves of the 
spreading lithosphere. Four categories result from extend- 
ing this type of evaluation across the Earth: (1) astheno- 
sphere has not moved during, say, the past several tens of 
millions of years (Africa); (2) asthenosphere has filled in 
behind a moving ridge; (3) asthenosphere is in motion 
toward a ridge; and (4) intermediate and deep-focus 
earthquakes indicate that parts of the lithosphere have 
pierced the asthenosphere. Fig. 4 is a tentative map of 
regions of the asthenosphere. 








Mesosphere 

Except for the Spanish deep shock, deep-focus earth- 
quakes oceur in areas of positive gravity anomalies. 
Isaacs, Oliver and Sykes** interpret. the deep maxima as 
near the front of downgoing slabs of the lithosphere. 

Various writers have suggested that the Earth's surface 
tectonism is related to processes deeper than, say, 400 km 
in the mantle. Runcorn has for years favoured convection 
currents throughout the thickness of the mantle, and 
recently he™ compared the stress pattern calculated from 
the satelite-determined geoid with the pattern of tectonic 
zones. The match of positive anomalies with most 
Tertiary mountains, deep-sea trenches and deep-focus 
earthquakes, that is, the tectonic zones that might be 
caused by falling convection currents, is good. The 
match of negative gravity anomalies to the ocean ridge 
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system is poorer, however, and, sa discussed earlier, 
evidence is accumulating that convection may be unlikely 
in the deep mantle. Van Bemmelen** has proposed that 
differentiation in localized regions of the lower mantle 
gives rise to gigantic warpings, or mega-undulations, of 
the Earth’s surface, and that mega-undulations can be 
studied by gravity determinations from artificial satel- 
lites. There is, however, no correlation between his 
patterns of mega-undulations across the surface of the 
Barth and the actual patterns of satellite gravity. 




















Discussion 
Most of the satellite-determined gra anomalies 
referred to the equilibrium figure of the Earth can be 





correlated to the map of the asthenosphere, Fig. 4. The 
two sections of positive gravity anomalies are the zone 
of deep-focus earthquakes around the Pacific, and the 
region of no movement in the asthenosphere centred 
under Africa. The only other positive anomaly is the 
+16 mgal Line Islands anomaly in mid- Pacific; 
be a remnant of a former tectonic pattern, The n 
anomalies lie chiefly in a band with one edge against 
pan-Africa section and the other against the circum-Pacific 
section. A smaller ring of small anomalies partly sur- 
rounds the Line Islands anomaly. We su that the 
negative anomalies represent that part of the astheno- 
sphere which is in motion. The cool lithosphere sinks 
spontaneously in the areas of trenches and deeper earth- 
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the assumption that new lithosphere is formed along the mid-ocean ridge system. 
Asthenosphere under Africa is assumed to be relatively 
Mass of asthenosphere in motion (marked a) must be sufficient to form two halves of lithosphere, 


5° 8, to show deep structure under New Guinea and New Britain. 
it has an active mid-ocean ridge on both sides. 
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as well as fill in the part of the asthenosphere behind the migrating ridge. The satellite gravity profile is shown over the section, 
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Movements of the asthenosphere, based on the asstunption that material flows from the orogenic belts towards the mid-ocean ridge 

Positive anomalies of satellite gravity are mainly associated with the zones of deep and intermediate-docus earthquakes and young 
added to asthenosphere and mesosphere, and the “tille 
relatively immobile African-Arabian block (diagonal hate ing), 
shown by arrows, and includes most of the negative gravity anomalies. 


-in”’ asthenosphere (dense stipple), 
ral d i: _ Asthenosphere in motion is 
individual anomalies are discussed in the text, and the Atlantic 





anomalies are also described in Fig. 5. 


quakes (Fig. 3). The parts of the mantle displaced would 
be the less viscous and warmest fraction. It would thereby 
be less dense than adjacent mantle material. and would 
flow towards the mid-ocean ridge system. At the site of 
no crustal strength (the last intrusion into the ridge), 
basalt magmas would separate from the mantle, and leave 
behind the more refractory and dense phases that become. 
the “filled-in” asthenosphere. Later adjustment of these 
masses within the Earth would be very slow, because of 
greater viscosity below, say. 400 km. 

By such an interpretation the Siberian negative gravity 
anomaly, for example, would have its source in less dense 
mantle material flowing from the Japanese and Himalayan 
mountain belts toward the Arctic Ocean end of the mid- 
ocean ridge system. The negative anomalies south of 
india and south-west of Australia would represent 
material flowing from the Himalayan and Indonesian 
belts toward the mid-Indian Ocean Ridge. The large Ross 
Sea negative anomaly may be due to flow in the astheno- 
sphere toward the south-west part of the Pacifie-Antarctic 
Ridge; when more palaeomagnetic data are obtained in 
the south-west Indian Ocean and elsewhere in the Southern 
Ocean it may be possible to resolve the movement of the 
Antarctic block relative to the rest of the Barth, 

The Atlantic is shown in more detail in Fig. 5. The 
apparently anomalous position of the +19 mgal anomaly 
nearly on the Ridge may be explained from the history 
of the opening of the Atlantic. The northern third of 
the opening was initially into the Labrador Sea. The 
ridge shifted to its present location (Reykjanes Ridge. 
Iceland, and the Arctic) after the Labrador Sea had 
opened. Perhaps the satellite gravity pattern of the 
North Athintie is a relie from the early Cenozoic. The 
middle third (Azores to equator), representing North 
America’s drift away from Africa, opened independently 
from the southern third, between South America and 
Africa (Pig. 9 and Table 7 of Le Pichon2*). Note in Big. 5 
that the higher spreading rates occur where the anomalies 
have their greatest magnitude. 

Note that in this discussion the position of the mid-ocean 
ridge system is not controlled by the site of the underlying 
limb, but rather by that of no crustal strength!, 











Other features raise questions not yet answerable. Is 
the tongue of mass deficiency that projects south-west 
from the anomaly near Ceylon related to the rifts of East 
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Africa? Can the mid-Pacific +16 mgal anomaly be 
related to the history of the Darwin Rise ? After motions 
and irregularities of the upper mantle are identified, is 
there any residue to be assigned to density differences in 
the lower mantle’ **°? To answer such questions, and 
to test this model more thoroughly, new information is 
needed: (1) a more detailed satellite solution having 
information on shorter wavelength features; (2) regional 
mapping of the depth and seismic properties of the low 
velocity layer in the mantle; and (3) better histories of 
the movement of the great blocks®”)*? of the lithosphere. 

In summary: (1) the most likely source of the gravity 
anomalies is regional differences in the density of the 
asthenosphere and uppermost mesosphere; (2) the evi- 
dence agrees with the tectonic model that explains con- 
tinental drift as a result of sea-floor spreading, and our 
work extends the theory by demonstrating the role of 
the asthenosphere ; (3) lateral ee of mantle 
currents seems to be controlled by the motion of the 
great surface blocks 
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ATP Assay of Terrestrial Soils 
Experiment 
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of soil. 


ADENOSINE triphosphate (ATP), the central molecule of 
bioenergetie reactions, occurs in all terrestrial organisms. 
Oro? and Ponnamparuma® have, however, indicated 
that adenine and adenosine phosphates‘, including ATP, 
also appear in detectable quantity in their non- biological 
syntheses of organic molecules from gas mixtures used as 
models of the primitive atmosphere in the Earth. These 
complex molecules are in addition to the simpler organic 
compounds obtained in the experiments of Miller. Such 
findings help us understand the biochemical evolution of 
ATP on the Earth, and detection of ATP in extraterrestrial 
samples would also be useful in interpreting the course of 
chemical and biological evolution on other planets. We 
are developing a procedure for the extraterrestrial detec- 
tion of ATP. In order to define some of the problems 
associated with the measurement of ATP in soil-like 
material which may be encountered on Mars, for example, 
the ATP content of a variety of soils has been determined. 

This procedure is based on the use of the firefly bio- 
luminescent reaction in which, as described by McElroy 
and his co-workers’, firefly luciferase will himinesce in 
the presence of luciferin, magnesium ion, O, and specifie- 
ally ATP, the amount of light emitted being directly 
proportional to the amount of ATP. With the aid of a 
new system to extract ATP from biological materials, we 
have assayed the ATP content of twenty-five representa- 
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A Test of an Exobiological 


The ATP content of twenty-five terrestrial soil samples was estimated 
by the firefly luciferase assay to range from 8x 10-7 to 1-2 10° agg 
The firefly assay is a feasible tool for exobiological work. 





tive terrestrial soils using the firefly~-luciferase/ATP rm 
tion. The selected soils cover a broad spectrum in terms 
of both chemical i age and biological activity. 
and thus should provide a challenge to the assay sen- 
sitivity and also point out possible inhibitory effects of 
chemical components in the soil. In addition. we assayed 
aerobic mesophyllic bacteria in the soil, We do net 
consider our assays to be complete estimates of sou muero. 
organisms in the samples. 








Assay Procedure 

Efficient extraction of ATP from soils requires reagents 

which will lyse cells. disrupt other organic complexes and 

release ATP chemically bound to soil, but will not destroy 
luciferase activity in the time required for measuring the 
peak luminescence. 

The assay procedure was as follows: 

To 0-5 g of air-dried sieved (2 mim) soil m 10 mi. poly- 
propylene tubes were added 5 mi. of a solution of OO1 M 
N-bromosuccinimide, 0-01 M ethylene  diarnine-tetra- 
acetate (EDTA), and 0-02 M K.AsO, (pH 7-4). After this 
mixture was shaken vigorously for 0-5 h, 10 mg of 
sodium borohydride (NaBH,) was added to neutralize 
the excess N-bromosuccinimide. The mixture was centri- 
fuged at 3,000g for 5 min, and then 0-1 ml. of the resulting 
supernatant was injected into 0-3 ml. of previously pre- 
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Fig. 1. Typical plot of peak photoemission versus ATP concentration. 


pared luciferase mixture and the peak light emission was 
measured, 

The luciferase mixture, a 0-05 M tris, 0-01 M EDTA 
extract of the acetone powder of firefly lanterns (1 g/ 
10 ml.), was partially purified by passing it through a 
‘Sephadex G-100° column eluted with the gis-EDTA 
buffer. Because this procedure removed endogenous 
luciferin, synthetic luciferin prepared according to White 
et al.* was added im 0-02 M MgSO, and 0-05 M tris to the 
enzyme solution beforehand to obtain a final luciferin 
concentration of l mg/ml. 

The soil extract containing ATP was injected into a 
light-tight cuvette assembly holding the enzyme mixture. 
Light emission occurred in front of an RCA 7265 photo- 
multiplier tube. (The other instrumentation consisted of 
a John Flukes model 413 power supply, a General Radio 
model 12304 amplifier, and a Moseley 2D-2 X-Y re- 
corder.) The injection of reagent blanks causes a low-level 
light emission which is not yet understood. This may 
be due to ATP bound to luciferase or other protein in the 
partially purified enzyme mixture; this blank emission 
was subtracted from the soil-extract light response. We 
have demonstrated that standard curves of ATP responses 
are consistently linear, having a constant slope with 
respect: to light emission from 10 to lL ug ATP/ml. (ref. 
10). Fig. 1 is a representative standard curve. 

Reagent blanks and ATP standards were assayed before 
each replication. The instrumentation was calibrated by 
using “C scintillation solutions deseribed by Hastings 
and Weber". The geometry of the scintillation cuvette 
and the reaction cuvettes was the same. 

The bacterial population in 1 g air-dried soil from each 
sample was estimated from cultures on trypticase soy 
agar (Difco) maintained at 35°C. Counts were made 
at 24 and 96 h. 

The samples of soil used in this study came from the 
Soil Survey collection of the US Department of Agricul- 
ture. The samples had been fumigated with methyl 
bromide before shipment to the Soil Survey laboratory ; 
on arrival, they had been air-dried, put through a 2 mm 
sieve, and stored in plastic containers for one or more 
years before their use in our assay. 


Soil ATP Results 


ATP concentrations ranged from 8 x 10- to L3 x 10“! yg 
ATP/g soil (Table 1). The count of viable cells in these soils 

















NATURE, VOL. 223, JULY 19, 1969 


ranged from 4 x 10" to 9-8 x 10° cells per g, a range greater 
than that of the ATP content. Because data from our 
studies with a number of bacterial species have shown 
that the average ATP content is about 10° ug per cell", 
none of the samples contained less ATP than would be 
expected on the basis of their bacterial cell population. 
In fact, if the assumption is made that all of the soil ATP 
was derived from viable bacterial cells, ATP values 
ranging from 6-8 x 10 to 6x 10- ug/cell may be caleu- 
lated. Thus most of the soils contained more ATP than 
can be accounted for on the basis of the viable bacterial 
cell count. Factors which may contribute to this dis- 
crepancy are: the low efficiency of plate counting (usually 
only about l to 10 per cent of direct staining techniques), 
accumulation of ATP in soil as a result of cell death??; or 
contribution of other forms of life to soil ATP, for example, 
vegetation, Insects and so on. 


Table 1. ate AND BACTERIAL CONTENT OF REPRESENTATIVE SOLLS 


ug ATP) Bacteria/g 
















Location pH soil soil 
Agassiz, B.C., Canada 54 25x 10% 
Amherst, Massachusetts 56 45 10°? 
i Bü 20x 10° 

eg 80x 10% 

46 a7 x 107 

6-4 Tx 10 
Columbus, Ohiv TO 28x 10% 3 
Courtenay, B.C., Canada 53 6&7 x 10°* 9-8 
Durban, South Africa 63 2x 107 a 
El Centro, California 6 32x 10° A 
Florence, South Carolina +B 2-0 x 10-7 3O x 
Forks, Washington ri 67x10 ‘Ox 
Hobart, Tasmania 0 1:3 « 10-1 R3 = 10% 
Huancayo, Peru 3 65x 107 32x10 
Jacksonville, Florida 5 20x10 2-6 x 10% 
Muguyu, Kenya “6 7-3 «10% $4 10° 
New Orleans, Louisiana 27x 10-7 29x 10° 
Oahu, Hawaii 20% 10° 8x 10% 
Pt Barrow, Alaska OF x 10% 1-1 x 10° 
Rapid City, Jowa Lix« 10° 20x10 
Reykjavik, Iceland 7x10? O38 x 10% 
Salt Lake City, Utah 49% 10% 99x» 10% 
Santiago, Chile 2-9 16% 68x 16% 
Sequim, Washington $3 x 107 BL» 10° 
Tucson, Arizona 24x 107 L2 x 10° 


While the technique does not provide an accurate index 
of the bacterial population in the conditions used here, it 
is. however, capable of the sensitive detection of ATP in 
a variety of soil types. For instance, Arctic tundra, 
Chilean desert, lateritic and podzolic soils. These results 
thus indicate the feasibility of the ATP assay as a tool in 
exobiological exploration. It is also possible that, with 
further study leading to a better understanding of all 
sources of soil ATP, the technique may prove of value in 
determining the biological activity or biomass in terrestrial 
waters and soils. 

We thank E. Rich, GSFC, for the construction and 
assembly of instruments; C. Tucker (Consultants and 
Designers, Inc.) for technical assistance; and Dr H. H. 
Seliger, Johns Hopkins University, and Dr Freeman H. 
Quimby, Library of Congress. for discussions concerning 
these experiments. 
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SEVERAL minerals in meteorites, particularly feldspars 
and pyroxenes, are excellent detectors for studying’? the 
fossil record of cosmie ray nuclei of charge Z >22. In 
our investigations of the Andura, Arriba, Kapoeta, 
Leighton and St Severin meteorites*-*, we found a few 
crystals with track densities much greater than normal. 
Such track-rich crystals often occur in dark phases of gas- 
rich meteorites. We have studied crystals in Kapoeta. 
Weston and St Mesmin where the excess density of fossil 
tracks, above that due to cosmic ray heavy nuclei during 
their recent exposure histories, is > 10° tracks em-*. Our 
findings are in excellent agreement with those of Pellas 
et al.® (following article). 

We etehed whole samples of gently crushed powders 
and thin sections of predominantly dark phases of 
Kapoeta, St Mesmin and Weston and examined them 
under an optical microseope’4. Most traek recording 
crystals from a given region of meteorite had track 
densities varying within a factor of 2, consistent with 
theoretical expectations', but many crystals had track 
densities up to two orders of magnitude higher. We soon 
found that these high density crystals could be picked out 
by their appearance as snowballs, having a perforated 
white surface, under stereo-optical examination. A large 
number of such crystals were mounted in epoxy-resin®, 
ground in steps of 10-30 microns, and re-etched. Track 
densities were measured at different stages; regions of 
high track densities (= 10° em-*) were usually measured 
after 60-70 per cent normal etch. Track counts are 
reliable for values <7x 107 em and are uncertain by 
20-40 per cent for values of (1-2) x 10° cm. 

Data on several track rich pyroxenes are summarized 
in Tables 1 and 2 for thin sections and picked crystals 
respectively. A large number of small crystals (< 100 


Table 1. 


Approximate 
Meteorite Crystal cross-section 
(code No.) number (microns) 
Kapoetat (A) KAPA-L 700 x 375 (rectangular) 
Kapoeta (G) KAPG-L 320 x 200 (trapezoidal) i 4 
Kapoeta (A) KAPA-2a 360 x 120 (rectangular) 
i i KAPA-2b 160 x 110 (rectangular) None 
“y KAPA-2¢ 120 x 80 (trapezoidal) 
ii 4 KAPA-3 80 x 55 (trapezoidal) 
at edges 
Weston W- 100 x 55 (rectangular) None 


Surfaces having track densities 
>8 x10 em, when crystal was 
first examined 


Top surface and all edges 


Crystal was heavily eroded at edges ua 


Top surface and edges 
No clear evidence of higher track density 


Fossil tracks in several silicate crystals present in the dark phases 
of gas-rich meteorites (Kapoeta and others) show that they were 
irradiated at low temperatures as individuals in a very low density 
atmosphere by corpuscular radiation of cosmic composition. 


microns) were found in Kapoeta, Weston and St Mesmin. 
In Weston, three chondrules having high track densities 
were seen, but have not been studied. 

In all the crystals, values >10% cm? occur only m the 
first 10 microns. (Fig. 1 shows the high track density edge 
in KAPA-1.) The distribution of track densities at the 
viewing surfaces varied from crystal to crystal, In some 
cases the track densities were nearly uniform (within a 
factor of 2) at >10% cem, After grinding and re-etching 
successively, track densities at the edges rernained high, 
while in central regions the values quickly dropped to 
(1-3) x 107 em- within 30-50 microns (see Tables 1 and 2). 

The observed variations in “excess” track densities in 
traverses normal to the high density edges are shown in 
Fig. 2. The normal track densities in Kapoeta crystals 
are between 8x 10° and 2x 10° em”, as expected, due to 
galactic cosmic ray iron nuclei during its last radiation 
history?-4 (exposure age of Kapoeta? = 3 m.y.) 

We examined the total recordable ranges of tracks of 
< 20 microns length by the TINT method? (at distances 
> 50 microns from the high track density edges). Among a 
total of forty-eight TINTS twenty-five have lengths in the 
10-13 mieron interval, with a peak at ~ 11 microns. We 
also measured “part” lengths of long tracks after removal of 
a top layer? of ~ 10 microns. In an area of 6-3 « 1074 em? 
from regions of track density (2-5) x 107 em, we found 
twenty-eight tracks of length exceeding 30 microns. Ten 
of these are longer than 50 microns with one track of 90 
microns. 

















Interpretation 

The excess of tracks up to depths of ~ 250 microns 
within the track-rich erystals excludes the possibility that 
the tracks are due to fission of any U (and Pu) present at 


DETAILS OF TRACK-RICH CRYSTALS IN THIN-SECTION STUDIES 


Observations on track densities (em*}? 
Ata distance of 25 
microns from edges In central regions 
~9x« LOT CS) 


~ 10° CS) 


8x 107 (8) 


ax ISh 4-6 « LD, 
7 x 107 (45), 1-8 x 10? (89) 


3:5 « 10? (8) 
Trix 10? OS} 
6-5 «107 (8) 

7 LO" (8) 


” 


Tix 107 (8) 
Over-etched 
7x 10? (8) 


3% 107 (5) 3 * 10° (8) 


* Numbers within parentheses refer to the depths in microns below the first sean surface of the crystal; measurements maido at this surface are labelled 


by (8). 


+ Track density profiles were measured at depths of 9, 35, 60 and 107 microns from the first geen surface. 
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Meteorite 
teode No) 


Kapoeta (G) 
Kapoeta (A) 


” s 





Weston 
Kapoeta (A) 
” 


Kapoeta (G) 
Kapoeta (C) 
Kapoeta (A) 


Kapoeta (E) 
Weston 


* "TP. indicates that track density profiles were done, Numbers in parentheses refer to fhe depths in microns below the frst seen surface af 


Table 2. 


Crystal 

minber 
KAPG-4 
KAPG-2 
KAPA-G 
KALR-6 
KWAPA-15 
KAPA-Ja 


KAPA-7h 


KALR-15a 
WE-5 


KAPA-IG 


KAPA-I4 


KALR-15b 


KGR-L 
KER-1 
KAR 


KER-2 
WE-4 


DETAILS OF TRACK-RICH CRYSTALS (ALL ARE PYRONEN 


Ap roximate 





nie rons) 


800 x 400 (reetangular) 
800 x 875 (rectangular) 
700 x 450 (rectangular) 
600 x 600 (square) 

480 x 400 (rectangular) 
425 x 160 (elliptical) 
300 x 300 Crapegoidal) 
420 x 210 (rectangular) 
320 x 160 (reetangular) 


280 x 280 (aquare) 

280 x 160 (trapezoidal) 
280 x 120 (rectangular) 
240 x 160 (rectangular) 
240 x 90 (rectangular) 


173 x 150 (rvetangular) 


155x 120 (rectangular) 
Two crystals of 30 x 40 
microns 


measurements made at this surface are labelled (S), 


the grain boundaries, 


within the silicate crystals is clearly negligible. The peak because of the decrea 
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oS, EXCEPT FOR RAPA-15, WHICH IS 4A FELDSPAR) 


Observations on track densities Gam: 























Surfaces of track densities At 25 mierons fn central General 
>&« 10? emt frora edges regions remarks® 
AY edges See ext See text PL OS. 28, 60) 
ALL edges As oy PL OS, 50) 
Two edges 10 baw 10? LPs 
None (crystal appears fragmented) 4x 108 (S. 30) +x 108 (8, 30) 
A; P Ss ni BS ~ 10% ( fib 108 (8) ue 
Surface and all edges ~ OSS ~ HS) 
© . o p» Sew Lent See text T.P, (8. 37, 65) 
Three edges (fourth edge fragmented) Begs 107 box rar T.P. (5, 1 
Surface and all edges we x TOTS, 85) s 8 ON, 85) Crystal thickness 
only 60 microns 
Surface and three edges Sx x 107 (8) YLP. OS. 304 
nx 10° (30) 
Surface and al edges (one edge partly Tx 10" (S) Tx LO OS) ILP. (HW 
fragmented) Sax FO? (100) Tex HF C100) 
Surface and all edges ~ 10t CS} ~ 108 CS) 
fx 10 C16) Se 10°C) 
One edge Sox TOP OS) d x 10° (8) = 
Surface and all edges ~ 10° OS) 456% 107 (Ss) 
All edges ~ 108 @S) ~ 108 OS) 
~ TO (10) thx POP (10) 
Fragmented crystal 23x LO S) Sri 
Surface and all edges ~ 10° (N) ~ 10° (8) 








The contribution due to U (and Pu) with depth within the erystal aud this is also expected 


e in the rate of energy loss for iron 





at ~ lL microns indicates that excess tracks are chiefly due nuclei at greater depths. 


to iron nuclei?. 


Longer tracks indicate that nuclei of We Have 
Z >45 have indeed been recorded, 








ealeulated the expected track densities in 


The ratio of surface spherical micrometeorites for a variety of spectral forms 


tracks of length > 30 microns to the totalis ~ 10-4, which of the radiation! tt», Pig. 3 is an illustration of the 
is of the samme order ¢ 


meteorit 





18 that observed in Patwar and other  ecaleulations for an arbitrary flux power-law kinetic energy 
23, (The total abundance of cobalt. nickel and spe 


rum, For depths >10 microns, the surface track 





heavier nuclei relative to all nuclei recorded is found to be densities (number em-*) are obtained by multiply ing the 
} P 


O-1, based on leng 





th distribution o 





Considering the large gradients in tra 


distance 





T tracks.) ordinate by 11 x 10-4 em, the recordable range Of iron. At 


densities over smaller depths the fact that iron ions of ioe energy will 


s of the order of tens of microns, T identification register tracks of <LI microns le ngth has to be considered. 
of recorded nuclei with iron group and heavier nuclei and All measur 
the fact that track densities (and gradients} are symmetrie with the two spectral forms conside 


ements in Kapoeta ery 





als are in agreement 


dG) d N= KE dE 





(Fig. 2), the inescapable conclusion seems to be that the and (uj) dN = K exp (~R/R,) dR, with values of y ran ging 
high track density crystals were exposed to low energy between 1-0 and L4 and of Ry between 200 and 300 MV. 
corpuscular radiation (iron nuclei of <30 MeV/nucleon®). Æ and R refer to kinetic energy (MeV nucleon and 
Tron nuelei register tracks of ~ 11 microns in pyroxenes rigidity (MV) respectively. Lirnited measurements on 


corresponding to the energy interval, 
nucleon! (refs. 


low energy cosmic rays. 








3 and 


~i 





5= 21 MeV Weston are not inconsistent with this deduction. (We 





9), ‘and large gradients in track have fitted the experimental data for depths > 20 microns. 
density would also be expected in the case of irradiation by Spectra of the types considered give a good fit down to 


The gradients rapidly decrease 5-10 microns, but this may be fortuitous considering an 


error of about 5 microns in estimating depths from the 
original surface, due to chemical erosion/powdering.) The 
corresponding deduced integrated values of flux of 
Z> 22 nuclei of >1 MeV nucleon“! are (25 
and (I4 02)x 10 nucle em? surface (for 2r 
respectiv ely. 

We can try to deduce the time of exposure of track- 
rich erystals on the basis of plausible values for the flux 
of galactic or solar flare cosmic rays Which have spectra 
of types (i) and (ii) respectively?#!, For the meteorite 
orbit of St Severin, the 11 m.y. averaged flux of iron- 
group nuclei continues with a y value of around 2-0 down 
to energies of 250 MeV nucleon (ref. 4). Radiochemical 
studies of St Severin indicate’? a much higher flux of low 
energy protons than near Earth. Guided by this and 
attempts’? to demodulate galactic spectra at Barth. we 
assume that the spectrum continues up to about 100 MeV 
nucleon with the same power law. Using this extra- 
polated value for normalizing the y=1-2+0-2 spectral 




















‘ig. 1. ‘Tracks in a pyroxene crystal from dark phases of Kapoeta ms A ' ile ele iat “of f 
n tal KAPA The edge ot high track density is indicated be the form deduced for the radiation incident on crystals. we 
arrows: gradients In track densities can be clearly seen. This erystal obtain for the time of exposure a value of (2-7 + 0-6) x 108 yr. 
was prohably exposed in space as a micrometeorite, discussed in the 


text. 


(Field of view is about 150 x 100 microns.) In the case of solar ts 





© spectra, we have adopted best 
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520 540 560 580 600 620 


Notice change in scale 
Distance in microns 


Fig. 2. 


in the schematic drawing of the erystal (not drawn to scale). 


Observed variation in surface track densities in KAPA-1 along certain traverses marked 


The statistical errors in track 


densities are 10-15 per cent. 


estimated values!® for the mean flux of solar cosmic ray 
nuclei, guided by data from flare events in solar cycle 19. 
We estimate the time of exposure to be (1-5 + 0-3) x 104 yr. 

It is difficult to ascribe the particle fluxes to either 
galactic or solar cosmic rays, because in both cases the 
deduced spectral form is flatter than that observed near 
Earth. The results may refer to solar cosmic ray spectra 
during the early history of the Sun when it was very 
active. On the other hand. the intensity of the persistent 
low energy group of particles observed near Earth in the 
1-20 MeV region may be considerably higher in space at 
>2-4 AU and may have a spectral form of the type 
deduced (y~ 1-2), if solar modulation is not constant over 
this energy interval. These low energy particles may be 
the result of a steady state overall production of stellar 
cosmic rays from 10t suns in our galaxy, as we would like 
to suggest here. 

The irradiation could have occurred when the crystals 
were gravitationally floating in space or on the surface of 
a parent body. We favour the first hypothesis because 
most crystals seem to have been irradiated equally on all 
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Stopping nuete 
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R500 u. Y:1:5 4 





l Ral v2 2 o H 
poèt L 4 oe hi ji a. ito: | 
100 200 300 400 500 


Depth in microns 


Fig. 38. The calculated depth dependence along a radial line in the 

number of stopping iron nuclei, for EY type differential kinetic energy 

spectra, for values of y= 1:5 and 2-0 and crystal radii, R= 100 microns, 

500 microns and infini The flux is arbitrary, > 100 MeV nucleon-! = 
den arty 





sides. In either case. the shielding of the crystals should 
be <10- g em~, considering the observed track gradients 
(Fig. 2). At the time of irradiation. the crystals must 
have cooled down to T<500° K or so to preserve the 
tracks. 

Our observations and those of Pellas ef alë lead to 
interesting deductions. (1) A good fraction of the gas 
in the dark phases of some meteorites is derived (our 
unpublished result) from exposure to corpuscular radiation 
of cosmie composition which has not been modified by 
nuclear interactions with matter; a part of the gas 
may be due to solar-wind bombardment'***. 1 The 
implanted cosmic elements (for example. rare gases, “1) 
can be selectively extracted from the radiation damaged 
material by mild treatment with NaOH or acids. (3) On 
the lunar surface (and in deeper regions due to mixing by 
convection of matter, referred to usually as ‘“gardening”’). 
silicate erystals having high fossil track densities (due to 
galactic and solar particle irradiation) should be found. 
The track data should provide an estimate of the rate of 
“gardening of the lunar surface. Cosmic dust accreted 
by the Moon will have a high fossil track density due to its 
irradiation by galactic and solar low energy particles’. 

We thank Dr A, Widatalla. Dr A. H. Ishag and Dr P. 
Pellas for samples and discussions. We also thank 
Professor K. Fredriksson, Professor R. O. Pepin, Mr A. $. 
Tamhane and Mr V. S. Venkatavaradan for discussions. 
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Primitive Low-energy Particle Irradiation of Meteoritic Crystals 
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WE have used the track method?!, with some modifications, 
to study pyroxene and feldspar crystals from dark and 
light parts of a number of metoorites?, namely, some 
achondrites (howardites) and chondrites belonging to 
different C. H, L and LL groups. With the exception of 
the carbonaceous chondrites Mi thei and Renazzo, all 
specimens show the characteristic dark light structure: 
some are gas-rich and others are not. Because the track 
densities per em? were sometimes found to exceed the limit 
of optical microscopy (x 108 em-2) we used a scanning 
electron microscope (Stereoscan Mk IT, Cambridge 
Instrument Co. Ltd), which can deal with track densities 
as great as 3x 10° cm-*, a limit never reached in our sur- 
vey. The usual etching method was often too destructive 
of the irradiated surfaces, so under-etching gave much 
better results. 

Some of the results for dark portions are presented in 
Table 1 and in Figs. 1, 2 and 3. A few interest ing points 
are: (a) track densities are by far the highest ever 
observed in meteoritic crystals (pyroxenes) ; (6) cross- 
sections of these crystals show a gradient of track densities 
decreasing from surface to centre (Figs. 4 and 5); (c) some 
chondrules seem to have been highly irradiated (Fig. 1); 
(d) no track-density gradient. has so far been found in 
feldspars; (e) irradiated pyroxenes frequently appear as 
euhedral crystals; (f) pyroxenes in dark portions are 
unequilibrated (that is, etching time for track revelation 

















Table 1. 


Fig. 1, 
tracks appear as holes In the ¢ 
The track density is app 





TMPV TONEY 


SOME RESULTS FOR DARK PORTIONS OF METEORITES 








Observations of large track densities (~ 10° cm?) produced by 
iron-group nuclei at the surface of certain crystals and chondrules 
in the dark parts of gas-rich meteorites. 


An early solar origin of 
these particles is inferred. 





af 


Surface of a chondrule from Weston-dark. The under-etched 
fraction of the chondrule, 
roximately 10% emt, 


x 7,025, 


4Hep* Highest track density 
Meteorite Sample Source Type 10°* em? HN ep Nep measured in dark 
number (STP gt parts (10° cm?) 
Renazzo 719 Dr Kraut C2 6-8 (ref. 7) TO (ref, 7) 
Mighei 67 ie 88 2 3-96 (ref, 8) 7 (ref. 8) 
Mokoia-D 1 464 oe C2 81-2--96-3 (ref, 8) 127-130 (ref. 8) 2-5 (eam) + 
Assam-D HBS ia as L m we >1 (om)t 
Douar-Mghila-D 1 650 von LL 1289 0 0-04 ¢ 
Fayetteville-D 327-1 Professor ©, B, Moore? H 700~2,250 (ref. 6) 12-126 (ref. 6) 8&7 (esm) 
2 058 b Professor P, Signert 
St-Mesmin-D 368 Dr Krauts LL 80-9 (ref. 9) Te (ref 9) > 1 (om) 
Weston-D -3 i ca H 320 § 11-6 (esm) 
men ik $ 10 (chondrule} 
Fodzie-D 1 000 Hie MH Howardite 124:8-214 (ref, 18) 12-6-42-7 (ref. 18) > 3 (esm) 
Kapoeta-D 16 Professor Lald a + 214 (ref. 19) 12-7 (ref, 19) 6-3 (esm) 
1 946,140 Dr Hey 


* Note that ‘He concentrations are measured in samples different to those used by us. 


t esm: electron scanning microscopy; om: optical microscopy. 


t Track density produced by galactic exposure age at the sample location. 


{ Muller and Zahringer at the International Symposium on Meteorite Research, Vienna, 1968. 
$ Rieder and Wanke at the International Symposium on Meteorite Research, Vienna, 1968. 


a Muséum National d'Histoire Naturelle, Paris. 
è Arizona State University, Tempe. 


e Institut für Kristallographie, Eldgennossische Technische Hochschule, Zurich. 


d Tata Institute of Fundamental Research, Bombay. 
* British Museum (Natural History), London. 
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can vary greatly from one crystal to another of the same 
mineral phase and is a function of iron content)”. 


Track Densities Interpreted 

We rejected in the following way the remote pos i \ 
that the track densities are due to a surface concentration 
of figsionable atoms. Dark fragments of Kapoeta, Weston 
and Favetteville were submitted to a flux of thermal 
neutrons (x L7x 108 em“) after track-annealing at a 
temperature of 800° C for one hour. randomly distributed 
induced fission clusters were observed in chnopyroxenes 
bat not in orthopyroxenes. Furthermore, there was no 
space correlation between the induced fissions and the 
track gradients. The measured uranium concentrations 
were 2045 x 10° g g-t for the clinopyroxenes and QT to 
5x 10" g gt for the orthopyroxenes in Kapoeta. 











2. Cross-section of a clinopyroxene crystal from Weston-dark. 
Tu this over-etched crystal some oblique tracks appear with their partial 


Fig. 2. 


The great deterioration of the high track density external 
surface and the rough gradient can be observed. x 1,500. 


length. 


We believe we are observing tracks left by iron-group 
nuclei, on the grounds of measures of the track lengths at 
varying depths in the crystals, in normal etching condi- 
tions. Most of the largest tracks range up to 10-12 
microns. and these values are typical of iron nuclei’. 
There is a small component with track lengths up to 
15-25 microns which can be attributed to cobalt and 
nickel nuclei*. 

Tt seems from Table 1 that large track densities, large 
tHe concentration and high *Ne/#Ne ratios’ are 
rather well correlated, independently of the petrographic 
nature of the meteorites in which they are found. No 
strongly irradiated crystals were found in Renazzo, 
Mighei and Douar Mghila, all known to be low in light 
gases (refs. 7 and 8, and Muller and Zabringer at the 
International Symposium on Meteorite Research, Vienna, 
1968). We therefore predict that Assam, which con- 
tains heavily irradiated crystals, should be a gas-rich 
meteorite. 

The four meteorites in Table 2 have been studied in 
more detail. Because the track densities in the light 
portions are independent of depth within a single crystal, 
we assign them to the iron group nuclei of high energy 
galactic cosmic rays'. In Figs. 4 and 5 the number of 
tracks p (d) versus depth d is plotted for two erystals from 
dark portions of Jodzie and Kapoeta. The curves show 














BR 
~i 
io 












i 


Fig, 3. Inner section of an orthopyroxene er ratal from 

The longest track is «7 microns long. Track 

x 8,625, (Stereosean pictures by J. P. Bossy, Laborato 
du Muséum.) 


roughly a power law behaviour: (dj) X d with ws 1-O 
to 1-5. The range-energy relationship for iron in such 
crystals” is approximately given by 

R~8E (MeV nucleon) for 1<#< 15 MeV nucleon? 


where R is the range in microns. Most of the trac 
observed are from particles in the energy range 0-5-6 
MeV nucleon”! (ref. 11). The differential energy spectrum 
is well represented by ọ(E) a YE with y~ LO to 2-0. The 
time and energy integrated flux is @~ 10° particles em”. 
Because of the observed euhedral shape of the crystals 
the occurrence of a strong erosion process on these crystals 
can probably be ruled out. Hence the value of ® given 
here probably represents the totality of the irradiation 
flux. 

Some information about the physical state of the 
system at the moment of irradiation can be obtained 
through the following argument. Straightforward caleula- 
tions show that if a particle flux with a decreasing energy 
spectrum enters a medium, the spectrum will gre Jually 
flatten out. Inversely, if a decreasing energy spectrum 
is observed after an unknown distance in a mediun 
upper limit can be given to this distance. In this case 
seems that the particles did not traverse enough matter 
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ee 


2x 108 
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Track density o G} em? 
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Depth in microns é (9) 


Fig. 4. Histogram of the track density versus depth in a crystal from 
Jodzie-dark after subtraction of the galactic component of cosmic rays as 
measured in Haht parte of feldapars. 
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Fig. 5. 


Track-density profile across a 101 microns thick crystal from Kapoeta-dark. (4) and 


(B) denote respectively the left and right side. The weak high-energy galactic compo! : 
(~ 3x 10° cm?) has been subtracted. ven 38 pene 


Table 2. DETAILED STUDIES OF FOUR METEORITES 
Track density 


in light parts Highest. 


Meteorite K-Ar ages Exposure age (recent galactic track density 
in 10° yr in 10° yr eomponent)* in dark parts 
(108 emo?) (108 em?) 
Fayetteville D 46 (ref. 19) 870 
4-5 (ref. 19) 23 (ref. 20) 2-10 
Weston D pa 30 7 1 160 
L = — 1-03 
Jodzic D = > 300 
L oon 8 (ref. 18) ALO 
Kapoeta D 4:2 (ref, 19) 630 
L = 2-3 (ref, 18) O84 


* Values listed underneath include a slight fission component (£ 10° emr’). 
+ Unpnblished work of Eugster, Eberhardt and Geiss. 


to stop an iron nucleus of ~10 MeV nucleon” in their 
travel between source and crystals. The corresponding 
thickness is about ~5 mg cm? of hydrogen or ~ 30 mg 
em? of stony material. From similar theoretical con- 
siderations we conclude that the energy exponent y at 
the source was at least one. 


Astrophysical Implications 

The tracks show that the irradiated crystals and 
chondrules of the dark parts most probably existed in a 
dispersed state in the solar system before they were 
embedded in the relatively large bodies in which they are 
found. The irradiating particles were most likely of solar 
origin. Although we are now aware of the existence of an 
important low-energy component of galactic cosmic rays, 
with a decreasing energy spectrum, the solar component 
of MeV-iron nuclei in the asteroidal belt must. be today 
about one hundred times stronger than the equivalent, 
galactic component. For several reasons? we expect 
this ratio to have been higher in the distant past. The 
observation of a decreasing (1/E to 1/Æ*) MeV spectrum 
in the low MeV range suggests that the irradiation took 
place at a time when the inner solar system was highly 
depleted of gas and dust. The matter thickness in the 
inner solar system must have been less than a few to a 
few tens of mg em~*, 

The solar system is likely to have started as a primitive 
nebula of gas and dust with typical “universal” abun- 
dances (similar to the present solar photosphere). The 
evolution of this nebula must have involved an escape 
of the light gases (in particular H, He and most of the 
CNO) from the inner solar system, and a condensation 
(and aceretion) of the non-volatile elements. The 
previous remarks on the spectral shape imply then that 
the crystal irradiation took place after the escape of the 








largest fraction of the light gases. and probably after the 
accretion of most of the solid bodies, as otherwise too much 
matter thickness would be present in space. Further- 
more, the medium must have been rather cold (< 550° K), 
otherwise the tracks should have disappeared. 

Finally, in view of the fair correlation between the 
presence of high concentrations of light noble gases and 
the occurrence of high-track densities, it seems reasonable 
to assume that the injection of these gases and the irradia- 
tion by MeV iron oceurred simultaneously by thé effect 
of solar energetic particles, A spectrum extending from 
keV to MeV energies can be inferred safely (and has been 
already postulated by Eberhardt ef al) producing a 
deeper penetration and thereby easing the problem of 
gas retention. 

Similar work has been dene by Lal and Rajan (preced- 
ing article), and their results are in good agreement with 
ours. 

We thank Professor R. Laffitte for providing experi- 
mental facilities, Drs Hey. Kraut, Lal, Moore and 
Signer for meteorite samples; Drs Anders, Bernas. Craig, 
Gradsztajn, Lal, Maurette, Rajan, Signer, Wasserburg 
and Wlotzka for discussions, and Dr Christophe-Michel 
Levy for help with the petrography. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Proof of Volcano-Tectonic Origin 
of Mare Terrain on the Moon 


Oxs of the Apollo 8 series of photographs, covering the 
Cauchy Fault, Crater and Scarp area of the lunar surface 
(Fig. 1). shows a pattern of faulting that is virtually 
identical with the uppermost Pleistocene-~Holocene “grid” 
or “tonehe-de-piano” (keyboard) faulting in the Baringo 
seetor of the Rift Valley in Kenya (Fig. 2). (Gregory has 
compared this faulting with the platforms at Clapham 
Junetion station?!) It is not just the step effect that is 
similare-the persistence of a master trace with branching 
traces fading out. the passage into en echelon conformation 
at one end and into monoclinal flexuring near the other, 
the erescentic steps with the convex curve towards the 
downthrow side. the cross-over effects, the close-spacmg 
of the faults forming narrow ledges——all these are shared 
characteristies with the rift valley fault structures on 
the south-eastern slopes of Silali Voleano*. The Cauchy 
Scarp is actually the more perfect fault zone structure of 
the two. and it clearly involves gravity faulting on very 
steep fault surfaces, just like the rift valley faulting (the 
surfaces are close to vertical in most cases). 

The trace of the Cauchy Fault behind the crater repeats 
the peculiar pattern-~almost ogival—of the fault net- 
works in the Lake Hannington area to the south of Lake 
Baringo”. There we find a succession of fault scarps made 
up of a number of short curved fault traces, convex to the 
downthrow side, forming T-shaped intersections with 
one another. 

The rift valley faults are unquestionably voleano~ 
tectonic where they form these complex grid patterns. 
In some instances the extent of the fault network co- 
incides almost exactly with the limits of lava plateaux, 
the produet of fissure controlled outwelling just before the 
faulting. This type of faulting seems to be a post-eruptive 
adjustment immediately subsequent to the relaxation of 
syneruptive distensive stress, Because the Silali results are 
as yet only published in summary formë, T illustrate in 
Fig. 2 a typical section of the closely spaced grid for 
comparison with Fig. 1. 

Some of the Silali scarps show alignments of regularly 
spaced blowhole craterlets, clearly visible in Fig. 2. I 
believe that the Apollo 8 photograph can only be inter- 
preted as evidence of a lack of material emission associated 
with the endogenous vuleanicity. The lack of obscuration 
of the Cauchy Searp right up to the rim of the small 
crater that straddles it reveals that nothing material ever 
came out of the crater except gas. This relationship (see 
ref. 4) is incompatible with voleanic cratering of the 
familiar terrestrial type and with impact explosion crater- 
ing. Some sort of blowhole effect, of a quiet nature, must 
be responsible. The photograph suggests to me that the 
hypothesis’ of a largely gaseous volcanic emission, accom- 
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panied by sublimation and so on, may prove to be not ao 
wide of the mark. The focally poeked “biseuit-dome” 
below the scarp in Fig. 1 is consistent with gas-activated 
tumescence and focal blowhole relief. without significant 
material emission other than gas and material acerued 
from the gas phase (plus. possibly. a timated amount of 


detritus brought up with the gas and eroded by it). 
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chy Crater, Fault tu 
A photograph by Wi 


p (lower). 
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The faults traverse and are contained within an area 
of slightly sunken terrain between vestigial remnants of 
an older eratered terrain, The faults are clearly part and 
parcel of the subsidence, as are the rift valley faults. The 
older terrain has apparently been converted to a smoother, 
darker mare terrain, not by surface flooding of lava flows 
but by an intimate penetration through blowholes by 
uprising voleanic gas. A thin veneer of transformed 
material and detritus, possibly welded together by sub- 
limates, seems to be the true nature of the material that 
obscures the older cratering. Further evidence is the 
way in which the vestigial craters seem to “slide beneath” 
the mare surface. 

The formation of maria from older cratered terrain. is 
thus apparently a process of “weathering from within” 
accompanying a rift valley type of anoragenic, volcano- 
tectonic regime of distension and subsidence. There is 
nothing in the photograph to indicate mare flooding by 
lava flows, and much evidence to discount tf as an operative 
process. The fact that the Cauchy Fault has a double 
trace, and such double traces clearly have a median sag 
indicating that they are open fracture structures, points 
to the fact that with such a gaseous form of voleanicity 
open fractures would not be filled by feeder dykes, as on 
Earth, but would remain wide gas-conduits. The uprise 
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Fig. 2. Air photograph of the fault scarps on the south-east slope of Silali Volcano, Baringo district. 
high. 
Tolworth, 


area roughly four miles across and the scarps are up to 200 
Surveys, 





of the voleanic gas is probably the agent responsible for 
the soil-like surface material, not an cxogenous weathering 
agency. As well as through the blowhole craters, it prob- 
ably rose through the pores of the ae surface covering. 
J. H. McCain 


University of Western Australia 
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Measurements of Radioactivity in the 


Meteorite of April 25, 1969 


Two fragments of the meteorite of April 25, 1969 (ref. 1), 
have been examined by scintillation spectrometry for 
gamma-ray emission. The first (weight 231 g, loaned by 
Mr A. D. Andrews of Armagh Observatory) was placed 
between two NaI(Tl) seintillation counters, 15 em in 
diameter and 9 em thick, at a separation of +6 em. 





Sounting was started 115 h after the fall and a rate of 


102 ¢.p.m. was observed above a background of 1,293 
¢.pam.; the gamma-ray spectrum showed that the response 
was confined to the region below 3-15 MeV. Despite the 
low activity, seven peaks were apparent at 0-511, 0-66, 


0-84, 1-02, 1-28, 1:46 and 1-81 MeV, and these were 
attributed to annihilation radiation, caesium-137, man- 


ganese-54, annihilation radiation coincidences, sodium-22, 
potassium-40 and aluminium-26, respectively. The pre- 
sence of caesium-137 was unexpected; it was considered 
to be associated with adherent fragments of the asbestos 


Kesva. ‘the photograph covers au 
Photograph by Hunting Aerosurveys for the Directorate of Overseas 
England. 





roof whieh the meteorite had pierced, and when these 
were removed the peak at 0-66 MeV was no longer ob- 
served. Because of the low counting rate and the relatively 
long interval between the fall and the start of the observa- 
tions, It was not possible to detect short-lived radio- 
nuclides (for example, “Na) or those of low abundance 
(for example, Mn, 4 ®Co}; also, because of summation 
effects in the gamma-ray spectrum it was only possible 
to derive approximate values for the contents of “Mn 
and potassium and fer the "Cs contamination. These 
were 75-110 d.p.m. kg, 0-06-0-10 per cent and 4:5-7-0 
pCi respectively, depending on exact values for the geo- 
metrical efficiency and self-absorption. More detailed 
and accurate data must await the results of calibration 
measurements which are plarmed. 

Measurements were also made of gamma-radiation from 
the larger fragment (loaned by Dr I. G. Meighan of the 
Queen's University, Belfast) which weighed +9 kg. This 
was placed on a plastic support above a scintillation 
counter 23 em in diameter and 15 em thick. Counting was 
started about. 168 h after the fall and a rate of 600 ¢.p.an, 
was observed above a background of 1,980 ¢.p.m. Approxi- 
mate limits for the contents of the four principal garuna- 
ray emitting constituents were calculated from the areas 
in the appropriate total absorption peaks, with assumed 
values for the geometrical efficiency and the self-absorp- 
tion. The ealeulations indicated concentrations in the 
range 75-130 d.p.m. kg for Mn, 60-90 d.p.am. kg? 
for Na, 35-50 d.p.m. kg-t for Al, 6-09-0-13 per cent for 
potassium and -470 d-pwm. kgo for total positron 
emitters (chiefly Na and Al). These concentrations 
are similar to those reported? for a range of stony 
meteorites and the results for the two fragments are in 
agreement. 

Finally, the gamma-ray spectrum from a sample of 
glass-like fragments (dimensions 0-5-3 mm) found on the 
farm where the larger fall occurred showed. peaks attribut- 
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able to *K and to members of the thorium-232 and 
uranium-238 decay chains, with the possibility of traces 
of radioactive fallout (Cs, Ru, “4Ce). These peaks 
(except that due to ®K) were absent from the spectra 
from the two meteorite fragments, and the peaks due to 
cosmic-ray induced radionuclides were absent from the 
spectrum from the glass-like material. The latter is thus 
definitely not of extra-terrestrial origin and it is not 
ablation material from the meteorite, as suggested by 
Andrews et al. 

I thank Dr N. H. Gale of the University of Oxford, who 
took the initiative in arranging for the loan of the samples 
from Northern Ireland. 





J. RUNDO 





Health Physies and Medical Division, 
AERE Harwell, 
Dideot, Berkshire. 
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Pulsar Emission Mechanism 


Ovr objective is to propose a mechanism for pulsar 
radiation which leads to a relationship which seems to 
be satisfied by the pulsar associated with the Crab Nebula 
(NP 0532). We have argued in a report presented to the 
Conference on Pulsars, New York, May 1968, that (1) the 
pulse repetition represents rotation of (2) a very con- 
densed object (neutron star, for example), and that (3) the 
radiation is associated with neutral surfaces in the pulsar 
magnetosphere. Gold! has independently put forward 
the first two suggestions? and we now wish to discuss a 
possible mechanism and its consequences. 

The pulsar NP 0532 is slowing down? with an e-folding 
time of about 2x 10° yr. Even for a neutron star, the 
rate of loss of rotational energy must be comparable with 
the luminosity of the entire nebula?. The observed slowing 
down also implies a large torque, for which a possible 
mechanism is mass loss® in the presence of a strong mag- 
netic field. (Even if the mass loss were negligible, some 
torque would be derived from low frequency magnetic 
dipole radiation. To account for the inferred torque, a 
significantly larger magnetic dipole moment would he 
required.) 

In the case of the Sun, the outward flow of plasma carries 
out the solar magnetic field lines (hence the plasma flows 
faster than the local Alfvén velocity) to form a pre- 
dominantly radial magnetic field structure. Rotation of 
the Sun causes the field lines to form Archimedean spirals®, 
The radial extension of the solar magnetic field transfers 
angular momentum to the outflowing plasma and thereby 
results in a significant loss of angular momentum by the 
Sun”. The angular momentum loss is a factor of 103 
greater than that expected by negleeting the effects of 
the magnetic field. 

We now estimate the field and plasma flow for NP 0532 
on the basis of this model. Corotation can take place out 
to a radial distance of at most 











Ry = clog (1) 


which for NP 0532 is about 1:5 x 108 em (w,= 2 x 10° rad 
x7), The torque is of the order of 


dM 


torque = Pr RO (2) 


NEUTRAL 
SURFACE ~~ 





Fig. 1. Spiral magnetic field structure in the plasma fow away from the 

proposed pulsar model as seen in the equatorial (rotation) plane. F 

plasma flow is essentially radial everywhere. The shock transition is 

shown much too close on the scale of this figure, and a nentron star 

would be smaller than the central dot. The shaded area is Hustrated in 

Fig. 2, except that here the inward pulse has been omitted in an attenpt 
to simplify this figure. 









giving, for either the rate of energy loss estimated by 
Finzi and Wolf? or the observed luminosity of the Crab 
of 10 erg s~? (ref. 4) 


aw JDT gast (3) 
which for near-relativistic flow velocities corresponds to 
a density near the corotation limit of 

p & 10-4 g em? (4) 


For corotation to be effective out to Re the azimuthal 
component of the Alfvén velocity must be comparable 
there with the velocity required for rigid corotation’, or 





By (aye) © € (5) 
Thus 

By ~ 3x10 G (6) 
which corresponds to a trapped flux inside a pulsar object 
10 km in radius of 2x10% G cm, essentially equal to 
that for the Sun. The magnetic field is radial (B œ 1/r*) 
for rR, and becomes azimuthal (B œ 1/r) for 
shown m Fig. 1, whereas the flow is very nearly radial at 
large distances (pọ ŒX 1/7?) Because the net magnetic flux 
out of any closed surface must be zero, regions of both 
outward and inward radial flux must be present, which 
therefore are separated by surfaces of zero radial flux 
(neutral surfaces, or tangential discontinuities in general). 
These discontinuities are observed in the interplane 
medium? and the minimum thickness of these sheets is of 
the order of the ion eyelotron diameter. Proton energies 
will be of the order of 10° eV for the required magnetic 
field strength (stronger fields would result in more energetic 
particles and require, for a given torque, a proportionately 
smaller particle loss rate) and therefore the eyelotron 
radius for either pretons or electrons of that energy is 

















a ~ 10cm (7) 


We now show that, given this model, a certain part of 
the energy loss will be in the form of pulsed, linearly 
polarized, low frequency (< 10° Hz) electromagnetic radia- 
tion. Most of the energy loss is initially in the form of 
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Vph »c¢ 


V(PRESHOCK) V(POSTSHOCK) 





\=— RADIATION 
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~—— NEUTRAL SHEET 


Pig. 2. Passage of a neutral sheet through a shock transition, dhustrated 
for a compression factor of 3 and an incident. flow velocity of 0-4 e. 
Sheet currents flow to maintain the change in sig across the neutral 
sheet a the change In magnitude of B acre co The accelera 

tion of these currents generates the rac This pula 
polarized parallel to the surface current direction <E- vector perpen- 
dicular to the plane of the figure) and js analogous to Cerenkov radiation 
in that the phase velocity of the intersection between the neutral sheet 

and the k moves very much faster than ¢, giving a shock-wave form 
to the radiation pu Equivalently, it could be regarded as coherent 
bremastrahlung generated by the change in direction of the current 
earriers (the current Howing on the shock surface changes sign), which 

allows the polarization sense to be more readily appreciated, 



























outflowmg magnetized plasma; however, we note that 
(1) the tangential discontinuities mark rapid changes in 
field direction and (2) the magnetic field drops off as 1/r. 
In other words, we already have very nearly a pulsed 
radiation field. A shock transition must exist at some 
large radial distance to slow the flow to submagneto- 
acoustic velocities m response to the surrounding medium. 
The intersection of each neutral sheet with the shock 
transition causes the surface currents flowing on these 
two discontinuities to undergo rapid changes in velocity 
and magnitude. The shock-neutral sheet interaction should 
therefore be a source of electromagnetic radiation. This 
mechanism will be examined in detail elsewhere. Fig. 2 
shows the geometrical relationships among the various 
discontinuities and the radiation pulse that emanates from 
their interaction. It is straightforward to estimate the 
radiated intensity and spectral distribution, for the pulse 
amplitudes will be comparable with the ambient. field 
amplitudes, but, for a fixed observer, will be of duration 
At~2 ac/e. The radiated energy is therefore essentially 
the fraction of the energy flux within neutral shects, or 





Lradio/Lrotation ~ 2 aef zRo = 2 00O max (8) 


for Ymax = 10 Hz (Omax w6 x 10° 81), o= 2x 107 s71, and 


Lrotation = 10° erg s, we obtain 
Lradio ~ 0-6 x 10% erg s~? (9) 


in accord with the observed luminosity for NP 0532. One 
of us has shown elsewhere! that the quantity a/R (the 
neutral sheet thickness divided by the spacing between 
neutral sheets) remains constant despite expansion and 
energy Joss from the plasma. The resultant constancy of 
the pulse width together with B~1/r means that the 
pulsed radiation output is insensitive to the location of 
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the shock; we would expect such a shock to be many 
AU from the pulsar object. The frequency spectrum will 
simply be the Fourier transform of a pulse of duration 
At, which for a smooth (for example, Gaussian) shape is 
constant at very low frequencies and drops off sharply 
at higher frequencies (around 10° Hz), as seems to be 
observed for the pulsars. 

Only rotational energy is being radiated in this model, 
so we Can cai the moment of inertia as the only 
unknown and solve for it, using equation (8), in terms of 
observable quantities, T hus 


L = IAF, (Snel)? EPT] < ne>? (10) 
where Jẹ is a proportionality factor, F, the flux density 
at low frequency, fred? the dispersion measure, ve the 
cut-off frequency (the frequency at which the flux density 
drops to l/e) P the pulse period, T the effeetive life- 
time (P/P) and <ne> is the average electron concentra- 
tion in the direction of observation. Table 1 shows the 
assumed values and resultant moments for those pulsars 
with measured values of T. The agreement among the 
first three is probably adequate, especially because CP 
1919 is close to the galactic plane (4°) and is perhaps 
relatively closer to us. The usual views regarding compact. 
stars argue that eleetron-degenerate stars should have 
moments of inertia exceeding about 10° /, while nucleon- 
degenerate stars should have moments less than or about 
ty Loe 5 x 10% g em? in equation (10) for the units 
indicated in Table 1). Thus the first three pulsars could 
be ten times closer than the rest (to be a neutron star of 
conventional design) or have a mass~radius relationship 
not thought to be stable. Rotational effects possibly 
play a major part in the stability of these objects. Any 
rotational model must face up to substantially the same 
difficulty: aif all pulsars are roughly the same and the 
slowing down is proportional to the radio luminosity, 
then the pulsars associated with known supernova rem- 
nants (NP 0532 and PSR 0833-45) are anomalously dim. 
Furthermore, if all pulsars are neutron stars the conversion 
efficiency into radio pulses must be near 100 per cent in 
some cases and almost negligible in others. 














ible 1. MOMENT OF INERTIA DETERMINED FROM EQUATION (10) 
fread Lil 

Pulsar Fou, P (electrons Pe P T (Ig = 4-789 

10-88 J oe 3 Hz?) poem?) (GH2) (s) G0? yr) 108g em) 

cP tly 0-55 12-5 OS 1337 420000 2x 10% 

CP 0834 0-40 12-8 O3 L274 070000 7x 168 

CP 1133 0-40 49 07 1-188 1-00000 Tx 10 
CP 0940 0-20 3-0 06 0253 800000 140 
PSR 0833 100 63-0 03 0-089 0-00240 70 
NP 0532 O-30* 560 LOH 0033 000024 O8 





We adopt an average electron concentration of 0-03 electron em to 
approximate the correct distance for NP 0532, Data are from Ekers and 
Maffett!?, Staelin and Reitenstein'®, Rickett and Lyne (at the Fourth Texas 
Symp. on Relativistic Astrophysics, Dallas, 1968), Maran and Cameron’, and 
Radhakrishnan ef al., Bach value of 7 is probably uncertain by about an 
order of magnitude or perhaps more. 


* Only individual pulses brighter than about 10 in these units are 
above the Crab background. These pulses are quite infrequent, and therefore 
the average flux should be considerably less as indicated by this rough 
estimate from very limited data, 

+ Assumed—-actual measurements either unknown or unavailable, 








visible 


In the spirit of such short communications, we defer the 
diseussion of many important questions, such as the 
morphology of the pulse features and the relevance of 
NP 0532 to the Crab Nebula as a whole, although it has 
already been suggested that neutral sheet structures 
within the volume of the Nebula are essential to the 
observed synchrotron radiation’? ", The observed pulse 
width can be understood in terms of perturbations to the 
shock position and shape, and so on; the only basie 
difficulty encountered has been the moment of inertia 
question. 

We thank A. J. Dessler for his interest and R. A. Wol 
for many valuable comments, This work was ARA 
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Mass Loss from Pulsating Neutron Stars 


Despite the trend of recent evidence, both observational 
and theoretical’, that radial pulsations may not be the 
source of variation in pulsars, the pulsational hypothesis 
has still not been disproved. In particular, the expected 






pulsational damping times of degenerate stars may be 
sufficiently long (for small oscillations) that observable 


variations could occur over a period of millions of years 
(J. M. Cohen and L. C. Rosen, private communication). in 
spite of some earlier theoretical evidence to the contrary’, 
One of the chief difficulties with the pulsational hy pothesis, 
however, is that the caleulated fundamental periods are 
longer than 1-5 s for white dwarfs? and shorter than 1 ms 
for most neutron-star models®, whereas most pulsars have 
periods lying between these extremes. Overtone pulsa- 
tions in white dwarfs have been suggested as a mechanism’, 
but this possibility seems rather unlikely, and neither it 
nor the suggestion that pulsations are oceurring in the 
non-degenerate envelope® or atmosphere’ of a white dwarf 
can explain the 33 ms variations of the Crab Nebula 
pulsar in Taurus. In this article, a new possibility involving 
radial pulsations of a neutron star which is undergoing 
mass loss will be pointed out, with a view to interpreting 
the observed period? and secular increase of period'® © 
of the Crab Nebula pulsar. 

It is usually assumed that an inerease in period is 
associated with the loss of rotational energy from a rotat- 
ing degenerate star'®™, while a decrease in period would 
be. expected for a pulsating degenerate star which is 
suffering an amplitude decay* and/or is slowly shrinking 
towards its zero-temperature terminal state. It will be 
shown here. however, that if sufficient mass loss occurs it 
is possible to increase the radius of a pulsar and therefore 
its period. (Trimble has obtained an increase of period by 
assuming that in a pulsating neutron star the amplitude 
remains constant as the pulsational energy store decreases 
in time, but this is physically unrealistic and, in any case. 
has been explicitly shown not to be correct‘.) Note that 
the right-hand side of Trimble’s equations in t should be 
preeeded by a minus sign. 

Ifthe timescale associated with the period change is long 
compared with the period itself, hydrostatic equilibrium 
of a star is maintained in the mean over a cycle. Further- 
more, it is a good approximation to say that the neutron 
star evolves homologously. at least over a time in which 
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the period changes by only several per cent. Hence the 
pulsational Q value may be taken as constant 


Q = P<o>!? = const 





where P is the period and <p> is the mean density 
(Relativistic effects will be neglected here.) Let the mas 
radius relation for degenerate stars m the density regime 
of interest be represented by 


R ~ M- 
Then, by virtue of the constancy -P is proportions 
to Meena, or 
dM 2 M AP 


df Ba 41 P dt 





For nearly all masses of physical interest, it is found tha 
O<x%<2 (ref. 15). The mechanism of mass ejection i 
regarded here as shock waves in the atmosphere inducec 
by the development of steepening progressive waves whicl 
arise from the mterior pulsations. 

The star in the Crab Nebula, AP 0532. has a period o: 
33 ms, which is increasing at a rate of 36 ns dav t (ref. 11) 
On the assumption that the object and its oscillation 
energy arose from a core-unplosion type of supernove 
event and that the original core mass was a little heavie: 
than the Chandrasekhar mass limit for white dwarfs 
the remnant ought to have a mass of less than 1-2 Me 
(refs. 16 and 17). Such small masses are typical of the 
neutron-star “mass troughs” of Tsuruta and Carneron™ 
and, depending on the precise value of the mass, the sta: 
ean have an arbitrarily long fundamental period of oscilla 
tion®. In particular, a period of 33 ms corresponds to i 
mass in the ne ighbourhood of OL Me. 

This value of mass is also physically realetic from the 
following line of argument. Neutron stars of higher mas 
(im the main “mass trough’) have smaller values of « anc 
of pulsational period. Moreover, the observations o 
pulsars seem to indicate that the rate of period change n 
decreasing secularly'!. Thus younger pulsars (more mas 
sive objects in the picture presented here) would have 
greatly enhanced rates of mass loss. ay example, bs 
using the present period and rate of period char 
NP 0532. mass-loss rates of at least 107 and 10-4 M 
are found for masses of 1-2 and 0-6 Mo. respect 
Because the supernova in Taurus occurred about 1, 
ago, the present mass of N P 0532 must be ver 
For 0-1 We. the current rate of mass loss is only H ‘ 
yri, Further reduction of the mass around 0-1 Mo w i 
be very slow but the period increase will be very large? 
This may explain why most pulsars, which, on the average 
must be older objects than NP 0532, have much longe 
periods, and why submillisecond periods, in general, wouk 
not be expected if neutron stars are losing mass. 

The reason for the decrease of the rate of mass los 
with time is connected with the change im strueture. A: 
the mass is reduced and the equilibrium radius is thereby 
increased, the central condensation (¢¢/< 9 >) become: 
very high, for a mass around 0-1 M This will cause ¢ 
decrease in the pulsational amplitude and will te 
damp the pulsations. But, even apart from these factors 
the increasing period alone will reduce the pulsationa. 
energy and therefore the means by which the star r 
stored-up energy. Because the mechanism of mass 
is expected ultimately to depend on the release of tored- “Uy 
energy from the interior. the rate of mass ejection wil 
also decrease in time. The mass will very slowly approact 
an asymptotic limit of ~0-1 Mo for “infinite” period, 

The rate of energy release req vired for the acceleration 
of relativistic electrons in the cai of the Crab Nebula ti 
about 10°% erg st (ref. 18). If this release is due to the 
kinetic energy of mass flow from the neutron star, ther 

de? (—d MW jdt) ~ 10% erg s= 
so that the necessary velocity of outflow ia e 
s7h This is not an unreasonable number. 

Mechanical work must be done to lift the ejected matte: 
























































9 


~ 6.000 kn: 





280 


out of the gravitational potential well of the neutron star, 
and this requires an expenditure of about 10% erg s4, 
depending somewhat on the mass of the neutron star. 
But this value is much larger than the rate of energy flow 
from the surface. The total required energy store is there- 
fore given by the sum of the work done in secularly 
expanding the star as a whole and in lifting matter out 
of the potential well i 


d GM, S GM, Ady 
Ec = ene | om OM, ot ee a 
a dt\ ©) > i ) T R\ dt a 
where el for a relativistic degenerate gas. A lower 





limit to this expression is given by the second term 
evaluated at the present epoch, Ba=GM?'/(a+2)R. 
Hence at least 10° ergs of nonthermal energy are re- 
quired to maintain the mass outflow from the surface, 

The pulsational energy store at any time is 

Ep = $ (2n/P)* 7M (aR)? 

where y is a factor less than 0-6 which depends on the 
central condensation of the star. Again, a lower limit is 
found by using a value of Hp evaluated at the present 
epoch, yielding approximately 10% (82/R)? ergs. It is 
clear that pulsational energy alone cannot be the source 
of mass loss because the required radius amplitude is 
unacceptably large: 8R/R~ 30. But, because #p/Ba is 
proportional to 4(6R/R)*? and a decreases steeply with 
decreasing mass, pulsational energy would have been 
relatively much more important at a previous epoch, as 
mentioned earlier. 

Another source of energy is nuclear. As the stellar 
radius expands secularly, a growing region near the surface 
becomes of sufficiently low density for the neutrons to 
decay into protons and electrons. With allowance for the 
secular cooling due to expansion, the Tsuruta-Cameron 
models may remain hot enough after 1,000 years to burn 
the pretons back inte helium, with a release of nuclear 
energy given by 

Ex = Qu AM 

where Qu=6x 103 erg/g. If it is supposed that the rate at 
whieh matter inside the star is freed to undergo nuclear 
reactions is approximately equal to the rate at which mass 
is lost from the surface, then the ratio of nuclear luminosity 
to mass-loss luminosity is Qy R/G M = 3, for a neutron star of 
OE Mo. It should be noted that thermonuclear reactions 
are extremely effective in pulsationally destabilizing a 
degenerate star. They will, however, be inefficient m a 
younger (more massive) or an older (cooler) neutron star 
than the examples studied here. 

It is possible that the necessary energy may be stored 
in magnetic fields, which are expected to be present in 
great strength in neutron stars’. If the magnetic field is 
uniform and of strength H~ 10 G, then the magnetic 
energy store is 








, 1. x 
Eu = Š RIH? ~ 10% ergs 
5 


for a neutron star of 0-1 Mo. Hydromagnetic oscillations 
may release some of this energy in the form of mags loss. 
Nevertheless, the period-root-mean-density relation, on 
which the main argument of this article depends, is general 
in astrophysics, and it is possible that still other mechan- 
isms of mass loss could be found to provide for the neces- 
sary secular increase of the neutron star's radius. 

A few remarks about the original mass loss occurring 
in the actual supernova event are relevant. Blaauw?’ 
has suggested a mechanism involving sudden and drastic 
mass loss to explain the unusually high galactic latitudes 
and space velocities of the “runaway” O and B stars. In 
Blaauw’s picture, the runaway star is originally a member 
of a close-binary system in the galactic plane with a more 
massive companion which evolves first and dissipates the 
major part of its mass quickly (as in a supernova explo- 
sion); the secondary is suddenly released from the orbit 
and runs away with its instantaneous orbital momentum. 
It is suggested here that, because both stars must initially 
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be quite massive (>10 Mg), the end product will be 
(1) a neutron star with characteristically low Population I 
space velocity in the galactie plane and (2) a fast-moving 
neutron star at higher galactic latitude. Spatial pairs of 
pulsars are not unknown?! although, of course, their 
space velocities have not been determined. The existence 
of high-latitude pulsars has also been somewhat puzzling??. 
The close-binary mechanism seems a more likely explana- 
tion for these phenomena than does the hypothesis of 
fragmentation of a neutron star during the supernova 
implosion? But the fact that both low-mass (old Popula- 
tion L high velocity) and very high-mass (young Popula- 
tion I, low velocity) stars can give rise to supernova 
explosions and hence. presumably, to neutron stars!) 17.24.25 
provides a still more likely explanation for the two groups 
of high-latitude and low-latitude pulsars. 

I thank Drs J. M. Cohen and L. C. Rosen for helpful 
discussions. 
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Pulsed X-ray Emission of NP 0532 
in March 1968 


We report a measurement of the pulsed X-ray emission 
associated with the pulsar NP 0532 in the Crab Nebula. 
This information was obtained with a six elernent detector 
flown on an Aerobee 150 rocket from White Sands N. M., 
launched on March 16, 1968, at 0315 UT. Our results on 
the overall 2-20 keV speetrum from the Crab Nebula and 
the diffuse X-ray background, as well as a payload 
description, have been published elsewhere. 

NP 0532 is the only known pulsar to have detectable 
emission extending from the radio band to energies 
exceeding 30 keV (unpublished work of G. J. Fishman, 
F. R. Harnden, jun., and R. C. Haymes). Our measure- 
ment is one of the two existing that can provide informa- 
tion concerning the history of NP 0532 before its discovery 
in the radio and optical bands. Because the energy output 
of this object is generally accepted to have as its origin the 
dissipation of rotational energy, knowledge of the period 
of pulsation as a function of time is of special interest. 

The data were digitized on board and were subsequently 
transmitted in a p.e.m, telemetry format constructed of 
16-bit words. The telemetry word was approximately 
constant at 322 us and provided our means for timing the 
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occurrence of an event. A small but detectable drift was 
experienced in the telemetry clock during the 130 s 
duration of data collection. A correction for the drift 
was applied using time markers from a caesium atomic 
clock which were recorded, in real time, on the same tape. 
Overall time uncertainty was of the order of one part in 
10+5, corresponding to an uncertainty of about 300 ns in 
the observed period. 

As discussed in ref. 1, r.f. interference was experienced 
during the flight, which resulted in the loss of about 
84 per cent of all data. The interference was confined to 
one of the six counters only, and was therefore unambigu- 
ously separable from events in the other five counters. We 
have shown? that the sole effect of the r.f. interference 
is a reduction in the effective live time for the other five 
counters. 

Our method for extracting a period for the pulsed 
X-ray emission was as follows. We used the 322 us 
telemetry word length to label each event from an 
ar bitrary reference time. We then super posed events in 
forty phased channels, based on a time interval near the 
expected pulsar period. In the absence of pulsar 
characteristics, or if a test period is not near coincidence 
with the actual period of pulsation, the resulting forty 
channel distribution should be flat (structureless). Thus 
if y? is computed for a fit to a random distribution, its 
largest values (worst fit) should be near the actual period. 
In Fig. 1 we show the value of y? for a range of test periods 
which includes the period we would expect to observe real- 
time if we apply a linear interpolation (for the barycentric 
period) between recent radio and optical data and the 
1967 measurement of Fishman ef al., properly corrected 
for the Earth’s orbital motion. We note that our best 
estimate is in good agreement with such an interpolation. 
In Fig. 2 we have plotted the data, superposed in phase, 
for the expected period of 33-0855 ms. The “light curve” 
exhibits the same double maximum observed in the 
radio and optical”. As observed in more recently 
obtained X-ray rocket observations'=, the area under the 
broader interpulse seems to be about the same as the 
area under the primary pulse. 

We estimate that the pulsed X-ray emission is 15+3 
per cent of the total X-ray flux from the nebula. This 
determination is based on our understanding of the lorge 
eontribution of the diffuse background in our instrument 
due to its large field of view (see ref. 1) and the sub- 
jectively chosen time interval used for background 
determination (see Fig. 2). Fritz et alt estimate the 
pulsed contribution to the X-ray emission as five per 
cent in, essentially, the same energy band, while Bradt 
et al, obtain nine per cent (no errors quoted in either case, 
but both of these 1969 measurements have much better 
statistics than does our own). We note that there are 
slight. differences in the definition of this fraction—Bradt 
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et al.® define their fraction as the ratio of pulsed emission 
to steady Crab contribution (rather than total Crab 
contribution, as we have done)—but a redefinition of 
our fraction will only enhance the disagreement (by an 
amount much smaller than our estimated error, however). 

It is possible that both our results and those of Fritz 
et al. can be reconciled with those of Bradt ef al. Alter- 
natively, we suggest that the pulsed component of the 
X-ray emission may be variable in amplitude. Taken 
together, the three results indicate the possiblity of a 
long term (one year) decrease in the pulsed X-ray emission 
and/or shorter term variability if the difference between 
the two 1969 measurements is real. 
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Search for Optical Flashes from 
PSR 0833-45 


A SEARCH was made for optical flashes from PSR 0833-45 
on the nights of March 17 to 20, 1969, using the 74-ineh 
Radchffe telescope with a pulse counting photometer 
built at Cambridge and previously used in observations 
of the Crab nebula pulsar’, A multichannel analyser 
made available by the South African Atomic Energy 
Board was used to record the data, and the timing equip- 
ment was provided by the Atomic Energy Research 
Establishment, Harwell. 

The field of PSR 0833-45 is shown in Fig. 1. The four 
objects. a. b, e and d, and the area 45 x 55 are s around the 
radio position? were examined, using a diaphragm 5-6 are 
s square. The objects were centred visually, and the area 
was covered by moving the diaphragrn in steps of 4-5 arc s, 
Each position was observed for 178 s. The sensitivity 
of the equipment was determined by observing star e 
(V=11-48, B=12-51, U=13-49; G. A. Harding, private 
communication). Flashes of 2ms duration and 88-2 ms 
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period? would have been detected from any position in 
the marked area if they had a tune-average brightness of 
B=22] or brighter. The upper lirit to “the fraetion of 
the light of objects a, b, ¢ and d that might be emitted in 
similar flashes is, respectively, 0-3, 0-3, 05 and 1-0 per cent. 

This result confirms the earlier results of Warner and 


Nather! and of Freeman. Rodgers. Rudge and Lynga’, 
and sets a fainter limit. The recent palo change in the 





period of PSR 0833-45 (-2-2 parts in 10957 will not have 
affected our observations, in which the accuracy of timing 
was about +8 parts m 10°. 

The on al faintness of PSR 0833-45 compared with 
NP 0532, both absolutely and in relation to the radio 
flux from each objeet, suggests either that the efficiency 
of conversion of mechanical energy to light is lower in 
PSR 0833-45 than in NP 0532, possibly: | 3y a factor as 
large as forty, or that there is abnormally great galactic 
absorption in the line of sight to PSA 0833-45. In either 
ease further observations are desirable 

{thank Professor Redman for supporting this investiga- 
tion, Dr Thackeray for permission to use the Radeliffe 
74-inch telescope, and Dr Jelley and Dr Reitmann for the 
Joan of equipment. Dr Thackeray, Dr Andrews and Mr 
Dutton operated the telescope, and Dr Reitmann, Mr 
du Plessis and Dr Barnard operated the recording equip- 
ment at various times, while I operated the photometer. 
This investigation was financed by a grant from the 
Science Research Council. 
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Predawn Enhancement in fof at 
Johannesburg 
BACKSCATTER measurements obtamed at Arecibo have 


provided evidence for ionospheric heating by photo- 
electrons streaming from the magnetic conjugate point 
(MCP) These results have shown that during winter, 
as the Sun rises in the conjugate hemisphere, electron 
temperatures in the local unlit ionosphere will rise at 
altitudes of abont 300 km and above. 
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of fofa for the local times 00 to 09 
at Johannesburg (26° S, 28° E) for 3 example days in 
June 1964. ‘Tones of local and MCP sunrise at various 
altitudes are indicated. The main morning increase in 
A definite 
predawn enhancement in fof occurs, however, with MCP 
sunrise at ~ 300 km. This enhancement reaches a peak 
and then declines to its earlier level for a period of 1 to 2b 
before the loeal sunrise merease, This ae has been 
found to occur on oecasions at Millstone HHL in the electron 
temperature? It also appears in Carlson's! results just 
before the main predawn enhancement bagins at su tudes 
above 300 km. although below 300 km there is no further 
significant imerease until local sunrise. Various other 
workers have from time to time given evidence of a post- 
midnight enhancement in electron density. 

The initial enhancement appears to be caused by MCP 
photoelectrons. because of the link with time of MCP 
sunrise at 300 km, and the fact that it does not oecur in 
summer (as has been shown by Carlson! for the electron 
temperature case and in Fig. 2 for the case of fofa) The 
explanation of the subsequent short decrease is not obvious 
and does not follow simply from the expected streaming 
photoelectron concept. 





Fig. L shows plot 








dst JAN. Wh JAN, 30th JAN. 


fF, MHZ 














Local time (h) 


Hourly values of f Fs for Johannesburg for January 1, 10 and 
The arrows indicate the times of local sunrise at 100 km 
and ground level, 


Fig, 2. 
BQ, 1964 


Caleulations by Hanson? predict that these conjugate 
photoelectrons may have fluxes of 10° em-* s% and energies 
of up to 50 eV. Electrons with these energies would be 
expected to cause some ionization at Fa region altitudes, 
The results given here indicate that this ionization seems 
to be large enough to counteract the expected decrease in 
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fof, due to the increase in scale heights caused by the 
predawn increase in electron temperature’. This seems 
to agree with recent results by Duboin et al.§, who now 
propose direct excitation of 6300 A airglow by the photo- 
electron flux in view of the fact that heating of the 
ambient electrons by MCP photoelectrons could not result 
in the observed enhancement. 

The following mechanism is therefore suggested as a 
possible cause of the predawn enhancement “hump” in 
electron density at F, peak altitudes. The initial increase 
seems to be due to an increase in a corpuscular source of 
ionization and this source of ionization is apparently MCP 
photoelectrons. The decrease in fo, begins at 04 LT 
at Johannesburg. It also appears that the night-time F, 
region is partially maintained by vertical drift due to 
atmospheric winds*:*, and this vertical drift velocity is 
on the decreasing phase at these times. This is supported 
by the fact that the vertical height of the layer WF ts 
decreasing at these times. It does not therefore seem 
unreasonable that this reduces the electron density until 
the local sunrise enhancement occurs. 
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Long Period Fourier Spectrum of 
Geomagnetic Reversals 


Tue hypothesis of ocean floor spreading’ has prompted 
investigations of all aspeets of the geomagnetic field. The 
existence of magnetic “epochs”, which show predomin- 
antly one polarity for a period of about 1 muya and 
magnetic “events”, with duration of the order of 200,000 
years, has been demonstrated?, and there are now sufficient 
data on the magnetic polarity during the Phanerozoic to 
study the alternation of geornagnetic polarity over a longer 
period of time. 

The normalized Fourier power spectrum of the pro- 
portions of normal polarity measurements during the 
Phanerozoic has been calculated from data compiled by 
Simpson? using the timescale of Harland! (Fig. 1). There 
are two major components in the spectrum in the vicinity 
of 300 m.y. and 80 m.y. respectively, and these reflect 
magnetie polarity episodes of approximately half these 
durations. (One full oscillation represents one normal 
and one reversed polarity episode.) Following common 
geological nomenclature, the term “magnetic era” is 
proposed to describe polarity episodes of approximately 
150 m.y. and the term “magnetic period” is suggested for 
episodes in the vicinity of 40 m.y. 

Sources of possible error in the calculated spectrum are 
numerous and difficult to assess. Analysis of this type 
always entails errors due to the finite lengths of the record 
and the discrete character of the observations. The 
effects of the finite window length were minimized by 
using a “hanning window’’®, The data are not regularly 
spaced but have an effective sample period of somewhat 
less than 15 m.y. so that the spectrum is not presented for 
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Fig. 1. Fourier power spectrum of the proportion of normal magnetic 


polarity measurements during the Phanerozoic, Horizontal seale is 
linear in wave number, vertical scale is normalized to highest amplitude. 


wavelengths less than 30 my. A further complication is 
that the data points themselves are sample estimates of 
a proportion, so that their error bounds are determined 
by the binomial distribution. Thus a rigorous error 
analysis is virtually impossible. To obtain empirical 
error bounds, the data points were intentionally varied 
within the extremes of the 95 per cent confidence limits 
for binomial sampling, and the maximum change in 
amplitude of any part of the power spectrum was found 
to be about 10 per cent. It is therefore likely that the 
two observed peaks in the spectrum represent genume 
periodicities contained in the data. Empirically deter- 
mined error bounds for the two peak periods are respec- 
tively 260-340 m.y. and 70-90 m.y. 

The periodie behaviour noted here cannot sunply be 
explained in terms of the self-excited dynamo rodels'-*, 
for these predict oseillations with periods orders of 
magnitude lower. The model proposed by Cox™, how- 
ever, which combines the oscillating field theories with a 
triggering mechanism caused by a random non-cipole 
component of the geomagnetic field, could be modified to 
account for the observations. The long period oscillations 
suggest a periodic fluctuation in the externally excited 
“random” non-dipole component. Although the source 
of such a periodic excitation has not been identified, the 
following suggestion may be relevant. 

The period of the rotation of the Milky Way was 
calculated by Steiner! to be 280 m.y. and the vibrational 
period of the Sun perpendicular to the galactic plane is 
about 84 m.y.". This apparent correlation between the 
galactic oscillations and observed geomagnetic periods 
may indicate an external cosmological influence on the 
Farth’s magnetic field. More polarity measurements in 
the Pre-Cambrian and more extended knowledge of the 
galactic magnetic field would. of course, be required to 
test this hypothesis. 
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Lithostratigraphy of the Hammamat— 
Um Seleimat District, Eastern Desert, 


Egypt 


DETAILED mapping of the Hammamat-Um Seleimat 
district, (1,145 km*, scale 1: 40,000 and 1: 20,000) along 
the Qift-Quseir road, leading from the Nile Valley to 
the Red Sea (Fig. 1), has now revealed the most complete 
succession of rock units yet known in the basement. 
complex of the Eastern (Arabian) Desert of Egypt. The 
sequence of rock units is presented briefly m Table 1. 
The naming and subdivision of the Arabian Desert Super- 
group and Hammamat Group comply with the Code of 
Stratigraphic Nomenclature. 

The Meatiq Group, at the base of the succession and 
exposed in a huge domal structure, has previously been 
referred to as the Mitiq gneiss'. Scrupulous study of 
these rocks (by A. G. Shazly) showed that they are 
essentially granulites with minor schists, and the Meatiq 
Group now appears to represent the pre-orogenic mature 
sediments laid down in an extensive markedly stable 
basin, which later evolved into a eugeosyncline, the 
contents of which constitute the new Abu Ziran Group. 
The Meatiq Group thus seems sedimentologically com- 
parable with the carbonates and orthoquartzites under- 
lying the flysch-like sediments of both the Taconic and 
Appalachian cycles in the central Appalachians’. 

In an earlier classification of rock units’, based on the 
Geological Survey's mapping* in the central Eastern 
Desert (10,275 km?, scale 1; 100,000 and 1: 40,000), 
the metavoleanics seemed to be either partly contem- 
poraneous with, or immediately younger than, the meta- 
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sediments with which they are closely associated. The 
present work elucidates the real nature and sequence of 
metasediments and metavoleanics constituting the Abu 
Ziran Group. The alternation of sedimentation and 
volcanism is clear, while the distinctly pillowed meta- 
spilites, spilitic metadiabase flows, spilitic crystal meta- 
tuff and epiclastic~pyroclastic intrapillowed meta-adinole 
of the Muweilih Formation are so far unique in the base- 
ment complex of Egypt. Except for the Atud Formation, 
the type locality of which is at Atud (Fig. 1), the five other 
formations within the Abu Ziran Group are new. 

In earlier regional studies of the central Eastern 
Desert? the so-called gneisses of Migif (Fig. 1), equivalent 
to the present Meatiq Group, underlie low grade immature 
geosynclinal metasediments (equivalent to a part of the 
present Abu Ziran Group} and the contacts are not 
exposed. The striking differences in both lithology and 
degree of metamorphism between the so-called Migif 
gneisses and the metasediments led to the belief that they 
were separated by a period of regional metamorphism, 
and detailed mapping of the Hammamat-Um Seleimat 
district was begun in 1963 with the sole intention of 
investigating the relationship between the rocks then 
called gneisses and the overlying metasediments. 

It turns out that the mature psammitic granulites of 
the Meatigq Group are separated from the cugeosynelinal 
Abu Ziran Group by the Abu Fannani Schists—a forma- 
tion transitional both lithologically and metamorphically 
between the two contrasted groups. Accordingly, the 
concept of two metamorphisms is now abandoned and 
the two groups together with the transitional formation 
between them constitute the new Arabian Desert Super- 
group. The latter, together with the serpentinites and 


Table 1 


Principal events 


Explosive volcanism of trachytic lavas 
Regional normal faulting == — Ss es pars Bee ae eg 
Transgressive deposition of quartzose sandstones on stable shelf 


Rock units 


Trachyte plugs and breccias 





Nubia sandstone 





Prolonged-quiescence, erosion and peneplanation =- 


Intrusion of felsite bodies, sheets, plugs and breccia (field relations with Younger 


Granites uncertain) 


Intrusion of acidic, minor alkaline and lamprophyre dykes in and around granite 


plutons 


Emplacement of granite plutons during later orogenic movements, effecting the 


folding and faulting of the Hammamat Group and older units 


Deposition of bedded dark grey greywackes 


Deposition of coarse conglomerate derived from all older rock units and reworked 


Igla Formation 
Bra 
Uplift in source area = e = ee sal oe ae Gs 


Deposition of green-grey siltstones, minor subgreywacke and conglomerate 


Deposition of purple haematitic siltstone, subgreywacke, minor arenite, conglomerate 


and intraformational breccia 
Prolonged erosion and peneplanation 





Intrusion of porphyrites, andesites, Subaerial eruption of glassy agglomerates and 


tuffs, All rich in iron 
Regional fault and thrust movements 


Emplacement of granites directly after climax of early orogenic folding 


Emplacement of gabbroic plutons during climax of early orogenic folding and 


regional metamorphism affecting these and all older rock units 


Intrusion of concordant ultramafic bodies in hinge zones of incipient regional folds 


and heralding main phase of orogeny 


Intrusion of andesites. Eruption of dacitic tuffs 
Intrusion of doleritic laccoliths and sills 


Deposition of siliceous mudstone, minor siltstone, arkosic greywacke, intraforma- 


tional conglomerate and limestone 


Deposition of alternating conglomerate and greywacke, minor siltstone, mudstone 


and intraformational breccia 
Uplift in source area ~~ ~ a bea 2a a 


Effusion of pillowed spilites, diabasic flows, spilitic crystal tuffs, epiclastic adinole, 


intrusive andesite 


Deposition of alternating shale and calcareous shale, minor siliceous limestone and 


carbonaceous chert s 7 
Eruption of basie lapilli-, erystal- and lithic tuffs merging into epiclastics 


Deposition of alternating greywackes and mudstones, minor conglomerates and 


pelites 


Deposition of successive psarnmites, psammopelites, calepelites, semipelites to lithic 


greywacke, lithologically transitional to geosynclinal (turbidite) facies 


Slow deposition of quartzose and felspathic sandstones, minor shale and cale-shale in 


extensive notably stable basin 


oe — ~ Regional unconformity 
Post-Hammamat felsites 

Post-granite dykes 

Younger Granites (Um Hombos and Um Had plutons) 

2. Shihimiya Formation 


(c) Um Hassa Greywacke Member 
(b) Um Had Conglomerate Member 


(a) Rasafa Siltstone Member 
1. Igla Formation 


| Hammamat 
Group 


= ~— _ Regional unconformity 
Old Voleanics af Dokhan type (anmetamorphosed) 


2 v 

v 8 Older Granites (Fawakhir and Abu Ziran plutons} 

06'S  Metagabbro Complexes (Fawakhir, Sid, Fannani and 
96 Atalla) 

oO 3 Serpentinite Ranges (Muweilih, Saneyat, Fannani and 
È z Atalla) 

> 
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. Atalla Formation 
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(a) Um Shager Metagreywacke Member 


Abu Ziran Group 
eugeosynclinal filling) 
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Abu Fannani Schists (formation) 


Thick mature siliceous granulites and minor schists. Sub- 


division into formations in progress 
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Fig. 1. Index map of the central Eastern Desert showing the 

Hammamat-Um Seleimat district (in frame) with Nubia Sandstone 

(N.S,) flanking basement complex (stippled), localities mentioned in 
text and roads as dashed lines, 





metagabbros, are regionally metamorphosed. Except for 
localized contact effects, ‘rock units younger than the 
Older Granites are essentially unmetamorphosed. 

The fault and thrust movements which converted the 
Older Granites into cataclastic-mylonitic gneisses at Wadi 
Shait® and Gabal El-Maiyit’, and which are certainly 
earlier than the Old Voleanics at Wadi Shait, also affected 
this area and thus appear to have acted on a regional 
scale. The granite body at Gabal El-Maiyit was originally 
elongate parallel to the north-west thrusts which affected 
it. In the present district, the steeply dipping tongue 
9 km long emerging from the Abu Ziran pluton is also 
parallel to these thrusts. It therefore seems most probable 
that the earlier phases of these formidable thrusts took 
place before the emplacement of at least some members 
of the Older Granites. It is nevertheless interesting that 
the diapirie emplacement of the Um Hombos composite 
pluton (Younger Granite) had started along one of these 
old thrusts, im a manner strikingly reminiscent of the 
Ardara Diapir of Donegal, Ireland. 

The Old Volcanics, so named! because they are the 
oldest unmetamorphosed voleanies in the basement com- 
plex of Egypt, pertain to the volcanism best exemplified 
at Gabal Dokhan in the northern Eastern Desert. the 
type locality of the famous Imperial Porphyry or “porfido 
rosso antico”. All of the Old Volcanics are exceptionally 
rich in iron, a fact which accounts for the notable abund- 
ance of haematite, haematitic clay and detrital haematit- 
ized volcanics in the Igla Formation®® and responsible 
for its characteristic purple-red colour. 

The present detailed mapping and subdivision of the 
Hammamat Group into lithostratigraphic units assigned 
local names (except for the Igla Formation, the type locality 
of which is Wadi Igla*) comes over a century and a half 
after these sediments were first described by De Roziere 
(see ref. 3, p. 259). The new Um Had Conglomerate 
Member includes the classic Breccia Verde d’Egitto of 
Vesconti and is the characteristic rock type of the Ham- 
mamat Group (formerly series). 

The present succession and subdivision into units is 
evidently more complete and elaborate than, although 
consistent with, the previous succession’, -On the -other 
hand, the present work differs entirely from previous 
classifications?®} not based on detailed mapping, not- 
withstanding Schurmann’s anticipation (p. 29), while the 
work was in progress, that the present district “is the 
clue to the subdivision of the Pre-Cambrian”. Two 
reservations are, however, relevant. First, the succession 
presented should not be expected to apply to all other 
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parts of the basement complex. as field work of similar 
detail by other members of the Assiut University research 
team at Um Khariga (M. A. Essawy) and Hamata (K. K. 
Hassan) revealed a different environment. Second, i 
view of the intense tectonics affecting the present district, 
it is neither assumed nor implied that the present succes- 
sion represents the complete original sequence. 

We thank Professor Mourad I. Youssef and Professor 
R. M. Shackleton for helpful discussions. 
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Olivine Nodules in Trachyte from the 
Jos Piateau, Nigeria 


Tue Cenozoic voleanics on the Jos Plateau consist 
entirely of small flows of alkaline olivine basalt, 
from widely scattered small cinder cones now in varo 
stages of erosion. The trachytic Bokkos plug’ is a rare 
exception. The trachyte forming the plug is composed 
chiefly of tabular anorthoclase and pale green elimo- 
pyroxene, and it contains olivine nodules ranging in size 
from small angular fragments to ovoids up to 15 em long. 
They are typically Iherzolitic in their mineral: fand 
practically identical with nodules from a New Zealand 
phonolite?). Magnesian olivine is optically neutral with 
y= 1-681 +0002; enstatite has y= 1676 +0002; chrome 
diopside is bright green in hand specimen aud has ĝe 
1-685 + 0-002; spinel is red-brown im seetien, with j= 
L78+0-01. 

Similar nodules are common as inclusions in alkaline 
basic lavas in many parts of the world (inchiding the 
Jos Plateau), and are probably upper mantle fragments 
transported from zones of magma generation®*, They 
are rare in phonolite, and this is believed to be the first 
recorded occurrence in trachyte. 

Phonolite and trachyte are usually regarded as derived 
from alkaline basic magmas by crystal fractionation at 
relatively high levels in the crust. In many continental 
volcanic provinces, however, the volume of these salic 
lavas equals or exceeds that of possible parent basic mag- 
mas, which has led to the notion of an origin by partial 
melting in the upper mantle®:* to account for the excessive 
amounts of phonolite and trachyte. The presence of 
upper mantle fragments in such rocks, even though rare, 
is strong supporting evidence for this hypothesis. 

Such an origin is also consistent with the field relations 
of the Bokkos trachyte, for there are no large volcanoes 
en the Jos Plateau, beneath which a large differentiating 
magma chamber might have developed. The trachyte 
ean be plausibly attributed to a subtle local change in the 
pressure-temperature conditions at the upper mantle 
levels where contemporaneous olivine basalts were being 
generated. 

Inclusions of both orthopyroxenite and clinopyroxenite 
accompany olivine nodules in the trachyte, and cognate 
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syenite fragments and large albite crystals are also 
common. Further work is in progress on this significant 
assemblage, but facilities in this department are limited 
and persons with access to sophisticated analytical equip- 
ment can be supplied with specimens on request. 

I thank Miss P. MeCurry and Dr P. Bowden for their 
help, This is the fourth contribution from the Ahmadu 
Bello University Geology Department to the Nigerian 
Upper Mantle Project. 
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Oriented Crystal Growth in some 
Tertiary Dykes 


DvcrRING investigations of Tertiary dykes of the Skye 
swarm in the Strathaird and Sleat peninsulas, layers of 
oriented crystals were found in the feldsparphyriec dolerite 
dykes!. The dykes contain abundant plagioclase pheno- 
erysts (<2 cm), less abundant olivine phenocrysts (<5 
mm) and rare pyroxene phenocrysts. Layers have been 
found in seven dykes (width 1:5-10 m), each of which 
has two well defined layers parallel to its length and roughly 
symmetrical about its centre plane. These layers, which 
persist throughout the exposed length of each dyke 
{up to 50 m), are 0-2-4 em wide and contain relatively 
large elongate crystals (up to 2 em) oriented at high 
angles to the plane of the layer. The elongate phases are 

















Vig. 1. Inner part of oriented crystal layer (eft), showing directional 
grow th of elongate plagioclases dight) and dendritic olivine (dark) and 
s boundary with central porphyritic zone (right), containing pheno- 
crysts of plagioclase (ight) and olivine (dark). Dyke 5, Sleat Peninsula. 
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chaning position of oriented crystal layers (OCL) relative to central 
porphyritic zone (CPZ), aphyric zones LAZ) and maringal porphyritie 
zones GU PZ). 


clinopyroxene, plagioclase and olivine which, when all 
three are present, succeed each other inwards with some 
overlap. In some dykes, the olivine and plagioclase layers 
are absent. Elongate phases comprise up to 70 per cent 
of a layer, the groundmass of which is similar to and 
continuous with the fine grained aphyrie sub-ophitic 
dolerite bounding its outer margin. Elongate pyroxene 
and plagioclase crystals widen towards the dyke centre, 
whereas the olivines have an intensely dendritic habit 
(Fig. 1) with dendrites branching tov ‘ards the dyke centre. 
These features, together with the sharply defined and 
planar outer margins of the layers, indicate inward growth 
of the elongate crystals from a stable substrate. 

The central parts of dykes between the elongate crystal 
layers are porphyritie and the layers define the boundary 
between aphyric zones and a central porphyritic zone 
(Figs. 1 and 2). Phenoerysts also occur in very fine 
grained renee porphyritie zones (Fig. 2), which rarely 
exceed 1 em in width although they persist through the 
exposed length of dykes. There are additional porphy- 
ritie zones within the aphyric zones of some dykes 
together with poorly developed layers of elongate crystals. 
There is a similar distribution of phenocry sts in more than 

95 per cent of other feldsparphyric dykes lacking layers 
of elongate crystals. In such dykes, aphyric zones vary 
from 1-90 em in dykes which are themselves a few em 
to 12 m wide, but the width of aphyrie zones is not directly 
related to dyke width. The combined widths of the aphyric 
zones oceupy up to 75 per cent of the total dyke width, 
but most commonly 15-35 per cent. 

Tt has long been accepted that stationary magma in a 
dyke will crystallize first at the walls, and that towards the 
end of ervstallization magma will be found only in the 
centre. For the usual case of e magma without superheat®, 
loss of heat through the fissure walls will result im eon- 
tinuous crystallization of magma while it is still flowing 
through the fissure. Nucleation and growth of crystals will 
be concentrated at the margins of the fissure, and nuclei 
forming on the walls will grow to form a succession of 
layers attached to the walls. Incorporation of pheno- 
erysts in the marginally accreting material will be possible 
only if they remain stationary long enough for the advanc 
ing interface partially to enclose them. While porphyritic¢ 
magma flows through the fissure, the movement of pheno- 
erysts will prevent their incorporation in the marginally 
accreted material, which will consequently be aphyric. 
When flow stops and the phenocrysts become more or 
less static, they will begin to be trapped by the advancing 
interface and build up layers of porphyritic dolerite. 
Settling of phenocrysts in static magma, which can be 
demonstrated in some inclined dykes, may also be suffi- 
cient to prevent the incorporation of some phenocrysts 
by the advancing interface and could account for the com- 
mon drop in phenoery: st content at the margins of the 
central porphyritie zone (Fig. 2). The marginal porphyritie 
zones consist of material deposited at the tip of the 
propagating fissure and thus represent the thickness of 
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magma rapidly chilled against cold country 


rocks and immobilized and which there- 7778s 
fore have the composition and porphyritie 382 d. 
character of that magma. 

The presence of oriented crystals is 
accounted for by the continual merease 2(5.49) 
of temperature of the solid-liquid inter- 

He during the period of magma flow. If 

the flow persists for sufficient time, the M 
E temperature will approach the PofRaA] 
liquidus temperatures of the various con- SoS: 
stituent phases. At some interface tem- 
perature below the liquidus of a particular 
phase, the nucleation rate of that phase a(6.00} 


will be effectively reduced to zero, but 
growth will continue, This stage was 
reached first by pyroxene. followed by 
plagioclase and finally olivine. The oriented 
erystals are the result of competitive crystal 
growth from an interface on which no Fig. 1. 
nuclei are forming. This is possible only 

when increased concentrations of rejected 
components adjacent to the growing interface are pre- 
vented*4, which in rapidly crystallizing minor intrusions 
is likely to arise by flow of magma past the growing surface. 
When flow stops, ‘the aceumulation of rejected components 
adjacent to the growing interface promotes renewed 
nucleation of all phases. In most dykes, flaw did not 
persist long enough for the interface to reach the tempera- 
ture required for oriented growth. 

Alternative hypotheses based on (a) flowage differentia- 
tion of a porphyritie magma‘ and (b) evisceration of partly 
crystalline magma. in the dyke! have been put forward to 
account for the zonal distribution of phenocrysts in dykes. 
The layers of oriented crystals are of particular signific- 
ance because they show that the observed boundary 
between aphyric and porphyritic dolerites represents a 
solid/liquid boundary and not one between porphyritic 
and non-porphyritie liquids. 


26.8 m. 
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Radon-222 Daughter Concentrations 
in Uranium Mine Atmospheres 


THE principal radiation exposure of a uranium miner is 
to the lungs and results from inhaling short-lived #Rn 
daughter products (Fig. 1) in the atmosphere?. The short- 
lived daughters (RaA, RaB, RaC and Rat’) decay in the 
lung to 22-year “Ph, of which a fraction is absorbed 
into the blood stream and stored in the skeleton. Correla- 
tion coefficients of 0:84 and 0-77 between exposure to the 
short-lived daughter products and the #°Pb skeletal 
burden have been reported?*, but these studies indicate 
that the concentration of #!°Pb in bone may be as much as 
four times that expected from the inhalation of the short- 
lived radon daughter atoms alone®. Less than 10 per cent 
of additional skeletal “Pb can be expected from inhaled 
Rn stored in body fat. In order that the concentration 

of 7©Pb in bone should be a valid index of exposure to the 
Rn daughter products, it must be shown that “Ph 
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atoms supplied by other sources are proportional to the 
“Rn daughter concentration. 

One possible source is PPh, which accumulates im 
mine air, and this study was undertaken to measure the 
concentrations of PPh and ?Po m uranium mine atmo- 
spheres at various radon daughter concentration levels, 
and to determine the amount of “$Pb in the mine atmo- 
sphere relative to that which would be produced from the 
decay of the short-lived radon daughters deposited in the 
lungs. Radium-226 was also measured in air so as te 
determine how much #4°Pb may be associated with 
in airborne ore dust. 

Atmospheric samples in duplicate were collected at 
fifteen locations in three uranium mimes in the Ambrosia 











Ra 





Lake area near Grants, New Mexico, Approximately 20 L 
of air was pulled through a | inch ‘Millipore’ AA filter. 


The mine air was relative aly free from visible dust, as was 
evident from the slight di coloration of the filters. Where 
possible, air movement was measured with a smoke tube, 
but this had little significance for the airborne concentra- 
tions, for the air was usually not fresh but had passed 
through worked-out stopes, raises and haulage drifis still 
containing ore, 

Gross alpha activity on the filters was measured with 
an Eberline PM-4R semtilation counter about 10, 20 
and 30 min after collection, whence the concentrations of 
RaA, RaB and RaC were determined. The procedure 
used for the determination of PPh and "Po has been 
described elsewhere’. The filters were wet ashed m 
HNO, and 72 per cent HCIO, and the Po was deposited 
on a 2 inch silver disk from a 0-3 M HCI solution at 85° Œ, 
The ?Pb present was calculated from the "Po ingrowth, 
which was measured by repeating the "Po deposition on 
another silver disk 3-4 months after the initial deposition. 
The alpha activ ip of the Po deposited on the disk was 














measured im a low-background (0:2—0-8 counts ht) 
ZnS(Ag) scintillation counter. The Po values were 





corrected for decay and ingrowth from the #°Pb to obtain 
the concentration at the time of sample collection. The 
concentration of Ra was determined in the same solu- 
tions used for the 7’Po and Ph analyses by the radon 
emanation method’, 

The results are given in Table 1. Because about 7 days 
had elapsed between collection and analysis, some nop) 
was present on the filters as a result of the de cay of 
short-lived Rn daughters, so that the number of Ph 
atoms formed by the total decay of the radon daughters 
RaA, RaB and RaC were caleulated from the disintegra- 
tion rates and their contributions, varving from 4 to 50 
per cent, were subtracted from the total "Pb. The 
disintegration rate of Po was observed to be on the 
average only 42420 per cent of equilibrium with its 
Ph parent. 
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Table 1, SAMPLING DATA AND ANALYTICAL RESULTS OF THE FILTER SAMPLES 
Sample Air movement Short-lived radon Exposure ueph Pe Ra 
number (etm) daughters (d.p.m./1.) (WL) (d.p.m./L.)* (dup.m./h.)* (d.p.m./1.)* 
1A 2,180 RaA — 730 1-65 1840-15 6 O7 -904007 
a e 218 +015 0-69 + 0-07 0-90 40°07 
Rat 212 
2A <100 Rad — 23,600 39 TL7 the -56 + 0-03 -58 + O06 
Rah — 19590 T47 +4 056 +003 0-56 + 0-06 
RaC -- 18,410 
BA ROO Rad — 9 870 OT 1-04 + 0-12 073 + 0018 0-44 +06 
RaB 1490 0-073 + 0-019 0-44 + 0-66 
RaC — 1,080 
1B 1,250 RaA -—- 13,290 29 5-23 + 0-30 O15 +003 73 4 008 
RaB -—~ 7,080 i 
RaC -—- 83,630 
2B 500 Rad -~ 55,290 öl 129 t0 OAT £003 0-68 + O08 
Rab - 7,680 
Rat 4,860 
3B 1840 Rad ~ §,830 16 4:54 40°29 O14 +002 O58 t 0-08 
Rab ~~ 3,680 
RaC —- = 2,550 
4B 1,540 Rad — 510 147 P44 e017 0-068 + O-OLS 0-93 + 0-08 
Rab — 358 
RaQ ~~ 247 
5B aH) Ra — 3,180 10 1554014 O113 + 0-017 0-38 + 0-07 
Rab — 2,410 
Ra -- 1,720 
6B OO Rad -- 2,420 62 4:12+031 O-O71 +0013 0-89 + 0-08 
RaB ~~ 1,560 
Rat —- 820 
7B 1,840 RaA =- 12,300 30 8-26 +038 O31 +002 1-02 + 0-09 
Rabo -— 7,150 
l Rat — 3,790 
&B 4,200 RaA — 1,630 34 0-80 0-09 0-053 +0017 O27 £006 
RaB --- 780 
Rat -- 510 
oR 200 Raa — 3,300 $6 3-90 + 0-24 G28 + 0-02 0-80 + 0-08 
Rat -— 2,250 
Rač -— 1,040 
1C ü Rad — 17,940 66 3a +2 224 £015 0-60 + G08 
Rab -—- 15,700 
RaC -— 12,720 
2C < 10) Ras ~~ 19,130 42 wt 42 175 £012 0-40 4 0°07 
Rab — 8,700 
Rač ~~ 7,679 
ac 500 Rad — 3,310 90 2-944 0-15 O42 +008 0-24 +008 
RaB — 2,060 
Rat —- 1,590 


* Multiply values by 10. 


In the fourth column of Table 1 are listed the exposures 
which the airborne concentration of radon daughters will 
deliver. The unit of exposure is the work-level (WL), 
which is defined as 1-3 x 10° MeV of potential alpha energy 
per litre delivered by the decay of RaA, RaB and RaC*, 
Ra’ need not be considered because of the small number 
of atoms relative to the other daughters. The exposures 
were calculated by converting the disintegration rates of 
RaA, RaB and RaC to atoms per litre and multiplying 
the atoms of RaA by 13-68 MeV per atom (6-00 + 7-68) 
and the atoms of RaB and RaC€ by 7:68 MeV per atom. 
The products of the three multiplications were then 
summed and divided by 13x 10) MeV/l.-WL to obtain 
the working-level exposure. 


ATOMS OF °WPh PRESENT* 
2Pb atome/l. in 


Table 2, 
2Ph aroms/l. from 


Sample Rn daughters mine atmosphere  %°Ph atoms/l. 
number Pha Bop hy from "Rat 

IA 0-25 1-97 1:52 

BA 13-9 125 0-93 

BA 1- 1-72 O74 

1B 4 8&7 1-22 

2B 6 21-5 115 

3B oe 7-68 0-96 

4B Oe 24 155 

5B P 26 0-63 

6B 0 6-9 148 

7B 44 13-8 r70 

8B 0: 13 Odd 

9B E 65 1-33 

1¢ 10- 228 1-00 

20 6. 172 0-67 

8C 143 49 04i 





* Multiply values by 10°. 

+ Assuming **Ra and “°Pb to be in equilibrium in ore dust. 

The *°Pb formed from the total decay of RaA, RaB 
and Ra€ on the filter is given in Table 2. The correlation 
of exposure and **°Pb skeletal burden is based on these 
values?’, In each case, the quantities of Pb which 
would be produced in the lung by the complete decay of 
short-lived #*Rn daughters inhaled (Pba) is less than 
that present in the mine atmosphere (#}°Pbr). In most of 


Errors = 1 standard deviation counting error. 


the samples, the atmospheric *°Pb was much higher— 
the atom ratio #4°Pb;/*!°Pbq varied from 1-7 to 27. Samples 
1C and 2C, which have exceptionally high atom ratios, 
were collected in areas which had been sealed for several 
months and, consequently, are atypical of working areas 
although they do demonstrate the possibility of “Pb 
build-up in a mine lacking ventilation or air movement. 
Neglecting these samples, the average “°Ph;/??"Pba ratio 
is 4742-9; the average ratio of measured Pb in bone 
to that attributed to inhaled short-lived radon daughters 
was 2-7+1-0 (ref. 3). Tt is therefore clear that the excess 
20Pb in the bone of a uranium miner may be attributed to 
airborne *Pb in uranium mines. 

The 2°Pb concentrations that would be associated with 
the 2*Ra at equilibrium are shown in Table 2. If the 
Ra decay chain is not in equilibrium, the #4°Pb values 
will be less than those shown. The percentage of #4°Pb 
associated with the *?*Ra in the airborne dust varies from 
less than 1 per cent for samples of higher ?4“Pb concentra- 
tion to 77 per cent for those of lower concentration, with 
an average of only 22 per cent. The chief fractions of “°Pb 
atoms in these mines must therefore have been formed in 
the atmosphere by the decay of the short-lived **Rn 
daughters and are present either as free atoms or, more 
probably, as atoms which have become attached to small 
submicron size (< 0-1-04 micron) dust particles®. 

Assuming a 95 per cent equilibrium to exist between 
22Rn and RaA, the times necessary to produce the 
observed airborne “Pb atoms, less those associated with 
26Ra, were calculated. Omitting the atypical samples 
1C and 2C, the atmospheric residence times varied from 
3-9 to 9-4 h, with an average of 5-1 h. Because some 
deposition will occur during this build-up time, these 
estimates are probably on the low side, although they 
are reasonable for particles in the <01 to 0-4 micron 
range (D. A. Holaday, personal communication). 

These observations suggest that the amount of inhaled 
210Ph in the body will usually exceed that derived from 


NATURE. VOL. 223, JULY 19. 


1969 


wy 





10° 


La A § 5s a E eas 





10° 





qj Pery Samal ae 


ns of ?°Pb/L frorn deposited Rn daughters 















106° 10° 108 
Atoms of Pb/l. of air 


Fig. 2. The relationship between the atoms of #’Pb in the mine 
atmosphere and the Pb atoms which would be derived from the 
decay of inhaled short-lived Rn daughters. 


inhaled short-lived radon daughters alone, and that the 
magnitude of this excess will depend on the rate of air 
turnover. If the conditions observed in this study can 
be considered typical, the excess "Pb which has been 
observed in bone can be explained. The relation in mine 
air between the total “"Pb concentration and Pb 
formed from inhaled short-lived radon daughters is shown 
in Fig. 2. Least squares analysis yields the following 
equation with a correlation coefficient of 0-85 (P< 0-001) 


20P hq = JOS [0-446 (226P by: )9°854] (1) 


where Pba are the ?"Pb atoms formed from the decay 
of inhaled radon daughters and 2\*Pb; are the atoms pre- 
sent in the mine air. When the concentration of airborne 
*“Pb atoms is compared with the radon daughter expo- 
sures, a linear correlation is also found (r=0-77; P= 
0-001). This indicates that changes in atmospheric 2? Rn 
daughter concentrations are accompanied by correspond- 
ing changes in airborne "Pb, and helps to explain the 
basis for the previously observed correlation between 
exposure to radon daughter products and the skeletal 
Pb burden. 

I thank E. Kaufman and D. Thomas for help in the 
collection of the air sample, C. L. Raker for the computer 
analysis and B. Kahn for his many helpful suggestions. 
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Fungal Growth and Iron Reduction 
in Swedish Alum Shales 


Is the course of laboratory tests of the heap leaching of 
uranium from alum shales, evidence was obtained for the 
existence of an apparently indigenous fungal flora. The 
deposits concerned, which represent part of the upper 
Cambrian series, outcrop and are being worked for 
uranium in the Billingen mountain area of central Sweden. 
They have a high content of pyrite, varying between 12 
and 15 per cent, which is finely dissemmated and often 
occurs in the form of framboids. The shales also have a 
high content of organic matter, varying between 20 and 
30 per cent, which occurs mainly in the form of kerogen. 
which is why they have been worked as oil shales in other 
areas of central Sweden. 

All samples were found to contain iron-oxidizing bac- 
teria and, like other uranium ores containing pyrite®?, 
the shales were readily amenable to heap leaching. When 
the right watering conditions were used in column leach- 
ing experiments, the bacterial oxidation of the pyrite soon 
led to the production of ferric sulphate and sulphuric acid 
in solution, the pH of the effluent rapidly dropped to 
below 2 and the Eh rose to above 400 mV (measured 
against a standard calomel electrode)*. Such experi- 
mental conditions proved ideal for the rapid leaching of 
uranium. In one respect, however, the behaviour of the 
shales was quite unique. With increasing throughput of 
liquor or with diminishing particle size, reducing condi- 
tions developed during leaching. Thus, in tests which 
used beds of shale 30 inches (76 em) deep, although the 
pH remained between 1 and 2, the EA of the effluent 
progressively dropped until most of the iron being eluted 
was in the ferrous state. Once reducing conditions had 
been established, they persisted. 

Evidence was shown for the existence of Ek gradients 
in the top half of the bed. In the top few inches, the Eh 
was > 500 mV. indicating the presence of strongly aetive 
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Fig. 1. Reduction of iron by fungi grown at 25° on sucrose and mineral 
salts medium at pH 1-8, Area of mycelial mats ~ 150 em‘ per 250 em? 
medium. Paecilomyces variotii (@);, Penicillium janthinellum (Oy; 
sterile medium (x), The medium used was modifed Bromfteld's 
medium-—KH,PO,, 0:05 g; MgS0,.7H.0, 0-02 g; (NH,)80,, 1 g; 
CaCl, 0-01 g; FeCl, 6H,0, 0-27 g; sucrose, 0-6 g; distilled water, 
100 cm*; adjusted with HCI to pH 1-8. The medium was autoclaved, 
but the sucrose and ferric chloride solutions were sterilized separately 
by filtration. In some tests sucrose was substituted by tetradecane, 
flaked paraffin wax or lauric acid, Ferric chloride was omitted from tests 
where only fungal growth was being investigated. Ferrous and total 
iron were determined by the dipyridy! method. 
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Fig. 2. Reduction of iron by fungi grown at 28° on tetradeeane and 
mineral salts medium at pH 1-8. Area of mycelial mats ~ 190 em? per 


100 cm* medium. Paecilomyces variotii (@); Penicillium janthinellum 
(5); sterile medium ¢ x ). 





iron-oxidizing bacteria, dropping to <400 mV at the mid- 
way point and then remaining fairly constant. 

These reducing reactions were thought to be related to 
microbial attack on the kerogen and the shales were 
therefore examined for heterotrophic bacteria. Three 
bacilli species were isolated, one of which, Bacillus eir- 
ewans, was able to grow anaerobically and reduce iron 
rapidly in a modified Bromftield’s (veast-free) sucrose 
medium, These findings confirmed the results of Brom- 
field hirnself, and it is probable that. in the conditions given 
here, ferrie iron replaces oxygen as terminal electron 
acceptor for respiration of B. circulans®. As none of the 
strains would grow at pH <5, however. it was concluded 
that the strains could not be responsible for the reduction 
of iron taking place at lower pH. Subsequently four species 
of fungi were isolated from the shales and were identified 
as Penicillium (nearest) janthinellum (Biourge), Tritir- 
achium sp., Geotrichum sp. and Paecilomyces variotii 
(Bainier), All of them were relatively uncommon types 
and able to grow at pH <2. As can be seen from Figs. 
1 and 2, the last-named species was able to reduce iron 
rapidly when grown on sucrose or tetradecane as substrate; 
it appeared likely therefore that the Paecilomyces sp. was 
responsible for the reduction encountered in the leaching 
tests. Attempts to grow this organism anaerobically on a 
sucrose/ferric iron medium were unsuccessful. Thus, be- 
cause there was no evidence that the Paecilomyces sp. was 
able to utilize ferric iron as a terminal electron acceptor, a 
sample of the culture medium after growth of the organ- 
ism on tetradecane was examined to see whether fungal 
metabolic products of a reducing character could be 
detected. Absorption bands at 2760 A and 2430 A were 
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l i ( < group- 
mgs respectively; this suggested that an unsaturated 
ketone might be the main reductant. 

Examination of sections from a 22 inch (56 em) bed of 
leached shale, from a test where oxidizing conditions had 
prevailed, showed no fungal growth at the top or base of 
the column, strong growth at a depth of 7 inches (18 em) 
and moderate growth at a depth of 14 inches (36 em). 
These observations were similar to those recorded for soil 
profile Single mycelial fragments were isolated from 
different areas at both levels and grown individually on 
agar plates. Only the Penicillium sp. appeared to be 
represented. This would suggest that the growth of the 
Paecilomyces sp. must be favoured by the conditions of 
higher moisture content and lower oxygen tension asso- 
ciated with iron reduction while the pattern of fungal 
growth could explain the gradients already mentioned. 

These data provide evidence for an active fi ungal popula- 
tion. probably utilizing the kerogen, and fora possible iron 
eyele in the shale. Finally, the ability of some of the fungi 
to grow on long chain hydrocarbons and their derivatives 
was briefly investigated. As expected’, the Penicillium 
sp. was found to grow well on both paraffin wax and on 
tetradecane, as did also the Paecilomyces sp. The Tri- 
tirachium sp. was found to grow well on laurie acid. 

The extractive work was carried out on behalf of 
A.B. Atomenergi, Sweden, as part of a sponsored project. 

We thank Dr A. H. 8. Omons of the Commonwealth 
Mycological Institute, Kew. and Dr D. Jones of the 
Macaulay Institute for Soil Research for identif ing and 
assisting with the isolation of the fungi; Mr T. G. Mitchell. 
late of the Torry Research Station, for identifying the 
bacteria; and Mr 8. H. U. Bowie of the Institute of 
Geological Sciences and the other colleagues for their 
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Boron Regulation in the Oceans 


Ix the search for a general theory to explain the cherie: 
composition of ocean water, emphasis has been put on 
inorganic equilibrium models which are themselves based 
on the postulate of a steady state oceanic system). 
The major cation content and pH of ocean water at pre- 
sent are very similar to the values predicted by equilibrium 
calculations, and one of the most important of these 
reactions is supposed to be that of the amorphous alu- 
minium silicate fraction of river sediment with dissolved 
bicarbonate, silica and cations in ocean water to form 
authigenie sedimentary silicate minerals. Mackenzie and 
Garrels® suggest that these reactions take place before 
deposition of the sediments and calculate that only 7 per 
cent of the amount of suspended river sediment entering 
the ocean would have to form authigenic minerals if 
the composition of the oceans were to remain constant. 
Although there is no conclusive field evidence for the 
proposed mineral--water reactions and their effect on the 
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major cation budgets in the oceanic system, there is 
field and laboratory evidence to show that boron is taken 
up by the fine-grained silicate material during the transfer 
from the fresh water to the marine environments’). 

A part of the interest in the sedimentary geochemistry 
of boron is the potential use of the boron content of clays 
as an indicator of the palaeosalinity. The following 
generalizations (see ref. 6 for review) appear valid. 
(l) Boron is absorbed by clays in direct proportion to the 
boron concentration in solution® 3". (2) Marine clays 
contain more boron than freshwater clays; analysis of 
argillaceous sedimentary rocks indicates averages of 
approximately 110 and 50 p.p.m. respectively*, while 
analysis of eighty-two newly formed muds has shown that 
marine muds contain about 30-45 p.p.m. more boron than 
freshwater muds’. 

The boron budget of the ocean is related to the chemical 
evolution of ocean water. By chemical weathering, part 
of the boron in silicate structures is released and trans- 
ported in dissolved form by rivers to the sea. The mean 
horom concentration! of major rivers draining the Soviet 
Union end North America is 0-012 mg/l, With an annual 
freshwater influx of 3-3 x 10! |. per year, the total annual 
boron contribution to the sea from continental drainage 
is approximately 4-0 x 10! mg per year. 

The transport of sediment by the rivers to the oceans, 
corrected for the recent influence of agricultural develop- 
ment, is caleulated®? to be TAx 10 mg per vear. For 
every 10° g of sediment entering the oceans, approximately 
45 g of boron is transferred from the dissolved form to 
mineral struetures*:?, The total amount of boron removed 
from the oceanic reservoir by mineral-water reactions 18 
33104 mg per year if the formation of authigenic 





minerals is neglected, and will be considerably greater if 


authigenie silicates form on the sea floor or in estuaries. 
If 7 per cent of the sediment deposited on the ocean floor 


were authigenic® and removed 110 parts per million of 


boron, the average amount im marine clays, rather than 
the 45 parts per million assumed here, an additional 
0-64 x 104% mg a year of boron would be removed from 
the ocean. The geochemistry of an Arctic watershed 
has shown that reeyeled marme sediments in this polar 
region do not pick up extra boron on moving from the 
terrestrial to the marine environment!*, so that the 
estimate that 42x109 mg of total boron is removed 
each year by imineralowater reactions is probably an 
upper limit. 

The biological removal of boron from the oceanic 
reservoir is less than that of mineralowater reactions by 
an order of magnitude. Diatoms are the only marine 
organisms known to concentrete boron in skeletal material, 
and the average boron eontent of diatomaceous material 
is approximately 75 parts per million. The accumulation 
rate of marine siliceous oozes has been calculated™ ta be 
3-6» LOM g SiO The total amount of boron removed 
by biogenie silica sedimentation in the oceans is 2-7 x 10° 
mgivr. Boron also plays an important biochemical part 
im soft plant tissues and the average boron/earbon ratio 
in marine plankton can be caleulated'*" to be 123x 10. 
The total annual primary production of organic matter in 
the sea is estimated!’ to be 3-6 x 108 g of carbon a year. 
Thus 4:4 x 10! mg of boron a vear could be removed from 
the oceanie reservoir in newly formed organic matter. 
The amount ef boron incorporated into organic matter 
exeerds by severel orders of magnitude the quantity 
taken up by reactions between minerals and water and as 
skeletal materials, but boron teken up by living organic 
matter is not removed from the oceanic reservoir by 
sedimentation after the death of the organism but is 
rather regenerated. (There is a negative correlation 
between boron and organic material in argillaceous sedi- 
ments!2,) It will therefore be assumed that the re- 
generation of boron from decaying plant material is 
essentially complete and does not influence the oceanic 
boron budget. 
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The caleulations of boron input and removal iTable ib 
lead to the conclusion that the total removal of boron from. 
the oceanic reservoir by mineral-water reactions is 
approximately equal to the input of dissolved boron from 
the continents, which confirms?! that all or most of the 
boron contributed by rivers can be taken up by suspended 
sediment entering the oceans. 


Table 1. BORON BUDGET FOR THE WORLD OC RAN 


Boron 
Input: trgiyr} 
Dissolved In continental drainage 20% 70% 
Removal: 


CEES LO 
Ob x 1D 
O38 « LOM 


Mineral-water reactions 
Authigenic silicate formation 
Deposition of siliceous skeletal material 

Boron is usually considered to be an important eon- 
stituent in products of degassing from the interior of the 
Earth, but the present calculation does not melude an 
estimate of boron input into the ocean from sources such. 
as submarine voleanism beeause of the evidence that it 
can be neglected. 

Calvert!! has demonstrated that biological activity at 
present controls the silica concentration of ocean water. 
In the Pre-Cambrian oceans, inorganic control of dissolved 
siliea was probably predominant. The inorganic regulation 
of boron demonstrated in the present article depends on 
the assumption of steady state hydrological cycling and 
erosion. The independence of the mechanisms regulating 
the individual constituents of seawater means that trace 
elements such as boron cannot be used reliably as indica- 
tors of palaeosalinity. 

This work was supported by grants from the National 
Research Council of Canada. I thank R. M. Garrels, W. 
Jordon, A. Levinson, F. T. Mackenzie, H. Sehwarez and 
D. M. Shaw for their discussions and contributions to the 
manuscript. 
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Direct Measurement of the Tensions 

of Liquid Films in Air 

A THIN black film is expected to have a reduced film 
tension compared with a fairly thick film in which the 
core has bulk phase properties!:*. Because of its reduced 
tension, a thin black film forms a contact angle with a 
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Fig. 1, Apparatus for measuring film tensions. A, Flexible tube with 
taps; B, glass tube for siphoning; ©., solution; D, glass frame; E, 





heater for bursting films; F, microbalance; H, counterweight. gë = 
film tension, y=golution surface tension: Ọs contact angle. 


bulk phase surface, and several optical methods for 
aceurately measuring this contact angle have been 
reported?-*, Recently, a more direct method based on the 
bubble pressure technique has been used to measure the 
tensions of black hydrocarbon films in aqueous solution’, 

We have used a recording microbalance (C.I Electronics 
Ltd) to measure the film tensions of “second black”, or 
Perrin, films! formed at 28-5° © in air from 0-05 per cent 
aqueous solutions of sodium dodecyl sulphate (SDS) 
containing varying concentrations of sodium chloride 
(0-1 to 05 M). The SDS was purified® by liquid/liquid 
extraction with petroleum ether from aqueous ethanol 
followed by crystallization until there was no minimum 
in the surface tension against log concentration plot for 
aqueous solutions. Sodium chloride was ‘Analar’ grade 
roasted at 600°C for two hours and the water used to 
prepare solutions was quadruple distilled, the second time 
from alkaline permanganate and the third and fourth 
times from an all quartz apparatus. All solutions were 
adjusted to pH 8-5 by adding sodium hydroxide in order 
to inhibit hydrolysis of the SDS to dodecanol. 

A sketch of the film tension apparatus is shown in 
Fig. 1. By siphoning solution from an auxiliary reservoir, 
films were formed on a very light (200 mg) rectangular 
glass frame 4em wide suspended from one arm of the 
microbalance, the whole assembly being in a totally 
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enclosed system in an air thermostat (28-5°+0-1°C). 
Film drainage was followed on a chart recorder by dis- 
playing the force exerted on the balance. When the 
boundary between black film and thick film reached the 
bulk liquid surface, a sharp deflexion occurred on the 
chart recorder corresponding to the difference in tension 
(A) between black and thick films. From microbalance 
readings, before and after bursting the film with a heater 
(Fig. 1), absolute tensions of the black films (of) were 
determined by extrapolating the resulting recorder trace 
back to the time of rupture. This corrects for subsequent 
drainage of Platewu border fluid from the frame. 


Table 1, TENSIONS OF FILM (o¥) AND SOLUTION SURFACE (y) FOR 0-05 PER 
CENT AQUEOUS SODIUM DODECYL SULPHATE AS A FUNCTION OF NaCl CON- 
CENTRATION aT 28-5" 0 


Concentration Film. tension 


Thin film Solution surface Contact 










of NaCl decrement 4a tension oF tension y angle 6 
(M) (dyne oem) (dyne cnr?) (dynecm™) (degrees) 
Film = Drop 
bal- vol- 
ance ume 
20d +005 +01 
à ane | 01* oe 68-20 34:10 34-07 
Ist black | 9.9 £001 65-10 32-55 8257 
(O25 0-08 + 0-01 82-12 32-07 
03 2TA + 0006 3173 216 





2ad black 81-09 


30-55 


30-95 8-32 4 
3047 9-OC 





* Films unstable. 


Values for the bulk surface tension (y) were obtained 
from the film measurements [y= (oF + A 2] and are 
compared in Table 1 with the surface tensions determined 
on the same solutions by the drop-volume technique. 
The two sets of measurements show satisfactory agree- 
ment, Because A may be determined with much greater 
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Concentration of NaC! (mole 1,73) 


Fig. 2. Contact angle (6) against NaCl concentration for films given by 

0-05 per cent aqueous solutions of sodium dodecyl sulphate. ©, Mysels 

et al, (28° C) (ref. 10); A, Scheludko et al. (22° C) (ref. 4); [C], Princen 
(24-3° CY (ref. 5); x, present work (28-5° ©). 
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precision than the tensions of either the film or the bulk 
solution, we may also obtain accurate values for the 
contact angle 0 

F Py — 

(o = cos"! z = cos“? a = 

ay ay 
Values of 0 are given in Fig. 2 and compared with the 
results obtained by previous workers*-*'°, The results 
show clearly (Table 1) the transition from “first black” 
films (> ~ 100 A) to “second black” films* (~ 44 A thick). 

Above 0-25M NaCl our results for @ (at 28-5° C) are 
accurately parallel to those of Mysels et al.™ (23° C) and of 
Princen? (243° C). Measurements at several tempera- 
tures have shown that this shift in the curve arises solely 
from the difference in temperature. Jones et al.* showed 
that in raising the temperature from 23° C to 28.5° C the 
minimum concentration of sodium chloride necessary for 
the formation of stable “second black” films increased 
from 0-2 to ~ 0-25 M, a change equal to the displacement 
of our results relative to those of Mysels et al.. The 
greater discrepancy between our results and those of 
Scheludko et al.* (see Fig. 2) is presumably 
due to the use by Scheludko of micro- 
scopic films (presented at Gordon Con- 
ference, 1968), rather than the large (4 
cm?) films we have examined. 

At 0-1 M the films were unstable but 
drained sufficiently before spontaneous 
rupture to allow the tension of the thick 
film to be measured. For films at 0-2 M 
NaCl, no discontinuity in the drainage 
trace on the recorder could be detected 
when the black film boundary reached the 
bulk liquid surface, and therefore 9 is 
plotted as zero. The smallest shift detect- 
able corresponds to 0-01 dyne em! so 
that the smallest contact angle which can 
be measured is ~ 1°. 

This method represents a simple, 
accurate and rapid means of determining 
A directly without using a comparison 
between bulk liquid and black film ten- 
sions obtained from two different methods. 
The effects of temperature on second 
black films for a number of different 
systems are currently being examined. 

We thank Professor A. Scheludko 
and Dr K. J. Mysels for copies of manu- 
seripts before publication. 

Note added in proof. Similar results, 
using a torsion balance, have recently been reported by 
A. Prins in J. Colloid Interface Sci., 29, 177 (1969). 
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Fig. 1. 
(From Sheets SP 75, SP 65 of the Ordnance Survey 1: 25,000, Provisional Edition, by 
permission of the Director General.) 
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Seismic Reflexion Surveying from 
Inland Waterways 


THE continuous seismic profiler is in common use for 
investigating the geological strata beneath the sea bed. 
We have developed a new use for this instrument--- 
namely, to obtain a continuous reflexion profile of the 
geological strata on land by operating the instrument in 
a shallow inland waterway, the Grand Union Canal. 
The chief difficulty in seismic reflexion surveying on the 
ground itself is that of continuous and easy movement, but 
this is effectively overcome by using an inland waterway. 
The acoustic source, a spark in this instance, is effectively 
coupled to the ground by the water and a towed pressure- 
sensitive hydrophone eliminates the complications of 
surface and shear waves. With a spark acoustic source 
at a rapid repetition rate, the peak acoustic pressure in 
the canal water is low and damage to fish and other wild- 
life is thus avoided. Careful observation of the canal 


during the experiment discovered no signs of damage to 
wildlife. 
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Grand Union Canal between Banbury Lane and Blisworth Tunnel Entrance, 


An Edgerton 3-element “Sparkarray”’ was modified to 
operate in fresh water. An aluminium electrode was 
clamped to the frame of the “Sparkarray” so that its 
end was parallel to, and 0-5 inches from, one of the 
high voltage electrodes. The remaining two high voltage 
electrodes were blanked off. The acoustic pulse was 
generated by discharging a 1,000 J capacitor-trigger 
bank (Edgerton Type 231) across the electrodes immersed 
in the canal water. A single element hydrophone was 
towed 50 feet behind the canal boat to receive the reflected 
acoustic signals. An Edgerton Type 254 facsimile 
recorder was used to display the signals. 

Six profiler records were obtained over the section of 
canal (Fig. 1) from Bridge 46 (Grid Reference SP 12554) 
to Blisworth Tunnel Entrance (Grid Reference SP 729529), 
a distance of about two miles. Position fixing simply 
consisted of noting on the profiler record whenever the 
boat passed under a bridge. 

The reflecting horizons are consistent but discontinuous. 
Fig. 2 is a tracing of one of the best records; a definite 
reflecting horizon can be seen dipping from right to left. 
The dominant frequeney of the reflected pulse is about 
300 Hz, compared with the dominant frequency from the 
“sparker” in the marine environment of about 150 Hz. 
The increase in the frequency is attributable to the 
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Fig. 2. Tracing of part of the seismic profiler record, 





reduction in gap width necessary for operation in fresh 
water and accounts for the relatively low penetration 
obtained with the equipment. The discontinuities are 
thought to be due primarily to variations in the acoustic 
characteristics of the sides and bottom of the canal, 
resulting in variations of the reverberation time. 

The two-way travel times to the reflecting horizons 
identifiable on each record were measured and combined 
into a composite section drawn up as follows. A line was 
drawn from Bridge 46 to Bridge 5la (Fig. 1). Perpendi- 
eats were dropped to this line from each bridge position. 
mie section was drawn along this line using the 
apike to the reflecting horizons measured at each bridge 
position, 

The prominent horizon (Horizon I) dips from 26+ 5 ms 
at Bridge 46 to 6245 ms at Bridge 5la. A less distinct 
horizon (Horizon TI) dips from 82 + 5 ms to 100 + 5 ms over 
the same distance. The errors in the two-way travel times 
were obtained from the deviation between the individual 
profile measurements and the mean value at a particular 
point on the canal. 

The surface geology was obtained from the six-inch 
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The section of the canal south of Bridge 
48a and north of Blisworth Tunnel En- 
trance (Fig. 1) is cut through Upper Lias 
Clay. North of Bridge 48a, the canal forms 
the junction between Upper Lias to the 
east and Middle Lias to the west. The 
strata dip in a south-easterly direction at 
Lin 100, 

Information about the geology at depth 
comes from several boreholes im close 
proximity to the canal (Fig. 1). (The bore- 
hole numbering system is that of the 
Hydrogeology Division, Institute of Geo- 
logical Sciences.) The Gayton deep bore- 
hole (No. 202/2) gave a thickness of 4 inches 
of Upper Lias Clay overlying 10 feet of 
Marlstone Rock Bed and 100 feet of Middle Lias consisting 
of silts, clays and nodular limestones. Below this layer 
comes the Lower Lias. The boundary between the twa is 
often indistinet from visual examination and recognizable 
only by palaeontological studies. The information Tror mal 
the relevant boreholes is plotted in Fig. 3, taking the canal 
surface 282 feet above O.D. 

The composite seismic reflexion profile was interpreted 
in terms of the depth of the geological strata by using 
velocities for the first and second layers and applying 
a move-out correetion for the distance between the 
source and hydrophone. Tt was assumed that the seismic 
“weathered” layer below it was of negligible thickness. 

There is no seismic evidence for the position of the b 
of the Upper Lias, which is nowhere a than 80 fe 
in this section, This horizon may be lost within the 
reverberation time of the canal. which is about 25 ms. 
Bullard e¢ al.) have determined seismic velocities in this 
area: the means of thelr measurements are 


7,100 feet/s. 
8.100 feet/s. 
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position that Horizon I is the bottom of the Middle Lias. 
The solid lines indicate actual measured reflexions from 
the profiler records; dotted lines indicate interpolations. 
The estimated error is +18 feet. 

The only borehole in close proximity to the seismic 
section which entered the Middle Lias is No. 202/106, 
situated at Blisworth. In Fig. 3, this borehole has been 
extrapolated downwards assuming the total thickness of 
Middle Lias, including the Marlstone Rock Bed, to be 
110 feet as at Gayton. The bottom of the Middle Lias 
then coincides with Horizon I. 

Horizon II is evidently a reflector within the Lower 
Lias. It is not the base of the Lower Lias, which borehole 
and seismic refraction studies have shown to be at a 
depth of 570 feet below the base of the Upper Lias. 

The dip of seismic Horizon I is 1 in 80 in a south-easterly 
direction. 

Clearly this method is capable, as it stands, of yielding 
useful information on reflecting horizons between depths 
of 80 feet and 350 feet. 

We thank the British Waterways Board for its co- 
operation, Mr Voyce and Mr J. Hallam for assistance in 
the field and Mr Taylor Smith for the loan of equipment. 
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BIOLOGICAL SCIENCES 
Ribosomal DNA in the Rat 


Ture amount of DNA complementary to ribosomal RNA 
(rDNA) has been shown to be constant in several tissues 
varying in rRNA synthesis'*. There is, however, a 
dramatie exception to this in amphibian and insect 
oocytes*-5, where amplification of the rDNA oceurs and 
results in high rates of rRNA synthesis during oogenesis®. 
Recently, Stevenin et al.” reported that in rat brain the 
amount of DNA complementary to rRNA was 0-15 per 
cent, while in liver it has been reported to be only 0-046 
per cent of the genome’. Because the rate of rRNA syn- 
thesis is the same or even higher in liver than in brain’, 
in all stages of development, these studies suggested that 
amplification of rDNA occurs in brain for some function 
other than elevated rRNA synthesis. We undertook the 
present study in order to clarify this point. 

The results presented here show that the amount of 
rDNA in rat liver and brain is the same, equal to about 
0-04 per cent of the genome. 

DNA was extracted from the liver and brain of adult 
male albino rats according to the method of Ritossa and 
Spiegelman’, but with partially purified nuclei and an 
additional pronase treatment. 

Newborn rats were used for ribosomal RNA extractions. 
Intraperitoneal injections of P phosphate (2 mCi, 
followed by two more injections of 1 mCi each) were 
performed for liver rRNA. Brain rRNA was labelled 
by intracranial injection of either P phosphate (three 
injections of 1 mCi each) or °H orotic acid (two injections 
of 2mCi each), The interval between the various injections 
was approximately 12 h. Animals were killed 24 h after 
the last injection. 

The rRNA was isolated from liver and brain by the 
method of Kirby”. The dialysed rRNA was further 
purified by methylated albumin kieselguhr chromato- 
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graphy’. The specifie activity of the #P labelled rRNA 
was between 6,000 and 9,000 c.p.m./ug and that of the 
3H labelled rRNA was 20,000 ¢.p.m./ug. 

We used the hybridization technique of Gillespie and 
Spiegelman!*?. The reaction was carried out in 6 x SSC 
(1 SSC =0-15 M NaCl and 0-015 M Na citrate) at 67° for 
16 h. The 6x SSC buffer was used throughout except 
during ribonuclease treatment (15 ug/ml. at 30° for 45 min 
in 2x SSC). 

Fig. 1 shows the results of a series of experiments in 
which increasing amounts of either °H or “P-labelled 
rRNA were annealed with a nearly constant amount (100 
ug) of DNA, both for liver and brain. The plateau of the 
curve indicates that the fraction of nuclear DNA com- 
plementary to rRNA is nearly 0-040 per cent. It must be 
noted that the amount needed to achieve saturation is 
on the average 0-06 in terms of rRNA/DNA ratio. 

The following possibilities explain why Stevenin ef al? 
achieved a saturation level nearly three times higher than 
that. 

First, inadequacy of our hybridization technique; this 
possibility can be ruled out, for the results obtained in this 
laboratory with other genetic systems, such as Drosophila 
melanogaster and E. coli, never gave conflicting results. 
In addition, the same results were obtained when we 
used different conditions of hybridization {2 x SSC for 
15 h at 60° C, 4x SSC for 16 h at 67° C and 6x SSC for 
16 h at 67° C). Second, loss of DNA during hybridization, 
in our conditions; this possibility was monitored by 
following the loss of #P-DNA from the nitrocellulose 
filters; it ranged from 5 to 7 per cent at the end of the 
procedure, The saturation levels have been corrected for 
these losses. Third, contamination of nuclear DNA with 
mitochondrial DNA; Stevenin et al,” prepared their DNA 
from the 30,000g pellet, so that the mitochondrial DNA 
would also have been included. But we were unable to 
detect hybridization of rRNA with mitochondrial DNA 
(Fig. 1). Fourth, messenger RNA (mRNA) contamination; 
in their study Stevenin et al. used rats which were killed 
only 5h after injection of “P; this time is considerably 
less than the measured half-life of at least some mRNA 
molecules in brain. Moreover. the efficiency of the ribo- 
nuclease treatment used to free the polysomes from 
mRNA has not been convincingly demonstrated, Fifth, 
impurity of rRNA, initial experiments in which #P-/ RNA 
was prepared according to the n ; 
Spiegelman", gave saturation levels with both liver and 
brain DNA, varying between 0-09 and 0-17 per cent. In 
these cases, saturation was not achieved even at an input 
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ratio of rRNA/DNA of 0-02. *H-rRNA prepared by the 
same method, however, gave similar results to those ob- 
tained later with **P-rRNA purified more carefully by 
the method of Kirby", that is 0-040 per cent, Jacob 
et al.™ have shown that, in brain polysomes labelled with 
3P, a fair amount of radioactivity is present in non- 
nucleic acid components. We presume that some of these 
components somehow interfered with the hybridization 
technique and contributed erroneous results. 
Jaa MOHAN 
ADRIAN DUNN 
Luiat CASOLA 
International Laboratory of Genetics and Biophysies, 
Naples, Italy. 
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RNA from Salmonella typhimurium 
hybridizable with R-factor DNA 


MvLtreLe antibiotic resistance was first encountered im 
Shigella strains isolated in Japan in 1955. Similar multiple 
resistant Enterobacteria are now so widespread that. the 
mechanism of their resistance is of con- 
siderable interest?. In these bacteria the 
determinants of resistance are carried on 
an extrachromesomal element, or plasmid, 
known as a resistance (R) factor, which is 
composed of DNA of a characteristic base 
composition, Evidence suggests that bac- 
teria harbouring R-factors produce anti- 
biotic-inactivating enzymes, and this may 
be the basis of their multiple resistance. 
Thus B-lactamases active against penicil- 
lins? and cephalosporins’, chloramphenicol 
acetylase®:® and streptomycin adenylate 
synthetase’ have been described in R-factor 500 
strains. If an R-factor carries the struc- 
tural genes for these enzymes, then, 
according to the theory of protein bio- 
synthesis, resistant bacteria should contain 
some messenger RNA of complementary 
base sequence to the R-factor DNA. We 
here describe the detection of an RNA 
species present in Salmonella typhimurium 
harbouring an R-factor, hybridizable with, 
and thus complementary to, DNA of the 
R-factor. 0-2 
The rapidly labelled RNA from bacteria 
has been shown to contain most of the 
messenger RNA fraction’. Rapidly labelled 0 
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RNA was isolated from S. typhimurium 20 


LT2 carrying R-Munich. This R-factor 

confers resistance to tetracycline, strepto- Fig. 1. 
mycin, sulphonamides, chloramphenicol 
and kanamycin. A 600 ml. culture in 
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glucose-salts medium’ was labelled with “C-uracil (20 uCi; 
specific activity 50 mCi/mM) throughout growth and with 
*H-uracil (200 uCi; 1,000 mCi/mM) for 0:5 min before 
collection. Growth was stopped in the late log phase 
Agsonm (07) by adding 300 ml. frozen medium containing 
0-2 per cent sodium azide and the cells were harvested by 
centrifugation, Following washing in cold buffer (0-01 M 
tris-HCl, 0:005 M magnesium acetate, pH 7:4), the cells 
were resuspended in 3 ml. buffer and lysed by shaking for 
3 min with 0-5 ml. 25 per cent sodium lauryl sulphate. 
The lysed cells were deproteinized by extracting three 
times with 90 per cent (w/v) aqueous phenol. Phenol was 
removed from the aqueous phase by ether extraction, 
and the nucleic acid solution was incubated for 30 min at 
4°C with deoxyribonuclease (10 yg/ml.). The DNase 
was removed by phenol extraction, and the RNA was 
precipitated with ethanol and redissolved in buffered 
saline (0:05 M phosphate buffer, pH 6-7, containing 
0-4 M NaCl). 

The RNA solution was applied to a methylated albumin-— 
kieselguhr column! and eluted with a continuous NaCl 
gradient (0-4-1-1 M). Three ml. fractions were collected 
and analysed for "C and "H by liquid scintillation counting 
(Fig. 1). The most rapidly labelled RNA fractions 
(highest *H/4C) were pooled and dialysed overnight 
against 60 volume phosphate buffer. This rapidly 
labelled RNA, which was eluted from the column just 
before ribosomal RNA, was used in all hybridization 
experiments. 

DNA was extracted according to the method of 
Marmur with the following modification. After RNase 
treatment, the DNA solution was incubated with self- 
digested pronase (50 ug/ml.) for 2 h at 37° O, and was then 
subjected to a final chloroform deproteinization. Follow- 
ing isopropanol precipitation, the DNA, redissolved in 
1/100 standard saline citrate (SSC) (to a concentration of 
200 ug/ml), was heated at 95° C for 10 min and denatura- 
tion was monitored by the increase in ODs The RNase 
activity of this DNA solution was measured and found to 
be negligible. 

The method of Gillespie and Spiegelman! was used for 
DNA-RNA hybridization, except that DNA was im- 


8 


Rn 


6 
4 


= 
= 


2 


0 





30 49 50 60 70 
Fraction No, 


MAK chromatography of RNA. From bottom to top: ————, ODs; A—A, 


O--+ O,*Hep.m./01 ml; @—@, “0 c.p.m./ 


were pooled and used for hybridization, 


NATURE, VOL. 223, JULY 19. 1969 


Table 1. PERCENTAGE HYBRIDIZATION OF S. typhimurium RNA with DNA 
FROM VARIOUS SOURCES 
Percentage of total 
counts added 
retained by the filter 


Source of DNA Source of RNA 





None S. tuphimurium Re 
Calf thymus a së R 
S. typhimurium R” Mee he Re 
” ‘Re ifs Sy R- 
P. mirabilis Re i ‘i R 
A P Ro ate Be Re 

n t R- n ” Re i 

Hr A R- 0-46 


In each experiment 5 ag labelled RNA was annealed with 200 wg DNA, 


mobilized on a ‘Millipore’ filter (type HA). All processes 
were carried out in 2x SSC and annealing was allowed to 
proceed at 75° 0 for 7h. 

Table 1 shows the percentage hybridization using 
S. typhimurium RNA and DNA of various species. The 
low level of hybridization obtained when using calf 
thymus DNA demonstrates that the hybridization is & 
specific process. Because of the high chromosomal com- 
plementarity?® when using both DNA and RNA from 
S. typhimurium no excess complementarity caused by the 
presence of the R-factor could be detected in the resistant 
strain. The complementarity between Proteus DNA and 
Salmonella RNA, however, is as little as 0-5 per cent at 
75° C (personal communication from 8S. Falkow). Thus 
hybridization between Proteus mirabilis DNA and 
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Fig. 2. Percentage RNA hybridizable with increasing amounts of 

DNA. a, 5 ug labelled S. typhimurium Rt RNA (4,000 c.p.m./ug) 

was incubated with DNA from Rt @—@ and R- O—O P. mirabilis. 

b, 5 ug labelled S. typhimurium R- RNA (5,000 e.p.m./ug) was incubated 
with DNA from R+ @-—@ and Ro O—O P. mirabilis. 
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S. typhimurium RNA when both species carry the same 
R-factor should emphasize any complementarity caused 
by the R-factor. P. mirabilis R+ was obtained by con- 
jugation of S. typhimurium LT2 R-Munich with P. 
mirabilis R- using a mixed culture technique, and isolation 
on selection plates. 

Fig. 2a shows the extent of hybridization between DNA 
from Rt and R- P. mirabilis with RNA from B+ 
typhimurium. There is significant increase in hybridiza- 
tion in the case of Rt DNA, demonstrating that RNA of 
complementary base sequence must be present in, the 
R+ S. typhimurium. Fig. 2b shows the graph obtained 
from using R- S. typhimurium; no difference between 
the two curves is seen. 

In these experiments no antibiotic was present in the 
growth media. This suggests that the synthesis of 
R-factor-specific RNA is constitutive, which agrees with 
the demonstration of constitutive synthesis of chloram- 
phenicol acetylase in Escherichia coli’ and 8, typhimurium 
(unpublished results of W. T. D.), and of streptomycin 
adenylate synthetase in Æ. cole’. 

P.G.J. thanks the Science 
financial assistance. 
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Magnesium and Manganese Specific 
Forms of Soluble Liver 
RNA Polymerase 


Widnell and Tata! and others? found that the BNA 
synthesizing properties of isolated mammalian cell nuclei 
vary depending on whether the assay system contains Mg** 
(in the absence of ammonium sulphate) or Mn*+ and 
ammonium sulphate. It is not known whether the 
differential effect is caused by the presence of different 
species of RNA polymerase or by a salt effect which may 
alter the action of inhibitory substances associated with 
nuclear DNA‘ or with the polymerase®-’, Recently, we 
showed that liver nuclei contain a large amount of soluble 
RNA polymerase which can be released at 0° C without 
concomitant release of DNA or lysis of nuclear meom- 
branes’. During the purification of this enzyme, we 
observed that the ratio of the RNA polymerase activity 
measured in the presence of Mnt+ (but no ammonium 
sulphate) to that determined in the presence of Mg** was 
not constant among the various enzyme fractions. This 
and other observations described here strongly suggest 
that cell nuclei of liver and ventral prostate have at least 
two forms of RNA polymerase with different specificities 
toward DNA templates and requirements for divalent 
cations. 

Chromatin-free RNA polymerase of liver and prostate 
was partially purified as reported previously* or by sucrose 
density gradient centrifugation (Fig. 1). With either 
preparation, heat denatured DNA (calf thymus or T,- 
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phage) was a better primer in the presence of Mitt and 
saturated the enzyme at a lower concentration than did 
native DNA. In the presence of MgCl, however, native 
DNA gave a higher rate and total amount of RNA 
synthesis (Fig. 2) and saturated the enzyme at a lower 
concentration than heated DNA. At pH 7-8, the optimal 
concentration of Mn++ for RNA synthesis with heated 





DNA was 3 mM, and with native DNA, a plateau of 


activity was observed at an Mg** concentration of 5 to 
20 mM. With either T phage DNA or calf thymus DNA, 
RNA synthesis in the presence of Mn>* and heated DNA 
was optimal at pH 7-5; whereas in the presence of Mgt 
and native DNA, synthesis was optimal at two pHs, 
75 and 8 to 8-5. 

The best evidence that there are two forms of soluble 
RNA polymerase in the liver nuclei was obtained by a 
partial separation of the two polymerase activities in a 
sucrose gradient (Fig. 1). When polymerase activity was 
assayed in the presence of Mn++ and heated DNA, a peak 
of activity was found in the protein fraction sedimenting 
at about 168, whereas with Mg++ and native DNA, the 
activity was found in the fraction sedimented at the 
vieinity of 13.8. A better separation of the two activities 
was obtained by recentrifuging the two active fractions in 
a ‘Spinco’ SW27 rotor for a longer period. Considerable 
loss in both activities occurred, however, during re- 
centrifugation. With fractions in which the two activities 
were well separated, the RNA synthesizing activity 
was inhibited by actinomycin D and was completely 
dependent on the presence of DNA, all four major nucleo- 
side triphosphates and a divalent cation. In these frac- 
tions, the major activity associated was about ten times 
the minor activity. The residual minor activity could 
be eaused by incomplete separation or by dual properties 
of each of the two forms of the polymerase. It is not clear 
whether the two activities are due to two different RNA 
polymerase proteins. They may be two forms of the same 
polymerase, differing either in subunit arrangement. or 
conformation, or in association with factors that alter the 
specificity of the enzyme toward the divalent cations and 
DNA templates. In this connexion, it is interesting to 
note that the nearest neighbour nucleotide frequencies of 
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Fig. 1, Sedimentation of RNA polymerase solubilized from liver nuclei. 
The sucrose extract of freshly prepared liver nuclei* was layered on a 
10-25 per cent sucrose gradient containing 0-02 M = tris-HC] buffer, 
pH 7-8 and 1 mM MgCl, in a 1 « 3-5 in. tube of the ‘Spinco SW27 rotor. 
After centrifugation in an 12-658 ‘Spinco’ witracentrifuge at 26,000 
rpm, and 2° C for 16 h, fractions were collected by piercing the bottom of 
the tube. Hach fraction was divided into two equal portions and assayed 
for RNA synthesis. Catalase and yeast alcohol dehydrogenase were used 
as standards for the estimation of sedimentation constant by the method 
of Martin and Ames", RNA synthesis was carried out in a LO ml. 
solution containing 0-06 M ftris-HCI buffer, pH 81; 0-3 pmoles each of 
ATP, GTP and CTP; 0-01 mole of °H-UTP (4 aCi), 200 ag of calf 
thymus (CT) DNA and a divalent metal, They were incubated for 
20 min at 30°C, When present, MnCl, was 3 mM and MgCl, was 10 mM. 
tn the reaction mixture containing Mn*?, DNA was heated in boiling 
water for 10 min and quickly quenched on ice just before the assay. 
The acid insoluble radioactivity was measured by the procedure 
described in a previous report’. 
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Fig. 2. Kinetics of RNA synthesis by liver RNA polymerase in the 

presence of MgCl, or MnCl, and native or heated calf thymus PNA. 

Conditions of assay were the same as that described in Fig. 1 except that 

the reaction was carried out at 37° C in 05 ml. containing 10 mM of 
B-mercaptoethanol, 


RNA synthesized by the initial extract or the fractions 
obtained in gradient centrifugation were dependent on 
the divalent cations present (Table 1). We are trying to 
determine whether these two soluble forms of RNA poly- 
merase play a part in regulating the synthesis of the 
different species of RNA in the presence of factors such 
as hormones!4:10.31, 


Table 1. 
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GF DIVALENT CATIONS ON THE DIFFERENTIAL SYN- 
NA BY SOLUBLE LIVER RNA POLYMERASE 








Metals Mei, (14 mM) MnCl, (3 mM) 
Calf thymus DNA Native Heated Native Heated 
Dinucleotide sequences fr. fr. fr. fr, 
ApG 0-278 0-280 0-326 
UpG 0-302 0-274 0-316 
GpG 0-315 0-350 277 
Cpe 0105 0096 GORI 
GpG/ApG 1-133 1-250 0-850 
GpG/UpG 1-043 1-277 0-877 





RNA synthesis with the partially purified enzyme“ was carried out in the 
conditions described in Fig. 1, except that the reaction mixtures contained 
10 mM of A-mercaptoethanol, unlabelled UTP and 6 BCi of a" P-GTP (to 
substitute “H-UTP). Incubation was for 30 min. The nearest neighbour 
nucleotide frequencies (expressed as fractions) were determined by the 
procedure reported previously'’®. In general, with Mgt* in the system, the 
synthesized RNA contained a higher GpG to UpG or GpG@ to ApG ratio 
than with Mn This relationship was also observed when incubation was 
carried out for 10 min. Experiments with Hver polymerase from the sucrose 
gradient and certain soluble RNA polymerases of prostatic cell nuclei gave 
similar results, 
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Cytosine Derived Heteroadduct 
Formation in Ultraviolet- 
irradiated DNA 


PyRimMipINE photoproducts other than cyclobutyl dimers 
have recently been isolated from irradiated pyrimidines 
as well as from DNA. For example, from irradiated 
(254 nm) frozen solutions of thymine, two products in 
addition to the cés-syn eyclobutyl thymine homodimer 
have been isolated? One, which cochromatographs with 
the T-T cyclobutyl dimer in neutral or acidic solvent 
systems, was found to be a thymine-thymine adduct. 
Similarly, a uracil-thymine adduct has been found recently 
after irradiation of a mixture of uracil and thymine in 
frozen solution (A. J. V. and 8. Y. Wang, unpublished 
results), and has also been isolated from acid hydrolysates 
of ultraviolet-irradiated calf thymus DNA’, These adducts 
have an absorption maximum at 315 nm and may be 
responsible for the absorbance increase at this wave- 
length observed in irradiated solutions of DNA‘. Here 
we report that the U-T adduct is derived from an initially 
formed photopreduct involving thymine and cytosine. 
We have. as yet. found no evidence for formation of a 
T-T adduct in DNA. 

An equimolar (0-5 mM) solution of cytidine and thymid- 
ine, containing OL uCi/ml. eytidine-2-"C (New England 
Nuclear Corp.), was frozen in 10 ml. aliquots in 9 em 
diameter Petri dishes over dry ice. The frozen solutions 
were irradiated for 60 min with a 15 W G.E. germicidal 
lamp, at a distance of 40 em. The irradiated solutions 
(500 ml.) were thawed, combined and evaporated to dry- 
ness under vacuum; the residue was taken up in 15 ml. 
trifluoroacetic acid, hydrolysed for 90 min at 175° C in 
sealed tubes, then streaked on Whatman No. 3 paper and 
developed by descending chromatography in n-butanol : 
acetic acid : water (80:12:30). Regions corresponding 
to Rr values 0-2-0-3 were cut out from the chromatogram 
strips and eluted with water. The eluant was concentrated 
and applied to a ‘Dowex’ column (50 W x 12, H+, 200-300 
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Fig. 1. ‘Dowex’ chromatography of an irradiated cytidine-2-"C and 

thymidine frozen solution, subsequent to hydrolysis and paper chromato- 

graphy isee text for detai). @-—---@, cpm. (OC); G----0, 
absorbancy at 315 nm. 





299 





vs 10° 





10° 

















„10 1-60 

w 

= 

2 

= 108 ons 

pA 
107 OO 
10! i we 
20 30 


Fraction No. 


Elution of the Rr 0-29 region from a paper chromatogram of 

obtained from irradiated A. coli 15 PAL. Qe e. 
dem, @H). O---— dpm. GE -== =, absorbance at 314 nm 
of a separately applied sample of ‘adduct purified from irradiated 
ealf thymus DNA. Dimensions of column (Dow: 50 Wx i2, Ht): 
25 emx 1 em: 12 mh fractions collected from which LO ml. was used 
for radioactivity measurement. 


Fig. 2. 
hydrolysed DN 












mesh; 35 cmx 10 cm), eluted with water, and 20 mil. 
fractions were collected. The ultraviolet absorption 
spectrum of each sample was measured; aliquots of | mi. 
were mixed with scintillation solution? and counted in a 
Nuclear Chicago liquid scintillation counter. Fig. l 
the “C activity and absorbance at 315 nm of each fre 
The first peak of radioactivity is chiefly C-T and $ 
cyelobutyl dimers; the produet responsible for the minor 
middle peak of radioactivity is as yet unknown. Tt is 
obvious that the 315 nm absorbance only increases under 
the major (third) peak. 

This experiment was repeated using large quantities of 
unlabelled cytidine and thymidine. The material collected 
from the ‘Dowex’ chromatography. having an absorption 
maximum at 315 nm, was evaporated to dryness, twice 
recrystallized from water and dried. The infrared, ultra- 
violet and NMR spectra of this material were found. to be 
identical to that of the U~T adduct. obtained from DNA” 
The same product was also obtained in a similar experi- 
ment using dCMP and TMP. It is therefore clear that the 
U-T adduct can be isolated from acid hydrolysates of an 
irradiated mixture of eytidine and thymidine, and their 
corresponding nucleotides. 

E. coli 15 TAU (supplied by Dr P. Hanawalt) was grown 
to stationary phase in M9 medium containing: 2 ug/ml. 
thymidine, 10 ug/ml. uracil, 20 ug/ml, t-arginine, 20 yg/ 
ml. L-tryptophan, and 0-1 per cent (w/v) vitamin-free 
casamino acids. Thymidine-methyl CH} (20-2 Ci/mM) 
and uracil-2-4C (55-4 mCi/mM) (Amersharn--Searle} were 
added to give 5 uCi/ml. and 0-5 uCi/ml., respectively. 
The procedures used in irradiation, post-irradiation treat- 
ment and hydrolysis were identical to those reported 
earlier’; in the experiment reported here, the total dose 
was 30.000 ergs mm~*. Descending chromatography of the 
hydrolysates was carried out. The dried chromatograms 
were analysed for distribution of radioactivity, and the 
peak of radioactivity which corresponded to an Ap value 
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Fig. 3. ‘Dowex’ chromatography of the Rr 0-29 region from a paper 

chromatogram of acid hydrolysed DNA irradiated in vitro. @-—~@, 

dpm. CH; O~----O, dipam. (HC). Column dimensions: 25 em 1 

em; fractions of volumes ranging from 2 ml. to 5 ml, were collected, 

from which 1 mi. was used for radioactivity measurements. The plotted 
values indicate total d.p.m. per fraction. 


of 0-29 was eluted and chromatographed on a ‘Dowex’ 
column. From each fraction collected, 1 ml. was assayed 
for radioactivity. 

Fig. 2 shows the results of this type of experiment. 
Both the *H and MC activity are distributed chiefly in 
two peaks, the first of which represents principally cyclo- 
butyl dimers. The second peak appears in the same 
fractions as the absorbance increase at 315 nm from a 
solution of U-T adduct previously isolated and purified 
from irradiated calf thymus DNA, and applied to this 
column; the two products are probably identical. 

Similar experiments were done with DNA isolated from 
E. co 15 TAU grown as described here, except that 
cytosine was substituted for uracil; thymidine-methyl 
CH, 6-7 Ci/mM) and eytosine-2-C (29-9 mCi/mM) (New 
England Nuclear Corp.) were added to give 8 uCi/ml. and 
0-2 pCi/ml., respectively. DNA was purified from a 
late log phase cell lysate by several phenol extractions 
and RNA was digested with both pancreatic RNase 
(Worthington Biochemical Corp.) and TI RNase (a gift 
from Dr H. Hirokawa). The concentration of the purified 
DNA was 450 ug/ml. and had specific activities of 3-62 x 10° 
d.p.m. *H/ml. and 6-37 x 10° d.p.m. “C/ml. In the experi- 
ment reported here, the DNA was diluted ten-fold in 
0-15 M NaCl and irradiated in a 9 cm diameter Petri dish, 
using the same conditions as in the in vivo studies; the 
total dose was 50,000 ergs mm-*. 

The distribution of radioactivity (Fig. 3) is similar to 
that in Fig. 2; that is, there are two major peaks of 
congruent °H and "C activity. From the integral activities 
of each isotope under the peaks and the specifie activities 
of labelled thymine and cytosine residues in the DNA, 
one can calculate the molar ratios of thymine to cytosine 
in these peaks. In the minor peak, this was found to be 
about 1:1, while in the early major peak there are 
approximately 10 moles of thymine per mole of “C-labelled 
pyrimidine residue. This result is consistent with the 
hypothesis that the U-T adduct is derived by deamination 
of an initially formed cytosine-thymine photoproduct in 
DNA. To rule out that this was possibly an initial 
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thymine-uracil product (arising perhaps through intimate 
association of some residual RNA with the DNA), a 
sample of this DNA was hydrolysed in 0-1N NaOH for 
20 h at 37°C, neutralized, and dialysed against 0-15 M 
NaCl-0-15 M sodium citrate (pH 7) before irradiation 
in the same conditions. The elution profile of "H and UC 
on the ‘Dowex’ column of Ry 0-29 area on the paper 
chromatogram was essentially the same as that shown in 
Fig. 3 for native DNA. 

Further support. of the conclusions given here comes 
from studies of triplet sensitized irradiation of DNA in 
vitro. When DNA is irradiated at 4>300 nm in the 
presence of the triplet sensitizer, acetophenone, alrnost 
exclusive formation of thymine homodimer occurs, because 
the only base in DNA involved in the energy transfer 
from acetophenone is thymine’. Similar to the very low, 
almost negligible, formation of the cyclobutyl C-T hetero- 
dimer, no U-T adduct formation is observed in DNA 
irradiated in sensitized conditions. 

Until recently research on ultraviolet-induced lesions 
in DNA has been directed towards cyclobutyl pyrimidine 
dimers. The involvement of cytosine in an as yet unidenti- 
fied photoproduct complex, which can be isolated as a 
U-T adduct, extends the range of known ultraviolet- 
induced pyrimidine changes in DNA. 

We thank Mrs Margit Moberly for technical assistance. 
This work was supported by US Public Health Service 
grants from the National Institutes of General Medical 
Sciences. Some of the initial experiments involved in this 
work were done at the Johns Hopkins University while 
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tory of Professor 8. Y. Wang; the work during this period 
was supported by a contract from the US Atomic Energy 
Comrnission. 
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In vitro Methylation of Muscle Proteins 


3-METHYL HISTIDINE is a normal amino-acid component 
of myosin from adult muscle! and of actint?. But whereas 
3-methy] histidine occurs in actin isolated from adult 
and foetal muscle it is absent from myosin isolated from 
skeletal muscle of the foetal rabbit. After birth the amount 
of this amino-acid in myosin from rabbit skeletal muscle 
increases until it reaches the adult value’. This implics 
that development in muscle is accompanied by the methyla- 
tion of histidine residues of myosin. Nothing is known 
of the mechanism of this process and, although it has not 
been directly demonstrated that the methyl group of 
methionine is a precursor of the methyl group of 3-methyl 
histidine found in actin, the results of Asatoor and Arm- 
strong’, obtained with whole animals, are compatible with 
such a mechanism. We have studied in vitro the methyl- 
ation of muscle proteins with S-adenosyl methionine 
labelled with “C in the methyl group in an attempt to 
elucidate the mechanism of formation of the 3-methy1 his- 
tidine present in myosin and actin. 
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Homogenates were made from the back muscle of 
5-day-old rabbits in two or three volumes of 0-25 M 
sucrose and aliquots incubated in a medium of the following 
composition: 2 mM MgCl,, 50 mM tris-HC1 buffer, pH 7-8, 
50 mM KCI, 100 uM 4CH,-labelled S-adenosyl methionine 
(40 uCi/umole), 4 mM mercaptoethanol, total volume 
5 ml., containing approximately 50 mg of muscle protein. 
Incorporation of “C was followed after incubation for 
up to 4 h. 

After incubation the homogenate was centrifuged to 
separate the myofibrils which were further purified by 
separation on a sucrose gradient‘. The proteins from the 
myofibrillar and the sarcoplasmic fractions were prepared 
for radioactive counting’, hydrolysed in evacuated sealed 
tubes at 110° C for 48 h and run in the Beckman ‘Uni. 
chrom’ amino-acid analyser®. When approximately 25 mg 
of hydrolysate was applied to the column the basic amino- 
acid fraction was resolved into two peaks of ninhydrin- 
reacting material corresponding to lysine and histidine 
(peaks 1 and 4, Fig. 1). Two consistent peaks of radio- 
activity, and a third (peak 2), only observed when the 
total level of incorporation of “C into the myofibril was 
high, were also eluted. None of the peaks of radioactivity 
eoincided with the ninhydrin peaks caused by lysine or 
histidine, but the radioactive peaks 3 and 5 were coincident 
with the additional ninhydrin peaks obtained when samples 
of N-methyl] lysine (mono and di N-methyl lysine are not 
resolved in these conditions) and 3-methyl histidine 
respectively were added to the hydrolysate before chroma- 
tography (Fig. 1). 
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Fig. 1. Column chromatography of the acid hydrolysate of the myo- 


fibrillar fraction isolated from muscle homogenate incubated with MC 
methyl labelled S-adenosyl-L-methionIne (see text), 50 xmoles of 
eN-methyl lysine and of 3-methy! histidine were added to the hydro- 
lysate and the basic amino-acids eluted with 0-35 M citrate buffer, 
pH 5-2, using the Beckman ‘Unichrom’ analyser. Column size was 0-9 x 
58 cm and flow rate 40 ml/h. Fractions were collected at 3-5 min 
intervals (25 ml), assayed for radioactivity using a toluene triton 
phosphor scintor and for amino-acid by development of ninhydrin 
colour measured at 570 mmicrons. Acidic and neutral amino-acids 
eluted in early fractions not shown, Peak 1, lysine; 3, eN-methyi 
lysine: 4, histidine: 5, 3-methyl histidine. ©, Radioactivity, d.p.m./ 
sample. @, Ninhydrin colour, 





When autoradiographs were made of electrophero- 
grams of the myofibrillar hydrolysate run at pH 6-5}, 
two of the radioactive spots were coincident with nin- 
hydrin spots obtained by running known samples of 
3-methyl histidine and N-methyl lysine. These facts, 
together with the knowledge that the radioactivity was 
due to a “C-labelled methyl group derived from S-adeno- 
syl methionine, strongly suggested that the protein bound 
3-methyl histidine and ¢N-methyl lysine had been pro- 
duced in the myofibrillar fraction during the in vitro 
incubation. 

The sarcoplasmic fraction obtained from the same homo- 
genate as the myofibrillar fraction by centrifugation for 
60 min at 100,0009 and treated as described was also 
four.d to contain radioactive basic amino-acids in the pro- 
tem fraction. As in the case of the myofibril, the radio- 
active amino-acids present were provisionally identified 
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Fig. 2. Paper electrophoresis of the acid hydrolysate of the myofibrillar 
fraction isolated from the homogenate with “O labelled S-adenosy! 
methionine, Electrophoresis carried out at pH 6-5 for 60 min at $,000 V. 
O, Origin. (a) Known samples of lysine, l-methyl histidine, histidine, 
8-methyl histidine and methionine, ninhydrin stained; «N-methy! 
lysine and lysine are not resolved in these conditions. (6) Autoradiograrm 
of acid hydrolysate. (e) Total acid hydrolysate to which was added 0-25 
umole of eN-methyl lysine and 6-25 umole S-methyl histidine, nin- 
hydrin stained. In these conditions lysine, eN-methyi lysine and the 
unidentified ninhydrin reacting material are not separated. 





as 3-methy] histidine and <N-methyl lysine. In addition, 
compared with the myofibrillar fraction, significantly 
more of the “C-labelled methyl groups were incorporated 
in the unknown material of peak 2. 

We conclude that transfer of the methyl group of 
S-adenosyl methionine to histidine and lysine in the pro- 
teins of the myofibril and the sarcoplasm of rabbit skeletal 
muscle can be shown in vitro. By analogy with other 
systems’~® it would be expected that methylation occurs 
after peptide bond formation. Experiments are now 
in progress to determine the precise mechanism of the 
process. 

The presence of N-methyl lysine in musele proteins is 
of some interest because this residue has previously been. 
reported to be present only in flagellin!’ and histones*, 
Its presence in the sarcoplasmic and myofibrillar protein 
fractions could be due to histone contamination particu- 
larly in the latter, which frequently contain nuclei. The 
fact, however, that ninhydrin peaks corresponding both to 
eN-methyl lysine and the unidentified ninhydrin com- 
ponent could be demonstrated in myofibrils purified by 
gradient centrifugation and in sub-fragment I of myosin 
(unpublished results of D. Stone et al.) isolated by papain 
digestion’? suggests that both «N-methyl lysine and the 
as yet unidentified ninhydrin-reacting material are present 
in the myosin molecule. This possibility and the nature 
of the unknown ninhydrin-reacting material are currently 
under investigation. 

We thank Mr C. I. Harris for assistance with the amino- 
acid analysis. This work was in part supported by research 
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Nuclear Magnetic Resonance Study 
of the Structure and Interactions of 
Actinomycin D: Temperature and 
Solvent Effects on the N--H and 
NH2 Groups 


THE structure and interactions of actinomycin D (ACD) 
have recently been much studied (refs. 1, 2 and Fig. 1). We 
have made an extensive nuclear magnetic resonance study 
of ACD and in this communication we report the assign- 
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ment and the effects of solvent and temperature on the 
N—H, NH, and actinocin ring proton signals. 

An assignment of the signals of interest can be made 
from a combination of deuterium exchange, temperature 
and decoupling experiments. Integration of the signal 
area in the low-field region of the spectrum, illustrated. 
in Fig. 24, indicates that eight protons give rise to the 
multiplet pattern. When small amounts of D,O are added 
ün *H,-dioxane) a disappearance of two sets of doublets, 
a, b, and ¢, d, is noted along with a decrease in signal area 
of the broad peak at ~ 445 Hz. Somewhat surprisingly a 
much longer time period (140 h) is required for complete 
exchange of the doublets at lower field (a, 6) than for the 
doublets at higher field (28 h). After complete exchange 
the residual signal area is consistent with the presence of 
two protons, and the AB type spectrum with Jap = 
8-0 Hz and ðag=58 Hz can be assigned to the non- 
exchanging actinocin ring protons. The exchangeable 
doublets and the broad signal at 445 Hz can be assigned 
to the four N--H and two NH, protons, respectively. 

Because the N---H doublets arise fram coupling with the 
single Ca methine protons in the respective residues, a more 
detailed assignment of these signals can be made by 
appropriate decoupling experiments. The results of such 
experiments show (Fig. 2B, C) that the a and b doublets 
are coupled to CeH signals located at 215 Hz (relative to 
tetramethylsilane), while the ¢ and d doublets are coupled 
to CH signals at 275 Hz. Because 








thr Protons are 


a 


located more than l p.p.m. to low-field of Hf protons 


in the monomers, it is reasonable to assign the a, b doublets 
with J equal to 5-7 and 6-1 Hz to (N—-H) vai protons and 
the c, d doublets with J equal to 5-8 and 6-9 Hz to (N--H) tar 
protons. These assignments were further confirmed by 
double and triple resonance experiments on the thr and 
val side-chains (our work, to be published). 

Both the (N—H)}yal and NH, signals shift up-tield by 
8-10 Hz with increasing temperature in the range 34°~70° C 
Gn CDCL) while the (N--H)inr signals, in contrast, shift 
down-field approximately 4 Hz. Chemical 
shifts for the other groups showed a neg- 
ligible temperature dependence. nor was 
there any significant change of the thr and 
val HC¢--NH and HC¢—CFH coupling eon- 
stants. An appreciable shift to low-field 
(6-40 Hz) was also observed for the 
(Ne-H)in and NH, signals m gomg from 
CDCL to a more polar aliphatic proton 
aeceptor solvent such as CD,OH. No com- 
parable change was noted for the (No-H) cut 
signals or for signals of other groups. AU 
of the signals were independent of ACD 
concentration (0-01 M to 0-10 M) in the non- 
aqueous solvents studied, 

Several points regarding the ACD struc- 
ture can be made from the present results. 
(1) From the magnitudes of the coupling 
constants it is very hkely that the HC2--NH 
protons favour gauche and/or trans con- 
formations in all four thr and val residues, 
assuming that the coupling constant de- 
pendence on vicinal angle is of the Karplus 
typet. Experimental evidence suggesting 
such a dependence has been reported very 
recently by Bystrov and co-workers A 
trans vicinal relationship is also indicated 
for the HC*C#H protons of the val and 
thr side-chains. All of these conformations 
are consistent with the conformations 
deduced theoretically for a variety of oligo- 
peptides**, (2) The absence of any eom- 
centration dependence for the ACD signals 
tends to rule out any significant solute- 
solute intermolecular hydrogen bonding 
(N--H groups) or stacking (actinocin rings) 
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interactions in non-aqueous solvents. On the other hand, 
the temperature dependence of the. N--H and NH; 
signals (in CDCl) and the deshielding of the (SH ne 
and NH, signals in a proton acceptor solvent suggest 
the involvement of these groups in intra and inter- 
molecular (sohute-solyent) hydrogen-bonding interactions. 
Although a quantitative assessment of the relative 
contributions for these two types of interactions is not 
feasible, the presence of N—H splittings and the slow 
rates of deuterium exchange for these protons favour 
a rather strong intramolecular interaction. Farther- 
more, the slower exchange rate and insensitivity to proton 
acceptor solvents indicate that the (N- Eja protons are 
more strongly hydrogen-bonded intramolecularly than. 
(N—H) ine protons. It is interesting to note that Dreiding 
molecular models of the cyclic peptides show a particularly 
favourable possibility for intra-ring hydrogen bonds 
between (N—H) var and (C==O)sar._ (3) The observation of 
well resolved doublets for the N—H signals along with the 











absence of any significant temperature effect on the 
magnitudes of the HC2—NH (thr and val) and HC- SPH 


(thr) coupling constants indicates a pronounced conforma- 
tional rigidity for the cyclic peptide rings in non-aqueous 
solvents. This rigidity is further indicated by the rela- 
tively broad line-widths (~ 1-2 Hz) observed for the 
methyl signals. Although this rigidity is due in consider- 
able part to the lactone linkage, an additional stabilizing 
effect undoubtedly arises from intra and/or inter-ring 
hydrogen bonds. 
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ADP-Glucose Pyrophosphorylase in 
Wheat Grains 


Strarcn phosphorylase!’ was long assumed to be 
responsible for the synthesis of starch in plants, but 
developments in the biochemistry of nucleoside diphos- 
phate sugars suggest that most starch is biosynthesized 
by transfer of a glucose residue from uridine diphosphate 
glucose (UDP-glucose) or from adenosine diphosphate 








Fig. 2. Proton resonance spectrum of N-—-H, NU, and ring protons of 
ACD in CDC, at 32° ©, (4) Single resonance spectrum: (AY double 
resonance spectrum with the second radio-frequency field applied at a 
point 276 and 267 Hz up-field from a and b; C, double resonance 
apectrum with the second radio-frequency feld applied at a point 180 
and 153 Hz up-feld from ¢ and d. Shifts are in Hz to low-field from 
internal TMS. Spectra were recorded at 60 MHz using a Varian 2.4601 
spectrometer operating in the internal-lock mode. 
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glucose (ADP-glucose) to a starch primer*. The formation 
of UDP-glucose is catalysed by UDP-glucose pyro- 
phosphorylase’ which is widely distributed in plants’: 

UTP + glucose 1-phosphate = UDP-glucose + pyrophos- 

phate 

ADP-glucose is synthesized by a similar reaction, cata- 
lysed by ADP-glucose pyrophosphorylase : 

ATP + glucose 1-phosphate = ADP-glucose + pyrophos- 

phate 

This enzyme has been demonstrated in several 
plant tissues*-*, and we have investigated its activity in 
mature and immature wheat grains. In the mature grain, 
with no net starch synthesis, enzyme activity was very 
low. In the immature grain, with rapid starch synthesis, 
ADP-glucose pyrophosphorylase was highly active. 

Mature grains were ground to a fine flour in a laboratory 
mill and the flour was extracted with 0-05 M NaHCQ,. 
After centrifuging, the fraction precipitated by 70 per 
cent saturation? with (NH,).8O, was collected, suspended 
in water and dialysed against 5mM phosphate buffer 
(pH 7-5) containing 0-l ml. of neutralized thioglycollic 
acid/l. During dialysis, which was at 4° C and lasted 
2-5 h, the suspension was rocked. Insoluble material was 
removed by centrifugation and the supernatant fraction 
was used as the enzyme preparation. To detect ADP- 
glucose pyrophosphorylase activity l umole of ATP, 
15 umoles of glucose l-phosphate, 2-5 umoles of MgCl, 
50 umoles of tris-HCl buffer (pH 7-8), 0-15 ml. of enzyme 
(total volume 0-5 ml.) were incubated at 30°C. Samples 
were taken at 0, 10, 20 and 60 min intervals, inacti- 
vated by 2 volumes of ethanol and nucleotides in the 
extracts separated on paper chromatograms and detected 
as described previously’, The activity of ADP-ghicose 
pyrophosphorylase was assessed visually by ADP- 
glucose formation. To show the reverse reaction (ATP 
from ADP-glucose} the following reaction mixtures were 
used: 1 umole of ADP-glucose, 15 pmoles of sodium 
pyrophosphate, 2-5 umoles of MgCl, 50 umoles of tris-HCl 
buffer (pH. 7-8), 0-15 ml. of enzyme (total volume 0-5 ml.). 
Enzyme activity was assessed visually by ATP formation. 
UDP-glucose pyrophosphorylase activity was followed 
at the same time by replacing ATP and ADP-glucose 
in the reaction mixtures with UTP and UDP-glucose 
respectively. Activity was assessed by UDP-glucose or 
UTP formation. 

Extracts from mature wheat grains prepared and 
examined as described had very slight or negligible 
ADP-glucose pyrophosphorylase activity in both the 
forward and reverse reactions. Enzyme activity re- 
mained low when mature wheat grains were ground by 
hand in a mortar and also when dialysis was omitted 
from the preparation of enzyme. ADP-glucose 
pyrophosphorylase activity was not increased when thio- 
glycollate was replaced by cysteine during dialysis 
and when thioglycollate or cysteine was added to the 
reaction mixtures. No increase in the very low enzyme 
activity was detected when 3-phosphoglycerate’*® was 
added to the reaction mixtures. All the extracts, how- 
ever, had very high UDP-glucose pyrophosphorylase 
activity. 

The failure to obtain enzyme preparations with reason- 
ably active ADP-glucose pyrophosphorylase from a 
starch-forming tissue such as the wheat grain was un- 
expected and prompted an examination of extracts 
prepared from grains rapidly synthesizing starch. Grains 
of wheat harvested when they were at the late milky 
stage of maturity were ground in a mortar with 0-05 M 
NaHCO, and the extract was centrifuged, treated with 
(NH,).SO, and dialysed as described. The extracts had 
high ADP-glucose pyrophosphorylase activity for both 
the forward and reverse reactions in the same mixtures as 
before. The reaction was complete within 3 min. The 
extracts also had high UDP-glucose pyrophosphorylase 
activity. 
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These results suggest a relationship between the 
activity of ADP-glueose pyrophosphorvlase and the 
formation of starch and support the hypothesis that 
ADP-glucose is involved in starch synthesis in the plant. 

We thank Professor I. A. Watson and Mr J. D. Oates 
for wheat samples. This work was supported by the 
Australian Research Grants Committee. 
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Chemical and Immunological 
Properties of Cytochrome h and 
Helicorubin 


CYTOCHROME h and helicorubin, isolated from the digestive 
gland and intestinal tract, respectively, of the land snail 
Helix pomatia'-3, have many properties in common with 
both the bacterial and mammalian types of cytochrome e. 
In the digestive gland, which is devoid of cytochrome c, 
cytochrome k functions as a respiratory carrier, but the 
biological role of helicorubin is unknown. 

Both haemoproteins are heat stable. have molecular 
weights of about 12,000? and are isoelectric in the region 
of pH 4-3. They are auto-oxidizable below pH 6 and do 
not react with CO in neutral or alkaline solutions, including 
0-1 N NaOH, in contrast to mammalian cytochrome ec, 
which reacts with CO below pH 4 and above pH 12. 
Table 1 shows the main features of their absorption 
spectra? and the corresponding values for horse heart 
cytochrome c. The ratio E,,,/Esoret and the position of 
the Soret band were used as criteria of the purity of each 
preparation. 

The prosthetic group of helieorubin is easily removed 
with acid acetone and is protohaem, but that of cyto- 
chrome A is only split off after incubation with 1-2 N HCl 
at 40° C for several hours before treatment with acid 
acetone. This haem forms a pyridine haemochromogen 
with an a-band at 550 mmicrons indicating that it may 
be haematohaem, 

The two snail haemoproteins also differ in amino-acid 
composition (Table 2). Both, however, differ from the 
other cytochromes (Table 2) by their low lysine contents, 
their high proline contents and the absence of methionine. 
Their overall composition is closer to bacterial than 
mammalian cytochrome ¢ and this resemblance is sup- 
ported by the fact that both react readily with a parti- 
culate oxidase preparation from the bacterium Azotobacter 
vinelandii but not with mammalian cytochrome e oxidase 
in the same conditions. The reactivity of a particular 


COMPARISON OF THE ABSORPTION SPECTRA OF HELICORUBIN, CYTO- 
CHROME A AND HORSE HEART CYTOCHROME C 


a-band B-bani Soret band E 


Table 1. 





Preparation m m m 
micron e mM micron e mM micron e mM 
Helicorubin Reduced 563 280 S81 146 42% 176 | 
Oxidized 416 1107 Do7 
Cytochrome A Reduced 556 828 526 144 4225 1004 E 
Oxidized 409 105-8 M253 
Cytochromee Reduced 550 277 520 159 416 120-1 
Oxidized 410 1061 0-219 
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Table 2. AMING-ACID COMPOSITIONS (RESIDUES PER MOLECULE) OF HELICO- 
RUBIN AND CYTOCHROME A 





Cyt. ssa Cyt. e Cyt. ¢ 

Aminoacid Helicornbin Cyt.A Pseudomonas Wheat Horse 
Lys 5 2 8 13 19 
His 3 2 1 3 3 
Arg 1 4 1 2 2 
Asp J4 EF fe li 8 
Thr 10 l4 na 7 10 
Ser 7 15 3 7 0 
Glu 8 7 10 8 12 
13 11 6 8 4 
20 l4 7 il 12 
12 l4 13 14 8 
+ + 2 2 2 
6 T 7 3 3 
0 0 2 I 2 
3 3 3 H 6 
S $ 4 K & 
i 5 1 6 4 
5 3 2 4 4 
J 1 2 1 1 
114 118 82 112 104 

Mol. wt. ‘ 

Günel. haem) 12,100 12,600 9,000 12,180 12,500 


Compositions of horse heart cytochrome e (mamn allan type), Pseudo- 
monas Uys, (bacterial type, acidic) and wheat germ cyto ‘hrome ¢ (mammalian 
type, high proline content” are included for comparison, 





cytochrome c with an oxidase of bacterial or mammalian 
origin is believed to be of evolutionary significance". 
Our immunological study was done to clarify the relation- 
ship of helicorubin and cytochrome A to each other and to 
some other cytochromes. Antigens were prepared as 
follows. The gut fluid or homogenized digestive glands 
were treated first with lead acetate, then with ammonium 
sulphate to 75 per cent saturation, The precipitate 
containing lead sulphate and the haemoproteins was 
extracted with 0-1 M phosphate buffer, pH 7:5. The 
resulting clear red solution was desalted by dialysis and 
passage through a column of ‘Bi P30 and heated 





for 1 h at 68°C at pH 5-2 to destroy cellulase. After 
centrifugation and concentration, the haemoprotem 


solution was mm through a ‘DEAE-cellulose’ (DE 52’) 
eolumn forming two well separated bands which were 
eluted with tris buffer (pH 7-7, [Cl]-=4mM). Fractions 
having E,,./Esoret ratios of less than 0-3, taken from the 
peaks of the first band (cytochrome A) and the second 
band (helicorubin) respectively, were then passed through 
a column of ‘Sephadex G-75° (in 0-05 M phosphate buffer, 
pH 7-25-7-5) yielding cytochrome A and helicorubin with 
Eo;6/Esorer values of 0-25, 

Because the yields of these highly purified haemo- 
proteins were so small, they were used only as test antigens. 
Fractions from the trail of the cytochrome A peak and the 
leading edge of the helieorubin peak on ‘DE 52° were 





Reactions of s 


Fig. 1. condary antiserum (ID) with highly purified 
helicorubin, cytochron cytochrome ca showing the continuous 
hand formed by the two snail hacmoproteins and the lack of interfere 

hy cytochrome £: 

















& 


Fig. 2. Reactions of secondary antiserum (ID with intermediate materia! 

and the bacterial cytochromes tn (E) and e, (b), showing spur formation 

at both concentrations of c, and the lower concentration of csr OF the 

multiple bands seen with Intermediate material, only thal nearest. the 
serum well was red, 






combined and concentrated. This material, intermediate 
material, containing roughly equal amounts of helico 
rubin and cytochrome A, was used for immunization. A 
rabbit was given two subcutaneous injections, six weeks 
apart, of Img of intermediate material emulsified im 
Freund’s complete adjuvant (Difco) and was bled three 
weeks after each injection. The serum globulins were 
precipitated with Na,SO, to free them from haemoglobin 
and to concentrate the antibody’. 

The antisera obtained after the first and second injec- 
tions were tested by double diffusion on agar Ouchterlony 
plates? against a wide range of concentrations (3-0 mg 
to 0-03 mg/ml.) of the immunizing antigen, highly purified 
cytochrome h and helieorubin, also horse heart cyto- 
chrome e, and the bacterial cytochromes, c, (Azotobacter 
vinelandii) and ¢;;, (Pseudomonas spp.) The antiserum 
or globulin fractions were placed in their wells 2 h before 
the antigens to compensate for the very high diffu 
rate of the latter. Tmmunoelectrophoresis® was done 
agar containing 0-03 M veronal buffer at pH. 8-6. 

Unlike mammalian cytochrome ¢!, the snail material 
was highly immunogenic in the rabbit. Antiserura 
obtained after the first injection precipitated with highly 
purified cytochrome fh and helicorubin; Fig. 1 shows the 
stronger bands formed by the secondary antiserum. Both 
antisera also contained antibodies to contaminants of 
mtermediate material antigen which gave 
bands when tested against suitable conce 
erude antigen (Fig. 2). Bands formed by the he 
proteins were readily distinguished from the others by 
their red colour. 

With both antisera the single bands formed by heli- 
eorubin and cytochrome A in adjacent wells were con- 
tinuous (Fig. 1). Despite the absence of spurring we think 
this is a reaction of partial identity® because helicorubin 
had to be used at concentrations seven to ten times higher 
than those of eytochrome A to form precipitation lines of 
similar strength. The possibility that the reaction was 
given not by helicorubin but by a small amount of eyto- 
chrome h as contaminant was eliminated by imrouno- 
electrophoresis? of the two purified haemoproteins 
(Fig. 3) which showed good electrophoretic separation of 
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heheorubin and cytochrome A and demonstrated that 
helicorubin does indeed itself react with the antiserum 
and is not contaminated with detectable amounts of 
cytochrome h (about 2 per cent in the conditions used), 
Because at least two functional antigenic determinants 
per molecule are needed for specific precipitation to oceur, 
helicorubin and cytochrome A must each possess two such 
sites which are identical. The large difference in the 
optimal antigen antibody ratios of the two antigens and 
the apparent reaction of identity can be explained in two 
: (a) conformational differences alone could cause a 
fit between helicorubin and the antibody (differ- 
sin the tertiary structures of the two molecules were 
suggested by the much tighter binding of the haem in 
cytochrome A); (b) the presence of a third antigenic 
determinant on cytochrome hk which is absent in heli- 
corubm would also account for the absence of a spur, 
because the single remaining free antigenic site could not 
form a precipitating complex. 


























limunecelectrophoretic patterns formed by cytochrome A and 
ubin at the concentrations own with seeondars rabbit amtie 
serum in all troughs, 





None of the other cytochromes tested precipitated with 
antiserum to snail haemoprotein. It was, however, 
possible to demonstrate a cross-reaction with eyto- 
ehromes ¢, and czs (Fig. 2). This reaction could not be 
seen when optimal amounts of helicorubin or cytochrome 
h were used (Fig. 1). Because it occurred only at certain 
ratios of the homologous and heterologous antigens, we 
attribute it to coprecipitation of the heterologous 
bacterial antigens, which therefore have only a single 
antigenic determinant in common with the snail haemo- 
proteins, 

Margoliash et al.’ have studied the cross-reactions 
with a variety of antisera to twenty-six mammalian types 
of cytochrome e with known primary sequences. No 
antigenic differences were found between cytochromes 
with the same primary structures; with some antisera 
cytochromes that differed by only one residue could be 
distinguished while with others much bigger differences 
could not be detected. There was no straightforward 
correlation between primary structures and cross- 
reactivities. Tb is not therefore altogether surprising that 
cytochrome 4 and helicorubin proved to be closely related 
antigenically despite the differences in their amino-acid 
compositions and certain other properties. 

One of us (E. 0.) thanks the Agricultural Research 
Council for financial support. We also thank Dr Henry 
and the Industrie Biologique Française for Helix pomatia 
material, Professor R. H. Burris for cytochrome ec, Dr 
H. B. F. Dixon for Pseudomonas cytochrome css, and Miss 
J. Saunders and Miss A. Giles for technical assistance. 
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Radiation-induced Depression of 

Primary and Secondary Antibody 
Responses to Bacteriophage PX 174 

in vitro 

Wore body X-irradiation depresses or enhances the 
antibody response depending on the dosage and its tem- 
poral relationship to injection of antigen in the animal}. 
Using organ cultures of rabbit lymph nodes, we succeeded 
in initiating both primary and secondary types of antibody 
response to bacteriophage oX 174 in vtro?+, The experi- 
ments reported here (a) test this in vitro svatem for its 
use in the study of radiation effects on the antibody 
response, (b) further elucidate the mechanisms of radia- 
tion-induced enhancement of the primary antibody res- 
ponse, and (¢) compare radiosensitivity of primary and 
secondary responses initiated in the cultures. 

Lymph nodes from adult, male albino rabbits were 
removed, eut into 1 mim? fragments and maintained in 
organ culture?, Antibody responses to @X 174 were 
initiated in these cultures by incubation with 10° to 104 
plaque forming units (Prv) of phage per ml. of medium for 
20 to 48 h. The cultures were then exhaustively washed 
free of extraneous phage particles (0-0001 per cent of the 
particles usually remained in the cultures after w shing). 
Medium was renewed every 2 to 3 days throughout the 
cultivation period of 2 to 3 weeks. The removed medium 
samples were assayed for anti-ọX 174 activity? For 
studies of primary antibody response, tissues from non- 
immunized rabbits were used. For studies of secondary 
response, tissues were taken from rabbits which received 
one intravenous injection of 10% prU of oX 174 more than 
6 weeks before they were killed. Cultures were irradiated 
1 day before to 2 days after antigen was introduced. Dose 
of X-rays received ranged frora 50 to 1,000 rads (250 kVep, 
15 mA, no added filter, HVL 0-45 mm Cu). Duplicate or 
triplicate cultures were usually prepared for each variable. 

Results from eight experiments with primary response 
and four with secondary response showed that both types 
of responses were depressed by irradiation, The extent 
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of the depression was dose and time dependent. The 
depression was reflected in (a) reduced total response, (b) 
lower peak antibody titre and sometimes (c) delayed 
appearance of peak antibody titre. The latent period 
seemed unaffected, that is, the first appearance of g@X- 
neutralizing antibodies in the medium was not delayed. 

Fig. 1 shows radiation-induced depression of primary 
antibody response in cultures of lymph nodes from a non- 
immunized rabbit. The cultures were incubated with the 
antigen from day 0 to day | and were irradiated on day 1 
Radiation doses of 50, 250, 500 and 1,000 rads depressed 
the antibody response to 6l per cent, 55 per cent, 19 per 
cent and 16 per cent respectively of the non-irradiated 
control. For radiation to exert its effect, it had to be ad- 
ministered 1 day before to 2 days after introduction of 
the antigen; this indicates that radiation has little effect 
once antibody formation is initiated. (It is not possible 
in our culture system to test the effect of irradiation more 
than 1 day before antigen, because no antibody response 
could be initiated when antigen is introduced to cultures 
after more than 2 days of incubation.) It is not clearly 
understood whether the depression is caused by the inter- 
ference with the processing of the antigen® or simply 
with cell multiplication. (Our unpublished data showed 
that a similar pattern of depression in the cultures could 
be produced by 5-bromodeoxyuridine which inhibits DNA 
synthesis, and autoradiography of ?3H-thymidine labelled 
cells shows that mitosis was inhibited in irradiated cul- 
tures.) 

The lymph node cultures never showed the phenomenon 
af radiation-induced enhancement of the primary antibody 
response seen in the whole animal. Several investigators?-® 
have reported that primary response could be enhanced 
by radiation given after antigen injection in the animal. 
We have also found that in the rat or guinea-pig receiving 
500 rads 2 h to 24 h after injection of ọX 174, an enhance- 
ment of the response was seen within 1 to 2 weeks, especi- 
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Fig. 1. Primary antibody response to ØX 174 initiated in cultures of 


iymph nodes from a normal rabbit was denressed by irradiation given 
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Secondary antibody response to @X 174 initiated in cultures af 

ieee nodes from an immunized bbit was de i by irradiation of 

500 rads given 3 h before and 24 h af initial intro- 

duction of the antigen. . Control, Cultur ore incubated with 

the antigen from day 0 to 1, Each point ie the average from dupli- 
cate cultures. 














ally the 19.8 phase of the response. This difference between 
the in vitro end the in vivo behaviour may indicate that: 
(a) Radiation-induced enhancement may require the 
presence of a central controlling mechanism which is 
absent in the cultures and present im the imtact animal. 
(b) Organs other than the radiation-injured Ivraphoid 
organs may be necessary for such enhancement, perhaps 
for the repopulation of the lymphoid organs. Our data 
clearly showed that isolated lymph nodes injured by 
radiation were unable to “recover” sufficiently by pa 
selves. In the whole animal therefore recovery of lym- 
phoid organs from radiation injury may de spend on the 
migration of lymphoid cells or their precursors from other 
organs. This would imply that these cells m different 
organs may differ in their radiosensitivity. (e) The 
cellular breakdown products that enhance nonspecifically 
the antibody response in the intact animal’ may have 
already exerted their maxime! effect in the cultures, 
regardless of irradiation, because of the continuous process 
of cell death and cell multiplication’. (d) Our data agr 
with the idea that there is no difference in radiosensitivi 
between antigen stimulated and non-stimulated cells 
but not with the suggestion that antigen-stimulated 
cells are more radioresistants. 

Radiosensitivity of secondary antibody response initi- 
ated in vitro was compared with that of primary response 
initiated in vivo by Stecher and Thorbecke, With our 
culture em, we could compare both types of responses 
initiated im vitro in an identical environment. Fig, 2 shows 
the radiation-induced depression of the secondary response 
initiated in cultures of lymph nodes from an immunized 
rabbit. Cultures were incubated with gX. 174 for 24 h. 
Some received 500 rads 3 h before and some 24 h after the 
antigen was introduced. Depression of the response to 
15 per cent and 4 per cent respectively of the control 
was shown (the difference between these pereentages is 
not significant). Peak antibody production was delayed 
and reduced. In our experimental conditions therefore 
radiosensitivity of the secondary antibody response ap- 
peared to be similar to that of the primary antibody 
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response, In other words, as far as the basic mechanisms 
of antibody formation are concerned, there is no difference 
in radiosensitivity of cells involved in these two types of 
responses regardless of the cell types involved. 
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Degradation of Human IgM 
Anti-y-Globulin by Pepsin provides 
Evidence of an Active Fragment 


RassiT antibodies of the immunoglobulin G (IgG) elass 
have been shown to be cleaved by pepsin, in the absence 
of mercaptans, into bivalent fragments'. These fragments, 
termed F(ab'),-fragments, sediment in the ultracentrifuge 
at 5S and are resistant to further cleavage. Similar pro- 
ducts have been observed after peptic digestion of human 
IgG antibodies?. In contrast, others found that human 
immunoglobulin M (IgM) was rapidly degraded by 
pepsin into a heterogeneous mixture of small fragments*~>. 
Incubation of IgM cold agglutinins with the enzyme in 
buffer at pH 4-0 and 37° C for 30 min, or 4° C for 48 h, 






activity®. Efforts to demonstrate residual combining 
activity by an indirect agglutination technique were 
unsuccessful, Similarly, treatment of IgM anti-y-globulins 
(rheumatoid factors) by pepsin at 4° C for 48 h resulted 
essentially in complete loss of activity, as measured 
by several agglutination methods’. I have examined 
further the degradation of human IgM anti-y-globulins by 
pepsin and present evidence of the production of frag- 
ments that retain the capacity to combine with human 
IgG. 

Fractions containing the IgM anti-y-globulins were 
isolated from the serum of two patients with rheumatoid 
arthritis (Go and Jo) and two patients with undiagnosed 
disorders (Bi and En) by euglobulin precipitation followed 
by gel filtration on ‘Sephadex G-200° at pH 4-1 (ref. 6). 
Analytical ultracentrifugal analysis’ of these preparations 
demonstrated large quantities of 19S and small quantities 
of faster sedimenting components. Also present were 
small quantities of components sedimenting at approxi- 
mately 6 and 115. The sedimentation pattern of the 
preparation from Jo (Fig. la) is representative. Ouchter- 
lony agar diffusion analysis? of the anti-y-globulin pre- 
parations with specific antisera revealed small amounts 
of IgG and IgA in addition to large amounts of IgM. 
(Precipitating rabbit antiserum specific for human IgG 
was prepared by immunization with human Cohn fraction 
If and absorption of the antiserum with human (F(ab’),- 
fragments’. Precipitating rabbit antiserum specifie for 
human IgM was prepared by immunization with a highly 
purified Waldenstrém’s macroglobulin and absorption of 
the antiserum with a human IgG immunoabsorbanté. 
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Precipitating goat antiserum specific for human IgA was 
obtained from Hyland Laboratories, Los Angeles.) The 
various preparations gave strong reactions for rheumatoid 
factor activity by preeipitation of aggregated human IgG* 
and agglutination of human group O, Rh positive, erythro- 
cytes coated with an incomplete anti-Rh antibody?. 
(The incomplete anti-Rh antibody was from patient 
Ripley whose serum was provided by Dr Marion Waller, 
Medical College of Virginia, Richmond, Virginia.) 
The anti-y-globulin activity from each patient was shown 
to be associated with the macroglobulin components by 
density gradient ultracentrifugal analysis’. The results 





b 


d 





Fig. 1. Ultracentrifugal patterns of (a) the untreated IgM anti-y-globu- 
lin preparation from patient Jo; (b) the anti-y-globulin preparation 
from this patient after treatment by pepsin; (c) the pepsin-treated 
anti-y-globulin preparation after the addition of human IgG; and (8) the 
human IgG. The pattern shown in (e) was recorded after 24 min at 52,640 
r.p.m. Those shown in (b), (c) and (d) were recorded after 64 min at 56,100 
rp.m. The buffer in cach was sodium phosphate pH 7-5, and 0-2 ionic 
strength. Approximate sedimentation rates are indicated. Note the 
presence of soluble complexes sedimenting at 98 following the addition 
of human IgG to the pepsin treated anti-y-globulin. 
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obtained with the Jo preparation are illustrated m Fig. 2 
(upper section). The anti-y-globulin from patient Jo has 
been extensively characterized in previous studies*". 

The anti-y- globulin preparations were incubated with 
pepsin in 0-1 M sodium acetate buffer, pH 4-1, for 1 week at 
2° C using an enzyme to substrate ratio of 1: 50 or 1: 100, 
Digestion was terminated by dialysis against cold sodium 
phosphate pH 7-5, and 0-2 ionic strength. If ultracentri- 
fugal analysis of the resulting digest revealed a significant 
quantity of macroglobulin, the preparation was treated 
again with the enzyme. 

An example of sedimentation pattern given by the 
pepsin-treated anti-y-globulin preparation from patient 
Jo is shown in Fig. 1b. Large quantities of components 
with Sw values of 2-75 and 6-35 were present. In 
addition, trace amounts of materials sedimenting at 
9-45 and 13-98 were detected. Similar distributions of 
components were observed in digests of the anti-y- 
globulin preparations from the other patients. 

The fragments present in the pepsin treated Jo anti-y- 
globulin were characterized with respect to their reaction 
with rabbit antiserum specific for human IgM (anti-IgM) 
and rabbit antiserum to human Cohn fraction Il y- 
globulin (anti-Fr II) after fractionation by density 
gradient ultracentrifugation (Fig. 2). (The rabbit antiserum 
to human Cohn fraction I, prepared by hyperimmuniza- 
tion with the fraction II in complete Freund’s adjuvant. 
reacted strongly with antigenic determinants carried 
on immunoglobulin light chains and y-chains.) Before 
enzymatic degradation, reactions with both antisera were 
confined to the macroglobulin components. After de- 
gradation. both the remaining macroglobulin components 
and the faster sedimenting fragments reacted with the 
anti-IgM. But comparison of these fragments with un- 
treated IgM by Ouchterlony agar diffusion analysis 
indicated the absence of some u-chain determinants. In 
contrast, both the 3 and 6S fragments and the faster 
sedimenting components of the digest reacted with the 
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Fig. 2. Density gradient ultracentrifugal experiments showing the 
distribution of anti-y-globulin activity in the untreated IgM anti-y- 
globulin preparation from patient Jo (upper section) and the same prepa- 
ration after pepsin treatment (lower section), Reactions of the gradient 
fractions with antiserum to human Cohn fraction H (anti-Fr JH) and 
antiserum specific for human IgM (anti-IgM) are also indicated. 
Negative, trace and positive reactions with the antisera are noted by —, 
+ and +, respectively. The direction of sedimentation is towards the 
right. 





309 


anti-Fr II. Differences between the various fragments 
and untreated IgM were not evident when agar diffusion 
analysis was carried out with the latter antiserum. 
Reactions with the anti-Fr II were principally due to 
antigenic determinants carried by the light chains of 
the IgM or its fragments. It is unlikely that contaminating 
IgG or IgA or their degradation products contributed 
significantly to the reactions with this antiserum, for at 
most only trace amounts of these immunoglobulins wer 
detected in the gradient fractions by specific antisera. 
Comparable results were obtained with the fragments 
isolated from pepsin-treated Go anti-y-globulin by density 
gradient ultracentrifugation and with the fragments from 
pepsin treated En anti-y-globulin isolated by gel filtration 
through “Sephadex G-200°. 

The anti-y-globulin preparations treated with pepsin 
continued to agglutinate the coated group O erythrocytes, 
but with lower titres. Density gradient ultracentriugal 
experiments showed that this activity was assomated 
with the fast sedimenting components (> 65) of the mix- 
ture. The results obtained with pepsin-treated Jo anti-y 
globulin are shown in Fig. 2. Pepsin-treated Go antt-y- 
globulin gave comparable results. 

Both untreated IgM anti-y-globulins and their suburuts 
produced by reduction and alky lation form soluble com- 
plexes with human IgG which can be detected in the 
analytical ultracentrifuge’ 21212, To determine whether 
the pepsin fragments of the anti-y-globulins demonstrated 
a similar racetivity, mixtures of the digests and human 
IgG (Cohn fraction IT from Lederle Laboratories, New York, 
apparently free of other serum proteins by immuno- 
electrophoresis using antiserum to human serum} were 
subjected to ultracentrifugal analysis in sodium phosphate 
buffer, pHa 7-5 and 0-2 ion strength. An example of such 
an experiment is shown in Fig. le. Three milligrams of 
the human IgG was added to 1-0 ml. of pepsin treated do 
anti-y-globulin containing 3-3 mg of protein. A component 
sedimenting at 89S, not present in either the digest 
(Fig. 16) or the IgG (Fig. 1d), was detected in the mixture. 
Complete dissociation of this component was evident after 
dialysis into 0-1 M sodium acetate buffer, pH +l An 
ultracentrifugal pattern similar to that of the original 
mixture was obtained on re-equilibration with the buffer 
at pH 7:5. The effect of pH on the formation of the 98 
component was similar to that observed for the formation 
of 22S complexes by the reaction of untreated IgM anti- 
y-globulins and IgG}. Essentially identical results were 
obtained in similar experiments on the Go anti-y-globulin 
treated with pepsin. 

To determine which of the anti-y-globulin fragments 
was responsible for the formation of the 9S component, 
anti-y-globulin preparations treated with pepsin were 
fractionated by gel filtration through ‘Sephadex 200° 
using the buffer at pH 7-5. The re ulting preparations of 
38 and 65 fragments were examined for the capacity to 
form soluble complexes with human IgG. Examples of 
the ultracentrifugal patterns obtained in the series of 
experiments on the 65 anti-y-globulin fragment from 
patient En are shown in Fig. 3. The isolated 68 fragment, 
preparation demonstrated a single boundary H Er 
at 59S (Fig. 3a). Skewing of the trailing edge of the 
boundary indicated the presence of a small quantity of 
slower sedime anting components. Components sediment- 
ing faster than 6S were not detected. The human IgG 
had a major component sedimenting at 6-45 (Fig. 3b, 
upper pattern). In contrast, a mixture containing the 68 
fragments (2-0 mg/ml.) and the IgG (1-7 mg/ml.) in tho 
buffer, pH 7-5, had a large quantity of components sedi- 
menting at 92S (Fig. 3b. lower pattern). Also present 
were a large quantity of materials sedimenting at approxi- 
mately 75 and a small quantity sedimenting at approxi- 
mately ILS. Dialysis of the muxture ie the pH 4-1 
buffer resulted in dissociation of the 92S components. 
The resulting ultracentrifuge pattern had a single boun- 
dary sedimenting at 58S (Fig, 3c, lower pattern). An 
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Fig. 3. Ultracentrifugal patterns showing (a) the 6S fragments isolated 
from pepsin digested IgM anti-y-globulin from patient En dissolved in 
sodium phosphate buffer pH. 7-5, 0-2 ionic strength; (b) a mixture of the 
6S fragments plus human IgG (lower pattern) and the human IgG 
alone (upper pattern), each in the buffer pH 7-5; and (¢) the mixture of 
fragments plus human IgG (lower pattern) and the heman IgG alone 
(upper pattern), after each was dialysed into 0-1 M sodium acetate buffer, 
pu 41. The patterns were recorded after 48 min at 59,780 r.p.m, 
Sedimentation proceeds from left to right. Note the presence of soluble 
complexes in the mixture prepared in the buffer at pH 7-5 and their 
absence after equilibration with the buffer at pH 4-1. 


ultracentrifugal pattern similar to the original was ob- 
tained on re-equilibration with the buffer, pH 7-5. The 
ificity of the 6S fragments for human IgG was indi- 






the 3S fragments and human IgG showed no evidence of 


soluble complex formation. Quantitative studies on the 
amount of 38 fragments detected after the addition of 
human IgG also failed to provide evidence of combining 
activity. The results obtained for the fragments isolated 
from the Jo and Bi anti-y-globulin preparations were 
consistent with those I have described. 
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The sedimentation properties of the products obtained 
from the IgM anti-y-globulins by treatment with pepsin 
at 2° C and their reactivity with the various antisera were 
similar to those obtained from Waldenström IgM proteins 
by brief exposure to the enzyme at 37° C (refs. 3-5). The 
failure of the 3S and 6S fragments to agglutinate coated 
group O erythrocytes was also consistent with previous 
observations of the activity of the products obtained from 
IgM rheumatoid factors and IgM cold agglutinins’. I 
have found, however, evidence that the 6S fragments 
retain the capacity to form soluble complexes with human 
IgG. Thus the pepsin produced fragments resemble the 
7S subunits produced from certain IgM anti-y-globulins 
by reduction and alkylation in their capacity to combine 
with human IgG", The production of 68 fragments 
from the 19S IgM molecule by pepsin in the absence of 
disulphide bond cleavage, together with the observation 
that the fragments retain some but not all of the y-chain 
determinants, provides evidence that the intersubunit 
disulphide bonds are located near the C-terminal end of 
the heavy chains. Tryptic degradation of monoclonal 
human IgM proteins has provided similar evidence!).4, 

This work was supported by grants from the US Public 
Health Service. I thank Drs H. G. Kunkel, F. Lehn, S. E. 
Ritzmann and J. C. Berinett for sera. 
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Increased Leucocyte Glycogen in 
Down’s Syndrome 


Levcocyre glycogen content and leucocyte alkaline 
phosphatase activity (LAP) usually vary in parallel. 
Both are increased in acute infections and polveythaemia 
vera! ?, in pregnaney*! and after administration of oestro- 
gen®, Similarly, there is little of either glycogen or LAP 
in chronic granuloevtic leukaemiat*®. There is known to 
be more LAP than normal in Down's syndrome®, and so 
we have measured leucocyte glycogen to find out whether 
the situation is the same. 

Leucoeytes were prepared from whole blood by com- 
bined dextran sedimentation of erythrocytes and differ- 
ential sedimentation of leucocytes, and glycogen was 
extracted and estimated as described earlier?. LAP 
was estimated on fresh blood smears by the Kaplow 
technique’, 

Thirteen patients were tested. Diagnoses were based on 
the typical clinical features of Down’s syndrome in ten 
cases; leucocytes of three were cultured and revealed 
trisomy 21. There was no evidence of infection in any 
of the patients. Leucocyte glycogen from blood samples 
taken at an outlying hospital was precipitated before transit 
to obviate any change in glycogen levels after phlebotomy. 
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The controls were seven children (aged 6-14, mean 10-1 yr) 
seen in the paediatric-cardiology clinic with inactive 
rheumatic heart disease and no evidence of infection. 
The results of simultaneous measurements of leucocyte 
glycogen and LAP are shown in Figs. 1 and 2. The LAP 
scores averaged 16 + 3-7standard error of the mean (S.E.M ) 
and leucocyte glycogen averaged 8-48+0:33 S.E.M. 
mg/10*° neutrophiles. The thirteen patients with Down’s 
syndrome were aged from 4 months to 19 yr, mean age 
8-7 yr. LAP scores averaged 114+ 13 S.E.M. and leucocyte 
glycogen averaged 13-64 + 0-80 S.E.M. mg/10° neutrophiles. 
Both determinations differed significantly from the con- 
trol group according to the ¢ test (P < 0-001 in each case). 
These results, while adding to the growing list of bio- 
chemical abnormalities of blood cells in patients with 
Down's syndrome, also demonstrate a previously noted 
parallelism between leucocyte glycogen and LAP. This 
is not surprising, for the principal cytoplasmic organelles 
of the mature neutrophile are essentially limited to lyso- 
some-like organelles which contain alkaline phosphatase 
and the glycogen particles (glycosomes)*®. Some patients 
with this syndrome have an extra chromosome, and 
increased enzyme activity may be related to increased 
gene action with excessive synthesis of these enzymes. 
How can the increase of leucocyte glycogen (a glucose 
polymer) be explained in terms of gene action? The 
glycogome concept? is useful here. According to this con- 
cept the glycogen particle is considered as an organelle 
and not simply a molecule. The basis of the organelle 
is a relatively stable component and includes enzymes 
synthesized earlier during the development of the cells. 


The glycogen polymer itself is in a constant state of 


turnover and its size depends on the relative activity 
of the synthetic and degradative enzymes attached 
to it. An increased synthesis of the enzyme components 
would result in more glycosomes and more capacity to 
store glycogen. The activity of the enzymes could, 
however, be increased by purely cytoplasmic determinents 





such as the availability of co-factors or activators. The 
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possibility that the extra chromosome increases enzyme 
activity through an increase in specific mRNA synthesis 
is intriguing, but no experimental data can prove 
such a relationship. There may even be other changes 
in the genetic information which are not as readily evident 
as the grossly visible extra chromosome No. 21. 
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Haemoglobin F(Malta): a New Foetal 
Haemoglobin Variant with a High 
Incidence in Maltese Infants 


Durine a survey of umbilical cord bloods in Malta a new 
foetal haemoglobin variant (Hb F(Malta)) has been found 
with an incidence of about 1-5 per cent. This is the 
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first population in which a relatively high incidence of a 
foetal haemoglobin variant has been observed. 

Cord blood samples were collected from 658 infants and 
the haemoglobin was examined by starch gel electro- 
phoresis using a tris EDTA borate system, pH 8-8, and a 
phosphate system, pH 7-0 (ref. 1). Thirteen samples con- 
tained a fraction which migrated more slowly than Hb F at 
pH 8-8 (Fig. 1), but which did not separate from Hbs F 
and A at pH 7-0 or 6-5. The proportion of the abnormal 
component ranged from 14-8 per cent to 22-5 per cent of 
the total haemoglobin. When corrected for the amount 
of Hb A present the proportion of the abnormal haemo- 
globin relative to Hb F ranged from 20-3 per cent to 
27-4 per cent in twelve samples. The abnormal com- 
ponent disappeared at the same rate as Hb F and was 
not present in the infants’ parents. which suggested that 
it was a foetal haemoglobin (y-chain) variant. 

A haemolysate of cord blood containing Hb F(Malta) 
was converted to globin and the chains were separated by 
chromatography on CM-cellulose in 8 M urea at pH 6- 8 
(ref. 2). The elution pattern was identical to that of 
normal cord blood globin. An electrophoretically pure 
sample of Hb F(Malta) was therefore prepared by 
chromatography on CM~celhulose using a 0-01 M phosphate 
buffer system with a gradient from pH 7-0 to pH 8-0 (ref. 3). 
After conversion to globin, and the separation of the ø. 
and y-chains, the elution pattern was identical to normal 
Hb F globin ; the presumed +FMalta).chain eluted in the 
same position as normal yF-chain. 

A trypsin fingerprint of the aminoethylated (AE )yFOlalta). 
chain looked identical to one prepared from normal 
AEy¥, except that the intensity of the yFMalta)]6 
spot was greater than that of yF16. On amino-acid 
analysis of ‘yF®Malta) 16”, Phe, Gly and Lys were found in 
addition to the expected Tyr and His. This peptide was 

therefore subjected to an additional fractionation at 
pH 65 when it separated into two components. One, 
which had the composition Tyr, His, was y?(Malta)16, 
while the second component was a peptide of composition 
Phe, Gly, Lys. The only peptide in the y-chain with a 
C-terminal tripeptide of this composition is y13, which is 
not seen on fingerprinting of AEy-chain because it remains 
at the origin on. electrophoresis and chromatography. 
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The C-terminal sequence of 13 is 


1l4 117 120 
Leu. Ala. He. His. Phe. Gly. Lys... 


and the presence of the C-terminal tripeptide of y13 in a 
trypsin digest of the A Ey Olt -ehain suggested that the 
His-117 residue had been replaced by a trypsin-susceptible 
one, probably arginine on the basis of the genetic code. 
Confirmation of this substitution was obtained by isolating 
the relevant arginine and histidine-containing peptides 
from chymotrypsin digests of yFOlaita) and yF, Finger- 
prints of these digests showed that a histidine- -positive 
peptide of composition Ala, He, His. Phe (corresponding 
to residues 115-118 in yF) had been replaced by an 
arginine containing peptide with the composition Ala. 
Tle. Arg. Phe in y¥Qlalt), These findings indicate the 
replacement of His 117(G19) by Arg in Hb F(Malta) 
which is therefore ayy llCG1o)Arg, 

Schroeder et al? have observed that position 136 in the 
y-chain is normally occupied by both glycine and alanine 
and have shown that this heterogeneity results from 
multiple non-allelie y-chain loci. Thus, in pram a 
for Hb F and a foetal haemoglobin variant, the abnormal 
+-chain had only glycine or alanine at position 136, while the 
y-chain of the normal Hb F contained both these residues 
in this position. When the tryptic peptide ylä (which 
includes residue 136 of the y-chain) from a sample of 
Hb E(Malra). was analysed it contained 1-0 residues of 
glyeme and 2-0 residues of alanine, which indicates that 
position 136 is occupied solely by glycine. Analysis of 
yl5 from the Hb F of the same individual gave 0-75 
residues of glycine and 2-25 residues of alanine, however, 
suggesting that in this y-chain position 136 is occupied by 
both glycine and alanine in the proportions 0-75 :0-25. 
Analysis of Hbs F and (Malta) from another infant gave 
identical results. 

Schroeder et al. have suggested that up to four y-ehain 
loci are present on each chromosome, three directing the 
synthesis of y-chains with glycine at position 136 and one 
with alanine at this position. If the four genes are 
expressed equally, each should contribute 12-5 per 
cent to the total number of y-chains; thus Hb F variants in 
heterozygotes ought to oceur in proportions similar to 
this. The proportions of Hb F(Malta) ranged from 
20-3 to 27-4 per cent, however. 

The level of expression of multiple haemoglobin loci 
in other animals is variable. In the goat, the products of 
the two non-allelic «-chain loci are equal’, whereas in the 
horse’, one exceeds the other by 50 per cent. Furthermore. 
it is unusual for the level of a human adult haemoglobin 
variant to equal that of Hb A in heterozygotes and there 
is considerable variation in these levels from case to case; 
for example, Hb 8 varies from 25 per cent to 40 per cent 
of the total haemoglobin. A similar situation is found 
with Hb F(Malta). Clearly it is not possible to construct 
a genetic model of the y-chain loci based entirely on a few 
isolated values for the level of y-chain haemoglobin 
variants. 

The examples given by Schroeder et al. and our data, 
however, suggest that there are more gly-136 genes than 
ala-136 genes on each chromosome and it seems probable 
that, with the identification of more y-chain variants, the 
statistical distribution of those having glycine at y136 or 
alanine at y136 ought to be representative of the ratios of 
the gly-136 and ala-136 genes on the chromosome. 

The presence of Hb F(Malta) does not produce any 
clinical abnormalities and it is likely that the high inci- 
dence of this variant in Malta has resulted from inbreeding 
in a small island population. The existence of such a 
population offers the possibility of obtaining data regard- 
ing the linkage of the y-chain locus to the other haemo- 
globin loci. Surveys are continuing with this object in view. 

We thank the obstetricians and paediatricians who 
helped in collecting the cord blood samples, particularly 

















We took one of our 516 real time computers down 
Carnaby St. to see how people would react.They did. 


Take our y COMP DDP 516... It’s the most advanced 
T/C 16-bit compact now being made in Britain. Way out 
in front for hardware—there’s 4096-word memory 
expandable to 64K, 960 nsec cycle time, 72 instructions, 
optional high speed multiply and divide... And the 
software, with more than 250 field proven programmes, 
all ready to go, is way ahead too. 

DDP 516 happened on the British scene in 1967. It is 
already being used in many countries as well as 
Britain for scientific data acquisition, industrial pro- 
cess control, for data concentration, message switching 


and time-sharing, to name but a few. This year it wa 
still young enough to turn a few heads in Carnab: 
Street. 

By this time next year it will be no more curiou 
than your great aunt’s boa, 

Being so far in front that no-one’s surprised any 
more. That’s what leadership is all about even in th 
challenging world of real time computing. 

For more, contact Honeywell Ltd., Compute 
Control Division, 53 Clarendon Road, Watford, Herts 
Watford 42391. Telex No. 934227 


$ Honeywell 


{a TOTAL REALTIME CAPABILITY 


XXI 











The LKB UV Analyzer, 

the Uvicord js completely compatible with the UltroRac. 
The Uvicord detector unit is here shown incorporated, 
with the UltroRac, in a separation system. 
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Yes, our Fraction Collector, The UltroRac, is 
a fraction larger than some others on the mar- i 
ket, but we do not consider this a disadvan- 




























tage and neither do our customers who only 
speak of the ADVANTAGES of owning an 
LKB UltroRac. The UltroRac gives users $ 
reliable collection, ease of operation, easily Ss 
varied test-tube capacity and freedom of Kai 
choice in the method of collection. Any num- N 
ber of test-tube racks can be removed from x& 
the collecting platform without interrupting $ 
the collecting process. 
Write or phone LKB today for a fully illus- 
trated brochure on this QUALITY instru- 
ment and the many others in the LKB Labo- 
ratory Instruments Line. 
@ Space Saving 
è Coldroom Use 
è Standard Test Tubes 
@ Removable electronic unit 
@ 200 test-tube capacity 
@ Time, drop and volume 
@ Stainless steel support rods 
@ Polypropylene racks 
o Provision for event marking 
è Power outlet for flow pump 
è Electronic counting system 
@ Positive flow control 
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Isolation of Oestradiol “Receptors” 
from Bovine Hypothalamus and 
Anterior Pituitary Gland 


A ROLE of the hypothalamus in regulating the activity of 
the pituitary-gonadal axis has been inferred from various 
investigations reviewed recently*. 

The hypothalamus, particularly in the median eminence 
and pars tuberalis, is regarded as the principal site of the 
negative feedback of oestrogen, although some action at 
the anterior pituitary level is also well documented. In 
certain oestrogen-sensitive target tissues, exemplified by 
the uterus which takes up and retains oestradiol in vivo, 
binding substances specific for oestradiol but also binding 
other biologically potent synthetic oestrogens have been. 
recognized in nuclear fractions from several species®3, The 
presence of oestradiol “receptors” in nuclear fractions 
of rat pituitary glands has also been suggested but not 
proved by experiments in which *H-oestradiol bound 
to a nuclear component was released by treatment with 
trypsin, as it also was in nuclei from uterine epithelium 
and mammary gland and also from kidney. The oestradiol 
“receptor” can be identified in uterine cytoplasm where it 
seems, in several subprimate species, to be larger than the 
homologous nuclear binding substance. Such substances, 
which have a high affinity for oestradiol and probably 
account for its uptake and retention in vivo and in vitro, 
have been isolated from uterine subcellular fractions by 
density gradient centrifugation® and, indeed, partially 
purified by chromatographic techniques*:?, In the mid- 
brain and pituitary gland, the uptake and retention of 
oestradiol have been demonstrated by measuring the 
radioactivity in tissue homogenates or by autoradio- 
graphy*-!!, We reasoned that, because the pituitary gland 
and hypothalamus respond in vivo to oestrogen, 
“receptors” for oestradiol should also be detectable in the 
cytoplasm of these organs. 

The hypothalamus, pituitary gland and a piece of 
parietal cortex of adult female cows (5-8 yr) or of steers 
(2-3 yr) were removed promptly after shooting them. In 
further dissection in the cold room (4° C), the capsular and 
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pial vessels were stripped, washed and blotted away. The 
anterior division of the pituitary gland was se ed 
from the posterior part. The hypothalamus, delineated 
anteriorly by the optic chiasm, laterally by the hypothala- 
mic fissures and posteriorly by the mammillary body, was 
divided as follows: the median eminence from both halves 
of the specimen was cut away at an approximate depth of 
2mm indicated by the zone of pigmentation. In some 
experiments the pars tuberalis was stripped away from 
the median eminence at the level of the sulcus -infindi- 
bularis. The remaining hypothalamus was bisected into 
anterior and posterior parts, being divided by a line con- 
necting the infundibulum and reaching perpendicularly 
another line which is made tangential to the thalamus 
and connects the anterior commissure and the mam- 
millary body posteriorly. The paraventricular portions of 
both parts were shaved from between four and ten 
midbrains at a depth of approximately 2 mm, constituting 
the final specimen for each experiment. These specimens 
and slices of pituitary were rinsed three times before 
homogenization (0-5-4-6 g of tissue/ml. of buffer) in 004 M 
tris-Cl, 0-0015 M EDTA buffer, pH 7-4. After centrifuga- 
tion at 75,000g for 90 min, the supernatant was collected 
by aspiration, taking care to avoid the floating yellow 
layer of lipids. Of each cytoplasmic fraction, 0-3 mi. was 
incubated for 3 h at 4° C with radiochemically pure *H- 
oestradiol-17 (specific activity 39-6 Ci/mmole, New England 
Nuclear Corp.), Then 0-2 ml. was placed onto a 5-20 per 
cent linear gradient sucrose-buffer solution (4-6 mi.) and 
centrifuged for 15 h at 131,000g (40,000 rp.m. in the 
SW 50 rotor) in a Spinco model L-2 machine. The radio- 
activity in each fraction was measured as described 
before’. 
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Fig. 1. Representative distribution of radioactivity on a 5-20 per cent 


sucrose density gradient of cytoplasm from female bovine anterior 
pituitary gland (0-6 g wet tissue/m!, of buffer for homogenization). 
Similar data with different concentrations of oestradiol were obtained 
in three experiments. *H-oestradiol-178 was in concentrations of 
(e) OB X10 M; (...) 062 «10 M, and (-~) G61» Lo* M, 


The sedimentation pattern obtained from *H-oestradiol 
with pituitary gland cytoplasm indicates a collection of 
the radioactivity near the bottom of the tube with 
maximum amount in fraction 6 (Fig. 1). Increasing con- 
centrations of oestradiol resulted in small additions to the 
peak but larger accumulations in the less dense part of 
the gradient, indicating that the binding substance was 
approximately saturated. 

These reproducible observations (ten experiments) with 
the cytoplasm of the pituitary gland are similar to those 
described using uterine cytoplasm from rabbits*, 

A comparison of representative sedimentation patterns 
of radioactivity from experiments with cytoplasm of 
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se density gradient of cytoplasm from female bovine } 
and cortex. ‘The dissection of the various parts is give 
Similar data were obtained in four to seven se 
ach part. *H-oestradiol-176 was used in a concentration of 1-83 x 107" 
M. (>00) Median eminence with pars tuberalis (L86 g/ml. used); 
(o> +) median eminence without pars tuberalis (1-6 g/ml. used); (- --} 
anterior hypothalamus ( mi, used); C=) posterior hypothalamus 
(2-3 g/mi nsed), (- ) left parietal cortex (4:5 g/m. used). 


ypothalamus 
n in the text, 
parate experiments with 














various parts of the hypothalamus and of the cortex 
shows a selective localization of oestradiol “reeeptors™ in 
the median eminence with smaller amounts of radioactivity 
bound by “receptors” in the anterior hypothalamus andl 
least in the posterior hypothalamus and parietal cortex, in 
spite of using more of the latter tissues in each experiment 
(Fig. 2). These data, obtained with 183x 10-14 M 3H- 
oestradiol, apparently represent saturation of the “re- 
ceptors’, for the steroid is present in excess near the top 
of the tube. The binding in cytoplasm of the median 
eminence intact with its pars tuberalis seems to be greater 
than after the removal of the glandular portion of the 
median eminence. No binding of *H-progesterone or 
*H-testosterune by these “receptors” was observed nor 
was there any difference between the sexes in the binding 
of these steroids. 

These data, illustrating the specific binding of oestradiol 
to “receptors” in the cytoplasm of the anterior pituitary 
gland and various hypothalamic structures, 
are consistent with uptake data which have 
also shown a high predilection for oestradiol 
binding in the pituitary gland and decreas- 
ing amounts in the median eminence, 
anterior and posterior hypothalamus", 

No subeellular localization, however, was 

provided by such uptake studies. n- Pere 
directly, we also confirm the paraventricu- 
lar localization in the anterior and posterior 
hypothalamus demonstrated by autoradio- 












graphy’, for we only observed binding = 
when the paraventricular portions were g++ 
collected separately (ampublished data). IF & 
there is an oestradiol “receptor in the Ë 
central nervous system and the cytoplasm 4 
of the pituitary gland, it is possible to con- 


sider these tissues as target tissues for the 
hormone in the same sense that uterus, 
breast and so on are target organs and this 
is more support for the idea that oestrogen 
“receptors” are likely to be related to the 0 
mechanism of hormone action. 

We thank Drs W. L. Black, jun., and 
J. H. Miller for the tissues and Pearl 
Namkung and Walter Bubelis for technical 
stance. The work was supported by a 
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Protection of Cattle against 
Experimentally Induced Anaphylaxis 


SYMPTOMS of anaphylaxis and the relative importance of 
individual chemical mediators vary widely in different 
species. The importance of histamine has been estab- 
lished in the guinea-pig? and the dog*, while 5-hydroxy- 
tryptamine has been shown to play a principal part in 
anaphylactic reactions in the rabbit? Bradykinin' and 
a slow-reacting substance of anaphylaxis (SRS-A) have 
both been found to be involved in anaphylaxis m the 
guinea-pig’ and SRS-A in the rat’. 

In cattle, anaphylactic reactions may follow sensitiza- 
tion to antibiotics’, foot and mouth disease vaccine and 
rabies vaccine’. Reactions to the body fluids of killed 
warble fly larvae following successful pesticidal therapy 
are also a cause for concern. Various clinical syndromes, 
including “fog fever” or “atypical interstitial pneu- 





Dyspnoert. Congh Malivation Nasal discharge Lacrimation 


Effect. of pretreatment with atropine on the severity of anaphylactic 





3. Symptoms are scored in degrees of severity from + to + ++. 


Pretreated with atropine 0-1 mg/kg intravenously, W: controls, DI. 
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mona! and Jaminitis™, are believed to 
be manifestations of hypersensitivity. 

We have studied acute systemic ana- 
phylactic reactions in Ayrshire calves. 
These animals were sensitized, when 4-6 
months old, by the intravenous injection 
of 15 mg/kg of ovalbumin as a 5 per cent 
solution in saline and were challenged 
intravenously after a minimum latent 
period of 7 days. Challenge resulted in an 
immediate reaction which was proportional 
in severity to the challenging dose. Respira- 
tory changes (tachypnoea, dyspnoea and 
coughing) were consistently the outstand- 
ing features of the reactions. Collapse, 
periods of apnoea, nasal discharge, saliva- 
tion, lacrimation and conjunctival conges- 
tion occurred frequently and trembling, 
sneezing and pruritus occasionally. Sen- 
sitization to horse serum produced similar 
reactions. A detailed account of the T 
method of sensitization and the nature of Fig 
the reaction has been given before. 

In an attempt to obtain an indication 
of the importance in cattle of the various 
mediators known to be associated with ana- 
phylaxis in other species, we have assessed 
the extent to which the reaction was modified by pretreat- 
ment of sensitized animals with specific or selective antag- 
onists. Atropine sulphate (0-1 mg/kg), mepyramine 
maleate (20 mg/kg). cyproheptadine hydrochloride (0-3 
mg/kg), methysergide bimaleate (0-1 mg/kg) and sodium 
meclofenamate (1-0-1-5 mg/kg) were used. Each 
antagonist was administered singly and was injected 
intravenously 5 min before challenge with antigen. The 
effect of using mepyramine together with meclofenamate 
was subsequently investigated®. Atropine was used to 
block any vagal reflex effect possibly produced by intra- 
venous injection and the dose was based on that recom- 
mended to counteract organophosphorus poisoning in 
cattle. The doses of mepyramine and of cyproheptadine 
and methysergide were those found previously to inhibit 
completely the effects produced by administration of 
histamine and 5-hydroxytryptamine respectively in 
calves. The dose of meclofenamate was as used by Collier 
and James in guinea-pigs’. 

A constant challenging dose of antigen (about 2-0 


mg/kg) was selected for each animal by preliminary tests 
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so that consistent, well marked, non-fatal reactions were 
produced. Groups of at least four animals were used in 
cross-over tests. Each animal was observed for at least 
l hafter challenge, and the duration of collapse, degree of 
dyspnoea. frequency of coughing, increase in salivation. 
nasal discharge and lacrimation were scored in degrees 
of severity from + to ++ +. 

The reactions were unmodified by cyproheptadine and 
methysergide. Atropine (Fig. 1) and mepyramine { Fig. 3) 
reduced lacrimal and other secretions but did not affect 
collapse or dyspnoea. Pretreatment with meclofenamate. 
however, regularly prevented collapse and respiratory 
distress although its effects on secretions and respiratory 
rate were more variable (Fig. 2). Inereasing the dose of 
meclofenamate to 20 mg/kg did not increase the degree 
of protection, while mepyramine used together with 
meclofenamate improved on rneclofenaraate alone onily 
with respect to laerimation (Pig. 3). Of twenty-four 
animals pretreated with either meclofenamate alone or 
meclofenamate and mepyramine only one failed to be 
protected (Fig. 3). f 

In a later experiment, two animals were 
sensitized by repeated intramuscular mjo 
tions of ovalbumin in Freund's adjuvant. 
Although the reaction produced on intra- 
vengus challenge was apparently similar to 
that shown by animals sensitized by a 
single intravenous dose of antigen, these 
calves reacted to a smaller challenging dose 
(0-3 mg/kg ovalbumin), Tt was also found 
that pretreatment of the adjuvant-sen- 
sitized animals with meclofenariate con- 
ferred no protection. 

The general effeetivencss of pretreatment 
with meclofenamate suggests that brady- 
kinin and/or a slow reacting substance is 
responsible for the severe symptoms of 
acute anaphylaxis in cattle. We are 
attempting to obtain direct evidence of the 
formation of these substances after chal- 
lenge of sensitized animals and tissues. The 
failure of meclofenamate to modify the 
reaction in Freund's adjuvant sensitized 
calves may indicate that different media- 
tors are involved in this reaction, Previous 
experiments? have failed to furnish evid- 
ence for the release of histamine, but im pre- 
limimary trials perfusion of isolated hmg 
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from sensitized calves with Tyrode solution containing 
antigen resulted in the presence of SRS in the perfusate 
(unpublished work of Brocklehurst and Marquis). These 
findings suggest also that calf lang may prove to be a 
useful source of SRS. 

The apparent lack of involvement of histamine and the 
likelihood that bradykinin and SRS may be important 
have obvious implications in the prevention. and treat- 
ment of acute anaphylaxis in cattle. 

This work was supported by the Agricultural Research 
Council. We thank Dr H. O. J. Collier of Parke, Davis 
Ltd for meclofenamate. 
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Juvenile Hormone: Effect on 
Bimolecular Lipid Membranes 


Insect juvenile hormones and their synthetic analogues 
may function by increasing the permeability of cell and 
nuclear membranes}. Recently it has been shown that. 
some synthetic hormone analogues increase the conduct- 
ance of the salivary gland cell membrane of the wax moth 
Galleria mellonella®, Because of this, I checked a number 
of compounds for their effect on the conductance of 
experimental bimolecular lipid membranes in an aqueous 
medium, No significant conductance changes appeared 
on addition of the hormones to non-modified membranes. 
The membranes were therefore modified by gating ion 
translocators, such as BIM (excitability inducing material, 
extracted from <Aerobacter cloacae ATCC 961), monazo- 
myein’ or alamethicin’. These translocators induce ion 
permeability in lipid bilayers and this permeability can be 
regulated by the membrane potential although it is not 
known if the translocators act as ion carriers or form 
channels, In appropriate conditions they generate action 
potential and other excitability phenomena, characteristic 
of cell membranes. 

In modified membranes, juvenile hormones, when 
added to the aqueous phase, enhanced the conductance 
(Fig. 1) to a degree which depends on the hormone, the 
lipid composition and the translocator. The conductance 
increase started rapidly within a few seconds after 
addition and was usually complete after 5-10 min. The 
effect was the same whether the substance was added on 
the same or the opposite side of the translocator. Eve 
lipid-translocator system showed its own specifie activity 
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Table 1. ACTIVITY OF THE TESTED COMPOUNDS IN DIFFERENT LIPIE-TRANS- 
LOCATOR SYSTEMS 
Lipid composition® {1) (1) (2 (3) (4) 
‘Translocator EIM} Monat EIM Alas Mona 
Hormones 
Farnesol ++ + ++ ++ +++ 
Farnesyl methyl ether o 0 + + ü 
Farnesyl diethylamine tok +o oboe 4 
Dodecyl methyl ether + 0 0 eae Q 
Dodecy! butyl ether 9 A4 0 ü 
Undecylamine + -+ + + 
Hexadeey] methyl ether + it) 9 0 


* The compositions of the membranes were; (1) 40 per cent tucapherol, 
3 per cent cholesterol and 3 per cent mixed brain lipids in chloroform- 
methanol (3: 2); (2) 50 per cent tocopherol and 2-5 per cent sphingomyelin 
in ehloroform—methanol (3 : 2); (8) 10 per cent lecithin, 1 per cent cardiolipin, 
0-5 per cent coenzyme Qiu in octane saturated with phosphatidyl ethanol- 
amine or (4) 4 per cent oxidized cholesterol in octane, 


t Excitability inducing material. 
t Monazomycin. 
§ Alamethicin. 


The increase of the conductance is indicated by the number of crosses, 
namely, up to five-fold (+), between five and fifteen-fold (+ +) and higher 
than fifteen-fold (+ ++}. The concentration of the compounds in the 
aqueous medium was 0-1 mg/ml. 


pattern to the different compounds, applied at identical 
concentration (Table 1). The compounds tended to 
increase the dielectric breakdown voltage and stabilize 
the membranes. 

There are three possible modes of action of these 
javenile hormones on bimolecular lipid membranes: (1) 
they might interact with the lipid molecules to rearrange 
the structure of the membrane, (2) they might complex 
with the translocator in the membrane or (3) they might 
complex with the translocator in the aqueous medium. 
The third possibility can be tentatively excluded bee: 
the same result was produced by adding hormone on either 
side of the translocator or opposite it. Because the lipid 
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Fig. 1. Steady state, conductance voltage curves before ((-- MM) and 


after 7 min (x--x) on addition of farnesol (0-1 mg/ml.) to a bilayer 

containing tocopherol, cholesterol and beef brain lipids, modified by 

monazomycin. Before addition of the hormone, the membrane con- 

ductance did not vary over a period of 11 min. On addition of farnesol, 

the resistance started to drop immediately. The membrane, 1 mm? 

in area, was formed in 0-1 M NaCl solution, buffered with 5 mM/I. bisti- 
dine Clat pH 6-8. Temperature 40° C. 
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composition usually strongly influences the effectiveness 
of the translocator, it is possible that the hormone increases 
the interaction of the translocator with the membrane 
either by directly providing sites or by modifying the 
organization of the membrane lipids. The increased 
stability of the membranes after addition of the juvenile 
hormones also suggests a direct interaction with the 
membrane lipids. The possibility that the hormone 
interacts directly with the translocator, however, cannot 
be definitely excluded. 

In insects the activity pattern of the juvenile hormones 
varies strongly from species to species and it may there- 
fore not be surprising that the different lipid-translocator 
systems also show different activity patterns, and that the 
observed patterns do not exactly correlate with any 
pattern observed so far in vivo. 

I thank Drs D. O. Rudin and P. Mueller for many helpful 
discussions, and Drs H. A. Schneiderman and A. Krishna- 
kumaran, Western Reserve University, Cleveland, and 
Hoffmann-LaRoche, Basel, for supplying me with the 
tested chemicals. 
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Identification, Synthesis and Biological 
Activity of an ‘‘Assembling Scent” 
from the Beetle Trogoderma 
granarium 


Burers has described the aggregation of the Khapra 
beetle, Trogoderma granarium. Its mode of life helps this 
serious pest to survive in its niche in the granary. A 
beetle that lives on a stored product can develop normally 
in the dark, but when exposed to light its development is 
irregular and mortality high®. Both sexes secrete a 
substance that has a mutually pronounced effect®* and 
acts as a strong repellent for the red flour beetle, Tribolium 
castaneum’, We have investigated the structure and dual 
function of this substance. 

Females of Trogoderma were ground in a blender, and 
thoroughly extracted with ether to give a yellow oil. 
After removal of basie and acidie compounds a highly 
active neutral fraction was left. This was subjected to 
gas chromatographic analysis on a coiled copper column 
(2 mx6 mm inner diameter) packed with 15 per cent, 
DEGS coated on ‘Chromosorb P’ (80-100 mesh), main- 
tained at 185° C. The esters of the mixture were identified 
by comparing their retention times with pure samples 
and by ¢o-injection. 

The percentage composition of the natural mixture of 
esters of Trogoderma was: ethyl oleate, 44:2; ethyl 
palmitate, 34-8; ethyl linoleate, 14-6; ethyl stearate, 
60; and methyl oleate, 0-4. The procedure did not in- 
volve either methyl or ethyl alcohol, and so the esters 
cannot be artefacts. Preparative quantities were collected 
using an A-700 Autoprep gas chromatograph in the 
conditions outlined, and then treated as follows. Saponi- 
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THE RESPONSE OF Trogoderma AND Tribolium TO NATURAL AND 
SYNTHETIC ESTERS 
Attraction of 


Table L. 


Repulgion of 





Trogodermat granarium Tribolium 
Substance (per cent) gestae qn 
Females Males (per cent} 
Diethyl ether extract of: 
Males Reg 
Females O15 
Methyl oleate GER 





Ethyl palmitate 943 
Ethyl stearate B47 
Ethyl oleate BOG 
Ethyl linoleate Beet 
Mixture of synthetic if 
esters (natural ratio) gyz 


* Derived statistically from ref. 3. 


fication was accomplished with 5 per cent methanolic 
potassium hydroxide. The free acids were identified by 
reversed-phase thin-layer chromatography. The infra- 
red speetrum showed strong bands in the 34-355 micron 
region, indicating the presence of methyl and methylene 
groups, a band at 13-85-13-95 microns indicating methyl- 
ene chains with four or more carbon atoms, the ester 
carbonyl absorption at 5-75-58 microns, and a triplet 
pattern of peaks in the 8-8-5 micron region characteristic 
of the lower esters of long chain fatty acids®. 

The mass spectrum showed the following molecular 
peaks; 296 (methyl oleate), 284, 308, 310, 312 (ethyl 
esters of palmitic, linoleic, oleic and stearic acids reapec- 
tively). The other fragments derived from methyl oleate 
were: 264 (M-32; loss of methanol), 222, 180, 87, 74 
and 55. The fragments of the ethyl esters were: 267 
(M-CH,CH,O), and 157, 101, 88 (ref. 7). Thin-layver 
chromatography was carried out on plates of silica gel G 
impregnated with 2 per cent paraffin in hexane, and 
developed with hexane-cthy] acetate (25: 1). Ry values 
recorded were 0-495, 0-50, 0-51, 0-52, 0°53, corresponding 
to methyl oleate, ethyl linoleate, ethyl oleate, ethyl 
stearate and ethyl palmitate, respectively. 

The pure methyl and ethyl esters of the fatty acids 
were synthesized. They were found to be highly active 
both as an assembling scent for Trogoderma and as a 
repellent for Tribolium, as is the mixture of the natural 
esters (Table 1). 

Tt is interesting that not all of the isolated esters have 
the same attractant activity, but their specificity seems 
to be low. No synergistic effect could be found. From the 
biological point of view it seems surprising that the same 
substances act as attractants and repellents for different 
inseet species. The dual function of each ester could also 
be explained if the attraction serves as a major factor for 
the aggregation of the beetles, while the repulsion of the 
other beetles is a defensive function. Furthermore, this 
is the first case of ethyl esters of fatty acids found in 
insects, although they were detected recently in the 
pancreas of the ox’. Their biogenesis is not fully under- 
stood. 

We thank R. Tsvilich, L. Wollach and O. Selictar for 
technical assistance, and C. Lifshitz for the mass spectro- 
scopic analysis. This research was supported in part by a 
grant from the US Department of Agriculture. 
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Cell Growth and Cellulases: 
Regulation by Ethylene and 
Indole-3-acetic Acid in Shoots of 
Pisum sativum 


ETHYLENE is produced by most. plant tissues and has been 
shown to have a regulatory role in plant growth, The 
highest. production in vegetative tissues occurs in parts 
which are rapidly growing; parts which are also the regions 
containing the most auxin. Ethylene is. however, a potent 
inhibitor of shoot growth. In actively growing parts, 
concentrations in air as low as 1 p.pam. will reduce or 
arrest cell extension and, following this, there may be 
lateral cell expansion resulting in a swelling of the affected 
tissue. These effects are visible in etiolated pea seedlings 
within 24 h. Swelling of stem tissue is also a typical 
response to treatment with an auxin. Ethylene produe- 
tion can be stimulated several-fold by supplying an auxin, 
and so it has been suggested that many of the morphologi- 
cal and physiological changes brought about by auxins 
are the result of an induced production of ethylene-*. 
Thus when pea seedlings are decapitated immediately 
below the apical hook and indole-3-acetic acid (TAA) 
applied to the cut surface, knob-like swellings develop® 
which appear to be similar to those induced by ethylene in 
intact plants. Fan and Maclachlan? have found that this 
TAA-induced swelling is accompanied by a marked in- 
crease in soluble cellulase activity. If, as Burg! sug- 
gested, both lateral expansion and the increase in cellulase 
are the result of [AA-induced production of ethylene, then 
similar increases in cellulase would be expected in tissue 
where swelling is produced by treatment with ethylene 
alone. To investigate the relationship between auxin, 
ethylene and cellulase in these growth responses, we have 
studied the effects of both IAA and ethylene on soluble 
enzymes which degrade cellulose in etiolated pea seed- 
lings. Although TAA stimulates the production of ethyl- 
ene in the swollen apical tissues of decapitated peas by 
some 280 per cent, our results show that the effects of IAA 
cannot be attributed to an enhanced production of 
ethylene. 

Pisum sativum variety ‘Alaska’ was grown for 7 days 
in darkness at 25° C by which time the third internodes 
were 2-4 em long. Plants were exposed to ethylene 
(500 p.p.m.} or treated with TAA in lanolin to induce 
swelling of the apical tissues. Enzyme extraets for the 
different cellulase assays were prepared as described in the 
legend to Table 1. Soluble protein in the extracts was 
determined by the biuret method?!!. 

Because cellulases may have different levels of activity 
with different su rates, we used two methods for their 
assay, The first is a measure of random chain cleavage 
and is determined by the decrease in viscosity of a solution 



























Table 1. EFF 
AND LATERAL 






(S OF ETHYLENE AND TAA ON CUMC-CELLULASE ACTIVIRY 
INPANSION IN THIRD INTERNODE ‘TISSUE OF INTACT OR 
DECAPITATED PEAS 


CMC-cellulase/mg my fresh weight /mm 





Treatments soluble protein segment length 

Intact peas 

Control LES 

GH, 2-64 
Decapitated peas 

Control—-ai 3-67 

CH, 3AT 

TAA 9-32 

TAA (LH, S15 








Intact peas were exposed to air or ethylene, 500 papam., for 24 hand 5 mm 
segments were excised from just below the apical hook. For decapitated peas 
with apical bud removed, 2-3 mg of lanolin + TAA (10-15 ug per plant) was 
applied to the cut surface and plants left for 48 h, in air or ethylene, 500 
ppm: a terminal 6 mm zone was marked off at Oh and excised at 48 h. 
Excised segments homogenized in 0-1 M phosphate buffer, pH 6-0, to give a 
final volume containing twenty segments per ml. Extr were centrifuged 
for 20 min at 4° C and 3.000¢ and the supernatant fractions were centrifuged 
for a farther 30 min at 35,0009. Substrates (4 mL. of t per cent solution of CMC 
in 0-01 M phosphate buffer, pH 6-0, containing Ù nt sodium fluoride) 
were incubated with 1 mi. of enzyme solution at 25° € for 20 h. Enzyme 
activity is expressed in terms of the percentage reduction in flow-time of the 
reaction mixture, 
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of carboxymethyl-cellulose (CMC); the details have 
already been described'!*. For the second assay we meas- 
ured the extent of hydrolysis of a radioactive plant cellu- 
lose from the Canna lily. Enzyme solutions were incubated 
with an aqueous suspension of cellulose-U-"C (23 uCi/mg, 
obtained from the International Chemical and Nuclear 
Corp., and free of a-1.4-polymers containing YC). Chloro- 
form was present in the reaction mixture throughout 
the assay and after 20 h at 40° C the degradation products 
of low moleeular weight were separated and counted. 
Ghicose and cellobiose were the chief end products with 
small amounts of higher oligosaccharides. After chromato- 
graphic separation on Whatman No, 1 paper for 28 h at 
room temperature (solvent system, ethylacetate : acetic 
acid : water, 3: 3:1) the sugars were estimated by scean- 
ming the chromatograms and measuring the areas beneath 
the peaks with a planimeter. 

The CMC-cellulase activities in the swollen tissue pro- 
duced during treatment with either LAA or ethylene are 
shown in Table 1. It is evident that no increase in activity 
results from exposure to ethylene whereas activity is 
more than doubled after treatment with IAA. Further- 
more, when decapitated seedlings are exposed to both IAA 
and ethylene in combination. then compared with treat- 
ment with LAA alone, the CMC-cellulase activity is reduced 
by 36 per cent. This finding. coupled with the observation 
that ethylene alone does not cause swelling in decapitated 
peas. provides clear evidence that neither the induction 
of cellulase activity nor the morphological changes brought 
about by TAA can be solely attributed to the action of 
ethylene, 

Using the second method of assay it was found that the 
sum total of the radioactivity in the glucose plus cellobiose 
peaks was not altered by treating the tissues with either 
TAA or ethylene. But the ratio of the areas within the 
glucose and cellobiose peaks is changed. Ethylene 
reduces the ratio of glucose to cellobiose by 43-50 per cent 
compared with untreated tissues, whereas LAA in contrast 
increases it by 17-20 per cent. These results indicated 
that the cellulase assayed by this method was different 
from the CMC-cellulase. It seemed likely that the 
differences in the proportion of cellobiose and glucose 
observed in this assay were related to a hormonal effect 
on the activity of cellobiase (B-1.4 glucosidase). 

In microbial systems cellobiose can act either as an 
inhibiter or as an inducer of cellulase, and cellobiase ean 
therefore be considered an important part of the cellulase 
system. We have developed a sensitive micro-method to 
assay the enzyme utilizing “C-cellobiose as the substrate. 
Radioactive cellobiose was not available commercially 
and so purified “C-cellobiose was obtained from the 
surplus reaction mixtures of the previous experiments 
with @C-cellulose. The “'C-cellobiose was separated by 
paper chromatography and characterized by cochromato- 
graphy with authentic samples of cellobiose. 

5-Glueosidase (from almond emulsin) converted 84 per 
cent of the MC-cellobiose to MC-glicose after meuba- 
tion for 15 h at 40°C, while no significant conversion 
was obtained after a similar meubation with maltose 
(International Chemical and Nuclear Corp.) For the 
assay, pieces of paper 05% LO em were cut from the 
4C-cellobiose zone of the chromatogram and speared 
individually onto glass spikes; 0-02 ml. of the enzyme 
extract with a drop of chloroform were then added. After 
incubation for 14 h at 40° C in a chloroform saturated 
atmosphere the pieces were dried and sown on a strip of 
No. 1 Whatman paper and the chromatogram was devel- 
oped in the usual way. Only glucose and cellobiose were 
present after separation, and the relative amounts of radio- 
activity in each were determined by cutting up the cried 
chromatograms and counting ina Beckman liquid seintilla- 
tion system (solvent, toluene, scintillant 0-7 per cent butyl 
phenyl biphenyl oxidiazole). The percentage of the total 
radioactivity present as glucose was linearly related to the 
concentration of the enzyme up to a twenty-fold dilution. 
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Table 2. EFFECTS OF ETHYLENE AND TAA ON CELLOBIASE ACTIVITY IN THIRD 


INTERNODE OF INTACT OR DECAPITATED PEAS 
®, Conversion 
of 8C-cellobiose 
to #C-ghicose 





Celloblase activity/ 
100 ug soluble 
protein 


Treatments 


Intact peas 


Control 
CyH, 
Blank 


Decapitated peas 


Control 
TAA 
Blank 


Experimental treatments are the same as described in Table 1. Substrate 
papers incubated with 0-02 or 0-03 mh, of enayme solution for 14 hat 40° ©: 
the blank values include substrate and buffer only. 








Table 2 demonstrates that treatment with ethylene 
reduces the percentage conversion of cellobiose to glucose 
by 30 per cent on a unit soluble protein basis. Similar 
reductions in cellobiase activity were found at all concen- 
trations of ethylene from 0 00 ppm., In contrast, 
TAA always increased cellobiase activity. 

It is clear that although TAA and ethylene ean both 
cause pea stem tissue to swell, they have antagonistic or 
opposite effeets on the activities of CMC- cellulase and 
cellobiase. There are two possible explanations for these 
results. First. cellulases may not be involved directly 
in the later: ni expansion of cells. Second, ethylene and 














IAA may cause similarly orientated cell enlargement 
through Pea. dissimilar mechanisms. In this con- 


nexion, examination of the tissues does reveal considerable 
anatomical differences between the two types of swelling. 
For example. within 30 h TAA causes a marked increase 
in cell division whereas no increase in cell mamber is 
detectable after treatment with ethylene for 5 days. 
The increase in CMC~cellulase, however, cannot be associ- 
ated only with the dividing cells, for it has already been 
shown! that when cell division is inhibited by 5-fluoro- 
deoxyuridine cell expansion and the increase in CMC 

celhilase will still take place. Furthermore. in our experi- 
ments the average final volumes attained by cortical cells 
after prolonged treatment were three times greater with 
TAA than with ethylene (Table 3). 

Measurements of cell volumes were carried out on 
intact pea seedlings treated with ethylene for 5 days, and 
on decapitated shoots treated with 10-15 ug of LAA for 
8 days. These two series of plants were sectioned (12 or 
16 microns) 3-3-5 mm below the cut surfaces or apical 
hooks. At the same time further sections were cut from 
mature tissue 6-7 mm below the first node of 8 day old 
control plants, 
cortical cells along radii mid-way between bundles were 
made using a Projectina projection microscope. The 
measurements, in arbitrary Projectina units, are shown 
in Table 3. It is evident that the mean volumes attained 
by cortical cells of extending apieal tissue after exposure. 
to ethylene do not differ significantly from those of the 
mature fully extended tissue of the control plants. It 
follows therefore that ethylene alters the direction of cell 
expansion but not the final cell volumes attained. Treat- 
ment with TAA, however, not only reorienta cell growth 
but also increases the average final volumes attained by 
the cortical cells. 

These results have established that in decapitated pea 
seedlings auxin enhances both lateral and total cell expan- 
sion and the concentrations of soluble cellulase and cello- 





















Table 3. MEASUREMENTS OF CELL SIZE (PROJECTINA UNITS) 


Mature control 
tissue, 

st internode 

Control $ 


Immature apical tissue, 
KURE internode 





Average cortical cell area TS 
Average cortical cell length LS 
Average cortical cell volume X 





* Decapitated peas treated with 10-15 ug of TAA in lanolin for s 
+ Intact peas treated with ethylene (500 p.p.m.) for 5 daya. 
$ Control peas, 8 days old. 


$ days. 





After fixing and staining, measurements of 
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biase enzymes. In contrast, although ethylene causes 
swelling of the stems of intact peas, no swelling occurs when 
decapitated peas are expose Lio ethylene alone. Further- 
more, in none of the experimental conditions did ethylene 
increase activities of cellulase or cellobiase. We conclude 
that the effects of auxin on cell growth and celal 
enzyme activities reported here cannot be attributed 
solely to a regulation by ethylene. 

One of us (1. R.) thanks the trustees of the Christopher 
Welch Foundation for a rescarch scholarship. We thank 
Professor G, E. Blackman for his interest and advices. 
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Leaf-miner Caterpillars and Cytokinins 
in the ‘‘Green Islands” of Autumn Leaves 


Ix autumn, yellow or brownish leaves frecuentiv have 
green spots surrounding small mining caterpillars (Pig. 1). 
The excrement of the caterpillars has been sug 
contain some substance or substances that 
chlorophyll. Recently these green islands have 


asteck to 





DESO rye 





beer 





Big. 1. 


Birch leaf infected with Sf. argentipedetla 2. 


and forming s 





islands (September 12, 1068), 
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found to contain considerable quantitic 
although the rest of the leaf, and even 
the same tree, are practically free of any of thi 
} m y 


of eytokinin, 
leaves of 
group of 








igated the role of the caterpillars in the 
accumulation of so much eytokinin in leaves of Populus 
tremula infected with the lepidopterous larvae of £ 





argyropeza 4. and leaves of Betula pendula infected with 
argentipedella Z. during June to November. We 











assayed for cytokinins by (1) purification of the acidified 
TO per cent ethanolie extrac s on ‘Dowex 50 He: (2) 
paper or thin layer chromatography with n-butanol : 25 
per cent NH,OH (4:1) as solvent; (3) bioassay using 
callus tissue of Nicotiana tabacum (Wisconsin)®. 

Analyses of poplar and birch leaves in June to August 
showed that even uninfected leaves contained measurable 
amounts of cytokimin, and so we wondered whether the 
phytohormone found in the islands of leaves in 
autumn is an endogenous cytokinin accumulated under 
the influence of the caterpillars rather than being secreted 
by them, 

We compared the cytokinin activity of three groups of 
birch leaves collected on a 14, 1968. These were un- 
infected leaves; leaves with only two mines; and leaves 
with at least sixteen mines. The cytokinin content of the 
hly infected leaves far led that of uninfected 
leaves, even young ones (Fig This seems to indicate 
that mines comes from the 
larvae, 

This conelusion was supported by experiments car- 
nied out with caterpillars taken from poplar and birch 
leaves on September 30, when thes were 2-3 mm long 
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Table 1, GRAMS OF TOBACCO CALLUS 
25 mi. medium containing 


AF DAYS OF INCUBATION 


t. argentipededla 













(a) 31 or 25 gastrointestinal t DRE 
Rest of the 31 or 25 caterpillars j 
(b) I8 hg of 25 larvae (medium 1) 





25 L um TD) 
Controls for a anaes ò 


No cytokinin 


0-03 mg/l, of kinetin 











(Fig. 3). After removing adhering exerement from 
thirty-one ou rae of St. argentipedella and twenty-five 
larvae of St. argyropeza, we pulled out their gastro- 





4 them and 
Cable la). In 
cterpulis of 





estinal ne 5 through the anus, and test 
the rest of the body in separate bioassays 
another experunent we cleaned twenty-five 

St. argentipedelia in water and put them in 25 ml. of a test 
medium (L) (acking sucro to avoid Soutannnaeiin): 
After 18 h the caterpillars, still alive, were transferred to 
another 25 mi, of medium (11), and all exerement was 
removed from medium I. The two media, now completed 
with sucrose, we erilized and tested with the callus 
test (Table To): sults indicate that as well as the 
gastro-inte |, including excrement, the rest of 
the body éontains eyi əkinin, which is secreted by the 
larvae during their 18 h on medium I. 

‘Ten caterpillars taken from birch leaves on October 23 
were dissec to give (a) labial glands: (6) gastro- 
i Anal tract, PIN by pressing gently with a needle; 
and (e) the rest of the body. Extracti n and bioassa y of 
the extracts indicated that all the cytokinin probably 
comes from the labial glands (Pig. 4). 
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pes which were i 
with two mines: 3, 





ified and pap 
of callus we 


24 @ af birch leaves, pur 
E Onur pleces 


Callus teat from extracts of } 
sterili in the test media, 





b with O- 08 mg 


leaves with at least sixteen mines of St. argentipedella colle 





rama were cut into ten horizonta 
1, Uninfected leaves: 2, le 
Controls: a, without 


er chromatographed. The chro 
re incubated in 25 mi. for 26 
d on September 10, 1088. 
inetin, 
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a habia glands 


Gastrointestinal 
tract 





Fig, 8. Caterpillar of $7, argentipedella (echematie drawing). 





a b e 


Callus test from extracts of ten caterpills MW At, argeatipedella 
18688, and divided into (a) labial glands: G) the 
i fe y the rest of the bodies, and incubated in 12 ral. 
of medium for 25 days. 







The 
extract of the labial glands of fifty caterpillars 


thin chromatogram from the ethanolic 
of St + 
argqyropeza (collected on November 12) had twenty 
horizontal stripes, which were eluted and bioassayed in 
25 ml. of medium for 24 day This produced an active 
zone with Rp 0-65-08, Callus fresh weights of the three 
active stripes were 0:58 g, 0-47 g and 033 g. Average 
weights of controls were 0-05 g without kinetin, and 
0-89 g for 0-01 mg/L. of kinetin. “Table 2 2 shows the data 
we obtained from our results. 

Total activity Re was relatively low compared with 
corresponding assays of caterpillars or their secretions 
collected in September and October; and only one 
eytokinin could be detected in these glands in Novernber 
while a more detailed study of green islands or even the 
intact caterpillars suggests that at least three active 
substances are involved. We estimated the labial glands 
to contain up to 0-5 per cent kinetin equivalents with 
relation to dry weight. 

In summary we can that under the influence of 
certain leaf-miners there is a large accumulation of 
evtokinins around the mines, which may be responsible for 


layer 





















Table 2 


Season of 





Fresh weight sg Kinetin 





Material collection (mg) equivalents 
Caterpillars Sept. + Oct. 100 
en islands ii j 2,000 
Old leaves sà D 2,000 
Young leaves arly summer 2,000 
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the preservation of ch lorophyU, at a time when the mw 
bolic activity of the plant is decreasing and the leav 
turning yellow. This is, of course, of considerable 
eal value to the development of the larvae. The cater- 
pillars themselves contain large quantities of cytokinin in 
their labial glands and in the r excremet 
The problem of the origin of these 
remains to be investigated, Altho 
probable that the labial glands of S 
very active site of cytokinin biosynt 
of accumulated nutrients around the d veloping cater. 
pillars. we cannot exclude two other possibilities. First, 
the cytokinins may be formel in the leaf under the 
influence of the caterpillars, and second. cytokinins may 
be attracted from other parte of the tree and accumulate 
near the holes, under the influence of the caterpillars. 
L. EXGELBRECH 
U, ORBAN 
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Rubidium: a Potential Modifier of 
Affect and Behaviour 
Tr has 





been generally recognized that sodium and potas 
sium ions are ential to neural conduction and to the 
normal functioning of the nervous system. The role 
lithium in nerve conduction is less understood. It 
reduce manic hyperactivity and elation? *, howew 
thus its therapeutic use in the manic phase of t 
depressive psychosis. A substance capable of prod g 
similar improvements in the depressive phase remains to 
be discovered. 

Lithium may produce these ch 
preventing the binding of sodit and potassnun 
strandin in neuronal membrenes as it has 
shown to do in vitro’. Because rubidium has az 
in a sense, “opposite” to the effeet of lithimm in 
strandin constrained in an artificial “membrane 
possible that it may, likewise, have an “opposite” 
on naturally occurring neuronal strandin. Such 
vivo effect might be observed in animals by ¢ 
overall behaviour and in BEG. 

EEGs were recorded monopolarly from 


















ges in behaviour 
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six TMacagus 






rhesus monkeys using needle electrodes inserted sub- 
cutaneously in the following locations: frontal, central 
("motor") oceipital and anterior temporal, Inilarerally. 


The monkeys were conscious, unmedicated and sented 








upright, the head immobilized and the eyes blind- 
folded, Cations were administered in solution in the 





femoral vein of either leg. As a control, © et rece rdings 
were t taken for 15-20) min before IV injection. further 
control, 2-4 ml. ph si J saline wa 
of 0015 mequiv./min, Subsequently, the chlorid 
of sodium, potassium, Hihium or rubidium, were imj 
at concentrations ranging from O05 to 20 megu 
into the inflowing saline from a branch tube locate 
the needle. Serum sodium and pe jum were determined 
by conventional flame photometry, serum fand brain} 
rubidium by atomic absorption spectrometry. 
Before mjection the EEG showed chiefly 6-7 H 5 
with slight transitory spiking over central (omote: 
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Table 1. CONCENTRATIONS OF MONOVALENT 
RECEIVED A FATAL 12 MEQUIY. 


CATIONS IN MONKEY WHO 
DOSE OF RUBIDIUM CHLORIDE* 





Brain area Rubidium Sodium Potassium 
Mixed + 148 65 94 
Cerebellum 145 58 89 
Left motor Lit ay AIL 
Left anterior temporal and superior medial 1-46 64 Os 
Blood 
Cells OL 49 97 
Serum 12-9 142 9 


* mequiv./ke wet weight. 
t Frontal, premotor and right motor. 


Table 2 
Rubidium 








Monkey Date Intake Cells Serum 
mm/day meëquiv. jl. meaig ‘| 
No. 17 4/3 4-0 9-60 
4/10 Trace 936 
4/13 a B32 
4/26 sore 736 
5/8 iei 440 
No. Is 3/14 05 240 
3/19 10 3°60 
3°26 20 6-40 
4/3 40 9-08 
4/10 Trace 11-60 
4/18 me TIa 
4/26 = 
B/S 
areas, bilaterally. There was discernible ehanre in 


behaviour or EEG during or immediately after the initial 
control injection of 2-4 ml. of physiological saline in any 
experiment. Repeated injections of 0-1 M NaCl (1 ml. in 
80 s) produced no discernible change in behaviour or EEG. 
One ml. of 2 N potassium chloride was injected in 13 s 
and was followed by a transitory increase to 20c Hy. 
There was no change in behaviour. Forty ml. (80 mequiv.) 
of lithium chloride, injected over a 1-6 h period, produced 
transitory laboured respiration, jerking of tail and left 
arm, and a slight increase in the incidence of 6-7 H, waves, 
but not of spikes. Behaviour and EEG returned to the 
control pattern after 40s and remained so for 13h of 
eontinuous recording. These minor transitory changes 
were in marked contrast. to the effeet of rubidium on this 
same monkey, who, 1 week previously, had been given 
1 ml. containing 2 mequiv./ml. rubidium. This produced 
2-3 H, waves of high amplitude, especially over frontal 
and central areas; these showed “mitten” patterns 
(Gibbs). At the same time there was marked twitching of 
the left side of the head lasting 40s. Then, 3-6 Hz activity 
recurred in bursts over all areas. Repetition of the same 
dose produced a similar reaction, but more violent, with 
struggling, cyanosis, shrill crying, laboured breathing, 
gone jerking of left shoulder and arm, and high amplitude 

2-3 Hz slow waves. Six minutes later the behaviour and 
EEG had returned to their pre-treatment pattern. 

A monkey which had received potassium chloride was 
given a sodium chloride injection; then, 2 min later, a 
slow injection of a total of 6 ml. of rubidium chloride 
(12 mequiv.), This produced spiking and increased 
5-6 Hz activity especially over the central areas bilaterally, 
associated with severe facial twitching, erving, de, 
faecation, opisthotonus, followed by a loss of EE 
rhythms, cessation of respiration and, some 30s ee 
cessation of heart beat. There was increased rubidium 
content in the left motor area of the brain (see Table 1). 

Any effects of sodium and potassium in this unexpected 
fatality appear to be ruled out by the following observa- 
tions. A monkey which had received no cations was 
given 2ml. (4 mequiv.) of rubidium chloride intraven- 
ously. This produced behavioural and EEG changes 
similar to those previously observed in rubidium treated 
animals. In addition, there was a mild but generalized 
seizure accompanied by w idespread EEG spiking followed 
by a loss of EEG activity, respiratory arrest, cessation of 
heart and death. 

Subsequent injections of rubidium chloride of about 
one twentieth of the previous dosages in other monkeys 
produced phonation, struggling and facial twitching but 
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no respiratory or cardiac distress. The most prevalent 
frequency (8-9 Hz) changed during the first half hour to 
6-7 Hz, and then increased to 10-11 Hz. 

Follow-up behavioural and EEG observations on 
monkeys that had received rubidium showed a complete 
return to their pre-treatment state. 

The chronic effects of rubidium chloride were studied as 
follows. Two monkeys were each given a daily orange 
which had been injected with rubidium chloride (see 
Table 2) until they refused it. One monkey, which initially 





ACCUMULATION AND EXCRETION OF RUBIDIUM IN THE MACACUS MONKEY 


Potassium Sodium 
Cells Serum Cell Serum Haematocrit 
mequiv, /L. mequiv. jh serum mequiy,/L per cent 
T4 BS 51 
66 oa 42 
72 3-0 bad 
92 36 49 
36 46 62 
ai 45 4h 
RES +5 Ea) 
NG 40 41 
70 32 53 
oH) 47 46 
B4 39 oes 
90 41 42 
B4 47 45 





retreated instantly when approached, eventually stood his 
ground. The second monkey, originally aggressive, 
became hyperactive and more aggressive. Both animals 
showed a gradual increase in the incidence of the higher 
frequencies, from 8-9 Hz to 11-12 Hz at the end of 
observation. à 

The biological half-life of serum rubidium in each 
monkey was estimated to be 20 days, based on serum 
measurements following removal of rubidium from the 
diet. Rubidium was without effeet on serum sodium and 
potassium levels (see Table 2). 

Tn a subsequent double blind experiment, four monkeys 
were given rubidium and two were used as controls. 
Those receiving rubidium showed such increased activity 
and aggressiveness that they were all identified correctly 
None of the toxic effects noted after IV injections oceurre d 
as a result of these chronic experiments. 

If rubidium chronically administered to increase its 
blood level produces Poad activity and alertness in 
monkeys, and also produces a shift in the EEG to a 
preponderance of higher frequencies, this shift might be 
speculatively regarded as a prolonged “alerting” re- 
sponse similar to that observed in animals and humans. 
This might suggest that rubidium has the potential to 
increase the general level of alertness, activity and affect 
of humans, as contrasted with lithium, which tends to 
slow the EEG and reduce hyperactive behaviour and 
excessive affect. 

In any projected trial of rubidium in humans, it would 
appear that intravenous administration is absolutely to be 
avoided due to the demonstrated toxicity with convulsive 
and even lethal results, consequent apparently on too 
rapid a rise in blood rubidium levels. 

Gradual administration by mouth, however, would seem 
to present none of the above hazards and, in addition, 
seems to be more effective in producing a prolonged 
modification of behaviour. 
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Book Reviews 


TECHNOLOGY IN PLACE 


Technopolis 

Social Control of the Uses of Seience. By Nigel Calder. 
Pp. 381. (MacGibbon and Kee: London, June 1969.) 
458. 


Tuts is a wise and thought-provoking book. The theme 
is the interaction of society and modern technology. 
The problems and perils are familiar enough: nuclear 
and biological weapons; conflicts over the use of the 
oceans and space; computerization of life and leisure; 
population pressures and agricultural development; 
international economic rivalry; pollution and destruction 
of the habitat; drugs, eugenics and medical ethics; 
motor cars and cities. But these are only examples 
for Calder’s real concerns, which are with political controls, 
forecasting, innevation, liberty, development, conser- 
vation, personal values, democratic choice, international 
conflict and other sociological topics. He writes as a 
humanist and political commentator, not as a whiz 
kid. 

The best thing about the book is its debunking of many 
facile clichés. ‘Science is an exact method for solving 
problems”; “Anything that can be done technically 
will be done’; “There is a clear road from research 
discoveries to application”; ‘“The course of technological 
civilization is inevitable’; “You gotta be big to innovate” ; 
“Systems engineering solves social problems”; ‘‘Material 
technology can fix social problems’; “The physicists 
should take over the government”; “Technical problems 
should be above party controversy”; “The future can 
be planned”; ‘Scientists should take a Hippocratic 
oath’; “The Americans do it well’; “The Russians 
do it better’; “The British know best’’—-and so on. 
Credulous readers who think they know the answers 
should test their beliefs against his arguments in detail. 
There are no soft options in this curriculum. 

One might even be a bit more sceptical about some of 
the frightful things that are going to happen to us all if 
we don’t watch out. Weather control, for example, 
seems to be getting no place fast; desalination is about 
ten times too costly for general irrigation; eugenics 
is about as strong a political plank as compulsory Esper- 
anto; coal smoke pollution has been licked, so presumably 
we can deal with gasoline smog and filthy rivers; the 
problems of sovereignty in space and deep water are 
not more complex than those previously dealt with by 
International Law; the emotional and legal issues 
arising from artificial insemination and the transplan- 
tation of embryos are trivial by comparison with those 
already encountered daily by local authority children’s 
officers; TV satellites could be jammed like ordinary 
radio if they offended one’s political sensibilities; drug 
taking is as old as Noah; our attitude to death may 
change as rapidly as has our attitude to sex in the past 
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few decades. The human race has encountered and 
somehow survived some pretty nasty opponents- 
Genghis Khan, the Black Death, syphilis, the Slave 
Trade, 19th century cities, 20th century cities, the Nazis, 
Stalin, et al.—so we must assume that it retains a good 
deal of resilience, and can change and adapt more readily 
than appears on the surface in times of prosperity and 
peace. I wish that Calder had discriminated more carefully 
between immediate perils or discomforts (nuclear weapons, 
supersonic booms), genuine long-term threats (the popu- 
lation crisis, computerized bureaucracy) and imagined 
possibilities far from achievement (total information 
systems, the regrowth of damaged organs). Perhaps 
he should have taken to heart his own excellent opinion 
that technological forecasting any distance ahead is 
completely unreliable in factual terms, and should be 
treated as a version of science fetion—that is, as a serious 
exercise in imaginative moralizing, more like a parable 
than a prospectus. 

Even after this attempt at wishing them away, the 
remaining members of the gang are fearsome € ough, 
How would Calder have us tackle them ? As I have gail, 
he is much too shrewd and humane to be trapped by 
slick arguments; mostly, he tells us what actaall i 
happened in various cases—Mohole, CERN, the Chinese 
Cultural Revolution, Sputnik, Torrey Canyon, Trombay, 
Pugwash, and other Jess familiar episodes—and suggests 
we acquire wisdom by experience. His basic political 
assumptions are those of British Social Democracy + 
indeed, he argues comfortingly that these would be 
reinvented by any caste of technocrats who took over 
society for us, and highly praises the Czech intellectuals 
who were discovering for themselves much the same point 
of view before the snuffer was put on their flame. 

The most original suggestion in the book is that contro- 
versy over technological questions is usually polarized 
between the “mugs” and the “zealots’”--or, as I should 
prefer to label them, the “owls” and the “esiekoos’ 
The latter are “tough-minded technological opportunists”, 
in favour of production, competition. decision and 
being on top themselves; their hero is Superman, The 
owls are “tender-minded scientific conservationists”, 
in favour of education, cooperation, caution-——and not 
being pushed out of the nest by the other guys: their 
mascot is Charlie Brown. It is a nice distinction, capable 
of much elaboration, conveniently labelling various 
psychological types and social principles that can no 
longer be placed on the conventional political map with 
its radical-conservative, socialist-capitalist ax I 
have a feeling that I can detect both owlish and euckooish 
tendencies simultaneously in myself and my colleagues, 
but it always helps to uncover the deeper axioms on. 
which our implicit theorems depend. 

But what is the message to, shall we say, the members 
of the British Society for Social Responsibility in Science 7 
With Nigel Calder as their guide, what would they do? 
It is not all that easy to discover a positive programme. 
Perhaps this is a consequence of the style, which is 
episodic and rhetorical, and not sufficiently integrated 
by the introductory sections to the four parts of the book. 
He has a habit of opening every chapter or subsecti 
with a mysterious, arresting, but apparently irrelevant 
paragraph or sentence which we have to puzzle out before 
we see the direction of his thought. In a longer work 
than a newspaper article, one needs sometimes to follow 
the advice to a lecturer: “First say what you are going 
to say; then say it; then say what you have said” | 

After all the debunking, there remains an argument 
something like this, Technology is a human activ 
performed by experts. It is a general rule of politics 
that experts, although indispensable, are not to be trusted 
absolutely. This is difficult with modern technology. 
which is beyond the comprehension of the layman because 
it depends on scientifie knowledge. Scientific knowledge 
is more reliable than ordinary professional expertise 
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because it has been tested critically, by experiment 
and argument, by the members of a large community 
dedicated to this purpose. That is why science-based 
technology is so successful and powerful. But the social 
control of technical change is frustrated by the scientific 
ignorance of politicians, 

This problem cannot be solved by giving politicians a 
little more education. It is essential that scientists and 
technologists with the appropriate skills should speak 
out on all such topics, and initiate open debates between 
well-qualified experts, The social responsibility of the 
scientific community is to use fully its resources for rational 
argument and dissent, and its skill in creative criticism, 

The real danger is that the scientific community should 
become subordinated to social forces-—big corporations, 
the State, the Party, the Pentagon. Captive experts 
ean be used for a while, but become corrapt and incom- 
petent without independent open criticism. In the 
open society, science, like justice, must be carried out 
by really autonomous institutions, to provide the sources 
of countervailing intellectual power. That is why, for 





example, the international scientific agencies are so 
valuable, because they are outside the fences of nation- 


alism. 

This is about as far as Calder takes us—but I would 
go further. IT see no reason why there should not be 
further strengthening of the technological watch-dogs. 
For example, why should not the transport and dumping 
of nerve gases by the military agencies not be subjected 
to licence by the Department of the Interior or the Food 
and Drugs Administration ? 

To my mind, the independence and well being of the 
universities are the first essentials. Although financed 
primarily to provide education, they should foster all 
forms of social and technological research, seeking support 
only if it comes without strings and never fearing to 
speak on controversial issues. The true wisdom of society 
is to encourage such intellectual activity on a large scale, 
to create centres of expertise to compete with, criticize 
and openly combat the half-baked technical schemes 
of those in power. The real danger is not the expert; 
it is the secret advisory committee of professors whose 
secret research is funded by the agency they are advising. 

Alas, friends of the BSSRS, it is a wicked world, 
where so many of our masters know no argument but 
foree; if we are loyal to our beliefs, we must nevertheless 
continue to act as if we knew no fores but argument. 

JOHN ZIMAN 





WHITHER MAN? 
Mankind 2000 


Edited by Robert Jungk and Johan Galtung. Pp. 368. 
(Universitetsforlaget: Olso; Allen and Unwin: London, 


June 1969.) 120s. 


Tms book summarizes the “First International Future 
Research Conference” at Oslo, and while the book is 
somewhat lacking in philosophical structure, this does 
not invalidate the very genuine and valuable work it 
contains, When we have results about “democratic” 
elections being predicted to shavings of a per cent, one 
gets the quip “why need vote” because the computers 
can foresee with such accuracy. This is precisely the 
crunch, The general tenor and the best contributions 
are saying-—we do have these immensely powerful 
objective and “‘disinterested”’ tools and they most certainly 
do indicate aspects of the future based on present know- 
ledge. Denis Gabor puts this most cogently i in his contri- 
bution “Material Development”: “Barring miracles . . . 
hundreds of millions of human beings may die of star- 
vation in the poor countries before the end of the century 
unless a cencerted idealistic effort is made by the 
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prosperous countries, the like of which has never happened 
in history”. Although he does not propose solutions 
as such, he does make the plea that “the above data 
are accepted as realities and not dismissed as fantasies”. 
His attitude typifies the message of the book; that is, 
if the problem is faced up to, it is very likely to bring 
thinking people together to find solutions. 

I was glad to find in the summary at the end of the 
book ‘Toward the Goal of Goals”, by £. Polak, a quotation 
used by Einstein: “where there is no vision the people 
perish”, but this discussion of the goal of goals highlighted 
one of humanity’s most sensitive of subjects—-purpose, 
This cannot be avoided because it is inextricably linked 
with the goal of goals. I will return to this point. 

The book is divided into five areas: “International 
Futures”, “Material and Technological Development”, 
“Goals and Human Implications’, “The Role of Future 
Research”, and ‘Diseussion’’, I would like to have 
seen another on “The Role of Nature in the Future 
Wellbeing of Man and the Planet”. The first section is the 
most immediately valuable for governments andall students 
of world affa rs, with the on anion, of J. Galtung, 
J. Tinberg, 5. Melman, C. Osgood, R, F. shrendt, 
P. M. Glückert and A. J. W aie In the next section, 
I found Denis Gabor very well reasoned, well structured 
and balanced m sentirnent. Karl Steinbuch in contrast 
focuses the weakness of the book in his contribution 
Jommunication in the Year 2000". Here we are led 
to assume that visual and pictorial sensitivity had 
degenerated to an all time low. The article is illustrated 
by diagrams and drawings that are well below the standard 
of a school textbook. This is unfortunate, and in fact 
all the diagrams are without sensitivity to the fact that 
one picture can replace a thousand words; or in contem- 
porary language, ten thousand bits. 

The weakest of the areas is “Goals and Human Impli- 
cations” because it most reflects the lack of philosophical 
depth. The exception is the sincere effort by R. E. 
Farson in his “Bill of Rights for 1984”. F. J. Hacker, 
who concludes this section with Human Implications” 
is one of the best gobbledegook writers I have read for a 
long time. I quote his opening statement: ‘‘Modern 
man is the most self-conscious, self-consciously talked 
and written about, yet neglected non-subject of con- 
temporary thought”. A real disappointment! The 
contribution on medicine by S. Lesse and W. Wolf also 
seemed to fall into the trap of technological proliferation 
rather than the re-establishing of dietary and preventive 
medical norms, although I did enjoy their attempt to 
create a new medical categorization in physiodynamics, 
psychodynamies and sociodynamics. 

The general lack of contributors from the arts was 
best amended by John McHale’s “Future Research: 
Some Integrative and Communicative Aspects”, where 
he talks about the creativity of “inventing” the future 
as a way of understanding what we value in the present, 
and as an incentive for redesigning new social and physical 
norms. He indicates the need for reassessing perceptual 
channels by proposing more visual and simultaneous 
scenario techniques for “playing-future’ on. It would 
be a great mistake to underestimate the impact of tele- 
vision and the cinema in educating and informing the 
present student generation. It has been calculated that 
up to 80 per cent of our information “bits” are coming in 
through the eyes ! 

The book must be hailed as a valuable directive, 
and it should be on all serious minded people’s shelves 
as a landmark in current affairs establishing a point 
where mankind began to believe in a future rather than 
in an inevitable holocaust that will put an end to the 
human experiment. Governments, take note! It should 
also be a necessary part of general studies material in 
all colleges with particular reference to E. 8. Cornish’s 
speculations on the “professional futurist” (page 244) 
because there are already strong feelings that the generalist 
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must re-establish his position in a society of specialists 
if we are to survive. 

Finally, I would like to return to purpose and philoso- 
phical structure—-not to project a personal point of 
view but rather to suggest that future conferences of 
this kind would benefit greatly by opening their doors 
wider to include contemporary creative philosophers of the 
calibre of Oliver Reiser, Krishnamurti, D. Suzuki, R. 
Buckminster Fuller and J. G. Bennett, together with 
an eminent representative of the work of Teillard de 
Chardin. The sooner we attempt the major task of 
understanding the crew of this “Space Ship Earth” or, 
if you prefer the analogy, our biological interdependence 
on this space organism Earth, the better for all. 

Keira CRITCHLOW 


RE-ENACTED CYBERNETICS 


Purposive Systems 

Edited by Heinz von Foerster, John D. White, Larry 
J. Peterson and John K. Russell. (Proceedings of the 
First Annual Symposium of the American Society for 
Cybernetics.) Pp. xvi+ 179. (Spartan Books: New York, 
1968. Distributed in Europe and the British Common- 
wealth by Maermillan: London, June 1969.) 100s. 


THe great vision of Norbert Wiener and his early associates 
was to foresee a fully interdisciplinary science of control. 
They all recognized that this would need the support 
of a new language “‘sufficiently sophisticated to solve 
complex human problems, and sufficiently abstract ... to 
cross disciplinary boundaries’, as Margaret Mead says 
in her opening paper here. But, Dr Mead roundly declares, 
it didn’t work. Judging by this book, she has good reason; 
on the other hand, the book is on the whole strangely 
anachronistic. 

These writings are part of the proceedings of the first 
symposium held by the new American Society for Cyber- 
netics. The occasion seems to me to have been a kind 
of ritual re-enactment of the Macy symposia held twenty 
years ago (the sixth conference happened in 1949, the 
tenth and last in 1953). The book is dedicated to the 
Macy convenor of those days; the chief editor is the 
original editor; at least four of the twelve authors were 
original participants. Above all, there is the same halting, 
tentative, we-are-on-the-verge-of-discovery atmosphere. 
Can it be that events have passed some of these people 
by? Can it be that modern workers, many of them too 
young to have shared the original excitements, have 
not joined the new Society ? It is a puzzle, and it is also 
sad. 

One of the signs of immaturity in a scientific topic is 
a lack of cohesion: the almost wild heuristic leaping 
about which may stumble on what is significant. We 
have this here too, in spite of a neat (and I suspect post 
hoc) classification of papers into three sections. Man 
as purposive, machines as purposive, and the man-machine 
as purposive: this looks good. Yet we range in fact 
quite arbitrarily from the problems of curve-generating 
displays for matrix multiplication using the RAND 
Tablet, to an account of Hans Storm's paper of 1953 
on ‘‘Eolithism and Design’”——by a friend. The Storm 
paper itself was fascinating; but Storm himself was 
already dead those sixteen years ago. 

By far the most interesting contribution is by Nicolai 
Amosov of the Russian Institute of Cybernetics in Kiev. 
It concerns the simulation of thinking processes, and 
displays all the characteristics one looks for in a piece 
of good cybernetic research. It links brain and mind, 
energy requirements and information flows, the spatial 
and the temporal, the short term and the long, reinforce- 
ment and inhibition, movement and feeling. All this 
is in aid of the realization of a computer-simulated 


325 


automaton, which walks round an environment of a 
forest inhabited by beasts and food. It constructs a 
plan for the walk, and adapts this plan to a different, 
actual trajectory as further data become available and 
its own mental processes operate. This program does 
seem to reproduce purposive behaviour, and to use a 
general language which scientists can understand. Per- 
haps, then, Margaret Mead was wrong. 

For the rest, and in all honesty, we know more about 
purposive systems than this. We were already further 
ahead than this in 1946, with the Conference on Teleo- 
logical Mechanisms held by the New York Academy of 
Science in that year. STAFFORD BEER 


ENVIRONMENTAL HISTORY 


The Architecture of the Well-Tempered Environment 
By Reyner Banham. Pp. 295. (Architeetural 5 
London, March 1969.) 56s. 





Tur author has two reputations neither of which may 
be familiar to readers of Nature, His most recent repu- 
tation, and the one to which this book adds, is that of 
Dr Banham the historian of the modern movement in 
architecture. His earlier and more stimulating repu- 
tation is that of Reyner Banham the swashbuckling, 
concept-inventing, mind-bending, general who has 
kept up a continuous display of anti-architectural fire- 
works for the past ten or twenty years. In his first role 
he questions the functionalist assurnptions of his masters, 
Messrs Herbert Read and Nicolaus Pevsner; in his second 
role, he seizes upon all aspects of technology as parts of 
one delectable whole (many years before the more famous 
or notorious examples of Tom Wolfe and Marshall 
McLuhan), and, with a plethora of zippy Banhamite 
phrases, he shows us how to throw away the blinkers of 
specialization which have prevented us seeing the popular 
world of mass-produced culture for what it is: the main- 
stream art of our times and the light-hearted but powerful 
determinant of our imtellectual and physical way of 
life. I am thinking, for example, of his article “City as 
Scrambled Egg” (in Cambridge Opinion, 17, 1959) in 
which he showed how irrelevant, to the fast-emerging 
world of freeways, drive-in cinemas and universal car 
ownership, is the mechanical/classical idea of a city as the 
centre of obsoletely everything ! 

This book, from the pen of Dr Banham the historian, 
is in many ways the most helpful academie work that 
he has written. It lacks, however, the uninhibited 
advance-on-all-fronts strategy that is characteristic of 
his anti-architectural warfare and also of that remedy- 
for-all-modern-ills, the systems approach. i 

But it is time that I explained the relevance of these 
remarks to the book in question and that I translated 
its unfamiliar and intriguing title. “The Architecture 
of the Well-Tempered Environment” is a phrase that 
Dr Banham has coined to refer to an aspect of architecture 
of which he is undoubtedly the first historian. By well- 
tempered environment he means the successful use of 
roofs, walls, windows, revolving doors, chimneys, venti- 
lators, central heating, air conditioning, lighting ings 
and even camp fires to create the right conditions for 
human living. The main theme of his book is that 
modern architects have been blind to the non-visual 
problem of thermal comfort and, with some honourable 
exceptions, have never learnt the principles of what 
Banham describes as “environmental management”. 
A simple review of these principles, too simple perhaps 
for scientists but immensely useful to architects and to 
building users, appears in his introductory and final 
chapters. Here we are told that there are three modes 
of tempering the indoor atmosphere: conservative, 
selective and regenerative. “Conservative” refers to 
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the use of heavy masonry or conerete to store the heat 
of the sun or the heat of a fire and to return this heat to 
the interior when the heat source has been extinguished. 
The conservative mode suits dry climates but not those 
that are damp. The “selective” mode of environmental 
management uses the building structure not only to 
permit a difference between indoor and outdoor conditions 
but also to admit some, but not all, of the conditions 
that occur outside (in the way that glass admits light 
but not rain, louvres admit breezes but not the gaze 
of outsiders and an overhanging roof admits reflected 
light but not direct sunlight), This mode is more suited 
to warm damp climates; for example, the traditional 
architecture of the southern United States. 

The “regenerative” mode of environmental manage- 
ment uses power, in the form of fires, heaters, fans, 
blowers, humidifiers, electrice lights and refrigeration 
plant to condition the internal environment regardless 
of what it is like outside. This, the modern solution, 
is essential if humidity, the most unmanageable component 
of the atmosphere, is to be brought under full control. 
One of the many fascinating items in this compendium 
of environmental insights is Banham’s analysis of the 
way in which W. H. Carrier, the uncelebrated pioneer 
of air conditioning, hit upon a means of reducing humidity 
by adding water rather than by subtracting it. 

The architect-hero of this book is Frank Lloyd Wright, 
the one pioneer of the modern movement whom Banham 
sees as having fully understood the non-visual com- 
plexities of combining all three of the conservative, 
selective and regenerative modes of environmental 
management to achieve some control in all seasons of 
air temperature, radiant temperature, air speed, humidity, 
lighting and other variables within a single building. 
Le Corbusier, the other great pioneer of modern archi- 
tecture, is shown to have misunderstood thermal problems 
and to have blindly imposed, for most of his career, an 
unscientific architectural logic on the inhabitants of 
his buildings. 

In spite of its original choice of subject, its obvious 
value as a corrective to the functionalist misconception 
in architecture, and its meticulous accounts of the en- 
vironmental virtues and vices of many famous buildings, 
the book seems to me to have two major defects. The 
first of these is that too much attention is paid to the 
hardware of environmental control and too little to the 
thermal, visual, acoustic and olfactory conditions that 
are the object of the exercise. There is, for instance, 
only scanty reference to the by now vast scientific 
literature on environmental science and very little 
mention of scientific as opposed to architectural and 
technological pioneers; for example, neither Bedford 
nor the scale of effective temperature appears in the index 
and hardly anything is said about the physiology and 
psychology of thermal comfort. The second defect is 
that, in spite of his aim of widening the prevailing idea 
of what architecture is all about, Banham is himself 
taking too narrow a view. This is where my introductory 
remarks about Reyner Banham the generalist, as opposed 
to Dr Banham the historian, are relevant. I cannot help 
feeling that had the writer been wearing his journalist— 
generalist hat he would not have forgotten the two 
primary elements of any discussion of environmental 
control: namely, the activity patterns of the inhabitants 
of buildings and the computer control systems which 
alone have the requisite variety to make the interior 
of a modern building sufficiently responsive to the needs 
of its inhabitants. What seems to have happened here, 
as in Banham’s earlier book, Theory and Design in the 
First Machine Age, is that the scholarly tradition has 
not only inhibited his usually exhilarating style,,it has 
deprived him of the flexibility that is needed for con- 
ceptual innovation. Nevertheless, the world is a better 
place for the writing of this book. 
J. CHRISTOPHER JONES 
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PREHISTORIC FRAMEWORK 


Kalambo Falls Prehistoric Site 

By J. D. Clark. Vol. 1: The Geology, Palaeoecology 
and Detailed Stratigraphy of the Excavations. With 
Contributions by G. H. Cole, E. G. Haldemann, M. R, 
Kleindienst and E. M. van Zinderen Bakker. Pp. xvi+ 
253 +32 plates. (Cambridge University Press: London, 
May 1969.) 90s; $14.50. 


Ir was in 1943 that prehistoric artefacts were first found 
in the neighbourhood of Kalambo Falls, but it was another 
ten years before the great significance of the site was 
revealed by Professor J. D. Clark and his colleagues. 
They found artefacts from a sequence of cultures going 
back as far as Acheulian. Systematic excavation started 
in 1956 and revealed that in addition to the stone tools 
there were wood and other plant remains even in the 
lowest levels, offering the possibility of supporting 
environmental and dating evidence. 

The Kalambo River drains a large plateau area east 
of the southern end of Lake Tanganyika, About 5 miles 
before it debouches into the lake it plunges over a eliff 
in a vertical drop of 700 feet. The prehistoric site 
lies in a basin through which the river meanders before 
reaching the falls. Immediately above the falls, the 
river has cut a Spillway Gorge through quartzite rock, 
and the periodic damming of this gorge, together with 
the meandering course of the river, has produced a very 
complex series of Quaternary deposits in the basin. 
The artefacts are stratified through the deposits. 

This book is the first of three volumes recording the 
excavations up to 1966. It provides the environmental 
and stratigraphical background to the archaeological 
reports that will make up the other two volumes. It is 
divided into six chapters, followed by a number of appen- 
dices; there is a long appendix on the geology of the site 
and shorter ones giving details of “C dates (the oldest © 
dates, using enrichment, are about 60,000 years BP), 
pollen analyses, identification of fruits, seeds and wood, 
and other relevant analyses. 

The first chapter is a general description of the site 
and its discovery; in it, Clark paints a vivid and informa- 
tive picture of this remarkable place. In chapter two 
the solid geology and physiography are described by 
E. G. Haldemann, and M. R. Kleindienst deals with the 
stratigraphy of the Quaternary sediments. This chapter 
should be read in conjunction with the appendix by 
G. Bond, which was written in 1957 but has had to 
remain unrevised. From the descriptions of the Quater- 
nary deposits it seems likely that some of the materials 


may be derived from mature soils of a lateritic nature, > 4 


but unfortunately the book contains no information 
on soils and soil catenas, although a certain amount of 
field work has in fact been done in this area. 

One of the most important sections of the book is 
E. M. Van Zinderen Bakker’s chapter on Pleistocene 
vegetation and climate. Pollen was not obtainable from 
all levels in the stratigraphy, but enough spectra were 
obtained to allow the preparation of a graph showing 
temperature changes over the past 70,000 years. Tn 
spite of its incompleteness, the graph shows a striking 
parallelism with the European curve published by 
Wolstedt. Nevertheless, one wonders whether the 
climatie interpretation of the pollen analyses is as reliable 
as is suggested. Though it is repeatedly acknowledged 


that the vegetation would have been subjected to “age- E 


long bush fires”, interpretation always tacitly assumes “that 
until recent prehistoric times the influence of man on 
the vegetation was not strong enough to disturb the 
natural pattern of distribution’. In the context cf a. 
site where man has been using fire for a very long time ~ 
such an assumption is open to question. . 

The remaining chapters are written by Clark, as 
by M. R. Kleindienst and G, He Cole. . They d 





isted 
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the detailed stratigraphy of the sections at the four 
points of excavation. These excavations were extensive and 
thorough, but their very complexity makes these chapters 
difficult to read with comprehension: they are essentially 
for reference. In these chapters, as elsewhere in the work, 
occasional misconceptions show up, such as the repeated 
reference to wood becoming “carbonized by natural 
ageing processes”. 

The later volumes will depend on the framework 
given here, and we shall await them eagerly, especially 
‘that part of volume three in which we are promised an 
assessment of the site in relation to the general prehistory 
of Africa. Meanwhile we must be grateful to Clark and 
his co-workers for this valuable account of the setting 
for the archaeological feast which is to come. 

The book is well produced, with some good illustrations, 
and is liberally provided with excellent diagrams. By 
the nature of the sections some of these diagrams are 
very elongated and have been produced as multi-fold 
pull-outs. They will inevitably come to grief in library 
copies, but it is difficult to suggest an alternative form 
of presentation. G. W. DIMBLEBY 


VALLEYS IN DETAIL 


The Mediterranean Valleys 

Geological Changes in Historical Times. 
Vita-Finzi. Pp. ix+ 140. 
May 1969.) 80s; $13. 
THis is an attempt to discover how far Mediterranean 
streams have modified their valleys during the past 2,000 
years and to demonstrate that these modifications have 
altered “the main possibilities of human livelihood” 
within historical times. Obviously, in a land with a 
strong summer drought, the close connexion between 
¿river valleys and settlements, agriculture and routes 
-enhances the significance of changes in valley morphology. 
< Valleys are integral units of a drainage basin, however, 
and highland slope and lowland flood plain are as in- 
separable dynamically as are mountains and Marathon 
poetically, Dr Vita-Finzi investigates valley-fill in detail, 
but wisely keeps an eye on the watersheds. In this respect, 
he is helped by the extraordinary smallness of most of 
the drainage basins around the Mediterranean Sea. 

He assumes that alluvial deposits and former erosion 
surfaces can be dated approximately from their artefact 
content and “archaeological horizons” and uses these, 
together with radiocarbon datings, to produce a chronology 
‘of the geomorphological changes that have occurred 
recently in stream valleys of an essentially Mediterranean 
nature. Fortunately, the difficulty or disadvantage 
of using redeposited objects as chronological tools is 
offset by the great abundance of artefacts and the 
“existence of several large excavated historical sites. 

The first part of the volume presents field evidence 
from Libya, Tunisia, Morocco, Algeria, Spain, Italy, 
Greece and Jordan. Each areal investigation is nicely 
illustrated with locational maps and cross-sections, 
ong-profiles and the like, of valley-fill. These diagrams 
have a clarity that does much credit to the cartographic 

department responsible for them. The reader is further 
‘assisted by a collection of forty-three clear photographs, 
The general conclusions may be summarized from the 
‘field work in northern Tripolitania, where the following 
chronology was established. 

(1) During the last main glacial phase, large quantities 
of debris (older fill) were deposited in the valleys. This 
developed in parts strong subsurface crusts of lime or 
ealerete. (2) During post-Neolithic and pre-Roman 
times. the streams cut into this fill, often down to and 
locally through the uppermost crust. (3) The Romans 
uilt numerous dams, largely to hold up silt and lessen 
s, but stream-bed erosion continued. (4) At some 
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stage during the Middle Ages, erosion was replaced by 
aggradation which formed a younger fill up to 10 metres 
thick. (5) Subsequently, renewed stream downeutting 
incised channels into the younger fill, leaving it upstanding 
as a lower terrace above the present streams and flood- 
plains. i 

From a human viewpoint, the most important of these 
phases was the mediaeval aggradation which built up 
much of the richer agricultural riverine lowland in Medi- 
terranean countries and greatly extended the coastal 
plains and deltas. It buried to a depth of several metres 
sites such as Banasa on the Sebou in Moroeco and 
Olympia on the Alfios in the Peloponnese. 

The factors that may have contributed to the changes 
in valley morphology are discussed by the author m 
part two. The older fill is attributed tentatively to 
climatice change. Since its deposition man has had a 
steadily increasing influence on the natural landscape. 
The large-scale deforestation by, for example, the Romans 
and Arabs seriously affected soil erosion and run-off. 
The problem, however, as Vita-Finzi sees it, is to die 
entangle the human influence from more natural causes 
such as climatic fluctuations. He favours a climatic 
factor because aggradation occurs over such a wide area 
of the Mediterranean lands and because mediaeval Europe 
experienced a “minor Ice Age”. “Little more than this 
can be said until a better understanding of the relation- 
ship between modern hydrological regimes and stream 
geometry makes it possible to interpret past stream 
morphology in terms of discharges, regimes and ulti- 
mately climate” (page 115). : 

It happens that Dr Stanley Schumm has continued 
the work on these lines already noticed by the author 
in his long bibliography. Schumm, in “‘Geomorphic 
Implications of Climatic Changes” (Water, Harth and 
Man, edit. by R. J. Chorley, Methuen, 1969), is mainly 
concerned with stream geometry. In it, he elaborates the 
idea that at a temperature of about 10° C sediment yield 
from a drainage basin increases with rainfall up to about 
470 mm of precipitation and then begins to decrease. 
Irrespective of the exactness of the suggested optimum 
(which would vary with temperature), it seems that 
the drier parts of the Mediterranean lands are in a tran- 
sition zone where slight changes in precipitation could 
cause appreciable changes in run-off/sediment yield re- 
lationships. Thus a problem remains. Ts climatic change 
also “a necessary precondition for historical aggradation” ? 
Or equally, to quote again from Harris and Vita-Finzi 
in their recent article on ‘“‘Kokkinopolis-—-a Greek Bad- 
land” (Geog. J., 134, 537; 1968), is the present gullying of 
Mediterranean valley-fills “a locally intensified mani- 
festation of a general, climatically-induced erosional 
phase” ? 7 

Thus The Mediterranean Valleys presents a subject 
that will interest a wide range of readers, including 
historians, geographers, archaeologists and, it is hoped, 
soil conservationists everywhere. The author sets out 
his field evidence in a scholarly way and cleverly exposes 
the fascinating complications of an unsolved problem 
that hitherto has all too often been clobbered by dogmatic 











assertions. Rosert P. BEOKINSALE 
STRUCTURE OF LIFE 
An Introduction to the Structure of Biological 


Molecules 
By J. M. Barry and E. M. Barry. (Prentice-Hall Bio- 
logical Science Series.) Pp. ix+190. (Prentice-Hall: 
Englewood Cliffs, N.J., and Hemel Hempstead, 1969.) 
50s. : j 


+ 
THE moast dramatic transformation in biological thought 
since the “announcement of the Darwinian evolutionary 
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theories last century has taken place in the past fifteen 
years, as a result of discoveries concerning the molecular 
basis of fundamental processes of genetics, enzyme 
structure, and of metabolic pathways. But, impressive 
as recent edvaners have been, it is plain that the 
translation of biological events into molecular terms 
is still only et en early stage, and that the near future 
will bring even greater refinements and precision to 
bear. 

This rapidly changing climate of thought brings its 
own special problems for those having responsibility 
for teaching students of biology. It appears inescapable 
that to appreciate contemporary developments students 
in biological subjects now need to possess greater resources 
of physical science, especially chemistry and, to a lesser 
extent, physics, than was traditionally the case. Effective 
ways of achieving this, and of apportioning students’ 
tirne for the acquisition of relevant skills and information, 
are research topies in themselves if “instant chemistry” 
is to be avoided. It is therefore particularly valuable 
to have the teaching experience of two authors, well 
versed in these problems, brought between two covers. 

A broadly based book, such as An Introduction to 
the Structure of Biological Molecules, of necessity involves 
careful selection of material if it is to be useful as an 
introduction for students who find “intermediate text- 
books of organic chemistry unsuitable”. The first two 
chapters give a straightforward account of stereochemical 
terminology, commendably introducing ideas of con- 
formation from the outset. Discussion of physical 
techniques, for example, infrared spectroscopy, NMR 
and the like, on the other hand. is disappointingly brief. 
Subsequent chapters deal with structural aspects of 
carbohydrates and proteins, and give a good coverage 
of a useful range of information, though one might have 
wished that the conformational theme had been main- 
tained consistently. The chapter on nucleic acids is 
written at a different level of sophistication and is an 
excellent review of the primary structures of DNA and 
RNA, making skilful use of data drawn from original 
papers. The final chapter is concerned with lipids and 
miscellaneous compounds. 

Throughout, the book is faithful to its title, and confines 
itself to a strict interpretation of structure, and for 
kinetic considerations readers will have to look else- 
where. 

In general, this book is written in an easy conversational 
style and will be a welcome addition to students’ book- 
shelves. P. W. KENT 





MOSAICS, TWINS AND INTERSEXES 


Genetic Mosaics and Other Essays 

By Curt Stern. Pp. xi+185. (Harvard University 
Press: Cambridge, Mass; Oxford University Press: 
London, April 1969.) 62s. 


Tae problem of organisms having a mixed or multiple 
character has emerged from its own mythology only 
during the past century. Boveri picked up the clue for 
animals in 1888 and Bauer twenty years later did the 
same for plants. They found their answers, as we still 
do, in chromosomes and in plastids. But plants with 
their convenient graft hybrids and chimaeras yielded 
to experiment earlier than animals, and rich results 
have already been harvested by Kirk and Tilney-Bassett. 
Professor Stern only now has pinned down for us in one 
account (along with two shorter essays) the whole body 
of our more recently expanding knowledge of animal 
mosaics. 

In plants the heterogeneous structures, processes 
and methods of enquiry set pitfalls for the. enquirer 
and led to much strenuous dispute. The pitfalls reappear, 
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and with them many more, in the animal field. So much 
the reader will find as he picks his way carefully with 
the author through the twenty-nine sections of the text. 
In addition, he will discover that causes and consequences 
separate themselves less easily in this field where nature 
has carried out the experiments than where the observer 
himself is in control. For example, a large part of animal 
mosaics is the result of errors of fertilization and mitosis 
whose effects are sooner or later fatal to their polyploid 
or polysomie victims. Natural selection operating through 
the consequences partly obliterates the causes. 

A great collection of axolotl embryos described ten 
years ago brought home to us the importance of such 
errors and ought perhaps to have been discussed by 
Stern. In a hundred thousand of these accessible embryos 
with their large chromosomes Fankhauser and Humphrey 
were able to find a thousand haploids, polyploids and 
aneuploids and, for good measure, sixty-six mosaics. 
These went far beyond what are now known in mammals 
and indeed point the way to types that remain to be 
discovered m man. 

Most of these embryonie mistakes fail to survive. 
The most prominent part of the mosaics that are seen 
in mature animals have therefore arisen from smaller 
accidents such as gene mutations or that somatic crossing 
over in heterozygotes which was elucidated by Stern 
himself. Or they are concerned with dispensable or 
optional parts of the genetic outfit; that is, with the sex- 
determining mechanism whether it works by haplo- 
diploidy or by sex chromosomes. 

Long ago the gynanders of bees and wasps revealed 
that the approach to courtship was decided by the 
antennae rather than by the genitalia. Such effects 
were diagrammatically simple. But from these Stern 
can now take us through the mere difficult arguments 
raised by human hermaphrodites and their Interpretation 
in terms of sex chromosomes. Before these studies the 
physiologist might grudge admitting that the existence 
of a breast on one side and a beard on the other expressed 
the dominance of cell individuality over endocrine control. 
Now, with the evidence of Barr bodies and exact chromo- 
some counts, the cell has made its position clear. Its 
differences in present action can be traced back and 
forth often very precisely to its differences in past origin 
and future fate. 

In one broad field Stern can show us how the under- 
standing of mosaics removes the misunderstandings of 
traditional teaching. This is m the genetic study of 
mammalian twins. For naturally any twins derived 
from a single mosaic egg, and classified, with formal 
correctness, as one-egg twins, is bound to contradict the 
principle assumed by Galton and only last year rejected 
by J. H. Edwards (Proc. Roy. Soc. Med., 61, 3), the 
principle that such twins have the same genetic make-up. 
Where, owing to loss of a Y chromosome at a cleavage 
division in man, such twins are XY and XO and therefore 
of opposite sex, the pitfall is obvious. But when it is 
not obvious we shall always ascribe to the environment 
what is due in part to differences in genetic character 
or what we call heredity. 

Among two-egg twins Stern's evidence suggests that 
several other pitfalls await us. Cell migration between 
two twins born by a mare may well carry the primordia 
of mare germ cells into a sister mule and give it a spurious 
fertility. Or it may carry such primordia from a male to 
a female twin in cattle where formerly endocrine diffusion 
was supposed to decide the sterile development of free- 
martins. Or, again, it may carry blood cell primordia 
between human twins making each, or the sole survivor, 
a mosaic of the two. 

The knottiest problem which Stern has to consider 
is that of mosaics arising from extra-nuclear genetic 
changes or switches. These are analogous to the chimaeras 
in plants which are better understood because the sorting 
out that follows plastid mutations is so easily seen in 
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the visible lmeages of chloroplasts and cells. For example, 
the extra-nuclear determinants vary in their subordina- 
tion to the nucleus probably according to their DNA or 
RNA constitution. Sometimes also their instability is 
confined to somatic tissue. This situation is a more 
likely analogy for antibody versatility than the instability 
within the nucleus which Stern discusses. 

Another kind of mosaicism which seems at present, 
to be without analogy in plants is that of the intra- 
nuclear switch. It may take several forms which Stern 
describes. One is the patched expression of position 
effects in Drosophila. These may well be the result of 
mere variations in the telophase placing of chromosomes 
with novel arrangements of euchromatin and hetero- 
chromatin, Similarly for intersexual moths. Another 
is the Lyon effect in mammals: the alternative conden- 
sation and inactivation of one or other of the two X 
chromosomes (or of their differential segments) giving 
a mosaic appearance to heterozygous females. 

The causes of these switch-actions are questionable; 
notably how far they have extra-nuclear components. 
The consequences of the mosaic X effect, however, are 
unquestionable. What began by explaining tortoiseshell 
cats now extends to practical problems of human blood. 
For example, a woman heterozygous for haemophilia 
may, and one in fifty does, by random inactivation of 
her good X leave her blood at the mercy of her bad X. 
Thus she becomes classifiable as a haemophilie—putting 
our Mendelian definitions in some disarray. 

The last of the switch-reactions, again a nuclear- 
cytoplasmic reaction. is that leading to chromosome 
diminution. This property in Ascaris, Sciara, Icerya 
and the coccid bugs is an old story. But it now takes 
on a new lease of life because it leads on to elimination 
and also to duplication of sex chromosomes in mammals, 
both marsupials and rodents. It thus links up with the 
general problems of heterochromatin and its inactivation 
and of the control of the nucleus by itself. New oppor- 
tunities for experiment, especially by irradiation, suddenly 
present themselves. 

Stern’s account of animal mosaics is intricate and 
condensed and readers will sometimes find it difficult 
to see the wood for the trees. He himself is more interested 
in analysis than synthesis. But no one could have told 
the story with more scrupulous accuracy, And there 
are few stories, as the reader will also find, in which 
accuracy is so properly rewarded. C., D. DARLINGTON 





HEALTH PHYSICS 


Introduction to Health Physics 

By Herman Cember. (International Series of Mono- 
graphs in Nuclear Energy, Vol. 105.) Pp. xi+422. 
(Pergamon: Oxford, London and New York, April 
1969.) 100s; $13.50. 


Tue development of the atomic energy industry has 
produced a number of new branches of applied science 
and one of these, the physics of the health and safety 
aspects involved, has become known perhaps not al- 
together satisfactorily as health physics. This book, 
one of the first of its kind, is “intended primarily as a 
text for a first-year course in health physics for students 
of environmental health science and engineering whose 
chief interest is radiological health”. 

After introductory chapters reviewing the relevant 
physical principles, atomic and nuclear structure, radio- 
activity and the interaction of radiation with matter, 
the author considers radiation dosimetry and the biological 
effects of radiation before proceeding to the details of 
radiation protection guides, that is, the various inter- 
national authorities and their formulations regarding 
protection criteria. There follow chapters on instrumen- 


329 


tation, external and internal radiation protestion, 
problems associated with criticality and, finally, the 
evaluation of protective measures. Each chapter has 
appended appropriate references and a number of problems 
for the student. 

The book has been carefully planned and is very well 
written. An excellent feature is the inclusion of numerous 
worked examples throughout the text. It is unfortunate 
and disappointing that so many of these contain errors. 
Some are typographical, several are in the powers of 
10 quoted; but more serious are those in which an 
incorrect answer is derived and then utilized in further 
analysis or comment (as, for example, the figure for 
specifie activity of YA on page 223, for the wall thickness 
on page 306 and the terminal velocity of U,O, particles 
in example 11.1). Values of half-lives are variously 
quoted in the text; for example, at least four different 
figures appear for Ra, and the value for the atomic 
mass unit is likewise flexible. Fig. 10.12 (used m the 
examples) is printed with a faulty scale of abscissa, 
and the arbitrary addition of 3-3 HVLs in example 
10.5 is likely to baffle the student, because the reference 
to this procedure in National Bureau of Standards 
Handbook 76 has been omitted from Tables 10.2 and 
10.3 taken from it. Equation 9.3 should state that the 
ionie mobility p is for a pressure of 1 mm Hg to make it 
correct dimensionally and otherwise. 

This could be a first-rate textbook and of value not 
only to the students for whom it 1s intended but to all 
concerned with radiological safety. Its present value, 
however, is largely offset by the errors of which a few 
examples have been mentioned. When so much thought 
has clearly been given to the composition of this book 
it is the more regrettable that equal care was not applied 
to checking the detailed accuracy of the text. It is to be 
hoped that a corrected edition may soon appear. 

G. W. Reep 

















FIRST YEAR ALGEBRA 


Linear Algebra 
By A. Mary Tropper. 
May 1969.) 25s, 


Pp. vii + 141. (Nelson: London, 


In her preface the author says: “This book is an attempt 
to present the theory so that it can be understood by 
readers who are not primarily mathematicians. Neverthe- 
less it might be of value to those mathematics students 
who find transition from sehool to university very 
difficult’. In fact, the book strikes me as eminently 
suitable for the first year mathematician, while 1? fear 
that the non-specialist might lose interest before com- 
pleting chapter one in which groups and fields are intro- 
duced. 

The material covered includes all that one would expect 
to find in a first year linear algebra course, with the 
assumption that the reader is familiar with matrix 
manipulation and with determinants. I would have 
preferred to see these topics included, but I have few 
other complaints; the book is easy to read, being written 
in a clear and precise style and being printed in a most 
agreeable format. Plenty of illustrative examples are 
included in the text and each chapter includes problems 
for the reader. I noticed only one misprint (in line 2 of 
page 15). It would perhaps have been a help if there 
had been an index of symbols because I am sure that the 
reader, particularly the non-specialist, might soon forget 
the meanings of Q (the rationals) and Z (the integers), 
for example. 

This book is very good value for money and should 
be within the reach of students’ pockets. It is perhaps 
a pity that the cover is not more firmly attached. Mine 
came off before I reached page 30. J. K. Rep 
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DISORDERED SYSTEMS 


Spectral Properties of Disordered Chains and 
Lattices 
By J. Hori. (International Series of Monographs in 


Natural Philosophy, Vol. 16.) Pp. xi+229. (Pergamon: 
Oxford, London and New York, January 1969.) 75s; 
$10. 


Tus monograph provides a detailed account of the phase 
theory which has been developed recently, largely by 
the author, to analyse the properties of disordered 
lattices. Most of this work has only appeared in research 
journals over the past four or five years, so that the 
material of this book is very close to research frontiers. 
In spite of this, the presentation is such that little 
specialized knowledge is required and the book would be 
readily comprehensible to a graduate student about to 
embark on research in this field. 

To the English reader the presentation may sometimes 
read a little strangely, but this detracts very little from the 
generally good layout of material accompanied contin- 
uously by examples, worked out in detail, usually for 
simple one-dimensional systems. 

The book starts by introducing the basic concepts of 
phase theory and transfer matrices applied to several 
lattices with a regular structure. This is followed by a 
section dealing with older methods of looking at disordered 
ystems, for example, the Green function method, and 
the connexion is drawn between Dyson’s early work and 
this phase theoretic method. Details are also given of 
the numerical methods which have been used to investi- 
gate the spectrum of disordered systems. Having shown 
that phase theory provides a simpler description of 
impurity modes than a Green function theory, the author 
then goes on to look at peak structures, localization of 
modes and gap structures for several one-dimensional 
disordered systems. 

The final section of the book goes on to a study of 
multidimensional systems. Here the complexity restricts 
the developrnent, but it is shown that the spectral peak 
structure may be explained in the same general way as 
in the one-dimensional case. A review of existing approxi- 
mate methods is given in the last chapter for com- 
parison with the exact phase theoretic results. 

The real value of this monograph is that it presents 
in one slim volume a complete review with applications 
of the phase theoretic treatment of disordered systems. 
Most of this theory has been developed in Japan and is 
not widely ae to workers in Britain, who have mainly 
followed the Green function methods. P. G. DAWBER 








University News 


Dr Alvin F. Poussaint, Tufts University Medical 
School, has been appointed associate professor of psy- 
chiatry in the faculty of medicine at Harvard University 
and to the department of psychiatry at the Massachusetts 
zeneral Hospital. 


Professor G. P. Wibberley, Wye College, has been 
appointed to the Ernest Cook chair of countryside plan- 
ning tenable at University College and Wye College, 
University of London. 


The title of professor of pure mathematics has been con- 
ferred on Dr P. J. Higgins in respect of his post at 
King’s College, University of London. 

The title of professor of physiology in the University of 
London has been conferred on Professor A. F. Huxley, 
Jodrell professor of physiology at University College, 
who will become Royal Society professor at the college. 
The title of professor of paediatrics has been conferred 
on Dr T. E. Oppe in respect of his post at St Mary’s 
Hospital Medical School, University of London. 
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The title of professor of geology has been conferred on 
Dr J. E. Prentice, King’s College, University of London. 


The title of professor of cellular biology and histology has 
been conferred on Dr C. L. Foster, St Mary’s Hospital 
Medical School, University of London. 


The title of professor of computing science has been 
conferred on Mr I M. Khabaza in respect. of his post at 
Queen Mary College, University of London. 


The title of professor of human metabolism has been con- 
ferred on Dr V. Wynn, St Mary’s Hospital Medical 
School, University of London. 


Dr Alan Lees, University of Reading, has been appointed 
to a chair in the Institut Géologique of the University of 
Louvain, Belgium. 


Dr B. E. Johnson has been appointed to a professorship 
of pure mathematics in the School of Mathematics, 
University of Newcastle upon Tyne. 


Appointments 


Dr R. J. Ward, Reckitts and Sons, has joined the statf 
of Canterbury Biological Laboratories, Ash, Kent. as 
research director. 


Dr L. M. Branscomb has been nominated as director of 
the National Bureau of Standards, in succession to 
Dr A. V. Astin, who is retiring. 


Announcements 


The second Philips European Young Scientists and 
Inventors Contest will be held at Eindhoven, Holland, 
next year. Projects eligible for the competition cover the 
wide fields of the physical and natural sciences as well as 
engineering and mathematics. Two teams will again be 
invited to represent Great Britain. They will be chosen 
from the already existing “Science Fairs”, organized by 
the British Association for the Advancement of Science 
and the Sunday Times. This year, fairs will be held in 
Portsmouth, Oxford and Liverpool during July, and 
Exeter, Leicester and Birmingham during September. 
Further information can be obtained from Brian Hether- 
ington, Chief Press Officer, Philips Eleetrical Limited, 
Telephone No. 01-437 7777 Ext. 88. 


The medal for Distinguished Public Service of the US 
Department of Defense has been awarded to Dr R. E. 
Gibson, who has just retired as director of the applied 
physics laboratory at the Johns Hopkins University, in 
recognition of his work in missile technology for fleet. 
defence. 





Dr J. J. Fennessy, Pritzker School of Medicine of the 
University of Chicago, has received the university's J. A. 
McClintock Award, given annually for outstanding 
teaching. 


Erratum. In the article “Racial Differences in the Fate 
of Melanosomes in Human Epidermis” by Szabó et al. 
(Nature, 222, 1081; 1969) the second sentence of the third 
paragraph on page 1082 should read “After irradiation, 
the number of melanosomes increases in the keratocytes: 
of all races”. 


Erratum. In the letter “Simplified Notation for Peptides 
in Computer Cempatible Format” from Gabrielle S. 
Revesz (Nature, 222, 1209; 1969), a list of possible addi- 
tions to the one-letter notation for amino-acids was 
printed without the distinguishing symbol “@". A-G 
are, of course, already part of the TUPAC--IUB tentative 
es; in their place read A@, B@, C@, De, E@ 
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Erratum. In the article “Cubic Mesomorphic Phases” by 
Balmbra, Clunie and Goodman (Nature, 222, 1159; 1969), 
the most probable space groups (see penultimate para- 
graph) are numbers 218 (P43n) and 223 (Pm3n) of Inter- 
national Tables for X-ray Crystallography, Volume 1 (The 
Kynoch Press. Birmingham, 1952). 


Erratum. In the article “Ionospheric Effect caused by 
Celestial X-rays” by Edwards, Burtt and Knox (Nature, 
222, 1053; 1969), the equation in the sixth paragraph 
should read: 
ma Ne(h)/v(h) =gh L E +» vA) 

In the ninth paragraph, the word “excellent” should be 
substituted for “reasonable” in “the time lag between 
ground star rise and the onset time is in reasonable agree- 
ment with that expected for Seo-XR-1 acting alone”. 


Erratum. In the article “Amino and Carboxy-terminal 
Sequences of Ovine Lactogenic Hormone” by Choh Hao 
Li et al. (Nature, 222, 1268; 1969), the references in the 
third paragraph on page 1269 should read 4, 14. The 
eighth line of the last paragraph should read: 





Leu -Asn-Cys-I le~Ne~Tyr-~Asn-Asn—Asn-Cys 


And in the last sentence, “six amino-acid residues” should 
read “seven amino-acid residues”. 


International Meetings 


July 26-27, Gender Identity, London (Secretary, Albany 
Trust, 32 Shaftesbury Avenue, London W1). 

September 3-5, Fifteenth Canadian High Polymer 
Forum, Ontario (Dr R. St John Manley, Secretary~ 
Treasurer, 15th Canadian High Polymer Forum, Pulp 
and Paper Research Institute, McGill University, Mon- 
treal, Quebec, Canada). 

September 3-5, Safety and Failure of Components, 
Sussex (The Institution of Mechanical Engineers, 1 Bird- 
cage Walk, Westminster, London SW1). 


September 22-24, European Phage Meeting, Sussex 
(Miss Carolyne Griffith, Biology School, University of 
Sussex, Brighton, Sussex, UK). 

September 23-24, Challenger Society—-Joint Meeting 
with Representatives from the Marine Laboratories 
(Natural Environment Research Council Scheme), Win- 
dermere (R. 8. Glover, Oceanographic Laboratory, 78 
Craighall Road, Edinburgh 6, Scotland). 


September 24-25, Fluid Mechanics and Measurements 
in Two-Phase Flow Systems, Leeds (The Institution 
of Mechanical Engineers, 1 Birdeage Walk, Westminster, 
London SW1). 


October 2, Experience of Strain Measurement in the 
Field, London (The Institution of Mechanical Engineers, 
1 Birdcage Walk, Westminster, London SW1). 


October 12-15, Dating of Pharmaceuticals, Wisconsin 
(University Extension, University of Wisconsin, Extension 
Services in Pharmacy, Madison, Wisconsin 53706, USA). 


October 23, Heat Transfer and Fluid Flow in Elec- 
trical Machines, London (The Institution of Mechanical 
Engineers, 1 Birdcage Walk, Westminster, London SW1). 


November 6-7, Leukemia-Lymphoma, Houston 
(Frances Goff, Special Projects, MD Anderson Hospital 
and Tumor Institute, University of Texas, Houston, 
Texas 77025, USA). 


November 10-14, Technical Conference on Tin, Bang- 
kok (W. Fox, International Tin Council, Haymarket 
House, 28 Haymarket, London SW1). 


November 13-14, Computer Software Protection, 
Brighton (Conference Department, The British Computer 
Society, 21 Lamb’s Conduit Street, London WC1). 
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November 14, X-Ray Absorption, London (Meetings 
Officer, The Institute of Physics and the Physical Society, 
47 Belgrave Square, London SW1). 


November 18, Computer Aided Design, London (The 
Institution of Mechanical Engineers, 1 Birdeage Walk, 
Westminster, London SW1). 


Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of families about to 
take up periods of sabbatical leave. To begin with, 
no charge will be made for advertisements like this. 
It is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 
Wanted: Furnished accommodation for 9 months 
from September 1, 1969, for leeturer, wife and 2 
children. Needs accessibility to Imperial College, 
London SW7, with frequent visits to Harlow, 
Please contact R. E. Bogner, telephone no. 01-589 
5111 ext. 202 or (home) 01-876 8157. 


Vacant: Furnished house in North London in 
exchange for house or apartment in Baltimore, USA. 
From September for 1 year. Close to underground 
station, about $ hour from city centre. Garage, 
central heating, 3 bedrooms, 2 reception rooms. 
Please contact Dr C, A. Finn, Royal Veterinary 
College, London NWI. 

Vacant: January 1-December 31, 1976, large 
family house, 5 bedrooms, garage and garden, fully 
furnished, central heating. Please contact Professor 
R. F. Streater, telephone no. 01-876 7001. 
Wanted: Furnished house for UK scientist, wife 
and 4 children, convenient for Air Force Cambridge 
Research Laboratories, Bedford, Massachusetts, for 
up to I year from November 1969. Ple contact 
Dr D. L. Croom, 13 Badminton Road. Maidenhead, 
Berkshire, UK. 

Wanted: 2-3 bedroom, furnished, centrally 
heated house or flat in Edinburgh for American 
research assistant from mid-September for 6-12 
months. Please contact A. Mill, Department of 
Machine Intelligence and Perception, Edinburgh 
University, 2 Buecleuch Place, Edinburgh 8. Tele- 
phone no. 031-667-1011, ext. 6728. 


Wanted: Furnished centrally heated flat (or house} 
with 3 or more bedrooms, convenient for Lister 
Institute in Chelsea, January to August 1970. 
Could exchange modern 5 bedroom house in West- 
ehester County (convenient for New York City). 
Please contact Dr Theodore Salzman, Department 
of Medicine, Albert Einstein College of Medicine, 
Morris Park Avenue, Bronx, New York 10461. 


Wanted: 3 bedroom furnished house or flat, in 
or near Glasgow, for 12 months from October 1. 
Please contact Mr J. A. Rose, Rheinparkstrasse 8, 
4127 Birsfelden, Switzerland. 


Wanted: Inexpensive 2 bedroom furnished house 
or flat, preferably with garden, for lecturer, wife 
and 2 children; in London with fairly easy train or 
tube ride to Drury Lane. From August 29, 1969, 
for any period from 2 weeks up to 6 months. Please 
contact Dr T. Cavalier-Smith, Rockefeller Univer 
sity, New York, NY 10021, USA. 

Wanted: For 1 year from September 1, 1969, 
furnished house or flat, 2~3 bedrooms, central heat- 
ing, for lecturer, wife and 2 boys (5 and 6). Easy 
access to South Kensington. Please contact, Dr B. 
Bach, 6 rue du 8 Mai, 54 Laxou, France. 
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-British Diary 


Monday, July zI 


Analytical Chemistry (international symposium} Society for Analytical 
Chemistry, at the University of Birmingham, 






Modern Optical Microscopy [five-day course) Royal Microscopical Society, 
at the University of Nottingham. 


Tuesday, July 22 


Synthetic Methods and Rearrangement in Alicyclic Chemistry (three- 
diy international symposium) Chemical Society, at the University of 
Oxford, 


“hy 
Thursday, July 24 


Malignant Growth and its Relation to Growth and Differentiation in 
Normal Tissues (two-day meeting) Society for Developmental 
Biology, at the Royal Victoria Infirmary, Newcastle upon Tyne, 


Monday, July 28 


Computational Physics (four-day conference) Institute of Physies and the 
Physical Society, at the UKAEA Culham Laboratory. 


Be . g 
~ Reports and Publications 
io {not included in the monthly Books Supplement) 


:¿ Great Britain and Ireland 


British Mining Fields. By J. E. Metcalfe. Pp. xiv+9L. (London: The 
Institution of Mining and Metallurgy, 1969.) 50s. (30s. to students.) [96 

Atomic Absorption and Flame Emission Spectroscopy Abstracts, Vol. 1, 
No. 2, March-April, 1969. Edited by Dr P. R. Masek and Dr I. Sutherland. 
Pp. 65-126. (London; Sclence and Technology Agency, 1969.) Subscrip- 
tion covering six bimonthly issues with annual subject and author index, 
post free £24 or $58. {96 
_. Upland Catchment Management. (Report of a Conference at Attingham 
Park, 28-31 October 1068. Pp. vili+ 68. (Springhead, Fontmell Magna, 
ppaftestury: The Secretary, Upland Management Conference, mR 
33, 96 

Council for the Preservation of Rural England, Sheffield and Peak District 
Branch, Annual Report, April, 1969. Pp. 31. What Price Water? Pp. 22. 
(Sheffeld: Council for the Preservation of Rural England, Sheffield and Peak 
District Branch, 1969.) {96 

Ministry of Transport: Road Research Laboratory. RRE Report LR 258: 
Non-Motorway Analysis of Tyre Failures, By B. N. Farr. Pp. 10. (Crow- 
thorne, Berkshire: Road Research Laboratory, 1969.) Gratis. {96 

Royal Observatory Bulletins, No. 146: Magnetic Results 1959, 1960 and 
1961 (Hartland), Pp. D1i-D172. (London: HM Stationery Office, 1969.) 
30s. net. {96 

BP Statistical Review of the World Oil Industry-1968, Pp. 24. Annual 
Report and Aceounts for the year ended 3ist December, 1968. Pp, 47. 
(London: The British Petroleum Co., Ltd., 1969.) [96 





De Beers Research Serves the Diamond Industry. Pp. 39. (London: 
Industrial Diamond Information Bureau, 1969.) Gratis, [106 


The Application of Linear Microcircuits. By the Applications Engineering 
Staff of the SGS Group, Vol. 1: Pp. 144. 80s. Vol 2: Pp. 86. 12s. 6d. 
(Aylesbury: SGS (United Kingdom), Ltd., 1969.) {106 

Bulletin of the British Museum (Natural History). Botany. Vol. 4, No. 4; 
A Synopsis of Jamaican Myrsinaceae. By William Thomas Stearn. Pp. 
148-173 + plates 6-18. 249, Vol. 4, No. 5: The Jamaican Species of 
Columnea and Alloplectus (Gesneriaceae). By William Thomas Stearn. Pp. 
170-236 + plates 14-21. 28s, Entomology. Vol. 28, No. 6: Studies on 
Australian Muscidae (Diptera). TT, A Revision of the Tribe Dichaetomyiini 
Emden, By Adrian Charles Pont. Pp. 191-286, 40s. Vol 23, No. 7: A 
List of the Type-Specimens of Odonata in British Museum (Natural 
History), Part 2. By D. E. Kimmins. Pp. 287-814. 138, Vol. 23, No. 8: 
The Family-Group Names of the Seale Insects (Hemiptera: Coccoidea), By 
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D: J Williams, Pp. 315-341. 13s. Vol 24, No.1: A Key to the Genera of 
the Menoponidae (Amblycera: Mallophaga: Insecta). By Theresa Clay, 
Pp. 1-26+plates 1-7. 21s, (Londen: British Museum (Natural History), 
1969.) (116 

Agricultural Research Council, Letcombe Laboratory (incor ing the 
Radiobiological Laboratory), Annual Report 1968. (ARCRIL 19.) Pp. vii+ 
87. (London: Agricultural Research Council, 1969, Obtainable from HM 





Stationery Office.) 128. {116 
Hendon College of Technology, Prospectus 1969-70. Pp. 67. (Hendon: 
Hendon College of Technology, 1969.) {126 


Smith Kline and French Foundation, Sixth Annual Report 1968, Pp. 8. 
(Welwyn Garden City: Sraith Kline and French Foundation, 1969.) {126 
_ Department of Health and Social Security, Report on Gastro-Enteritis 
in Monsall Hospital, Manchester: Booth Hall Children’s Hospital, Manches- 


ter; and Bury General Hospital, December 1068~—April 1969. By F. N. 
Marshall, Pp. vili+37. (London: Department of Health and Social 
Security, 1969.) {126 


Building Research Station. Current Papers, 14/69: The Design, Construc- 
tion and Performance of a Vibrating-Wire Earth Pressure Cell. By H. 8. H. 
Thomas and W. H. Ward. Reprinted trom Géotechnique, 1969, Vol. 19 (1), 
March.) Pp. 16. (Garston, Watford: Building Research Station, 1969.5 t(136 

Bulletin of the British Museum (Natural History). Zoology. Vol. 17, 
No, 9: Type Material of the Families Lysianssidae, Stegocephalidae, Ampelis- 
cidae and Haustoriidae (Crustacea: Amphipoda) in the Collections of the 
British Museum (Natural History), By M. H. Thurston and Elizabeth 
Allen, Pp. 347-388. 10s, Vol. 18, No.2: Fine Structure of Gromia oviformis 
(Rhizopodea; Protozoa), By R. H. Hedley and J. St. J. Wakefield. Pp. 
67-S0+12 plates. 22s, (Londen: British Museum (Natural History), 
1969.) [136 

University of Leeds, Publications and Titles of Theses 1966-67, Pp. 128, 
(Leeds: The University, 1969.) {136 

Ministry of Transport: Road Research Laboratory. RRL Report LT 246: 
Impact Test on a Modified Christiani and Nielsen Crash Barrier, By T. B. 
Laker and G. R. Taylor. Pp. 745 plates. (Crowthorne, Berkshire: Road 
Research Laboratory, 1969) Gratis, 136 

Soil Biology and Biochemistry, Vol. 1, No. 1, April 1969. Published 
quarterly. Pp. 1-104. Annual subscription rates: for libraries, research 
establishments and all other multiple-reader institutions £12; $30, Private 
individuals whose departmental libraries subscribe may obtain this journal 
for their personal use at a reduced rate of £5; $15. (Oxford, London and New 
York: Pergamon Press, 1969.) 136 

Building Research Station Digest, No. 106 (June 1969): Painting Wood- 
work. Pp. 8. (London: HM Stationery Office, 1969.) 6d. 136 
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Bulletin of the American Museum of Natural Hist Vol. 141, Article 2: 
Systematics, Biogeography, and Evolution of C rea and Dyseohye 
(Tayassuidae). By Michael O. Woodburne. Pp. 271-356 + plates 14-51. 
(New York: American Museum of Natural History, 1969.) $5. 116 

International Occupational Safety and Health Information Centre. List of 
Periodicals Abstracted, Pp. 74. (Genève: International Occupational 
Safety and Health Information Centre, 1968.) 116 

Skid Resistance Tester for Highways, City Streets, Airport Runways. Pp. 8. 
(Evanston, Il; Solltest, Ine., 1969) 116 

World Health Organization, Annual Report of the International Agency 
for Research on Cancer 1968. Pp. 92. (Lyon: International Agency for 
Research on Cancer, 1969.) 116 

Geological Survey, Republic of Botswana. Quarter Degree Sheet 21274: 
Shashi; Shashi--Post-Karroo System Dyk Quarter Degree Sheet 2326D 
and 23 (Part of): Notwani and Limpopo River Area, CLobaisi: Geo- 
logical Survey, 1968.) 116 

Biochemicals for Research/1969. (Reference Guide and Price List No. 
136.) Pp. 192. (New York: Mann Research Laboratories, 1969.) 126 
Science Dimension, Vol. 1, No, 1, April 1969. Pp. 82. (Ottawa: National 
Research Council of Canada, 1969.) 196 

Fisheries Research Board of Canada. Bulletin 168: Paralytic Shellfish 
Poisoning in British Columbia. By D. B. Quayle. Pp. x +68. (Ottawa: 
Queen’s Printer, 1960.) $250. (126 

Fisheries Research Board of Canada. Technical Report No. 116: Obser- 
vations on the Polychaete, Cliomenella torquata, with Emphasis on Egg 
Production. By V. Leslie Rowe and A. V. Tyler. Pp. 8. (St. Andrews 
N 1 Fisheries Research Board of Canada, Biological Station, 1960.) {126 
eriges Geologiska Undersökning, Avhandlingar och Uppsatser, Ser. 
Ca, Nr. : Beskrivning till Jordartskarta över Jämtlands Län. Av Jan 
Londgvist. Med Fyra Planscher samt Karta i Fyra Blad iskala 1; 200,000. 
(English Summary.) Pp 418. (Stockholm: Sveriges Geologiska Under- 
sökning, 1969.) {126 
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COTTON RESEARCH CORPORATION 


CROP PHYSIOLOGIST 
UGANDA 


The Corporation is a technical assistance 
organization whose staff do research on 
cotton growing in many countries in Africe 
under agreements with their governments. 

At the Corporation's Cotton Research 
Station, Namulonge, near Kampala, there 
will shortly be a vacancy for a crop physio- 
logist to participate in a co-ordinated pro- 
gramme of cotton research relating crop 
growth and production to the complex 
range of environmental conditions in 
Uganda. 

This programme will include a reassess- 
ment of sowing dates throughout Uganda, 
based on studies of the effects of tempera- 
ture and agronomic practices, and the 
interaction of genotypes with environment. 
The crop forecasting procedure also re- 
quires revision to take account of greater 
use of insecticides, new varieties and 
changing rainfall patterns. 

In addition to his part in this pro- 
gramme, the man appointed will be re- 
quired to supervise a section dealing with 
agrometeorological recording and to give 
advice on the operation of agrometeoro- 
logical stations. 

Candidates must have suitable qualifica- 
tions dn the agricultural sciences. Post- 
graduate experience and statistical ability 
would be advantageous. 

Appointment will be on contract for 
four years, with the possibility of renewal 
by mutual agreement, and of transfer to 
some other station in Africa at which 
Corporation. staff work. 

Terms of service inchide an overseas 
salary subject to Uganda taxes, plus a sup- 
plement of 25 per cent payable in U.K. 
(normally tax-free). Free housing and 
heavy furniture are provided, with free 
passages on first appointment and leave 
every second year, baggage allowances, 
medical facilities for the officer and his 
family, and scholarships and travel assist- 
ance for schoolchidren, 

Suitably qualified men should send de- 
talis of their qualifications and career, with 
the names and addresses of two referees, 
to Cotton Research Corporation, 12 
Chantrey House, Eccleston Street, London, 


SW. 61) 





UNIVERSITY OF ABERDEEN 


CHAIR OF GENETICS 
Applications are invited for the 
CHAIR OF GENETICS 


to be vacant from October 1, 1969. 

Further particulars and Conditions of Appoint- 
ment may be obtained from the Secretary, the 
University, Aberdeen, with whom applications 
{eight copies), should be lodged by August 2, 
1969. Applicants overseas may submit one copy 
only. GY 


UNIVERSITY OF ABERDEEN | 


SENIOR LECTURESHIP OR 
LECTURESHIP IN BIOCHEMISTRY 


Applications are invited for above post. Pre- 
ference may be given to applicanis with special 
interests in nucleic acid or protein biochemistry, 
or biochemistry of celis grown in tissue culture. 
Salary on scale: Senior Lecturer, £2,945 to 
£3,670 ; (it medically qualified) £3,130 to £3,670 ; 
Lecturer, £1,585 to £2,850, with initial placing 
according to qualifications and experience, 
Superannuation (F.S.8.U.) and removal alow- 
ance. 

Further particulars from the Secretary, The 
University, Aberdeen, with whom applications (8 
copies) should be lodged by August 11, 120 
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“UNITED SHEFFIELD HOSPITALS 
NON-MEDICAL BIOCHEMIST 


required for Group Laboratories. No previous 
hospital experience required as training will be 
given. Whitley Council Terms and Conditions 
of Service, Science Degree, £960 to £1,355 per 
annum. First or second class Honours £1.080 
to £1,355 per annum. 

Applications, giving full details of age, qualifi- 
cations, past and present appointments and the 
names and addresses of two referces, to Chief 
Administrative Officer, United Sheffield Hospi- 
tals, 10 Beech Hill Road, Sheffield, $10 2RZ, 
immediately. (302) 








UNIVERSITY OF 
BRISTOL 


An opportunity to undertake research 
and teaching in pharmacology is offered to 
a veterinary graduate. An ASSISTANT 
LECTURESHIP IN VETERINARY 


PHARMACOLOGY (salary range £1,240 


to £1,470) is available in the Department 
of Pharmacology, the Medical School, Uni- 
versity of Bristol. The successful candidate 
will be encouraged to work for a higher 
degree. 


Further details may be obtained from 
the Registrar, the University of Bristol, 
the Senate House, Tyndall Avenue, Bristol 
2, to whom applications should be sent 
not later than July 31, 1969. 310) 





UNIVERSITY OF SUSSEX 
SCHOOL OF BIOLOGICAL SCIENCES 


RESEARCH ASSISTANT IN ANIMAL 
BEHAVIOUR 


Applications are invited for the post of Re- 
search Assistant to help with a project on the 
qemporal patterning of behaviour in passerine 
birds. Candidates should have a degree in Bio- 
logy or Psychology. The post is tenable for 
three years from October 1, 1969, with salary 
£750 by £50 to £850. 

Further details and application forms may be 
obtained from the Secretary of Science, Science 


Office (Establishment), University of Sussex, 
Falmer, Brighton. BNI 9QH, Sussex. Please 
quote Reference 209/3. (266) 








UNIVERSITY OF MALAWI 
BUNDA COLLEGE OF AGRICULTURE 


Applications are invited for LECTURESHIP 
IN PLANT BREEDING at Bunda College, 
Lilongwe, a constituent College of the Univer- 
sity. Candidates must possess a good first de- 
gree and experience of lecturing at University 
level is desirable. Preference given to candidates 
with postgraduate study experience in the appro- 
priate field. Salary scale (including expatriate 
addition): £1,340 to £2,250 per annum. Uni- 
versity addition of £360 per annum is payable or 
salary supplemented by £275 per annum in ap- 
propriate case under British Expatriates Supple- 
mentation Scheme. Gratuity: superannuation 
scheme transferable with F.S.S.U.; family pas- 
sages; various allowances; biennial overseas 
leave. 

Detailed applications (ix copies), naming three 
referees by August 16, 1969, to Inter-University 


Council, 90/91 Tottenham Court Road, Lon- 
don, WIP ODT, from whom particulars are 
available. (280) 


ST. BARTHOLOMEW’S HOSPITAL/ 


ST. LEONARD'S HOSPITAL 
RENAL UNIT 


Applications are invited for the post of BIO- 
CHEMIST in the Renal Unit Laboratory. This 
laboratory is engaged in the assessment and man- 
agement of patients with kidney diseases. The 
work involves both routine investigations and 
continuing research. It is run in conjunction 
with the Medical Professorial Unit of St. Bartho- 
fomew’'s Hospital. Applicants should have a 
basic science degree or be A.R.LC. or Grad. 
R.LC. Salary on scale £1,050 to £1,445 per 
annum, including London Weighting. 

Write, naming two referees to the Clerk to 
the Governors, quoting ref. no. ASC rie St. 





Bartholomew's Hospital, London, E.C.1 
(268) 
“THE ZOOLOGICAL SOCIETY OF 
LONDON 


The London Zoo requires Recorders for the 
Zoological Record, Duties include abstraction 
and classification of scientific literature., Appli- 
cams should possess either a degree in Zoology 
or sufficient knowledge of modern languages and 
Zoological terminology to read and translate 
scientific papers. Salary on scale £960 rising to 
£1,385 per annum plus £125 London Weighting. 


Further details and application forms may be 


obtained from Establishment Officer, Zoological 
Society of London, Regent's Park, ei) 


For further Classified advertisements see page vii 






COMMONWEALTH 
AGRICULTURAL BUREAUX 


Vacancy for 


SCIENTIFIC INFORMATION 
OFFICER 
at the 
COMMONWEALTH BUREAU OF 
ANIMAL HEALTH, Central Veterinary 













Laboratory, New Haw, Weybridge, 
Surrey 
Duties: Preparing English language 
abstracts and editorial work for the 






monthly journal The Veterinary Bulletin, 
which covers world scientific literature on 
veterinary science. 


Qualifications: A degree in a biological 
science. Ability to write good and con- 
cise English essential. Reading knowledge 
of at least one more modern European 
language desirable. 


Salary: In scale £1,020 to £2,675, with 
provision for superannuation. Starting 
salary according to qualifications, experi- 
ence and age. 


Application forms 
from the Secretary, 
cultural Bureaux, Farnham 
ham Royal, nr. Slough, B 

Closing date for applicar ons; July 


t 


y 
1969. (i07 













and full particulars 
Commonwealth Agri- 
House, Farn- 













UNIVERSITY COLLEGE OF 
NORTH WALES 
BANGOR 
DEPARTMENT OF FORESTRY AND Woop 
SCIENCE 
Applications are invited for the post of Lec- 





turer in Forest Management in the Depar 
of Forestry and Wood Science. 

Applicants should have a good degree in 
Forestry, an interest in Land-Use Economics and. 
experience of computer techniques. The success- 
ful applicant should have worked overseas and 
be prepared, in addition to teaching, to under- 
take and supervise research in several aspects of 
forest management, including the recreational use 
of forest-land. 

The appointment will be at 
point on the salary scale £1,240 by 
£2,850. 

Further particulars of this post may be ob- 
tained from the Secretary and Registrar, and 
applications (lwo copies), giving details of age, 
qualifications and experience, together with tbe 
names and addresses of three referees, should be 
semt to reach the Secretary and Registrar by 
September 30, 1969. G08) 


‘UNIVERSITY OF BELFAST 


DEPARTMENT OF PURE AND APPLIED 
PHYSICS 

Applications are invited for a post of POST- 
DOCTORAL RESEARCH FELLOW to work on 
the application of frequency tunable dye lasers. 
to atomic and molecular spectroscopy and astro- 
physics in the Laser Physics Research Group. 
The current work of the group includes the de- 
velopment of high power solid state and dye 
lasers for applications to fundamental measure- 
ments in astrophysics, atomic and = molecular 
physics, photochemistry and photobiology. Pre- 
vious experience in spectroscopy, optics, astro- 
physics, or lasers would be advantageous. Salary 
scale is £1,585 by £115 (10) to £2,735 with 
F.S.S.U. The starting point on the scale will 
depend on qualifications and previous experience. 
Applications, giving full details of academic 
record and experience and the names of two 
referees who have supervised previous research 
work, should be sent as soon as possible to Pro- 
fessor D. J. Bradley, Department of Pure and 
Applied Physics, Queen's University, Belfast. 
BT? INN, from whom further particulars can 
be obtained. (243) 


FIELD STUDIES COUNCIL 
RE-ADVERTISEMENT 

Assistant (female) at Flatford Min Field 
Centre, near Colchester, Essex. A good degree 
in Botany and an interest in field work are 
essential, Main duties: teaching, but good op- 
portunities for field research. Salary £690 by 
£30 to £750 per annum, plus free board and 
lodging. Appointment to be taken up as soon 
as possible. 

Application forms, obtainable from the Scien- 








an appropriate 
£1153 to 





tific Director, Field Studies Council, 9 Devereux 
Court, London, W.C.2, should be returned oy 
August 16. GLD 
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UNIVERSITY OF BIRMINGHAM 
COMPUTER CENTRE 
Applications are invited for the post of RE- 
SEARCH A! TATE ; with effect from Octo- 
ber 1/1969. The successful applicant will be 
encouraged to pursue his research imterests in 
the Computer Science field, and will be re- 
quired to assist (e.g, by teaching or supervising 
students) in the MSc. Course in Computer 
Science, commencing in October, 1969. Regis- 
tration for higher degree possible. Salary scale: 

£1,240 to £1,470 plus F.S.S.U. 

Applications (three) naming three referees by 
July 31, 1969, to the Assistant Registrar (S), P.O. 
Box 363, Birmingham 15, from whom further 
particulars may be obtained, Please quote 
NAF. (249) 


NEW ZEALAND 


UNIVERSITY OF 
CANTERBURY 


Christchurch 


Applications are invited for the following nosi- 
tion: 


SENIOR LECTURER OR LECTURER IN 
ZOOLOGY 


The particular feld in which the appoimment 
is required is vertebrate zoology; preference will 
be given to candidates with qualifications to 
undertake teaching in general vertebrate zoology 
and research in cither mammalian or fish 
ecology, especially population or behavioural 
ecology. 


Salaries are under review. Existing salaries for 
Lecturers are &NZ3,100 by $NZ200 to SNZ4,709, 
$NZ4,.800 per annum; for Senior Lecturers, 
$NZ4.700 by §NZ200 to §$NZ5,500 (bar) and 
thereafter a range to $NZ6,600. 


Particulars, including information on travel 
and removal aHowances, study leave, housing and 
superannuation may be obtained from the Sec- 
relary-General, Association of Commonwealth 
eo (Appts), 36 Gordon Square, London, 
W.C. 


Applicajons close on August 29, 1969. 
(239) 








UNIVERSITY OF THE 
WEST INDIES 
JAMAICA 
FISHERIES ECOLOGY RESEARCH 
PROGRAMME 


Applications are invited for four RESEARCH 
ASSISTANTSHIPS at the Port Royal Marine 
Laboratory of the University of the West Indies. 

persons appointed will form part of a team 
engaged on the assessment of tropical reef-fish 
stocks. The studies will be directed mostly 
towards (D an investigation of the dynamic 
characteristics (age, growth, mortality and popu- 
lation density) of the main species of Lutianids, 
Serranids and Carangids comprising the incipient 
offshore line fishery on the oceanic Pedro Bank 
and (i) an investigation of the effect of trap- 
fishing on the composition of near-shore reef 
fish communities. 

Applicants should have or have in prospect, 
a good honours degree or an M.Sc. degree in 
an appropriate field. It is hoped that West 
Indian nationals who are at present studying 
abroad will apply for these positions, with a 
view to later entering Government service in the 
West Indies. However, applications from non- 
West Indian nationals will be given equal con- 
sideration, Candidates must be prepared to 
spend up to a total of 100 days per year at sea. 
Sea-going experience would be an advantage. 

The positions are tenable for a maximum of 
three years, starting in September, 1969, or as 
soon as possible thereafter. Suitably qualified 
persons will have an opportunity of registering 
for M.Sc. or Ph.D. degrees of the University of 
the West Indies. 

Salary: £850 to £1,250 per annum depending 
upon experience and qualifications. Passages 
paid where appropriate on appointment and ter- 
mination. 

Applications, together with a full curriculum 
vitae and including the names of three persons 
to whom reference can be made, should reach 
the Professor of Zoology, University of the West 
Indies, Kingston 7, Jamaica, as soon as ponite: 
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UNIVERSITY OF BRISTOL. PERSONAL 
Technician in the Department of Physiology for 
a research project (connected with the circula- 
tion). Biology and Chemistry desirable. Salary 
up to £900 according to age and qualifications. — 
Applications to Dr. A, Rogers, The Medical 
School, University Walk, Bristol, BSS WD: 

212) 





THE BANK OF ENGLAND PRINTING WORKS 


has a vacancy for a 


CHEMIST 


To work on problems associated with the manufacture, development 
and production control of security printing inks and raw materials. 


The qualifications required would be at H.N.C. level in Chemistry with 
three to four years’ experience in printing ink manufacture or a related 
field. A knowledge of modern resin technology would be a particular 
advantage. 


The post is pensionable and the starting salary will be up to £1,450 a 
year with annual increments, initially on a scale up to £1,600 a year, 
with the possibility of further advancement. In addition, a non- 
pensionable allowance of £50 a year is payable half-yearly. 


Applicants should write, stating age, full details of qualifications and 
previous experience to: 


The Staff Manager, 
Bank of England Printing Works, 
Langston Road, 
Loughton, Essex. 


UNIVERSITY OF MAINZ 


Chair in Nuclear Chemistry 


Applications are invited from candidates with experience and a good 
theoretical background for a second Chair in Nuclear Chemistry. The 
applicant should be interested in a close co-operation with the existing 
group of experimentalists, working on nuclear reactions and puciear 

ecay. 


The facilities available at present include a pulsed nuclear reactor. 
a 300 MeV electron linear accelerator, and a computer centre. In 
the near future, a universal heavy-ion accelerator will be built within 
30 km, distance. 


Candidates should forward their application (curriculum vitae, list 
of publications, and a brief summary of their scientific achievements) 
by December 1, 1969, to 


Dekan der Naturwissenschaftlichen Fakultät, 
Johannes Gutenberg-Universitat, 
D-6500 Mainz, Postfach 3980 (West Germany). 


SOUTH WESTERN REGIONAL HOSPITAL BOARD 


PHYSICS SERVICE — EXETER CLINICAL AREA 


SENIOR PHYSICIST, preferably with experience in scinti scanning, for 
service based at the Royal Devon and Exeter Hospital, Exeter. The work 
concerns mainly radiotherapy, radioisotopes and radiological protection 
problems, and the Unit will transfer to a new department under construc- 
tion at the New Devon and Exeter Hospital. Previous hospital experience 
essential. 


Salary scale £2,040-£2,515. 


Further information from Principal Physicist, Royal Devon and Exeter 
Hospital, Exeter. 


Applications, with details of experience and the names of two referees, to 
Hospital Secretary, Royal Devon and Exeter Hospital, Exeter. 


(222 
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LECTURER /SENIOR LECTURER IN 


XXVI 
UNIVERSITY OF PAPUA AND NEW GUINEA 
Applications are invited for appointment to the following positions for 1970: 
PROFESSOR OF GEOLOGY 
The Foundation Chair will be established in HISTORY 
1970. Preference will be given to candidates 


with interests in economic geology, marine geo- 
logy, or tropical weathering processes. 


LECTURER /SENIOR LECTURER IN 
ANTHROPOLOGY AND SOCIOLOGY 
LECTURER /SENIOR LECTURER IN 
OCEANIC LINGUISTICS 
(Professor R. N, H. Bulmer-——-Head of 
Department) 

For the position in Social Anthropology pre- 
ference will be given to candidates with research 
experience in either S.E. Asia or the Pacific. 
The appointment may be made at Associate Pro- 
fessor level for an outstanding applicant. For 
the position in Linguistics preference will be 
given to candidates with research experience in 
either Austronesian or New Guinea Languages 
ae who also have qualifications in Anthropo- 
ogy. 


LECTURER/SENIOR LECTURER IN 
EDUCATION 

{Professor Ernest Roe—Head of Department) 

Three positions are available. Preference will 
be given to applicants with expertise in one or 
more of the following, as they relate to educa- 
tion; anthropology, sociology, economics, 
politics psychology, administration ; methods of 
teaching science; curriculum materials and de- 
velopment. 


EDUCATIONAL RESEARCH UNIT 
APPOINTMENT 

There are many basic problems relevant to 
education in Papua and New Guinea which 
urgently require illumination. Research into 
these problems may range from the sociocultural 
backgrounds of the people to more specific issues 
ot teaching and learning. An Educational Re- 
search Unit will be established and it is hoped 
to make an appointment at Associate Professor 
level. Applicants should have experience in the 
organization and execution of major research 
projects. 


LECTURER /SENIOR LECTURER IN 
ENGLISH 
(Professor F. C. Johnson—Head of Department) 


_ Preference will be given to candidates with 
interests in either modern world literature, or 
the literature of oral traditions. 


LECTURER/SENIOR LECTURER IN 
GEOGRAPHY 
(Professor R. G. Ward-—Head of Department) 
Preference will be given to candidates with ex- 
perience in quantitative methods and location 


SIR JOHN CASS COLLEGE 
JEWRY STREET, LONDON, E.C3 


Department of Physics 


RESEARCH 
ASSISTANTS 


Applications are invited from graduates 
with Ist or 2nd Class Honours degrees for 
Research Assistantships in following fields : 


Liquid Physics: Configuration, conforma- 
tion and motional behaviour of molecules 
in liquids and polymer solutions using flow 
birefringence, Kerr effect, I-R dichroism, 
viscometry and laser scattering. 


Solid State Physics: Surface properties 
in ultra high vacuum conditions; magnetic 
thin films ; scintillation processes; dielec- 
wic properties of absorbed gases. 

All students will be expected to register 
as Internal Students of the University of 
London and work for M.Phil or PhD. 
degrees. 


Salary £870 by £30 (2) to £930 per annum 
maximum, 


Further details and forms from the Sec- 
retary, Department of Physics. Sir John 
Cass College, Jewry Street, London, E.C.3. 
Telephone 01-481 8321. (252) 





(Professor K. S. Inglis—-Head of Department) 


LECTURER /SENIOR LECTURER IN LAW 
(Professor P. G. Nash—Head of Department) 
Three positions are available. Preference will 
be given to applicants with interests in one or 
more of the following fields: Commercial Law, 
Real Property, Conveyancing, Legal History, In- 
ternational Law, Trusts and Securities. 


LECTURER /SENIOR LECTURER IN 
MATHEMATICS 

(Professor M. H. McKay~—Head of Department) 

Two positions are available. Any field of 
mathematical interest will be acceptable, Prefer- 
ence will be given to a Statistician for one posi- 
tion. An appointment may be made at Associ- 
ate Professor level for an outstanding applicant. 


LECTURER /SENIOR LECTURER IN 
POLITICAL STUDIES 
(Professor C. D. Rowley—-Head of Department) 
TUTOR/SENIOR TUTOR IN BIOLOGY 
(Professor K. P. Lamb-—-Head of Department) 


TUTOR/SENIOR TUTOR IN CHEMISTRY 
(Professor D. P. Drover—Head of Department) 
The University was established in 1965 and 
appointees will have opportunities to contribute 
to the development of courses appropriate to a 
new university in an emergent community. De- 
tailed information about present and projected 
courses may be obtained from the Heads of 
Departments. 


SALARY SCALES: Professor $A12,500 per 
annum, Associate Professor $A10,400 per 
annum. Senior Lecturer $47,980 to $A9,250 per 
annum. Lecturer $45,900 to $47,800 per annum. 
Senior Tutor $A5,225 to $A5,765 per annum. 
Tutor $44,235 to $A4,775 per annum. Phis 
$A360 per annum for a married male appointee, 


Applications, which should be in duplicate, 
must include particulars of age, nationality, mari- 
tal status, academic record, teaching qualifica- 
tions, experience and present position, a list of 
publications, the names and addresses of three 
referees, a recent small photograph and a medi- 
cal certificate of good health. A further medical 
examination by a physician nominated by the 
Universiy may be required. 


Applications should be sent as soon as pos- 
sible. 

Further details concerning the conditions of 
employment, accommodation, travel and removal 
expenses, may be obtained from the Registrar, 
P.O. Box 1144, Boroko, T.P.N.G. For any 
advertised position the Council reserves the right 
not to make an appointment at this stage. ; 
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UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF ZOOLOGY 


RESEARCH ASSISTANT 


Applications are invited for the post of Re- 
search Assistant in the Department of Zoology. 
The person appointed will be required to work 
on the genetic and cellular control of haemo- 
globin synthesis. The appointment will date 
from October 1, 1969. Applicants should possess 
a good Honours Degree in Biochemistry or one 
of the Biological Sciences. Salary up to £1,100 
per annum, according to age and qualifications. 
Permission to register for a higher degree may 
be granted in suitable cases. 

Applications, giving age, curriculum vitae and 
the names of two referees, should be sent to the 
Deputy Secretary, The University, Southampton 





PALMERSTON NORTH, NEW ZEALAND 
LECTURER IN GEOGRAPHY 


Applications are invited from persons holding 
postgraduate qualifications for the position of 
Lecturer in Geography. The person appointed 
will have the opportunity of participating in both 
undergraduate and postgraduate courses accord- 
ing to his field of interest. A knowledge of the 


Pacific area would be an advantage. Salary 
Scale: Lecturer, $NZ3,100 by $NZ200 to 
$NZ4,800. 


Further details of the position and of the 
University, together with conditions of appoint- 
ment, may be obtained from the Secretary- 
General, Association of Commonwealth Univer- 
sities (Appts), 36 Gordon Square, London, 
W.C.1, or from the Registrar of the University. 
Applications close on August 18, 1969. (264) 


AGRICULTURAL RESEARCH 
COUNCIL 


Meat Research Institute requires an Experi- 
mental Officer to participate in studies of muscle 
development and collagen biosynthesis involving 
tissue cukture techniques. Experience in histo- 
chemistry is required and a knowledge of 
immunochemical methods would be an advan- 
tage. Post graded at A.E.O. or E.O. accord- 
ing to age and experience. Minimum qualifica- 
tions ; pass degree, H.N.C. or equivalent qualifi- 
cations. Salary: A.B.O., £940 age 22; £1,208 
age 26 or over; rising to maximum £1,454 per 
annum ; E.O., £1,590 to £2,006 per annum. 
Superannuation scheme ; five-day week. 

Application forms: Secretary, Meat Research 
Institute, Langford, BRISTOL BS18 tO D 








COUNCIL 


UNIT OF INVERTEBRATE CHEMISTRY 
AND PHYSIOLOGY 


A vacancy exists, in the Experimenta! Officer 
Class, for a post to undertake research in in- 
vertebrate neurophysiology. The work wouk 
be carried out in the Unit of Invertebrate Chem- 
istry and Physiology at the Department of Zoo- 
logy in the University of Cambridge in collab- 
oration with the Director, Dr. J. E. Treberne. 
Previous experience of electrophysiological tech- 
niques and electronics would be an advantage, 
but others interested in this field would be con- 
sidered. Salary scale: Experimental Officer, 
£1,590 to £2,006; Assistant Experimental Officer. 
£683 (at age 18) to £1,208 (maximum starting 
salary at age 26 or over) to £1,454. 

Applications should be made to Dr. J. E. 
Treherne, Department of Zoology, Downing 
Street, Cambridge, giving detailed information of 
qualifications and experiences and the names of 
two referees. (295) 
UNIVERSITY COLLEGE, DUBLIN 

DEPARTMENT OF CHEMICAL 
ENGINEERING 


RESEARCH DEMONSTRATORS 


Applications are invited from honours gradu- 
ales in engineering or science for Research 
Demonstratorships in the department. Persons 
appointed will work for the degree of Master 
of Engineering Science or Ph.D. in some of the 
following areas of research: Drying technology, 
particle mechanics and heat transfer, atomisa- 
tion, multicomponent vapour-liquid equilibrium, 
hydrometallurey, nitrogen fixation via transition 
metal complexes. Demonstrators receive £425 
per year; higher salaries may be available to 
Ph.D. candidates having special qualifications. 

Applications, giving the names of two referees 
should be sent immediately to the Secretary, De- 
partment of Chemical Engineering, University 
College, Upper Merrion Street, Dublin 2. me 

(28 


“UNIVERSITY OF QUEENSLAND 
AUSTRALIA 


PROFESSIONAL OFFICER 


The University invites applications for the 
position of Professional Officer in the Depart- 
mem of Biochemistry. The appointee will act 
as assistant to the Head of the Department in 
the administration of the Department. His 
duties include the supervision of technical staff 
and the control of expenditure, but his overall 
function is to ensure the smooth day-to-day 
running of the Department. Applicants must 
possess a University degree in Science, with at 
least a major in Biochemistry or Chemistry and 
have had direct experience of a University Bio- 
chemistry Department. Salary will be within the 
range $A4,950 to $A6,075 per annum. Super- 


annuation of the F.S.S.U. type and assistance 
with housing is available, 

Additional information and application forms 
wiki be supplied upon request to the Secretary- 
General, Association of Commonwealth Univer- 
sities (Appts), 
WL, 


36 Gordon Square, London, 
Applications close in London and Bris- 
gust 31, 1969. — (293) 


UNIVERSITY OF SHEFFIELD — 
DEPARTMENT OF PHYSICS 


Applications are invited for a research post, 
tenable for one year in the first instance with 
the possibility of renewal for a further two years, 
sponsored by the §.R.C. to work with Professor 
N. H. Match on the dynamics of atoms in liquid 
metals. Applicants should have a Ph.D. in 
theoretical physics or equivalem research qualifi- 
cations. Salary in the range £1,240 to £1,700 
according to qualifications and experience. 

Further particulars from the Registrar to whom 
applications (three copies), should be sent by 
August 1, 1969. Quote Ref.: R23/G. (217) 
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NATIONAL COLLECTION OF 
TYPE CULTURES 


CENTRAL PUBLIC HEALTH LABORATORY 
COLINDALE AVENUE, LONDON, N.W.9 


GRADUATE 


required for systematic bacteriology and care of 
cultures in the Collection. Qualifications, first 
or second class honours in a biological subject, 
preferably microbiology. NHS. Whitley Coun- 
cil terms and conditions of service. Salary ac- 
cording to age and experience, but minimum 
starting salary £1,080 plus £90 London Weight- 


ing. 
Applications to Personnel Officer at the above 


address. (213) 


NOTTINGHAM REGIONAL 


COLLEGE OF TECHNOLOGY 
(Part of the Proposed Trent Polytechnic) 
BURTON STREET, NOTTINGHAM, NG1 4BU 


DEPARTMENT OF CHEMISTRY AND 
BIOLOGY 


COURTAULD'S EDUCATIONAL TRUST 
FUND 


Applications are invited for the post of Re- 
search Associate to work on the surface energies 
of polymer filaments. Applicants should bold a 
good honours Degree in chemistry, and industrial 
or research experience would be an advantage. 
The appointment will be for a maximum of three 
years and the applicant will be expected to 
submit a thesis for a higher degree at the end 
of the project. Salary: £800 by £50 to £900. 

Farther details and forms of application from 
the Head of Department of Chemistry and Bio- 
logy. 214) 


FLINDERS UNIVERSITY OF 
SOUTH AUSTRALIA 
LECTURER IN MATHEMATICAL 
STATISTICS 


Applications are invited from persons with 
special interests im any fieki of statistics or 
probability for the above-mentioned appointment 
in the School of Physical Sciences. Salary Scale: 
$A5.400 to SA7,300. Superamnuadon is on the 
FS.S.U. system. 

Further information about the position, includ- 
ing conditions of appointment and details re- 
quired of applicants may be obtained from the 
Secretary-General, Association of Commonweakh 
Universities (Appts.), 36 Gordon Square, London, 
W.C.1, or from the Registrar, The Flinders Uni- 
versity of South Australia, Bedford Park, South 
Australia, 5042, with whom applications should 
be lodged by August 15, 1969. Informal in- 
quiries may be addressed to Professor J. N. 
Darroch in the University. (263) 


UNIVERSITY OF IBADAN 
NIGERIA 
Applications are invited for (a) SENTOR LEC- 
TURESHIP or ©) LECTURESHIP IN CYTO- 
LOGY/GENETICS IN DEPARTMENT OF 
AGRICULTURAL BIOLOGY. Preference given 
to candidates with teaching and research interests 
in the field of higher plant or animal genetics 
{not microbial genetics). Salary scales: (a) 
£N2.275 to £N2,575 per annum ; (b) £N1,200 to 
£N2,175 per annum (£Ni=<£1 3s. 4d. sterling). 
Salary supplemented in range £240 to £515 per 
amum (sterling) and education allowances and 
childrens’ holiday visit passages payable in ap- 
propriate cases under British Expatriates Sup- 
plementation Scheme. Family passages; various 
allowances; F.S.S.U.; regular overseas jeave. 
Detailed applications (six copies), naming three 
referees by August 14, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London 
WIP ODT, from whom particulars are available, 
(279) 














PORTSMOUTH COLLEGE OF 
TECHNOLOGY 
DEPARTMENT OF CHEMISTRY 
RESEARCH FELLOWSHIP 
Applications are invited for the position of 
Research Felfow to work in collaboration with 
Dr T. A. Crabb on the N.M.R. spectra and 
conformational analysis of heterocyclic com- 
pounds. Applicants should preferably have bad 
postdoctoral experience in the fields of N MLR. 
spectroscopy, conformational analysis of hetero- 
cycle chemistry. The appointment is available 
for up to three years, from October 1, 1969. 
Salary scale: £2,000 to £2.110 per annum. 
Application forms may be obtained from the 
Staff Officer, Portsmouth College of Technology, 
Hampshire Terrace, Portsmouth POI 2EG, to 
whom completed application forms should be 
returned by August 11, 1969. (242) 





AUSTRALIA 


NEW SOUTH WALES 
Department of Agriculture 


PRINCIPAL DAIRY OFFICER 
(RESEARGH) 


HAWKESBURY AGRICULTURAL COLLEGE 
RICHMOND 


NATOSSE. 


SALARY: $A7,350 range $A7,750. Commencing rate accord- 
ing to qualifications and experience. 


QUALIFICATIONS: Degree in Science, Agricultural Science, Rural 
Science, Food Technology or equivalent essential. 
Research and Administrative experience and know- 
ledge of the dairy industry desirable with ability to 
direct research essential, 


DUTIES: Supervision of a team of research officers engaged 
on dairy research projects of Division of Dairying, 
and carrying out research projects as opportunity 
permits. Research problems in both manufacturing 
and production aspects of the dairy industry are. 
covered. Included in the field of manufactured 
products are projects or problems associated with the 
recombining of skim milk powder and anhydrous 
milk fat into evaporated and sweetened condensed 
milk, the manufacture of processed cheese and the 
manufacture of cultured milk products. The section 
also provides surveys for industry on the chemical 
composition of products. 


GENERAL: Single male accommodation available at $A7.20 per 
week, Family accommodation cannot be provided 
at the college. 


Subject to certain conditions the successful applicant will be eligible for: 
% Payment of fares to Sydney. 


% Financial assistance towards cost of 
removal expenses, 


yr Financial assistance towards cost of 
initial accommodation expenses. 


For application form and further information write to the Recruitment Section, 
New South Wales Government Offices, 56 Strand, London, W.C.2, where 
applications close on 8th AUGUST, 1969. When writing, please quote 
reference 44/413. 

Hon. A. Landa, 


Agent General. 
£250) 


UNIVERSITY COLLEGE LONDON RE- UNIVERSITY OF BRISTOL. APPLICA- 
quires Research Assistant in Department of uons are invited from graduates for the post of 
Botany and Microbiology (Professor D. Lewis) research assistant ia the Departmen: of Biochem- 
from October 1, 1959. Salary, according to istry. The post will be supported by a @ 
qualifications and experience, not less than £850 from the Welcome Trust and will be 
per annum. Candidates should have degree in total period of not more than three years. 
botany, biochemistry. microbiology or genetics, perience in enzymology and/or organic chemistry 
and special interest in biochemical genetics, par- is preferable though not itiaL-~A pplicatiorns 
ticularly enzymology—-Applications by August 18 should be sent as soon a de, to the Head. 
to Secretary, U.C.L., Gower Street, W.C.1, from of tbe Department, Deparunent of Biochemistry, 
whom further particulars may be obtained. The Medical School, University Walk, Bristol, 

(270) BSS ITD. Qu 
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AUSTRALIAN ATOMIC 

ENERGY COMMISSION 
RESEARCH ESTABLISHMENT, 
LUCAS HEIGHTS, NEAR SYDNEY 


THEORETICAL PHYSICIST 
APPLIED MATHEMATICIAN 


A vacancy exists in Physics Division for a senior scientist to carry out 
theoretical research into the stability of nuclear reactors (both experimental 
and power systems) both under normal operating and accident conditions, 
In the latter conditions, mechanical disassembly of components may need 
to be considered. The appointee should have research experience in one 
or more of the following fields: 


NON-LINEAR DYNAMICS AND/OR HYDRODYNAMICS 
THERMODYNAMICS OF THE SOLID STATE 

AT HIGH PRESSURES 

NEUTRON TRANSPORT THEORY 


and should be capable of developing his knowledge and experience in other 
fields sufficient for his research studies. 


An IBM 360/50 computer is available for computational work. Experimental 
support studies will be possible by 1971 on a new facility for critical reactor 
experiments with a pulsed neutron source. 


Applicants must have a Ph.D. (or post graduate research experience of 
equivalent standard and duration) supported by satisfactory evidence of 
research ability. Depending on qualifications and experience, the appointment 
initially will be in the ranges of 


SENIOR RESEARCH SCIENTIST  $Aust.6963—SAust.8045 
PRINCIPAL RESEARCH SCIENTIST $Aust.8313—SAust.9561 


Application forms may be obtained fram the Atomic Energy Adviser, Office 
of the High Commissioner for Australia, Canberra House, 10-16 Maltravers 
Street, Strand, London, W.C.2, For additional technical iafcrmation regarding 
the position please address your correspondence as above. 


Applications close on Sept Ist. Please quote position R23. 





AUSTRALIAN NATIONAL UNIVERSITY 
CHAIR OF FORESTRY 


Applications are invited for appointment to a second Chair which has been created in 
the Department of Forestry in the Faculty of Science. The appointee will be expected 
10 take up duty as soon as possible and in any case not later than March 1970. 


The appointment will be made in one of the various fields associated with a broad inter- 
pretation of the general subjects of Forest Management and Wood Science. 


The Department of Forestry provides courses leading to the Degree of Bachelor of Science 
(Forestry) at both the pass and honours level and supervises candidates for the degrees of 
Master of Science and Doctor of Philosophy. The bead of the department is Professor 
J. D. Ovington. 


The salary for the post is $412,000 per annum, 


The University provides reasonable travel and removal expenses and assistance with 
housing. Superannuation is on the F.S.S,U, patiern with supplementary benefits, Financial 
assistance towards study leave is also available. 


The University reserves the right not to make an appointment or to make an appointment 
by invitation, 


Further information and the forms which should accompany an application may be 
obtained from the Secretary-General, Association of Commonwealth Universities (Appts), 
36 Gordon Square, London, W.C.1. 


Applications close on September 8, 1969. (259) 





NATURE, JULY 19, 1969 


DEMONSTRATOR FOR GENETICS 


TEACHING 


M.Se. or B.Sc. in a biological science, includ- 
ing training in genetics, to supervise laboratories 
in Introductory and Advanced Genetics. To 
commence August 1 or September 1, 1969. 
Starting salary in the range $6,800 to $7,200 
depending on qualifications and experience. 

Send curriculum vitae and the names of three 
referees to Dr. D, Parkinson, Head, Department 
of Biology, University ot Calgary, Calgary 44, 
Alberta, Canada. (285) 


UNIVERSITY COLLEGE OF 
RHODESIA 


Applications invited for two posts of ta) 
SENIOR LECTURER, (b LECTURER, or (© 
ASSISTANT LECTURER IN MATHEMATICS. 
Inquiries also welcomed regarding secondment 
under special arrangements for a Hmited period. 
Salary scales: (Rhodesian currency-—-£6 Rhode- 
sian=£7 sterling): (a) £2,808 to £3,768 per 
annum; (b) £1,812 to £2,916 per annum; (c} 
£1,464 to £1,716 per annum. Family passages ; 
sabbatical leave and triennial visits with travel 
allowance ; superannuation scheme. 
ed applications (six copies), naming 
three referees by August 17, 1969, to Imer- 
University Council, 90/91 Tottenham Court 
Road, London WIP ODT, from whom particu- 
lars are available. (276) 


UNIVERSITY COLLEGE HOSPITAL 
GOWER STREET, LONDON, W.C.1 
DEPARTMENT OF MEDICAL PHYSICS 
Opportunities exist in this expanding biochemi- 
cal research and development laboratory for in- 
strument makers, electronic and laboratory tech- 
nicians. Further education facilities for junior 
staff. Further information from the Chief 

Physicist (Tel. 01-387 3050 273). 
Application forms from Assistant Secretary to 














be returned before July 31, 1969. 8p 
ROTHAMSTED EXPERIMENTAL 
STATION 


HARPENDEN, HERTS 

PLANT PATHOLOGIST with degree in 
Botany or Agricukural Botany to join team 
studying root rots of cereals. Appointments in 
grade of Assistant Experimental Officer (£872 at 
age 21; £1,208 at age 26 (maximum on entry) to 
£1,454). Superannuation. 

Applications, naming two referees and 
quoting reference 1052/132 to the Secretary by 
Augus 15. (235) 


UNIVERSITY OF SYDNEY 
LECTURESHIP IN BIOCHEMISTRY 

Applications are invited for the above- 
mentioned post. Candidates wil be expected to 
teach in a general course in Biochemistry. aad 
undertake research and advanced teaching in one 
branch of the subject. Salary range: $43,490 
by $A270 to $A7,300 per annum. 

Information about superannuation, housing 
scheme, sabbatical leave, etc., and method of 
application from the Secretary-General, Associa- 
tion of Commonwealth Universities (Appts), 36 
Gordon Square, London, W.C.1. Applications 
close in Australia and London on August 8, 





1969, (260) 
ROTHAMSTED EXPERIMENTAL 
STATION 


HARPENDEN, HERTS 


BIOLOGIST, preferably with experience in 
microbiology, for work on diseases of honey 
bees and other insects. Appointment in grade of 
Assistant Experimensal Officer (£872 to £1,454) 
or Experimental Officer (£1,390 to £2,006) ac- 
cording to age and experience. Superannuation. 

Applications to the Secretary, giving full par- 
ticulars and names of two referees and quoting 
reference LOS2/ 131, (236) 


MEDICAL OR PHYSIOLOGY GRADUATE 
required for research on the effects of ionizing 
radiation on mammalian blood vessels, with refer- 
ence to radiotherapy. The research, which is 
supported by the B.E.C.C. will be undertaken 
jointy in the Departments of Radiotherapy and 
Radisbiology. The suitable candidate could 
work for a higher degree in medicine or science. 
--Applications, in writing, with curriculum vitae 
and the names of two referees, to be sent to 
The Secretary, The Medical College of St. 
Bartholomew's Hospital, West Smithfield, B.C.1, 
quoting ref. 182. (267) 

RESEARCH ASSISTANT REQUIRED FOR 
work on buman enzymes.—-Further details from: 
H. Cleeve, Department of Chemical Pathology, 
St. George's Hospital Medical School, London, 
SWL (256) 





NATURE, JULY 19. 1969 


UNIVERSITY OF SHEFFIELD 


DEPARTMENT OF FUEL 
TECHNOLOGY AND CHEMICAL 
ENGINEERING 


Applications are invited for the posts of RE- 
SEARCH FELLOW and EXPERIMENTAL 
OFFICER duties to begin as soon as possible. 

The appointments are for three years for èx- 
perimental work on combustion of Kquid fuel 
sprays. Work is currently in progress by a re- 
search team using high speed photog-apby foc 
measurement of spray characteristics, drop sizes, 
velocities and concentrations in pressure jet 





sprays. The work is to be extended to investi- 
gate the interaction between air flow patterns 


and liquid sprays under combustion conditions. 
Candidates for the fellowship should have a 
Ph.D, in engineering or physics or alternatively 


a number of years of industrial or research 
experience, ‘The experimental officer should have 
a BSc, in engineering or physics and give 


indications of having good experimental ability, 

Salary in the range: Research Fellowship 
£1,240 by £115 to £1,585; Experimental Officer 
£1,045 by £85 to £1,545, 

Applications to Prof rJ. M. Beér, Depari- 
ment of Fuel Technology and Chemical Engineer- 
ing, The University, Mappin Street, Sheffield 
S1 37D, not later than August 11, 1969. Ouore 
Ref. R.1S/G, (245) 


UNIVERSITY OF TASMANIA 
LECTURER, SENIOR LECTURER OR 
READER IN STATISTICS 


The University invites applications for the 
above-mentioned position in the Department of 
Mathematics. Salary scales are as follows: 

Lecturer Grade H, $A5,400 to $A6,210. 
Lecturer Grade I, $46.480 to $A7,300. 
Senior Lecturer, $47,600 to $A8,750, 
Reader, $49,900, 

Appointment will be offered within 
these grades commensurate with the successful 
candidates’ qualifications and experience. 

Within the Department of Mathematics re- 
search is currently being conducted in the fickds 
of Numerical Analysis, Group Theory, Projec- 
tive Geometry and Abstract Analysis; there is 
access to an ELLIOTT 503 Computer which has 
a very efficient ALGOL compiler. 

Conditions of appointment and application 
forms should be obtained from Secretary- 
General, Association of Commonwealth Universi- 
ties (Appts), 36 Gordon Square, London, 
WC.. 

Applications close in Australia and London 
on August 16, 1969. (246) 
UNIVERSITY OF WAIKATO 
HAMILTON, NEW ZEALAND 
CHAIR OF MATHEMATICS 
The University of Waikato invites applications 
for the Chair of Mathematics which will become 
vacant at the end of this year when Professor 
D. B, Sawyer returns to the University of Otago. 
In 1970 the University will have Schools of 
Humanities, Social Sciences, Education, and 
Science. Mathematics courses will be available 
to students in all these four Schools of Study. 
The development of postgraduate work and re- 
search is encouraged. Conditions for study leave 
are favourable. The campus occupies a pleasant 
site of about 130 acres in the city of Hamikon. 
A national revision of salary scales will take 
place later this year. At present the range of 
salaries for Professors is $NZ7,400 to SNZ10.500, 
and the annual salary for the position wilt be 

within that range. 

Conditions of Appointment are available from 
the Registrar of any university in New Zealand 
and from the Secretary-General, Association of 
Commonwealth Universities (Appts.), 36 Gordon 
Square, London, W.C.1. Applications close on 
1969. (247) 














one of 


August 21, 


THE HATFIELD POLYTECHNIC 


BY-PRODUCT DEVELOPMENT IN THE 
BIOLOGICAL INDUSTRIES 


A vacancy exists for a RESEARCH ASSIST- 
ANT BIOCHEMIST OR BIOLOGIST, to join 
the By-Product Development Group in the De- 
partment of Biological Sciences. A special inter- 
est in biochemistry and experience in microbio- 
logy preferred. The successful candidate must 
have a good first degree and will be ex, ed to 
prepare for a Higher Degree, The investigations 
will consist of an integrated research programme 
to determine the biological and economic poten- 
tial of waste products from the biological indus- 
tries. Salary Scale (under review): £870 to £930 
per annum. 

Further details obtainable from the Secretary 
and Academic Registrar, The Hatfield Polytech- 
nie, Hatfield, Herts. Quote ref.: 212/N. 

(223) 
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HEAD OF TECHNICAL 
INFORMATION DEPARTMENT 


research division 


The Research Division of Pfizer Limited employs over 400 scientists 
and technicians from many different disciplines and the direct research 
effort in the United Kingdom is over £1.5 million per year. 


The Technical Information Department provides a service to all depart- 
ments in the Division, and on occasion to other Divisions within the 


Company. 
which comprise chemistry, 


Close liaison is maintained with the research departments 
biochemistry, 


microbiological, clinical, 


veterinary and agricultural, pharmacology and toxicology. 


We need a mature graduate in chemistry or a biological science with 
some years experience in medicinal research and an appreciation of 
disciplines other than his own and preferably some previous technical 
information experience to head the Department. 


The successful applicant will familiarize himself with the Division's 
research programme with a view to making a positive contribution to 


that programme. 


Considerable emphasis will also be given to the 


continued development of information retrieval methods and to the 


continuance of an efficient literature and general library service. 


The 


Research Division has a computer to which the department has access. 


The Company's laboratories are situated on the Kent coast at Sandwich. 
The starting salary will be competitive and the conditions of employment 
include free pension and life assurance, bonus scheme and payment 
of removal expenses, if appropriate. 


If you are interested in this appointment, why not drop a brief note to 


Pfizer 


UNIVERSITY OF SYDNEY 
SENIOR LECTURESHIP/ ASSOCIATE 
PROFESSORSHIP IN PSYCHOLOGY 


(in the fleld of the Psychology of Perception or 
of Camparative and Physiological Psychology) 
Applications are invited for the above- 

mentioned post. The appointee will be required 

to supervise teaching and research either in the 
area of Perception, or in the area of Compara- 
tive and Physiological Psychology, at both the 
undergraduate and the postgraduate levels. The 
deparument has laboratory facilities for the study 
of human subjects, and an Animal Laboratory ; 
and there are plans for expansion. In the de- 
partment there is currently experimental work on 
learning, motivation, percepdon and cognitive 

Processes. Salary range: Senior Lecturer, 

$A7.600 by $A230 to $A8,750 per annum ; 

Associate Professor, $49,900 per annum, Grade 

of appointment wilt be determined by qualifica- 

tions and experience. 

Information about superannuation, housing 
scheme, sabbatical leave, etc., and method of ap- 
plication from the Secretary-General, Association 





of Commonwealth Universities (Appts), 36 
Gordon Square, London, W.C.1. Applications 
close in Australia and London on August 29, 
1969, (26D 


DEPARTMENT OF BOTANY 


Applications are invited for a post of JUNIOR 
REESARCH FELLOW IN BOTANY tenable 
from October 1, 1969, for one year in the first 
instance, but renewable for two further years. 
Salary £935 a year. 

Further particulars from the Registrar to 
whom applications (three copies}, should be sent 
by August I, 1969. Quote Ref.: R24/G. 

(218) 


D. W. Sells, 
Personne! Manager, 
Research Division, 
Pfizer Limited, 
Sandwich, Kent. 


UNIVERSITY OF READING 

Applications are invited from recent graduates 
in microbiology, bacteriology, biochemistry or 
related subjects for appoinunemt as RESEARCH 
DEMONSTRATOR in the Department of Micro- 
biology from October 1, 1969. Applicants should 
have preferably an upper second chaise degree. 
Demonstrators are expected to demonstrate in 
practical classes to a maximum of & hours per 
week during term, to engage in research and will 
be expected to register for a higher degree 
(M.Phil, Ph.D. Salary scale £700 by £246 to 
£750 per annum. 

Apply to Professor C. Kaplan, Department of 
Microbiology, London Road, Reading ROI SAQ, 

G7) 
IVERSITY OF OTAGO 
DUNEDIN, NEW ZEALAND 
‘ HNICAL CONSULTANT 
DEPARTMENT OF MINERAL 
TECHNOLOGY 

Applications are invited for 




















the position of 






Technical Consultant in the Department of 
Mineral Technology, within the Faculty of 
Science. Applicants should be qualified in the 





nR 
i 


field of analytical inorganic chemistry, inch 
i and 


X-ray and atomic absorptio techoigues 
have a Knowledge of minera 
of the methods of mineral 
an advantage. The comi 
in the range BNZ4,000 
in accordance with qualificatic 
(Note: SNZ100 equals £46 
S$U.S.112 > $A100). 

Further particulars are available from the Sec- 
retary-General, Association of Commonwealth 
Universities (Appts.), 36 Gordon Square, London, 
W.C., or from the Registrar of the University. 
Applications close in New Zealand and London 
on September 30, 1969. (2623 
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KING'S COLLEGE HOSPITAL 


DENMARK HILL, LONDON, 5.5 


MEDICAL OFFICER 
—CLASS 2 


The Australian Commonwealth Serum Laboratories require a Medical 
Officer with post-graduate experience or qualifications in haematology / 
serology to work in the W.H.O. National Blood Group Reference Labora- 
tory. e are seeking a suitable person to train under, and eventually 
succeed, the present Officer-in-Charge of the Laboratory, Dr. R. T. 
Simmons, who is approaching retirement, 


The Commonwealth Serum Laboratories is a semi-Government statutory 
authority which operates under the control of an independent Commission. 
Its function is to undertake research into and to produce biological pro- 
ducts. It is located in the city of Melbourne and comprises well-equipped 
Laboratories and a comprehensive Technical Library, Its total staff exceeds 
900 and approximately 120 graduates are employed. 


The current work of the Blood Group Reference Laboratory involves 
blood group genetic studies, the investigation of difficult blood group and 
cross-matching problems and research related to the prevention of Rh- 
haemolytic disease. Opportunities will be available to pursue research in 
these and related fields. 


Conditions are excellent, and include liberal leave provisions and super- 
annuation after a qualifying period. Salary will be up to $10,557 (Aust. 
per annum, dependent upon the qualifications and experience of the suc- 
cessful applicant. The cost of travel to Australia for the appointee and 
his family will be paid by C.S.L. 


It is intended that applicants or persons interested in obtaining further 
information, will be interviewed, where possible, by Dr. Simons, who 
will be in England from September 6 to 18, 1969, and in North America 
from September 20 to October 8, 1969. Applications or enquiries should, 
therefore, be prepared in duplicate, one copy being directed by air mail to 
the Personnel Manager, 45 Poplar Road, Parkville, Victoria, Australia, 
and the other copy forwarded to Dr. Simmons, c/o Chief M.O., Australia 
House, London, to reach there no later than September 5, 1969, 


33) 


IMPERIAL CANCER RESEARCH FUND 
DEPARTMENT OF ENVIRONMENTAL CARCINOGENESIS 


(Mi Hii, London, N.W.7) 


SCIENTIFIC STAFF 


Graduate in biological sciences, preferably with cyiclogy experience, required to assist 
in tuamour-cell studies. 

Three-year appointment. Starting salary in the range £1,175 by £65 10 £1,240 by £115 
to £1,585 plus £60 London Allowance a year. 





Post-doctoral Imnvuno-chemis:, preferably with experience with lipoproteins, required 
10o join group working on tumour antigens. 
Threc- or five-year appointment, rarting salary in the range £1,700 by £115 to 
£2,278 plus £60 London Allowance a year, 


Applications, accompanied by a curriculum vitae and the names of two referees, 


be sent t0: 


The Seeretary, 
Imperial Cancer Research Fund, 
Lincoin’s Ina Fields, London, W.C,2, 


not later than Monday, August 11, 1969. 





MEDICAL SCHOOL 


(UNIVERSITY OF LONDON) 
SCIENCE 


UNIVERSITY COLLEGE, GALWAY 
JUNIOR LECTURESHIP IN PHYSIOLOGY 
JUNIOR LECTURESHIP IN SURGICAL 


JUNIOR LECTURESHIP IN EXPERIMENTAL 


GRADUATE BIOCHEMIST required for Re- 
search in Diabetic Metabolism, Position is suit- 
able for person wishing to register for a higher 
degree. Salary on Whitley Council scale accord- 
ing to age and experience. 

Applications, with names of two referees. to 
Professor J. Anderson, Department of Meon: 

(23 


MEDICINE 


Applications are invited for the above Posts. 
The latest date for receipt of Applications will be 
September 12, 1969. 

Prior to application, further information 
should be obtained from the Secretary of the 
College. (244) 


NATURE, JULY 19, 1969 


UNIVERSITY COLLEGE 
OF WALES 


ABERYSTWYTH 


JUNIOR RESEARCH OFFICER 
AND RESEARCH ASSISTANT 
FOR SOIL RESEARCH 
SPONSORED BY THE SPORTS 
COUNCIL 
Applications are invited for the posts of 


JUNIOR RESEARCH OFFICER and 
RESEARCH ASSISTANT. Applicams 


should have either Pure Science or Applied 
Science Honours degrees and need aot have 
specialized dn Soll Science at tndergrady- 


ate devel, The research topics 10 be 
covered are: (1) Specification of the physi- 
cal characteristics of the soil materials 
needed to provide the most suitable drain- 
age in sports ficlds, (2) The nature of 
sports field surfaces best sulted to par- 
ticular games and the soil factors which 
contribute to these requirements. Each 
appointment is for a three-year period, 


Salary scale: Junior Research Officer, 
£875 to £930 to £990; Research Assistant, 
£750 per annum, 


Both appointees will be able 10 work for 
a higher degree. 

Applications, with personal details, full 
academic background and names and 
addresses of two referees, should be sent 

che ‘Registrar, University College of 
Aberystwyth, by not later than 
July 31, 1969. (258) 





UNIVERSITY OF MALAYA 
FACULTY OF SCIENCE 
CHAIRS IN THE DEPARTMENT OF 
MATHEMATICS 

Applications are invited for appointment to 
two Chairs in the Department of Mathematics, 
Faculty of Science. One of these Chairs is in 
the field of Pare Mathematics and the other in 
Applied Mathematics. Candidates should have 
high academic qualifications and wide experience 
in teaching and research, Administrative experi- 
ence in running a rimens is essential. The 
successful candidates are expected to assume 
duty as soon as possible. 

EMOLUMENTS: (approximate sterling equiva- 
lents at current exchange rates) are: 

Basic Salary: There is a range of basic salaries 
to a point on which a Professor is appointed, 
depending on his qualifications and experience. 
These are: £2,882, £2,980, £3,077, £3,175, £3,273, 
£3,370, £3,468. 

In addition, the following allowances are pay- 
able at present: 

Variable Allowance: Minimum £244, maxi- 

651 per annum calculated at 35 per cen: 









Inducement AHowance: Gf awarded) varies up 
to £1,628 per annum. In exceptional cases, an 
inducement alowance exceeding this amount 
may be paid. 

HOUSING: will be provided, if available, for 
which a rent of £163 to £204 per annum will be 
charged, 

PROVIDENT FUND: St 
butes 5 per cent and Univ 
basic salary. 

Further particulars and application forms are 
obtainable from Association of Commonwealth 
Universities (Appis.), 36 Gordon Square, London, 
W.C.1. The closing date for the receipt of ap- 
plications in London and Kuala Lumpur is 
August 19, 1969, (291) 


INSTITUTE OF CANCER RESEARCH: 
ROYAL CANCER HOSPITAL. SENIOR or 
CHIEF TECHNICIAN required in Chester 
Beatty Research Institute, Fulham Road, S.W.,3, 
for Histology Laboratory in Department of Ex- 
perimental Pathology. Recent experience in 
histochemistry and other research techniques 
essential, The successful applicant should have 
an F.LM.L.T. or equivalent qualification and 
will be expected to assist in the development 
and expansion of existing histological facilities 
within the Institute and with the training and 
supervision of junior staff, Initial salary within 
scale £1,350 to £1,912 (plus Lon.All. of £90) ac- 
cording to age, qualifications and previous €x- 
perience-~Apply with names of two referees to 
the Secretary, 34 Sumner Place, $.W.7, quoting 
ref. 201/B/369. (288) 


aff member contri- 
sity ES per cent of 





















GALLAHER LIMITED 


Research and Development Division 
BELFAST, N, IRELAND 


A vacancy exists for a BIOCHEMIST 
with experience in chromatographic and 
radiochemical techniques using Cit, S% 
and H?, A knowledge of autoradiography 
and Nquid scintillation counting is essential, 
The work will involve a basic study of the 
reaction of tobacco smoke and its chemical 
components with sub-cellular constituents. 

Appheants, age 25-30, should possess a 
good B.Sc. Honours Degree in Chemistry 
or Biochemistry, and a Ph.D. or equivalent 
industrial experience in biochemical re- 
search. 

Sakry, according to age and experience, 
will be in keeping with RLC. recommen- 
dations. The company operates a super- 
annuation scheme and conditions of service 
are comparable with the best in industry. 

Applications should be made to the 
Research Manager, Research and Develop- 
ment Division, Gallaher Limited, Henry 
Street, Belfast, BT15 IJE. Q2bp 


BETHLEM ROYAL HOSPITAL 
AND THE MAUDSLEY 
HOSPITAL 


Applications are invited for appoim- 
ment of an ENDOORINE CHEMIST post- 
doctoral or with qualifications suitable for 
proceeding 10 a higher degree; to work 
at the Maudsley Hospital, based on the 
Metabolic Unit. The successful applicant 
will be expected to develop methods of 
endocrine assay, especially those related to 
reproductive physiology, and apply them 
to clinical problems, in conjunction with 
the Clinical Pathology Deparument and 
with the Basic Science Deparunents of the 
Institute of Psychiatry. 


Salary according 1o qualifications and ex- 
perience. Starting date by arrangement. 

Applications within two weeks of appear- 
ance of this advertisement on forms obtain- 
able from House Governor and Secretary, 
The Maudsley Hospital, Denmark HHL 
London, S.E.S. (233) 





UNIVERSITY OF LONDON 
REACTOR 
IMPERIAL COLLEGE 


Reactor Engineer 
Reactor Scientist 


Applications from suitably qualified 
engineers or physicists are invited for posts 
at the 100 k.w, research and training re- 
actor run for the University by a section 
of the Mechanical Engineering Department 
of Imperial College. The Reactor Engineer 
will have direct reactor experience. He 
will assume responsibility for reactor opera- 
tions including all safety aspects and taison 
with reactor users, The Reactor Physicist 
will have specialized Knowledge and prac- 
tical experience in reactor physics. He 
will advise on reactor physics matters and 
promote research and training in this field. 
Both posts may have teaching duties. 
Good opportunities for research. 


Salary according to qualifications (at 
least a good Engineering or Physics first 
degree) and experience on the lecturer 
scale £1,240 by £115 to £2,850. 


Apply to: Manager, University of Lon- 
don Reactor, Silwood Park, Sunninghill, 
Ascot, Berks. (251) 





UNIVERSITY OF READING 
APPOINTMENTS COMMITTEE 


Applications are invited for a new post 
of ASSISTANT SECRETARY. Candi- 
dates should be graduates in science or 
engineering, although graduates in other 


subjects will be considered. 

Salary within the scale £1,240 by £115 to 
£2,045 (bar) by £115 to £2,850, plus mem- 
bership of F.S.S.U. 

Further information available from the 


Registrar (Room 208, Whiteknights 
House), The University, Whiteknigits, 
Reading, RG6 2AH, to whom applications 
should be sent by August 15, 1969, 


(284) 





THE BRITISH COUNCIL 


THE UNIVERSITY OF LIBYA, 
TRIPOLI, requires teaching staff by 
September 1, 1969, in the following sub- 
jects: 


© FACULTY OF SCIENCE: 
GENERAL PHYSICS 
GENERAL BOTANY 
PLANT ANATOMY 
PLANT ECOLOGY 
INORGANIC CHEMISTRY 


and 


Gi) FACULTY OF TEACHERS: 
ORGANIC CHEMISTRY 
GEOLOGY 


Candidates should bave a Master's de- 
gree from a university in Britain and rele- 
vant teaching experience; a Ph.D. degree 
is required for the plant anatomy and 
plant ecology posts. Candidates with 
Ph.D. and extensive experience at univer- 
sity level may be considered for appoint- 
ment at level of Assistant or Associate Pro- 
fessor. 


Salary: (according to qualifications and 
experience): 


Associate Professor: £14,500 to £15,000 
per annum., 
Assistant Professor: £14,000 to £14,500 


per annum. 

Lecturer: £13,000 to £13,500 

per annum. 

Assistant Lecturer: £12,400 to £12,800 

per annum. 

(Present rate of exchange: £L0.855=£1 
sterling). 

Travel, accommodation allowance, ter- 
minal gratuity, etc. Contracts are for two 
years renewable, 

Write, quoting reference number 9PU, 
to Appointments Division, The British 
Council, 65 Davies Street, London WILY 
2AA, for further particulars and applica- 


tion form to be returned completed as 
soon as possible. (224) 


UNIVERSITY OF MANITOBA 
WINNIPEG, CANADA 


DEPARTMENT OF PLANT SCIENCE 


PROTEIN CHEMIST— 
GENETICIST 


Applications are invited for a position 
of Assistant or Associate Professor. The 
candidate should have experience in pro- 


tein chemistry and knowledge of biochemii- 
cal genetics. The successful candidate will 
work with other biochemists and geneticists 
on the inheritance of endosperm proteins 
in wheat and related grain species. Salary 
will be commensurate with qualifications 
and experience. 

_ Interested applicants should send cur- 
riculum vitae, list of publications, and 
names of three referees, to Dr, R. C. 
McGinnis, Head, Department of Plant 
Science, University of Manitoba, Winnipeg 
19, Canada. ag 












AGRICULTURAL 
RESEARCH 
COUNCIL 


Institute for Research 
on Animal Diseases 


CLINICIAN 


Applications are invited from Veterinary 
graduates for a vacant post of Clinician at 
the Institute for Research on Animal Dise 
eases, Compton, with associated work at 
the Grassland Research Ineutute, Hurley. 
In addition to assisting the Senior Clinician 
at Compton with the medical and surgical 
work required for the livestock at that 
Institute, the appointee will provide a Tink 
between the scientists at Hurley and the 
veterinary help required to define the prob- 
Jems of animal health associated with or 
anticipated in the intensification of Hve- 
stock production and hind usage. 























Experience in large animal practice re- 
quired with an interest in modem trends in 
agriculture. The appointment will be for 
a fixed term of up to three years, Salary 
in the range £2,000 to £2,500 according to 
age and experience. Accommodation 
available at Compton. 

















Applications, including the names of 
two referees, should be submitted by 
August 1, 1969, to the Secretary, Instlaxte 
for Research on Animal Diseases, Compe 
ton, Newbury, Berkshire, quoting Ref. 105. 
(193) 





UNIVERSITY OF SURREY 


Applications are invited for the post of 


SENIOR EXPERIMENTAL 
OFFICER 


in the Measurement Science Division of the 
Department of Chemical Physics to under. 
take research, design and construction of 
experimental apparatus for the measure- 
ment of the scattering parameters of active 
two-pert networks, including power wan- 
sistors, in coaxial systems up to 100 MHz. 
Emphasis will be placed on wide-band 
techniques suitable for automation. 

‘The post is supported by a three-year 
Minisury of Technology research agreement. 
Applicants should have H.N.D. or Ordin- 
ary Degree or Corporate Membership of 
appropriate learned society; alternately, a 
specialist certificate in one required skill 
or exceptionally a specialised skill. In 
addition, at feast three years R and D ex- 
perience in the appropriate field is re. 
quired together with a sound knowledge 
of radio frequency circuit theory and de- 
sign and the ability to wrie good tech- 
nical reports. 

The post is non-pensionable but the 
transfer of an existing pension scheme may 
be possible. Starting salary, according to 
experience, will be in the range £1,873 to 
£2,301 per annum. Should the successful 
candidate give a satisfactory performance 
and display a natural aptitude to measure- 
mem science there is the possibilty of 
permanent pensionable employment at the 
end of the three year period. Subject to 
satisfactory qualifications there would also 
be the possibility of the work leading to 
a higher degree. 

Applications, giving the fullest possible 
details of age, education and experience, 
should be torwarded to the Staff Officer. 
University of Surrey, Guildford, Surrey. 

(227) 



























BIOCHEMIST 
required for Research in Biochemical 
Pharmacology. Applicants should be 


Post-Doctoral Fellows. The Research will 
include aspects of Drug Metabolism, 
Toxicology and Enzymology. Publication 
of Scientific Papers encouraged.—-Write 
with full details to Director of Research, 
Biorex Laboratories Lid, Biorex House, 
Canonbury Villas, London, N.1, (299) 


HEAD OR SENIOR 
TECHNICIAN 


Applicants must have a wide experience 
in Pharmacological Techniques. Position 
offers good opportunities with excellent 
conditions.-Apply in writing to: Research 
Director, Blorex House, Canonbury Villas, 
London, N.L (300) 


ROWETT RESEARCH INSTITUTE 
BUCKSBURN, ABERDEEN, AB2 9SB 
EXPERIMENTAL OFFICER 
required by Nutritional Biochemistry Department 
ta work on metabolic changes in nutritional de- 
ficiency states in animals. Applicants should be 
familiar with biochemical laboratory techniques. 
Qualifications, age 22 or aver, Pass Degree, or 
Graduate Membership of a Professional Institu- 
tion, or Higher National Certificate in a scientific 


subject. Salary scale £1,490 per annum rising to 
£2,006 maximum. Five day week. Superannua- 
tion. 


Apply with fallest particulars, including date 
f bith and the names of two referees, to the 
etary of the Institut (298) 
UNIVERSITY OF ST. ANDREWS 
GATTY MARINE LABORATORY 
Research Assistant required to assist Professor 
M. §. Laverack in investigations on the structure 





ct 












and function of marine organisms. A good de- 
gree plus experience in EM work or c¢lectro- 
physiology an asset. Salary £900 to £950 to 
£1,000 per annum. Post available as from 
September, 1969, for three years. 

Aoplicalions, with the name of a referee, 
shouki be submitted to the Secretary of the 


University, College Gate, St. Andrews, not later 
than July 31, 1969. G05) 





FOR SALE AND WANTED 





WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon House, Park Farm Rd., 
Folkestone, Kent, England. 
Tel: Folkestone 57421, 
Offer top prices for: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 

u) 








FELLOWSHIPS AND 
STUDENTSHIPS 


ULSTER : 

THE NEW UNIVERSITY 
SCHOOL OF BIOLOGICAL 
AND ENVIRONMENTAL 
STUDIES 
POSTGRADUATE 
STUDENTSHIP 


By courtesy of British Enkalon, a post- 
graduate studentship is available for three 
years, from October 1, 1969, for work on 
nitrogen fixation and other aspects of nitro- 
gen metabolism of Lough Neagh, Northern 
ireland, Candidates should hold or ex- 
pect to receive a good honours degree in 
an appropriate subject, and will be ex- 
pected to work for the D.Phil. degree, 


Further particulars may be obtained from 


the Registrar, The New University of 

Ulster, Coleraine, Northern Ireland, to 

whom applications should be sent not later 

than August 4, 1969 (quoting ref. Blog 
£ 
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AUSTRALIAN INSTITUTE OF 
NUCLEAR SCIENCE AND ENGINEERING 


A.LN.S.E. Research Fellowships 


ANNOUNCEMENT 


A.LN.S.E. Research Fellowships are offered by the Australian institute of Nuclear Science 
and Engineering for suitably qualified persons wishing to undertake research projects within 


the Institute's field of interest. 


Candidates for these awards must be nominated by an 


Australian University or the Australian Atomic Energy Commission. The closing dates 
are 28TH FEBRUARY and 31ST AUGUST each year, and all nominations received by the 
Institute after one closing date, will be considered together after the next closing date. 


Research Fellowships are intended for scientists and engineers who have qualifications 
equivalent to the Degree of Ph.D., and are at a relatively early stage of an independent 


research career. 
third year. 


Minimum tenure is two years, and the award may be extended for a 
Emolument will be within the range of $5,000 per annum to $7,000 per annum 


(Australian currency), and the Institute may contribute to the costs involved in travelling 


to and from Australia. 


A research project within the field of nuclear science and engineering of interest to the 
Institute, must be proposed in the nomination after agreement between the candidate and 


the nominating organization. 


Usually it is expected that a Research Fellow’s project will 


require some use of the specialized facilities located within the Australian Atomic Energy 
Commission's Research Establishment at Lucas Heights, near Sydney, N.S.W. 


Further information may be obtained fram: 


The Executive Officer, 


Australian Institute of Nuclear Science and Engineering, 


Private Mail Bag, Post Office, 
SUTHERLAND 2232 N.S.W., Australia. 


UNIVERSITY OF BRADFORD 


POSTGRADUATE SCHOOL 
OF STUDIES IN BIOLOGICAL 
SCIENCES 


S.R.C. CO-OPERATIVE 
AWARD IN PURE SCIENCE 


Applications are invited from graduates with 
a good honours degree or students graduating 
in 1969 for a S.R.C. RESEARCH STUDENT- 
SHIP, tenable for three years from October. 
1969, to work on “ RESISTANCE AND GER- 
MINATION OF SPORES OF THERMOPHILIC 
ACTINOMYCETES.” 

The successful applicant, who would be re- 
quired to register for a higher degree at Brad- 
ford University, will spend part of his time on 
the project at the Unilever Research Laboratory, 
Colworth House, Bedford. Informal inquiries to 
be made to Dr. T. Cross, as soon as possible. 


Application forms and further details can be 
obtained from the Registrar, University of Brad- 
ford. Bradford, 7 (please quote ref.: B/RS(S)/ 
1/X), with whom completed applications should 
be lodged as soon as possible. (220) 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF ORGANIC 
CHEMISTRY 

Applications are invited for an 


S.R.C. POSTDOCTORAL 
FELLOWSHIP 


concerned with the functions of phenolic 
Applicants must be 
interest 
and/or 


pigments in plants. 


organic chemists, preferably with 
in physico-chemical techniques 
botany (plant physiology). 

The salary wHl be approximately £1,200 
per annum with F.S.S.U. benefits where 
appropriate. 

Applications, giving personal details and 
the names of two referees, should be sent 
to the Registrar, The University, P.O. Box 
147, Liverpool L69 3BX. Quote Ref. RV/ 
2783 /N. (170) 





For further Classified advertisements see page XXXV 








UNIVERSITY OF ESSEX 
DEPARTMENT OF CHEMISTRY 
Applications are invited for a sumber of 
RESEARCH STUDENTSHIPS 
available in the Departments of Chemistry 
at the University of Essex. The research 


interests of the Department include the 
following + 








Gas phase reaction kinetics 

Photochemistry 

Hydrocarbon oxidation by 
techniques 

Properties of polymer soluuons 

X-ray crystallography of imorgame come 
pounds 

Physical-Organic chemistry 

Structural transition-metal chemistry 

Nom.r. spectroscopy 

Reacti i ds 

Suructur 


shock wave 








Further details from, and applications to 








Professor J. N, Bradi University of 
Essex, Wivenhoe Park, Colchester, Essex. 
(289) 


annama a 
UNIVERSITY COLLEGE 
OF WALES 
ABERYSTWYTH 
DEPARTMENT OF AGRICULT 
BOTANY 
Applications are invited for the post of 
SRE POST-DOCTORAL FELLOW in 


the Department of Agricultural Botany, to 
undertake research in cytology. 


Salary on the scale £878 by £58 iD by 
£60 (3) to £1,110 per annum. 


forms are obtainable from 
to whom they should be re- 
later than Agus: 15, 1969 


C287} 


Application 
the ‘Registrar 
turned by no 


Si vous désirez obtenir des 
renseignements complé- 
mentaires sur tout article 
figurant dans les pages 
d'annonces, veuillez in- 
scrire les details appropriés 
sur la formule ci-contre, 
la détacher et l'adresser a 
T. G. Scott & Son Ltd. 
Nui affranchisement n'est 
requis en Grande-Bretagne 
ni Irlande du Nord, mais 
tous nos lecteurs 4 l'etran- 
ger devront affranchir leur 
carte au tarif habituel. 


Falls Sie an weiteren Einzel- 
heiten eines in den Anzeigen 
angeführten Artikels in- 
teressiert sein sollten, 
tragen Sie bitte das betref- 
fende Bezugszeichen in die 
nebenstehende Karte ein. 
Die Karte ist dann abzutren- 
nen und an T. G. Scott 
& Son Ltd. zu senden. 
Fir Grossbritannien und 
Nordirland ist keine Brief- 
marke erforderlich, wohl- 
aber bei Aufgabe im Aus- 
land. 


Se desiderate ricevere ulter- 
iori informazioni riguardanti 
qualsiasi prodotto o articolo 
pubblicato, compilate la 
scheda qui a fianco 
riportata. Distaccatela e 
inviate a: T. G. Scott e Son 
Ltd. L'affrancatura é a 
carico del destinatario se la 
spedizione viene effettuata 
dalla Gran Bretagna o dal 
irlanda de! Nord, mentre 
tutti i lettori esteri dovranno 
affrancare regolarmente. 
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READER ENQUIRY SERVICE 





IF you would like to receive further information on any product or service 
advertised in this issue, please enter the appropriate details on the form below, 
detach the page and post it to T. G. Scott and Son Ltd. No stamp is required 
if the letter form is posted in Great Britain or Northern Ireland, but all over- 
seas readers must pay the necessary postage. 









Date af 
issue 


Page 
Na. 





Name of Manufacturer 





PIG QUEL:  ounere e ek Bente ae e Bt ee a 





Date of 
1 








Name of Manufacturer ccce issue 
Product 

Date of Fage 
Name of Manufacturer oo cccnoeeneceneeaseroe issue No. 
Prodütt rrr 

Date of 
Name of Manufacturer —.... De Fern tee taba Near eee tans issue 
Product 


Name of Manufacturer ocorre ee tenes 





Product 

Date of 
Name of Manufacturer oeo oeae issue 
PRODUCES sognene ean Sr aren teac ee I a Sk ona 

Date of 
Name of Manufacturer eesosa issue 
Product ? 

Date of 
Name of Manufacturer oreore issue 
Produttur KE s aa n a E 








PLEASE SEND REPLIES TO: CAPITAL LETTERS PLEASE 
Nam Ge ooa e a ea dann 

POSITION) 22. Xe ie ote dt chine a as 

Organisation: ssis. atia 


Address on. 
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READERS OUTSIDE U.K. PLEASE 
AFFIX POSTAGE STAMPS 


: 2nd Fold 


a NO POSTAGE 
p STAMP 
POSTAGE NECESSARY IF 
TWILL BE POSTED IN 
PAID BY GREAT BRITAIN 
LICENSEE OR NORTHERN 
; IRELAND 


BUSINESS REPLY SERVICE 
Licence No. W.C. 2866 


T. G. SCOTT & SON LTD 
1 Clement's Inn 
Strand 
London WC2 
England 


ord Fold 


HAVE YOU INCLUDED YOUR 
NAME AND ADDRESS? 


Tuck in 





Ist Fold 


NATURE 


INTERNATIONAL JOURNAL 
OF SCIENCE 


This 
ENQUIRY 
SERVICE 


has been instituted 
to enable you to 
obtain information: 
on any product ad- 
vertised in the pages 
of NATURE easily 
and in the shortest 
possible time. Please 
make use of it. 


ENQUIRIES MADE 
WITHOUT OBLIGATION 


Please ensure that 
your full name and 
address are carefully 
indicated on the form 
overleaf. 
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UNIVERSITY OF HULL 


RESEARCH STUDENTSHIPS 
IN LASERS AND PLASMA 
PHYSICS 


invited for the above 
normally tenable for three 
years, and of value comparable to that of 
an S R.C. Research Studentship. In some 
cases part of the work involved may be 
carried out at the Culham Laboratory. 
Applicants should have, or expect to ob- 
tain, @ first or upper second class honours 
degree, although this requirement may be 
waived if the candidate has cither a higher 
degree or can produce other evidence of 
his ability to pursue research, 
Applications, which should include the 
names of two referees, should be sent to 
Professor S. A. Ramsden, The University 
of Hull, as soon as possible. (229) 


Applications are 
Studentships, 


UNIVERSITY OF DUNDEE 


N.C.R. FELLOWSHIPS 
in the Department of 
Mathematics 


The University, in association with the 
National Cash Register Company (Manu- 
facturing) Limited, invites applications for 
one Research Fellow. Applications will be 
welcomed from anyone with suitable 
previous university. industrial or govern- 
ment experience within Numerical Analysis 
and/or Computational Science. 


An NR. Fellow will be remunerated 
according to the University academic salary 
scale in the range £1,240 to £2,160 per 
annum plus membership of the F.S.S.U. 
Placing on the scale will be according to 
qualifications and experience. 


Applications (six copies) containing the 
names of three referees, to be lodged not 
lmer than August 9, 1969, with the Secre- 
tary, The University, Dundee DDI 4HN. 
from whom further particulars may be ob- 
tained, (283) 
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UNIVERSITY OF READING 
DEPARTMENT OF CHEMISTRY 


BURMAH-CASTROL 
STUDENTSHIP 


Applications are invited for the above post- 
graduate studentship, value £700 per annum, 
plus fees. for research on a topic in otgano- 
metallic chemistry which would normally lead 
to the Ph.D. degree. 

Candidates should have a good honours de- 
gree, or G.R.LC., and should send full personal 
details and the names of two academic referees, 
to Professor D. Bryce-Smith, Department of 
Chemistry, The University, Whiteknights, Read- 
ing, as soon as possible. (209) 





UNIVERSITY OF 
NOTTINGHAM 


RESEARCH STUDENTSHIPS 
IN ORGANIC CHEMISTRY 


Applications are invited for a research 
studentship (C.A.P.8.) leading to the de- 
gee of Ph.D, The work involves synthetic 
studies related to certain antibiotics. Ap- 
plicants should have a first Gass or If @ 
honours degree or an equivalent G.R.LC. 


Applications from students with G.R.LC, 
and industrial experience will be particu- 
larly welcomed and should be sent as soon 
as possible t Dr. R. Grigg, Department 
of Chemistry, University of Nottingham, 
Nottingham NG? IRD. from whom farther 
information may be obtained. (231) 


Research 


Fellowship 


HOME OFFICE 


Senior Research Fellowship at the Central Research Establishment, 
Aldermaston, Reading, Berks, for a chemist or biochemist with ex- 
perience of electrophoretic techniques to work on the study of 
blood and blood stains for comparative and discriminatory pur- 


poses in forensic science. 
immuno-chemistry. 


Salary : £1,025 to £2,370. 





This particularly involves protem and 


Qualifications : First or Second Class Honours degree or equivalent 
and at least three years’ postgraduate research experience. 


APPLICATION FORMS are obtainable by writing to the Secre- 
tary, Civil Service Commission, 23 Savile Row, London, WIX 2AA 
or by telephoning 01-734 6010, ext. 229 (after 5.30 p.m. 01-734 


6464 “ Ansafone ” Service). 
date August 27, 1969. 








HERIOT-WATT UNIVERSITY 


CHEMICAL 
ENGINEERING 
RESEARCH 


The Science Research Council is pre- 
pared this vear to offer a limited number 
of Research Studentships tenable at Heriot- 
Watt University from October 1969. Stu- 
deniships are available in the Universities 
Department of Chemical Engineering for 
honours graduates in pure science or 
engineering wishing to read for the degree 
of Ph.D. by research in the fields of high 
temperature chemical engineering, exirac- 
tion, reaction engineering, optimisation, 
and other topics. 


Applications for these scholarships should 
reach Professor J. M. Coulson, Head of 
the Department of Chemical Engineering, 


Heriot-Watt University, Chambers Street, 
Edinburgh EHI 1HX, not later than 
Thursday, July 31, 1969, 

(273) 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
RESEARCH IN CHEMISTRY 
Applications are invited for a RESEARCH 
STUDENTSHIP under the S.R.C. Co-operative 
Awards in Pure Science scheme. The award is 
suitable for a British student who wishes to 
study for the Ph.D. degree, and involves ree 
search into the fundamental organic chemistry 
of a group of compounds which are used as 
rubber vulcanisation accelerators. The research 
will be carried out under the supervision of Mr, 
P. Wiseman. A First or Upper Second Class 
Honours degree or their Grad. RIC. or Dip. 

Tech, equivalent is required, 

Applications should be sent, as soon as pos- 
sible, to Professor R. N. Haszeldine, F.R.S. 
U.M.LS.T., P.O. Box 88, Manchester, M60 TOD. 

(216) 











Please quote: $/570/HO/1. Closing 


(278) 


RESEARCH STUDENTSHIPS 
CAPS/SRC AT KING'S COLLEGE, LONDON 


Applications are invited from physicists or 
physical chemists with good honours degrees to 
work for a Ph.D. in molecular photoclectron 
SPCCLOSCODY. 

Details of qualifications and references to be 
sem to: Professor W. C. Price, FR-S., King’s 
College, Strand, Landon, W.C.2. CESS) 





LECTURES AND COURSES 


THE CITY UNIVERSITY 


DIPLOMA COURSE IN 
INFORMATION SCIENCE 


A two-vear day release course. leading 
to a diploma in Information Science, which 
will be held on Wednesdays from 9.45 to 
ë p.m. during term time, is offered to 
graduates in science, engineering, social 
science or economics. Applicants must be 
employed in the fied of information 
science. 


For further information and application 
form, apply to the Information Scleace 
Course Organiser, The City University, St. 
John Street, London, E.C.1. C303) 





M.SC. COURSE IN SOLID 
STATE PHYSICS 
CHELSEA COLLEGE 


BEDFORD COLLEGE 
WESTFIELD COLLEGE 


(University of London) 


Ao intercollegiate course in Solid State 
Physics Jeading to the M.Se. degree of the 





University of London, will begin in Octo~ 
ber, 1969. 


The course may be taken either 
) or part-time (one day 
ars), and grants may be 
available fo suitable applicants, 

For further details and application form 
apply to: The Secretary, Department of 
Physics, Chelsea College. Manresa Road, 
(234) 







London, $.W.3, 








You can.have a high-resolution electron 
microscope for | ess than £9000! 

The EM6M i is one of AEI’s most success- 
ful electron microscopes, being famous for 
its ease of operation, versatility and high 
performance. 


The EM6EM is unique in.providing a high 


performance transmission instrument capable 


of being extended to covera wide range of 

possible future applications. Its many 

features include: 

a Choice of five accelerating voltages 

a Double-condenser electromagnetic 
lens system 

« Constant alignment, even when 
aces voltage | is changed 


























a Extremely bright image, 


even at highest magnification 
(120 000 x) 


æ Choice of twenty optional 


extras 
The EM6M continues the long 


tradition of AE! electron micro- 
scopes—high performance coupled 
with simplicity of operation. 

For full details of this amazing offer, 

write to: GEC-AEI (Electronics) Limited 
Scientific Apparatus Division (Dept 200) 
P.O. Box 1 Harlow Essex England 

Tel: Harlow 26761 


AEX 





IENTIF 
T 


EUROPEAN LEADERS IN ELECTRON OPTICS 


81111 
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There 
are some 
fine specimens 
in our collection of 
Labelled Nucleics 





If you're hunting for labelled nucleics it pays t k first spectroscopic analysis as appropriate. Full details are 
at the range offered by The Radiochemical Centre, Sor Jiven in the batch analysis accompanying each 
are available no th 3 
high specit Compounds of current interest include: 
least, com Thymidine-C14(U) 
Purities o ano e-C14(U)} 
labelled n ed al 14(u)] 
checked t dine-( 5-7) 
electroph t senosin 12 
A-P 
F | det ly to 
The Radiochemical Centre Amersham England 
>- 
ve 
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Suppressing 
malignancy 





Pulsar distances 


Mapping human 
genes 


Malarial antibody 


Damp-proofing by 
electricity 


Transfer RNA 
structure 


Continental 
reassembly 


Recent books 
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Of potential interest to qualified investigators 


NBCo’s Puromycin... 
the great inhibitor 





Puromycin has been tésted 
against a variety of experimental 
tumors in various animals (1) (2) 
It showed significant cytotoxicity 
in vitro against a series of tissue 
cultures derived from normal cells 
(3) (4) (5). 

Puromycin completely inhib- 
ited protein synthesis, but not 
nucleic acid synthesis in Pseudo- 








mith, S. Personeus, G. 
E. Sparks, S8. J. 
Halliday, § McKenzie, 

J.J. Antibiotics Annual 
1953-1954: 1862190, 






(2) Sugiura, K. J. Stock, ©. C. Reilly, 
H. C. and Sehmid, M. M. Studies in 
Tumor Spectrum. Cancer Res. 18; 66-77, 
1963. 


(3) Cobb, J. P. Trans. N. Y. Acad. Se, 
Ser. 2, IT: 237-249, 1955. 











monas fluorescens (6). In experi- 
ments with Escherichia coli it was L 


EER 


(4) Eagle, H., and Foley, G. E. Am. 
J. Med. 21: 739-749, 1956. 





concluded that Puromycin pre- 
vented the final condensation of activated amino 
acids to peptides (7). 

Tt was repor ted effective against Trypanosoma 
equiperdum infections in mice and ra ie Tt was 
partially effective against T. eruzi (8) (9). 

Tobie tested Puromycin for its trypanocidal 
properties against six species in mice. Four hours 
after inoculation with the trypansomes, Puromycin 
had a strong suppressive effect against all species 
except T. congolense (10). 

PUROMYCIN DIHYDROCHLORIDE 
1 gram bottle 0... et 
500 mg. ampule 
100 mg. ampule ampule $4 
25 mg, ampule E ampule $1: 

To order, Do 216 662- 0212 collect (USA only) 
If desired, 24-hour delivery anywhere in the conti- 
nental USA; 80 hour delivery anywhere in the world. 
Send for our free catalog containing over 3500 items. 





gram $450 
ampule $235 
5 









g (5) Foley, G. E., and Handler, A. H. Ann. 
N. Y. Acad. Se, 76: 506-512, 1958. 


(6) A Sanyvma, K. Chem. Abstr. 53: 7320d, 1959, 


(7) Nathans, D. and Lipman, F. Proc. Natl Acad. Sci, U.S. 
4T: 497-504, 1961. 
{ 


(8) TRINCAO, C. Noguelra, A. R. and De 
Inst. Med. Trop. Lisbon 13: 429-481, 1946, 


(9) Agolini, G. Boll. Soe. Ital. Biol. Sper. 33: S77-880 1957. 
(10) Tobie, E. J. Am. J. Trop. Med. 3: 852-859, 1954. 





Almeida Anais, 


The literature references should not be interpret- 
ed as either endorsement or disapproval of the bio- 
chemicals by the investigator. 
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from The Source 


HEAVY OXYGEN PRODUCTS 


The heavy oxygen separation plant at Rehovoth, Israel, ; 


has been the world's basic source for the stable isotopes 
of oxygen for over 15 years. 

Increased efficiency of operations now permit; 

@ the reliable supply of oxygen-17 and oxygen-18 as O° 
gas enriched to 80 and 99 atom °/s, respectively — the 
highest enrichment anywhere available; 

@ New low prices and smaller package sizes for oxygen- 
18 enriched water, for example: 


Oxygen-18 Water, 97 atom 9/0 O'° 





0.5 gm: $250 
10gm: 400 
Normalized (H:0'",0.02 atom%oD) 0.5 gm: 275 





51-080 Unnormalized (D20'*) 


51-071 


1.0 gm: 440. 


W Miles-Yeda also produces the broadest range of 


oxygen-18 labeled compounds—over 50, with a selection : 


of enrichments in most cases. Also deuterated solvents 
and carbon-13 and nitrogen-15 labeled compounds. 


Distributed world-wide by Miles Laboratories, Inc. 
Full details in new Research Products Catalog 


MILES 


RESEARCH PRODUCTS DIVISION 
MILES LABORATORIES, INC. 


Elkhart, Indiana 46514 U.S.A. 








Seravac 


ENZYMES 


SERAVAC LABORATORIES (Pty.) LTO. 
Holyport Berkshire England Tel: Maidenhead 21343 


in the U.S.A. Seravac Products are obtainable from: 


GALLARD-SCHLESINGER CHEMICAL MFG. CORP, 
584 Mineola Avenue, Carle Place, LI, N.Y. 11514 
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CHROMATOSCOPE 


The Chromatoscope is designed for viewing, copying 
or photographing paper or thin layer chromatograms 
by transmitted light. Provision is made for direct 
viewing of fluorescent or absorbing specimens under 
filtered ultra-violet radiation at 366 or 254nm. Tungsten 
filament lamps are also fitted inside the cabinet. Here 
are some of the more important features. 


m Two U.V. lamps beneath the T.L.C. plates, or above 
by re-positioning the cabinet. 

E Uniform U.V. radiation over an area 20 cm. x 20 cm. 
No ventilation problem for the U.V. lamp or heating of 
specimens. 

@ irradiation of samples fer photochemical reaction 


or mutation studies readily achieved. 


PHOTO-CHEMICAL REACTOR 1L 


For small scale Research studies in the U.V. including 
radiation at 185nm. 


Features : 
E Highest quality silica 
lamp envelopes and quartz 
thimbies. 


BM Medium or low pressure 
Mercury Arc or discharge 
lamp available for Reactor. 


m Water cooling and nitro- 
gen flushing facilities. 


E Low volume ozone gen- 
eration facility using cold 
cathode Hg discharge lamp. 


WE ALSO PRODUCE: New high intensity U.V. 
100 IRRADIATION SYSTEM. Water Sterilizer 65 
for Hospital operating theatres. 100w Compact 
Hg lamp for U.V. Recorders, Fiuorimetry, Mercury 
Vapour Meter. 


HANOVIA 


ENGELHARD HANOVIA LAMPS 
Bath Road, Slough, Bucks. Tel. Burnham 4041 
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Proceedings of the HC London Conference 1967 


Air pollution — humidity control — lighting — 
museum design in the tropics 


Museum 
Climatology Price £2 10s. (U.S. $7.50) incl. postage 
Obtainable from 


THE INTERNATIONAL INSTITUTE FOR CONSERVATION 
OF HISTORIC AND ARTISTIC WORKS 


176 Old Brompton Road London SW5 


FOR LABORATORY, SCHOOL METALWORK, ETC. 


Screws, Nuts, Bolts, Studs, Washers, Anchor & Clinch Nuts. 
From 12BA LOSIE) upwards, 4UN, & 4mm. 
Ex stack. World wide service. 


instructive 30 page list from:— 
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12 Wells Road, ILKLEY, Yorks., U.K. 
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Peptide 
synthesis: 


If you want to do it, we'll help you. 


If you want to avoid it, we'll help you. 





Peptide Synthesizer 


The Schwarz BioResearch Automated Peptide Synthesizer is 
the first commercially-available peptide synthesizer. Under li- 
cense from the Danish Institute of Protein Chemistry, the syn- 
thesizer makes use of Merrifield’s solid-phase chemistry. The 
heart of the unit is an automated control unit which dictates 
the sequence, volumes, and mixing times for reagents and 
solvents per the program determined by the operator. And be- 
cause the instrument can be programmed to run for a full 
24-hour day, the time required for peptide synthesis can now 
be significantly shortened. Please use the coupon to get details. 


Peptide “Starters” 


We supply virtually every starting material needed for peptide 
synthesis, 33 Boc-amino acids. 22 1C and 3H-labeled Boc- 
amino acids. 12 Boc-amino acid resin esters. Chloromethy- 
lated resin. DCC. And dozens upon dozens of unlabeled and 
WC. GH, EN, and %S—labeled amino acids, derivatives, and re- 
lated compounds. Please complete the coupon below for de- 
tailed listings, specifications, and prices. 


Available Peptides 


We now can supply the following biologically active, chemically 
pure (> 95%) synthetic peptides: [Asp', llei] Angiotensin | 
and li, Bradykinin, Lys! bradykinin, Methiony! lysyl bradykinin, 
And these “C-labeled peptides are also available: 

[Leu™—4C (UL)] [Asp', He3] Angiotensin |, 

[He®"C (UL)] [Asp', He?) Angiotensin H 








[Pro -¥C (UL)} Lysyl bradykinin 
[Prot -C (UL))] Methiony! lysyl bradykinin 
Please use the coupon for details. 
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Peptide Custom Synthesis 


As is evident from this page, our commitment to peptide sym 
thesis is rather substantial. And supporting the endeavors de- 
scribed here is an unusually competent and innovative gr 

of synthetic organic chemists. This puts i "e posi 
suggest that you query us about custom is of peptides 
you'd like to have. Drop us a line, or give us a call at 914- 
359-2700, or use the coupon for further information, 












CPK Atomic Models 


These inexpensive, space-filling models are most useful for the 
study of structure, function, and synthesis of polypeptides. 
Schwarz supplies CPK Atomic Models, kits, or pre-constructed 
amino acids. Write for details by using the coupon, 
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Division of Becton, Dickinson and Company E 0i 
Orangeburg, N.Y. 10962 


See our agent: Cambrian Chemicals Led.,73 Cherry Orchard Road, 
Croydon CRY SAG, England. Telephone: (01)--688-0066 
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Expand your Universe of 
Analytical Instrumentation 


with Hewlett-Packard 


... for better solutions 
to your measuring problems 


1 High efficiency GC 
2 Signal analyzer that measures 


3 Vapour pressure osmometer 
4 Quartz Thermometer system 
5 Calculator with plotter 


2 Dredging a weak signal 
from a sea of noise — 


and measuring it 


Let the noise be 1000 times stronger 
than the buried signal, the 5480A signal 
analyzer will pick it out. And deliver it to 
you as a flicker-free, calibrated display. 
And when you change experimental 


parameters? The unique “running 
average” technique enables the 5480A 


to fallow even a slowly varying signa, 
selectively de-emphasizing previous 
information with respect to new data. 
You can also abtain time and frequency 
histograms, perform multichannel scaling 
and, with a plug-in unit, auto- and Cross- 










Testosterone 
Chloroacetate 






correlation. 
An analog output permits direct recording 
on an X-Y plotter. Digital devices are 
easily interfaced with an 1/0 coupler. For 
further analysis of the signal, the data 

can be converted into the frequency 
domain with an hp computer. 





Nanograms 






Superimposed on this system linearity 
plot are the actual recorded peaks, 
accurately reproduced from the original 


chromatogram in the same scale. 


1 It’s the bloodhound 
of our G.C. family 


The hp 402 high-efficiency gas 
chromatograph readily detects a nanogram 


of a hard-to-chramatograph substance. 
it has system sensitivity, which fs 

substantially more meaningful than the 
usual detector sensitivity” found on a 





typical specifications list. 
How about linearity? ff you inject a very 
small quantity of a hard-to-chromatogram  ™ 
substance, the hp 402 will respond in ias aanta : EAMES EAB 
With true averaging and steady display, 
the 5480A adds a new dimension to 
research in medicine, biology, chemistry 


almast perfect proportion to the amount 
and physics. For complete details and 


data sheets, give us a call. 


Injected. 
So the 402 has system linearity, which 
hp 5480A: $7,052 fob factory. 


is a lot more significant than the usual 


“detector linearity” specification. 
Prices start at $4,215 fob factary. 


xt 
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3 Meet our very, very It's the most accurate direct-reading 
sensitive molecule temperature measuring device available. 
The secret is a new, unique angle af quartz 
crystal cut giving a very linear, yet sensitive 
relationship between frequency and 


temperature. 
This compact, self-contained electronic 
system gives you an invaluable means of 


measuring temperatures in a wide variety 


of scientific applications. Uses in 
calorimetry, cryoscopy, and ebulliometry 
are discussed in hp Application Notes 78-2 


weighing machine 


Anu 







and 78-3. 
Range is ~80 °C to 250 °C with outstanding 
linearity. Readings in °C ar °F can be 
recorded by an hp digital printer, 
With two probe input channels, Tr, T2, ar 
Ti- T2 can be measured. Ti and T2 can 
be up to 1,350 m fram the instrument 
{2,700 m fram each other), Choice of 
4 different probe configurations. Ask for 
specifications and application notes. 
Price hp 2801A with 2 probes: 

$3,300 fab factory. 


5 The desk-top calculator 
that will plot as it 


computes 





Molecular weight {Mn} determinations in 
the 100-to-25,000 range are the job of 
the hp 3028 vapour-pressure osmometer. 


Operating on the principle of vapour- 
pressure lowering, the 3028 measures the 


osmatic concentration of a solution. 
The resulting data enables you to determine 


Mn in only & minutes. 
With its remarkable sensitivity, even 
concentrations as low as 1x 10-4 motal 

can be accurately measured. The reason 


is temperature contral; you can record 














better than 0.00079 C. 
Temperature range is continuously variable 
from 25° to 1300 C. Sample sizes may be 
as smaili as 10 p. 

Taking care of your need for continuous 
and permanent records of Mn determination 


is a recorder output. For additional 
information send for the 302B data sheet. 


As the hp 9100A calculator solives a 
problem, an X-Y recorder (hp S125A) 





automatically converts the results into 
easily readable graphs. You at once see 










4 Your temperature to 
0.0001 °C — digitally 
the interrelation of problem variables. You 
are only one step from the optimal 
solution: modifying the variables and 
recording once more. 
Even on its own, the 9I00A is unique, HEWLETT PACKARD 
You have fog and trig functions at your 
fingertips. You solve transcendental 
equations as easily as typing your name. 
And you obtain solutions with ten signi- European heatkguarters: 
: an ne ewlett-Packard S.A., rue de Bols-dueLan ? 
ficant digits over a 10-98 to 1099 range. 1217 Meyrin Geneva, toh (32) 41 54 00 
28 sales and service offices 
throughout Europe 


Need to use a given programme repeatedly? 
dust record it on a small magnetic card 
fup to 196 keystrokes}, and slip it into the 
9100A. Programme changes are made 
individually. No need to re-enter the 

entire programme, 

Care for a demonstration? Your nearest 
hp office will be happy to arrange one 


for you, 
9100A calculator, $4,400, 
91254A X-Y recorder, $2,475, 


in all of ten seconds, the 2801A Quartz 
Thermometer takes your temperature and 
shows it with 6-digit, 0.0007 °C resolution. 
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Announcing a New Foundations of Physics 
Journal for publication An International Journal Devoted to the Conceptual Bases of Modern Natural 


in 1970 Science 


Edited by Henry Margenau, Yale University, New Haven, Connecticut and Wolfgang 
Yourgrau, University of Denver, Denver, Colorado 

EDITORIAL BOARD: Peter G. Bergmann, Robert Cohen, Prince Louis de Broglie, 
Vladimir Fock, Murray Gell-Mann, R. Bruce Lindsay, Per Olov Löwdin, Andre-Mercier, 
C. Moller, Lars Onsager, James Park, Sir Karl R. Popper, H. J. Treder, S. L. Synge, 
Eugene Wigner, Robert H. Dicke, 

This quarterly journal, to be published for the first time in 1970, deals with the philosophical 
bases of recent physical theories and procedures. The journal will be of interest to physicists 
and philosophers, as well as to philosophically oriented mathematicians, chemists, biologists 
and social scientists who are sensitive to the crucial and often controversial issues that under- 
lie current studies in the physical sciences. Prospective contributors may submit articles to 
Professor Henry Margenau, Yale University, 44 Sloane Physics Laboratory, 217 Prospect 
Street, New Haven, Connecticut 06520, or to Professor Wolfgang Yourgrau, University 
of Denver, South Pioneer Hall, Denver, Colorado 80210. 


Viscous Drag Reduction 


Proceedings of the Symposium on Viscous Drag Reduction held in Dallas, 1968 
Edited by C. Sinclair Wells, LTV Research Centre, Dallas, Texas 

Presents original research in several areas of fluid mechanics relating to problems of viscous 
drag reduction. Topics covered include: effects of hypersonic speeds, wing sweep, and 
distributed suction on boundary layer transition; general characterization of drag reduc- 
tion due to additives in pipe flows and boundary layer flows; instrumentation for flow 
measurements in additive solutions; applications of drag reduction to various vehicles: 
effects of compliant walls on turbulent skin friction: rheology of additive solutions: effects 
of additives on wall pressure fluctuations and radiated noise; and general theories of wall 
turbulence as applied to drag reduction. These contributions should prove valuable to 
fluid mechanics and acoustical physicists, and materials science, aerodynamic, aeronautical, 
aerospace, chemical, and mechanical engineers. 


500 pages March 1969 £10 10s. Od. 


Biological Effects of Magnetic Fields, Volume 2* 


Edited by Madeleine Barnothy, Dept. of Chemistry, University of Illinois, Chicago, Illinois 
CONTRIBUTORS: Robert A. Abler, Charles C. Conley, L. D'Souza, V. R. Reno, L. G, 
Nutini, E. S. Cook, R. W. Pumper, J. M. Barnothy, J. C. Fardon, L. G. Nutini, Wei Young, 
M. F. Barnothy, L Sumegi, G, D. Hanneman, A. I. Likhachev, Douglas W. Dunlop, 
B. L. Schmidt, R. L. Liboff, Peter W. Neurath, T. R. Tegenkamp, Robert O. Becker, 
Ju. A. Kholodov, M. M. Alexandrovskaya, S. N. Lukjanova, N. S. Udarova, D. R. Russell 
H. G. Hedrick, Dietrich E. Beischer, F. E. Senftle and W. P. Hambright. 


Approx. 300 pages Sept. 1969 £8 3s. Od. 
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Progress in Analytical Chemistry 
Based on the Eastern Analytical Symposia 


Series edited by Ivor L. Simmons, M & T Chemicals, Inc., Rahway, NJ., and Paul Lublin, 
General Telephone and Electronics Laboratories, New York, N.Y. 


This series is designed to cover selected topics presented at the Eastern Analytical Symposia 
held annually in the fall. Written by recognized authorities in their respective fields, each 
volume presents new advances in analytical chemistry for research workers in this and allied 
disciplines. 


Volume 3: X-Ray and Electron Probe Analysis in Biomedical Research 
Selected papers from the 1967 Eastern Analytical Symposium 
Edited by A. J. Tousimis, Biodynamics Research Corporation, Rockville, Maryland, and 


K. M. Earle, Chief, Neuropathology Branch, Armed Forces Institute of Pathology, Washington 
D.C. 


Approx. 100 pages October 1969 In preparation 
Volume 4: Computers in Analytical Chemistry 

Selected papers from the 1968 Eastern Analytical Symposium 

Edited by Charles H. Orr, Miami Valley Laboratory, The Procter & Gamble Co., Cincinnati, 


Readers are requested to 
contact the publishers for further 


information : Ohio, and John A. Norris, Baird Atomie Laboratory, Cambridge, Massachusetts ; 

Plenum Publishing Co., Ltd Approx. 120 pages October 1969 In preparation 
«5 Ltd., 

Donington House, * Place your continuation order today for books in this series. It will ensure the delivery 

30 Norfolk Street, of your new volumes immediately upon publication; you will be billed later. This arrange- 


London, W.C.2. (Tel. 01-836 5238) ment is solely for your convenience and may be cancelled by you at any time. 
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Putting the Moon where it belongs 


Ir is too soon to know whether the past week has been 
a blessing or a setback for the poets and the writers 
of science fiction to whom the inaccessibility of the 
Moon has hitherto provided a licence for the free use 
of the imagination. Will the laconic daring of Arm- 
strong and Aldrin (not to mention Cooper, aloft by 
himself for more than a day) have stimulated romance 
and even fantasy about distant places ? Or will the 
outcome be a sensible acknowledgment that the Moon 
will remain for a long time far beyond the range to 
which it is convenient for people to travel ? 

It is no disrespect to the astronauts or to their 
sponsors to suggest one of the great achievements 
of last week-end was the proof, on television for 600 
million people to see, that there are no great surprises 
on the Moon. No amount of planning in advance 
would have made it possible for Columbus to know 
what he would find at landfall. Captain Cook was 
sailing to places which were literally unknown. By 
comparison, the Moon was better known before the 
first landing there. Classical astronomy has provided 
a good skimping of information about the Moon, 
even to the partial anticipation of the severe departures 
from rotational symmetry of the gravitational field 
which have now been demonstrated by the orbiting of 
spacecraft. More recently, measurements with or from 
spacecraft had provided much more to chew on, even 
though it would take—as it will be—many years 
before all the puzzles are chased away. 

All this is in the spirit of that vein of modern science 
which began with Newton and which makes it possible 
to believe that seeing and touching are not essential 
parts of knowing. There is now quite properly such 
confidence in the craft of model-building that even 
distant parts of the universe, or structures such as the 
helix of DNA, have become a part of familiar under- 
standing. Apollo 11 has done a great public service 
by providing a popular demonstration that there is no 
boundary to scientific understanding. 

It is also fair and necessary to say that the first 
flight to the Moon has been a great triumph for people. 
The composure of the astronauts has been for every- 
body a chastening proof of how people can do what is 








required of them in unprecedented circumstance 
yet find time for occasional jokes. The subordination 
of self-interest to the team objective will gladden the 
hearts of schoolmasters in England and company 
commanders everywhere, but this was one of the 
occasions on which such discipline was wholly admir- 
able. 

This was also one of the occasions the 
old cliché about the attribution of success to the whole 
team and not just the performers was also proper. 
NASA's pride, for the past several years, in the power 
of its methods of organization to accomplish wonders 
hag been entirely justified. Never can it have been 
necessary to spend $20,000 million on a project before 
the first demonstration that the expensive bits and 
pieces would really function. This is the equivalent 
in engineering of the confidence which scientists enjoy 
in their abstractions, But the events of the past few 
days are also a triumph of the coolness whieh has 
settled on the National Aeronautics and Space Adminis- 
tration since the arrival of Dr Thomas Paine as acting 
administrator last November. He is a level-headed 
man who has given the organization a reflective air 
which it used to lack. In circumstances in which 
temptations to over-exuberance abound, this is no 
mean achievement. 

So what will happen next ? Tt is no accident that 
the first landing on the Moon has let loose a flood of 
speculation about the future. NASA has just emerged 
from its annual encounter with Congress with what 
amounts to a programme for the continued exploration 
of the Moon in the next two years but with nothing 
definite after that. There are intellectually dificult ques- 
tions to be decided, and the catharsis of the first landing 
on the Moon will no doubt be a necessary preliminary 
to a sensible understanding of what comes next, ‘The 
procedure is that a committee under the Vice-President, 
Mr Spiro Agnew, with Dr L. DuBridge in close attend- 
ance, is due to recommend to President Nixon in 
September a strategy for the future. The issues to 
be resolved are interesting in themselves but also 
important, not merely for the future of NASA and the 
comfort of taxpayers in the United States but also for 
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nations elsewhere which are likely to be affected pro- 
foundly—often as beneficiaries—by what happens in 
the United States. There are questions of what will 
happen next, what will happen after that and what 
will be the long term effect on human behaviour of the 
capacity to travel to the Moon and eventually beyond. 
None of them is trivial. 

To begin with, it is important that the momentum of 
the Apollo programme will almost certainly determine 
the pattern of the next two years, at least for the 
United States. Three further Saturn rockets are being 
equipped for journeys to the Moon, the next in Novem- 
ber this year. With the survival of the greater part of 
the budget of $3,600 million, NASA is also able to 
start work on the outfitting of a further six rockets, 
which will provide a total of ten landings on the Moon 
spread over two years. The programme which has 
been mapped out will bring joy to most selenologists. 
The landing sites are sprinkled generously over the 
surface of the Moon. The flight in November is aimed 
at another mare—one which shows up as blue, not red. 
The third landing is intended for rough ground, in the 
Fra Mauro formation, and then, if things go well, 
there is a long list of exotic places to be visited—the 
edge of the crater Censorinus, the dark and apparently 
volcanic formations of the Littrow area, the rim of 
Tycho, the Marius Hills (which an Orbiter photograph 
suggests may be volcanic domes), the formation known 
as Cobra’s Head in Schroeter’s Valley where reddish 
glows have occasionally been seen, the Hyginus Rille 
(which is distinguished by the volcanic craters which 
straddle it) and, finally, Copernicus, the most con- 
spicuous crater of them all. At most of the sites, the 
astronauts will leave behind packages of instruments 
including most probably replicas of the sensitive 
seismograph left behind in the Sea of Tranquillity. 


Orbital Satellites 


Nobody will deny the interest of having within the 
next two years such a thorough survey of the interior 
of the Moon. Even though the value of the seismology 
will depend on the overlapping of the active lives of 
individual seismographs, the results could with luek 
yield a fairly accurate description of the internal 
structure of the Moon, irregularities and ali. But later 
visits of Apollo spacecraft will also leave behind 
magnetic instruments, heat flow apparatus and various 
devices for the analysis of the solar wind, while the 
astronauts themselves will be able to carry out 
geological and geophysical investigations on the spot. 
As part of the same programme, NASA is anxious to 
develop a better suit for walking on the Moon, and 
hopes to extend the endurance of the Apollo space- 
suit from under three hours to more than four. 
Obviously there is a busy time ahead. 

Beyond Apollo, the most prophetic signs are the 
ways in which NASA has seemed in the past few months 
to have set its heart on schemes for launching habitable 
and reusable space stations into orbits about the Earth. 
There has already been a good deal of development 
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of components for what is called the Saturn I Work- 
shop—a device fashioned from the empty second stage 
of a Saturn 1B rocket (not the monster Saturn V 
needed for journeys to the Moon) by a crew of three 
sent up on a similar rocket. This system will be in 
service by the middle of 1972 if NASA has its way, 
and the hope is that it will prepare the ground for a 
much more vaguely specified but much more ambitious 
space station in the late seventies. 

Interest. in the Moon will not evaporate, however, 
although it is probably significant that there is now 
much less enthusiasm than there used to be for more 
or less permanent stations on the Moon. If it is 
necessary to make direct observations of the Moon, 
of course, visiting will be necessary, but for general 
observation of the solar system or even of the surface 
of the Earth, satellites are likely to be cheaper and 
safer for a long time to come. Whether satellites as 
large as some of the ambitious schemes which are 
talked of in the Soviet Union as well as the United 
States will quickly become realities depends on the 
speed with which it seems safe to put a great many 
eggs in one basket. The successes of the past few days 
should not hide the likelihood that there are still risks 
to be taken. 


Nuclear Rockets 


Among the technical imponderables of the seventies, 
nuclear powered rockets are also prominent. In the 
past few months, the development of the NERVA 
engine (which is managed by the US AEC) has been 
going well. Work has begun on the design and con- 
struction of rocket engines with a thrust of 75,000 
pounds but capable of continuous operation for close 
on an hour. Although the first flights cannot take 
place until 1977 or thereabouts, there is no question 
that the arrival of nuclear power for rocket engines 
will change the perspective of those who plan space 
journeys for people. It is almost self-evident, for 
example, that devices like these are the only practical 
means by which journeys to the distant planets—taking 
several years with existing equipment—could be 
planned. On the strictly technical side, where the 
question is simply that of encouraging NASA to 
emphasize one field of activity rather than some other, 
it is clear that the President’s advisers cannot leave 
nuclear rockets out of account. 


Research Satellites 


Some attempt to estimate the potential benefits of 
these several lines of development is unavoidable. 
One question to be asked, not dodged, is whether the 
potential interest of the various schemes to science, to 
technology or—-what comes to the same thing—to 
both can provide any kind of guidance. For all the 
excitement of the past week, it is only fair to say that 
in the space exploration of the past decade, the attain- 
ments of unmanned satellites have been greater-—and 
cheaper—than anything which is promised by the pro- 
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grammes which lie ahead. To say this is to state a 
fact. Thus earth satellites have discovered the mag- 
netosphere, explored the solar wind and prepared the 
way for a surge of interest in those branches of 
astronomy which are not possible on the surface of 
the Earth because of the obscuration of the atmo- 
sphere. Although it will be useful to learn more of 
the Moon, it is probable that for several years to come, 
instruments in earth satellites or planetary rockets 
would be a better buy than rockets for carrying people 
about, which is not of course the same thing as to say 
that there is no case for spaceflight by people—that 
is a different argument. It is also fair to say that there 
are many branches of science in which activities on 
the surface of the Earth would yield strictly scientific 
benefits more cheaply even than simple earth satellites. 
It is often easier to obtain funding for an expensive 
satellite experiment than a small fraction of that amount 
for a related terrestrial experiment. It follows from 
this that, where strictly scientific considerations are 
concerned, the objective should be a sensible balance 
between the various kinds of activity, with if anything 
more emphasis on old-fashioned ways of investing 
money in research. And it also follows that strictly 
scientific considerations will not be much of a help in 
planning the strategy of the next few years. One of 
the merits of Dr Paine’s arrival at NASA is that he 
has recognized that scientifie benefit is neither necessary 
nor sufficient to the space programme. 


Telecommunications 


Much the same can be said of the potential techno- 
logical benefits of what lies ahead. So far and for a 
long time to come, the chief product of space technology 
is likely to be telecommunications. Certainly the 
potential value of weather satellites and exploration 
satellites, however substantial they may be, cannot 
compare with the demonstrable value of communica- 
tions satellites. And there is nothing in the pros- 
pectuses of the space stations and the Moon capsules 
to suggest that other equally valuable applications are 
just around the corner. This is why it is ironical 
that the communications between Europe and North 
America should have been hampered during the flight of 
Apollo 11 by the failure, some weeks earlier, of the 
main Intelsat III satellite above the Atlantic. If 
technological benefit were the objective, Dr DuBridge 
and his advisers would find themselves saying that the 
greatest benefits are to be had in telecommunications. 
And there, of course, the benefits are so clear 
that communications carriers will actually pay for 
them. 

Tn circumstances like these, the best tactics are varied 
tactics. Within whatever budget it can win from the 
Administration and Congress, NASA should be encour- 
aged to seek diversity. The objective should be the 
accumulation of experience, so that by the late 
seventies, when nuclear rockets are in service, there 
will be a chance to seize whatever opportunities then 
present themselves, In retrospect, it is perhaps a pity 
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that so many flights to the Moon are to be crammed 
into the next two years—-an earlier beginning on the 
Saturn Workshop might have been a good exchange ! 
To be sure, this would have been hard to decide a year 
ago, when there were good grounds for doubting the 
confidence of NASA in its technical prowess. Now, 
there should be plenty of encouragement to branch out. 
An acceleration of the nuclear rocket programme would 
be worth paying for at the expense of other parts of the 
budget. 


Budget Size 


But how big should the budget be? This is a 
perennial source of argument and confusion, In the 
days when NASA was inclined to hide behind the coat 
tails of science and technology, of course, the most 
measured answer was quite properly a declaration that 
it would be better to spend the money on other forms 
of science—ground-based astronomy, for example, In 
reality, the justification of the space programme does 
not need to be as narrowly based, and it is also a plain 
fact that what the United States spends on the explora- 
tion of space is less than one per cent of the GNP of the 
richest nation in the world. Given that none of the 
$25,000 million spent on space research has actually 
left the surface of the Earth, there is evidently no 
reason why the United States should not go on spending 
a similar proportion of its wealth on activities like these. 
And although it often seems a mockery that NASA 
should go on spending money while the haunting social 
problems of the United States remain unsolved, that is 
an illusion. For one thing, the mockery that counts is 
that contrast between the $128,000 million spent by the 
Department of Defense and the $2,000 million allocated 
to the Poverty Programme. But it is also hard to see 
how the expenditure on space could be transferred to 
other fields. Not merely is the relief of social problems 
a less popular if because a less tangible cause than 
the exploration of space, it is also the plain truth that 
$3,700 million would not go far towards the remedying 
of, say, urban problems even if enough were known of 
the possible solutions to suggest that the money could 
be spent with confidence. 


Defining Objectives 


But what then should be the magic future ? From 
now on, NASA wil) stand out among the agencies of 
the Federal Government by being saddled with the 
responsibility not merely for attaining its objectives 
but for defining them. In the jungle of Washington, 
this is a vulnerable position. It is much easier if 
somebody else—the President or Congress—lays down 
the law and then finds itself obliged to pay the bill. In 
practice, however, it would obviously be a great waste 
of talent and initiative if the space programme were 
now to be abandoned or even severely curtailed. 
Most probably, Congress will itself more or less be 
asking that NASA should live within a budget corre- 
sponding to roughly the present figure adjusted for 
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inflation in the years ahead. That should make 
possible a sensible programme. A more serious need is 
that NASA should be provided with more effective 
means for defining objectives as it goes along. Where 
basic science is concerned, for example, it would 
probably have been possible to avoid some of the 
mistakes of the past few years if NASA had been more 
closely in a relationship with the scientific community. 
Some of the Biosatellite experiments would have had a 
poor showing if they had been put through the kind of 
intellectual mill to which academic research proposals 
are usually subjected, and is it really sensible to go 
looking for magnetic monopoles in samples of moondust 
recovered from the Moon this week ? In this field, as in 
others, the President’s advisers could do a great public 
service by helping to provide NASA with a wider base 
in the rest of the community. Such a move should also 
be more acceptable now that the immediate task has 
een accomplished. 


implications of Spaceflight 


So does it follow that NASA must become-—as many 
other public organizations are—the prisoner of a net- 
work of advisory committees ? That is the wrong end 
of the telescope. There is no reason why the organiza- 
tion should not be strengthened as it is changed. 
Having made space possible, as it were, somebody 
must now show what it is for. Much of the past criticism 
of the way in which things have been done stems from 
the willingness with which NASA has echoed the 
surprisingly irrational declaration with which President 
Kennedy declared that there should be a journey to 
the Moon. The trouble is that the recipe will not work 
more than once. What is to take its place? Much 
of the pleasure in the first successful landing has 
stemmed from the hope that it will now be possible to 
change the perspective with which familiar terrestrial 
problems are regarded. Will this be true? Will it 
now be easier for rival nations to sink their differences, 
for example? Will disarmament be easier? Wil 
poverty, national and international, now be less 
respectable? History provides no solid ground for 
thinking that the pendulum will now swing right over. 
The most cheerful precedent of all may be the discovery 
of North America, for there, after a long interval which 
is almost best forgotten, there did emerge an enlight- 
ened means of government, that which has made it 
possible to build the Apollo programme. So can the 
builders now give substance to the hope that this is 
also a turning point in history? Dr Paine has been 
talking of the ways in which the doings of his agency 
may be able to spread all kinds of benefits elsewhere 
in the world than the United States, and it is plainly 
the case that European science has been helped along 
significantly by what has happened in the past few 
vears. For many people, however, the acid test will 
be the extent to which it is now possible to work out 
some kind of collaboration with the Soviet Union. 
One gigantie programme of exploration may be justifi- 
able, but two can only be a kind of folly. 
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Dr Paine is also the most intelligent spokesman so 
far for the belief that the arrival of spaceflight will 
work an intellectual transformation comparable with 
revolutions now attributable to Columbus, Galileo, 
Newton and Darwin. There may be much in what he 
says. Certainly there is no denying that developments 
like these can profoundly alter the character of intel- 
lectual life, Certainly, it would be dangerous at this 
stage to dismiss everything that has been happening 
as a futile prank—a way of spending large sums of 
public money It is too soon to know, Yet there are 
some influences which argue that spaceflight is rather 
a part of an intellectual revolution than an entire 
revolution on its own account. It will be a long time 
before the range of the spaceships catches up with the 
boundaries of that part of the universe of which there 
is already an understanding of sorts. It may be differ- 
ent when the first discovery is made of living creatures 
on some other planet, whenever that may happen. 
To say all this is not to crab spaceflight but merely to 
assert that it is one of those developments whose 
influence will depend on the use which is made of it. 
Nuclear energy is in the same case, although spaceflight 
has the advantage that there are no obvious military 
applications. No one can deny that Armstrong and 
Aldrin have given the enterprise a splendid start, but 
it is only a beginning. 


Gi 


MOON ANALYSIS 


Enzymes at Houston 


One unexpected beneficiary of the Moon Show was 
Smith Kline Instrument Co., whose ‘Eskalab’ clinical 
chemistry system has been chosen by NASA for 
analytical work associated with Apollo 11’s lunar 
samples. This news seemed to have come as something 
of a surprise to Smith Kline itself when it was first 
released a few weeks ago. 

There are several clinical chemistry systems available 
now for the analysis of blood glucose, serum enzymes 
and the like, and they range from automated monsters 
which look after themselves for hours to the conven- 
tional trio of spectrophotometer, technician and 
pipette. Smith Kline’s “Eskalab’ is somewhat nearer 
the latter end of the seale, but it embodies several new 
features. The company believes this instrument com- 
mended itself to NASA because, first, it is small and 
can easily be sterilized and operated in a vacuum 
chamber and, second, because it is flexible and can be 
changed from one assay to another in a matter of 
seconds, 

Optically, the ‘Eskalab’ system comprises a solid 
state spectrophotometer, an interference filter as mono- 
chromator, a double light beam generated by a chopper 
mirror and an extended range photomultiplier tube. 
All this is fairly conventional, and the novelty resides 
in the way the basic spectrophotometer has been 
adjusted to the needs of a hospital laboratory. Specially 
formulated reagents, cuvettes and pipettes come in a 
package deal with the machine, and together they take 
the Principle of Disposability to new lengths. The 
reagents come as stabilized tablets, one tablet per test, 
while the Lucite cuvettes—transparent down to 
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300 nm—and the self-filling micropipettes are designed 
to be used once and then thrown away. Thus chances 
of contamination are cut down and speed of operation 
is increased. A built-in dry well incubator uses a 
thermistor to maintain a temperature accuracy of 
better than 0-1°. Every mixing operation and cuvette 
manipulation is done manually, which may put the 
machine at a disadvantage with its several antomatic 
competitors now on the market. But its makers claim 
they would back it against any automatic spectro- 
photometer in a contest of pure speed. 

The machine currently at Houston seems set for 
fame. No doubt some enthusiast at NASA will put 
some moon dust straight into a cuvette in the forlorn 
hope of finding a lunar enzyme, but more serious 
experiments will be the measurement of biochemical 
parameters in the collection of animals and plants that 
is to be exposed to lunar material. The machine has 
been available in the USA for several months, and is 
said already to have made a fair impact on the market. 
The mood of practising doctors in Britain seems to be 
running somewhat against enzyme assays just now, at 
any rate for purposes such as the diagnosis of myo- 
cardial infarction. But improved assays are under 
development, and it remains to be seen how the British 
hospital market will be divided by the current genera- 
tion of clinical chemistry systems. 


QUATERNARY STUDIES 


Motorway into Ice Age 


Excavators preparing the motorway south of Bir- 
mingham uncovered a thick layer of ice age peat on 
Friday last week. Members of the geology department 
at the University of Birmingham, who salvaged the 
peat from the maw of the bulldozers, hope that it will 
provide a mine of information about part of the 
Pleistocene history of Britain, the period of ice ages 
which may have ended some 10,000 years ago. 

The geologists were prepared for the discovery 
because of preliminary boreholes dug more than a 
year ago. The boreholes, part of the standard prospect- 
ing for a motorway that will link the M5 and M6, 
revealed thick layers of peat and silt. Another bore- 
hole was sunk by the Institute of Geological Sciences 
in the thickest part of the layer, and a core removed 
which probably spans some 50,000 years of deposits. 

Dr F. W. Shotton, professor of geology at the 
University of Birmingham, says that the core has not 
yet been studied or dated but that it may belong to 
the Hoxnian interglacial, the last but one of the warm 
interludes between glacial advances. The Hoxnian 
interglacial occurred some 200,000 years ago. 

This much was known before the motorway inter- 
sected the peat layer last week. Spruce cones and 
seeds of the water chestnut, a species now extinct in 
Britain, have already been identified. A Hoxnian 
deposit was discovered north of Birmingham some 
years ago but the interest of last week’s finding is 
that the deposit apparently covers a complete cycle of 
climatic change, being sandwiched between layers of 
clearly glacial debris. Professor Shotton, in whose 
department the peat will be studied, hopes that the 
peat will afford a full history of the climatic and bio- 
logical events that ensued between the retreat of one 
glacier and the advance of its successor. 
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TROPICAL MEDICINE 


War on Amoebue 


AMOEBIASIS must count as one of the world’s major 
remaining diseases. It is estimated to affect 10 per cent 
of the population, though its prevalence runs as high 
as perhaps 80 per cent in Egypt and 56 per cent in 
Ecuador. A WHO congress on malaria in 1958 em- 
phasized the importance of the disease, and in the 
intervening years fair progress has been made in its 
epidemiology and chemotherapeuties. A WHO Expert 
Committee met in Teheran in 1968 to assess progress, 
and the report of this meeting has just been issued 
(Amoebiasis: WHO Technical Report Series, No, 421, 
Geneva, 1969: 6s). 

Six species of amoeba are known to live in the 
human colon, but Entamoeba histolytica is the only 
species known to be pathogenic in man, and it is now 
recognized as the organism behind such conditions as 
amoebie dysentery, amoebic colitis, amoeboma and 
amoebic appendicitis. The WHO committee recom- 
mends that all these clinical states should be sub- 
sumed under the generic title amoebiasis. The presence 
of E. histolytica cysts in human faeces used to be 
regarded as proof that there had been lesions in the 
colon mucosa, but this belief has now been abandoned. 
E. histolytica can in fact pass through the human gut 
inoffensively, and the events-—-presumably enzymic— 
that le behind the onset of pathogenicity are at present 
not understood. 

The encysted amoeba enters new human hosts 
through their mouths, but it is hard to disentangle the 
specific epidemiological importance of factors such as 
contaminated water, food handling, flies, direct faecal 
contact, overcrowding and the use of night-soil as a 
fertilizer. New serological techniques are proving useful 
in the diagnosis of the disease, but perhaps the most 
hopeful aspect of the situation at present is the appear- 
ance of safer and more effective amoebicide drugs. 

Drugs that have been familiar in the treatment of 
amoebiasis for some decades now include quinoline 
derivatives acting in the bowel lumen; antibiotics, 
which act in the bowel lumen and wall; emetine, 
which acts in bowel and liver but is fairly toxie; and 
chloroquine, which acts in the liver but again can have 
unpleasant side effects. Two nitroimidazole derivatives 
have recently been pressed into service, however, and 
they show powerful activity against amoebae at all 
their bodily foci. Of the two, metronidazole, already 
popular in the treatment of trichomoniasis, is the 
better tolerated. 


ANIMAL FOODSTUFFS 


Analysing for Prophylactics 


Mernons for the analysis of prophylactic additives to 
animal feeding stuffs are the latest addition to the 
Pesticide Residue Analysis Information Service, estab- 
lished in Britain by the Ministry of Techno 
1965 at the Laboratory of the Government Chemist. 
The service answers about 250 enquiries a year on 
methods of analysis for residues of pesticides and their 
principal degradation and metabolic products. 
Prophylactic additives include substances such as 
amprolium and nitrofurazone as well as the conven- 
tional antibiotics. They are added to animal feeds in 
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amounts too small to combat disease but which ensure 
maximum growth rate and weight gain by overcoming 
sub-acute infections such as chicken pest. The Ministry 
of Agriculture considers it unlikely that the very small 
amounts of antibiotics given in foodstuffs could produce 
a resistance to antibiotic drugs, but the last word on 
that subject will have to be the report of the Swann 
Committee, now sitting. In the meantime, the Thera- 
peutic Substances Act decrees that antibiotics require 
a veterinary prescription and has made special regula- 
tions which allow the addition of penicillins and some 
tetracyclines to foodstuffs in specified amounts. The 
amounts laid down are precise and vary for the dif- 
ferent drugs: thus, for example, a feed supplement 
may contain only 1 part of procaine benzyl penicillin 
to 90 parts of the supplement which is then added to 
the total feed to give an antibiotic : feed ratio of 
1: 10,000. Non-antibiotics such as nitrofurazone are 
controlled by the Veterinary Products Safety Pre- 
caution Scheme, a voluntary scheme run by the 
Ministry of Agriculture in conjunction with the food- 
stuff manufacturers. 

In Britain, in contrast with the United States, there 
is no absolute legislation controlling the amounts of 
pesticides allowed in foodstuffs. The Food and Drug 
Act merely says that food must not contain injurious 
substances. If, however, residue analysis shows that 
the animal tissues contain too much of the pesticide 
metabolite, prosecution may result. In other words, 
the analysis service now offered by the Government. 
Chemist should help in two ways. First, it provides 
information for the public analyst or buyer of animal 
foodstuffs—and also the manufacturer-—to ensure that 
the food does indeed contain prophylactic agents and 
in what amounts. The very high price of these drugs 
makes this economically worthwhile. But it should 
also help that there is now a way of spotting high levels 
of these agents while they are still only in animal foods. 





EDUCATION 


THE second largest degree-awarding organization in 
Britain is not an ancient university, a red-brick or 
even a plate-glass university and, indeed, not a univer- 
sity at all but the Council for National Academic 
Awards. Like any university, the council is em- 
powered by its Royal Charter to award first degrees, 
masters’ degrees and doctorates and, in addition, 
diplomas and certificates. (The last have not yet been 
used.) Since its establishment in 1964, chiefly as a 
result of recommendations in the Robbins Report, the 
number of students on the CNAA’s books had risen 
from about 3,000 to 15,500 by October 1968 and should 
be close to 20,000 by next October. The University of 
London apart, the council is the organization with the 
largest enrolment of degree candidates in Britain. 

The CNAA now offers more than 230 full-time, part- 
time and sandwich degree courses at fifty-odd poly- 
technics and colleges of technology, compared with the 
eighty courses available in 1964. This route to a degree 
seems destined to play an increasingly important part 
in British higher education, especially now that rapid 
growth in the number of arts and social sciences 
courses and candidates is drawing many of the colleges 
away from their overwhelming preoccupation with 
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science and technology. Of the 15,500 candidates 
enrolled in 1968, 3,800 were studying the arts and social 
sciences. 

The CNAA took over the overall supervision of the 
former Dip.Tech. courses at the best of the technical 
colleges and the twenty-six polytechnics after the 
colleges of advanced technology had been hived off as 
independent technical universities. If all the plans for 
the large-scale expansion of the polytechnics material- 
ize, the polytechnics should become the council's chief 
customers in the future. With the example of the 
City and Guilds course and examination programmes 
in front of it, the council will have to fight hard to 
avoid the same fate of becoming smothered by its 
own red tape. 

In a country with more than its fair share of academic 
snobbery, it is particularly important that this should 
not happen. The CNAA has the crucial funetion of 
ensuring that education to degree standard outside 
the universities is both expanded and rewarded by a 
degree. By the same token it has the complementary 
role of ensuring that courses eligible for degrees at the 
polytechnics and technical colleges are really of degree 
standard. 

As things stand, the council works by vetting the 
course proposals of the colleges and giving them a 
stamp of approval. Naturally enough, with the tradi- 
tion of technical education behind it and candidates 
drawn from industry, the sort of courses the CNAA 
deals with are designed to be more in tune with the 
demands of industry and commerce than those offered 
by the universities. The committees and boards which 
vet the proposals are made up of representatives of 
industry, the universities and the colleges and poly- 
technics in equal proportions, 

To judge from the striking proliferation of approved 
courses and the number of degrees awarded (in 1967-68 
there were 1,100), as well as the increasing enrolment, 
the council has found a particularly rich vein in the 
British academic set-up to exploit. Nobody seems 
quite certain about that other crucial statistic, the 
failure rate—the Department of Education and Science 
is in the process of making a survey—but there is no 
reason to think that it is anything out of the ordinary. 
The 1,100 who graduated in 1967-68, for example, 
came from a fourth year class of 1,311. 

But, apart from ensuring that the part-time and 
sandwich-course degree candidate does not suffer in 
status as well as having a harder life than his full-time 
university counterpart, the council has the equally 
important job of giving status and credit to serious 
research done in industry. There are 600 higher degree 
candidates. The council registers students at an early 
stage in a project and helps to recruit approved 
supervisors, one from industry and one from the 
academic world. It will be interesting to see whether 
its degree holders are more to the taste of industry 
and commerce than those emerging from the univer- 
sities. 





COMPUTERS 


Generating Good Figures 


THERE has been a large increase in the sale of electronic 
computers in Britain during the first quarter of 1969, 
compared with the same period in 1968. Although the 
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record sales for the last quarter of 1968 have proved too 
tough a yardstick for the first few months of the year, 
which are usually lean, the overall trend must be 
considered quite promising. The increase in exports of 
computers from Britain is particularly encouraging, 
with an increase of 29 per cent compared with the first 
quarter of 1968 to give total sales of £10-6 million. 


TABLE OF COMPUTER SALES FROM BRITAIN 
Running 
exports 


33,580 


Running 
totals 
114,938 
114,134 33,99: 
114,613 34,391 
120,200 35,019 
127,233 37,302 
135,145 37,065 
142,228 37,868 
151,189 38,542 
165,347 40,840 
174,565 43,237 


Total 
1966 Q4 29,405 


1967 QL 25,007 
Q2 20,702 


Exports 
7,622 
8,481 
9,443 
9,473 
9,905 
§,244 

10,246 
10,147 
12,203 
10,641 


Q3 35,186 
Q4 36,435 


1968 QI 33,819 
Q2 36,785 
Q3 44,147 
Q4 50,596 
1969 Q1 43,037 


The table, which shows how the sales of computers 
from Britain have fluctuated during the past two and a 
half years, is based on figures issued by the Ministry of 
Technology. The first two columns show the actual 
quarterly figures, and the others contain running totals 
for the four quarters up to and including that in ques- 
tion. The latter columns give a more accurate guide to 
the overall trends in sales. Turnover relating to the 
repair and maintenance of existing computers has been 
excluded, but both British manufactured and “fae. 
tored” computers are included. The irregularly high 
figure for sales in the last quarter of 1968 is attributable 
almost. entirely to a boom in factored hardware. 

The pattern of export sales will be a source of satis- 
faction to those who have put their faith in the healing 
powers of devaluation. Apart from the predictable 
plateau immediately after devaluation in November 
1967, the figures have risen at a rate which can certainly 
be called promising, and which may within the next 
two quarters turn out to be quite remarkable. Total 
orders at March 31 were at the record level of £258 
million, according to the Ministry of Technology. 


LASERS 


Thin Film Modes 


Ax unexpectedly obvious method of guiding laser beams 
into thin crystal films by means of a simple prism looks 
like being the solution to a problem that has been 
plaguing Bell Telephone Laboratories for some while 
now. By allowing laser light to tunnel across the junc- 
tion between a prism and a thin semiconducting film, 
P. K. Tien, R. Ulrichand and R. J. Martin of the Bell 
Laboratories have managed to transfer more than 50 
per cent of the energy of the laser beam to the film. 
The efficient introduction of laser energy into thin 
crystal films is crucial to the development of laser 
amplifiers, light modulators and other components of 
a potential laser communication system. 

Earlier attempts to direct a laser beam through the 
edge of a semiconducting film have been flawed by 
scattering from ragged edges of the film, In addition, 





LASER 
BEAM 








The bright streak of light is a laser beam travelling in an 
invisibly thin crystal film deposited on the back of the glass 
plate. 


the films are usually much thinner than the width of 
the laser beam and, even if the problem of focusing 
the beam had been overcome, there would be immense 
difficulties in aligning the beam with the film. 

In the experiments at the Bell Laboratories, the 
base of the prism was placed parallel to the film and at 
a precise distance from it. A proportion of the laser 
light then passed through the prism, funnelled th rough 
the gap and set up electromagnetic oscillations in the 
film. This prism-coupling technique has the advantage, 
it seems, that a single mode of oscillation can be 
excited in the film by the appropriate orientation of 
the laser beam. The photograph shows the laser beam 
travelling in a thin film. One of the chief problems of 
thin film laser beam circuitry is the loss of light by 
scattering at microscopie imperfections in the films. 
A good deal of research is being carried out both at 
Bell and elsewhere to improve the production of these 
very thin crystal films. 

A possible use for the prism film coupler is to split 
light beams into groups of different wavelength to 
form the separate channels of a laser communication 
system. Within the film, the beams could be modulated 
or amplified. They could then be taken out of the 
film, travel to some destination by a “pipeline”, and 
then be coupled into a new film for signal processing. 












TELECOMMUNICATIONS 


Stored Programs for Sale 





COMPUTERIZED telephone systems are finding new 
applications in Australia. L. M. Ericsson, the Swedish 


telephone equipment manufacturer, has just received 
a contract of undisclosed value from the Overseas 
Telecommunications Commission for a computer con- 


trolled exchange which is to deal with calls between 
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international lines and the Australian national net- 
‘work. The system is of a type already installed at 
Tumba, near Stockholm, and should go into trial 
operation in Sydney in 1970. Trials will Jast until 
1972, after which the exchange may be expanded for 
regular commercial use. 

The Australian Post Office is currently considering 
tenders for a large capacity trunk exchange in Sydney, 
possibly operating on a basis of stored program 
control. It may be next year before a contract is 
awarded, but a number of companies from Britain, 
Europe and Japan have submitted designs, and in 
view of the particular requirements of the Australian 
network it seems that stored program control may 
eventually be used. How this technique works can most 
easily be described by a comparison with critical path 
analysis. Because a trunk call is typically routed in a 
complex way through a number of exchanges, the most 
economical path available may be difficult to find 
quickly, as is well known to all who have been frus- 
trated in their attempts to make long-distance calls 
through the operator. With the coming of trunk 
dialling, it is clearly helpful to accelerate the process, 
and the value of stored program control is that it 
can bring this about by making it a matter of going 
through computer routines. An Ericsson system for 
this is now in operation at the Tumba exchange in 
Sweden. In Britain, the Post Office is conducting 
trials with a model of a large exchange system which 
uses a measure of stored program control for switch- 
ing operations. According to the Post Office, decisions 
on suitability for general use on the public telephone 
network must await assessment of these London trials, 
but industrial opinion is that it may be ten or fifteen 
years before the system will come into widespread 
operation. 

Whether stored program control is suitable for 
a particular telephone system is very much a function 
of the nature of the network and the size of the 
exchanges involved. Smaller exchanges may continue 
to function quite happily with mechanical switching, 
and the GPO is developing improved electromechanical 
devices for operating switches. If stored program 
control is going to be used, however, it is better that 
the exchange should be entirely electronic, because the 
time saved might be reduced considerably by the 
slower action of mechanical switches. It seems to be 
the development of a complete electronic exchange 
that needs most work. 

One pointer to the future may be provided by 
information released from the Plessey Co., Ltd, last 
April, which forecasts that the market for stored 
program control systems will be expanding greatly 
by the mid-1970s, The company expects to have 
4,000 people engaged by then in working on a version 
which, it claims, has clear advantages through using 
several smaller processors instead of one centralized 
processor. If one computer fails, it can be substituted 
automatically from another part of the system, so that 
total breakdown is avoided, 


HIGH ENERGY PHYSICS 


Labour Troubles at Frascati 


Tr is tragic that ever since the successful operation of 
the Italian electron—positron storage ring ADONE 


NATURE, VOL. 223, JULY 26, 1969 


(Nature, 222, 927; 1969), the laboratory at Frascati 
has been on a go-slow strike which has involved a 
complete cessation of research. The Centro Nazionali 
di Energia Nucleare runs three laboratories in Italy, 
including a large part of the National Laboratory in 
Frascati (including ADONE). It is in an unusual 
position; the president of CNEN is not a civil servant 
but one of the ministers of the government (Tassari). 
This led to problems some years ago when the secretary- 
general of CNEN—Ippolito—was jailed for exceeding 
his authority (the only personal gain there seems to 
have been the personal use of a CNEN car while at 
Cortina d'Ampezzo). 

For the past year, the Government of Italy has had 
more important preoccupations than CNEN; the 
socialist party has split, and there is the unusual 
experience of a political crisis during the summer 
holiday. The effect on CNEN has been disastrous. 
There have been no proper salary increases for some 
time; and there is no proper organization with which 
the union (SANN) can negotiate. Among other 
details, which it is hard to discuss from a distance, the 
union wants an immediate salary increase; the lowest: 
scale now is L.75,000 (£80) a month (paid for 14 months) 
which is inadequate with Italy’s high cost of living. An 
immediate increase of L.30,000 is requested. 

It is to be hoped that these issues can soon be re- 
solved even in the absence of the president of CNEN 
and that ADONE can commence the exciting experi- 
ments that are prepared. 


PHYSICS 


Anglo-Italian Microscope 


THe agreement reached in 1968 between the Royal 
Society and the Accademia Nazionale dei Lincei for 
promoting Anglo-Italian collaboration in science has 
now led to a joint programme of research to be carried 
out at the Cavendish Laboratory, Cambridge, and the 
University of Bologna to study the development of new 
electron microscope instruments and techniques. The 
Science Research Council is making a grant of £23,000 
towards the cost of the project and the Consiglio 
Nationale della Richerche of Italy is providing £6,000. 

The research will be carried out by Dr H. Valdre at 
the University of Bologna and Drs V. E. Cosslett, A. 
Howie and L. M. Brown at Cambridge. The grants 
will cover a period of three years, and will provide 
a welcome extension of the collaboration between the 
two university groups established some years ago. 

The project will be in two parts. The first will be 
to examine the production of an electron optical 
analogue of the familiar light optical phase contrast 
microscope. The experiments to be carried out include 
the interpretation of electron diffraction data by 
determining the relative phases in a diffraction 
pattern and the structure determination of viruses 
and macromolecules. There may also be a study to 
determine unambiguously the nature of imperfections 
in crystalline materials and to investigate the possibility 
of resolving individual atoms in the electron micro- 
scope. 

The second part of the project will involve the design 
and development of a straining stage, with specimen 
tilting, to work reliably under conditions of constant 
load. Among the proposed experiments is the observa- 
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tion of the production and motion of dislocations in thin 
films. It is hoped to make measurements of the dislo- 
cation velocity and the strength of the films and to 
carry out detailed diffraction studies of highly strained 
perfect whisker crystals outside the Hooke’s law region. 


RARE BOOKS 


Still Room for the Collector 


Tue days have, of course, gone forever when a first 
edition of Newton's Principia, which by the standards 
of antiquarian booksellers is not a particularly rare 
book, could be bought for less than £50. In the past 
twenty years the interest in and demand for classic 
scientific books have increased considerably and it 
scarcely needs saying that the interest and the money 
to buy are greatest in the United States. Today you 
cannot expect much change from £3,000 for the 
Principia, and Hooke’s Micrographia comes in much 
the same category. A copy usually comes up for sale 
every two or three years, as one did last week at 
Sotheby’s. Ten or fifteen years ago it might have 
fetched £120—last week the copy was knocked down 
at £750. But is that very much to pay for a book 
of such importance to the history of science? The 
expert on scientific books at Sotheby’s does not think 
so. He believes that, compared with the first editions 
of the great and not so great books in other fields, 
historic scientific books are still very good value for 
money. 

A first edition of something like Richardson’s 
Pamela costs much the same as Newton’s Principia. 
Naturally scarcity value as much as scientific impor- 
tance dictates the price of a book. At last week’s sale 
of part of the library of the Royal Medical Society of 
Edinburgh, for example, Guillemeau’s The Frenche 
Chirurgerye or all the Manualle Operations of Chirur- 
gerye fetched £950. This book, translated from the 
Dutch, printed in 1597 and dedicated to Queen 
Elizabeth I, is now a curiosity. A third edition of 
Gilbert’s de Magnete printed in 1633 was sold for £200, 
and Jenners An Inquiry into the Causes and Effects of 
the Variole Vaccinae went for £480. 

Of course, a few books are both extremely rare and 
extremely important to the history of science. First 
editions of books by Copernicus or Kepler would 
probably sell for £10,000 and more, and Harvey's 
Circulation of the Blood is virtually unobtainable. 
Only about fifty copies were printed, abroad and on 
poor paper which has contributed to the scarcity. 
The reprint houses which, judging from their numbers, 
seem to be doing brisk business with reprints of classic 
works of literature, seem to have overlooked the 
possibilities of producing facsimiles of these rarest of 
scientific books. 

But according to Sotheby's expert, a science special- 
ist who knows his field well can still collect an interest- 
ing library which, in the long run, will turn out to be a 
good investment. He would have to be prepared to 
spend about £1,000 a year for ten or fifteen years, 
which admittedly reduces the field, but it is less capital 
than would be needed to collect works of literature. 
The best thing to do is to concentrate on books pub- 
lished in the early nineteenth century and forget the 
sixteenth and seventeenth centuries which are rich 
men’s pickings. There are, of course, a few very scarce 
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and expensive nineteenth century scientific books--- 
Brown’s broadside on Brownian motion and Sir Charles 
Bell’s New Anatomy of the Brain, only a hundred copies 
of which were printed in 1811, are examples—but 
apart from such well known rarities bibliographers have 
tended to ignore the science books of the period; 
anyone who knows the history of science in the nine- 
teenth century ought to be able to compete easily 
with the dealers who are usually much more familiar 
with literature than science. Equally important, the 
books of the nineteenth century scientists have not 
yet become fashionable as collectors’ pieces, 


BRITISH ASSOCIATION 


Signing on for Exeter 


Wirn the final programme just published, the British 
Association for the Advancement of Seience is hoping 
that about two thousand members will attend the 
annual meeting in Exeter in September. At the end 
of last week 1,200 people had signified their intention 
of attending, including 102 members of the newly 
formed junior branch, the British Association Young 
Scientists (BAYS). This year, of course, all except the 
youngest participants—the twelve to fifteen year olds 
—will be paying to attend the meeting. As the presi- 
dent, Sir Peter Medawar, pointed out last week, at 
£7 for full members, £3 10s for students and £1 15s for 
BAYS, this is very good value for a week’s opportunity 
to catch up with the latest scientific developments. 

In view of the sudden large increase in the cost of 
attending the annual meeting—previously included in 
the membership subscription which is now a separate 
charge—-1,200 enrolments is thought to compare 
adequately with the 1,600 who had enrolled for the 
Dundee meeting this time last year. The meeting at 
Exeter is likely to cost about £14,000 and so, if the local 
fund raised by generous industry and commerce in 
Exeter and the West Country reaches the hoped for 
£8,000, £6,000 is needed from the annual meeting fees, 

The intention of the new membership structure and 
charges is to encourage many more people to join the 
association, but not necessarily to attend the meeting 
every year. Young people seem to be responding 
with enthusiasm; BAYS branches are apparently 
springing up so rapidly that headquarters has difficulty 
keeping track of them. There are now about 3,000 
of these young scientists throughout the country, 
and their representatives will be holding their first 
national conference at the Exeter meeting. 

In line with the purpose of the annual meeting to 
inform non-scientists in terms they can understand, 
as well as to enable specialists to meet and discuss their 
work in the various sections, this year there will be 
several events of very general interest. At the two 
plenary symposia, such important people as the 
managing director of NRDC and the director of the 
National Society for Clean Air will bring their minds 
to bear on the problems of how to exploit Britain’s 
inventive talents in industry, and how to manage the 
natural environment without polluting or destroying 
it. There will also be five public lectures to which non- 
members will be welcome. It is hoped that local non- 
scientists will be attracted to come to listen to such 
speakers as Dr Anthony Hewish on pulsars and Dr 
A. ©. Allison on immunity against tumours. 
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MOON 


First Impressions 


By the time the lunar samples brought back by 
Apollo 11 have been wrung dry of scientific informa- 
tion, the second American expedition to the Moon will 
have already been. mounted. Almost cer tainly, the 
next landing will be at one of the two sites in the 
eastern hemisphere which have been chosen as smooth 
enough for a landing--both sites are near the equator 
in Oceanus Procellarum. This way by the end of the 
year NASA will have reeovered samples of typical 
mare regions in both the eastern and western hemi- 
spheres ‘of the visible face of the Moon. What the 
Apollo 12 astroneuts—Charles Conrad and Alan Bean 
on the surface and Richard Gordon in the command 
module——will be instructed to look out for will depend 
on the first-hand descriptions of the surface radioed 
by Armstrong and Aldrin on Monday morning (BST) 
and on preliminary y analyses of the samples. ‘Already 
the astronauts’ impressions of the surface material are 
adding to what has been inferred from the crude 
chemical and mechanical analyses carried out by the 
Surveyor soft-landers. The experimenters fortunate 
enough to be on NASA’s distribution list now have a 
better idea of what to expect. 

Armstrong’s first description that “the surface 
appears to be very finely grained as you get close to 
it, it’s almost like a powder” matches the Surveyor 
results which point to a matrix made up of finely 
divided particles sometimes aggregated in lumps. That 
the surface took a clear imprint of treads on Arm- 
strong’s boots was expected from the impressions left 
by a pattern inscribed to a depth of 50-70 microns on 
the Surv eyor footpads, which implies that much of the 
moondust must be finer than 60 microns. The cloud 
of dust raised by the deseending lunar module at 
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height of 70 feet must have consisted of this fine 
material. A few minutes later Armstrong recorded 
that “it’s a very soft surface, but here and there 


where I plug in the contingency sample collector, I 
run into a very hard surface, but it appears to be very 
cohesive material of the same sort”. Some of the hard 
rocks collected in the contingency sample had what 
seemed to be vesicles in the surface, and one seemed 
to have some sort of phenocryst—-a prominent em- 
bedded crystal. 

Later Aldrin found some purple rocks containing 
what he guessed to be biotite, a mica which can be 
green, brown or black found in terrestrial granites and 
in the lavas of Vesuvius. Armstrong described some 
boulders as looking like basalt and “having probably 
2 per cent white minerals in them. The rock seemed 
to be peppered with tiny impact craters. At one 
stage one of the astronauts described the soil as a 
greyish cocoa colour. 

The mechanical properties of the soil are much as the 
Surveyor data predicted. Aldrin said: “E could suggest 
exactly what the Surveyor pictures showed when ‘the y 
pushed away a little bit. You get a force transmitted 
through the upper surface of the soil and about five 
or six inches of bay breaks loose and moves as if it 
were caked on the surface when, in fact, it really isn’t.” 
Armstrong noticed that the soil is very cohesive and 
will retain a slope of probably 70°. This seems to have 
been the kind of phenomenon with which powder 
metallurgists are familiar—rough powders more easily 
transfer stresses to each other. 

What seems to have been surprising was the lack of 
damage to the surface caused by the impact of the 
lunar module and the blast of its engine. According 
to Armstrong’s preliminary inspection, “The descent 
engine did not leave a crater of any size... . I can see 
some evidence of rays emanating from the descent. 
engine. but very insignificant amounts.” 





LUNAR SURFACE 


What is the Surface Like ? 


First reactions by British scientists who are to receive 
lunar samples centred on the handful of mineralogical 
references in the astronauts’ comments, and on their 
descriptions of the consistency of the surface material, 
Aldrin’s mention of biotite caused most comment. 
Dr N. J. Snelling of the Institute of Geological Sciences, 
where the mineralogy and distribution of radioactive 
materials in the samples are to be investigated, found 
the reference to biotite surprising. The surface material 
could be generally basaltic, as the Surveyor soft- 
landers seemed to suggest (although a reconsideration 
of the Surveyor results has laid seeds of doubt about 
this interpretation), or it could be meteoritic debris; 
in neither case is biotite expected. If it is not a case of 
misidentification, the biotite almost certainly indicates 
voleanic material which has undergone more chemical 
processes than one might have expected on the Moon, 
On the other hand, Dr S. W. Richardson of the Grant 
Institute of Geology, University of Edinburgh, where 
the crystal structure in the samples i is to be investigated 
for hints of the conditions under which crystallization 
took place, doubted that Aldrin was close enough to 
the rock he was describing to identify biotite. But he 


pointed out that the mention of phenocrysts suggested 
a rock which had crystallized at moderate or shallow 
depths. If biotite was indeed present, then the rocks 
must be highly differentiated and there must have been 
a high partial pressure of water. The white mineral 
which Armstrong mentioned in a rock which seemed to 
be basalt is probably plagioclase feldspar. Professor 
J. Zussman of the Department of Geology at Man- 
chester University agreed that the identification of 
biotite is doubtful considering the conditions under 
which the astronauts were working. Many other 
minerals glint in the same way as biotite. 

The vesicular appearance of the rocks was interpreted 
by Professor Zussman and by Dr Snelling as indicating 
a lava extruded in vacuum conditions, so that gas 


bubbles leave the rock looking like a sponge. Ter- 
restrial lava flows have the same appearance. An 


alternative possibility is that the vesicles are tiny 
impact craters. 

Professor G. M. Brown of the Department of Geology, 
Durham University, where a petrological examination 
of samples is to be undertaken, thought that the 
astronauts posed as many problems as they answered. 
Biotite is difficult to account for because of its water 
content, and there is the problem of explaining the 
extremely finely divided nature of the surface soil. 
The references to the slipperiness are also hard to 





NATURE. VOL. 223, JULY 26, 1969 


MARS 


Mariners reach Mars 


THEsE are busy weeks for steerable radio telescopes. 
Parkes (New South Wales) and Goldstone (California) 
have been tracking Apollo 11, Jodrell Bank has been 
concentrating on Luna 15 and, next week and the 
week after, Goldstone will be following the Mars probes 
which are reaching their destination after a journey of 
five months and something like 200 million miles. 

Neither probe will be able to detect the presence of 
life, but the hope is that they will determine whether 
the martian environment is suitable for life to develop. 
And the question of martian canals should be settled 
once and for all by the television pictures which are 
to be radioed back. 

Both Mariners were launched from Cape Kennedy. 
Mariner 6 on February 24 and Mariner 7 on March 27 
and they are to make close approaches to Mars on 
July 30 (10.18 p.m, PDT) and August 4 (10.00 p.m. 
PDT) respectively. Each Mariner is to look at a 
different part of the planet—Mariner 6 is to photograph 
the equator and Mariner 7 part of the southern hemi- 
sphere and the polar cap. The two probes are the 
second stage in NASA's exploration of Mars. They 
follow Mariner 4 which in 1964-65 photographed Mars 
with a best resolution of two miles (compared with 
100 miles for terrestrial telescopes). The next step is 
scheduled for 1971, when it is planned to place two 
spacecraft in orbit for two months, followed by two 
soft landings—the Viking project—in 1973. 

As well as the television cameras, next week's 
Mariners have a complement of instruments which 
makes them the most sophisticated planetary space- 
craft so far. BRadiometers will produce infrared maps 
to compare with the television pictures, and should 
enable people to decide whether the ice caps are water 
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or solid carbon dioxide. The constituents of the upper 
atmosphere are to be analysed by an ultraviolet spectro- 
meter, and those of the lower atmosphere and sutface 
by an infrared spectrometer. Chemicals such as water, 
carbon dioxide, methane, ethylene and acetylene can 
be detected, in some cases in concentrations down to 
two parts per million. Atmospheric pressures and 
densities will be measured from the effect on the 
telemetry as the Mariners swing behind Mars, when the 
signals will have to pass through the atmosphere. As 
a bonus, radio tracking of the spacecraft orbits through- 
out their flights should improve the values of some 
astronomical parameters—the mass of Mars, the mass 
ratio of the Earth and the Moon and the distance 
from the Earth to Mars when the Mariners arrive. 

If all goes well, the television pictures will have a 
best resolution of 900 feet, and colour filters which can 
swing in front of the lenses will allow colour pietures 
to be built up. Each Mariner will begin taking pictures 
a few days before the closest approach, and a complete 
coverage of the planet except for the pole caps should 
be achieved as the planet rotates. (A martian day is 
24-6 hours.) Altogether, 143 approach pictures are to 
be taken if communications with the spacecraft are 
up to scratch. Otherwise, a more conservative sequence 
of eight approach pictures by each Mariner is planned. 
If all goes well, the first pictures should be appearing 
on the monitors at Goldstone at 18.35 (PDT) on 
July 29. One of the martian moons, Phobos, could 
appear on the approach sequence, Close-ups of the 
surface will begin to be taken 15 minutes before the 
time of closest approach, with one picture every 42 
seconds. Every seventh picture element will be trans- 
mitted back to Earth in real time, and a complete 
picture will be replayed from tapes after the encounter. 
Each Mariner is programmed to take twelve high 
resolution and twelve medium resolution pictures 
during the close approach. 
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understand. Professor Brown thought the indications 
were that the rocks are lava and that the fine dust is 
meteoritic. 

Two points particularly attracted the attention of 
Professor S. Tolansky of the Royal Holloway College, 
University of London, who is to prospect in the samples 
for diamonds. One was the way the fine dust stuck to 
the astronauts’ boots, which Professor Tolansky attri- 
buted to electrostatie charges on the dust due to 
bombardment by the solar wind. The second point 
has to do with Professor Tolansky’s interest in tektites, 
and a remark which he heard from one of the astronauts 
that there was something glassy-looking. Professor 
Tolansky believes this was either a tektite, or a splash 
of glassy material generated by the heat of an impact- 
ing object. 

The team led by Dr J. E. Geake of the Institute of 
Science and Technology at Manchester University, 
which will be investigating optical emissions and the 
optical polarization of specimens, is interested in the 
dust layer. Mr G. Walker was gratified that the hinar 
surface was lighter than the material immediately 
beneath. This seems to have been caused by radiation 
damage of the topmost soil. One problem in the past 
has been that laboratory experiments with protons 
suggest that most particles darken under radiation, 
but it now looks as if vacuum pump oil was getting 





into the equipment and darkening the specimens. He 
added that the colour of the lunar surface seems to 
match that of the powdered basalt which the Man- 
chester team has had in its equipment. Dr Geake 
commented that the behaviour of the dust bears out 
the results of experiments by Dr Salisbury at the Air 
Force Cambridge Laboratories. There it was found 
that if almost any dust is pumped down to 10- torr 
to represent lunar conditions, an adsorbed layer of air 
molecules which remains in softer vacuums is stripped 
off. Van der Waals forces then come into play between, 
the grains and the dust behaves like a wet soil. In the 
Air Force Cambridge experiments, dust sifted through 
fine wires built up on the wires like wet snow. 

Professor A. W. Bishop of Imperial Colle amdon, 
who is not involved with the analysis of samples, 
commented on the Moonwalk from the point of view 
of soil mechanics, especially the way the lunar soil 
behaves as if it had a caked surface. Electrostatic 
forces giving apparent cohesion is one explanation. 
More likely is that the dust is extremely rough, some- 
thing like pulverized coke. This is expected to be the 
case on the Moon where there is no weathering to 
produce the smooth round particles which are usnally 
encountered on the Earth. The particles then lock 
together and transmit stresses better than terrestrial 
dusts. 
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ROYAL SOCIETY 


Kapitza and Rutherford 


De P. Karirza, director of the Institute for Physical 
Problems in Moscow, is to give this year’s Royal Society 
Rutherford Memorial Lecture at the University of 
Alberta, Canada, on September 16. No Rutherford 
lecturer has previously been appointed from outside 
the Commonwealth since the lectures were founded in 
1952 to be delivered in overseas Commonwealth univer- 
sities. Dr Kapitza became a Fellow of the Royal Society 
in 1929, and worked at the Cavendish and Mond 
Laboratories in Cambridge from 1921 to 1934. 

The Rutherford Memorial Fund, which finances these 
lectures, contributes to the Royal Society’s support of 
science in the Commonwealth, providing £4,228 in 
1967-68. The fund was raised by subscription in 
1950-51, and the income is used chiefly to award 
scholarships to young graduate scientists so that they 
can pursue experimental research for three or more 
years in a Commonwealth country other than that in 
which they obtained their first degree. By the end of 
1968, there had been twenty Rutherford Scholars, and 
a further award has just been made. Its holder is Mr 
P. J. Stiles of the University of Sydney, who will 
spend three years at the Department of Theoretical 
Chemistry in Cambridge investigating the optical be- 
haviour of fluids in electromagnetic fields. 


PLANNING 


More Delay on Levens Park 


Tuere is, after all, to be a public inquiry into the route 
to be followed by the proposed Kendal link road from 
the M6 Motorway to the A6 through historic Levens 
Park, Westmorland. This means that there is still 
hope for the park’s famous avenue of oaks, planted in 
the 17th century. The proposed route on which a 
Ministry of Transport order was made last year, has 
been criticized because it would result in at least five 
of the oaks at the northern end of the avenue having 
to be destroyed. Several alternative routes have been 
proposed since the link road was first discussed in 
1964. The park’s owner, Mr O. R. Bagot, has suggested 
that the road could bypass the end of the park by 
running through the grounds of a nearby convent and 
then cross over the gorge of the River Kent farther 
up river. This scheme has been rejected by Westmor- 
land County Council and the ministry. There is, 
however, a more hopeful alternative route which has 
recently been considered by ministry engineers. It 
would run well clear of both the park and the convent, 
and provided that the bridge over the River Kent was 
well designed it need not intrude very much on the 
view north from the park. This route would be 
approved in principle by the planning committee of 
the council, if the minister, Mr Richard Marsh, himself 
approved it. Mr Marsh has, however, indicated that 
he still favours the original line through the park, 
saying that it would do less damage in broad land- 
scaping and amenity terms than any of the other 
routes proposed, but he has bowed to public opinion 
by ordering a public inquiry which should be some 
consolation to the “Save Levens Park” campaigners. 
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Parliament in Britain 


Nessy 

AFTER the investiture of the Prince of Wales and the 
resounding victory of the United States in the lunar 
stakes, all it needs to complete the summer is a sighting 
or two of the Loch Ness monster. In the House of 
Lords, Lord Hughes assured Lord Kilmany that any 
monsters that may chance to inhabit the loch will not 
be subjected to assault or damage by the submariners 
currently scurrying about on the loch’s bed. The chief 
constable of the Inverness Constabulary has been 
assured that the submarine operations have no 
aggressive intent. (Oral answer, July 16.) 


Cleaning Public Buildings 

MPs were full of praise for the improvements to Trafal- 
gar Square and Whitehall which have resulted from 
cleaning public buildings. The total cost of cleaning 
the dozen buildings that have been treated so far is 
£70,000. The 1969-70 programme includes a start on 
the Mall facade of Buckingham Palace, the Royal Naval 
College, the Tower of London and, as a gesture to 
Scotland and Wales, the Old Register House in Edin- 
burgh and the Gwydyr House. Mr C. Loughlin, Parlia- 
mentary Secretary to the Ministry of Public Building 
and Works, added that the problem of reducing the 
numbers of pigeons and other birds seems completely 
intractable. (Oral answer, July 15.) 

Forestry 

Mr J. Mackie told the Earl of Dalkeith that about 4 
per cent of England and 8 per cent of Scotland is 
covered by productive forest, compared with 13 per 
cent in Europe as a whole. Mr W. Ross, Secretary of 
State for Scotland, denied that the Forestry Com- 
mission’s planting programme was falling behind 
schedule. During the 18 months ending 31 March, 
1969, the commission planted 43,100 acres in Scotland 
and private landowners planted about 23,500 acres. 
Mr Ross, replying to the Earl of Dalkeith, said the total 
sum voted to the Forestry Commission since its estab- 
lishment was £234,088,000 and the expectation value 
of the commission’s plantations in production on March 
31 was £69 million. By comparison the cost of timber 
and timber product imports in 1968 was £643 million. 
(Written answers, July 15 and 16.) 


Open University 

Miss J. Ler for the Department of Education and 
Science said that enrolments for the Open University 
will begin in the autumn of 1970 and the university will 
start work in January 1971. Expenditure in 1968-69 
was £130,000 and in 1969-70 it is estimated that £1-7 
million will be spent. (Written answer, July 17.) 


Transport Museum 

Miss J. Lee was in an unrepentant mood when she 
replied to a barrage of questions critical of the decision 
to move 70 per cent of the Transport Museum, now 
housed at Clapham, to York, The remainder of the 
collection which related to London Transport would be 
reclaimed by London. Miss Lee said there was no room 
for expansion at Clapham and she denied that splitting 
the collection would result in converting a national 
transport museum into a provincial railway museum. 
York will also receive documents and records relating 
to transport for all of Britain apart from Scotland 
and London. Miss Lee maintained that York was the 
best place for the museum. (Oral answers, July 17.) 
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Can Malignancy be Suppressed ? 


Any step forward in the understanding of what deter- 
mines the cancerous state is bound to be valuable, not 
only because of the importance of malignant disease 
but also because it may suggest ways in which the 
rewards of the vast energy now expended on cancer 
research may somehow be increased. This is one 
reason why there will be great interest in the report on 
page 363 by Professor Henry Harris and Dr O. J. 
Miller of the University of Oxford and Drs G. Klein, 
P. Worst and T. Tachibana of the Karolinska Institutet 
in Stockholm. But there is more than this to be said. 
The way in which their work involves the histocompati- 
bility antigens suggests that it may also have an 
important bearing on the problems of surgical trans- 
plantation. To say the least, the experiments now 
reported should help to throw light on the dependence 
of malignancy on the chromosomes in the cell nucleus 
and on the genetic control of transplantation com- 
patibility. They also offer a means of studying by 
chemical methods the mechanisms by which malig- 
nancy can be suppressed, although this does not, of 
course, imply that a method of controlling cancer is 
just around the corner. 

The experiment is another successful exploitation of 
the technique devised by Harris and Watkins in 1965 
for fusing somatic cells in pairs to form diploid hybrids 
by the use of inactivated Sendai virus. This time, 
Harris and his colleagues have fused cancerous mouse 
cells with mouse fibroblasts which are not malignant. 
They point out that the precedents are not encouraging 
for the hope that such a technique could suppress 
malignancy. At least two other groups have tried 
similar experiments only to find that the hybrid cells, 
made from a cancer cell and a normal cell, were them- 
selves cancerous. This would have implied that cancer 
is a dominant character. Similarly discouraging 
conclusions seemed to have been reached about the 
relationships of the histocompatibility antigens on 
cell surfaces. Hybrids made by fusing together two 
cells carrying different antigens would be expected to 
carry both parental antigens, which would in turn 
imply that the antigens were co-dominant, which would 
again rule out further analysis. Harris and his col- 
leagues have now shown that for the cell types which 
they have used, malignancy is suppressed in hybrids, 
that, in certain circumstances, the histocompatibility 
antigens can be suppressed and, moreover, that 
hybrids with suppressed malignancy lose chromosomes 
and in the process give rise to cells which have reverted 
to malignancy. 

The success of these experiments seems to rest on a 
shrewd choice of cell lines. The non-malignant cells 
used as one partner for all the hybrids are known as 
A9 cells. They are fibroblasts which lack the enzyme 


ionosinie acid pyrophosphorylase and carry the H-2% 
histocompatibility antigens. Three cancer cell lines 
were used. Öne was the Ehrlich ascites tumour, one 
of the most malignant of all mouse tumours, which 
has been passed from mouse to mouse since 1896, 
These Ehrlich ascites cells, which do not grow in culture 
outside the mouse, have only very weak histocompati- 
bility antigens on their surface, which means that they 
evade homograft rejection and thus can grow without 
being rejected in any strain of mice. This no doubt 
reflects the prolonged selection pressure against the 
original antigens of the cells during the aty-odd 
years during which they have been injected into every 
strain of mice. The other cancer cell lines are of much 
more recent origin. The SEWA tumour is an ascites 
carcinoma induced in 1960 by injecting mice of the 
A.SW strain with polyoma virus and carries, in addition 
to the polyoma transplantation antigen induced by the 
virus, the H-28 histocompatibility antigens. The 
MSWBS tumour is another ascites carcinoma, induced 
originally by a chemical carcinogen, which also carries 
the H-2 antigens. 

All three tumour cells are lethal to mice, but the A9 
non-malignant strain is not. Harris and his colleagues 
produced hybrids by fusing a cancer cell with an A9 
cell and then tested the ability of the hybrid to grow 
progressively in mice of suitable antigenic strains, 
Each hybrid was tested on adult mice and newborn 
mice, some of which had been given large doses of whole 
body X-irradiation. Irradiation of newborn mice 
destroys their immune response so completely that 
tumours with one histocompatibility antigen will grow 
without being rejected, even in mice bearing a conp 
pletely foreign antigen. This method therefore elimine 
ates the possibility of complications in the experiments 
arising from immunological rejection. 

What were the results? In essence, hybrids of A9 
with each of the three cancer strains were not malignant 
or only slightly malignant compared with the parental 
cancer cells. Clearly the A9 cell contains some deter- 
minant which can suppress malignancy. If should 
now be possible to discover which of the A9 chromo- 
somes carries this malignancy suppressor because, in 
the case of the hybrids of A9 and Ehrlich cells, Harris 
and his colleagues have isolated three segregants in 
which the original 128 had been reduced to 89, 84 and 
82 respectively. The way in which this loss of chromo- 
somes leads to a reversion to malignancy presumably 
indicates that one or more of the AQ chromosomes 
carries the determinant which enables AQ to suppress 
malignancy. It should therefore be possible, perhaps 
by remorselessly tedious cytology, to discover which 
chromosomes of A9 carry the suppressor. Harris and 
his colleagues already have a clue; all three revertants 
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lack about ten bi-armed chromosomes derived from 
the A9 parent. It will be bad luck if future work 
does not pinpoint the erucial chromosomes. 

These results with hybrids fly in the face of earlier 
reports that the fusion of a cancer and a non-cancer 
cell gives a malignant hybrid. Does this mean that 
the A9 cells possess some special property which sup- 
presses malignancy and which is not shared by other 
non-malignant cells? One way to find out, of course, 
is to repeat the experiments with other non-malignant 
cell types. But what if it turns out that A9 is unique 
in this respect ? AQ is a cell line that has been selected 
over several generations for the ability to continue to 
metabolize and ae in the presence of 8 azaguanine, 
an analogue of the base guanine which usually stops 
cell growth by inhibiting the synthesis of nucleic acid. 
It may be that the ability of A9 to suppress cancer is 
correlated with its ability to metabolize in the presence 
of 8 azaguanine. If so, this would open up a direct 
approach to the biochemical mechanisms involved 
in the suppression of malignancy. 

The experiments with the hybrids of A9 and Ehrlich 
ascites cells also prove that the expression of histo- 
compatibility antigens ean also be suppressed. In the 
AQ-SEWA and A9-MSWBS hybrids, both parental 
histocompatibility antigens are fully expressed. This 
is the classical case of co-dominance. In each type of 
hybrid, the A9 cell contributes the H-2* antigen and 
the SEWA and MSWBS cells the H-28 antigen. Among 
other things, this explains why Harris and his col- 
leagues had to test the hybrids for malignaney in mice 
heterozygous for these two antigens. The AQ and 
Ehrlich ascites hybrids, however, turned out to have 
weak histocompatibility antigens. The H-2* antigens 
of the A9 parent had somehow been largely suppressed 
by the Ehrlich ascites parent, which on its own shows 
very weak antigenicity. The most likely explanation 
is that during its eighty years of laboratory manipula- 
tion, the Ehrlich cell has evolved a mechanism for 
suppressing its own histocompatibility antigens and, 
of course, in a hybrid containing the Ehrlich cell, 
this same mechanism would suppress the expression 
of the antigens of the other partner. The Ehrlich 
ascites cell might, for example, produce a substance 
which simply smothers the antigens on its surface. 
What makes this explanation particular! y appealing 
is the discovery that in the Ehrlich ascites-A9 hybrids 
not only are the H-2* antigens of the A9 cell suppressed, 
but so are the FMR antigens which are present probably 
because the AQ cell carries a leukaemia virus. 








ENZYMES 


The Five-fold Way 


from our Enzymology Correspondent 
Tne difficulties in interpreting enzyme mechanism are 
nowhere better shown than by the example of ribo- 
nuclease. This small and tractable enzyme has 
received the full attention of X-ray crystallography 
and conventional chemistry, yet still nobody knows 
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how it works. There are various theories, but the 
evidence necessary to choose between them is elusive. 

Meanwhile, background knowledge of nucleotide 
chemistry is growing quickly, and it is now possible at 
least to frame the chemical requirements for any 
ribonuclease mechanism more precisely than was pos- 
sible a few years ago. Ina recent paper, David Usher 
of Cornell University has shown that all the suggested 
mechanisms for the enzyme can be classified according 
to the geometry of the P—O bond breaking and 
making which the ay invoke (Proc. US Nat. Acad. Sei., 
62, 661: 1969). There are only two classes, an “in-line” 
displacement and an “adjacent” displacement (shown 
in the diagram). This distinction has rarely been made 
explicit in the past, but most of the published mechan- 
isms nevertheless carry an implicit geometry: for 
example, a mechanism is of the adjacent type if it 
uses the same group as a general base for the 2’.OH 
and then as a general acid for the departing 5’-OCH,. 

Work by W ‘estheimer’s group has led to a set of 
preference rules for the reactions of phosphorus esters, 
and among them are the following: (1) Hydrolysis 
involves a pentacoordinate species with the geometry 
of a trigonal bipyramid (three basal positions and 
two apical). (2) A Peete ion can convert apical 
positions into basal, and two of the basal into apical. 
(3) Groups enter and Jeave via apical positions only, 
(4) A five-membered ring (for example, the intermedi- 
ate cyclic phosphate in ribonuclease action) spans one 
basal and one apical position. 

With these rules, it can be said that an adjacent 
mechanism cannot be concerted, for the attacking 
2’-OH will necessarily approach the P atom at an apical 
position, so the basal 5’-O atom cannot depart until a 
pseudorotation has made it apical. An in-line mechan- 
ism could be concerted, on the other hand, though it 
sees probably require simultaneous general base 

atalysis towards the 2’-OH, and general acid catalysis 
of ards the 5’-O, presumably supplied by ribonuclease’s 
two active site imidazole groups. 

Given that an adjacent mechanism involves pseudo- 
rotation of a pentacoordinate intermediate, it is worth 
asking whether the process could happen fast enough 
to satisfy the observed rate of reaction. In a prelimin- 
ary calculation, Hammes has recently shown that if 
the ratio of the pla of the 2’-OH to that of the enzyme 
base were 10-7 (as is probably the case) then the forma- 
tion and rotation of the pentacoordinate intermediate 
may need to occur at rate constants as high as 10! or 
104 s4, This is indeed very fast, and David Usher 
is currently trying to force the issue by designing a 
substrate with hindered pseudorotation, in the hope 
that a study of its hydrolysis by ribonuclease will 
provide an experimental distinction between the “in- 
line” and “adjacent” mechanisms. 
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CELL BIOLOGY 


Membranes and Metabolism 


from our Special Correspondent 


Tue high point of the second day of the meeting of the 
Society for Experimental Biology at York on July 16 
was provided by Professor A. Frey-Wyssling (Univer- 
sity of Zurich), who gave a masterly review of the 
membranes of cell organelles, in which he introduced 
the idea of comparative organcllography. This is 
based on the ability of the membranes of different 
organelles to fuse with each other. The different 
organelles then have what Professor Frey-Wyssling 
calls homologous membranes, and this can tell some- 
thing about the origin of some organelles. For example, 
spherosomes, lysosomes, provacuoles and tonoplast 
all have membranes homologous with the endoplasmic 
reticulum, from which they are probably formed. 
Professor Frey-Wyssling concluded by suggesting that 
this subject is going to grow so fast that in a few 
years there will be a science known as membrano- 
logy. 

On a less theoretical plane Professor J. R. Bronk 
(University of York) described some visible changes in 








b 
Mitochondria of jejunal mucosa of rat, (a) condensed in a 
medium containing a mixture of amino-acids, and (b) uncon- 
densed in a medium containing the amino-acids and glucose. 

The scale in each case represents | micron. 
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mitochondria which are associated with a high rate of 
respiration. He and his colleague D. K. Jasper used 
slices of mucosal tissue from the jejunum of rats. 
When the tissue was incubated in bicarbonate Ringer 
solution for five minutes or more, some of the mito- 
chondria took on a condensed appearance, as though 
the matrix material was piled up on the membranes. 
At the same time a high rate of respiration was recorded 
polarographically--by measuring oxygen consump- 
tion. Many more mitochondria~ more than 50 per 
cent--became condensed when 1 mg/ml. of a mixture 
of amino-acids was added to the medium. 

Professor Bronk does not think that the condensation 
is simply due to the presence of the amino-acids 
because mitochondria incubated with glucose as well 
as the amino-acids retained the orthodox wncondensed 
appearance. Because the structural change is associ- 
ated with a high rate of respiration he had two possible 
explanations: condensation is a result either of a large 
drain on the cell’s energy or of some uncoupling of 
oxidative phosphorylation. The second possibility has 
been eliminated by incubating mucosal slices in medium 
containing 2.4-dinitrophenol which uncouples oxi lative 
phosphorylation. In this case less than a quarter of the 
mitochondria were condensed, indicating that con- 
densation is associated with a high rate of eoupled 
oxidative phosphorylation. This process had been 
upset by the 2.4-dinitrophenol, so that condensation 
was prevented. 

Dr J. V. Possingham (CSIRO, Australia) struck a 
light note on the very practical topic of how to dry 
grapes. To produce sultanas as quickly as possible it 
is necessary to speed up cuticular transpiration—grape 
berries have no functional stomata, they lose water 
only through their waxy cuticle. Special treatments 
have long been used to speed up this process. Th 
Greece and Turkey it used to be olive oil and ashes, 
now where grapes are dried it is a commercial dip of 
mixed fatty acids with emulsifier and potassium 
bicarbonate. Dr Possingham and several colle: 
in Australia think that these mixtures work by making 
the tiny wax platelets of the cuticle, which are usually 
strongly hydrophobic, wettable, so that water more 
easily passes through. Electron micrographs show a 
clear difference in the cuticle before and after dipping, 
which leaves the previously crisp looking wax platelets 
in a collapsed condition. 
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DNA POLYMERASE 


Kornberg Furibundus 


from our Molecular Biology Correspondent 

Now that the sequence of the principal events in the 
replication of DNA is broadly established, much 
attention is being directed at the nature of the DNA 
polymerase itself, notably in A. Kornberg’s laboratory. 
The current issue of J. Biol. Chem. contams six re- 
morselessly thorough papers by Kornberg’s cohorts, 
which deal with the physical and enzymological 
properties of DNA, being parts 26-31 of a series called 
“enzymic synthesis of DNA”. 

DNA polymerase is an enzyme of moderately high 
molecular weight, which catalyses a range of related 
reactions—polymerization of triphosphates, with re- 
lease of pyrophosphate, exonucleolytic breakdown. of 
DNA chains from either the 3’ or the 5’ ends (in which 





guises it has been termed exonuclease If and VO), 
and also degradation by pyrophosphate, with liberation 
of triphosphates, and exchange of phosphate in tri- 
phosphate against pyrophosphate. It has now been 
shown that, as previously supposed, at least some of 
these functions are closely related. In the first paper, 
Jovin, Englund and Bartsch (J. Biol. Chem., 244, 
2996; 1969) describe a procedure for the preparation 
of the polymerase in a high state of purity. Sedimenta- 
tion equilibrium gives the molecular weight as 109,000. 
Moreover, although the protein unfolds in 3 M guani- 
dine hydrochloride, as shown by optical rotation, the 
molecular weight in 6 M is undiminished. Tt seems 
therefore that this is not one of the rare proteins which 
fail to dissociate in this medium, but rather that it 
possesses only one polypeptide chain. The concentra- 
tion of N-terminal residues (methionine) supports this 
conclusion. DNA polymerase appears therefore to be 
the largest known single-chain enzyme. This tinding 
is at odds with recent reports of components of lower 
molecular weight, which Jovin et al. suggest are im- 
purities in inferior preparations. There is one sul- 
phydry] group, which can be blocked without loss of 
activity. 

In the second paper Jovin, Englund and Kornberg 
(tbid., 3009) find that a number of amino groups can 
be acylated with a new fluorescent reagent, with pro- 
gressive annihilation of polymerase activity, but 








Deutscher and 
Kornberg (ibid., 3019) have studied the pyrophosphate 
exchange reaction, with the aim of unifying this 
function with the polymerization. The two have 
features in common, notably requirement for a primer, 
with correct base pairing, and in addition polymeriza- 
tion is inhibited by pyrophosphate. The common 
intermediate, which the authors postulate, is evidently 
not a nucleotidylenzyme, but is surmised, on the 
basis of the behaviour of triphosphate analogues, to 
involve instead the combination of nucleotide and 
primer. This intermediate can now transform in either 
direction—the triphosphate can be regenerated by 
displacement with pyrophosphate, or it can react 
with another molecule of triphosphate. 

In some circumstances the formation of nucleoside 
monophosphates is also observed, and the pH-de- 
pendence of this reaction is interpreted in terms of a 
competition between hydroxyl ions and pyrophos- 
phate, hydrolysis replacing pytophosphorolysis with 
increasing pH. This is taken as further support for 
Deutscher and Kornberg’s thesis that there is a 
common site for all functions, and therefore an 
underlying unity of mechanism. 

In the next paper (ibid., 3029) the same workers 
describe the ability of the DNA polymerase to degrade 

olynucleotides not only from the 3’ end (exonuclease 

I activity), but also from the 5’. The relative rates 
of the two processes depend on the conformation and 
length of the substrate, and on the pH. The finding 
of 5’ activity explains the earlier observations of the 
presence of chains terminating in any of the four 
nucleotides at the 5’ end of a viral DNA: this can now 
clearly no longer be taken to signify that all four nucleo- 
tides are capable of initiating synthesis. 

Englund et al. (ibid., 3088) have shown by equili- 
brium dialysis experiments that the polymerase has 
one site for the attachment of triphosphates. All four 
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of them compete, but have considerably different 
binding constants, The triphosphate group is essential 
for binding, and magnesium is required. By contrast, 
a DNA (oligomeric poly dAT) is shown (Englund, 
Kelly and Kornberg, ibid., 3045) to require no mag- 
nesium for binding. Binding was studied by sucrose 
gradient sedimentation, the enzyme being followed by 
means of a radioactive mercury label, attached to the 
solitary, and inessential, thiol. The DNA binds at a 
single site, as expected, at which it can be a substrate 
for polymerization or degradation. The enzyme is 
thought not to bind to helical DNA, e ept at the ends 
or at single-strand breaks, but it finds multiple sites on 
single-stranded material. 'The six papers are studded 
with footnotes, which promise manuscripts in prepara- 
tion, and more enlightenment to come. 








BIOLOGICAL MACROMOLECULES 


Interactions in the Nucleus 


from a Correspondent 


CONTROL of protein synthesis is always in the news, 
but a colloquium of the Biochemical Society held at 
Oxford on July 10 to consider interactions 6f nuclear 
macromolecules succeeded in bringing to light some less 
publicized lines of research. 

DNA-histone interaction provided the topic for much 
of the discussion. These histones are basic nuclear 
proteins which have long been suspect as genetic 
repressors, but the important question is still: how 
specific is their role ? Is there enough heterogeneity for 
repression of specific areas of the genome, or is their 
function merely structural ? 

Some structural role seems certain. E. M. Bradbury 
(Portsmouth College of Technology) reviewed evidence. 
for the involvement of histone in holding DNA in the 
form of a supercoil. The low-angle diffraction rings 
characteristic of interaction disappear when the 
nucleohistone fibre is stretched, but remain after salt- 
dissociation of the lysine-rich F1 fraction. Therefore the 
arginine-rich fractions which are left must be the key 
histones in holding together the supercoil. In the 
isolated form these contain more than 30 per cent 
a-helix, most of which is concentrated in apolar regions 
in the centre stretch of the polypeptide chain. The 
polar N-terminal region of F2a,, for example, has a 
very high ratio of basie to acidic residues (15-6), and it 
may be here, in this “sticky” N-terminal region, that 
DNA-~histone interaction occurs. 

If this is the interaction which switches off the DNA 






correlate these biochemical changes with temporal 
changes in the cell cycle. In regenerating rat liver and 
pancreas, phosphorylation of Fl occurs during the 
period of DNA synthesis (S-phase), whereas phosphory- 
lation of the arginine-rich histones occurs also during 
the preceding period of mRNA synthesis (G,-phase). 
In fertilized eggs of the sea urchin there is an increase 
in the ratio of thiol to disulphide during periods of 
structural alteration of the nucleus. 
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Interaction between RNA and protein is the basis of 
ribosome formation. By skilful manipulation of 
microdissection and  microelectrophoresis, J.-E. 

čdström (Stockholm) has been able to separate events 

taking place in nucleolus, chromosomes and nuclear sap 
and to give a picture of the build-up of ribosomal RNA 
components. He postulates that 28S and 235 com- 
ponents are formed in the nucleolus and then trans- 
ported to the chromosomes. Here the 238 is further 
processed to 18S RNA, before both 288 and 18S com- 
ponents are exported. 

Interactions of macromolecules in the nucleus do not 
oceur in isolation, but are profoundly influenced by cyto- 
plasmic proteins. This was convincingly shown by the 
nuclear transplant experiments of J. Gurdon (Univer- 
sity of Oxford) in which adult frog brain nuclei inserted 
into egg cytoplasm swelled markedly and rapidly 
changed their synthetic activity to coincide with that of 
the egg cytoplasm. Cytoplasmic proteins up to the size 
of bovine serum albumin can freely enter through the 
nuclear membrane, and it is these, rather than proteins 
transplanted with the nucleus, that control events 
taking place. In spite of the artificial nature of these 
experiments, there are enough similarities between 
nuclear changes here and in normal embryogenesis to 
hope that these very exciting results will be relevant to 
the control of nuclear activity in general. 


MOLECULAR GENETICS 


The Lactose Operon 


from our Cell Biology Correspondent 

Beckwira’s group at the Harvard Medical School 
seems to be dominating work on the lactose operon of 
E. coli to almost the extent that Kornberg’s group 
dominates research on DNA polymerase. The fifty-odd 
pages of the June 10 issue of the Journal of Biological 
Chemistry devoted to the Kornberg group’s latest 
results (see page 347) are eloquent testimony of the 
latter phenomenon. And in the latest issue of the 
Journal of Molecular Biology (48, 201; 1969) Reznikoff, 
Miller, Scaife and Beckwith report another of their 
delightfully elegant manipulations of the lac operon, 
this time designed to prove that the lac repressor 
protein can stop in their tracks RNA polymerase 
molecules which are actively transcribing DNA. Largely 
as a result of the work of Beckwith’s group, we now 
know that three genetic elements in the lac operon 
precede, in the following order, the three structural 
genes of the operon; first there is the i gene which 
specifies the repressor, then the promoter gene p at 
which transcription is initiated and then the operator 
site o which binds the repressor and then the three 
genes for the enzymes of the operon. 

To prove that repressor protein can block an RNA 
polymerase molecule already engaged. on transcription, 
Reznikoff et al. fused, by deletion mutation, the lac 
operon to the tryptophan operon, eliminating the lac i 
and p genes in the process. This results in an Æ. coli 
strain in which the operator and structural genes of 
the lac operon are continuous with the last structural 
gene of the trp operon. The only way in which the 
lac operon can be transcribed is by first initiating and 
transcribing the trp operon. The RNA polymerase 
reads through from the end of the frp operon to the 
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beginning of the lac operon fused to it and lacking its 
own promoter site. Re 

In this situation, they added lac repressor which 
bound to the still intact lac operator (0) site and 
for continued transcription of the lac structural genes. 
The binding of repressor caused up to a ten-fold reduc 
tion in synthesis of the lac enzymes. Repressor can 
therefore block the progress of RNA polymerase and 
this may be the way in which repressor normally 
effects repression. Moreover, the fusion strains indicate 
that the crucial factor for read through from trp to lac 
operons is the deletion of the i gene which specifies 
mRNA for repressor. All the evidence suggests that 
there is a stop signal at the end of the ¢ gene which 
normally blocks synthesis of mRNA beyond the 7 gene 
and necessitates a reinitiation of transeription at the 
promoter site. l l aah 

In a second paper, Reznikoff and Beckwith (ibid. 
215) and independently Bhorjee, Fowler and Zabin 
(ibid., 219) report that deletion mutants which lack the 
i, p and most of the o genes can produce high con- 
centrations of B-galactosidase. This implies of course 
that the operator o gene is not part of the structural 
gene for B-galactosidase and although the o gene is 
probably transcribed there is now no reason to believe 
that the RNA produced is ever translated. 














PHARMACOLOGY 


Drugs in Discussion 


from a Correspondent 

Tur fourth international congress on pharmacology im 
Basle (July 13-18) was a sizable affair, with an attend- 
ance of about three thousand, ‘There were numerous 
free communications and symposia, some of which were 
particularly good—for example those led by A. 
Katchalsky (Rehovot) on membrane specificities for 
biological transport, and by B. L. Vallee (Boston) on 
active sites and metalloenzymes, Two innovations 
were the holding of “trigger meetings”, and the lumping 
together of most of the free communications into large 
discussion groups; of the second, the less said the 
better. The intention of the trigger meetings was that 
an invited lecturer should give a short account of some 
unconventional approach he had brought to some 
problem, and this approach should then be put inte 
critical perspective by invited discussants. This 
resulted in several extremely good sessions, for example, 
that led by J. A. Bevan (Los Angeles) on neuro-muset- 
lar transmission in blood vessels, and the experiment 
may well survive. 

Events attended by all participants were limited to 
the four main lectures. In the first, J.-P. Changeux 
(Institut Pasteur, Paris) talked about allosteric enzymes 
under the title “molecular aspects of drug-r 
interaction”. The interaction of allosteric effectors 
with regulatory sites on proteins causes a conforma- 
tional change in the protein, and it is possible that 
receptors for drugs and neuro-tranamitters in cell 
membranes also produce their effect through a con- 
formational change in the membrane, where, as he 
stressed, the situation is much more complex. He 
dealt in some detail with work from several laboratories 
on the question of subunit interactions in soluble 
proteins, but only touched on the possible relevance 
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of models of these systems to membrane receptors. 
In contrast, 5. Ebashi (Tokyo), lecturing on calcium 
ions as a basis of pharmacological action, related his 
account to functional and pharmacological problems, 
such as the mechanism of caffeine contractions in 
striated muscle, and the role of calcium ions in excitable 
membranes and in triggering metabolic pathways. 

R. Y. Ilyutchenok (Novosibirsk) lectured on the 
action of drugs on memory and learning. The assump- 
tions involved in any analytical (rather than simply 
descriptive) work in this area seem to be rather great. 
For example, if a drug had an effect on learning, and 
if it behaved as an acetylcholine antagonist at the 
periphery, the interpretation was that a cholinergic 
pathway was involved (directly or indirectly) in 
learning; but this involves the assumption that the 
antagonist is working in the same way in the central 
nervous system as at the periphery. Many such drugs, 
however, have different effects on different tissues: 
indeed, different receptors to the same transmitter 
substance (such as adrenergic x and @-receptors) are 
categorized chiefly on just such differences. Clearly, 
negative results in such experiments would not rule 
out the involvement of a cholinergic pathway, making 
positive results hard to assess. 

An entirely different approach to central nervous 
system function was described by D. R. Curtis (Can- 
berra). His aim was to test the hypothesis that certain 
pharmacologically active amino-acids present in various 
parts of the central nervous system function as neuro- 
transmitters. Responses to ionophoretically applied 
amino-acids were compared with synaptically evoked 
excitatory post synaptic potentials (EPSPs) and 
inhibitory post synaptic potentials (IPSPs), in various 
conditions designed to distinguish between exogenously 
applied amino-acid and endogenous transmitter, if 
these were not identical substances. Antagonists 
proved to be particularly useful tools in this respect: 
for example, the IPSP of some cells (particularly in 
the ventral horns of the spinal cord, where glycine is 
present in large amounts) is abolished by strychnine. 
Both y-amino butyric acid (GABA) and glycine hyper- 
polarize these cells in normal conditions, but the 
response to glycine is abolished by strychnine while 
that to GABA is not, thus excluding the possibility 
that GABA is the inhibitory transmitter while leaving 
the case for glycine intact. 

In conclusion, insights were offered into many 
exciting areas of pharmacology and related. fields, and 
the failure of the discussion gatherings was largely 
compensated for by the several excellent symposia, 
trigger meetings and demonstrations. 





CHEMICAL STRUCTURE 


Liquid Crystals 


from a Correspondent 
Wuex a conference on liquid crystals was held at 
Woolwich Polytechnic on June 12 and 13, G. W. Gray 
(University of Hull) showed that changes in the thermal 
stabilities of liquid crystals can often be rationalized 
in simple structural terms. He was outlining features 
of molecular geometry and structure which determine 
whether a compound will be liquid crystalline. He 
emphasized that the racemic analogue of an optically 
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active cholesteric compound is nematic in behaviour 
and went on to point out some uses and applications of 
liquid crystals. 

Conmar Robinson (who is still active although 
formally retired) considered the remarkable packing 
arrangement in smectic liquid crystals, as revealed. 
by their focal conic texture. Cholesterie liquid crystals 
formed in solutions of certain polypeptides show 
visible periodicities equal to half the pitch of the axis 
of torsion, Where, in other cases, the pitch is com- 
parable with the wavelength of light, the solutions 
exhibit “cholesteric’’ colours and the reflected light is 
circularly polarized. It is interesting that the 
light reflected from certain iridescent beetles is also 
circularly polarized. The cuticles of these and 
of other arthropods contain similar “cholesterie”’ 
structures. 

A.C, Neville (ARC Unit of Inseet Physiology, Oxford) 
reported ultrastructural evidence which supports the 
hypothesis of helicoidal architecture of cholesteric 
liquid erystals for insect skeletal materials. The solid 
state helicoidal cuticle probably arises by erystalliza- 
tion of a cholesteric liquid crystal system of chitin 
and protein. 

Professor A. S. C. Lawrence (University of Sheffield) 
discussed lyotropie mesomorphs., which consist of a 
solvent, usually water, and a molecule with structure- 
building properties. Most work has been done on those 
consisting of one or more hydrophobie chains plus one 
or more hydrophilic polar groups, ionic or non-ionic, 
which interact locally with water and layer structure 
builders. They include soaps and the biologically 
important phosphatides. The temperature range of 
mesomorphic behaviour is limited by the upper transi- 
tion to liquid and a lower transition at which the 
substance crystallizes in its low temperature low sym- 
metry form with ejection of the water. The fatty 
chain is capable of numerous modes of internal thermal 
motion in the solid state which cause change of molecu- 
lar shape leading to discontinuous changes of packing, 
and so to polymorphism. These transitions and the 
effect of water on them are studied by slow cooling 
curves, differential thermal analysis and polarized light 
microscopy with heating or cooling stage; identi- 
fication is by infrared, NMR and X-ray diffraction. 

J. S. Clunie (Procter and Gamble Ltd) outlined 
microscopy and diffraction results which make it 
possible to postulate plausible structures for various 
mesomorphic phases. He showed some visual con- 
firmations achieved by electron microscopy. The use 
of X-ray techniques has been stimulated by the toroidal 
camera devised by A. Elliot (King’s College, London), 
who described how it is used to study liquid crystals 
in poly-y-benzyl glutamate solutions. 

D. J. Morantz (Woolwich Polytechnic) proposed 
that the general approach to liquid crystals can be con- 
sidered in the context of the structure of “crystalline 
liquids’. This implies a three dimensional bulk 
structure. Phosphorescence and conductivity studies 
were reported which suggest stoichiometric physical 
complexes in certain alcohol/hydrocarbon liquid 
mixtures. 

The detailed study of liquid crystal structures by 
electron spin resonance techniques was outlined by 
G. R. Luckhurst (University of Southampton). In 
a magnetic field the long axes of molecules of a nematic 
mesophase tend to be aligned parallel to the field. 
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The degree of alignment or order in the mesophase 
decreases with increasing temperature until at the 
nematic-isotropic transition point it vanishes. These 
changes can be explained theoretically by deriving 
the pseudo-potential resulting from all the inter- 
actions between one molecule and the remainder. 
Electron resonance has shown that a model for the 
potential based on dispersion forces is inadequate. 
Furthermore, direct. determination of the form of the 
pseudo-potential suggests that repulsive forces may 
dominate. 

Professor E. J. Ambrose (Chester Beatty Research 
Institute) discussed the biological importance of 
mesomorphic states in terms of the function of the cell 
membrane and the cell surface complex. Several 
examples were shown of cell membrane changes in 
animated and still form. Discussion gave rise to the 
suggestion that carcinogens can interfere with the 
liquid erystal structure of the membrane. 


SONIC BOOMS 


Seismic Effects 


from our Geomagnetism Correspondent 


‘Tue debate on the merits and demerits of civil super- 
sonic flight takes place at several levels—sociological, 
psychological, financial and even philosophical—but 
all too frequently in the absence of reliable scientific 
data. McDonald and Goforth (J. Geophys. Res., 74, 
2637: 1969} have attempted to remedy this deficiency 
as far as sonic booms are concerned by simply observing 
ground particle velocities produced during the super- 
sonic flight of existing military aircraft. The basic 
characteristics of the four military aircraft monitored 
are shown in the table together with similar details of 
Concorde and the proposed Boeing SST for comparison. 


CHARACTERISTICS OF FOUR MILITARY AIRCRAFT, 
PARED WITH CONCORDE AND BOEING SST 
Length Weight 
(metres) (kilograms) 
16-6 6,800 
B58, operational bomber 303 52,200 
SR71, experimental reconnaissance 32-7 59,000 
XB70, experimental bomber 571 136,000— 


COM- 


Aireraft 


F104, operational fighter 





166,000 
303,000 


` Concorde, civil 62- 
Boeing SST, civil 91-6 





Particle velocities were measured on portable seismo- 
graph stations set up at Edwards Air Force Base, 
California (EAFB), the Tonto Forest Seismological 
Observatory near Payson, Arizona (TFSO) and the 
Uinta Basin Seismological Observatory near Vernal, 
Utah (UBSO). In addition, modified observatory 
equipment was used at TFSO and UBSO. In all, 
183 missions were monitored at EAFB. Eight missions 
at TESO and three at UBSO allowed a comparison of 
sonic boom seismic effects over different geological 
units; and a deep vault at UBSO made possible a 
study of signal attenuation with depth. 

What emerged from an analysis of the field data was 
that both the magnitude and areal extent of the seismic 
effects were extremely limited. Horizontal displace- 
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ments were largely confined to the boom pressure 
envelope, and vertical displacements to the upper few 
metres of the Earth’s crust. Maximum ground particle 
velocities were associated with the leading and trailing 
edges of the acoustic N waves; and the overall maxi- 
mum particle velocity observed in the whole series of 
experiments was 600 microns/second. Up to over 
pressures of 25 kg/m?, the maximum particle velocity 
varied linearly with maximum overpressure but was 
independent of aircraft altitude, speed and type, 
temperature, wind velocity and relative humidity 
except in so far as these factors influence the over- 
pressure itself. 

McDonald and Goforth find it instructive to compare 
the observed maximum particle velocity of 600 
niicrons/second with publicly recommended maximum 
levels of vibration. The US Bureau of Mines, for 
example, recommends a maximum peak particle 
velocity of 50,800 microns/second. Similarly, the US 
Corps of Engineers, 

















the New York State Power Author- 
itv and the States of Massachusetts and New Jersey 
only consider particle velocities of less than 25,400 
microns/second to be safe. In short, the maximum 
particle velocity observed by McDonald and Goforth 
on relatively loose materials was less than three per 
cent of currently acceptable building damage standards. 
The nominal overpressures (but not the overpres- 
sures from “superbooms’’ produced by the simultane- 
ous arrival of two or more booms from different points 
in the flight path) expected from Concorde and the 
Boeing SST are less than 25 kg/m?, that is, within the 
range of overpressures monitored by McDonald and 
Goforth. The anti-SST lobby is thus not likeiv to be 
very happy about these results, but will no doubt 
point to the wealth of evidence for physical damage 
already produced by military supersonic overfiving 
in the USA. Presumably the explanation for the con- 
flict here is that damage is limited to particularly weak 
structures such as historic buildings and particularly 
vulnerable sub-strauctures such as windows. 
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MATERIALS 


Abrasive Wear 


from a Correspondent 


DELEGATES to the Materials Science Club conference 
at the National College of Agricultural Engineering, 
Silsoe, on July 16 and 17 found that there is an impor- 
tant link between the life of both motor car tyres and 
agricultural ploughs, the design of toothpaste and 
such down to earth matters as shoe leather. "The link is, 
of course, abrasive wear, a somewhat neglected topie 
that is currently recognized to have fundamental 
significance in materials science and metallurgy, and 
which provided the theme of the conference. ` 

The term abrasive wear was not interpreted narrowly, 
for some of the different modes of wear that may 
qualify as abrasive still require exploration. First, 
the wear process was discussed as far as possible in 
physical terms. R. C.D. Richardson (National Insti- 
tute of Agricultural Engineering) defined abrasion as 
the removal of material by hard particles on a minute 
scale by a cutting process. The angle of attack is of 
great Importance in that it either causes a groove on 
the surface or the surface is chipped, as in true abrasion, 











352 


Tt can be deduced that wear resistance is proportional 
to hardness of the material, and in the case of metals 
during the initial period of wear, significant work- 
hardening of the surface material may occur. In hard 
abrasion, the hardness of the abrasive is very much 
greater than that of the metal surface, whereas in 
soft abrasion the hardness of the two is comparable. 
When the hardness ratio is 1-2, abrasion will just occur. 

J. K. Lancaster (Royal Aircraft Establishment, 
Farnborough) said that when the abraded surface is 
a polymer the relative roles of plastic and elastic 
deformation become significant. For any one pol ymer 
the wear process changes, as the counterface asperities 
become less sharp, from the cutting process to fatigue 
or tearing or both. The mechanical properties also 
affect the wear process, cutting becoming important 
for rigid polymers and fatigue/tearing for the more 
elastic polymers. In cutting wear, the product of the 
elongation to break and the breaking stress is related 
inversely to the wear rate. 

The mechanism of abrasion for brittle-erystalline— 
non-metallic solids was outlined by C. A. Brookes 
(University of Exeter). For a hard stylus on a flat 
surface the degree of penetration and the extent of 
brittle fracture can be predicted by considering the 
distribution of resolved shear stress in the bulk of the 
crystal. Abrasion can then be considered in terms of 
three areas of fractures produced during sliding. First, 
there are cracks produced by tensile stresses; second, 
dislocation reactions may result in crack formation on 
planes; and third, cracks parallel to the sliding surface 
may be encouraged by the presence of piled-up edge 
dislocations. 

Liquid impact erosion is increasing in importance 
for its connexion with the damage caused by rain to 
high speed aircraft, such as Concorde, and to missiles, 
and, of course, it is also important with regard to the 
erosion of blades in steam turbines. Sand erosion 
is also important; it seriously impairs the operating 
performance of helicopters and hovercraft in sandy 
terrains. Sand erosion is caused by the impact of 
particles up to 1,000 microns across resulting in the 
removal of surface material. G. P. Tilly (National 
Gas Turbine Establishment) described how this type 
of wear can also result in serious damage to industrial 
equipment such as chemical plant, rocket nozzles and 
gas turbines. Erosion is dependent on impact condi- 
tions (velocity, angle, temperature and exposure time), 
the properties of surface material and the nature of 
the impacting particle. A typical value for the erosion 
of steel at ambient temperature by quartz at 90° and 
velocity 800 feet per second is about 5 mg/g (weight 
of material removed/unit weight of abrasive). 

Abrasive wear arises in diverse situations in engin- 
eering. Discussions included the role of casting alloys 
in resisting the abrasion of clinker in cement milling, 
the wear of cutting edges in agricultural soil and the 
wear of rubber tyres on cars. In a more personal 
note, K. H. R. Wright (National Engineering Labora- 
tory) showed why almost all dentifrices contain 
abrasives to assist in cleaning the teeth, and to provide 
them with a high polish to resist staining. Using a 
radioactive tracer to detect wear and a machine to 
simulate brushing, it has been possible to study the 
rate of wear of both enamel and dentine with a high 
degree of sensitivity. The technique has been developed 
to show the interaction between brushing fibre, geo- 
metry and dentifrice concentration. 
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THREE-BODY PROBLEM 


Theoreticians Wanted 


from a Correspondent 


THE three-body problem, which describes the sort of 
interaction between three particles that cannot be treated 
readily (if at all) as a sum of separate two-body 
interactions, was the subject of an international 
conference at Birmingham on July 8-10. The particu- 
lar interests of the conference were in the three-body 
problem in nuclear and particle physics and, as Profes- 
sor Sir Rudolf Peierls remarked in his summing up of 
the conference, the revival of interest in the three-bod y 
problem is very largely the result of the enormous 
improvement in experimental results. 

The great improvement in experimental techniques 
over the past decade was brought out by J. D. Seagrave 
(Los Alamos), W. Haeberli (University of Wisconsin) 
and I. Slaus (Institut Ruder Boskovic). They presented 
an impressive amount of precise data, which still lack 
a proper theoretical framework. The scattering of 
neutrons and protons by deuterium nuclei was dis- 
cussed in detail by Haeberli and Seagrave, while Slaus 
dealt with the study of final state interactions includ- 
ing the phenomenon of neutron—proton Bremsstrah- 
lung. 

It became clear that three-body final states in, for 
example, proton—deuteron scattering can yield accurate 
information on the two-body proton-proton scattering 
interaction in the presence of the light binding of the 
target nucleon. Such information is invaluable to the 
solution of the two-body problem. In addition, 
because of the practical problem of neutron targets, 
the neutron-neutron interaction is most easily studied 
through a three-body final state. 

Examples of relevant reactions are (dHe) 2n 
and d(x,y) 2n. These problems, which were discussed 
at the conference, can as yet only be solved in stringent 
conditions, such as the supposed non-existence of 
specifically three-body forces in the three-body inter- 
action. The need for more theoretical work was 
emphasized by the vast strides which have been made 
on the experimental side during the past decade. 

Professor L. D. Faddeev (Mathematical Institute, 
Leningrad), whose article in 1961 may be thought. to 
have inspired this conference, dealt with the inclusion 
of Coulomb effects in the three-body problem. He also 
indicated with great clarity how his original method 
of coupled equations, derived from a description of 
the three-body problem in terms of two-body forces, 
might be extended to the study of the four-body 
problem. 

The real gain in studying the three-body problem, 
as Dr. Pierre Noyes (Stanford University) pointed out, 
is that it is sensitive to features which do not show up 
in straightforward two-body experiments. Although 
great advances have recently been made in under- 
standing the two-body nucleon-nucleon interaction, 
until there is some agreement on the question of 
whether to think of the three-body interaction in terms 
of off-shell behaviour of the two-body scattering 
amplitude or in terms of the actual interaction poten- 
tial, the interaction cannot be considered to be under- 
stood. Ifthe potential approach is valid, it must also 
be asked whether the potential is static, local, energy 
dependent or separable. 


— 
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and T. VENKATARAYUDU, 

Head of the Depariment of Applied Mathematics, 
Andhra University, Waltair, India 


This self-contained volume develops the 
principles of group theory from a physi- 
eal rather than a mathematical point of 
view. The emphasis is on physical 
applications, with the necessary mathe- 
matical background in special topics 
provided in appendices. Topics include 
the vibrational Raman Effect, molecular 
structure, crystal symmetry and atomic 
spectra. The present edition of this 
widely-used text incorporates a number 
of revisions and corrections made by 
the authors. 
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Fourier transform technique, Green’s 
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Sephadex ion exchangers 
in bead form 


combine the advantages 
of cellulose and 
resin ion exchangers 





High capacity by virtue of a three-dimensional 
cross-linked network of dextran chains which 
allow introduction of a large number of 
charged groups without significant loss of 
rigidity. 


Low non-specific adsorption is exhibited by 
the dextran gel used as a stationary phase. 


Superior reproducibility. 


Description 


The bead form ensures high flow rates, high 
mechanical stability and optimal hydrodynamic 
flow characteristics. 


New! 

QAE-Sephadex, a fully quaternized strongly 
basic anion exchanger for chromatography of 
proteins and other labile biological substances. 


Approx. haemo- 
globin capacity 
g/g at pH 


Capacity 


lonic form A 
onic for meq/g 
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QAE- 
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Weakly basic anion exchanger 


Functional groups: diethylaminoethyi ci 


Strongly basic anion exchanger 
Functional groups: diethyl-(2-hydroxypropy!) 
a aminoethyl 





CM- 
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Weakly acidic cation exchanger 
Functional groups: carboxymethyl 
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Teaching and Scientific Research 


by In his inaugural lecture eight years ago Professor Symons discussed 


M. C. R. SYMONS 


Department of Chemistry, 
University of Leicester, 
Leicester LEI 7RH 


WHEN appointed at Leicester, I was plunged into a 
controversy, largely between fellow scientists and mem- 
bers of the Faculty of Arts. Many of the latter gave the 
impression of having little or no understanding of what 
“research” in a university chernistry department com- 
prised, and so I endeavoured to give an overall picture 
of my activities in my inaugural lecture. I dwelt, not on 
chemistry, but on the underlying processes involved in 
my research and, in particular, on the role of my post- 
graduate and postdoctoral collaborators. 

Today this is ne longer a controversy at Leicester, but 
it has recently reappeared outside the academic cirele, as 
evideneed, for example, in the report from the Prices and 
Incomes Board and many associated commentaries. Read- 
ing some of these, it occurred to me that some of the ideas 
expressed in my inaugural lecture might be helpful in 
bridging this new gap which seems to exist between 
some academies and others, particularly Government 
officials. 


















Theory and Fact 

I am concerned only with science, and wish to show 
how teaching and research go together. One fundamental 
source of error is that some still tend to dismiss certain 
areas of science as largely empirical and practical, rather 
than intellectual and deductive. There are many facts 
to be learned by the undergraduate scientist-—this is lke 
learning vocabulary and grammar. The meat of science, 
however, is matching theory with fact-—the search for 
some underlying concept to wed otherwise unrelated 
observations together and the search for further meaning- 
fal tests to probe such concepts more closely. 

The basic error expressed or implied in many recent 
statements and reports is that the work of the post- 
graduate science student is, or should be, effectively 
vocational training. This is not so at present. and many 
hope it never will be. At postgraduate level we are not 
training but teaching just as truly, and generally far 
more effectively, than at undergraduate level. 

This mistake will be perpetuated so long as teaching is 
identified as solely or even primarily an undergraduate 
activity. It is not, and many spend longer teaching post- 
graduate students than undergraduates. 


Research is Teaching 

This mistake is reinforced more subtly by attempts to 
Justify what is labelled “research” by recalling its effect 
on undergraduate teaching. We are often reminded that 
a teacher involved in current research is likely to transmit. 
his enthusiasm to his undergraduates; that he will be 
forced to be thoroughly conversant with the current 
scientific literature; and that the atmosphere of a depart- 





his view of the link between teaching and research. This article, 
based largely on his lecture, is intended, in the light of recent 
disagreements, to illustrate the indissoluble nature of that link. 


ment active in research is likely to inspire undergraduates 
and may often help to stave off one of their worst enemies 
= boredom. Such statements, although true, are mislead- 
ing with respect to the activities of many academic 
scientists. This is because so-called “research” is a major, 
and extremely important, teaching activity. 

A three year undergraduate course in modern science 
is not long enough for the teacher to bring the student 
to that point in his subject at which creativity is genumely o 
involved. This is surely inevitable considering the 
immense output of modern scientific endeavour, growing 
so fast that it threatens to engulf all but the extreme 
specialists. Also, student/staff ratios at most universities 
are so unfavourable that individual teaching-—by far the 
most effective ag well as the most enjoyable—ia virtually 
impossible. Both these faults are put right at postgraduate 
level. 

At that level the teacher can introduce his students to 
creative research. Thus his research becomes the foil to 
his teaching. Indeed, the two are inseparable, for, without 
the research, the teaching would be sterile. 

I believe that this form of teaching is of considerable 
value both to the student and to the country as a whole, 
and that this is a major justification for academic “re- 
search”. Students vary enormously in the time required 
to attain a level of creativity and in the level reached. 
If the teaching is really effective. the student soon becomes 
a collaborator, and on leaving university ought to be able 
to turn his attention to any task requiring either experi- 
mental or theoretical creativity. 












Tt. is not easy to describe the general processes involved 
in this research-teaching occupation. In my group the 
link between experiment and theory is particularly 
stressed, the challenge at one point being to devise a 
really probing experiment, and at another to construct a 
theory to embrace a collection of apparently unrelated or 
contradictory observations, If a theory emerges largely 
cathed from our tests, we may decide not to probe it 
further, but to build with it. But we susp it con- 
tinuously, and often, in spite of its apparent utility, it 
collapses. The building process resembles the construction 
of a jigsaw puzzle, pieces being drawn from the labora- 
tory and the literature. One of the student’s tasks is 
often to collect the pieces together. Then, with his super- 
visor, he exammes them and tries to link them tog 
correetly. Of course, the whole puzzle, once constructec 
constitutes only one piece in a larger puzzle, and another 
important task of the teacher is to make this clear, 























A Day at Leicester 


Anyone engaged in postgraduate teaching will find 
nothing new in these ideas, nor be likely to be very 
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interested in the details of my own approach. But a 
specific example of one person’s day by day activities 
might bring home the truth of these generalized assertions 
to those not directly acquainted with these activities, 
who may have been misled by some recent statements. 

My group usually consists of between four and six 
postgraduate students, together with several postdoctoral 
fellows who may also have come to learn something 
rather than simply to collaborate on problems of mutual 
interest. I also enjoy collaborating with some of my 
teaching colleagues and their postgraduate students. 
Jarrying out my duties within this group is a full-time 
task and there is rarely any time for personal research. 
A typical day illustrates these points. It is a day out of 
term, which underlines the fact that this sort of teaching 
proceeds throughout the year, without any natural break. 

In the particular and quite characteristic day selected, 
the first hour and a half was confined to administration. 
This was followed by a pre-arranged discussion with a 
colleague and two of his students about the interpretation 
of various spectra the students had obtained. What did 
they tell us, and how did the results fit in with other 
work ? After much speculation we decided on a workable 
but not really convincing theory, and managed to design 
two searching experiments which could probably settle 
the fate of this theory quite rapidly. (As it transpired, 
the theory was upheld nicely by these tests.) 

The first hour or so after lunch was taken up by a 
research colloquium given by one of my students, followed 
by some fruitful discussion. The rest of the afternoon was 
devoted to one of my students who had nearly completed 
a comprehensive series of experiments. We had to plan 
& possible publication around the results, already inter- 
preted in a reasonably satisfactory manner, and to con- 
sider a future programme of work, 


Writing Reports 

Most postgraduate students need to be taught how to 
write technical reports, and my usual approach is to plan 
the paper in some detail, but leave the writing to the 
students. As their experience grows, so their ability to 
write within the rather rigid scientific framework im- 
proves, so that they are fairly well prepared when the 
time comes for their thesis writing. 

An important advantage of writing papers about the 
results of a project is that it makes necessary even more 
critical thinking about the interpretation proposed. 
Further ideas are often forthcoming, objections raised or 
worthwhile experiments conceived, Just that occurred 
on the afternoon in question: we realized that we had 
overlooked an interpretation that was as good as, if not 
better than, the original. We therefore devised critical 
tests which ought to distinguish between the alternatives, 
and so the paper was temporarily abandoned. 

In our discussion of a future programme, I asked my 
student for his views. These, almost inevitably, consisted 
of straightforward extensions of the previous project; 
they would probably work well, but the results would 
almost certainly be as predicted by theories which had 
already been tested. As an alternative, I suggested some 
more adventurous experiments which would, if successful, 
serve both as a test of the old theories and as a source of 
new information that would begin to lead us towards 
understanding a related area of work not yet probed by 
our technique. I left the choice to him and, wisely, he 
elected to carry out, both series of experiments side by 
side. 
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T spent the evening reading the current literature. The 
routine coverage of current literature is a task of very 
considerable magnitude, which gets progressively worse. 
Nevertheless, it must be done, and although my students 
help a great deal, they cannot digest the important 
papers for me. Unfortunately, these can be remarkably 
indigestible, and one can spend hours trying to under- 
stand one paper. There may be hundreds of papers each 
month that need to be read carefully, and so this is clearly 
a dominant aspect of our work, 


Criticisms 

T have described a typical day which was, in my view, 
largely spent teaching. Furthermore, it was teaching in 
what must surely be one of the most important areas 
today, creative science. Ni evertheless, this sort of activity 
is often criticized because it distracts from “teaching”, 
or beeause the research has no obvious industrial sig- 
nificance, or, more subtly, because it narrows the student’s 
interest until all he will do is scientific research of precisely 
the type involved in his postgraduate research project. 
There have been many other criticisms, but nearly all 
seem to ignore the point I have tried to make. Of course, 
this sort of research can sometimes be given an industrial 
slant, and this is desirable up to a point—but I see no 
compelling reason for insisting on this. As to the idea that 
it narrows the student, I would maintain that, in general, 
there is no evidence for this, and that if it does occur 
it probably means that various elements of teaching 
have been neglected. Of course, there are barriers— 
many of us are lazy and dislike change—but, once 
overcome, if a man has learned how to be creative 
in one field, he can quickly adapt and become ereative 
in another. 

As I have stressed, my case is that research, as carried 
out in many departments, is primarily a teaching activit y 
and one of considerable importance. Thus for me it is not 
meaningful to compare the merits of teaching with those 
of research, for they are inseparable. The student is 
infinitely more important than the research topic, which 
is primarily the vehicle by which a most important teach- 
ing task is accomplished. 





Students left Alone 

This is not opinion, but fact, as far as I and many like 
me are concerned. Not all university teachers would 
agree, however, particularly those at Oxford and Cam- 
bridge. There the student is frequently given a project 
and left to get on with it for two or three years. To quote 
from a friend, he is “thrown in at the deep end and must 
learn to swim on his own”. They usually swim, but the 
students involved are usually of such high calibre that 
they respond well to such treatment. This would be 
disastrous for the average student at a provincial univer- 
sity. If he didn’t “sink”, he would certainly profit far 
less than he now does in the allotted time, and few would 
emerge as really creative scientists. 

I would not have it different. I enjoy the company 
and friendship of my students and my teaching role, and 
would not exchange these students for others who would 
not need to learn from me. I believe that my students 
learn a lot during their stay and that the time is well spent. 
Both student and teacher profit from what can be a really 
worthwhile experience. But whether such a task 
enjoyable or not is trivial compared with its intrinsic 
importance. Without such teaching, our scientifie effort 
would rapidly become sterile. 


is 
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Distance of Pulsars and the Interstellar Electron Gas 


by 
R. D. DAVIES 


University of Manchester, 
Nuffield Radio Astronomy Laboratories, 
Jodrell Bank 


MEASUREMENTS of the frequency dispersion in the arrival 
of radiation from pulsars give an estimate of the total 
electron content Ne in the line of sight to the pulsars, and 
their distances can then be inferred if a value is assumed 
for the electron density ne. A value ne=0-1 cm was 
assumed in early articles on the subject!) 2, although it 
was not possible to make a firm estimate of me. This 
article points out that useful mformation on distance 
can be obtained quite independently by comparmg Ne 
with Ny, the total amount of neutral hydrogen integrated 
right through the galaxy in the direction of the pulsar, 
for it seems that the distributions of ionized and neutral 
hydrogen are closely similar. The ratio of Ne to Nun is 
used to indicate an actual distance of any pulsar which 
lies within the disk and to set a lower limit for any 
pulsar which lies outside the disk. In addition, beeause 
the height distribution of neutral hydrogen in the disk is 
known, “the average electron density may be found from 
the ratio Ne/Nw for those pulsars which are shown by 
this analysis to lie within the disk. The importance of 
the ratio Ne/Nw has already been used? to speculate about 
distances and temperatures of the interstellar gas and in 
distance estimates‘. 


Galactic Gas Distribution 


The neutral hydrogen near the Sun is distributed in a 
thin layer st ratified parallel to the galactic plane. The 
distribution of neutral hydrogen density na in Z, the 
distance perpendicular to the plane, can be closely 
approximated by a Gaussian distribution with a dispersion 
of +83 parsec, which corresponds to a distance between 
half de ‘nsity points of 195 parsec®-*. Very similar results 
are, however, obtained by the use of a uniform slab + 100 
parsec in thickness or the exponential model of Venugopal 
and Shuter’. 

As a check on the applicability of this uniform stratified 
mode] in the directions of the pulsars, the values of Ny 
are plotted against cosee |b] for these directions in Fig. la. 
The scatter of points about the expected straight line 


(a) Ny (em parsec) 











ib) Ne (em? parsec) 





Information about the interstellar distribution of hydrogen can help 
to refine estimates of pulsar distances. 


covers a total range of only 2:1, providing an indication 
of the spread to be expected in the results because of the 
non-uniform distribution of hydrogen. 

The distribution of ionized hydrogen is less precisely 
known but is probably very similar to the neutral hydrogen 
distribution". Measurements of the low frequency ‘absorp- 
tion of galactic synchrotron emission by Ellis and Hamil. 
ton* and discrete sources by Bridle? as shown in Fig, le 
are both consistent with a plane stratified disk model, 
The absorption of cosmic radiation at frequencies near 
1-3 MHz derived from satellite observations provides 
some confirmation that the Sun is immersed in a distribu- 
tion of this kind (see, for example, ref. 10). The electron 
density is not, however, directly determined from these 
measurements, for the absorption is proportional to 
Te fne dl, where Te is the electron temperature, 
Neither the relation between the mean square and the 
mean electron density nor the electron temperature can 
be taken as known at this stage. 

We will now assume that the general distributions of 
ne and ny are identical and use the ratio Ne N a to estimate 
the distances of the pulsars, 


The Ratio Ne/Ny 

The values of Ne derived from the dispersion me 
of twenty-nine pulsars are plotted against cosee 
Fig. 1b, which shows a large scatter by comparison with 
the plot for Ny in Fig. la. Part of the explanations may 
be a greater irregularity in the distribution of electrons 
compared with neutral hydrogen. Indeed, the large 
values of Ne observed for P0736 and P1727 may be 
accounted for by the existence of bright HTT regions im 
these directions, as may be seen in the Ha survey photo- 
graphs of Rodgers et alu, The smaller scatter in 10 MHz 
optical depth, which is proportional to fne? dl compared 
with Ne, does, however, indicate that the seatter in Ne 
is not entirely the result of irregularity in the electron 
distribution. 

I will therefore explore the possibility that the scatter 
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integrated out to the pulsar; 


(¢) the optical depth of free-free absorption at 10 MHz observed on a number of galactic (5 
galactic (@) sources by Bridle’. 


and extra- 
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in Ne is chiefly due only to distance and so plot values of 
Ne/Nuy against cosec |b| in Fig. 2. The lines in the figure 
are loci of distances which would give appropriate values 
of Ne/ Ny for the disk model with a Gaussian distribution 
having a dispersion of + 83 parsec as discussed here. 
The ionization ratio is more or less arbitrarily taken as 
-085, which is the mean value of Ne/Nu for the higher 
latitude pulsars ([b| = 26°). The concentration of values 
of Neji Nw suggests that this is the ratio appropriate to 
pulsars lying outside the main disk of gas. The few higher 
points in Fig. 2, extending only to twice this value, may 
reasonably be attributed to irregularities such as denser 
HII regions, but the scatter to values nearly twenty times 
smaller ean only be attributed to the effect. of distance. 

Some allowance must be made for a scatter in Ne/Nu 
resulting from variations in the electron density distribu- 
tion, although it is clear that with the data available 
the distances of at least ten pulsars can be estimated by 
this method. Definite distances have been assigned to 
those pulsars for which Ne/Nw is less than half the value 
assumed for pulsars outside the disk, and they are listed 
in Table 1. The nearest pulsar is at a distance of 40 
parsec and there are 5 within 100 parsec. 

Our model allows lower limits to be given to the distances 
of the pulsars with Ne/Nu greater than this value on the 
reasonable assumption that they are more than half way 
through the stratified disk (2255 parsec). These lower 
limits are also included in Table 1. Some support for these 
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estimates of distance is available from measurements 
of radio intensity. The pulsars with definite distances 
assigned to them (Z < 50 parsec) are about three times more 
intense on average than those with lower limits (Z > 55 
parsec). 

In the case of the three pulsars the distances of which 
have been determined by other methods, the agreement: 
with our values is entirely satisfactory. Our values of 
700 parsec and 1,000 parsec for P0328 and P1749 are 
consistent with > 1,000 parsec for both objects measured 
from hydrogen line absorption’, We find P0532, the pul- 
sar in the Crab nebula, to be 2660 parsee distant, com- 
pared with the known distance of 1,700 parsec. The 
pulsar P0833 has been tentatively identified with the 
Vela X supernova remnant! at a distance of about 500 
parsec; the present data give a similar value (600 
parsec). 





Population Density of Pulsars 

Table 1 shows that six of the pulsars the distances of 
which have been measured lie within 200 parsec of the 
Sun. To this number must be added those pulsars with 
42,55 parsec which we will estimate by assuming they 
are at Z= 100 parsec, the half density height above the 
galactic plane. The intensity measurements referred to 
above indicate that this is not an unrealistic assumption 
and adds another seven pulsars to the group within 200 
parsee. The corresponding total surface density in the 
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Table 1 


Ne Na RM Dist- zZ 
Pulsar l b (em? dem? Ne/Nu (rad By ance (par- 
parsec) parsec) (10-7) m) (aG) {parsec) sec) 

POB28 144-1 26-7 2.900 OD 22 700 -8 
P0527 184-7 49 1,200 41 5l 2840 
P0532 185-6 56 1,400 40 4d 21,000 
POUG28 2838—17 ñ 260 19 r3 80 = 23 
POT36 254~9 100 710 14-0 1-0 2640 
POROS 1404+32 58 190 30 64 7 37 
PUSS? 197+ 32 16 150 11-0 2190 
PO833 264-3 63 2,700 23 17 600 20 
P0884 2104+ 26 12:8 160 79 > 230 
POR35 260 0 120 2,600 46 21 22,000 
POHO 279-3 145 1,700 gG L 2 1.900 
P0943 228+ 42 w 160 105 1-0 2150 
PISO 2294+43 29 130 2-2 20 40 27 
PO95Y 281 ~1 90 2,900 od 14 1,800 = 32 
P1133 2394+69 +9 110 +3 307? 21410 
P1237 250+ 86 85 70 121 2100 
P1426 313-5 60 970 6-2 33 = 21,100 
P1508 91+52 196 160 120 1-0 2130 
P1541 18 +46 35 199 180 13? z140 
P642  14+26 40 480 82 16 2230 
P1727 341-9 140 710 197 2640 
P1747  b44—-11 40 480 82 > 520 
P1749 1-6-1 45 3,200 14 MR? 1,000 =17 
P1919 5356+383 1286 2,600 05 14 100 8 
P1929 47-4 8 1,800 OS 18 g0 5 
P1933 52-2 143 2,300 63 15 22,900 
P2015 68-4 142 1,500 0-9 28 170-12 
P2045 31—33 il4 240 47 5-0 2180 
P2218 98-8 43-8 970 45 &4 2740 





galactic disk near the Sun is 100 per kiloparsec?, An 
estimate of the total number in the Milky Way, assuming 
the distribution is similar to that for Population I objects 
as suggested by their Z distribution, is ~ 3x 104. 

It is interesting to compare the pulsar surface density 
with that of type II supernovae (Population I) given by 
Poveda and Woltjer, The surface density of supernovae 
of ages up to 3x 10% yr is 1-0 per kiloparsec®, When 
account is taken of the greater age of pulsars, estimated 
as ~ 10" yr from the observed rates of increase of pulse 
period®6, the actual space density of supernovae is 
about three times that of pulsars. Despite the uncer- 
tainty in these calculations, it is evident that there are 
between one and ten supernovae for each pulsar. Our 
data are therefore entirely consistent with the proposition 
that pulsars originate in supernova explosions. If this 
is indeed the case, then it seems that the efficiency of 
supernovae in producing pulsars is between 10 and 100 
per cent and that many observable supernova remains 
may contain “young” pulsars. 


interstellar Electron Density 

The value of N./Ny=0-085 obtained for the high lati- 
tude pulsars may now be used to derive the interstellar 
electron density ne in the solar neighbourhood. The data 
of Fig. la show that Nu perpendicular to the galactic 
plane is 3-6x 10° cm, then for the adopted Gaussian 
model, the electron density is 0-092 cm- on the plane and 
0-046 cm at +100 parsec from the plane. This gives a 
mean density of 0-062 cem out to 100 parsec from the 
galactic plane, which is close to the value of 0-1 em- often 
assumed for the local electron density. 

The fractional ionization of the interstellar medium 
ne/ny will be close to 0-085, the high latitude value of 
Ne/Nu. This ratio, as well as the value of ne, is important 
in considerations of the ionization processes in the inter- 
stellar medium. Arguments have been advanced recently 
that a significant fraction of the interstellar ionization is 
produced by a high flux of low energy cosmic rays, 
This process would produce at the most a value of ne/nn 
equal to 0-01, according to the data of Spitzer and Tomasko 
for the likely range of ny in the interstellar medium. We 
therefore conclude that most of the ionization is produced 
instead by the ultraviolet radiation from early type stars. 
Such an electron gas with a density of ~ 0-06 em? and 
Te~10* K would be in equilibrium with the standard 
neutral hydrogen clouds with ny = 10 em and T= 100 K. 


Interstellar Electron Temperature 


The conelusion that the ionization is predominantly 
the result of ultraviolet light and not cosmic rays suggests 


an electron temperature of about 10t K rather than HP K. 
Higher values for the temperature are in fact confirmed 
by the low frequency absorption measurements already 
referred to, for the measured value of absorption iu con- 
bination with values of Ne gives a significant lower lami 
to the temperature. 

The absorption data have hitherto been interpreted 
solely on the basis of a temperature of 1P K, giving values 
of E(= fne’dl), the emission measure, perpendicular to the 
plane. The measurements of Ellis and Hamilton* and of 
Bridle? and also the satellite measurements!” all agree 
in giving ExlO cm parsec on assuming Tes: [4 K. 
Our present models for the electron distribution give a 
value of Ex07 em-* parsee perpendicular to the plane, 
but this is, of course, a lower limit, for the electrons are 
not uniformly distributed. The filling factor, (2), which 
is a measure of the fraction of space filled with electrons, 
can now easily be related to the electron temperature by 
using these observed quantities, and gives the relationship 
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Thus even if the density is entirely uniform (x= 1}, it 
seems that the temperature cannot be less than 1400 K, 
and if «<0-3 (which is a reasonable upper limit im view 
of the scatter in Neh we have Te > 2.300 K. We can 
therefore be certain that the ionization of the interstellar 
medium is not primarily due to cosmic rays. 

If Te ean be deduced from other arguments, the relation- 
ship above gives a value for the filling factor. Using an 
electron temperature of 7,000 K, the value most consistent 
with optical data, radio recombination ime and radio 
continuum data for ionized hydrogen regions, «=O 11. 
This value is similar to that found for other components 
of the interstellar gas***>. 











Galactic Magnetic Field Strength 


Ifa value of the rotation measure and Ne can be obtained 
for the direction of a pulsar, it is possible to obtain an 
average value of the component of the galactic magnetic 
field along the line of sight weighted according to the 
electron density distribution. Such observations™ "t have 
been made for the pulsars P0328, P0950, P2105 and POS33, 
but the same approach can be extended to all pulsars by 
using the observed values of Ne and rotation measure of 
nearby extragalactic radio sources. By assuming that 
the values of Ne for all pulsars in the upper part of Fig. 2 
(NofNu> 0-042) may be taken as the total electron con- 
tent in a line passing right outside the Milky Wav, and 
combining this value with the rotation measure data, the 
line of sight component of the magnetic field is derived. 
This value multiplied by a correction factor for the melma- 
tion of the field to the line of sight gives the mean field 
and is listed in Table 1. We have also included the ten 
pulsars which lie within the disk but have first corrected 
the field by a factor which is proportional to (Ne/ Nu). 
The mean of all these values, 2-64 0-4 uG, is probably a 
good estimate of the mean magnetic field strength in the 
solar neighbourhood. 

Because we now have a reliable estimate from the pulsar 
data of the fractional ionization of the interstellar medium 
we can derive the magnetic field strength from a compari- 
son of the distribution of Ny and of the retation measure 
of all extragalactic objects*’?. The field is found to be 
about 3 uG in both the intermediate latitude and low 
latitude regions. 

The pulsars are now seen to be distributed through the 
disk of the Milky Way at distances which provide useful 
information about the ionized gas and magnetic field. 
The assumption that the ionized gas is distributed in a 
similar way to the neutral hydrogen still remains to bhe 
proved in more detail. A difference in thickness of the 
ionized and neutral layers would somewhat affect the 
distance scales, but the conclusion that the ionization is 
not primarily due to cosmic rays remaims valid. Also 
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within the likely range of layer thicknesses, we still find 
that the population densities of pulsars and supernovae 
are simular. 

The value of the mean magnetic field By=2 to 3 uG 
obtained here appears to be significantly less than the 
mean modulus of the field By~ 10 uG required to explain 
the local galactic synchrotron emission®*. This suggests 
that the magnetic field has a tangled component. A 
similar conclusion can be drawn from the observation that 
the synchrotron emission at intermediate and high lati- 
tudes is only 20 per cent polarized”? rather than 70 per 
cent as might have been expected from a perfectly aligned 
magnetic field. In this connexion it is interesting to note 
that a tangled field of ~ 6 pG would result from equiparti- 
tion between magnetic energy and random cloud motions. 

I thank Professors F. D. Kahn and F. G. Smith for 
discussions. 
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Genetic Analysis with Human—Mouse Somatic Cell Hybrids 
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HYBRIDIZATION between somatic cells in vitro'?46 has 
provided the basis for genetic analysis of somatic cells. 
The use of human—mouse hybrid cell lines for the assign- 
ment of human genes to their chromosomes hag been 
pioneered by Green and his co-workers’:*. Using cell 
fusion mediated by Sendai virus’ we have developed a 
system for the hybridization of human peripheral white 
blood cells with mouse cells*. The mouse cell line (IR) 
used in these experiments is an S8-azaguanine (8-AZG) 
resistant derivative of a subline of L cells, which does not 
grow in Littlefield’s HAT selective medium?’ containing 
hypoxanthine, amethopterin, thymidine and glycine, and 
presumably lacks the enzyme hypoxanthine-guanine 
phosphoribosyl transferase (HPRT). Partially purified 
peripheral white blood cells and IR cells in a ratio of about 
4 to I are mixed with Sendai virus to mediate fusion and 
then plated. Normal medium is changed to HAT selective 
medium after 2-4 days’ incubation. The human white 
cells do not proliferate and the mouse cells are eliminated 
by the selective medium. Only hybrid cella containing 
the human HPRT+ gene are able to grow and form 
colonies. A typical yield from such a hybridization 
experiment is one colony per 2 to 3x 104 IR cells plated. 
Further details of the technique are described by Miggiano 
et al.. Here we summarize some of the properties of 
five hybrid lines we have studied in detail, describe the 
evidence for locating the HPRT gene on the X-chromo- 
some and discuss some evidence for the segregation of 
the human lactate dehydrogenase genes in the hybrids. 


*On leave of absence from Istituto di Genetica Medica, Universita di 
Torino, Taly. 


Somatic hybridization between mouse cells and human leucocytes 
confirms the X-linkage of 8-azaguanine resistance in man and suggests 
that human lactate dehydrogenase A and B genes are not linked. 


Karyotypic Evolution of Hybrid Lines 


Fig. la shows the karyotype of a typical 1R cell. In all 
cells that have been examined, the smallest. biarmed 
chromosome is larger than or at least the same size as the 
largest. telocentric chromosome. The mean total number 
of chromosomes is 58-2 (standard deviation 2-8), while the 
corresponding means and standard deviations for the 
numbers of telocentric and biarmed chromosomes are 
402434 and 1841-8 respectively. The hybrid lines 
have, 40 to 60 days after fusion, a significantly larger 
number of chromosomes than LR, comprising most of the 
1R chromosomes and 4 to 14 extra chromosomes, pre- 
sumably of human origin. The chief evidence for some 
human chromosomes in the hybrids is the occurrence 
in all hybrids, at least at the earliest times, of biarmed 
chromosomes which are appreciably smaller than the 
largest telocentrics. Positive identification of most of 
the human chromosomes is, however, impossible, especially 
for the larger metacentrics, because of confusion with 
the variable number of biarmmed chromosomes normally 
present in IR. Figs. 1b, c and d show representative 
karyotypes of cells from two different hybrid lines at 
different times. The small metacentric chromosomes 
present in some of the hybrids (Figs. le and 1d) are most 
probably chromosomes of the human F group (Denver 
Classification). The larger hybrid biarmed chromosornes, 
which are comparable in size with the largest IR telo- 
centric, have approximately the dimensions of the 
largest of the human C group, namely, chromosome 6 
or the X-chromosome. 

Fig. 2 shows the change in the number of biarmed 
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Fig. 1. 


240 days after cell fusion. 


Karyotypes of the parental mouse Hne and hybrid derivatives. 
b, line 1W1, 68 days after cell fusion: c, line 4W10, 99 days after cell fusion: d, line 4W10, 


č, IR, parental line: 


Stars designate chromosomes which are assumed to be of human 


origin. 


chromosomes with time after fusion for the lines IWI and 
3W4 assuming that the complete human complement is 
present initially. This assumption seems reasonable 
because Harris eż al.5 have found that the cells most likely 
to give rise to hybrid lines are heterokaryons containing 
two nuclei that undergo synchronized DNA synthesis and 
mitosis during which nuclear fusion occurs. So far the 
earliest. time point we have examined is 44 days after 
fusion, by which time there must have already been con- 
siderable karyotypic evolution +. The hybrids tend to 
lose more chromosomes with continued growth and each 
of the five lines we have studied presents a different 
picture®. 

After about, 100 to 150 days, the karyotypes are already 
relatively stable. All the presumptive hybrid lines except 
IW1 show strong positive reactions at 110 or 163 days 
with a specific rabbit anti-human serum’, which confirms 
the presence of at least a part of the human genome in 
those lines. The mouse H2-k antigen is present on IR 
and all the hybrids, as expected, because L cells wero 
derived from the C3H inbred strain, which carries H2-k. 


Glucose-6-phosphate Dehydrogenase (G6PD) Activity 

of Hybrids and Clones derived from Them 

Human G6PD was present in all the hybrid lines 
(Fig. 3). The difference in mobility of the extracts of 
fibroblasts from a Caucasian donor and of HeLa, which is 
known to have the A+ phenotype common in Africans, 
and the correspondence of the activities shown by fibro- 
blasts and red cell haemolysates, confirms that the detected 





activity is the X-linked G6PD. The multiple bands of 
G6PD activity are probably the result of differences 
in the number of cofactor molecules bound per G6PD 
molecule because mercaptoethanol treatment results in 
a shift of the activity toward the slower moving bands, 
and their relative migration rates remain constant in gels 
with increased acrylamide concentrations. Human 
mouse extracts show iwo predominant strong bands. 
The hybrid extracts show, in addition to the human 
and mouse bands, two strong banda between the two 
parental activities, presumably hybrid molecules. The 
presumptive hybrid enzyme activity is greater than either 
parental activity because the enzyme is probably a dimer, 
and in the hybrid lines molecules are probably formed by 
random combination of approximately egual amounts of 
human and mouse subunits. The presence of the human 
G6PD in all the hybrids indicates. of course, the presence 
of the human N-chromosome. or at least part of it. 
Deficiency of hypoxanthine-guanine phosphoribosyl 
transferase (APRT) activity-the basis for the sensitivity 
of the §8-AZG-resistant cells to the HAT selective 
mediim’-!*——is the primary is for a haman X-linked 
recessive neurological disorder discovered by Lesch and 
Nyhan, The simplest. explanation, therefore, for the 
presence of the human X -chromosome in our hybrids is 
that the normal human HPRT activity, controlled by an 
X-linked gene, is required to overcome the sensitivity of 
IR cells to the HAT selective medium, and allow growth 
of the human-mouse hybrids. This hypothesis was con. 
firmed by the results of a back selection experiment in 
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Fig. 2. Loss of human chromosomes: the initial number of the two types 

of biarmed chromosomes in the hybrid lines (O :3W4, 4 : LW1) are 

calculated as follows: Long biarmed chromosomes = 18 for 1R + human 

pairs 1 to 6+ human Y= 31. Short biarmed chromosomes = human pairs 

7 to 12, 16 to 20 = 22 chromosomes. The dashed ling indicates the absence 
of actual data during the initial period. 


which 8-AZG resistant clones were selected from the 
hybrid lines and assayed for their G6PD activity. 8-AZG 
resistant clones were selected by seeding plates with about 
200 cells about 200 days after fusion and following growth 
of the mass cultured lines in 8-AZG for about 30 days. 
The isolated colonies’ had the properties expected of 
resistant clones; they grow in high concentrations of 
8-AZG and are sensitive to HAT selective medium. 
Control clones were obtained by plating in non-selective 
or in HAT medium. The results (Table 1) show absolute 
linkage between 8-AZG resistance and the loss of human 
G6PD, a striking confirmation of the presence of the 
human HPRT gene on the N-chromosome. 


+ 


Fig. 3. 
(MAR), HeLa cells and the bybrid lines. 
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Clonal Analysis of Lactate-dehydrogenase (LDH) 


By contrast to the relative constancy of the G6PD 
patterns in the hybrid lines, LDH zymograms of the 
hybrids vary considerably. Fig. 4 shows the LDH 
zymograms for 1R, HeLa cells and four patterns obtained 
from hybrid clones. In these zymograms, bands 5 
to l, tetramers with the configurations Ap A,B,, ABa 
A,B,, B, respectively, should normally occur in sequence 
starting from the top of the gel. The mouse parent line 
1R shows bands 5 and 4 and a trace of band 3. This was 
confirmed in slab gel runs using mouse diaphragm extract 
run alongside IR extract. The prevalence of the A subunit 
in other L cell sublines has been described by Weiss 
and Ephrussi!® and we have also observed the same 
pattern in 313, a line derived from Swiss mice. Zymo- 
grams from HeLa cells show bands 1 to 4, The fifth 
human band does not migrate in this system. The first 
bands from mouse and human cell extracts migrate at 
the same position. This means that we cannot unequivo- 
cally distinguish the presence of the human B subunit 
in our extracts, although the more prevalent A subunits 
are readily distinguishable. 

Only hybrid 2W1 has a zymogram essentially identical 
to IR showing no evidence for any human LDH subunits. 
The patterns 1 to 4 in Fig. 4 are the chief ones we 
have observed in the other four hybrid lines and in clones 
derived from them. Line 1W1 shows predominantly the 
first pattern, with two bands cathodal to the fifth mouse 
band, which presumably represent different combinations 
of human and mouse A subunits. The second pattern, 
with an additional band between the mouse fifth and 





REVERSION TO 8-AZG RESISTANCE AND JOINT DISTRIBUTION OF 
HUMAN G6PD anp LDH 


Table 1. 


Cloning Number of Human LDH patterns 
medium* clones tT G6PDt 0 Lloret Bord 
KKL 27 + 7 13 7 
KK 15 + 3 8 E 
AZO 9 “abs 4 2 3 


Data from all lines are combined (see Fig, 5 for distribution of GAPD 
among lines). 

* KK =standard growth 
AZO=KK +107 M &-AZG, 

t Each class of clones (KKL, KK, AZO) contains at least one representa- 
tive from each of the five lines. 

} All clones isolated in KKE or KK were human G6PD =. 
isolated in AZO were human G6PD —. 


medium. KKL=HAT selective medium, 


while all those 





GPD evmograms of IR, fibroblasts derived from the lymphocyte donor for the hybridization 
M denotes bands present in the zymograms from mouse cells, 


H bands present in zymograms from the donor fibroblasts and HY bands detected only in zymograms for 


the hybrids, Electrophore 


tris trieine 








s was carried out in an BC-470 (E-C, Apparatus Corp.) cell. t 
s HCI buffer system with a resolving and a stacking gel was used, The details are deseribed by 
Miggiano ef al. 


A discontinuous 
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fourth bands, which probably represents molecules con- 
sisting of two mouse A, one mouse B and one human A 
subunit, is the predominant pattern for lines 4W7 and 
4W10. The third pattern is characteristic of line 3W4. 
This has extra anodal bands indicating either increased 
synthesis of mouse B subunits or presence of appreciable 
amounts of human B subunits. The latter possibility 
seems Likely because of the observed consistency of the 
1R-like patterns in mouse lines of different origin, The 
fourth pattern was obtained from a single clone derived 
from 3W4. The patterns displayed by the hybrid lines 
remained quite constant over a period of at least 100 
days and after growth in different media; this is remark- 
able heeause the LDH patterns of different clones derived 
from any given line were heterogeneous (Fig. 5). 

Because line 2W1, which has human G6PD and presum- 
ably therefore the human N-chromosome, lacks human 
LDH. the human LDH A and probably E genes are not 
on the N-chromosome, This agrees with pedigree data on 
human LDH variants. The heterogeneity within lines 
contrasts sharply with the relative uniformity of the 














G6PD patterns, The joint dist ribution of LDH and 
G6PD activities in the clones (Fig. 5 and Table 1) emphas- 
izes the independence of the G 6PD. and LDH genes. The 


loss of the human X-chromosome apparently does not 
destabilize the karyotype of a hybrid cell line sufficiently 
to lead to a clear-cut non-specific loss of other human 
chromosomes. 


Genetic Interpretation of LDH Patterns 

The distinct LDH zymogram patterns, together with 
their stability between lines. suggest that each pattern 
may correspond to a particular genotype for the genes 
which determine the LDH A and B subunits. The chief 
difference between patterns one and two is the amount of 
the human A subunit, while the main additional bands in 
the third pattern most probably result from the presence 
of the human B subunit. The most plausible basis for 
a genetically determined quantitative difference is a 

sage effect related to the number of human genes 
esent in the hybrid (Table 2). 








Table 2 has two important implications. First, the 
existence of a dosage effect indicates segregation of 
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Table 2. GENETIC INTERPRETATION OF LDH PATTERNS 


` Human LDH Genotype t 
LDH pattern* A B 
0 af a 
1 os 
z s 
3 +/~ or +/+ 
4 +j or +/+ 





* For the definition of the patterns see Fig. 4. 


++ and ~ indlieate presence and absence of the respective human 
chromosomes in the hybrids, 


suggest that homologues are not retained at random in 
the hybrids. Second, the existence of clones with human 
A but not B subunits suggests that the genes controlling 
these subunits are not on the same chromosome. It is 
worth noting, however, that we have not observed any 
clones with the presumptive human B but not A subunits. 
One important prediction of the genetic model is that 
clones of types one or two should never give rise to those 
of types three or four, while the reverse transition could 
happen. Of course, further characterization of the LDH. 
activities in the hybrids is needed to confirm our hypo- 
thesis. 


Joint Segregation of Human Antigens and LDH Subunits 


Table 3 shows the joint distribution of LDH types and 
reaction to anti-human serum. Because cytotoxicity is 
used as the serological assay, minor admixtures of negative 
with positive or positive with negative cells are not readily 
detected in the mass cultured lines. Thus, for example, 
although IWI showed no gross positive reaction to the 
anti-human serum it gave rise to both positive and nega- 
tive clones. The fact that all clones with patterns three 
or four react to the anti-human serum is consistent with 
the hypothesis that one or more of the genes determining 
reaction to the anti-human serum are on the same 
chromosome as the LDH locus (or loci) which determines 
these patterns. We do not, of course, have any informa- 
tion about the specificities contained within the anti- 
human serum, although it seems likely that the reactions 
to the hybrid lines, which contain only a few human 
chromosomes, may not be unduly complex. This associa- 
tion between LDH patterns and human antigens is 
analogous to the correlation between decreasing numbers 
of human chromosomes and decreasing reaction to an 
anti-human serum described by Weiss and Green’. There 
is no significant association between reaction to the 
anti-human serum and the presence of human G6PD, 





Clonal Analysis of Karyotypes 

The relatively large number of larger biarmed chromo- 
somes in the karyotype of the parent mouse line 1R makes 
unequivocal identification of the human X-chromosome 
in the hybrids impossible. Nevertheless the fact that all 
the hybrid lines contain at least one or two extra biarmed 
chromosomes in the correct: size range for the human X, 
at the smaller end of the large biarmed chromosomes, is 
at least consistent with the linkage between 8-AZG resist- 
ance and G6PD. 

A karyotype analysis of nineteen clones was carried 
out to compare chromosomal variation within and 
between clones. There was some variation between 
clones, both within and between lines, with respect to the 
recognizable human F group chromosomes. Because 
there were clones of all LDH patterns which lacked the 
F-tvpe chromosome, the LDH genes are presumably not 


Table 3. JOINT CLONAL DISTRIBUTION OF LOH PATTERNS AND REACTION TO 


ANTI-HUMAN SERUM 


Reaction to anti- LDH patterns 


human serum 0 1 2 Sand 4 
+ 2 1 & 9 
_ 3 4 2 0 


Data from all lines are combined. Of the clones which do not react to anti- 
human serum. all three LDH 0's are from 2W1, all four LDH 1’s are from 
1W1 and one LDH 2 clone comes from each of 4W7 and 4W10, The difference 
between zero, one and two versus three and four is significant at the 1 per 
cent (one-tail) level using Fisher’s exact 2x 2 test. 
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on an F group chromosome. As there were no other clearly 
identifiable human chromosomes in the hybrids we made 
a hierarchical analysis of variance of the numbers of big 
and small biarmed and telocentric chromosomes. The 
big biarmed chromosomes are those which are larger than 
the largest telocentric, and are probably mostly of mouse 
origin. The short biarmed chromosomes, shorter than the 
largest telocentric, are most probably of human origin. 
The aim of the hierarchical analysis of variance is to assess 
the relative contributions of differences between cells 
within clones, between clones within lines and between 
lines to overall chromosomal variation (Table 4). 


Table 4. HIERARCHICAL ANALYSIS OF VARIANCE OF NUMBERS OF DIFFERENT 


CATEGORIES OF CHROMOSOMES BETWERN CELLS, WITHIN CLONES, WITHIN 
LINES 
Variance components 
All Big Small 
chromosomes — blarmed biarmed Telocentrie 
Between cells within 
9 
clones (a7) 12:2 1-7 21 7 
setween clones within 
9 
lines (a5) TA on 3-6 35 
SP 
Between lines (o 2% 3-6 1-0* 13-6 
Overall mean number 
of chromosomes 8-5 19-0 54 33-2 


Big and small biarmed are respectively the biarmed chromosomes which 
are larger or smaller than the largest telocentri 





* These are the only components not significant at the 1 per cent level. 


The analysis is based on karyotypes made from six to nine cells from each 
clone. The clones were derived from the five lines 1W1 (three clones), 2W1 
(two clones), 3W4 (six clones), 4W7 (one clone) and 4W10 (seven clones) as 
deseribed in the text. The hierarchical analysis of variance model is based 
on fitting the observed linear model 


Hips = Ket art Bag + yije 


where yi is the observed number of chromosomes in the &tb cell of the jt 
clone of the ith line. 


aiis the effect of the ih line, 

Sy is the effect of the jth clone of the {th line. 

yizx is the effect of the kth cell of the jth clone of the ith Hine. 
9 9 


+ 2 2 a r 
The variance compenents o^, ap n are respectively the estimated 
ta 


variances of the cell effects (yqe), the clone effects (Ay) and the line effects 
Cu). (Por a description of a hierarchical analysis of variance see, for example, 
Graybiy*) 


The variance between cells within clones is a measure 
of the amount of variation in chromosome number which 
accumulates during the cloning process up to the time of 
karyotype analysis, namely, about twenty generations. 
The component between clones within lines is a measure 
of the amount of variation that has accumulated within 
the line from the time of its formation after fusion, namely, 
about 230 days or 150 generations. This includes variation 
resulting from early rapid breakdown of the initial pre- 
sumed nucleus containing a diploid human complement as 
well as subsequent chang The differences between 
lines reflect overall differences between the initial hybrid 
colonies. 

Because the between clone components are highly 
significant, clonal segregation within lines for karyotypic 
constitution which is analogous to that observed for the 
LDH patterns and reactions to anti-human serum must 
occur. The data are, unfortunately, not adequate to show 
any significant associations between the numb of 
chromogomes in the various categories and the presence of 
human G6PD, LDH or antigens. The significant variation 
between lines in the number of big biarmed and telocentric 
chromosomes suggests that carly events following fusion 
contribute to chromosomal variation and lead to important 
average differences, between the lines, of the type we have 
already seen in the LDH patterns. Tt is interesting that 
there is no significant variation in total chromosome 
numbers between lines. The mean total is very close to 
that for IR. There is, in fact, a significant negative corre- 
lation for the lines, between the number of big biarmed 
chromosomes, and the combined number of telocentric 
and small biarmed chromosomes (r= — 0-9, 5 per cent > 
P>2 per cent). The same correlation for clones within 
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lines is -- 0:28, and is not significant, while that for cells 
within clones is only — 0-006. 

As Green et al.24 have emphasized, the human--mouse 
hybrid seems fortunately to have the appropriate balance 
between karyotypic stability and chromosomal loss to 
provide the basis for the assignment of genes to linkage 
groups and identifiable chromosomes. The loss of human 
chromosomes after fusion produces a variety of genetically 
segregant clones from any given hybridization, which, 
after initial rapid chromosomal evolution, remain stable 
enough for a detailed analysis of their phenotypes. 

The karyotypic evolution of a hybrid clone might 
conceivably provide a model for tumour evolution and 
progression. If the major changes take place very early, 
perhaps even during the first one or two divisions after 
nuclear fusion, the subsequent evolution may depend on 
strong selective pressures, These may lead to co-adapted 
chromosome combinations within any cell as suggested 
by the correlation between the number of big biarmed and 
short chromosomes in the different lines. They may also 
result in associations between different types of cells within 
the lines, This “population structure” of the hybrid lines 
emphasizes the importance of clonal analysis. Selective 
interaction could result in spurious statistical linkages 
between markers on different chromosomes. ‘The produc- 
tion of “reduced” lines, containing only one human 
chromosome!, would circumvent this problem, but we 
believe that useful information can be obtained from the 
joint segregation of genetic markers in the hybrids. 
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We define malignancy as the ability of tumour cells to 
grow progressively and kill their host. The idea of using 
cell fusion to facilitate the genetic analysis of this pheno- 
menon is an attractive one; but the few attempts that 
have been made in this direction have not been encourag- 
ing. Barski and Cornefert' examined hybrid cells which 
arose spontaneously in mixed cultures of two mouse cell 
lines, one highly malignant, the other less so. The ability 
of the hybrid cells to produce tumours resembled that of 
the more malignant parent. Hybrids between the more 
malignant of these two parent cells and normal mouse 
fibroblasts also appeared to be malignant’; and so did 
the hybrids which arose spontaneously in mixed cultures 
of non-malignant mouse cells and mouse cells rendered 
malignant by infection with polyoma virus’. These latter 
hybrids continued to produce antigens determined by the 
polyoma virus®t. The conclusion drawn from these 
studies was that malignancy was a dominant character; 
and because non-malignant variants would not be detected. 









Malignancy can be suppressed when malignant cells are fused with 
certain non-malignant ones. 
fusions give rise to segregants in which a loss of chromosomes is 
associated with reversion to malignancy. The expression of histo- 
compatibility antigens can also be suppressed when cells bearing 
these antigens are fused with others that express them poorly. 


The hybrid cells derived from such 


in vivo, there seemed little more that could be done. In 
none of these cases, however, were the chromosomes of 
the tumours analysed in detail, so that no assessment 
can be made of the extent to which the resulta might have 
been complicated by loss of chromosomes or by selection 
of atypical variants in vivo. 

Similar conclusions have been drawn about the domuin- 
ance relationships of histocompatibility antigens. Hybrids 
arising spontaneously in mixed cultures of three mouse 
cell lines which differed in the antigens determined by the 
H-2 locus were found to express the antigens of both 
parent cells; and a similar result was obtained for two 
surface antigens not determined by the H-2 locus*. It 
was concluded that the expression of the histocompatibi- 
ity antigens was codominant; and no further analysis 
of the situation was made. 

The introduction of the Sendai virus cell fusion tegh- 
nique? has made it possible to hybridize virtually any 
mammalian cells and has thus greatly increased the 
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range and power of this form of analysis, It therefore 
seemed worthwhile, in view of the great biclogieal and 
clinical importance. of both malignancy and histocom- 
patibility, to reinvestigate these questions in a more 
tematic way. We are now engaged i in such an investiga- 
tion and shall present the findings in extenso at a later 
stage; but some of our results appear to be of sufficient 
general interest’ to warrant their publication now. We 
have found: (1) that malignancy can be suppressed when 
malignant cells are fused with certain non-malignant 
cells; (2) that the hybrids resulting from such fusions 
produce segregants in which a loss of chromosomes is 
associated with reversion to malignancy; (3) that. in 
certain circumstances, the expression of histocompatibility 
antigens can also be suppressed by cell fusion. 











Parent Cells 


Three highly malignant ascites tumours of the mouse 
were selected for study: the Ehrlich, the SEWA and the 
MSWBS tumours. The Ehrlich tumour, originally derived 
from a mouse mammary caremoma, is one of the most 
malignant transplantable tumours of the mouse. A few 
cells injected into the peritoneal cavity will kill most mice 
within 3 weeks; and even 1 cell is lethal in about 15 per 
cent of recipient animals’. The tumour shows very weak 
expression of histocompatibility y antigens® and grows in 
any strain of mouse. It produces lethal tumours when 
injected subcutaneously as well as intraperitoneally. 
The SEWA tumour is an ascites sarcoma originally 
induced in 1960 by the injection of polyoma virus sub- 
cutaneously into a newborn A. SW mouse®, The tumour 
carries the H-2° histocompatibility antigen complex and 
its growth is limited to mice of the ASW strain. It also 
carries the polyoma-specific transplantation antigen. 
Although originally an osteogenic sarcoma, the tumour 
now shows no osteogenic differentiation. An inoculum of 
1,000 cells produces tumours in 100 per cent of genetically 
eompatible unirradiated mice, and an inoculum of 100 cells 
produces tumours in 100 per cent of mice given 400 r. of 
total body X-irradiation’®. The tumour was converted 
to the ascites form in 1968 (ref. 11) and. in this form, an 
inoculum of 108 cells kills most animals in 3-4 weeks. 
Like the SEWA tumour, the MSWBS tumour is an ascites 
sarcoma. It also carries the H-28 histocompatibility 
antigen complex and is specific for the A.SW strain of 
mice. It was originally derived from a tumour induced 
by the injection of methylcholanthrene into the thigh 
muscle of a male ASW x A F, hybrid mouse!*. The vari- 
ant used in the present oxporirnents arose from cells 
passaged in the parental ASW strain, This variant has 
lost the H-2 antigen complex derived from the A strain 
parent, but has retained the H-2% complex of the ASW 
strain parent. Growth of the tumour is restricted to 
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A.SW mice. An inoculum of as few as fifty cells produces 
tumours in 100 per cent of unirradiated genetically com- 
patible mice. The tumours are lethal within 14-20 days. 

Each of these turnours was hybridized with cells of the 
A9 mouse fibroblast line. This line was derived by Little- 
field from the “L” cell line by selection for resistance to 
8-azaguanine’. The AQ cells lack the enzyme inosinic 
acid pyrophosphorylase, a defect which prevents their 
growth when de novo synthesis of purines is blocked by 
aminopterin'!, Being derived from C3H mice, these cells 
bear the H-2 histocompatibility antigen complex. They 
also carry an antigen which cross-reacts with the antigens 
found in the Friend, Moloney and Rauscher leukaemias 
(FMR antigen). This antigen is known to be present in 
L cells and is probably connected with the virus-like 
particles which have been found in these cells. These 
particles have not. however, been shown to induce 
tumours. As shown in Table 2, A9 cells are not highly 
malignant. None of the ten unirradiated C3H mice and 
six unirradiated A/Sn mice inoculated with a large dose 
of cells developed progressive tumours. Of nine C3H 
mice given 400 r, of whole body irradiation before inocula- 
tion, only two developed progressive tumours; and only 
one of six A/Sn mice, similarly irradiated. did so. Of 
these three tumours, only one grew on further passage to 
unirradiated mice. 


Hybrid Cells 


The cells were fused together by the technique of H, H. 
and Watkins’, and viable hybrids were selected by grow- 
ing the culture >s containing the fused cells in the medium 
devised by Littlefield, This prevents the growth of A9 
cells. The strain of Ehrlich ascites cells used in the present 
experiments does not grow tn vitro; the BEWA cells do 
not adhere to glass and the MSWBS eells grow poorly 
in vitro, at least initially. The selection of the hybrid 
cells thus presented no difficulties. When mixed suspen- 
sions of the tumour cells and A9 cells were treated with the 
inactivated Senda: virus, any desired number of Ran 
clones could be obtained. We tested the ability of the 
hybrid cells to grow progressively in vivo by injecting 

varying numbers of them subcutaneously and intraperi- 
toneally into genetically compatible mice: C3H and A/Sn 
mice in the case of the A9-Ehrlich hybrids and C3H x 
ASW F, and Ax ASW F, crosses in the case of the A9- 
SEWA and A98-MSWBS hybrids. Each group of hybrid 
cells was tested in adult and newborn, X-irradiated (400 r. 
of whole body irradiation before inoculation) and un- 
irradiated animals. Because newborn mice given this 
dose of irradiation will permit the growth even of tumours 
bearing foreign H-2 antigens, we believe that our assays 
for malignancy are not compheated in any important 
degree by immunological rejection. 
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Table 1, CHROMOSOME COMPLEMENTS OF PARENTAL AND HYBRID CELL 
LINES 
Modal No, of chromosomes 

Cell ty pe Total Bl-armed Marker chromosomes 
Ag 57 24 M1, M2, M3 
Ehrlich 75 1 M4, M5 
SEWA 44 1 
MSW BS 29 12 M6 
A9/Ehrlich 128 24 M1, M2, M3, M4, MS 
AQ/SEWA o4 21 Mi, M2, M3 
AQ/MSWBS 86 36 M1, M2, M3, M6 
AG@ Ehrlich segregants 89, 84, 82 M1, M2, M3, M4 





‘The expression of the H-2 and FMR antigens on the sur- 
face of the cells was studied by four techniques: membrane 
immunofluorescence!®'7, immune adherence'*, mixed 
haemadsorption’® and cytotoxicity”. Some of the parent 
and hybrid cell lines were also compared by quantitative 
absorption tests against H-2 reference sera. 


A9-Ehrlich Hybrids 


Clones of cells derived from these two parents showed 
great variation in cell shape, clonal morphology and 
growth rate. Tight epithelial clones, clones composed of 
long spindle-shaped cells growing in parallel, highly 
dispersed clones of irregular fibroblastic cells and a whole 
range of intermediate categories were observed. To 
begin with, the most vigorous hybrids, which soon over- 
grew the bulk cultures, were selected for study. These 
hybrids grew extremely rapidly in vitro with a generation 
time of between 10 and 12 b. The hybrid nature of the 
cells was confirmed by karyotypic analysis. Both the 
Ehrlich cell and the A9 cell have specific chromosomal 
markers?!2, The markers of both parent cells were 
readily identified in the hybrids (Table 1). The hybrid 
cells contained a modal number of 128 chromosomes of 


Table 2. 


Cell type Genotype i Host 
Genotype Pretreatment 
Ag C3H (H-2k) C3H (H-2!) _ 
s ” o ” u 400r. 
: th ok et es 400r, 
us A/Sn (H-24) _ 
” <a p ” # 400r. 
a D H 400 r. 
AQ 
Ag-Ehtlich A9: C3H (H-2k); Ehrlich: C3H (H-2) — 
hybrid unknown, heterozygous 
n o n o v 400 r. 
i > 400 r. 
aa ee A/Sn (H-2") = 
; E 7 a ji 400 r. 
3 a 3 tee Se 400 r. 


AQ-Ehrlich hybrid 


AQ-SEWA AO: CSH (H-24); SEWA: A.SW* COH F, Se 


hybrid ASW (H-2*) 
» ” n ” ” 400r, 
m r ‘ AX ASW F, — 
i + ’ a ‘8 400 r, 


AQ-SEWA hybrid 


A9-MSWBS 


AQ: CBHCH-2K), MSWBS: 
hybrid 


Ax ASW F, (selected for 
compatibility with A. 
SW = H-2) 


»” ar ” v r 


Ax ASW F, 


400 r. 
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which approximately 24 were bi-armed. This is what one 
would expect from the fusion of one Ehrlich cell and one 
AQ cell. There was little change in chromosome number 
during the first 2 months of cultivation in vitro. 

As shown in Figs. | and 2 and in Table 3, membrane 
fluorescence, cytotoxicity, immune adherence and mixed 
haemadsorption tests agree in indicating that the expres- 
sion of the H-2 antigens contributed to the hybrid by the 
AQ cell is very largely suppressed. These antigens could 
be detected in the hybrids by immune adherence, and by 
mixed haemadsorption tests, but they were present in 
much smaller amounts than in the A9 parent cells. 

Five hybrid clones, each derived from a different prim- 
ary fusion, were then examined. The results of the mem- 
brane fluorescence tests are shown in Fig. 1, and those of 
the mixed haemadsorption tests, carried out on “Microtest’ 
plates, in Fig. 3. The results of the immune adherence 
tests and of mixed haemadsorption tests carried 
out on culture plates are included in Table 3. It will 
be seen that small amounts of the H-2* antigens eould 
be detected in the various clones, especially by mixed 
haemadsorption, but none of the cells in these clones 
produced as much of these antigens as the parent A9 cells. 
Although there was, perhaps, sorne variation from clone 
to clone, the results with all five clones were very similar 
to those obtained with the A9-Ehrlich line derived from 
the hybrids which grew most rapidly. 

Tt has been shown that histocompatibility antigens may 
be expressed less strongly in polyploid cells than m diploid 
cells??, It was therefore possible that the suppression of 
the H-2 antigens in the A9-Ebrlich hybrids might have 
been simply a result of the increased ploidy of the hybrid 
cells. Hybrids were therefore made between the AY 


GROWTH OF CELLS in vieo 


No, takes (total 
No. animals with 








Inoculum progressive Comments 
No, cells Route tumeours/total 
No, inoculated) 

2-5 x 10 Be. D4 

2-5 x 10° yi 0/3 

15-5 x 10° ip. DB 

15-5 x 10 E 2% The tumours appeared after 2 
and 7 weeks. Only one was 
transplantable 

5 x 108 8.0 we 

5 x 105 F 0/2 

1:5-5 x 10° Lp 0/4 

1-5-5 x 10° ; 14 Tumour appeared after 2 
weeks, Not transplantable 

Total unirradiated O16 

Total irradiated 3/15 

2-5 x 108 8.c, 04 

7x10-5x 10° A 0/6 

P4 x101 x 108 Lp. 8 

1a x 10%] x 10° y 4/8 Ascites tumours appeared 
after 3, 4 and 10 weeks, 
Two of them were tested 
and found to be transplante 
able. One animal developed 
generalized leukaemia after 
18 weeks 

1-5 x 10° B.C. Qi 

7x10t-5x 10° ji Old 

14-8 > 10" ip. WS 

1-4-5 x 10% a is Solid tumour appeared after 
12 weeks. It was transe 
plantable 

Total unirradiated Of24 

Total irradiated B26 The correct Agure is probally 
4/26 if the leukaemia is 
disregarded 

7108 1-9 ~ 108 B.C YA? Tumour appeared after 3 
weeks. ‘Transplantabliity 
not tested 

7x 104 i 4/11 Tumours appeared after 3-4 
week Transplantabity 
now being tested 

3x 10%-1-7 x 10" “ú 

2 x 10-17 x 10° i 
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No, of tests 12 86 8 0 RG P gb eg 2 2 2 
Titre of anti- 
serum 
LG 
OS 
Zo 06 
Ž 
= 04 
2 
0-0 
AQ AQ-Ehriich B82 AQ-BS2 
Vig. 2. Mean cytotoxicity indices for A9 cells, B82 cells, AQ-Ehriich 


hybrid cells and AQ-BS82 hybrid cells. gg, CS7BLx DBA/2 anti C3H 
serum (anti H-2*); W, ACA anti A serum (contains anti H-2*); (J, syn- 
geneic anti Moloney serum. 





cells and B82 cells. B82 cells were also originally derived 
from “L” cells and bear the H-2* antigen complex. These 
cells were selected for resistance to bromodeoxyuridine, 
and are deficient in thymidine kinase activity’. Hybrids 
between A9 and B82 cells can be selected from mixed 
eultures of the parent cells by the use of the selective 
medium devised by Littlefield“. The chromosomes of 
A9-B82 hybrids produced by inactivated Sendai virus 
have been extensively studied by Engel, McGee and 
H. H.**, The chromosome complement of these hybrids 
is approximately what one would expect from the fusion 
of one A9 and one B82 cell. As shown in Figs. 1 and 2, 
membrane fluorescence and cytotoxicity tests indicate 
that these hybrids express the H-2* antigens as well as 
the parent cells. The suppression of these antigens in the 
A9-Ehrlich hybrids is thus not simply a non-specific 
effect of increased ploidy; this suppression is a specific 
effect produced by the Ehrlich component. 

Although the FMR antigen is present on the surface of 
AQ cells in much smaller amounts than the H-2* antigens, 
all four tests none the less indicate that. the FMR antigen 
is also largely suppressed in the A9-Ehrlich hybrids 
(Figs. 1, 2 and 3, and Table 3). It thus appears that the 
Ehrlich cell, which itself expresses histocompatibility 
antigens very weakly, suppresses both the H-2* antigen 
and the FMR antigen contributed to the hybrid cell by 
the A9 partner. 

The results of the assays for progressive growth in vive 
are set out in Table 2. It will be seen that the A9-Ehrlich 
hybrids failed to grow in the great majority of the test 
animals. Of fifty animals injected, forty-five produced no 
tumours. This low incidence of tumours is comparable 
with that obtained with A9 cells alone (three out of thirty- 
one). The tests were carried out on C3H and A mice and 
included adult and newborn, irradiated and unirradiated 
animals. Both the AQ-Ehrlich line initially derived from 
the most rapidly growing hybrid cells and the hybrid 
clones derived from separate primary fusions were included 
in the tests. Because the hybrid cells were selected in 
medium containing high concentrations of aminopterin, 
thymidine and hypoxanthine, their ability to grow in vivo 





Table 3. IMMUNE ADHERENCE (IA) AND MIXED HAEMADSORPTION (MH) 


TESTS, DONE ON CULTURE PLATES 


Cell type 


AQ-Ebrlich A9- Ehrlich 


Serum AQ hybrid line clone 5 

TA MH TA MH TA MH 

Tissue culture medium alone 0 0 0 0 ü 0 

Normal mouse serum 0 0 0 0 0 0 
CBP Bix DBA/2 anti C3H 

(anti H-2k) > 90 30 500 30 2,000 
AGA anti A (contains anti 

H-2) >90 30 200 30 600 

Syngencic anti Moloney 30 10 <10 10 <10 





Figures denote the serum titres at which the tests were positive. 
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was also tested after the cells had been grown for some days 
in a medium not containing these additives. The cells 
still failed to produce tumours. One of the animals in this 
test group developed a leukaemia 18 weeks after inocula- 
tion, This leukaemia may not have been related to the 
injection of the hybrid cells, since the virus-like particles 
carried by the “L” (and presumably the A9) cells do not 
appear to cause leukaemia. Tumours developed in four 
other animals between 3 and 12 weeks after inoculation. 
Two of these tumours proved to be transplantable, 
Because the H-2* antigens were very largely suppressed 
in the hybrid cell and beeause the Ehrlich cell is itself 
capable of growing in any strain of mouse, the hybrids 
were also injected intraperitoneally, at a concentration of 
5x 10® cells per animal, into six male and six female adult 
outbred Swiss mice. In eleven of these mice, no tumours 
developed, but in one female an ascites tumour appeared 
10 weeks after inoculation. This tumour also proved to be 
transplantable. The karyotypes of these three trans- 
plantable tumours, developing late in the experimental 
animals, have been examined and are discussed in more 
detail later. 


A9-SEWA Hybrids 


The hybrid nature of these cells was again confirmed by 
analysis of the karyotype. The total number of chromo- 
somes and the number of bi-arrmed chromosomes were 
again consistent with the view that the hybrids arose from 
the fusion of one A9 and one SEWA cell, although, in 
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B82 celis and different clones of A9-Ehrlich hybrid cells. =, AG 
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this case, about seven chromosomes appear to have been 
lost (Table 1). The A9 marker chromosomes were present. 

As shown in Fig. 4, membrane fluorescence tests indi- 
cated that the H-2* and the H-2* antigen complexes of 
the two parent cells were both expressed in the hybrid. 
The amount of each antigen complex present in the hybrid 
was not greatly different from that found in the corre- 
sponding parent cell. In cytotoxicity tests, the A9 cell 
was found to be susceptible to the cytotoxic action of 
anti H-2*, but not anti H-28 serum, while the reverse was 
the case with the SEWA cells. The A9-SEWA hybrids, 
however, were resistant to both antisera. This effect 
may be related to the larger size of the hybrid cells, which 
reduces the density of the antigenic receptor sites on the 
cell surface. The total number of H-2* receptor sites on 
the surface of the A9-SEWA hybrids was not very differ- 
ent from that on the surface of the A9 cells: with both 
cell types, essentially the same number of cells was 
required to absorb completely the reactivity of a standard 
ASW anti A or a C57BIx DBA anti C3H serum. This 
finding indicates that suppression of the H-2* antigen in 
the A9-Ehrlich cells was not simply a result of the presence 
of some different histocompatibility antigens contributed 
by the Ehrlich component. In the A9-SEWA hybrids, 
the H-2* antigen of the A9 parent is fully expressed, even 
though the SEWA parent contributes a different set of 
antigens. The suppression of the H-2* antigen in the A9- 
Ehrlich hybrid is clearly a specific effect produced by the 
Ehrlich cell. The Ehrlich ascites tumour has been in 
continuous serial passage in many strains of mice since 
1896 and must therefore have been subjected to prolonged 
selection pressure against its original histocompatibility 
antigens. Tumours are known to respond to such pressure 
by developing what has been termed ‘“‘immunoresistance”’, 
a process which appears to involve a reduction in the 
density of antigenic receptor sites on the surface of the 
eell®5. Because, in the A9-Ehrlich hybrids, not only the 
H-2 antigens but also the FMR antigens are suppressed, 
it is possible that the Ebrlich cell evades the homograft 
reaction by reducing the expression of all antigens on its 
surface. This could be achieved by the production of some 
component which masks the surface of the cell. 

Table 2 shows that the A9-SEWA hybrids, like the A9- 
Ehrlich hybrids, only produced tumours in five out of 
sixty test animals. A.SWxC3H and ASWxA F, 
hybrid mice were used and the group included adult and 
newborn, irradiated and unirradiated animals. Cells 
adapted to growth in medium which did not contain the 
thymidine, hypoxanthine and aminopterin used in the 
selective medium also failed to produce tumours. The 
karyotypes of the tumours which developed in animals 
injected with A9-SEWA hybrids have not yet been 
analysed, 


No. of tests 5 4 4 8 7 8 1 1 3 3 
Titres of anti 
serum LIB = ~ 1:16 14 1:32 -~ 164 F4 1:8 


10 


0-8 


0-6 


Fluorescence fndex 


oü 





A9-SEWA MSWBS A9-MSWBS 


A9 SEWA 


Fig. 4. Mean membrane fluorescence indices for AQ cells, SEWA cells, 
MSWBS cells, AQ-SEWA hybrid cells and A9-MSWBS hybrid cella. 
@. ASW anti A serum (anti H-2*); A anti ASW serum (anti H-2*). 
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A9-MSWBS Hybrids 


The MSWBS tumour is remarkable in having only 
twenty-nine chromosomes, of which twelve are bi-armect. 
Two of the bi-armed chromosomes serve as markers. 
A9-MSWBS hybrids were identified by their chromosome 
number, which approximated to the sum of the number of 
chromosomes in the two parent cells and by specific paren- 
tal markers (Table 1). As shown in Fig. 4, A9-MSWBS 
hybrids, like A9-SEWA hybrids, contained both H-2* 
and H-2 antigens in normal amounts, as judged by mem- 
brane fluorescence. This confirms the specific role of the 
Ehrlich component in suppressing the H-2* antigens im 
A9-Ehrlich hybrids. A9-MSWBS hybrids also resemble 
A9-SEWA hybrids in being resistant to the cytotoxic 
effect of anti H-2* serum. A9-MSWBS hybrids, taken 
directly from the selective medium, or after a period of 
growth in normal tissue culture medium, failed to produce 
tumours in any of a group of 20 Ax ASW F, hybrid mice 
whieh included irradiated and unirradiated animals 
(Table 2). 














Malignant Segregants 

Karyotypic analysis of the three transplantable ascites 
tumours which developed late in mice reeerving A9- 
Ehrlich cells intraperitoneally revealed that these tumours 
were indeed descended from the original hybrid cells 
injected. The tumours retained specific chromosomal 
markers from both the Ehrlich and the A9 parent (Table 
1). In all three cases, however, the cells showed a marked 
reduction in chromosome number relative to the original 
A9-Ehrlich hybrids injected into the animals. The modal 
chromosome numbers of the three tumours were 89, 84 
and 82. About forty chromosomes out of a total of nearly 
130 had been lost. The loss included at least ten bi-armed 
chromosomes which were clearly of A9 origm. These 
tumours were thus segregants of the original non-mahgnant 
hybrids, in which a loss of chromosomes was associated 
with a reversion to malignancy, The segregant which 
arose in outbred Swiss mice grew very slowly and took 
many weeks to kill the host; the two segregants which 
arose in C3H mice grew much more rapidly. These two 
tumours also grew rapidly when transplanted to outbred 
Swiss mice. All three segregants initially grew very 
poorly in vitro, but eventually cells were seleeted from 
bulk populations which were able to grow well in vitro. 
A rough estimate of the frequency with whieh the non- 
malignant hybrids generate malignant segregants yields a 
figure of between 1 in 106 and lin 107. We have nat yet 
determined whether such segregants arise in vitro or 
in vivo or in both situations. The work of Engel, McGee 
and H. H.” has shown that hybrids derived from very 
similar parent cells produce segregants in increasing 
numbers on continued cultivation in vitro ; and one might 
suppose that this process would be even more marked in 
hybrids from more distantly related parents. On the other 
hand, the long lag which preceded the development of 
these segregant tumours may indicate that, in this case, 
the segregants arose in vivo. 





How is Malignancy Suppressed ? 

The present experiments show that the ability of three 
different sorts of malignant cell to grow progressively 
in vivo can be suppressed when these cells are fused with 
A9 cells, and that the hybrid cells resulting from these 
fusions produce segregants in which a loss of chromosomes 
is associated with recovery of the ability to grow pro- 
gressively in vivo. This result is most simply interpreted 
as indicating that the AQ cell contributes somethmg to 
the hybrid which suppresses the highly malignant charac- 
ter of the tumour cells, and that this contribution is lost 
when certain chromosomes are eliminated from the hybrid. 
Because all malignant segregants derived from such 
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hybrids can be selected for by growth in vivo, the possi- 
bilities for the genetic analysis of malignancy are obvious. 

In the absence of adequate information about the 
chromosomal constitution of the tumours produced, we 
cannot at present be confident that hybrids between 
malignant cells and normal diploid cells are indeed 
malignant, as has been claimed; but, if they are, the 
possibility must be considered that the suppression of 
malignancy observed in the present experiments is due 
to some special feature of the A9 cell. It may be that the 
metabolic consequences of prolonged selection for azaguan- 
ine resistance have conferred on the A9 cell the ability to 
suppress the malignant character of the mouse tumour 
cells. If this is so, the present experiments open a direct 
biochemical approach to the mechanisms by which the 
malignancy is suppressed; for some of the major meta- 
bolie peculiarities of the A9 cell have already been estab- 
hished}3+44, 
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Action of Malarial Antibody in vitro 


by 
S. COHEN 


G. A. BUTCHER 
R. B. CRANDALL* 


Department of Chemical Pathology, 
Guy’s Hospital Medical School, 
London SEI 


MALARIAL infection is followed by increased immuno- 
globulin synthesis and the production of antimalarial 
antibodies detectable by several immunological techniques 
(reviewed in ref. 1). Although these antibodies may cross- 
react with various plasmodial species, immunity to 
malarial infection is largely species specific, and the 
correlation between the immune status of an individual 
and observed levels of malarial antibodies is poor, which 
indicates that much of the antimalarial immunoglobulin 
formed has no protective effect against plasmodial infec- 
tion?. Passive transfer tests using immune serum in 
monke and immunoglobulin fractions from immune 
adults in severely infected African childrent® have, how- 
ever, demonstrated that serum antibody does play a part 
in acquired malarial immunity. The difficulty is that 
there is no satisfactory method for distinguishing between 
protective and non-proteetive malarial antibodies, and 
it is not known which phase of the erythrocytic cycle of 
parasite development is affected by protective antibody 
or which antigenic components of the parasite evoke the 
protective immune response 

In these circumstances, there is obviously a need for a 
convenient and reliable test for assaying protective 
malarial antibody. Unfortunately passive transfer of 
antibody which gives a striking decrease of parasitaemia 
in young African children with severe Plasmodium falei- 
parum malariat produces less consistent results in labora- 









* Present address: Department of Microbiology, College of Medicine, 
University of Florida, Gainesville, Florida 32601, 


In the presence of immune serum, malaria parasites inside red blood 
cells grow and differentiate, but re-invasion of erythrocytes is 

revented and the succeeding cycle of parasite development is 
completely inhibited. 


tory infections in monkeys (ref. 3 and unpublished results 
of G. A.B. S.C. and P. ©. C. Garnham). This report. 
which centres around an èn vitro culture method of the 
erythrocytic forms of Plasmodium knowlesi. may provide 
the basis for such an assay. 


Culture of Parasites 


We have sought to replicate in the laboratory the 24 h 
cycle of parasite growth, multiplication and erythrocyte 
re-invasion shown by P. knowlesi in the monkey host. In 
particular, because the number of merozoites produced by 
amature P. knowlest schizont varies from 6 to 16 (ref. 6), 
it was necessary to achieve in vitro multipheation rates 
of at least six-fold. 

P. knowlesi parasites (anonymous Malayan strain 
isolated in 1964 from Macaca irus) were obtained initially 
from Professor P. €. C. Garnham in the form of infected 
blood stored at — 70° C in 15 per cent glycerol and 0-9 per 
cent NaCl. Parasites for culture were obtained by heart 
puncture 3 to 10 days after inoculation of previously 
uninfected monkeys (Macaca mulatta), Our culture teeh- 
nique was based on that of Geiman and co-workers’ as 
modified by Trigg*. Starting with whole blood containing 
trophozoites and early schizonts, the average multiplica- 
tion was 2-0 in 24 h (Table 1), but better results were 
obtained by the following two devices: (1) Red cells 
washed twice in phosphate-buffered saline were used for 
culture instead of whole parasitized blood. Autologous 
plasma from monkeys infected 5 or 6 days previously has 
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Table 1. Dn vilro MULTIPLICATION RATES OF P. knowlest PARASITES X 
ARDIE 
Parasites No, of No. of experiments showing given multiplication rates mattis 
Serum Stage* Washed Medium t Gast expts. 0 1x 2x Bx 4% 5x 6x TR BK Ox Thx pees 
rate 
Rhesus YT -— Original 1 l4 1 2 7 2 2 20 
(autologous) 

Rhesus T 2x Modified 1 13 3 i = 2 1 4 30 
(homologous) 7 
Horse tT 2x Modified lor? l4 1 3 1 3 2 4 aa 
Horse rhesus T 2x Modified 2 26 1 2 2 1 3 2 4 5 2 4 Gü 

(homologous) , 
Horse* irus T 2x Modified 2 4 4 Set 
(homologous) 
Horse or rhesus R 2x Modified 2 7 1 2 i es i 4th 
(homologous) 
* Stage of development at beginning of culture. T, Trophozoites and some early schizonts. R. Rings. 


+ See text for details of media. 


$1, 95 per cent air, 5 per cont CO,; 2, 90 per cent Na, & per cent COs, 5 per cent Oo. 


Table 2, Fn vitro MULTIPLICATION RATES OF WASHED P. knowlest PARASITES 


WITH DIFFERENT SERA IN THE CULTURE MEDIUM 


Duration of Multiplication in various sera 


Exp. No. infection Rhesus serum Rhesus serum 
(days) (autologous) (homologous) Horse serum 
G10 6 6-3 TA 
G6 5 3-3 73 
G12 6 12 5-0 





an unpredictable but consistent inhibitory effect. on para- 
site multiplication (Table 2). Sera from various species 
were tested in the culture medium and horse serum, either 
alone or combined with rhesus serum from an uninfected 
animal, was associated with the highest parasite multi- 
plication rates. (2) Modification of the medium by use 
of an amino-acid mixture as used in Eagle's medium 
together with glutamine (14-6 mg/100 ml.), coenzyme A 
(10-2 mg/100 ml.), ATP (37 mg/100 ml.) and AMP (26-3 
mg/100 ml.); in addition, the air and oxygen mixture 
was replaced by 90 per cent Na, 5 per cent CO, and 5 per 
cent O,. This combination of conditions gave average 
multiplication rates of six to eight-fold in cultures initiated 
with trophozoites and about five-fold with ring forms of 
P. knowlesi (Table 1). 


Effect of Immune Serum 


Newly infected rhesus monkeys were protected with 
mepacrine hydrochloride (repeated 20 mg doses for about 
3 weeks) and subsequently were challenged with up to 
10° parasites by intramuscular injection eleven times over 
a period of 18 months. A pool of serum (250 ml.) obtained 
from five monkeys immunized in this way was stored at 
— 15° © for up to 5 months before use. 

Volumes of 0-3 ml. of immune or normal monkey serum 
and 0-25 ml. of horse serum were added to flasks containing 
3 mal. of culture medium and 0-25 ml. of packed erythro- 
cytes of which about 1 per cent were initially parasitized. 
The average multiplication rate in the presence of normal 
rhesus serum was 6-4 times and with immune serum was 
about 1-2 times (Table 3). The multiplication of parasites 
in immune serum could not be accurately assessed because 
erythrocytes containing schizonts agglutinate in the 
presence of antibody*. 

The natural host of P. knowlest (M. irus) shows a 
high degree of resistance to the infection. The in vitro 
tests show that this resistance is acquired because para- 
sites grow normally in serum from uninfected M. irus 
whereas immune serum inhibits multiplication (Table 3). 





Immune Serum and Protein Synthesis 


Because multiplication rates could not be accurately 
measured in the presence of immune sera, parasite growth 
was assessed by incorporation of *H-leucine from a medium 
containing no unlabelled leucine. Samples of cultured 
cells (0-25 ml.) taken at intervals over 24 h were centri- 
fuged and the supernatant fluid removed. Cells were 
washed in 10 per cent trichloroacetic acid (three times). 
and then in alcohol and ether; precipitates were dissolved 
in 2N NaOH at 70°C and aliquots were counted in 


20 ml. of phosphor, acidified with formic acid, ‘The 
recorded data, except those in Fig. 1, represent mea 
values from duplicate flasks. 

Trophozoites and early schizonts cultured im the pres 
sence of normal rhesus serum incorporate *H-loucine inte 
trichloroacetic acid precipitable material at a bnear rate 
for about 4 h. When parasite division (schizogony) 
commences--as shown by the increasing percentage of 
ring forms---*H-leucine incorporation diminishes, then 
becomes stationary for about 2 h and is subsequently 
renewed during the succeeding cycle of parasite develop: 
ment (Fig. 1). Cultures of normal rhesus blood incorporate 
leucine at a level which is less than 10 per cent of that with 
parasitized blood (Fig. 1). 

In the presence of immune serum the rate of Jeucine 
incorporation during intracellular growth of trophozoites 
and schizonts is not appreciably altered, for instance. at 
the beginning of experiments shown in Figs. 2 and 3, 
With the onset of schizogony, however, leucine incorpora- 
tion is reduced (Figs. 2 and 3) and no further uptake 
occurs after schizogony is completed. indicating an abso- 
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Table 3. EFFECT OF IMMUNE SERUM* ON MULTIPLICATION OF P. knowlesi, ia vitro 








` No. of No. of experiments showing given multiplication rates Mean multi- 
Serum exp. 0 1x 2x 3x 4x 5x 6x Tx Bx 9x 10x ation rate 
Normal M. irus+ 4 4 8&4 
Immune M. 4 2 2 ee 
Normal rhesus 17 1 2 1 1 1 2 3 2 4 ” 6-4 
Immune rhesus 16 5 3 ri 1 RR 
* The proportion of immune seram (0-3 ml.) and erythrocytes (0-25 ml.) in all experiments was approximately equivalent to that of whole blood, (See 


text.) 
t Absorbed with normal rhesus red cells. 
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Fig. 2. In vitro incorporation of *H-leucine into P. knowlesi parasites 

in the presence of normal and immune rhesus sera. P, Percentage of 

red cells parasitized; R, percentage of parasites which are rings in flasks 
containing uormal serum. (Exp. G28.) 


lute suppression of the succeeding cycle of parasite de- 
velopment. This action is not complement dependent, 
for heating the immune serum at 56° C for 1 h, or the addi- 
tion of fresh monkey serum as a source of complement, 
does not appreciably alter the response (Fig. 2). 

The specificity of this reaction is shown by the fact 
that P. knowlesi incorporates leucine normally in the 
presence of serum from a rhesus monkey immune to P., 
cynomolgit bastianelli (Fig. 2), kindly supplied by Dr A. 
Voller. In vivo tests show that there is no cross-immunity 
between these two species of plasmodia™. In addition, 
immune serum absorbed with mature P. knowlesi schizonts 
obtained by saponin lysis of infected erythrocytes inhibits 
leucine incorporation less effectively than whole serum 
(Fig. 3). With the immune absorbed serum, leucine uptake 
was reduced during schizogony, as compared with the 
normal, but then recommenced, indicating that some 
parasites had entered a second cycle of development. 
(Fig. 3). 

A soluble malarial exo-antigen was first detected by 
Eaton in the serum of monkeys infected with P. knowlesi. 
When injected into normal monkeys the exo-antigen gave 
rise to complement fixing antibodies, but conferred no 
protection against. P. knowlesi. The present culture experi- 
me revealed that *H-leucine labelled material pre- 
eipitable by trichloroacetic acid is released into the culture 
fluid, slowly during the initial phase of intracellular 
growth and more rapidly during schizogony. This material 














co-precipitates equally with the immune and the immune 
absorbed sera. This supports Eaton's view that antibodies 
to malarial exo-antigens are not protective, for the 
absorbed serum which containcd them m undiminished 
titre gave only partial inhibition of parasite growth 
(Fig. 3). 


Evaluation 


We have not systematically evaluated all parameters 
of the vitro culture system used during the course of 
this study. Autologous serum from monkeys infected 3 
to 10 days previously was, however, shown to inhibit 
parasite growth consistently, but to an unpredictable 
extent for individual samples. The average multiplication 
(six to eight times) with washed parasitized cells in the 
modified culture medium approximated the in vivo rate 
and provided a suitable basis for studying the action of 
immune serum. l 

Immune serum inhibited parasite multiplication in a 
24 h growth cycle, but agglutination of red cells contain- 











ing schizonts complicated quantitative microscopical 
evaluation. By measuring incorporation of *H-leucine 


into protein and other trichloroacetic acid precipitable 
material, the growth of parasites could be followed during 
the initial phase of intracellular maturation aud the 
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sitized: R, percentage of parasites which are rings in flasks containing 
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aubsequent cycle of growth in newly invaded erythrocytes. 
Immune serum has little effect on intracellular growth of 
trophozoites and schizonts, but inhibits leucine uptake 
during schizogony and eliminates the succeeding cycle of 
parasite development. This suggests that antibody com- 
bines with free merozoites and prevents re-invasion of 
red cells, but the possibility of an effect on mature 
schizonts is not excluded. This action is not complement 
dependent so that the immune mechanism may be 
analogous to viral neutralization. These experiments 
suggest that protective antibody and the schizont-red 
cell agglutinin are distinct entities, for immune serum 
absorbed with extracellular schizonts still agglutinated 
cells containing mature parasites but showed a diminished 
anti-parasitic effect. 

This experimental system provides a means of analysing 
in detail the nature and mode of action of protective 
malarial antibody. Absorption tests have shown that 
mature schizonts carry protective antigens; similar tests 
using subfractions of parasites may permit the isolation 
and characterization of these antigens which could form 
the basis of a malarial vaccine effective against erythro- 
eytie forms of the parasite. The extent to which antigenie 
variation influences protective immunity’ can be 
tested directly in this in vitro system. In addition, studies 
can be made on the origin and properties of malarial 
exo-antigens which, although apparently irrelevant to 
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protective immunity, may be responsible for renal lesions 
which complicate some forms of malaria)’. 
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Prevention of Moisture Rise in Capillary Systems by 


Electrical Short Circuiting 


by 
DONALD H. GRAY 


Department of Civil Engineering, 
University of Michigan, 
Ann Arbor, Michigan 48104 


Waen a damp masonry wall is “electrically short eir- 
euited”, by providing a low resistance path in parallel 
with the wall and the damp earth beneath, moisture 
will eventually cease to rise in the wall, which will dry 
out? Likewise, when electrically conducting rods are 
driven down through frozen ground into damp frost 
susceptible soil, the upward flow of water into the over- 
lying frozen ground will cease, thus eliminating the 
problem of frost heaving?. 

Are these phenomena unrelated or not? At issue is a 
question of general interest for moisture movement in 
porous media. This article is an attempt to show how 
these phenomena can be explained within a common 
framework of non-equilibrium thermodynamics. 

The feasibility of suppressing moisture rise in capil- 
lary systems by electrical short circuiting is well estab- 
lished. A technique based on this principle (Fig. 1) is 
marketed and used widely in Britain’ and parts of 
Europe®* for controlling rising damp in. buildings. 

The scientific rationale behind the method—-how and 
why it should work—is still open to debate. The use of 
electrical short circuiting to suppress rising damp is 
referred to as “electro-osmotic damp proofing” by its 
discoverers*. No external energy input, either electrical 
or mechanical, is required in the process; only electrical 
short circuiting is involved. As such, the process does 
not conform to the usual definition of electro-osmosis? 


A capillary rise-~evaporation cycle can feed dissolved salts to the 
top of the capillary zone. Concentration of salt at the top super- 
imposes an osmotic head on the capillary head. The thermodynamics 
of irreversible processes explains electro-osmotic damp proofing by 
showing how electrical short circuiting may suppress moisture rise 
in these conditions. 


as an induced flow of solution through a porous medium 
under an externally applied electric field. In addition 
to this minor objection, a purely electro-osmotic orelectro- 
kinetic explanation runs into another difficulty. 

Undoubtedly some sort of electrokinetic phenomenon 
is involved because a difference in electrical potential 
is always observed between top and bottorn of either a 
damp wall or capillary column given access to water at ita 
base. The top part of the wall or column is generally 
more positive than the bottom provided the net flow 
of capillary moisture is upwards. A small but significant 
upward flow is maintained by evaporation of water at 
the top of the capillary zone with replenishment by capil- 
lary (or matric) suction from below. If the wall is nega- 
tively charged (the case with a siliceous material in normal 
conditions) an upward flow of water should produce an 
electrical “streaming potential” with the polarity de- 
seribed. If this potential is indeed a streaming potential, 
a temporary flow reversal of moisture (caused, for example, 
by a drop in the ground table water below the base of 
the column or wall) should cause a reversal in the polarity 
of the electric field. I have observed this reversal in 
polarity of the electric field during capillary experi- 
ments with columns of fine sand in the laboratory. 

Are there any other explanations for the observed 
difference in electrical potential between different parts 
of a damp wall or capillary column ? Galvanic potentials 
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appear unlikely provided identical pairs of électrodes are 
used for measuring potential differences. Concentration 
or membrane potentials are a distinct possibility, par- 
ticularly if evaporation at the top of the capillary zone 
tends to concentrate salts in this region. Both the mag- 
nitude and polarity of the induced electrice field and the 
properties of porous medium and permeant must be 
analysed in deciding between alternative explanations 
for these potentials. 

The explanation advanced by the inventors of “electro- 
osmotic damp proofing’ runs roughly as follows: water 
is drawn up a wall by capillary action; eventually a 
quasi steady state condition is reached in which evapor- 
ation at the top or sides of the wall is exactly balanced 
by replenishment of moisture from the bottom. As a 
result of capillary action an electrical potential difference 
is established between different parts of the wall. The 
inventors of the process claim that in order to suppress 
rise of moisture it is necessary to break this eycle—either 
by short circuiting the wall or by applying a counter 
potential to the wall. By discharging the electrically 
charged state of the wall, so the argument runs, the 
ea conditions for continuation of capillary moisture 
rise are removed, primarily through the effect of short 
circuiting on the surface tension of water in the capillaries. 

There are several arguments against this explanation, 
but a detailed exposition is outside the scope of this 
report. It should be noted, however, that the explanation 
is Inconsistent with thermodynamic principles. One such 
principle states? that in an isothermal system in which 
only pressure and electrical gradients act (that is, the 
electrokinetic case) electrical short circuiting will enhance 
rather than retard a pressure induced flow of moisture. 
There is also scant support in the scientific literature for 
the contention that eleetrical short. cireuiting might 
prevent capillary rise of moisture through its effect on 
surface tension. On the contrary, results reported in the 
literature? show that electric fields as high as 7,000 V/em 
cause less than a 1 per cent reduction in surface tension 
of solutions almost independently of the polarity of the 
applied field. 

What is probably involved and overlooked in the 
suppression of capillary rise by electrical short circuiting 
is a coupling or interaction of forees--capillary, electrical 
and osmotic. Rising capillary moisture usually carries 
with it dissolved salts which tend to be deposited and in 
effect concentrated in the pore water at the top of the 
capillary zone by evaporation. Measurement of soluble 
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Schematic diagram of a typical wall installation for prevention of 


Fig. 1. 
moisture rise by electrical short circuiting. 
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salt concentrations in different parts of building walls? 
supports this view, An analogous type of salt concentra- 
tion mechanism occurs in the fre zing zone of a damp, 
frost susceptible soil by salt exclusion in the frozen pore 
water. Salt exclusion tends to concentrate dissolved 
salts in the remaining, unfrozen pore water near particle 
surfaces. The net effect in either case is enormously to 
increase the electrolyte concentration in the pores at the 
top of the capillary zone and thus create an osmotic 
gradient. This gradient (which is superposed on the 
capillary head) tends to pull more water yet higher up 
the capillary column (Fig. 2). 





Low Salt 





Ground Water Table 


Capillary Rise 





Fig. 2. Schematic illustration of a capillary rise-evaporation cycle 
producing an osmotic head which is superposed on the normal capillary 
head in a masonry wall, 





The principal action of the capillary rise-evaporation 
eyele is that of a “pump’—which feeds salt to the top 
of the capillary zone in turn creating an osmotic head 
which draws moisture higher up the column. This situ- 
ation could be expected to worsen with time. It is inter- 
esting to note in this regard that the electrical short 
circuiting system has been applied almost exclusively 
to very old buildings in Britain and Europe where the 
capillary rise-evaporation cycle has continued for a long 
time. The essential question, therefore, is not what 
effect electrical short circuiting has on capillary rise 
per se but rather what effect it has on the superposed 
osmotic head and thus ultimately on the total height of 
moisture rise, 

The theory of non-equilibrium thermodynamics offers 
a possible solution to the problem. This theory deals 
with coupling or interaction that can occur between 
flows of matter and energy". I start my analysis by 
considering an isothermal system consisting of two 
aqueous solutions containing only one permeable electro- 
lyte separated by a membrane or porous plug. Differences 
in solute concentration, pressure and electrical potential 
are allowed at both ends of the system so that on a 
priori grounds there can be three forces with three 
conjugated flows which may pass from one side of the 
plug to the other. The simplest choice of forces and 
fluxes would be the microscopic flows of water and ions 
under their respective chemical potential gradients. 





NATURE, VOL. 223, JULY 26, 1969 









Driving Forces: 
Pressure Drop, Ap Volume Flow, Jy 


Osmotic Pressure, Ar, Solute Flow, Jg 
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Fig. 3. 
flows of volume, 


Diagrammatic representation of the simultaneous or coupled 
solute, and electric current across a porous plug. 


Kedem and Katchalsky have shown", however, that 
an equivalent choice of forces and fluxes ean also be 
made which involves only macroscopic flows of volume, 
Jy, solute, Js, and electric current, J. The conjugated 
driving forces in this ease are, respectively, the total 

“mechano-osmotic” driving force, (Ap — Ax), the dif- 
ference in solute chemical potential, Auts = Ams/¢s, and 
the electromotive force, Æ (measured between reversible 
electrodes) (Fig. 3). Ap is the pressure difference across 
the porous plug, Ars is the difference in osmotic pressure 
of the permeable solute, An; is the difference in the 
osmotic contributions of all impermeable solutes, and 
Ar = An; + An, is the total osmotic pressure dif- 
ference. The mean concentration of solute cs is defined 
by the expression 

es = An /RT A Inas a) 


where a, is the activity of the solute. 

For systems not. far from equilibrium, the fluxes, Ji 
are linearly related to their respective driving forces, 
Nk Darcy's, Ohm’s and Fourier’s laws are well known 
examples of such linear relationship between conjugated 
forces and fluxes. In the general case coupling must be 
allowed for, that is, contributions to a given flux from a 
non-conjugated driving force. Assuming linear super- 
position is valid, this may be stated mathematically 









R 
Ji= E Liu Xe 
kel 
where the Liz are phenomenalogic coefficients. 

The coefficients, Liu, are the conductivity coefficients, 
whereas the coefficients Liy (1 3 k) are the coupling or 
interaction coefficients. Ifa proper choice has been made 
of the forces and fiuxes, then the following identity will 
hold 


(koi = 1,2,3. (2) 


Lin = Lei (3) 


which is Onsagers well known reciprocity relation”. 

Applying equation (2) to the set of forces and fluxes 
given above yields the following set of phenomenalogic 
flow equations 


Je = Ly (Ap — An) + Lys (Ans/es) + LE 
Js = Ly (Ap — An) + Ly: (Ant) + Lak (4) 
I = Ly (Ap — An) + Lye (Arse) + Laë 


Because the dependence of flows on forces is linear, 
equation (4) may be cast into a number of different and 
equivalent forms, the choice depending on experimental 
convenience, Kedem and Katchalsky have shown, for 
example, that the above set of equations may be written 
in terms of so-called “practical” transport. coefficients 
as follows 


Jy = Lp(Ap — Ani) — oLpAns + BI (5a) 
Js = e(l ~ o)ty + a Ans + (mM EH (5b) 
I = (48/Ly)Jy + (xt /evi2,F) Ants + xE (5e) 


The “practical” transport coefficients introduced in 
equation (5) are respectively the filtration coefficient, 
Lp; the reflexion coefficient, e; the electro-osmotie 
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permeability, 8; the solute permeability, ©; the counter- 
ion transference number, tri; and the electrical condue- 
tance, x. The parameters v, 2, and F are respectively 
the dissociation number and valence of the counterion 
and the Faraday constant. 

Kedem and Katchalsky showed that these “practical” 
transport coefficients are related mathematically to the 


original set of phenomenalogic coefficients, Liz. The 
transport coefficients, however, can be determined 
experimentally whereas the original phenomenalogic 


coefficients either cannot be or only with difficulty. Hach 
of the transport coefficients can be determined by a series 
of conductivity or flow type experiments under various 
constraints. For ihe 








Lp = ~- j 
# re/ Aste T (6) 
and 
B= 7 
j ~Z JANA @ 


where the subseripts indicate forces or flows which are 
held at zero. 

What is the effect of electrical short circuiting on the 
height of moisture rise in a capillary system ? The answer 
lies in the set of phenomenalogic equations just presented. 
The height of moisture rise is equivalent to a manometer 
registering a hydrostatic pressure. I will analyse only 
the osmotic component of the total head (that is, that 
part due to solute suction alone). Capillary (or matric 
suction) is still prese nt in the system, but its prne ipal 
role here is that of a “pump” w hich maintains the osmotic 
head by transferring dissolved salts to the top of the 
capillary fringe where they are concentrated by evap- 
oration. As long as evaporation can occur this eyele 
will persist. The salt concentration at the top will tend 
to be quite high because pore water saturation at the 
top of the capillary zone is low. 

The short circuit case will be represented by the 
boundary condition (E = 0) and the open cireuit by 
(I = 0). For quasi steady state conditions the volume 
flow becomes vanishingly small (J, ~ 0). T also assume 
that the capillary system is an imperfect or “leaky” 
membrane (An; x 0), 

Substituting the open cireuit boundary condition 
(I = 0) into equation (5a) along with the other conditions 
yields 











(AP), Je Any = 9 Atty (8) 


Substituting the short cireuit boundary condition 
(E = 0) into equation (5e) and substituting the resulting 
expression for J into equation (5a) yields 
Fá Sx 


(APE a,Au=(o—- —— ar A 
PIE Je, hy \ C42, F Lp” 








(9) 





The difference in pressure head between the open 
circuit and short circuit cases will be given by the ratio 
of equations (8) and (9). 


(10) 





Dividing through denominator and numerator of 
equation (10) by o leads to the following expression 


(Ap)z if But, oS 
aad Oe See m) ay 
(Apjr N enz F Lyo/ i 
If electrical short circuiting is to be effective in sup- 
pressing the osmotie component of moisture rise in a 
capillary system, then 
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which will occur insofar as the expression in the right 
hand side of equation (11) approaches zero or as 


6 





ot, F Lp 





eee | 


Equation (11) provides a rational, theoretical basis for 
analysing the effect of short circuiting in a capillary 
system when an osmotic gradient is present. By measuring 
the transport. coefficients for such a system it should be 
possible to prediet the effect of short cireuiting on the 
height of moisture rise. 
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Primary Structure of Transfer RNA 


by 
GEORG R. PHILIPPS 


Department of Biochemistry, 
St Louis University, 

School of Medicine, 

St Louis, Missouri 


Iw 1965 Holley et al.) published the first complete nucleo- 
tide sequence ofafRNA. Since then, the primary structures 
of a further fourteen species of (RNAs have been worked 
outi- Although the nucleotide chain is relatively small 
(approximately eighty + five nucleotides), ¿RNA has a 
complicated secondary and tertiary structure and contains 
a high percentage of atypical bases such as methylated 
nucleotides, dihydro and thio-uridylic acid, pseudo-uri- 
dylic acid and others, some of which have not yet been 
identified. A highly ordered structure is to be expected 
for (RNA and, indeed, one may assume that the confor- 
mation of all {RNA molecules should be similar and that 
differences in the primary structure between individual 
species of (RNAs should be small for those elements that 
establish conformation. I have tried to discover rules 
whieh apply to all (RNAs. 

All the (RNAs deciphered so far can be arranged in the 
cloverleaf structure proposed by Holley’. T present a 
generalized structure for tRNA in Fig. 1. The seven base 
pairs of the CCA stem are compared in Table 1. In all 
tRNA molecules from 5. cerevisiae, one of the seven pairs 
isa GU pair, which will not distort the helical structure. 
There is one “impossible” pair!®, G:A, in the wheat germ 
tRNA, This probably does not permit base pairing. The 
only unusual pair in a critical position is found in Æ. coli 
tRNAPmet, CA next to the non-hydrogen bonded tetra- 
nucleotide. It may be functionally important. Transfer 
RNAF-met js the initiator in protein synthesis in Æ. coli4-17, 
Its binding to ribosomes requires initiation factors! 
which appear not to be required for any other (RNA. 
Only four of thirteen RNA species have an equal number 
of G:C and A:U pairs. All others contain more G:C pairs. 
Remarkable differences in the nucleotide arrangement in 
this part of the molecule occur not only between (RNAs 
specifie for different amino-acids but also for isoaccepting 
‘RNAs from different sources (‘Table 1). 

In the nucleotide arrangement of the stem of the “penta- 
nucleotide loop’ (Table 2) certain common features are 
evident. There are five hydrogen-bonded base pairs 
with a preponderance of G:C. The only exceptions are 
ERNApbe from yeast‘ and wheat germ (B. S. Dudock, 
personal communication) with only four pairs; at least 
if the structure is drawn so that the 5-methyleytidylate 

















The primary structures of fourteen different tRNAs are compared 
and a generalized structure is proposed which might apply to all 
tRNA molecules. 


in position 48 lies outside the stem. The last pair before 
the opening to the loop is always G:C, All known ¢RNAs 
contain a common pentanucleotide!’, but in two species, 
Serl of S. cerevisiae and F-met of E. coli, guanine in 
position 57 is replaced by adenine. This common. region 
appears to be larger; it includes the adenine in position 
58 and the hydrogen-bonded cytosine in position 61. 
Adenine is often methylated in the NI position. The 
remaining two nucleotides (59 and 60) are often uracils, 
and in some {RNAs there is a cytosine in position 59 
while uracil in position 60 can be replaced by all other 
nucleotides. 

Some similarities exist between the pentanucleotide 
and anticodon loop. Both have seven nucleotides and 
five are invariant in the pentanucleotide loop. At least 
two are invariant in the anticodon loop, and three others, 
the anticodon triplet, have only a very limited variation. 
Both loops have mostly two adjacent pyrimidines in one 
position and always two adjacent purines in another. 


Table 1, BASE PAIRS IN THE ~ CCA STEM 








Ala Tyr Phe s Val lle Met Me 
S. cerevisiae G CG G-C GC 
{ E-A OG (t 
GU CG GC C- 
C-G U G GUE AU 
GC O-G ACU AU 
UU GO U-A Cir 
GG GC UA UA 
T. utilis 
E. coli CA Q-C 
G&CC GO 
E-G C-G 
G-C U-A 
G-O A-U 
GC C-G 
GC  G-C 
Others * G-C 
C-G 
GO 
GC 
GA 
GC 
A-U 





* phetRNA from wheat germ; sertRNA from rat liver. 


NATURE, VOL. 223, JULY 26. 1969 


Table 2. NUCLEOTIDE aREAN GENES IN THE PENTANUCLEOTIDE LOOP OF 
{RNY 
UCCG GT yCG A UU C CAGA Ala (S, cerevisiae)’ 
~UUG GT yCG A UU © CGAG Phe(E, coli) (Uziel, 
M., personal come 
munication} 
GGGC GT yCG Am © U © GCOC Tyr (S, cerevisiae)? 
GGGC GT yOGG Am AU C QCCC Tyr(T. utilis)? 
GAAG GT yOG A Aa U C CUUC Tyr(E. coli) 
GCAG GT yA A AU C GUGC  Serl(S. cerevisiae 
GCAG GT yOCG Am AU © CUGO Ser (rat liver)" 
GUCG GT yCaA A AU © CGC Met (E. coli)? 
ACAG GT y»CG A AU © CCGU Met™ (E. coli)” 
GCAG GP y»yCG A GU © CUGO Ber g (S. cerevis- 
jae 
-UGU GT yOCG Am UC © ACGAG Phe (8. cerevisiae) 
GOGU GT yO G Ame U C ACGC Phe (wheat germ) 
(Dudock, B. S. 
personal com- 
munication) 
CCCA GT yCG Am UC C UQGG Val(S, cerevisiae) 
CCCA GPE yCG Ame UC © UGGG Val (7, utilis) 
AGCA GT yOG Ame JC © UGCU Te Cf, utilis)! 
GCC GT yOG Ame (GU © (CGGO) Generalized struc- 
i ture 
49 52 538 57 58 60 öl 62 65 Numbering system 


from pG 


The stem of both consists of five base pairs. In nearly 
all ¿RNAs there is a U:A pair in the anticodon stem, not 
found in the pentanucleotide stem. No similarity exists 
between isoaccepting (RNAs of unrelated organisms in 
the anticodon stem. 

Only the third dihydrouridine loop varies considerably 
in size. The stem portion leading to the loop is also of 
variable size (Table 3). In four of ten tRNA species, 
there are four base pairs. while the others contain only 
three. The pairs between nucleotide 10 and 28 as well as 
between 13 and 25 (in some structures 26) are G:C pairs 
in all structures which have been elucidated. Three out of 
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four IRNAs with four base pairs have one AU pair. 
Only yeast {RNA#l@ has four G:C pairs. Four out of six 
{RNAs with three base pairs in the stem have only 
G:C pairs. Only (RNAV from S. cerevisiae and T. utiles 
contains two standard pairs, both G:C, the third being a 
G:U pair. Eight to twelve nucleotides sre in the loop 
of the four-base-pair (RNAs, while (RNAs with only three 
base pairs have ten to twelve. (In Fig. 1 all possible 
nucleotides are shown. They never appear together im 
the same tRNA.) In position 24 there is always an 
adenine, followed by guanine in {RNAs containing four 
stem pairs and adenine or uracil in those with three pairs. 
Position 16 is always occupied by an adenine in all 
known structures. This is preceded by guanine, adenine 
or pseudouridine in tRNAs containing three base pairs, 
and by cytosine in those containing four pairs. One 
exception is {RNA@#a of S. cerevisiae with two extra 
nucleotides preceding the adenine in position 16.” The 
guanines in positions 17 and 21 appear also to be invariant, 
The conformity is rather surprising if one looks at the 
nucleotides between the two apparently standard adenosy] 
residues. All contain six or seven bases, with the excep- 
tion of {RNA from yeast which has an additional 
dihydrouracil in position 23a. Only the W. coli IRNAF-met 
appears to be slightly different, for it contains two nucleo- 
tides in position 19. 

In Table 3. I have arranged the different structures. 
s0 as to show more clearly the deletions and insertions — 
in this region. By comparing the generalized structure 
of this part of the molecule which I propose with the 
individual structures, it becomes obvicus that the dif- 
ferences are minor in the arrangement of the nucleotides, 
as long as one allows for deletions and insertions. This is 
standard practice for proteins. The same rules were used. 
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Fig. 1. Generalized structure of (RNA. The “dihydro-U™ loop is at the left, the penta- 


nucleotide’ loop at the right. 


The discrepancy in nucleotides in the dibydro-U loop 


reflects the fact that in none of the known structures do all nucleotides appear together. For 


further discussion see text. 


Nucleotides designated by a capital letter appear always in 


this position. Those marked by a bar and a capital letter appear most often, although 


they might be exchanged for any other nucleotide. 
most do not, occur in this position. Nucleotides indicated by dots are variant. 


Nucleotides in parentheses can, but 
Methyl 


groups have been included in three positions, where they are found most often, 
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here assuming the existence of a primordial gene for 
MRNA. I would further speculate that this gene under- 
went mutations giving rise to the variety of {RNA genes 
found today. Compared with mutations in genes coding 
for proteins, those in tRNA genes must have had a more 
direct effect. The ratio of nucleotide in genes to amino- 
acids in proteins is 3:1, while the ratio nucleotide-gene 
to nucleotide--RNA is 1:1. Accordingly, I assume that a 
deletion of deoxyadenine in the gene leading to the 
omission of the dihydrouracil in (RNA (position 19 or 
23) may be functionally compatible, Also, insertions 
between 23 and 24 appear not to interfere with the 
function of (RNA. It remains to be seen whether these 
insertions arose from repetitions of the adjacent. nucleo- 
tide. It is too early to postulate a genetic mechanism 
for the changes in positions 14 and 15. A deletion of 
either deoxycytosine or thymine in the gene might appear 
more likely than mutations which would have involved 
a transition (CT) and transversion (T->A). In yeast. 
{RNA this would have required a nucleotide dupli- 
cation. The arrangement in position 25, however, might 
be the result of a nucleotide duplication. The more 
common mutation in the gene at this point would have 
been a transition from T-+C while in (RN Aala from yeast 
a transversion from T-+A would have given rise to the 
uracyl residue. I propose that the fourth base pair in 
the dihydro-U stem occurred late in evolution and that 
the primordial {RNA contained only three in this region. 
More data are, however, required before such speculations 
become meaningful. Mutations in other positions of the 
dihydro-U loop are probably not compatible with IRN. S 
function. These positions are 16, 17 and 21 and 2 
Also the G:C pair in the part of the stem whieh opens to 
the loop might be essential. 
There are other constant 





nucleotide arrangernents 





in the {RNA structure, for instance the G:C pair of the 
dihydro-U loop in positions 10 and 28. Others are a 
purine preceding the guanine in position 9, Towards the 


5’ terminus there is always a uracil at position 8. Also 
the ee in position 29 between the dihydro- 
U and anticodon loop appears to be quite common 
although in four of the fourteen different HRN this 
dimethylguanine is replaced by adenine. Tha cytosine 
in position 48 is common to all (RNAs, if we assume a 
one base deletion in yeast HRNApbe and the addition of 











one in yeast (RNAval, This cytosine is in many cases 
methylated. Adenine is the most common base in 
position 73, adjacent to the terminal CpCpA. Only im 


tRNAser from 
found. 

I exclude the CCA terminus from this consideration 
because it is exchanged by a DNA-independent mech- 
anism. It is, however, not known whether or not this 
sequence is encoded in the (RNA gene. It thus appears 
that mutations in certain positions of the (RNA gene are 
lethal, while others are compatible with functional 
requirements. Sixteen nucleotides (plus three in the 
3’ terminus) appear to be the same in all {RNAs of fourteen 
known structures representing seven different. arnino-acid 
specific (RNAs. Seventeen other nucleotides might be 
added which are found in positions normally occupied 


yeast and liver is a guanyl residue 


Table 3. NUCLEOTIDE ARRANGEMENT IN 
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by one particular base, which might have been ee 
in some (RNAs. This would account for 3643 (for anti- 
codon) = 39 bases, approximately fifty per cont of all 
nucleotides. Probably it is these “invariant nucleotides” 
which determine tertiary structure and function. The 
remaining bases may be a requisite for the amino-acid 
specificity of one particular tRNA or they may be compat- 
ible but not required for the function of the molecule. 
Mutations which led to the former may have occurred 
earlier in evolution than those which led to the latter. The 
first ones are vital for the formation of specifie (RNAs, 
while the latter may have no biochemical meaning. Conse- 
quently the number of residues involved and the size 
of the oligonucleotides must be larger for the first class 
of mutations. The second class will only involve small 
changes. Two examples might be given: (i) the G--A 
exchange in positions 59 and 57 and the U->C exchange 
in the extra arm of yeast ERNA, and (ii) the CA, 
U-—»C exchange in tRNA? of K. colt. 

Transfer RNA is unique in the variety of its functional 
requirements, some of which are common to all (RNA 
molecules and some of which vary with respect to the 
differentamino-acidacceptingspecics. Because it functions 
as a mediator between. nucleic acids and peptides the size 
and conformation of the sites handling these two types of 
function should be quite different. Probably two sites 
are the same in all molecules: the attachment site for 
the activated amino-acid, and the ribosomal-binding 
site (or sites). The recognition site for the aminoacyl- 
{RNA ligase, on the other hand. should be quite different 
for all (RNAs which do not accept the same amino-acid. 
This may also be the case for the recognition site of 
{RNA-nucleotidyltransferases, the enzymes responsible 
for the reattachment of the terminal CpCpA sequence. 
We have obtained evidence that more than one enzyme 
is involved in this reaction (unpublished). A third class 
of site variation can be assumed for the anticodon triplet, 
the degree of variation of which is probably leas than in 
mRNA, 

The attachment site for the amino-acid appears to be 
the terminating adenosy! residue of the 3’-OH end. 
It binds either an aminoacyl group or a nascent peptide 
chain. This site cannot distinguish between different 
amino-acids. The recognition site for the aminoacyl- 
tRNA-ligases must therefore discriminate between. the 
various enzymes. This site must be very specific, for 
the attachment of the correct amino-acid is the only 
way by which the fidelity of the translation of the genetic 
message can be assured. Once attached, the amino-acid 
can be altered without affecting the coding response of 
tRNA (ref. 20). Despite great efforts to relate the enzyme 
recognition site to a particular portion of the nucleic 
acid, this question remains unsettled. © Experimental 
evidence for and against the anticodon as part of the 
enzyme recognition site has been obtained?!**, but more 
recent studies seem to exclude this possibility. Another 
portion of the molecule dis d in this connexion 
involves the first three base pairs of the CCA stem. 
My studies, however, make it unlikely that this region 
fulfils the requirements. One might wonder whether 
three base pairs would be enough for a site which 


















THE DIAYDROURIDINE LOOP OF [RNA 





U G G C + C Gg U A G H C G G H A GC G © E ala (5. cerevisiae) 

W A G cCc U C A G HHGG G A GA G È G phe (S. cerevisiae, wheat germ) 
U G t U c y A + H H G G H © A U G C A val (T. utilis) 

t oG G U c y A G&G H C© G G H H A U G a © A val (S. cerevisiae) 

U G G C C G A G HHG * H H A A G G E i ile (S, cerevisiae, T, utilis) 
U G + 6 C G A G H + G H H A A G G C G ser (5, cerevisiae, rat liver) 
U A G C $ A A G H H G G H H HA A G G C G tyr CS. cerevisiae, T, utilis) 
U A ac Uce A G 5 H G > H H A G A Q A met™ (E, coli) 

0 Q G A G C A G ¢ CUG G H A o ¢ U è G met? CE, coli) 
u U € € { G A GCE G è © G A A A G G G A tyr (E. coli) 
U G a ¢ U C > U A G H H G G H H&A A G @ & © G {Generalized structure 
À 6 3 A 

8 10 13 16 18 20 28a 24 25 26 20 Numbering system from p> 
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Table 4. NUCLEOTIDE ARRANGEMENTS IN THE “EXTRA ARM” 
U UpmeGae@éouc UGCCCG E ser I (5, cerevisiae) 
t Ure GGG C UU CGCG C ser Il (S, cerevisiae) 
Y 


i Ueme G G G G UCm UCE C CG C ser (rat liver) 

($ CECGUCAU CGACUU C tyr (E, coli) 

E CGUEACG AGAC UU C tyr, coli) 

G A G Goe UC C phe (S, cerevisiae) 
A A G Goe U © mete (E. colt) 

G IG Goe A C mets (E. coli) 

A ACA H (tyr (T, utilis) 

G AGA H C tyr (S. cerevisiae) 
A AGN C © phe (wheat germ) 
A ACH © val (S, cerevisiae) 
G AG Ut C ala (S, cerevisiae) 
( I U Gm © phe (E, coli) 

A GAH © ile (8, cerevisiae) 
A AC ¢ C val (7. utilis) 

47 48 Numbering system 


from pG 


irrevocably determines the fidelity of the translational 
process, The greatest dissimilarity between the fourteen 
different {RNAs considered here is in the extra arm of 
the molecule (Table 4). This portion differs considerably 
in base compositions as well as in length. Variations 
are not only confined to different ammo-acid specific 
tRNAs but also to cognate (RNAs. It remains to be 
scen if this region, possibly in connexion with all or 
part of the CCA stem, determines the recognition of the 
appropriate aminoacyl-¢RNA ligase. The distance of 
the extra arm from the amino-acid acceptor site is 
no objection, for the conformation of #RNA is not yet 
known. but it certainly plays a crucial part in enzyme 
recognition. As long as the specificity of nucleotidyl- 
transferases is not known. the requirements for a recog- 
nition site are uncertain. The hydrogen-bonded part 
of CCA stem might possibly be involved. 

The ribosomal binding site should be common to all 
(RNAs. This is the ease for the pentanucleotide loop. 
L have shown that the region common to all known 
tRNAs is larger than the GpCpypTpG sequence. Tr 
includes the hydrogen-bonded cytosine in position Öl, 
the guanine in position 57, which is sometimes substi- 
tuted by an adenine, and the adjacent 1-methyl-adenine. 
The position of the anticodon is known. 

In conclusion, I have shown that with the data now 
available it is possible to construct a generalized structure 
for tRNA. This structure might possibly serve as a guide- 
line in the elucidation of further RNA structures. Using 
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an approach which allows for genetic alterations of 

{RNA structure, I proposed a primordial gene for RNA 

and discussed in detail where alterations might have 

occurred during evolution. 

I thank Drs Dudock, Takemura and Uziel for making 
available unpublished data. I have received grants from 
the National Institutes of Health of the US Publie 
Health Service and the American Cancer Society. 
Received February 20; revised April 24, 1969. 

t Holley, R. W., Apgar, J, Everett, G. A. Madison, J. T., Marquissee, Mo 
Merrily, S. H., Penswick, J. Re and Zamir, An Setenee, 147; 1403 
(1965). 

2 Zachau, H. G., Datting, D., and Feldmann, H., H-S.'s Z. Physiol. Chein., 
347, 212 (1966), 

3 Madison, J. T., Everett, G, A. and Kang, Ho Selene, 18S, SSL (L000). 

* RajBhandary, U. L., Chang, 8. H., Stuart, A., Faulkner, R. De, Hoakinson, 
R. M., and Khorana, H. G., Proe, US Nat. Acad, Sein 87, TH1 CUB? ). 

$ Raev, A. A., Venkstern, T. V., Mirzabekov, A. De Kratilina, A. Ea b ba 
and Akseľrod, V. D., Mol. Biol., 1, 754 (1987). ; 

a Takemura, $., Mizutani, T., and Miyazaki, M., J, Biochem, W 87 
7 Goodman, H., Abelson, J., Landy, A., Brenner, Su and Snel ; 
Nature, 217, 1019 (1968). BEN 
èt Dube, $. K., Mareker, K. A., Clark, B F. C., and Cory, 8., Naturi 238, 262. 

(1968). a 

* Staehelin, M., Rogg, H., Baguley, B, Ca Ginsberg, T, and Webrll, Wo 
Nature, 219, 1363 (1968). S 

w Cory, S., Marcker, K. A., Dube, 5, K., and Gark, B. F, Co Nature, 220, 





1039 (1988). ; 
u Takemura, S., Murakami, M, and Miyazaka, M.. J. Biochem, Gna. the 
press). 
18 Hashimoto, $., Miyazaki, M, and Takemura, Su J. Biochem, Gn the 
press). 


Crick, F, H. €., J, Mol, Biol. 18, 548 (1046). 

1 Marcker, Ka and Sanger, F., J, Mol Biola 8, 835 (1964), 

u Clark, B. F. C., and Marcker, K., J. Mol. Biol. V2, 304 (G68). 

1 Adams, J. M., and Capecchi, M. Re, Proe. US Nat, Acad, Sei, Biy IAT 
(1966). 

1 Anderson, J. S. Bretseher, M. 8.. Clark, B. F. Ca and Marcker Eo As 
Nature, 215, 490 (1967). 

i Stanley, W. M., Salas, M., Whaba, A. J., and Ochoa, 8., Proe, US Nat, 
Acad, Sei., 56, 290 (1968.5 

1 Zamir, A., Holley, Re W., and Marquisaee, M., J. Biol. Chem., G40, 1267 
(1065). 

z Chapeville, F.. Lipmann, F.. ¥. Ehrenstein, G., Weisblam, B., Ray, W. d., 
and Benger, 8., Proc. US Nat. Acad, Sei., 48, 1086 Lae). 

# Hayashi, H., and Miura, K-L, Nature, 209, 376 (1066). 

22 Letendre, C, Michelon, A. M, and Grunberg-Manago, Mae Biochem 
Biophys. Res. Commun., 28, 442 (1966) 

e Sundharadas, G., Katze, J. R.. SdH, D., Konigsberg, W., and Lengyel Po 
Pror. US Nat, Acad. Sein 61, 693 (1968). 

a Sehniman, L. H., and Chambers, R. W., Proe US Nai. Acad. Sei., 1, 308 
(1968). 








Extra-neuronal Sodium Store in Central Nervous 


System of Anodonta cygnea 


by 
J. E. TREHERNE* 


ALBERT D. CARLSON+ 
B. L. GUPTA 


The sodium which is available to maintain the activity of the large 
axons of Anodonta cygnea (Mollusca: Eulamellibranchia) seems to 
be in two forms. 


One is immediately accessible; the other is a 


store that can be mobilized to sustain axonal function. 


Department of Zoology, 
University of Cambridge 


THe membrane theory of the propagation of the action 
potential, largely developed in its present form as a result 
of experiments on squid giant axons’, has been found to 
be applicable to various nerve cells in vertebrates and 
invertebrates??, The resting potential, which is largely 
a potassium diffusion potential, and the action potential, 
which is usually regarded as resulting from a transient 


* ARG Unit of Invertebrate Chemistry and Physiology, Department of 
Zoology. 


_ t Present address: Department of Biological Sciences, State University of 
New York at Stony Brook, Stony Brook, New York 11790. 


influx of sodium ions, are associated with a high concentra- 
tion of sodium ions, relative to those of potassium, in the 
fluid bathing the neuronal membrane. In many inverte- 
brates, however, especially some insect and molluscan 
species. the body fluids may contain exceedingly low 
concentrations of sodium ions relative to those of 
potassium’, which cannot be easily reconciled with the 
membrane theory. There have also been reports that 
divalent cations, notably caleium, may be involved in 
carrying the inward current of the action potential in 
some invertebrate neurones?’ 


378 


The blood of the lamellibranch, Anodonta cygned, seems 
to be the most dilute (44 mosmoles) so far described in 
the animal kindgom* and, for this reason, is of especial 
interest in the context of the membrane theory. Previous 
investigations in this laboratory have indicated that the 
larger (2-4 microns), but not the small axons, in this 
species can function for appreciable periods in sodium- 
free and non-electrolyte solutions". It was also shown 
that the action potentials were, nevertheless, conventional 
in that the inward current seemed to be carried largely by 
sodium ions in preparations maintained in Ringer solution. 
Electrophysiological and radioisotope evidence suggested 
that the ability to maintain sodium-mediated action 
potentials in sodium-free solutions did not result from any 
appreciable restriction of ion movements to the axon 
surfaces!!)14, 

Electron micrographs also showed no visible structures 
which would be likely to restrict intercellular ion move- 
ments between the bathing medium and the surfaces of 
the large axons", In addition ultrastructural investigation 
revealed a paucity of glial elements in the central nervous 
system of this lamellibranch. There is, for example, no 
close association of most axons with glial elements, for the 
ghal elements take the form of narrow processes which 
ramify among the bundles of axons. It is therefore 
difficult to visualize any local regulation of the sodium in 
the vicinity of the axons by glial membranes, such as has 
been postulated, for example, in some insect species!*1, 
where the axons are generally ensheathed in closely 
applied glial folds-*, Experiments carried out in this 
laboratory have also eliminated the possibility that the 
large axons funetion, in preparations bathed in isotonic 
sucrose or dextran, by switching from a sodium-mediated 
action potential to one involving a net efflux of anions 
from the axoplasm or to a utilization of other extra- 
cellular cations, such as calcium (unpublished results of 
J. E. T. and A. D. C.). 

The apparently paradoxical situation we have outlined 
has been resolved by some recent experiments which 
have shown that there is a profound difference in the 
effect of sodium-free solutions of electrolytes and non- 
electrolytes on the excitability of the large axons. In 
preparations bathed in isotonie tris or choline chloride 
there was a rapid development of a conduction block, 
whereas in isotonic sucrose or dextran the axons con- 
tinued to function for several hours. Using extracellular 
electrode techniques, it was possible to demonstrate a 
difference in the relation between conduction velocity and 
the relative sodium concentration of the bathing medium, 
according to whether isotonicity was maintained with tris 
chloride or dextran (Fig. 1). In the presence of tris 
chloride there was a decline in conduction velocity with 
decreasing sodium concentration in a similar manner to 
that observed in axons with conventional sodium- 
mediated action potentials!?%, With dextran, on the 
other hand, there was little reduction in conduction 
velocity with decreasing external sodium concentra- 
tion. 

It is clear that in dextran solution sodium ions must 
have been present in the fluid immediately bathing the 
axon surfaces in sufficient concentration to maintain 
axonal function, whereas in solutions of tris or chloride 
these sodium ions were displaced by the organic cations. 
It seems reasonable to suppose that the sodium ions so 
displaced were associated with non-diffusible anions in 
the immediate vicinity of the axon surfaces. 

When tris chloride was replaced by isotonic non- 
electrolyte solutions there was a rapid return of the fast 
action potentials. The sodium which is available to 
maintain the activity of these axons in non-electrolyte 
solutions must therefore be present in two forms: an 
immediately accessible fraction, which can be displaced 
by organic cations, and a sequestered fraction which 
is not immediately accessible but can be mobilized to 
sustain axonal function. 
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The postulated sequestered sodium fraction, close to 
the membranes of the large axons, is supported by the 
following experimental observations. First, it has been 
shown that there is a small sodium fraction, averaging 
0-51 mM/kg tissue, which does not exchange with “Na 
in the bathing medium after 3 h. Second, stimulation 
(at 0-5 s~ for 30 min) of connectives in sodiwn free 
solution resulted in a mean decline of 0-17 mM/kg in the 
residual tissue sodium. Finally, it was observed that 
although fast action potentials could be elicited for several 
hours during continuous stimulation in blood or inter- 
mittent stimulation in isotonic non-electrolyte solutions, 
they rapidly failed during continuous stimulation in the 
latter solutions. This result can be interpreted as 
depletion of an extra-axonal sodium store. 
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Fig. 1. The relative conduction velocity (Orest /Anormai) of the fast 
axons in the cerebrovisceral connective of the lamellibranch, Anodonta 
eygnea, plotted as a function of the square root of the relative sodium 
concentration (Natest/Nauorma!) in solutions in which the sodium ions 
were diluted with dextran (a) and tris chloride (b) respectively. The 
graph enables a comparison to be made with data for Carcinus (ey 
and Loligo (d) axons, The data for Loligo axons were calculated from 
measurements made on the maximum rate of rise of the action potentials 
in test solutions of varying sodium concentration. These calculations 
were made on the assumption that, in a simplified theoretical system, 
the conduction velocity can be related to the square root of the rate of 
rise of the action potential, 





It seems likely that the sequestered sodium store we 
have postulated represents an intracellular ion fraction. 
It is relevant in this respect to note that a non-diffusible 
sodium fraction has been demonstrated histochemically 
in the Schwann cells of another molluscan species’, 
Sepioteuthis sepiodea, although its functional significance 
in this cephalopod remains obscure. The previous 
account of the distribution of the sparse glial elements in 
Anodonta is not easy to reconcile with postulated glial 
sodium store which can be utilized by the axons. System- 
atic analysis of electron micrographs, however, reveals 
that the large axonal profiles are invariably associated 
with glial processes, In such profiles the axolemma and 
the glial plasma membranes are usually separated by a 
narrow gap only 100-200 A wide, although the glial 
processes do not ensheath the large axons completely 
(Fig. 2), With such a system, therefore, any sodium 
released from these glial processes will be discharged into 
the extremely restricted space, formed by the closely 
applied membranes of the adjacent glia and axons, so as 
to lead to a maximal sodium concentration in the extra- 
axonal fluid. 

Another novel feature of glial elements in Anodonta is 
the presence of numerous, large (up to 1 micron in dia- 
meter) granules in the cytoplasm, which appear to be 
preferentially stained with cations such as uranium. It 
is therefore conceivable that these granules are sites 
of sodium sequestration. 
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Fig. 2. A, Tracing of a photomicrograph of a transverse section through one of the cerebrovisceral connectives of Anodonta eyyred, tO show the 
distribution of the major glial elements (inked), The entire connective is ensheathed by a uon-cellular neural lamella (NL). B, Diagrammatic 
representation of a sector of the connective to show the distribution of the glia (hatehed), axons and extracellular space, as revealed by electron 
microscopical study. Circular insets illustrate the salient features of the fine structural detail. The glial cell processes form a thin covering 
at the surface of the connective, underneath the two layered neural lamella (N L, and NL,). The membranes of the proximate glial colis at 
this level, however, do not reveal any junctional complexes (arrow in the top right inset) which could be regarded as permeability barriers between 
the connective and the surrounding medium. The glial elements radiate inwards from the surface and freely arborize between the axons within 
the connective; but they do not form complete sheaths either around the fascicles of small axons or around the individual large axons (Ax). AU 
the large axons (Ax), however, always seem to have a part of their surface in close apposition with a glial process (hatched). At such sites the 
axolemma and the glial cell membranes are separated by narrow gaps 100-200 A wide. Attention is also drawn to the presence of extremely dense, 
membrane bounded “granules” in glial cells (insets) which are a regular feature of glia in this material”, 
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The results and the hypothesis advanced here are in 
excellent. agreement with those reported by Chamberlain 
and Kerkut?**1, The apparent absence of any involve- 
ment of calcium ions in carrying the inwardly directed 
current in snail neurones led them to speculate that 
there might be a small store of sodium ions in the vicinity 
of the neuronal membrane which can be released and 
utilized in preparations maintained in sodium-free 
solutions. The demonstration of the regulation of the 
extra-axonal sodium in the lamellibranch nervous system 
is also interesting in providing an explanation for the 
ability of neurones to function in body fluids and bathing 
solutions of bizarre tonic concentration using the con- 
ventional conductance mechanisms originally proposed 
in the membrane theory of the conduetion of the nerve 
action potential. 
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India, Ceylon and Pakistan: 
with Australia 


by 
A. R. CRAWFORD* 


Department of Geophysics and Geochemistry, 
Australian National University, 
Canberra, Australia 


I HAVE made nearly 400 rubidium-strontium age-determ- 
ination analyses of Pre-Cambrian rocks of India, Ceylon 
and Pakistan, following suggestions by Dr W. Compston, 
and have attempted to compare the Pre-Cambrian 
sequences with those in Australia and other Indian Ocean 
countries. Recent work in Australia has been surnmar- 
ized by Compston and Arriens'; I now report preliminary 
information related to reassembly of Indian Ocean con- 
tinents to a pre-drift pattern. 

Before 1964, most geochronological data for the Indian 
sninsular blocek were those based on K-Ar analyses 
of separated minerals, which gave ages now believed to 
date times of cooling. These may or may not coincide 
with times of emplacement?-4, while total-rock Rb-Sr 
analysis on the basis of detailed local sampling can yield 
isochrom ages of emplacement, and reconnaissance samp- 
Jing can yield maximum ages of emplacement. The 
variation in initial *Sr/#Sr ratio constitutes an uncer- 
tainty, which particularly affects samples poorly enriched 
in radiogenic strontium, but an isochron can be drawn by 
obtaining a range of present day *’Sr/**Sr values for suites 
of samples that I collected. Unless otherwise stated, 
results were obtained by the total-rock isochron method. 
I used a decay constant for *7Rb of 1-39 x 1008 yr. 

The results (summarized in Fig. 1 and Table 14 affect 
certain beliefs’ about the correlation of the Indian 
Pre-Cambrian and totally change the picture for Ceylon, 
where previously the oldest age was 778 m.y. (ref. 8). 
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A, Comp. 


New Age Data and Comparisons 


Analysis of Pre-Cambrian rocks by the Rb-Sr method confirms 
parallels between the ages of sequences in Australia and thote in 
Peninsular India, Ceylon and Pakistan. 

the question of continental reassembly. 


The findings are relevant to 


India 


I have divided the Peninsular Pre-Cambrian into nine 
geographical regions, making three larger divisions: (1) 
Northern Peninsular India, subdivided into Rajasthan 
and Vindhya-Bundelkhand, with the Narmada-Son 
lineament forming the southern boundary of each; (2) 
Southern Peninsular India, subdivided into Mv sore— 
Hyderabad (or the South Deccan), Tamizhagam-~Werala, 
the Cuddapah Basin. and Coastal Andhra Pradesh: and 
(3)——not seriously sarnpled—-the north-eastern part of the 
Peninsula, including an east-central region, a north-east: 
region, and the detached Shillong Plateau. (Thissubdivision 
uses State and former State names for simplicity; the 
boundaries are not exactly the administrative ones.) 

For Northern uinsular India, samples from the 
Majhgawan kimberlite pipe near Panna (24° 40 N. so” 12 
E) support the view? that the Vindhyan System base is 
much older than previously believed. Replicate single 
analyses of the phlogopite by both Rb-Sr and K-Ar (the 
latter by Dr I. McDougall) and analyses of the total-rock 
samples suggest an age of about 1.150 m.y.; because the 
kimberlite intrudes the lowest Upper Vindhyan, Soviet 





























data may be used to assess the age of the base of 
the System at about 1,400 m.y. In western Rajasthan 


the Malani Rhyolite has an age of 745+ 10 m.y. and the 
associated high- -level granites are of similar age. ‘Thus the 
overlying ‘Trans-Aravalli Vindhyan’’, or Jodhpur Sand- 
stone, is very much younger than much of the V indhyan 
proper. 

The Delhi System is also older than was previously 
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believed and is to be correlated with the Gwalior Series. 
The Delhi System is intruded by the Bairat Granite dated 
at about 1,650 m.y. (replicate single analyses); the Gwalior 
lavas have an age of 1,810 + 200 m.y. The Aravalli System 
is intruded by granite with a minimum age of 1,900 m.y. 
and is to be correlated with the Bijawar Series, lavas from 
which have an age of between 2,460 and 2,510 m.y. 
These are about as old as the dykes said™ to intrude the 
Vindhyan at Kajrahat (24° 27 N, 88° 06° E) in the Son 
valley. but which actually intrude pre-Vindhyan rocks 
probably of the Bijawar Series". 

Thus at least some of the pegmatites of the so-called 
“Satpura Belt”, believed’? on the extrapolation of 
“structural trends” to be older than the Delhi System 
rocks, have an age equivalent to that of some of the later 
intrusives in the Delhi System. Granite of Erimpura 
type at Ajmer, Rajasthan, gives an age of 940+ 10 my. 
(single analysis), which is the same order of age as the 
Bihar pegratites. The Bundelkhand Granite and the 
Berach Granite have the same age (2,55555 nuy.) 
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while the Banded Gneiss Complex of Rajasthan has 
components with ages varying from between about 2,100 
and 950 m.y. The Bundelkhand Granite is nob, as sug 
gested, granitized Aravalli material, nor is the Banded 
Gneiss Complex an intermediate stage of that granitize- 
tion. Any granitized material is of older provenance, and 
may be provisionally correlated with the pre-Aravalit 
metasediments in Rajasthan'’* and perhaps also with 
the schists in the western part of the Bundelkhand Granite 
outcrop, 

In Southern Peninsular India the Peninsular Geiss Of 
the Bangalore area has an age of 2,590 + 40 mey. : an Bee 
relating to its metamorphism. Reconnaissance sampling 
northwards shows that much of the Peninsular Gneiss ef 
Mysore is of this age, as are granites far to the north- 
north-east at Hyderabad and in the Karimnagar Distriet 
of Andhra Pradesh. It is not possible to date the Champion. 
Gneiss of Kolar, samples being poorly enriched in radio- 
genic strontium. Lavas of the Dharwar Systern from near 
Chitradurga have an apparent age of 2,845 +60 mo, 
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India, Ceylon and Australia age comparisons. Figures give total-rock ages in billion years except where m indicates mineral age: 


Ages in brackets are regional inferred values, 
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Although on stratigraphic grounds 
be attributed to the low 
possible that still lower 
than the age of me 


probable 
sequence of Kalgoorlie; 
studies are required, 


2,050 


m.y. 





thesewould normally 
er part of that’ System, it is 
parts of the sequence, are older 
tamorphism of the Peninsular Gneiss. 
A recent suggestion’? is that these lavas were effused 
during folding of the Dharwar System, Assessment of 
the age span of the System is as difficult as that of its 
counterpart in Australia, the “greenstone” 
structural and stratigraphic 
The Closepet Granite, generally 
regarded as younger than the Peninsular Gneiss, has an 
apparent age of 2.380440 m.y; another estimate!’ ig 
The term Closepet Granite is, however, 
deceptive; this is a complex and heterogeneous body 


likely to have components of various ages}, 


In contrast to the extension northwards from Bangalore 
of a vast area of gneisses at about 2,550 m.y., there is a 
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marked change southwards. Southernmost India is 
different from the South Deccan, but the boundary appears 
to be along the southern boundary of Mysore and not, as 
shown on some maps, nearer the tip. Nor is it simply 
younger as those maps imply: misunderstanding devel- 
oped from earlier analyses on rare-earth pegmatite 
minerals from Travancore and Ceylon, which gave ages 
of less than 750 m.y. Rocks of 3,065+75 my. (and 
occasionally 2,700 and 2,100 m.y.) oceur in South Kerala, 
the Nilgiri Hills and locally in southern Mysore. The 
oldest rocks appear to be relies of ancient nuclei, but other 
rocks in Kerala and Tamizhagam have ages of about 
2,100 m.y. The charnockites of the type area at Madras 
give an age of 2,580 + 125 m.y.; they are not radiometric- 
ally distinguishable from the Peninsular Gneiss without 
additional analyses. The charnockites of the Nilgiri Hills 
are mostly slightly older, 2,625 + 125 m.y. There are also 
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Microbiological and Allied Aspects 


Edited by A. Harry Walters, Consultant Microbiologist: 
Associate, Department of Applied Biology and Food Sciences, 
Borough Polytechnic, London, and John S. Elphick, Admiralty 
Materials Laboratory, Poole, Dorset, England 

CONTENTS: Fundamentals of biodeterioration; mechanisms 
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testing for biodeterioration resistance; control of biodeteri:- 
ration; deterioration and protection of materials; hydro- 
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MICROBIOLOGY OF OCEANS 
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E. J. Ferguson Wood, Professor of Marine Microbiology, 
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CONTENTS: Preface; introduction; marine microorgan- 
isms; marine microorganisms (the algae); mar miero- 
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BIOLOGICAL RESEARCH 


G. Penso, Professor of Microbiology, Head of the Department 
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D. Balducci, Professor of Microbiology, Istituto Superiore di 
Sanita, Rome, Italy 
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radiobiology; tissue cultures in pharmacology; tissue cul- 
tures for the production of vaccines and biological sub- 
stances; subject index, 
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PETROLEUM MICROBIOLOGY 


J. B. Davis, Research Associate, Field Research L IDOA Y, 
Mobil Oil Corporation, Dallas, Texas, U.S.A. 
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ULTRASTRUCTURAL PLANT 
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with an Introduction to Molecular Biology 


160 tables £14 0 0 














Foreword; intros 


Morphology. Principles of molecular ure; me 
cules; virus particles. Pa Morp 


Organelies of the plant celi 
chondria: plastids; cell wall: 
Author Index. Subject Index. 
223 illus. 


1965 37 


44 tables 


ATLAS OF ELECTRON 
MICROSCOPY 


Biological Applications 


7 pages 












electron microsco 
microscop i 






vir 
phage viruses of 
i spirochae 





tes 







tuents; 
fibres; anieinor str 7 
1964 482 microphotographs £12 6 6 


THE BACTERIAL CELL WALL 


M. R. J. Salton, Professor of Microbiology, School of Bio- 
logical Sciences, University of New South Wales, Australia 
CONTENTS: The anatomy o bacterial surface; ts 

of bacterial cell walls; electron microscopy of isolated walls; 
physico-chemical properties and chemical composition of 
walis: structure of cell-wall giycosaminopeptides (mucopep- 
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MIGRATION AND DISPERSAL OF INSECTS BY FLIGHT 


C. G. Johnson 


Deals with all aspects of migratory behaviour in the main orders of insects, from both 
physiological and ecological points of view, at the same time showing that these factors are 
interdependent in the adapted system. 


964 pages 217 illustrations Methuen £7 10s, 


AN INTRODUCTION TO THE 
PRINGIPLES OF PLANT PHYSIOLOGY 


Walter Stiles and E. C. Cocking 3rd Edition 


A completely revised edition of a classic text, presenting the reader with a balanced {account 
of all major aspects of plant physiology. 


700 pages 68 illustrations Methuen £8 8s. 


A COURSE ON PROGRAMMING IN FORTRAN IV 


V. J. Calderbank 


A short readable course for beginners in FORTRAN IV, at present the most widely used 
scientific computer language. Examples of complete programs are included, 


96 pages Chapman & Hall 25s. Science Paperback 15s. 


COMPUTERS 
G. M. Phillips and P. J. Taylor 


An introduction to all aspects of computers and computing written for those with no special 
technical knowledge. 


192 pages Methuen £2 Science Paperback £1 


FISSION DAMAGE IN CRYSTALS 


L. T. Chadderton and I. McC. Torrens 


Describes from both experimental and theoretical standpoints, the physical processes occurring 
in the solid state when single crystals are bombarded with energetic fission fragments or fast 
charged ions. 


266 pages 112 figures Methuen 8Ss. 


HIGH-ENERGY ASTROPHYSICS 
Trevor C. Weekes 


Covers the most exciting field of research in physics and astronomy at the present day: violent 
stellar phenomena, galaxies and quasars, cosmic radiation and discovery of 3° black body field and 
its implications. 


210 pages Chapman & Hall 60s. 


PROTECTIVE RELAYS: 
THEIR THEORY AND PRACTICE VOLUME II 


A. R. Van C. Warrington 


Provides a much needed account of the theory and practice of static protective relays to bring 
the practising engineer up to date and to help the student. 


352 pages 304 line, 4 half tone illustrations Chapman & Hall £5 
11, New Fetter Lane, London, E.C.4 
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KLEEREK OPER, Herman. Olfaction in Fishes. 94 in. x 6} in. (24 em x 16 cm). 
Pp. vili-- 222. (Bloomington and London: Indiana University Press, 1969.) $12.50. * 
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THINES, Georges. l'Evolution Régressive des Poissons Cavernicoles wt Abys- 
saux. 92 in, x 6% in, (25 em 16-5 cm). Pp. 394, (Paris: Masson et Cie., 1969.) 
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WITT, Peter N., REED, Charles F., and PEAKALL, David B. A Spider's Web, 
Problems in Regulatory Biology. [0 in.» 64 in. (25-5 em x 16S cm). Pp. viite 107, 
(Berlin and New York: Springer-Verlag, 1968.) 36 DM; $9." 

WOLKEN, Jerome J. Photobiology. (Selected Topics in Modern Biology.) 
7} ine 5 in, UBS cmx 12-5 em). Pp. xii 113. (New York and Amsterdam: 
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beitet von F. Tischendorf. 10 in. x 6% in. (25-5 cmx 17 em). Po. vili+ 968. (Berlin 
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very much younger rocks, which oceur as far north as 
Mysore City, where the Chamundi Hill Granite is not, as 
suggested", of Closepet age but 790+ 60 m.y. A tourma- 
line granite from the Ramnathapuram District (the 
southernmost part of India) gives 72045 m.y. (single 
analysis). A biotite-pyroxenite from Sevathur near 
Salem in Tamizhagam has recently been dated?! by K-Ar 
at 7120+30 m.y. These results contradict the well estab- 
lished belief that the south-west tip of India and part of 
Ceylon are much younger than south India generally. 
The comparison is between all southernmost India and 
all Ceylon, each of which has rocks of several ages. 

Rocks of 2,100 m.y. are also widespread in coastal 
Andhra Pradesh. Previously it was thought to contain 
rocks of an “Eastern Ghats Cycle” at 1,625+75 m.y., 
being an age of metamorphism of pelitie sediments** 
followed by emplacement of charnockites and further 
metamorphism with uplift at about 500 m.y. Single 
total-rock analyses show that local granitic intrusion 
took place about 2,400 m.y. ago both in the south and near 
Vishakhapatnam, and again at about 2,100 and 1,600 
m.y. In the Vishakhapatnam area charnockites and 
garnet~sillimanite gneisses have ages of about 1,650 m.y.; 
pegmatites in the Nellore Mica Belt have an age of 1,450- 
1,490 m.y. (muscovite). 

The postulated 500 m.y. metamorphism*:* affects all 
southernmost India and Ceylon; I have detected it as 
far north as Coimbatore. In the South Deccan, however, 
there seems to have been no event later than 2,100 m.y. 
fags shown by a biotite age from Bangalore) other than 
dyke intrusions. Feldspar-porphyry dykes at Sriringa- 
patnam have been dated at about 1,000 m.y. (single 
analyses). 

The base of the Cuddapah System is at about 1,400 m.y., 
lavas in the Vempalle State of the Papaghni Series giving 
1,370 +60 m.y. Deposition of the Cuddapah System rocks 
was probably very rapid; a diamondiferous dyke of 
kimberlitic type at Chelima (15° 26’ N, 78° 42° E) seems 
to be not much less than 1,340 m.y., which is also almost 
certainly the age of similar dykes and pipes cutting the 
older Pre-Cambrian west of the Cuddapah Basin in the 
Wajrakarur area of Anantapur District. one of which has 
been analysed. The Chelima dyke mtrudes the upper 
part of the Cuddapah sequence, and I therefore correlate 
the Cuddapah System with the Lower Vindhyan. The 
Kurnool System, which overlies the Cuddapah unconform- 
ably, I correlate with the upper part of the Upper Vind- 
hyan, which has a base at about 1,150 m.y. The Cuddapah 
System was intruded by dolerite dykes giving an age of 
980+ 110 m.y. 

Data for the north-eastern third of the Peninsula*.*> 
are on the basis of K-Ar analysis; they have been supple- 
mented by the results of Soviet K-Ar and U-Pb analyses. 
The South Deccan differs somewhat from this area to the 
east of the Godavari. Possibly because of continual 
mobility, the area in the angle between the extension of 
the Godavari Trough northwards and the Narmada-Son 
lineament seems to have had a complex history, while 
areas to the west and north seem to have been more 
stable. In Singhbhum, one of the oldest metamorphic 
belts, rocks of more than 3,000 m.y. occur*!5, (These 
determinations are shown on the map, but they are K-Ar 
mineral analyses, as are those of the east-central region.) 

Rb-Sr analyses of the Dubrajpur Granite (West Bengal) 
and the Mylliem Granite of the Shillong Plateau give ages 
of 795+10 and 765+10 m.y. respectively. , 


Pakistan 


Only small outcrops of Peninsular Pre-Cambrian occur 
in West Pakistan (and none in East Pakistan); the 
northernmost of these (excluding any now incorporated 
in the Himalaya) are in the Kirana Hills of the Sarghoda 
District. The volcanic rocks of Bulland (Baland) Hill, 
one of the group, are 870+ 40 m.y.. older than the Malani 
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Rhyolite of western Rajasthan in India, with which they 
were once eorrelated®®, That has an age of 745+ 10 my. 

North of the Rann of Kuteh the Nagar Parkar hills are 
granite inselbergs. Two single total-rock analyses give 
about 700 m.y., suggesting a valid correlation with the 
granites of the Malani suite, 


Ceylon 

The Highland Series rocks have a total-rock age of at 
least 2,100 m.y., and with components of up to 3,000 mux. 
The Vijayan retrogressive metamorphism and migroatina- 
tion took place at 1,15050 m.y.. possibly in stages. 
There was local charnockite formation at 1,260 m.y. in 
the south-west. The Tonigala Granite of the north-west 
was intruded at 985+ 30 m.y. and there is some evidence 
of local intrusion at about 900 m.y. elsewhere. Local 
intrusion took place at 650-700 m.y. and most of the island 
shows a thermal event of that age; another at 450-500 
m.y. appears to be ubiquitous. My Rb-Sr mica analyses 
confirm these events, as do ten K-Ar analyses of horn- 
blendes (all giving 450-500 my.) for which the argon 
measurements were made by Dr A. W. Webb. 


South India-Ceylon Comparisons 

Both the 450-500 and the 650-700 m.y. events of Ceylon 
affect southernmost India, probably as far north as the 
Mysore boundary. But the 1,150 + 50 m.y. Vijayan event, 
so important in Ceylon, has not been detected in south 
India, unless the Sivamalai soda-syenites, which are poorly 
enriched in radiogenic strontium and do not give a satis- 
factory isochron, are of this order of age. A biotite age of 
1,150 m.y. was found for an augen gneiss in south- 
western Maharashtra for which the total-rock age is about 
2,100 m.y. I think that this biotite age is a geographically 
distant reflexion of the Vijayan event resulting in the 
mobility of a major lineament along the western side of 
the Indian Peninsular block at this time. The same area 
gave a biotite age of 1,690 m.y., which can be compared 
with the phlogopite age of 1,630 m.y. for a comparably 
close Kerala sample. These, I suggest, are better €x- 
plained as distant reflexions of the 1,650 my. (approxim- 
ate) event along the east coast of India, rather than by 
extending an “Eastern Ghats Belt” across southernm 
India. 1 prefer at this stage to regard the whole of 
the South Deccan as surrounded by a belt of complex 
history but with a principal age of 2,100 m.y. 














Comparison of India and Ceylon with Australia 

In considering pre-drift assembly, any fit of Australia 
against India and Ceylon by continental margins maples 
a wide zone of unknown terrain on the continental shelf 
off the north coast of Western Australia and off the east 
coast of India. Farther south the continental margms 
are nearer the shores and closer apposition is possible. 

A major division of the western part of the Australian 
shield into a south-western and a Pilbara area has been 
made!, This may be paralleled in Peninsular India by 
the South Decean and the area to the north-east of the 
Godavari Trough, In the north. the oldest rocks of that 
part of India, those of Singhbhum, lie crudely opposed 
to the oldest rocks of north-western Australia, those of the 
Pilbara “System™?! and the granites which intrude it. 
Both are more than 3,000 m.y. old. Following these 
intrusions are the three subdivisions of the Mount Brace 
Supergroup which are dated, at the base, at 2,250-2,200 
m.y. The Hamersley Group, which contains the Brock- 
man Iron Formation at 2,000 + 100 m.y, also contains the 
Wongarra Dacite (2,0004100 m.y.) The Wyloo Group 
overlies the Hamersley Group and is intruded by granite 
(1,700 m.y.). In India there are also iron formations of 
low metamorphic grade comparable with those of north- 
western Australia—though the comparison has usually 
been with the Yampi Sound (Cockatoo Island) iron ores, 
which though longer known have not yet been dated, 
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The Indian iron ores appear to be of two distinct ages: 
Sarkar e¢ al. show that the Iron Ore Cycle sput of the 
Singhbhum Copper Belt ended at 2,700 m.y., with intru- 
sion of the Singhbhum Granite, According to a recent 
suggestion™, north of the Copper Belt a Singhbhum Group 
with an age of 2,000-1,700 m.y. is to be correlated with 
the Iron Ore Stage of Dunn and the Tron Ore Series of 
Krishnan in Sonagarh (former Gangpur). The latter 
iron formations would then correlate better with the 
Australian iron formations of the Hamers! Group. The 
Yamipi iron ores are thought to represent fossil beach sand 
deposits derived locally from iron-rich s diments. They 
can be correlated (Dr D. Gellatly, personal communica- 
tion) with the basal beds of the Pentecost Sandstone of 
the Kimberley Group farther to the cast. The age of the 
Kimberley Group lies between 1,800 and 1,825 m.y. 
(Dr V. M. Bofinger, personal communication), 

No age is available for the overlying Bresnahan Group in 
Australia, but the next overlying Group, the Bangemall, 
covers a vast area separating the Yilgarn (main south- 
western area) block from the Pilbara area. Although no 
radiometric data are available for the Bresnahan Group, 
this sequence may have the same age as the succession in 
the McArthur River Basin, which is chronologically equiva- 
lent to the Dhanjori and other lava successions in Singh- 
bhum (about 1,600-1,700 m.y.). 

Certain mineral age data for pegmatites in north- 
western Australia (960 and 940 m.y.) are the same as 
values obtained in Bihar, and I have found an age of 980 
m.y. for an aplite dyke cutting cale-granulites at Garividi 
50 km north of Vishakhapatnam. S 





















Sarkar et al. state that 
the end of the Singhbhum orogenic cycle is 850 m.y. 

Large areas of south-western Australia and southern 
Peninsular India have similar ages. The largest of these 
areas are cratons. which are surrounded by marginal 
zones of younger rocks, though in India this marginal 
zone contains relies of very old nuclei in Kerala. The 
oldest rocks in these two areas in both continents. occur- 
ring locally among somewhat younger rocks, are about 
3,000 m.y. old. In Australia they are found along or near 
the western and southern edges of the Yilgarn Block and 
as boulders in a conglomerate at Kalgoorlie*, In India 
they are in a discontinuous belt from near Bangalore 
through the Nilgiri Hills into coastal Kerala. 

Rocks of about 2,700-2,550 m.y. are widespread in the 
Yilgarn Block and are to be compared with the Peninsular 
Gneiss and some older gneisses in the South Deccan, as 
well as with rocks in the highlands of Ceylon. In both 
continents these vast areas of gneissic granites and 
gneisses are associated with “greenstone” sequences which 
are difficult: to date because of their structural complexity. 
The sequence at Kalgoorlie must be younger than 3,000 
m.y. but older than intrusive granites at 2,610 m.y. In 
India the closely comparable gold-rnining area at Kolar 
in Mysore has not yet yielded good datable samples for 
Rb-Sr work, but lavas from what are probably the same 
lower part of the Dharwar sequence give 2.365 m.y.; I 
have mentioned the possibility of these having been 
effused during folding of the sequence. The concentration 
of the gold mineralization at Kalgoorlie is not related to 
the stratigraphical sequence but is located in a fracture 
pattern dated at 2,420430 m.y. (on sericite®). The 
pattern is partly occupied by large basic dykes inde- 
pendently assigned the same age. meee 

Acid igneous rocks younger than 2,550 m.y. are very 
uncommon in the Yilgarn Block, and probably also in 
India; but the presence of 2,100 m.y. old rocks around 
the edges of the South Deccan may be accompanied by the 
presence within it locally, perhaps only along the meri- 
dional zone of the Closepet Granite, of rocks of this age. 
There appear to be none younger than that except dykes. 

Of particular interest are the comparisons between the 
western margin of the Yilgarn Block and southern India 
and Ceylon. The Darling lineament, 1,000 km long, has 
been continually mobile. Mineral ages show at least three 
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events. The same is true of Ceylon and southernm 
India, while along the entire east coast of India there has 
been comparable repeated mobility. Along the western 
margin of the Yilgarn Block biotite ages of about 750 and 
590 m.y. have been obtained for the Mundaring Granite: 
these have been roughly corroborated by K-Ar data. 
Pegmatites are known at 700 m.y. in the north and also in 
the south. The first of these ages is that of similar 
egmatite intrusion in nearly all of Ceylon and in 
Tamizhagam—Kerala. Pegmatite intrusion took place 
in the Yandanooka area of Australia at 1,120 my. 
and there is evidence of sericitization of the Mundaring 
Granite at the same time. This is the order of age of the 
Vijayan retrogressive metamorphism and migmatization 
which affects west and east Ceylon. 

The closest comparisons are with rocks along the west 
side of the Perth Basin. Two areas of high-grade meta- 
morphic rocks are known, of amphibolite to granulite 
facies, directly comparable in type with rocks of Ceylon 
and coastal Andhra Pradesh. ‘The Greenough Block near 
Geraldton is built of granulite and amphibolite facies 
rocks dated at 1,040+ 50 m.y, with an initial "Sr/#Sr 
ratio of 0-7210. These on any continental margin fit 
would lie opposite an area in Ceylon where Vijayan rocks 
of amphibolite facies have an age of 1,15050 m.y. 
based on a lower initial ratio. The Leeuwin- Naturaliste 
Block is built of granulites with an age of 670+ 25 m.y. 
These would lie south of Ceylon, where an event of this 
age is widespread. Granulite facies rocks in south-west 
Ceylon of about 1,260 m.y, and charnockitie in type may 
be compared with those of the same type and order of age 
in the Albany—Esperance Block, which lies to the south 
of the Yilgarn Block. 
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and the Australan Nationa! University for generous 
facilities. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 
Gamma Radiation from NP 0532 


Tue pulsar NP 0532, located in the Crab Nebula, emits 
pulses of light"? with the same period es the radio emis- 
sion. The polarization? of the light suggests an origin in 
the synchrotron radiation process, indicating the presence 
of high-energy electrons. In this article the gamma 
radiation resulting from various processes 8 sociated with 
these electrons is caleulated. While gamma radiation 
from NP 0532 has not been observed experimentally, 
there are observations of gamme radiation from the Crab 
Nebula®* that give upper limits on gamma emission from 
NP 0532. My calenletions and these upper limits lead to 
the conclusion that the magnetic field H necer the light- 
emitting region of A P 0532 is LP SH gI G. 

The electron energy Be needed to produce optical light 
of frequency v= 6x 10! Hz in a magnetic field H is 

Ee = 47x10 (vH) œ 10H eV 

The synchrotron power erutted by egeh of these electrons 
is 








P(E.) = 10% vH eV st 
The number of optical phocons observed at the Earth 
per pulse? is ~ 0-3 photons em. The number of electrons 
Ne needed to give this flux ts 

Ne œ 4nd? x 10-%/H 7 
where d is the distance of the Crab Nebula from the Ecrch, 
and + is the period of the pulser. 

Now I consider the proces 
gamma radiation is produced: 

(1) Compton-synchrotron process'®: m this process the 
synchrotron photons are Cornpton-scattered from the 
parent electrons to produce gamma radiation. The gemma 
ray flux is given by 


by which high-energy 





J = tietpn co Vind? photons emo? 

where ne is the electron density, npn is the photon density, 
c is the velocity of light, a is the cross-section for Compton 
scattering, and V is the volume of the light-ernitting 
region, Now ne=Ne/ V, and npn = (observed photon flux) 
(4rd?/ V) tpn. Here, tpn is the time that the photons 
spend in the pulsar region and is cqual to R/e, where R 
is the radius of the volume V. Writing o=o,k, where Sg 
is the Thompson scattering cross-section and k is the 
Klein-Nishina factor, then 

J = (10-2 h/t) (P/R°) 
Expressing distances in kpe and taking the distance of 
the Crab Nebula as d= 2 kpe (ref. 11), then 

J = 4x10 k/HR? ~ 


It is commonly accepted that the dimension of a vary- 
ing source is the product of ¢ and the period of the time 
variation. If Ractal emae3 x LO! kpe (other values 
for R are considered later), then 

J(By) = 2x 10°? k/H photons em? pulse? 
where E, is the seattered gamma rey energy. Ife is the 
optical photon energy, then 





E, = (Edme) c if z Eejme? < me? 
or 
E, = (Ee/me*) me? if s Esjme > me? 


Here m is the mass of the electron. The flux values 
J(E,) are given in Table 1 for various values of H, 
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Table 1, GAMMA RAY FLUXES EXPECTED FROM VP 0532 DUE TO THE 
FOR VARIOUS VALUES OF THE MAGNETIC 









COMPTON ROTRON PROCES 
” FIELD H 
. x Jd Upper limite on J 
H . žy (photons em (= experimental upper 
i) (eV) limits on Crab se} 
20 2 108! pores 
1 10" x LP? 
10 . 108 
10? 10 
10* 10° 
10t 10° 


together with the corresponding Ey. The experimental 
upper limits per pulse, which are integral values, are alo 
given; they are obtained by multiplying the observei 
limits on the Crab Nebula by the period of NP 0532. 

(2) Proton-proton interaction producing 7° mesons anel 
their decay into gamma rays: it is unlikely that the 
electrons producing the optical photons originate through 
the deeay of = mesons, because this would imply the: 
presence of an unreasonably large flux of protons. ta 
this case, however, the number of gamma rays produced 
is Ny= Ne, and E ~E. Table 2 gives the fluxes J at the 
Earth along with the experimental upper limits. 








Table 2. 
PCE TO THE a? DECAY PROCESS FOR VARIOUS VALU 
FIELD H 


OF THE W 













H Ey (= experiment 
(G) tev} limits on Cr 
iQ? 108 c 10 
1 40" 3x ide? 
10 10° Beige 
10t oF 3x10 1 
(3) Bremestrahlung: ihe gamma ray flux from the 


bremestrahlung process is given by 

J = (7x10 nich) (AE Ep) 
with the maximum Ey,21l0'/H'? oV. Here n is the 
number of hydrogen atoms cm-*. Consideration of disper 
sion of radio waves!® yields n < 10° aa’. If a= 1h em? 
is used, it is seen that the gamma ray flux is igible 
from this process. 

Gamma ray production through the Compton- eynchro- 
tron process oceurs inevitably when high-energy electrons 
gre present in a region with a magnetic field. The com- 
parison of the predicted fluxes in Table 1 with the oxperi-: 
mental limits shows that the magnetic feld in the region 
of pulsar optical emission has to be 210° G. Tf the 
radius of this region is ineressed from the value of 10° cm 
uscd to 10! em, the minimum megnetic field is still as high 
as 102 G. A maximum limit to the magnetic feld can be 
obteincd from the condition that. the total cnergy of the 
electrons must exceed the energy in the optical output. 
This value is ~ 1046. Thus the magnetic field in the pulse 
region of NP 0532 is WP SH S10 G. This is to be con- 
trestcd with the rather low megnetice field implied?* by 
gamma rey measurements from the pulsar CP 1138. 

This work was performed while [ held a US National 
Research Council senior postdoctoral visiting research 
associateship supported by the Smithsonian Institution, 
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Red-shifts of Very Young Objects 


I wounp like to call attention to one of the consequences 
of our current belief that there is a red-shift-distance 
relation for galaxies. It is accepted that as we observe 
inereasingly distant galaxies we see them at earlier and 
earlier stages of their life history because of the finite 
velocity of light. If we could therefore observe sufficiently 
faint galaxies, we would see galaxies very close to their 
moment of creation, or even, conceptually, close to the 
moment of creation of the matter which would make up 
the galax Empirically we find that the red-shifts of 
more distant galaxies increase and we must conclude 
with a high degree of certainty that, if we could see distant 
enough matter, it would be very young and have an 
extremely high red-shift. We ean summarize this reason- 
ing in the following statement: If we observe the universe 
hear age zero, then it has a very large red-shift. 

Now suppose some matter were to be created loeally 














(that is, at a distance at which normal galaxies do not 
have a very large red-shift), In the initial stages following 
the creation of this matter it would have an age very 
near age zero. We can then use the axiom that things 
equal to the same thing are equal to each other, We can 
say that the age zero universe is identically equal to itself. 
and, whether we see it at great distances or close by, that 
it will have a very high red-shift. I suggest that we have 
proved the following theorem: In the limit. observing the 
red-shift of matter at a great distance which was created 
at the same epoch as ours is equivalent to observing the 
red-shift of nearby matter which was created at a very 
recent epoch. 

We can discuss this idea in a little greater detail by 
remarking that the curved space of general relativity 
predicts that, as we observe increasingly distant galaxies, 
their diameters will reach a point where they appear to 
enlarge again, until, if we could observe extremely distant 
galaxies, their diameters would begin to merge, and going 
further, in the limit, we would expect to see the age zero 
universe in every direction we look. The operational 
definition which we must give to the “creation” of local 
matter is that before the event instruments could detect 
no matter, but afterwards they could. Because a logical 
definition of the universe would inelude all matter, past 
or present, we would have to say that the new matter 
did not come into our universe from elsewhere. Rather 
we would have to consider that it existed, perhaps as a 
diffuse or virtual potential, and then started to localize 
at the time which we have called “ereation”’, (Pheno- 
menologically this may be indistinguishable from volumes 
in the initial universe which have had retarded expansion 
as discussed by a number of authors!) If these objects 
are eventually to be detected by normal observational 
methods, then the localization process must initially 
consist of decreasing the object’s apparent diameter and 
lowering its red-shift, both effects naturally enhancing 
its visibility. There is no reason to expect discontinuity 
in this process so that we would expect some kind of 
continuous disengagement from the age zero universe 
toward the state of its ultimate character. On the other 
hand, there is no reason to expect the special case of 
linearity in this process and we can point to the physics 
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on the edge of our observable universe which affects the 
red-shift in a nonlinear fashion at great tine-distance 
(the deceleration curvature in the linear Hubble relation- 
ship on the iaeroscopie scale), 

Because we know that the presence of matter defines 
the properties of space, it has been previously suggestec 
that, if new matter did materialize, it would form 
regions where large amounts of matter were already in a 
high density state. This would, of course, suggest the 
nuclei of galaxies as a possible materialization point, with 
the more compact nuclei being most favourable. 

The reason for discussing the theorem at this time is to 
point out that we should deductively expect, if our 
present models of red-shift distances and finite light 
signal velocities are correct, if we were ever directly to 
observe an object recently ereated, in the sense defined 
here, it would have a very high red-shift regardless of 
the distance at which the object was located from us. 
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Causality and Space-like Signals 


ALTHOUGH we pointed out! in 1962 that apace-like particles 
(signals) travelling “backward in time” carry negative 
energy-—or must be reinterpreted——recent textbooks ou 
the special theory of relativity (for example, refs. 2-7) 
still purport to show that causalit y arguments forbid the 
existence of faster-than-light particles. One book whieh is 
at least partially correct on this score is Ya. P. Terletskii’s 
Paradoxes in the Theory of Relativity’, but even this 
ignores the possibility of reinterpretation. 

Here we present explicitly a proof that the sign reversal 
of the time interval between two events (for example, 
emission and absorption of a particle, or signal} is neces- 
sarily accompanied by sign reversal of the corresponding 
energy. 

Consider two reference frames S and S’, with $’ moving 
at a velocity w in the x direction relative to 8. Assume 
that at a time t= 0, the reference axes of the two systems 
coincide and that the clocks are so synehronized that at 
ty=0 the clocks in 8’ indicate t’,=0. Now consider the 
following hypothetical events. At ty=t =0. a faster- 
than-light meta-particle (or tachyon, as it is now 
known’) is emitted in the æ direction from the com- 
mon origin of § and 8’. Let the superluminal velocity of 
this meta-particle (or meta-signal) be u >c relative to 8, 
hence v=(uw—w)/[1—uw/et}>e relative to 8’. Assume 
now that at a time ¢,, when it is at a, in the § frame, the 
meta-particle is absorbed, The corresponding time of 
absorption, as measured in $’, is given by 

















(1) 





Cy = yw(fh ~ we je 
where yw= [1 = (w/e?) J12. 

Because w,/t, =u, the Lorentz transformation given here 
appears to be no longer orthochronous (preserving time 
direction) for a relative velocity w > ¢%/u (or for a tachyon 
velocity of u > c®/w—~we call such tachyon velocities ultra- 
luminal). In these circumstances, the time interval At= 
U, = ta becomes negative. This is generally taken to imply 
that ultraluminal particles (or signals) must needs violate 
the causality principle. This argument was first advanced 





NATURE, VOL. 223, JULY 26, 1969 


by Tolman!® in 1917 and reproduced in various forms 
ever since. : 

To produce a measurable effect, any particle (or signal) 
must earry real positive energy. We assume that the 
tachyon in our example given here carries energy E as 
measured in frame S. Relative to 8’, this energy is 
given by 


E’ = yw (E —wpx) (2) 
which may also be written as 
EY = ywmyyu (c*— uw) (3) 


because Æ = myyuc? and px = moult, where ya [1 = w/e Ja 
(For superluminal and ultraluminal particles y~ becomes 
imaginary, henee their proper mass me must also be 
imaginary in order that Æ and px may remain realt.) 
Equation (3) clearly shows that Æ’ turns negative when 
the relative velocity w becomes greater than c?/u (or 
when u becomes greater than c*/w), The switching of 
signs occurs at w=c*/u, which is exactly the value for 
which Aft’ changes sign. Hence any particle (or signal) 
propagating “backwards in time” in 8’ carries negative 
energy in 8’, which means that, for the observer in S^ it 
is a positive energy particle (or signal) propagating for- 
ward in time. We refer to this reasoning as “the re- 
interpretation principle’. The observers in S and 8’ 
disagree as to the direction of propagation of the meta- 
particle (meta-signal), but such disagreements are nothing 
new in relativity. Only lengths of the four vectors (a, y, 
z, ict) and (ps. Pys Pa t#/c) must remain invariant under 
Lorentz transformations, not their individual components. 

As has been pointed out by Feinberg (ref. 9, see also 
ref. 11), our reinterpretation also provides the key to 
the understanding of negative energies of space-like 
particles (or signals), so that it is the crux of any consistent 
theory of faster-than-light particles}? In a sense our 
reinterpretation is “antiparallel” to the Sttickelberg~ 
Feynman view of positrons as negative-energy electrons 
travelling backwards in time’. 

All the presentations of causality paradoxes (including 
Terletskii’s*) which we have so far come across fail to take 
this reinterpretation into account. As Hurst pointed out, 
our reinterpretation invalidates this type of objection to 
the possibility of existence of faster-than-light particles. 

Note added in proof. Since writing this article, several 
reports have appeared in which causality paradoxes 
involving faster-than-light particles are examined taking 
our reinterpretation principle into account. Some of 
the authors, for example W. B. Rolnick, seem to believe 
that causal loops would still remain and hence super- 
luminal particles could not interact with ordinary matter. 
Others, for example B. 8. DeWitt, seem to maintain that 
tachyons could not carry messages. Some other authors, 
however, for example R. G. Root and J. 8. Trefil, point 
out that causal loops vanish if emission of tachyons from 
distant matter is considered. Furthermore, P. L. Csonka 
has discussed the necessity of carefully spelling out the 
appropriate boundary conditions. Inasmuch as the 
work of these authors shows that our reinterpretation 
(or switching) principle must be used in every careful 
examination of space-like signals, it corroborates the key 
contention of our communication. 
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Satellite Measurement of Upper 
Atmospheric Molecular Oxygen 
Densities 


THe satellite 1967-118A, WRESAT, was launched from 
Woomera, Australia, at 0435 h on November 29, 1867, 
into a nearly polar orbit. Included among the experi 
ments were two sets of ion chambers sensitive to the 
vacuum ultraviolet. They were designed to determine 
the density of molecular oxvgen in the mesosphere and 
lower thermosphere by measuring the absorption of solar 
radiation by the atmosphere as the vehicle went through 
satellite sunrise and sunset. i 

Satellite sunrises were recorded by groups of tracking 
stations in South America. Australia and South Africa, 
and sunsets were recorded by one tracking station in 
Alaska. The local times associated with the sub-minimum 
ray height point, at first observation, extend from 0330 
to 0430 h for the sunrise observations, and from 2200 to 
1300 h for the sunset observations. 

Sunrise data from the ion chamber sensitive to Lyman. « 
radiation have been reduced for a number of passes recorded’ 
by the southern stations. No difference is apparent 
between the intensity versus minimum ray height response 
curves derived from the data received by the Australian 
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Fig. 1. Distribution of molecular oxygen. 
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stations, so that tl results have been combined to give 
a mean response curve. The longitudes of the locations to 
which these response curves refer ara between 160° E and 
163° W, and their latitudes are from 44° 8 to 51° S. With 
due allowance for the finite size of the Sun, as observed 
by the sensor, a molecular oxygen density distribution 
has been determined (Fig. 1) from the mean response 
curve. The method used to derive this density distribu- 
tion involved the production of a theoretical response curve 
for an assumed atmosphere, Then, by an iteration pro- 
cedure, an atmosphere was obtained which gave a response 
curve in accord with the observed data. The value of the 
absorption cross-section of molecular oxygen at Lyman « 
used in the caleulations was LOx 1072 em? as given by 
Watanabe!, rather than the more recent determination of 
Ogawa’, so as to allow comparison with other published 
density measurements using the former value, Reduction 
of some of the data from the other southern stations has 
given response curves which indicate molecular oxyg 
distributions that differ significantly from those in Fig. | 
for altitudes above 110 km. 

The main feature of our results is the shelf of almost 
constant density which appears at altitudes of about 110 
to 120 km. This feature is not in either the U upple- 
mentary or COSPAR standard atmospheres. Relatively 
few measurements of the molecular oxygen distribution 
have been made in the critical region of the atmosphere 
between 100 and 120 km. Such measurements that have 
been made in this region? do not clearly define the shape 
ofthe profile over this altitude range (Fig. 1). 

The fact that different density profiles above 110 km are 
indieated by the data from the three groups of southern 
tracking stations is 
Stewart and Wildman’, who have observed loni 
variations in the molecular oxygen density at 180 km. 

We thank the US Department of Defense and the UK 
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ing facilities, and the US National Aeronautics and Space 
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Hz Auroral Activity on Jupiter 


SEVERAL Investigators bave unsuccessfully searched for 
He emission from the planet Jupiter’. In December 
1967, Schwitters! obtained a spectrogram of Jupiter 
containing one feature in the He line that eould be 
interpreted as localized Ha emission from the limb of 
ihe planet, This feature could have been a plate defect, 
however, The purpose of this article is to report new 
results that may be interpreted as Hx auroral activity 
on Jupiter, 

The observational data were gathered at the Naval 
Research Laboratory's Waldorf Nike Site No. 2, Waldorf, 
Maryland. <A detailed account of the experimental 
apparatus is being published elsewhere by G. G. Barton, 
and se only a brief description will be given here. The 
apparatus consisted of a 1f-inch telescope equipped with 
an image orthicon camera with an S-20 photocathode. 




















Fig. i. The Jovian disk in Ho on March 4-5, 1960. 
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The video signal, corresponding to 10% lines per frame, 
is read out on a television monitor. The avaiable inte- 
gration times varied from 1/15 s to 8 min, 

The Ha feature was isolated by placing in the optical 
path various combinations of Fabry-Perot etalons, 
centred on He. A coherent double etalon, having a 
half power transmission width of 0-7 A, was used in the 
initial runs because it has rejection properties in the 
interorder pass-bands that are far superior to those of 
any single etalon. An additional blocking filter was used 
to isolate the transmission peak centred on Ha. The 
compound filters were tuned by placing them in an 
insulated housing and varying their operating tempera- 
tures. Extensive laboratory tests using an Hea line source 
ascertained how the transmission of the filters varied 
with temperature. 

The first observations reported here were obtained 
on the night of March 4-5, 1969. Until about one hour 
before the start of the run, the coherent double etalon 
was monitored on an optical bench, using the Ha lme 
source, to verify that it was behaving properly. The 
foeal ratio of the telescope was ~ 140, which resulted 
in the planet covering ~ 5x 108 resolution areas on. the 
television monitor. The integration time was 2 s. 

Typical results from this run are shown in Fig. l 
which consists of reproductions of direct photographs 
taken from the television screen. The existence of features 
which seem to wander about on the Jovian limb on a 
timescale of minutes is obvious. If the features are an 
Ha aurora, its surface brightness is of the order of a 
few kilorayleighs. Brief control runs were done on both 
Venus and the Moon. and no apparent emission was 
observed on either body. 























The Jovian disk in Ha on March 27, 1989. 


Fig. 


Unfortunately, these results do not provide un- 
ambiguous proof of the existence of a Jovian aurora. 
In the early morning of March 6, 1969, the elements in 
the double etalon lost their optical contact, apparently 
a result of the thermal cycling. It is therefore possible 
that the “activity” observed in the run of the previous 
night was instrumental rather than real, Additional 
work is in progress using either a single stage etalon 
or two single etalons in series, and it seems that some 
Ha activity may be present. The single etalons, however, 
transmit enough reflected solar radiation so that the 
relative contrast between suspected active areas and 
the background is reduced. Enlargements of individual 
frames of motion picture film taken of the planet on 
the night of March 27, 1969, are shown in Fig. 2. The 
filter consisted of two, oil contacted, single-stage Fabry— 
Perot etalons, having half power transmi sion widths 
of 12 A and 05 A. The integration time was 8s. Again, 
Ha activity seems to be present. But more extensive 
control runs are needed in order to establish unambigu- 
ously that the effect is not instrumental. i 
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Quantum Interference Paradox 
THe development of atomic time standards an 
recording techniques has allowed the exte noi 
interferometry to baselines extending thousands € 
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The new paradox is illustrated in Fig. 1 
the radio analogue of the two-slit int 
ment. A plane wave is received by two an 
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Fig. 1. a, Classical two-slit interference pattern. &, Radio analogue of 


two-slit interference with amplifiers and separate recorders. 
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by changing the relative phase of the two signals by the 
adjustable phase-shifter 9. The interference pattern will 
still be observed if R is a photon counter, for the antenna- 
cable-phase-shifter system is a passive system that changes 
the mode of the wave function only. If amplifiers (G, and 
G,) are inserted to amplify the incoming waves, the 
interference pattern at B is unaffected, at least in the 
classical limit, but in the quantum limit the results are 
not immediately clear. The voltage output of linear 
amplifiers should be proportional to the incident ampli- 
tudes, and one can therefore record a part of the output 
on magnetic tape recorders with as little disturbance 
of the output as one pleases. The apparent paradox, 
then, is that incoming photons can be detected at the two 
antennae without disturbing the interference pattern. 
Apparently, one either has the ability to detect the same 
photon at two different places, or linear amplifiers intro- 
duce unexpected phase shifts to single photons but not 
to waves containing many photons, I shall show that 
neither of these alternatives is correct, and that no 
conflict between classical and quantum physics arises in 
this case. 

The paradox is resolved by considering the properties 
of the amplifiers, which for simplicity will be assumed to 
be masers. A maser consists of a system with an inverted 
state population for a pair of levels or bands whose energy 
difference equals the frequency to be amplified. Ampli- 
fication occurs because induced emissions are more fre- 
quent than induced absorptions in the system, due to 
the state inversion. In the induced emission process a 
photon is added to the initial state, with no change in 
phase, and one can see that a single photon can therefore 
be amplified by both amplifiers without destroying the 
interference, The analogous experiment with lasers instead 
of masers can be imagined in Fig. la, if the space between 
the slits and the screen is filled with a material with 
appropriate inverted energy levels. The wave function 
consists of a plane wave to the left of the slits and two 
evlindrical waves to the right. The number of incident 
photons in that state will be enhanced, giving a more 
intense but undisturbed interference pattern on the screen. 

Despite the preservation of the interference, it ig still 
not possible to detect individual photons at the antennae 
or slits because of the existence of spontaneous emission 
in any system that has an absorption coefficient. The 
ratio of the Einstein 4 and B coefficients guarantees 
that all amplifiers must exhibit an excess noise tempera- 
ture of at least Av/k. The antenna temperature, on the 
other hand, will be less than Av/k in the single quantum 
limit, which guarantees that the signal-to-noise ratio 
must be less than unity. The outputs of the two amplifiers 
can be represented by the sum of two vectors, one of which 
is the amplified incident photon and hence has the same 
phase for the two systems, while the second vector 
represents the noise added by the amplifier. The noise 
vectors of the two amplifiers should have no correlation, 
so the interference pattern will be preserved, but a 
constant noise background will be added, with an ampli- 
tude large compared with the signal and exhibiting no 
variations with ọ. In general, no device that increases 
the amplitude, preserving phase, can display the amplitude 
and phase of single photons, in accordance with the 
uncertainty relation AN Ag ~ 1 (ref. 5). 

This research was supported in part by a grant from 
the US National Science Foundation, 
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Nucleation of Ice by Mechanical Shock 


Tue frequent occurrence of heavy rainfall shortly after 
hghtning has prompted speculation on mechanisms by 
which a lightning stroke might increase precipitation 
from clouds. One possibility is that supercooled cloud 
droplets are frozen by the pressure wave generated by 
the lightning stroke. Goyer! estimated that the in- 
stantaneous pressure in a lightning channel would generate 
a shock wave equivalent to that produced by the detona- 
tion of primacord (detonating fuse). In some field experi- 
ments’, he detonated a vertical length of primacord about 
100 feet from the supercooled plume of Old Faithful 
geyser (Yellowstone National Park, USA) and observed 
that a shower of ice pellets 0-5 to 1 mm in diameter fell 
from the plume. The calculated overpressure at the plume, 
being only 7 mbar, was insufficient to disrupt individual 
cloud droplets, so that it seemed that the supercooled 
cloud droplets had been induced to freeze by the passage 
of the shock wave. Some support for this proposal was 
obtained from laboratory experiments’ in which super- 
cooled water contained in small tubes was induced to 
freeze by the passage of a shock wave having an over- 
pressure of about 70 mbar. 

It seemed to us surprising that shock waves of such low 
intensity should induce nucleation, although it is known! 
that special types of very strong shock waves, with pres- 
sures greater than 20 kbar, can cause the reversible 
freezing of water to ice VII. We therefore undertook a 
study of the effeet of shock waves on supercooled cloud 
droplets suspended in a cold chamber®, essentially a 
cylindrical vessel of capacity 801. with walls which could 
be maintained at sub-zero temperatures. A proportion 
of any ice crystals which formed in the chamber fell 
through a sampling aperture 2 em x 4 em in the floor of 
the chamber onto an ice crystal counter consisting of a 
revolving drum coated with supercooled sugar solution. 
Within a few seconds, the ice crystals falling on the drum 
had grown to a visible size and could be counted by eye. 

Shock waves were generated by detonating charges of 
0:3 to 0-7 g of pentolite (50/50 PETN/TNT) at the apex 
of a steel funnel which intensified the shocks! and directed 
them vertically into the open top of the chamber. The 
shock intensity was measured by a piezo-electric pressure 
gauge (Norwood, type HS1) having a response time of 
10 ps. The output signal from the gauge was displayed 
on an oscilloscope and, by photographing the trace, it 
was shown that the overpressure in the chamber ranged 
from 70 to 130 mbar. ‘The duration of each pressure pulse 
was approximately 1 ms. 

The nucleation experiment was carried out as follows. 
The chamber was brought to the operating temperature 
of —10° © and all cold surfaces inside the chamber were 
liberally painted with glycerol to prevent the growth of 
ice crystals which might be dislodged by the explosion. 
For the same reason, it was necessary to dry the internal 
surfaces of the ice crystal counter by passing dry nitrogen 
through the housing. A sheet of polyethylene, 1/1,000 inch 
thick, was then placed Joosely across the mouth of the 
cone to prevent the products of the explosion from reach- 
ing the chamber. Moist air was blown into the chamber 
to provide a supercooled cloud and, when temperature 
equilibrium was re-established, the explosive was deton- 
ated. The experiment was repeated several times, and in 
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no case were any ice crystals detected either by the 
counter or by visual inspection of the residual cloud by 
light scattering. 

Although these small cloud droplets (<20 pm) were 
not frozen by the passage of a shock wave, there remained 
the possibility that larger drops such as those present in 
the plume of Old Faithful might have been more sensitive 
to shock, particularly because it is well established that 
large drops are more readily shattered’. We therefore car- 
ried out a series of experiments on drops 2 mm in diameter. 
We first established by high speed photography that, at 
room temperature, 2 mm drops are disintegrated by 130 
mbar shock waves into myriads of smaller droplets within 
a few milliseconds of the passage of the shock front. A 
dish of oil placed 20 em below a particular drop collected 
about 250 water droplets per em?, the largest droplets 
being about 250 um. 

To determine the number of ice crystals generated by 
the blast, a drop was suspended 20 em above the sampling 
aperture of the cold chamber on a chromel-alumel thermo- 
couple previously cleaned by ignition to red heat. When 
the drop temperature reached the temperature of the 
chamber (— 10° ©), the explosive was detonated as in the 
earlier experiments. The experiment was repeated several 
times but no ice erystals were detected by the counter, 
showing that, of the thousand or so droplets that entered 
the sample aperture, not one had frozen. 

Tt is our conclusion that supercooled water is not 
induced to freeze either by the passage of a weak shock 
wave or by the mechanical disruption caused by an air 
blast. On the other hand, there is evidence that mechanical 
shock can induce freezing when the supercooled water is 
in contact with certain solid surfaces*. We have confirmed 
this by several experiments in which a drop of water 
sandwiched between films of ‘Polythene’ or ‘Teflon? was 
exposed, at — 5° Č, to a shock wave of the same intensity 
as used for the earlier experiments. In each case, the 
droplet was found after the explosion to be disrupted 
into many smaller droplets, each of which was frozen to an 
ice pellet. The same result was obtained when the sand- 
wich was subjected to direct mechanical shock by striking 
it with a steel ball bearing, 0-125 inches in diameter, 
moving at 40 feet/s. The role of the hydrophobic solid 
surface in this type of shock nucleation is being investi- 
gated further. 

Tt thus seems that only in the presence of certain solid 
surfaces does mechanical shock induce supercooled water 
to freeze and it is possible that, in the Old Faithful 
experiments, the few droplets which were frozen by the 
detonation were contaminated with suitable solid particles. 
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Dust Precipitation 


AT a recent meeting of the Statie Electrification Group 
of the Institute of Physics and the Physical Society’, 
Dr M. Madden of the Central Electricity Generating 
Board desertbed a method by which solid material is 
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extracted from the flue gases of electricity generating 
stations. The system uses a number of stages of electro- 
static precipitation and, although an overall efficiency of 
extraction of more than 99 per cent is achieved, much of 
the dust that escapes is extremely fine because the 
efficiency of the process falls off with reduced particle size. 

Some time ago I was involved in a study of dust depo- 
sited on electronic circuits in a room where there was 
efficient air filtration down to 5 microns. I found that 
most of the material was of black (probably carbon) par- 
ticles that had quite reasonably passed through the filters. 
It had, however, formed into a mat of material the basis 
of which was filamentary particles derived, I believe, from 
the clothes of personnel in the room. ‘These larger particles 
consisted chiefly of man-made fibres, and had presumably: 
acquired an electrical charge thus providing suitable 
agglomerate centres on which the finer particles could 
collect. 

It seems reasonable to suggest that this phenomenon 
should be applied in a scavenging process in the filtering 
of gases containing very small particles by deliberately 
introducing comparatively coarse particles, suitably 
charged, into the gas stream, and removing these by a 
mechanical filter after they have collected the finer material 
by electrostatic attraction. 











E. H. LENARRTS 
Computing Research Division, 
International Computers Ltd, 
London NW10. 
Received March 19, 1969, 
1 IPPS meeting, January 31, 1969, 


Dr Mappen writes: It has been known for some 
time that precipitation efficiencies increase if coarse 
particles are introduced. These larger particles tend to 
act as nucleation sites for agglomerates, which are more 
readily captured electrostatically than the individual 
fine particles. Further, when filter bags are used in gas 
cleaning plants, manufacturers have found that good 
collection efficiencies can be achieved for particles appreci- 
ably smaller than the pore sizes. This is attributed to 
static charges generated on the fabric fibres due to gas 
friction effects. 

The efficiencies achieved on large generating stations 
are limited to 99-3 per cent by economic considerations, 
Precipitators can satisfactorily collect millimiecron par- 
ticles, but low effective migration velocities mean that 
large collector areas and costs are involved in the realiza- 
tion of very high extraction efficiencies, 
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Secondary Flows associated with the 
Weissenberg Effect 


NORMAL stresses cause some of the more vexing charac- 
teristics of flows involving non-Newtonian fluids. One 
manifestation of normal stresses is the appearance of 
rod climbing (the Weissenberg effect) in a system where a 
rotating shaft is immersed in a non-Newtonian fluid. 
Another manifestation is to reverse the sense of secondary 
flows (compared with the direction observed in flows with 
Newtonian fluids) near rotating spheres and cones (com- 
pare Giesekus'). Although the Weissenberg effect is pre- 
sented in a number of treatises, for example, Coleman® 
and Frederickson’, the detailed structure of the flow has 
apparently not been reported. It is customary, moreover, 
to simplify mathematical analyses by assuming that the 
flow field in the space between rotating cylinders is the 
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Fig.l. a. No evidence of secondary flow for silicon oll, 6, Secondary 


flow clearly seen for carboxymethylcellulose in water. 


familiar Couette flow. With a non-Newtonian liquid 
the flow can in fact be rather different, as is shown in 
the results presented here. 

A qualitative investigation of the structure of the flow 
field in a Couette apparatus was carried out with a soluble 
dye as a coloured tracer. End effeets were suppressed by 
suspending the non-Newtonian fluid between two low- 
viscosity Newtonian fluids (carbon tetrachloride and 
dodecane). The apparatus consisted of a 4-inch lucite 
cube with a hole 2 inches deep and 1-25 inches in diameter. 
A }-inch rod served as a rotating member. 

A control experiment was carried out first to check the 
behaviour of a viscous Newtonian fluid, a silicone oil 
with a viscosity of nearly 100 poise. This is some 10,000 
times larger than the viscosity of either of the “guard” 
fluids and the silicone oil behaved in a Newtonian manner 
at the low shear rates used. The Taylor numbert was less 
than unity. A thin filament of coloured silicone fluid was 
oriented in roughly a vertical position near the shaft. 
According to Fig. la the tracer had not spread laterally 
to any great extent after the shaft had turned at 75 r.p.m. 
for 20 min. The flow was of the Couette type (with cireular 
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particle paths), for there is no evidence of a secondary flow 
m planes normal to the main flow. 

Following this, an experiment was conducted with a 
2 per cent by weight solution of carboxymethyleellulose 
in water. ‘The low-shear-rate viscosity of the solution 
was about 100 poise, but normal-stress effects were ob- 
served. Fig. 16 depicts the flow field with the shaft rotat- 
ing at 75 r.pan. Here the flow patterns in the main body 
of the fluid as well as in the upper bead were marked with 
a small quantity of a water-soluble dye injected from a 
micro-syringe 15 min before the time of the photograph. 
Secondary flows are clearly indicated. Further experi- 
ments indicated that motion was downward along the 
shaft in the upper main toroidal eddy and upward along 
the shaft in the upper bead. At the lower interface of the 
non-Newtonian liquid, normal stresses have caused a 
downward extrusion of this liquid, quite similar to the 
more familiar rod climbing exhibited in the upper bead. 
Choosing “guard” liquids with densities near that of the 
non-Newtonian liquid increases the size of the beads, 
thus accentuating the effects of normal stresses. The 
existence of such a secondary flow emphasizes the complex 
nature of flows of non-Newtonian fluids and the useful- 
ness of flow visualization techniques. 

We thank A. R. Hague for his assistance in conducting 
the experiments. 
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Dependence of Creep Rate on 
Pre-strain Rate in a Conventional 
Low Alloy Steel 


EXPERIMENTS have been made on iCr.Mo.V. steel isother- 
mally heat treated to produce ferrite-pearlite and bainite 
structures to determine the effeet of pre-strain and pre- 
strain rate on the subsequent creep behaviour. 

The method adopted was to bring the unstressed and 
unstrained specimen to the test temperature of 550° C 
(~v 0-45 Tm) and then to apply either the pre-strain or the 
creep load at a predetermined rate. This was achieved 
with a servo controlled ram built into the base of a 
standard creep machine the beam of which could be 
locked in position. Pre-strains equivalent to primary, 
secondary and tertiary creep strains were applied and the 
stress then reduced to 270 N/mm? (17-5 tons/square inch) 
in all tests. In the case of the ferrite~pearlite structure it 
was found that irrespective of whether the specimen was 
pre-strained or simply loaded as for conventional creep, 
the ensuing creep rate depended on the rate at which 
this prior function was applied. Pre-straining or loading 
in less than five seconds gave a minimum creep rate of the 
magnitude 10-* em/em/h. If the time was in excess of 
30 s, however, the minimum creep rate was within the 
range 10-* to 10 em/em/h. 

Subsequent reloading at various rates, or periods of 
recovery at zero stress, failed to change the minimum 
creep rate by more than a factor of two. The structure 
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before testing was of non-equiaxed fine grains from 10 pm 
to 60 um in diameter. At the end of a high creep rate 
test the structure was ostensibly the same, but after a low 
creep rate test the grains had become equiaxed and had 
grown to between 50 um and 200 um in diameter. The 
tests were taken to failure. 

In the bainitie condition there was no observable 
dependence of the creep rate on pre-strain rate or loading 
rate, 

The ferrite—pearlite, high creep rate results suggest that 
continuous reerystallization is occurring to preserve 
the same basic structure. It is reasonable to suppose 
that there is a direct connexion between the structure and 
the creep rate and it is proposed that the rate controlling 
factor is grain boundary diffusion. Coble’ derived a 
relevant model and for this material the predicted grain 
size to account for the observed creep rates would be 
approximately 50 um diameter, which supports the 
proposal, 
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Some Consequences of the Rapid 
Admission of Gas to an Evacuated 
Vessel 


Ix recent work on the explosive decomposition of gaseous 
diethyl peroxide, we detected transient temperature 
rises accompanying the admission of gases into an evacu- 
ated vessel. The experimental arrangement! consisted 
essentially of a thermostated spherical vessel (1,222 ml.) 
fitted with a pressure transducer and a very fine thermo- 
couple (00005 inch diameter platinum/platinum—13 per 
cent rhodium) which could be moved along the vertical 
diameter of the vessel. Gases were admitted to the 
evacuated vessel through an electromagnetic valve which 
was opened for a pre-set- time interval (0-1 to DO s). 

-The pressure and temperature histories were displayed 
on an oscilloscope and photographed. Experiments 
revealed that when a complex species like diethyl ether 
was admitted to the hot evacuated vessel, the thermo- 
couple registered small but significant temperature rises 
{up to 8° C above that of the vessel) even though the 
gas was initially 165° C cooler than the vessel. A system- 
atie study with eighteen other gases of different mole- 
cularity showed that simple gases (high y, low C,) heated 
up dramatically on admission to the evacuated vessel 
(see Fig. 1). For example. when argon was admitted to 
the hot vessel (at 190° C) to give a final pressure of 10 mm 
mereury, the gas temperature rose to 275° C and, with 
80 mm mercury pressure of argon in the same conditions. 
the gas temperature rose to 415° C. 

Temperature rises of this magnitude can be interpreted 
by a very simple thermodynamic model. Consider a 
vessel initially evacuated and then suddenly opened 
to an infinite atmosphere at a temperature Ty CK) 
Work is done on the gas entering the vessel and it can 
easily be shown that the temperature of the gas in the 
vessel rises to 77’, if the entry is reversible and adiabatic. 
For example, if T, is 300° K, yTy is 500° K for monatomic 
gases and 420° K for diatomic gases. 
course, oversimplifies the problem; the gas reservoir 
is not of infinite volume and the admission of the gas is 
neither reversible nor adiabatic. Nor does the model 
take account of the dynamics of the gas flow. Nevertheless, 
it demonstrates that a considerable heating may be 








This model, of 
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Fig. 1. The dynamic heating effect accompanying the eniry of gas 
into the evacuated reaction vessel at 190° C. A, The variation in the 
maximam temperature rise at the centre of the vessel (.42(s088) with 
pressure: B, the variation in the maximum temperatare rae at, the 
centre of the vessel with the ratio of the principal specific heats y for 
10 torr final pressure of different gases. The numbered symbols refer to 
the following gases: 1, helium: 2. neon; 3, ammonia; 4, hydrogen 
5, denterium: 6, nitrogen; 7, oxygen; 8, carbon monoxide: 0, carbon 
dioxide; 10, hydrogen sulphide; 11, argon: 12, propane; 13, ethylene; 
14, methane; 15, ethane; and 16, diethyl ether. 








expected when a simple gas is rapidly admitted to an 
evacuated vessel. 

The sudden heating which accompanies the rapid 
admission of gas, although transient, has several important 
consequences both in the laboratory and in industry. 

In the laboratory, the standard procedure? for making 
binary gas mixtures is to admit the second component 
to a vessel containing the first sufficiently rapidly to 
eliminate back diffusion. The rapid admission of gas 
raises the temperature of the mixture and can lead to 
dangerous conditions in the case of potentially reactive 
mixtures. The hazard of creating potentially explosive 
gas mixtures can be eliminated using a system in which 
the two components are maintained separately in two 
vessels (see Fig. 2). In this, intimate mixing takes place 
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Fig. 2. Mixing vessel for potentially explosive gas mixtures. 
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Fig. 3. The effect of added inert dil 
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for 25, 40, 50 and 75 per cent added diluent. 
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ts on the critical partial pressure (p*) at 1aT-0* C, 
ni ! argon; and 4, diethyl ether. A, p* versus the per- 
centage of diluent added; B, the variation of p* with the thermal conductivi 





$ the ity of the mixture 
The solid Une in B refers to the theoretical 


prediction and Y to the pure diethyl peroxide, 


reasonably speedily by diffusion through a wide-bore 
stopcock after the pressure has been equilibrated through 
a narrow-bore stopcock, 

_ Similar potentially hazardous conditions may exist 
in industry. For example, many industrial accidents 
occur when potentially explosive gas mixtures are trans- 
ferred from one vessel to another. These explosions have 
often been attributed to sparking due to “statie” electri- 
fication, despite the apparent adequacy of the electrical 
earthing of the apparatus. It is our opinion that the 
heating due to the rapid compression of gas flowing 
from a high to a low pressure could in some cases be a 
more likely cause of explosion, the mixture being momen- 
tarily heated to greater than its critical spontaneous 
ignition temperature. 

The transient heating accompanying the rapid admission 
of gas to an evacuated vessel may also give rise to spurious 
results in chemical kinetic measurements and invalidate 
spontaneous ignition experiments. As an example of 
this heating, we cite our recent investigation of the effect 
of added inert diluents on the critical partial pressure of 
gaseous diethyl peroxide necessary for explosion. The 
thermal theory of spontaneous ignition’ predicts that, 
for a first order reaction, the critical partial pressure 
for explosion of a diluted mixture is proportional only 
to the thermal conductivity of the mixture. Our results 
{see Fig. 3), using helium, neon, argon, nitrogen and 
diethyl ether as diluents, although giving qualitative 
agreement with theory, do not agree quantitatively. 
The same qualitative agreements and the same 
quantitative discrepancies have been found by other 
workers in this field’. The origin of the discrepancies 
is to be sought in the heating inescapably accompany ing 
the rapid entry of gas to an evacuated vessel. Consider. 
for example, binary mixtures of diethyl peroxide with 
argon, helium or diethyl ether. Argon does not alter 
the thermal conductivity of the mixture significantly, 
but it reduces the critical explosion pressure (see Fig. 3B). 
The reason is that the initial heating effect aceompanying 
gas entry increases the temperature of the mixture above 
that of the vessel and causes it to explode at a lower 
pressure than in the absence of the heating effect. 
Although helium has the same value of y and C, the heating 
on entry to the evacuated reaction vessel is swiftly 
dissipated because of the high thermal diffusivity of 
helium. Agreement between experiment and theory 
is accordingly much improved. For diethyl ether, in 





common with diethyl peroxide, the heat capacity is 
large and the heating accompanying entry of the gas 
mixtures is very small; consequently diethyl ether + 
diethyl peroxide mixtures behave almost exactly as 
predicted by thermal explosion theory. 

In general, gas flowing from a vessel at high pressure 
to a vessel at low pressure gives rise to heating which 
can easily be a hazard. The effects are negligible only 
in very small vessels or at very low pressures. The use 
of fine thermocouples with rapid thermal response offers 
a means of investigating the effect and of assessing the 
measures necessary to minimize hazards, 

D. H. Fr 
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Cobalt-59 Nuclear Magnetic Resonance 
of Sulphur, Selenium and Arsenic 
Chelates of Cobalt (III) 


Freeman, Murray and Richards'. following a suggestion 
of Orgel, have confirmed that for first period ligands a 
linear relation exists between the nuclear resonance 
frequency v; and the wavelength a; of the 1 T.g<—1A,¢ 
absorption maximum of octahedrally coordinated cobalt 
(IIT) complexes 


(1) 
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where y is the magnetogyric ratio of the cobalt-59 nucleus 
and H, is the external field (fixed to +0-1 oersted at 
12,575 oersted in the experiments described. here). The 
diamagnetic contribution A; to the shielding constant 18 
expected to be largely independent of the ligand environ- 
ment, for its magnitude is controlled by <r>) for Ls, 28, 
3s, 2p and 3p electrons: a reasonable estimate? leads to 
Aj=00021. A high degree of paramagnetic shielding 
B,/ A; arises from second order Zeeman effect paramagnet- 
ism. Crystal field calculations? give By= 328" Cr?) with 
Ajay being approximated by the wavelength in em of 
the 'T,g<—"Ay, band. Griffith? has noted that any deviation 
from pure 3d orbitals can be aceommodated by introducing 
an orbital reduction factor ken (between tyg and eg orbitals), 
so that By= 326% kin (rs where B is the Bohr magneton. 
Accordingly, broad line "Co NMR spectra should provide 
a sensitive probe for variations in either For and/or Tya 
with the nature of the attached hgand. 

The correlation line of Freeman, Murray and Richards 
for “symmetrical” cobalt (IIT) complexes of ligands from 
the first period is marked in Fig. 1. The slope dyvj/daj 
from equation (1) is [(10-*yH,)/27] Ba, from which the value 
B,(C,O,N) = 450 em~} is obtained!. It is remarkable that 
the product fg. Cr? remains constant for these ligands, 
although it is consistent with the fact that Gg weights 
the wave function heavily near the nucleus where it is 
least influenced by the ligand environment. It also carries 
the necessary implication that the orbital reduction factor 
koa Must remain about the same for the z-accepting CN- 
anion, the m-donating oxygen chelates and the nitrogen 
based ligands, This is perhaps unexpected, but the alterna- 
tive possibility that kła and <r?> vary inversely would 
not only be remarkably fortuitous but also would appear 
to be untenable. Thus the overlap of metal and ligand 
orbitals (covalent electron transfer) should lower kan but 
expand the radial part of the 3d orbital-functions (un- 
published work of C. R. Kanekar, R. L. M. and A. H. W.). 


























Table 1* 

Compound Point vit E tem) Aj=1/E 
KCN Je 1 12-7085 32,100 311 
Co en Cl, 2 12-7993 21,300 70 
NaCN Oh 3 12-8031 20,700 480 
CANH, hE 4 12-812 21,100 475 
Colacac), 12-8676 16.800 597 
Kolo 6 12-8734 16,400 610 
Co(S.COEt), 7 12-7874 15,400 649 
Co(SCN PH), 8 12-7888 15,800 633 
Co(S8.CN Meas 9 12-7937 15,300 654 
Co(S.CN(CH,).)5 10 12-7984 15,200 658 
CASEN Ay). i 12-8004 15,300 654 
CAR P(OE ta 12 12-8226 13,500 Tal 
Co(Se,CNMe.); 13 12-7944 15,000 667 
Co(triarsine), Is l4 12-7708 (w) 15,200 658 


12-7771 (vw) 
* The four dithiocarbamates included here were chosen as being repre- 


sentative of the four subclasses of ligand field strength generated by different 
substituents (compare ref. 7, p. 137). 


+ Co resonance frequency (MHz) at 12,575-6 oersted. 


The corresponding chemical shifts for cobalt-59 hexa- 
coordinated with sulphur (for example, in the tris-dithio- 
carbamate and tris-dithiophosphate complexes) are well 
displaced from the line established by Freeman, Murray 
and Richards. This result has now been confirmed in this 
investigation and a selection of our NMR and optical data 
for an extended series of cobalt (ITI) complexes of second 
and third period ligands (two xanthates, fourteen dithio- 
carbamates, one diselenocarbamate, two dithiophosphates 
and one triarsine) are summarized in Table 1. Unfortun- 
ately, the desirable complexes hexacoordinated with 
silicon, germanium and phosphorus ligands are not 
known. If the assumption that A, is insensitive to ligand 
environment is valid, then a new (vj, àj) correlation line 
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Fig. 1. 


can be drawn (see Fig. 1) in which the data for the 
row xanthates, dithiocarbamates and dithiopho: 
are connected to the point vyj= 12-5327 MHz at > 
which corresponds to zero paramagnetic shielding. From 
the slope of this line B, (sulphur) is estimated to be 
310 em~, which corresponds to the ratio 






B 


and period ligands) 
B, (lst period ligands) 





If, as seems likely, <r is largely insensitive to the 
ligand environment‘, then it follows that h,,(sulphur)/ 
koal, O, N) 0-8, which complements the growing body of 
evidence for substantial mixing between metal 3d and 
ligating sulphur orbitals. On the other hand, if the 
decrease in B, were wholly ascribed to d orbital expansion 
by the larger ligands—-an interpretation favoured ‘by 
Kanekar et al.5—a ratio rsa(sulphur)/rsa(C,O,N) 1-1 would 
be derived. Independent measurements of either Xon or 
(rey are required to determine the respeetive contribu- 
tions of these parameters to By. 

The data available for third row ligands are restricted 
to one selenium and one arsenic derivative. Both (vj, 3} 
sets display the marked deviation from the first period 
datum line and, in faet, correlate well with the second 
period ligand data. In the absence of more extensive data, 
it can only be concluded that By(Se, As)w310 emt in 
accord with the sequence 









By (Ist. period) S> By (2nd period) = By (3rd period) 


This series reproduces the well known trends in physical 
and chemical properties of elements in these three periods. 
The present discussion revolves in part on tł sumption 
that the CoL,-microsymmetry does not depart significantly 
from the idealized octahedral environment. The synthesis 
of new cobalt (III) complexes of the heavier ligands and 
an extended series of X-ray structural studies are now 
required to consolidate these correlations. 

We thank Dr G. J. Jenks for cooperation and the 
Defence Standards Laboratories for providing access to 
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tbeir Varian spectrometer. The complex [(Co(Me.As.Me,- 
As.Me,As.Me,As),|1, was provided by Professors G. A, 
Barelay and R. S. Nyholm. 
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Natural Calcium Oxalate with 
Heavy Carbon 


WREWELLITE (CaCO, tH,O) is a rare mineral, two very 
similar occurrences of which have been deseribed in 
septarian nodules in argillaceous rocks':?. The formation 
of whewellite seems to be closely related to the organic 
material embedded in the sediments. Whewellite is 
metastable in almost all natural environments? and may 
form as a result of the metastable precipitation of oxalates 
released during the décomposition of organic matter. 

The ratios C/C and “O/!O for the two German 
whewellites! and for the North American? have been 
determined mass-spectrometrically. The 3-values are 
detined in the usual way and given relative to PDB. At 
least two of the following methods have in each case been 
used for the preparation of the CO, from the oxalate to 
avoid systematic errors: 

(a) Mixing with V,O, and reacting at 1,000° C (see ref. 3); 
(b) converting the oxalate to CaCO, at 500° C and reacting 
with H,PO,; and (e) heating to 1,000° C and freezing 








AUC AND SPO VALUES OF WHEWELLITES AND REL 





‘Table 1. TED SUBSTANCES 








bee 680) 
Wheweilite Hoheneggelsen 1, Germany (a) + TR — 
Whewellite Hoheneggelsen 1, Germany {h) + 4G ~ 16°83 
Whewellite Hohenexggelsen 1, Germany qe) + 86 ~155 
Whewellite Hoheneggelsen 2, Germany (a) + 76 = 
Whewellite Hoheneggelsen 2, Germany (e) + TO ~T24 
Whewellite Huron River, Ohio (a) + OG — 
Whewellite Huron River, Ohio ih) E OF ~ 148 
Oxalate from rhubarb (a) ~ 20-8 — 
Oxalate from rhubarb (h) -ITR -278 
Organic substance from septarian nodule, 
Hoheneggelsen, Germany (a) ~ BBY — 


Although the various methods produced small differ- 
ences in the isotopic ratio, it is not the present purpose to 
identify the likely causes. In spite of these uncertainties, 
however, there is no doubt that the whewellites contain 
heavy carbon. 

If the oxalate in the whewellites is biogenic, then this 
represents the first discovery of natural heavy carbon. 
Light oxalate is often present in plants and animals—for 
instance, oxalate from rhubarb (Table 1). The problem 
of how fractionation can give heavy carbon is not solved, 
although it is hard to believe that the observed fractiona. 
tion of between 20 per cent and 30 per cent ean be con- 
sistent with the view? that the formation of whewellite 
is controlled by reaction rates. Partial bacterial decompo- 
sition of the oxalate into light CO, and heavy residual 
oxalate might be one possibility, and preliminary results 
of bacterial experiments do not contradict an expected 
process of this type. 
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The whewellite samples were supplied by Dr F. Lipp- 
mann, 
J. Hones 
Zentrallaboratorium fiir Geochemie 
der Isotope, 
Géttingen, Germany. 
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Automatic Gain Control Model 
for Vision 


Since the work of G. T, Fechner (1859) the functional 
relationship between the physical luminance (input) and 
the perceived brightness (output) in the visual system 
has been taken to be logarithmic. ‘This hypothesis seems 
to have been based primarily on the observed constancy 
of the ratio of the just-noticeable stimulus change to its 
absolute value, known as Weber's law. In fact, however, 
this constancy is observed only at the higher luminances 
and even there it has been difficult to justify the assumed 
logarithmic gain on grounds other than expediency. 

It seems that Weber's law at high luminance can be 
explained far more simply and convineingly by assuming 
that the brightness (8) and the luminance (L) are related 
as 





B= B, Liz + Do d) 
where B, and x are constants and Ú is the mean luminance 
level. Alternatively, the “gain” may be written 

y= Ë = By ut Ty 2) 

A relationship of this form results from the simplest 
chemical detection models in which the stimulus de- 
composes molecules, which subsequently recombine 
spontaneously, We may assume the rate of decomposition 
to be proportional to the fractional concentration ( p) of 
the sensitive molecules and to the stimulus magnitude 
(L), and the recombination rate to be proportional to the 
concentration (1— p) of the decomposition products. 
Then at equilibrium, where these two must be equal, we 
have 

pak eL=k, (l= p) 
where k, ky are rate constants. Solving this for p, we 
find 

e=x (L+%) 4 
where x=k,/k,. If the response is assumed proportional 
to p, equation (1) results with B, = hy. 

It is interesting to note that the identical equation 
covers the simplest “automatic gain control” system as 
used in radio receivers to equalize output volume when 
switching between transmitting stations of widely differing 
strengths. 





accounts fully for the phenomenon of brightness 
ancy-—at least at high luminance. 
Note that at high luminance the gain approaches 


g= B/E 





lim 
Line 
Thus a constant “Weber—Fechner fraction” 
ALT =C 
implies a constant output-difference: 
AB=g AL=0B, 
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at high luminance. This accounts for the observation of 
Weber’s law there. 

To account for the threshold data in detail, we must 
consider the various sources of noise which must be 
present. These are: (1) Quantum noise due to the quan- 
tum nature of the incident radiation’. (2) “Dark light’? 
noise due to fluctuations in the response the detector 
makes even in the dark. (3) Fluctuations in the output 
due to spontaneous neurone activity in the cortex. 

When these are considered, the observed threshold 
contrast data are predicted quite accurately on the basis 
of the proposed model, both for circular disk* and sinu- 
soidal! objects. 

L. Levi 
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BIOLOGICAL SCIENCES 


Abortive Transformation by the Tsa 
Mutant of Polyoma Virus 


THe Tsa mutant of polyoma virus (PyTs 
lethal mutant isolated by Fried!. PyTsa grows normally 
at the permissive temperature (31-5° C), but at the non- 
permissive temperature (385°C) there is a failure of 
normal viral DNA synthesis, and of vegetative growth 
in mouse cells. Transformation of hamster cells by 
PyTsa is also inhibited at 38-5° C; this raises the question, 
Is the mutant gene required simply for the viral induced 
change in the cell physiology or is it concerned with the 
stable propagation of the transformed state? These 
alternatives can be distinguished by the phenomenon of 
abortive transformation?. 

When hamster cells of the BHK21.line are exposed to 
polyoma virus at sufficiently high multiplicities, a large 
proportion of cells develop a characteristic of transformed 
cells, namely the ability to grow in suspension. In most of 
the transformed clones, however, this altered growth 
character is lost after a few divisions and the cells regain 
their original state (abortive transformants). Only a 
small proportion of clones retain the transformed character 
indefinitely, presumably through stable perpetuation of 
the viral genome (stable transformation). We therefore 
investigated the ability of the Tsa mutant of polyoma virus 
to initiate abortive transformation and stable transforma- 
tion respectively, in permissive and  non-permissive 
temperature conditions. 

BHK21 cells were cultured and infected in methyl- 
cellulose?:5, 105 haemagglutinating units (HAU) of PyTsa, 
partially purified by density gradient centrifugation, were 
added to 2x 10° cells in 1 ml. methyl-cellulose suspension 
cultures in agar lined holes, and incubated at 38-5° © or 
315°C. After 7 days the cultures were transferred to 
37°C. Similar cultures were infected with 105 HAU wild 
type virus, either the large plaque (PyLP)! partially 
purified as given here, or stock small plaque (PySP) virus 
concentrated! but not purified further. 

The diameters of at least 200 developing colonies were 
measured in each culture on successive days, and clone 
sizes were expressed as single cell volume equivalents?®. 
To identify stably transformed clones the 1 ml. methyl- 
cellulose suspension cultures were diluted with 4 ml. of 
growth medivm to reduce viscosity. These were cultured 







) is a conditional 
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Table 1. GROWTH OF BHK2] CELLS IN METHYL-CELLULUSE SUSPENSION 
CULTURES AFTER INFECTION WITH PyTsa MUTANT AND PySP WIED TYPE 
POLYOMA VIRUS 


a$ 


Identity of dor 





Per cent clones of 





different sizes Trans- 
Incubation Virus (cell equivalents)” formed! Per cont 
28 >32 p138 Total 
~ 19-6 nt nt nt 
7 days at 315° C PyTsa 64 nt nt at 
PySP 60 nt nt nt 
= 5 nt nt ut 
7 days at 385° € PyTsa 23-5 nt nt ni 
PysSP 635-0 nt nt ut 
_ 26 Ol Od 0/2 Sa 
7 days at 315° C: PyTsa 59 29 67 16/65 2B 
l day at3re o Pys P 47 13 20 ai RE 
= 10 05 _ O10 aa 
7 days at 38:5° Co PyTsa 30 59 0-5 A40 ORE 
l day at37°o o PySP 63 44 17 18/301 48. 
_ 29 10 Q 07 _ 
7 days at 3 L5 Ce PyTsa 6: 29 77 US? AL 
5 days at 37° € Pys8P a3 36 a7 1055 18 
— 21 84 10 O72 ra 
7 days at 38:5° C+ PyTsa 43 15 8-0 0420 <020 
5 daysat 37°C | PySP 73 41 28 10/59 va 


10° haemagglutinating units of virus added to 2 « 10° cells and incubated 
at permissive (31-5° C) and non-permissive (38-5° C) temperatures for 7 daya 
before transferring to 87°C. * Clone sizes calculated from diameters of at 
least 200 spherical colonies at times shown. t Clones of more than 100 cells 
identified from orientated or random arrangement of cells after replating 
on plastic, Totals not comparable. 





nt, Not measured, 


in plastic Petri dishes on which the colonies attached and 
the cells emigrated. After 2 days most attached colonies 
showed normal parallel orientation of cells. Transformed 
colonies were identified by the persistent random arrange- 
ment of the emigrating cells. 

Table 1 shows the results of a typical experiment with 
PyTsa and PySP (less complete experiments using PyLP 
as the wild type control gave similar results). In the un- 
infected controls a small proportion of cells grew as 
reported previously. This background of normal growth 
was increased by incubation at 31-5°C, but was not 
enough to obseure the effect of the virus. 

Growth in suspension, above the background found in 
uninfected controls, was found after infection by both 
PyTsa and wild type virus at both temperatures. Com- 
pared with input virus and response at 3L5° C, the 
response to PyTsa at 38-5° C was somewhat less than the 
response to PySP (and also to PyLP in other experi- 
ments), but the growth stimulation was none the less 
obvious. When the resulting colonies were examined 
further by replating, however, typical transformation was 
found to follow infection with PyTsa at low temperature 
only. As expected, no stably transformed colonies were 
identified after infection at 385°C. PySP (and also 
PyLP in other experiments) gave rise to stable transforma- 
tion at either temperature. The transformation fre i 
appeared to be highest with PyTsa at 815° C, bu 
doubtful if the method allows accurate comparison. 

These results show that, in non-permissive conditions, 
the Tsa mutant is able to initiate a temporary change im 
BHK21 cells leading to growth in suspension, that is, 
abortive transformation, but it is unable to give rise to 
stable transformation. It is known that PyTsa will also 
induce host cell DNA synthesis during vegetative growth 
in mouse cells in non-permissive conditions tpersonal 
communication, M. Fried), and this may be caused by the 
same viral function that induces the initiation of cell 
division in suspended harnster cells. Abortive transforma- 
tion by PyTsa is somewhat less efficient than by either 
SP or LP wild type virus, and this may be caused by laek 
of normal replication of viral DNA. 

The data suggest that the gene which is affected in the 
Tsa mutant is not concerned with the expression of the 
transformed phenotype, but rather with the events leading: 
to stable perpetuation of the viral genome. Jf, as we 
suppose, this involves the conversion of a free double 
stranded circular molecule into a linear form which is 
then inserted into host cell DNA, then the Tse function 
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might be coneerned, for example, with strand scissi 
ligation. 





on or 
Whatever the defect, it also interferes with 
production of normal virus DNA during vegetative 
growth, Finally, these results emphasize the distinction 
between the temporary expression of the transformed 
phenotype of the cell and the stable inheritance of the 
transformed state. 

Part of this work was carried out while one of us (M. S.) 
was a visiting scientist at the Salk Institute for Biological 
Studies. 
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Allotypic Marker GPy,-1 of Guinea-pig 
Immunoglobulins 


ExvTensive use of the guinea-pig as an experimental 
animal necessitated investigation of its immunoglobulins. 
The guinea-pig has been found to possess two IgG classes: 
yı and y, differing in many characteristics. in particular 
in their immunoeleetrophoretie mobility! The anti- 
bodies of y, class mediate passive systemic or cutaneous 
Anaphylaxis; y antibodies cannot do this, but they 
inhibit specifically passive cutaneous anaphylaxis 
provoked by y, antibodies by competing for the antigen. 
The antibodies of y, class lack the receptors for fixation 
to guinea-pig tissues and do not compete with sensitizing 
antibodies for the receptor sites’. The y, antibodies 
fix complement in the presence of antigen; y, antibodies 
lack this capability. The antibodies of y, class are more 
efficient than y, in provoking haemorrhagic necrosis 
in reverse passive Arthus reaction’. This topic has recently 
been reviewed in detail’. 

It would be of great value to have naturally occurring 
and genetically determined markers on the immuno- 
globulin molecules of this species, similar to those which 
have been described in other species such as man, rabbit 
and mouse (reviewed in refs. 6-9). The existence of some 
alloiypie markers on IgG molecules of the guinea-pig was 
reported 8 years ago and has been shown by the delayed 
hypersensitivity reaction, Unfortunately, this work 
has not been followed up. 

This communication gives details of a new finding 
of an allotypic marker located on the molecules of y, 
class in guinea-pigs. Twelve guinea-pigs of the inbred 
Heston strain (also known as Sewell Wright group), after 
at least twenty-five generations of brother—sister mating, 
were used for immunization, They received eight sub- 
cutaneous, intramuscular and intraperitoneal injections 
of outbred guinea-pig IgG (obtained by precipitation 
with 18 per cent Na,SO,, followed by 15 per cent Na,SO,), 
with complete Freund’s adjuvant (containing | mg of 
Mycobacterium tuberculosis per mi.). 

Five IgG outbred donors were used; each recipient 
guinea-pig (Heston) was injected with an individual 
IgG preparation of one of the outbred guinea-pig sera. 
"Two or three Heston guinea-pigs were used for immuni- 
gation with each IgG preparation. Every given Heston 
guinea-pig received in all about 0-5 mg of protein during 
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a year; the injections were repeated monthly in a dose 
of about 50 ug and the recipients were rested for 6 months 
after the seventh injection. Then they were re-injected 
intramuscularly (50 ug of protein), bled by a heart puneture 
for a small volume 8 weeks later and the sera tested. 

Fig. 1 shows the precipitation reaction in 1 per cent 
agarose gel after 24 h at room temperature, between the 
allotypie determinant present in the serum of an outbred 
guinea-pig (GP 1) and the corresponding anti-alloty pic 
antibody produced by one of the Heston guinea-pigs. 





Fig. 1. Precipitation in 1 per cent agarose gel between the original donor 
gulpea-pig’s serum (well 1) and the guinea-pig allotypic antibody 
anti-GPy.-1 (well 2). 





3 


Fig. 2, Immunoelectrophoretic patterns in 1 per cent agar (barbitone 
buffer, 0-05 M, pH 8-6; 20 Vjem for 90 min), Well 1, original donor 
serum; well 2, guinea-pig ye preparation; well 3, guinea-pig y, prepara- 
tion; trough A, guinea-pig allotypic antiserum (anti-GPy.—1)) trough 
B, rabbit anti-guinea-pig y, + ys antiserum. The upper precipitin line has 
been reinforced with ink for better visibility on reproduction, 


Fig. 2 demonstrates the location of this allotypic 
determinant. which will be called GPy.-l, on the 
molecules of y, class. The precipitation line, although 
readily visible on the agar-gel plate, was rather faint 
on the print, but there was no doubt as to the region 
in each where it appeared. This corresponded almost 
exactly to the region of y, as shown by the precipitation 
of electrophoresed y, preparation by the rabbit anti-y, 
antibody. 

Table 1 shows a list of the precipitation tests performed 
in 1 per cent agarose gel. Out of thirty-four preparations 
of guinea-pig serum or immunoglobulin, only two gave 
a positive reaction: the serum of the guinea-pig whose 
IgG was used for injections and a pool of ye The other 
antigen samples were negative. 

It seems that the allotypic marker GPy,-1 rarely 
occurs among the outbred guinea-pigs and that it is 
absent from the inbred guinea-pigs of the Heston strain 
tested. It was not found either in the pool of L ebain 
or in the pool of yp but was present in the pool of ya 
and so we can rightly assume that GPy,-1 is a marker 
specific to the H chain of the y, class. The y, preparation 
tested derived from purified antibodies against dinitro- 
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Table 1. RESULTS OF TESTING GUINEA-PIG SERA AND THEIR PREPARATIONS 
IN 1 PER CENT AGAROSE GEL WITH ANTI-GPy,-] PRECIPITINS 

Antigen Result 

GP 1 serum (original donor) + 

GP 2 serum bi 

GP3 ,„ = 

GPA j 

GPS ,, = 

GP Heston 1 serum w 

GP Pa 2 bi èr 

GP, 8 ~ 

GP nno 4 n ~ 

GP, 5 p, = 

GP » 6 ~ 
_ Guinea- -pig L chain pool ~ 

New York | #6 i 7 pool z 


Twenty indy idual guien pig IgG pre- 
parations =, 


+ Denotes precipitation. 


phenol (DNP), and so the GPy,-1 is a determinant 
marking at least some of the y, antibody molecules. 

Finally, I should stress that the choice of recipients 
is important. An inbred strain of guinea-pigs (in this 
case Heston) was chosen for the recipients purposely 
and the animals were immunized with proteins of ordinary 
outbred guinea-pigs. This gives a good chance of coming 
across a great variety of protein polymorphism within 
a community of “mongrel” guinea-pigs, and, on the 
other hand, there is the opportunity of using for recipients 
individuals of homozygous nature (in an inbred strain), 
and therefore restricted in such polymorphism. 

The method of immunization also deserves some 
consideration, although the course of injections described 
here is not necessarily the best. Large doses of antigen, 
it seems, should be avoided. It should be administered 
not too frequently, and, above all, the immunized animal 
should have a long rest between courses. The last rule 
has proved to be the most essential. 

I thank Drs B. Lisowska-Bernstein and M. Lamm 
for preparations of guinea-pig immunoglobulins, Professor 
P. G. H. Gell for IgG samples of individual guinea-pigs, 
Dr ©. N. D. Cruickshank for Heston guinea-pigs and 
Miss Mary Crook for technical assistance. This work 
was supported by the Medical Research Council. 
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Androgenic Induction of «2-Globulin 
in the Rat: Requirement of an 
Intact Pituitary 


A SEX dependent urinary protein in the rat has been 
described by Roy and Neuhaus'-*, This protein is an 
ay-globulin (au) of hepatic origin and has a molecular 
weight of 26,400 (refs. 2 and 3). It is rapidly excreted in 
the urine*. The level of au in blood is therefore very low 
(<3 mg per 100 ml. blood). This protein is absent in 
females and immature male rats. The synthesis of au 
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is very sensitive to hormonal manipulations’. Treatment 
with testosterone of the spayed females induces its syne 
thesis whereas treatment of adult male rats with oestradiol 
brings about a complete repression’. A quantitative 
immunological method for the assay of ay has been 
described?, All of these above mentioned properties make 
tu a Very convenient system for studying the possible 
hormonal control of gene action in the mammalian system, 
In this communication we report our studies on the 
requirement of the pituitary gland for the androgenic 
induction of a. in spayed rats. 

Albino rats of the Holtzman strain were used for this 
study. Rats were housed in individual metabolic cages 
and were fed a paste made by mixing water with powdered 
Purina rat chow. Collection of urine and the assay pro- 
cedure have been described earlier’, An emulsion of 
testosterone in a mixture of phosphate buffer (pH 7-2), 
propylene glycol and “Tween 80° (89-6 : 10 : 0-4 by volume) 
was used for subcutaneous injection. The control rate 
received only the solvent. Ovariectomy was performed 
through the dorsal approach and hypophysectomy by 
the parapharyngeal approach’. The operated animals 
were allowed to recover from surgical traurna for one 
week before the start of the experiment. 

To study the hormonal interrelationship in the process 
of androgenic induction of x we felt that the optimum 
dose of testosterone should first be established. Fig. 1 
shows the time course of induction of a... in spayed rate 
at four different doses of testosterone. Six rate in each 
group received testosterone daily at doses of 20, 100, 200 
and 500 ug per 100 g body weight. Daily urine samples 
were assayed for z, starting from the fourth day after the 
beginning of testosterone treatment. Urine samples for 
the first 3 days were not collected because no detectable 
amount of m could be found in the first 2-3 days after 
the initiation of testosterone treatment’. As shown in 
Fig. 1, daily injection of 200 ug of testosterone per 100 g 
body weight was found to be optimum for the induction 
of au in spayed female rats. 

One group of spayed female rats and another group of 
spayed and hypophysectomized rats were treated with 
daily injection of testosterone (200 pg per day per 100 g 
body weight). The results obtained from such a study are 
presented in Fig. 2. Spayed rats with intact pituitaries 
yielded a normal increase in the daily exeretion of oyu, 
whereas those rats which lacked both ovaries and 
pituitaries failed to respond to testosterone with respect 
to the induction of «u. Extracts from liver and kidney 
tissues and serum of these testosterone treated spayed 
and hypophysectomized rats were assayed for the presence 
of ga by a double diffusion method’. This experiment 
demonstrated the absence of da, and showed that there 
was no accumulation of «a in kidney. It may therefore 
be concluded that the defect in the hypophysectomized 
and spayed rats lay in the synthesis rather than in the 
ability of these animals to excrete the protein. 

The absolute requirement of an intact hypophysis for 
androgenic induction of am shows a possible interrelation- 
ship between different endocrine factors in the control of 
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gene expression. Although removal of the testes from 
adult rats greatly reduces the excretion of ou, its synthesis 
is not completely abolished’, In other experiments, we 
observed that removal of both testes and pituitary com- 
pletely abolished a. excretion in the urine. At present it 
is difficult to interpret the precise role of the pituitary 
gland in controlling the synthesis of au, It seems possible 
that a pituitary factor rather than testosterone may be the 
ultimate inducer of agu in the liver cells. Testosterone and 
oestradiol could influence the production and/or release 
of the possible inducing factor from the pituitary or else 
the sex hormones could bind with this hypothetical factor 
and thereby convert it to an inducer or a repressor through 
allosteric transition. The latter hypothesis is in accord 
with the theory of Monod, who suggested that some 
hormones may act as allosteric agents at the level of 
specific repressors’, 

We thank Dr Otto W. Neuhaus for his criticism and 
suggestions. We also thank Mrs 8. Milke and Miss L. 
Tolliver for technical assistance. This investigation was 
supported by a US Public Health Service research grant. 





MAHENDRA KUMAR 

Arun K. Roy 

A. E. AXELROD 
Department of Biochemistry, 
School of Medicine, University of Pittsburgh, 
Pittsburgh, Pennsylvania 15213. 


Received May 2, 1969. 


1 Roy, A. K., and Neuhaus, O. W., Proc. Soe. Exp. Biol, and Med., 121, 
894 (1966). 

? Roy, A, K., Neuhaus, O. W., and Harmison, C. R., Biochim. Biophys. Acta, 
127, 72 (1966). 

1 Roy, A. K., and Neuhaus, O. W., Biochim. Biophys. Acta, 127, 82 (1986), 

“Roy, A. K., and Neuhaus, O, W., Nature, 214, 618 (1967), 

a grimm, g. Q., Ratin Laboratory Investigation, 380 (Lippincott, Philadelphia, 
1942). 

t Ouchterlony, O., Prog, Allergy, 5, 1 (1958). 

"Monod, J., Endocrinology, 78, 412 (1966). 


Interspecies Constancy of N-Terminal 
Amino-acid Sequences in the 
y-Chain of Fibrinogen 


THe fibrinogen molecule from several mammals is made 
up of three different peptide chains!*, the «(A), 8(B) and 
y chains, which are cross-linked by disulphide bonds and 
possibly other bonds*-*. Previous comparative studies of 
the primary structure of fibrinogen have dealt with its 
N-terminal amino-acids? and with amino-acid sequences 
of fibrinopeptides A and B, released from amino termini 
of the respective chains by the action of thrombin’. 
These have shown considerable interspecies variation in 
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amino-acid sequences of the fibrinopeptides, except for a 
relatively constant C-terminal sequence in the fibrino- 
peptide A. We now report a second relatively constant 
sequence in the fibrinogen molecule, the amino terminus 
of its y-chain. 

Our fibrinogen samples, precipitated with glycine? from 
one human plasma pool (three donors) and from two 
porcine plasma pools (four donors each), were all 97 per 
cent coagulable with thrombin’, Unmodified fibrinogen 
was subjected to stepwise degradation by the three-stage 
phenylisothiocyanate method=!  Amino-acid phenyl- 
thiohydantoins were identified as described previously" 
and, when necessary, were eluted from silica gel thin 
layers for measurement, 


Table 1, EDMAN DEGRADATION OF FIBRINOPEPTIDES AND FIBRINOGEN OF 


MAN AND PIG 
Man Pig 


Step Peptide Fibrinogen Peptide Peptide Fibrinogen 
F: F: B 

1 Ala Ala, Tyr Ala Ala Ala, Ala, Tyr 
2 Asp Asp, Val Git Tie Glu, Ile, Val 
3 Ser Ser, Ala Val Asp Val, Asp, Ala 
4 Gly aly, Thr Gln Tyr Gin, Tyr, Thr 
5 Glu Glu, Arg Asp Asp Asp, Asp, Arg 
8 Gly Giy, Asp Lys Glu Lys, Glu, Glu 
$ Asp Asp, Asn Gly Asp Gly, Asp, Asn 


Deduced y-chain residues are in bold-face type. Fibrinopeptide data are 
fram ref. 7, 

As in our analysis of bovine fibrinogen, the human 
and porcine y-chain sequences could be deduced by dif- 
ference between the results of stepwise degradation of 
whole fibrinogen (Table 1) and the known N-terminal 
sequences (fibrinopeptides) of the 2(A)- and 8(B)-chains?. 
Data are not ineluded for human fibrinopeptide B, because 
its N-termmal pyroglutamic acid is not accessible to 
Edman degradation, Table 1 lists only the major N- 
terminal residues for each step. Human fibrinogen yielded 
also trace amounts of residues, not listed here, correspond- 
ing to the sequence of fibrinopeptide AY, a fibrinopeptide 
A variant which lacks the normal N-terminal alanimet® 
and comprises about 10 per cent of the total fibrino- 
peptides “A” from large plasma pools!?. By subtraction, 
unambiguous qualitative answers were obtained for the 
y-chain residues (Table 1, bold-face type). At step six, 
porcine fibrinogen yielded only lysine and glutamic acid, 
the amino-acids expected from the «(A)-chain and the 
8(B)-chain, respectively. The molar yield of glutamic acid 
at this point, however, was found to be 1-9 times that of 
lysine, so the step six residue of the porcine y-chain is 
glutamie acid. 

Knowledge of N-terminal sequences in whole fibrinogen 
can be used in further structural studies, because they 
provide markers to specify, as N-terminal, fragments 
produced by chemical or enzymatie cleavage of the mole- 
cule. Iwanaga et al., for example, used the unpublished 
whole fibrinogen sequences of A. Henschen and of E. 
Trion to identify an N-terminal fragment of the y-chain 
obtained from human fibrinogen after cyanogen bromide 
treatment, reduction and carboxymethylation, The 
sequence results of Twanaga et al. agree with ours and, 
moreover, explain our inability to carry Edman degrada- 
tion beyond step seven, at least in the case of human 
fibrinogen. Iwanaga et al. found position eight of the 
fragment occupied by half-cystine which, because whole 
fibrinogen contains no free sulphydryl] groups'*, was pre- 
sumably attached by a disulphide bond to some other 
point in the intact molecule; this prevented its release by 
Edman degradation. 

The N-terminal sequence of the human y-chain which 
we report, Tyr-Val-Ala-Thr-Arg-Asp-Asn-, is identical 
with that of the ox! and differs from the porcine sequence 
only in the substitution of glutamic acid for aspartic acid 
at position six. Thus, in these three species, the first 
seven N-terminal residues of the y-chain are 95 per cent. 
homologous, whereas the «(A)-chain and the §(B)-chain 
are only 10 per cent and 29 per cent homologous’. Con- 
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servation of structure in the y-chain of fibrinogen suggests 
it may be functionally important. And Blombäck et al. 
have found that the amino terminus of the human y-chain 
is linked to the amino termini of the «(A)- and B( B)-chains 
in a “disulphide knot” which may maintain a conforma- 


tion favourable for the specific proteolytic action of 


thrombin. 

We thank Dr Birger Blombäck for an introduction to the 
three-stage phenylisothioeyanate met hod, Professor Ulrich 
Westphal for reviewing this manuscript, and Mrs Margaret 
White for technical assistance. This work was aided by 
grants from the US National Institutes of Health and the 
Swedish Medical Research Council. 
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Surface Ultrastructure of Platelets 
and Thrombocytes 


THis communication describes preliminary results ob- 
tained by scanning electron microscopy of platelets and 
thrombocytes. Human, baboon (Papio cynocephalus), 
chicken and turkey cells were examined. Plastic or 
siliconed apparatus was used for all pre-fixation stages. 
Platelet aggregation was induced in citrated mammalian 
blood by addition of ADP, and aggregated thrombocytes 
were obtained from clotted avian blood after defibrmation. 
Fixation and examination under the Cambridge ‘Stereo- 
sean’ electron microscope were performed using methods 
described in a previous communication, 

In sequestrenated blood. platelets and thrombocytes 
were present as individual structures. Human and baboon 
platelets were irregular in shape, with a generally smooth 
surface. Chicken and turkey thrombocytes were larger, 
although very variable in size, and po d a convoluted 
surface. 

Platelet aggregates produced by ADP in mammalian 
blood and thrombocyte aggregates formed during clotting 
of avian blood were strikingly similar in appearance, In 
both eases, the cell surface membranes were irregular and 
many elongated cytoplasmic processes were present (Fig. 





AQ) 





Vig. 1. Aggregated baboon platelets in ADP-treated plateletich 


plasma. x 6,000, 


1). Often, these processes seemed to have fused with those 
of other cells to produce links within the aggregates. 

It is of interest to note that, although aggregation of 
mammalian and avian cells takes place by different 
mechanisms, the morphological end result was the samme. 
The formation of processes bore a distinct resemblance to 
the protrusions previously observed on agglutinated red 
cells??, In addition, the results supported transmission 
electron microscopic observations on platelet pseudopodal 
formation*. 

We thank the Cambridge Scientific Instrurnent Come 
pany for access to their instrument and the Medical 
Research Council, St Bartholornew’s Hospital Joint 
Research Board and the Welleome Trust for financial 
support. 
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New Ultrastructural Features in the 
Wool Follicle 


A sTUDY of wool follicles from the New Zealand Romney 
sheep has revealed several ultrastructural features not 
previously reported. Here I describe briefly the occurrence 
of nuclear pockets, polysomes in helical array and micro- 
tubules, observed with a Philips EM 300 electron miero- 
scope. 

The follicles. fixed in either 2-5 per cent ghiteraldehyde or 
Karnovsky’s fixative!. buffered to pH 7-3 with cacodylate 
buffer, were post-osmieated and embedded in ‘Epon’. 
Silver sections were cut onto ‘Formvar’-carbon coated 
grids and stained with uranyl acetate and lead citrate. 

Nuclear pockets have been described in various ty 
of normal and abnormal blood cells from humans 

7.8 birds and cy 
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Fig, 1. Nuclear pocket of a cortical cell (x 18,000). 


fibre cortex (Fig. 1). Nuclei with pockets were seen through- 
out the keratogenous zone of the developing wool fibre. 
but more rarely in. and adjacent to, the mitotic zone. 
In the outer root sheath, they were seen in the thickened 
region above the wool fibre bulb and in cells adjacent 
to the region where the follicle inner root sheath breaks 
down. The two ehief identifiable components of the 
eytoplasm enclosed im the pockets were ribosomes and 
keratin fibrils, including developing macrofibrils. As 
reported!:74°, the chromatin associated with the mem- 
branes lining the pockets is condensed. 

This report of nuclear pockets in follicle tissuc extends 
the range of tissues?! where nuclear pockets occur, and 
suggests that their occurrence may be more general than 
formerly appreciated. No evidence for a specialized 
function of the pockets in the wool follicle, other than the 
increase of chromatin area in contact with the cytoplasm’, 
could be deduced from the apparently divergent functions 
of folhele cells in which they oceur. 

Long chain zigzag arrangements of the ribosomes 
making up polysomes have been reported in various am- 
phibian and mammalian cell types and in bacterial), 
Weiss and Grover? have presented evidence indicating 














Fig. 2. (Helical polygomes (arrows) of an inner root sheath cell (x: 
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that the asymmetry of the pitch of the zigzag lines of 
ribosomes is consistent with a helical arrangement of 
the ribosomes in the polysome. In addition to rosette 
forms', polysomes conforming to the helical configuration 
were found in both cortical cells of the developing wool 
fibre and cells in Huxley's and Henle’s layers of the forming 
inner root sheath (Fig. 2). More than twenty ribosomes/ 
polysome have been counted in some polymers. 

In the cortex, these polysomes oceurred most frequently 
in the keratogenous zone where most of the amorphous 
matrix protein(s) and the helix-eonteining low sulphur 
proteins of keratin are synthesized!) #6, 

Cytoplasmic tubules resembling microtubules! * were 
seen in the fibre cortex cells of the follicle (Fig. 3). These 
long tubules were 210-240 A in diameter and appeared 
separated from the rest of the evtoplasm by an area of low 
electron density 420-500 A in diameter (Pig. 3). They 
occurred in the cell elongation zone and the keratogcnous 
zone. Where the cells retain their elongated form. In 
these zones, their preferred orientation was parallel to 
the long axis of the cell although some tubulos were 
oriented at right angles to this axis. The tubules did not 
scern to be restricted to any particular part of the evto- 
plasm. 

















Inset, microtubule 


Microtubule in a cortical cell {x 53,000). 


Fig. 3. 
erass-section (x 120,000). 


The presence of these tubules in the wool follicle parallels 
that of the elongating and keratinizing cells of the epi- 
dermis’, as might be expected. It bas been suggested 
that mierotubules have a primary role in the alteration to, 
and maintenance of, asymmetrical cell shapes'*??. Their 
presence in the elongating cells of the cortex offers there- 
fore either an alternative or a supplementary hypothesis 
to that of pressure as the cause of cell elongation in the 
follicle?’. 
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Effect of Growth Hormone on Skeletal 
Mass in Adult Dogs 


Tur skeletal mass of adult dogs of both sexes can be 
significantly increased by administering exogenous bovine 
growth hormone (0-5 mg/kg/day for 84 days} without 
inducing acromegaly or diabetes. This increase is a con- 
sequence of a marked rise in new bone formation. The 
new bone is histologically and microradiographieally 
normal, 

Skeletal remodelling was evaluated by measuring cor- 
tical bone formation with the colour-coded tetracyeline 
method! and by measuring bone mineral accretion using 
standard “Ca kinetic techniques. Each animal served 
as its own control during a 3 month control period before 
the 3 month experimental period. 

After the animals had been killed, four undemineral- 
ized sections of cortical bone were obtained from each of 
twenty-nine representative skeletal sites and examined 
for tetracycline fluorescence. We determined the total 
amount of bone present, the amount of new bone formed 
during the control period and during the experimental 
period, and porosity. Bone formation in each periosteal, 
endosteal and cortical region was determined separately. 


Table 1. PERCENTAGE OF NEW BONE FORMATION IN TIBIAL CORTEX IN A 
YEAR 
Dog Control period Growth hormone period 
27 62 B64 
28 43 43:8 
29 83 23-6 
30 12-6 27-1 
50 19-0 TIT 
51 16 12-6 


The change in bone mass during the time of administra- 
tion of growth hormone was estimated using samples 
taken at death. The maximum possible mass of cortical 
bone before treatment in a given section is the sum of 
all bone not labelled with tetracycline, all intracortical 
porosity at the time of death and all intracortical bone 
labelled by growth hormone (assuming the worst possible 
conditions, namely that before treatment there was no 
porosity and that all intracortical bone deposited during 
treatment merely replaced existing bone). If the total 
bone present at death is greater than this value, treatment 
must have resulted in an increase in cortical volume. If 
the density remained constant and volume increased, 
mass must have increased. Density was determined by 
microradiography. Any increase in mass shown by this 
method must be minimal because of the bias against 
detecting an increase in mass inherent in the assumptions 
given, 

Table 1 shows the average rate of formation of new 
cortical bone in the tibia of each dog during the control 
and growth hormone periods. Similar values were ob- 


403 


tained for all other long bones and. ribs. The increased 
formation of new bone is striking. Although intracortical: 
porosity was increased by growth hormone, the marked 
increase in new bone exceeded the increase im resorption, 
resulting in a net increase in cortical skeletal mass. Forma- 
tion, not resorption, occupied almost every endosteal 
surface, Skeletal mass was increased in 63 per cent of the 
regions examined. Similar analysis of contro! animals 
showed an increase in skeletal mass in less than 5 per cent 
of the corresponding regions. š 

At the end of the control and treatment periods, 8 day 
calcium balance and calcium kinetic studies were carried 
out on four of the dogs after injection of 10 mCi of Ca. 
The data were evaluated by means of a 2 compartment 
kinetic model*. 

Bone mineral accretion, calculated by the turnover 
difference formulation?, was significantly increased, from 
a mean of 122 to 15-0 mg/kg/day. The mean pool size, 
56-8 mg of calcium/kg, was unchanged by treatment. 
The turnover of pool calcium was slightly but significantly 
reduced in all animals (from a mean of 348 to 20-7 ng /ke/ 
day). Urinary calcium remained negligibly small through- 
out both control and treatment periods. Endogenous 
faecal loss of caleium (EFC), the principal excretory route 
for endogenous calcium in the dog, and the principal 
component of pool turnover, was strikingly reduced by 
growth hormone (from 21:3 to 13-6 mg/kg/day). Absorp- 
tion from the diet was more than doubled while growth. 
hormone was being given, and the decrease in EFC is 
probably on the basis of increased absorption rather than 
decreased secretion. 

There are several possible reasons why the merease m 
accretion was smaller than the percentage increase in 
cortical bone formation measured by tetracyeline. The 
accretion value applies to the entire skeleton, cortical 
as well as cancellous bone, and includes long term ex- 
change. Furthermore, it is derived at only a single point 
in time. On the other hand, the results of staining with 
tetracycline reflect only cortical bone and represent an 
integrated measurement taken over 12 weeks. 

Progressive decrease in skeletal mass in post-meno- 
pausal osteoporosis is the chief cause of fractures in 
elderly women. The cause of this skeletal loss remains 
obscure, but post-menopausal women are the only 
normal adults with lower than usual serum. concentrations 
of growth hormone, both resting and after hypoglycae- 
mia?. Possibly, the reduction in this stimulus to new bone 
formation contributes to the development of post- 
menopausal osteoporosis. 

A universal characteristic of senile and post-rmeno- 
pausal osteoporosis is the progressive endosteal resorption 
that leads to decreased cortical thickness in man and 
dogs’. Exogenous growth hormone not only increases 
the net cortical mass but specifically stops the character- 
istie endosteal resorption and, furthermore, reverses this 
loss by inducing extensive endosteal deposition of new 
bone. 

We have not substantiated experimentally the view 
that increased concentrations of growth hormone lead 
to esteopenia. Similarly, this view has recently been 
refuted on clinical radiographie grounds*. 

No therapy has been shown to reverse the loss of 
skeletal mass in osteoporosis. Several agents, such as 
oestrogen and high calcium intake, decrease the “resorp- 
tion” value obtained in calcium kinetic studies of osteo- 
porotic patients. But they produce a positive calcium 
balance (or a decrease in negative calcium balance) only 
during a transient phase in which “resorption” is de- 
creased and accretion continues unaltered. With time, 
aceretion decreases as well, the improvement in balance 
decreases and osteoporosis remains or continues to 
inerease, but at a slower rate’, Apart from the possible 
role of growth hormone in the aetiology of osteoporosis, 
the ability of this hormone to stimulate the formation of 
new bone and bring about an increase in skeletal mass 
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could be an important clue to the treatment of this 
widespread condition. 

Witiuiam H. Harris 
Orthopedic Research Laboratories, 
Massachusetts General Hospital, 
Boston, Massachusetts. 
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Constitution and Physical Chemical 


Properties of Intramuscular Connective 
Tissue 


THE composition and physical chemical properties of 
the internal connective tissue of mammalian musele 
have received little attention in the past. chiefly because 
of the difficulties of isolating intact tissue, free from 
musele proteins. Consequently, comparatively little 
information exists about this important constituent, 
which accounts for 2-10 per cent of the dry weight of 
skeletal muscle? and which essential for normal 
muscular function. 
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Fig, 2. Isometric tension generated by intramuscular connective tissue 
UMET) (curve 4) and tendon (curve B) on hydrothermal denatura- 
tion. Connective tissue strips were equilibrated at 25° C in phosphate 
buffer (pH 7-2), and the temperature of the buffer was then raised to 
95" C at arate of 1° C per min. The connective tissue strips were main- 
tained at a fixed length throughout the experiment, and the isometric ten- 
sion was recorded. ‘Tension is expressed in kg per cm? of cross-sectional 
area of dry collagen. Six separate preparations were used to obtain the 
mean value shown. The overall standard error was + 26 per cent of 
the mean values. 


The few procedures** which have been published 
for the isolation of intramuscular connective tissue 
(IMCT) all involve extensive fragmentation of the muscle, 
and often the subsequent removal of contaminating 
proteins with reagents generally believed to interfere 
with the primary and secondary bonds of native collagen, 
The method reported here, suggested by Dr R. H. 
Alsmeyer, avoids these drawbacks and enables the 
isolation of nearly intact networks of IMCT. 

Our procedure is based on mechanical agitation of 
muscle (about 50x 15x15 em) in a Marsh-Snow 
homogenizer? in the presence of cold, isotonic KCl; 
the myofibrillar proteins are squeezed out leaving the 
connective tissue networks in a virtually intact state. 
These crude preparations of IMCT can be partially 
purified by washing with a large volume of 1 M KCI for 
3 days in the cold to remove remaining traces of myosin 
and actin. Such material contains 8-9 per cent of hydroxy- 
proline on a dry weight basis; it ean be purified further 
by incubation with crystalline trypsin (0-2 mg per ml, 
of phosphate buffer, pH 7-2) for 24 h at 37° C, followed 
by washing with a large volume of 1 M KCI in the cold. 

IMCT prepared from ox sternomandibularis muscle 
and purified by trypsin treatment contains 13 per cent 
hydroxyproline on a dry weight basis, which is close 
to the value for tendon collagen and for mammalian 
collagens from various sources*; it has an amino-acid 
composition almost identieal with that of collagen from 
the tendon of the same muscle (sternomandibularis). 

The purified preparations account for 75 per cent of 
the collagen of the muscle and are composed of a three- 
dimensional network of fibres and fibrils, derived from 
the peri and epimysium; electron microscopy shows 
fibrils with the typical banded appearance at 70 nm 
intervals, characteristic of collagen’. 

The physical chemical properties of IMCT from sterno- 
mandibularis muscle were compared with those of the 
terminal tendon of the same musele which had been 
washed in 1 M KCl in the same manner as the IMCT. 
Solubility studies revealed a marked difference between 
the two types of collagen: for example, successive extrac- 
tion (at 0° C for 96 h in each case) in I M sodium acetate, 
0-5 M acetic acid, 5 M guanidine HCL, and 4 M trichloracetic 
acid removed only 7 per cent of the IMCT, whereas 
similar treatment of tendon removed 49 per cent; in 
both eases guanidine HC] was the most. effective extractant 
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Fig. 3. 
and tendon (curve B) at 65° C in phosphate buffer (pH 7-2), carried out 
as described by Wiederhorn and Reardon**. The retractive tension in 
giem? of crosa-sectional area of dry collagen is given as a fanction of the 
extension ratio, a. Mean molecular weights per cross-linked collagen 
chains were computed from the Flory-Rehner equation’. The standard 
error on samples from the one preparation shown was + 20 per cent of the 
mean value; but see text. 


Stress-strain analysis of thermally denatured IMCT (curve dA) 


(6 and 28 per cent respectively). An analogous picture 
emerged from experiments on the release of collagenous 
protein in neutral buffer at 95° C (Fig. 1): during 30 min 
IMCT released five times less collagen into solution than 
tendon. These solubility studies suggest that the collagen 
of IMCT is much more highly cross-linked than that of 
tendon, and this suggestion is confirmed by the following 
studies of the physical properties of the two types of 
collagen. 

Fig. 2 illustrates the tension generated during thermal 
contraction while the collagen fibres are maintained 
at constant length. This is an effective measure of the 
extent of covalent cross-linkage of the collagen, 
The experiments clearly show that IMCT develops 
higher tension than tendon on thermal denaturation, 
and also that it can maintain this tension for some time 
at 100° C, whereas the collagen of tendon shows a rapid 
loss of tension as soon as the temperature exceeds 80° C. 
The figure also shows that the thermal contraction of 
IMCT begins about 2-5° C higher than that of tendon 
(about 64-5° C and 62° C, respectively)’. 

Fig. 3 shows the stress-strain analysis of thermally 
denatured collagen of the two types. This method gives 
a measure of the number of cross-links per molecule!® 1, 
and indicates that the IMCT collagen had ten to fourteen 
times the number of cross-links found in tendon collagen. 
The residue weight between cross-links was found to 
lie between 100,000 and 300,000 for the tendon, and 
between 8,000 and 24,000 for the IMOT (six preparations 
each). The reason for the variability is not known. 

These facts taken together show that the collagen of 
IMCT has a higher total number of cross-links than tendon 
collagen, and that most of these are thermo-stable, 
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whereas a considerable proportion of those in tendon 
are labile and probably of the aldimine type=. iy ig 
possible that the higher degree of cross-linking found im 
IMCT from sternomandibularis may be caused by the 
presence of other fibrous proteins such as reticulin or 
elastin in close association with collagen. This explanation, 
however, at present appears unlikely because spec fie 
histological staining reactions carried out on the test 
samples did not reveal the presence of any substantial 
quantity of material other than typical collagen. Further. 
work aimed at a chemical examination of the p ye. 
of the collagen fibres of IMCT is in progress. i 

Preliminary experiments indicate that the collagen 
of the IMCT of other muscles besides sternomandibularis 
is also more highly cross-linked than that of the corre: 
sponding tendon. The case of the sternomandibularis 
is particularly striking, however, because the collagen 
fibres of its short tendon of insertion meet and anastomose 
abruptly with those of the IMCT which is evenly distri- 
buted throughout the great length of the muscle and is 
not complicated by the occurrence of large internal sheets 
of connective tissue. Thus a dramatic imerease in the 
degree of cross-linking of the collagen occurs within a 
few millimetres of the anastomosis of the tendon with 
the IMCT. 
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4-Ray Split-dose Recovery in Diploid 
Yeast in Hypoxic Conditions 


Recovery from sublethal damage by ionizing radiation 
is considerably reduced or prevented if the organisms 
are kept in hypoxic conditions between the irradiation 
fractions'®, The dependence of the recovery process on 
metabolic energy has been assumed to be the basis of this 
effect. But because these experiments were conducted 
with organisms which are not capable of anaerobic 
fermentation, it appeared to be desirable to study split-dose 
recovery in cells which can live and divide anaerobically 
as well as aerobically. This is relevant to radiotherapy. 
because many hypoxic cells in tumours might be capable of 
anaerobic glycolysis. 

Yeast is a good model system for this investigation. 
I used a diploid Saccharomyces cerevisiae, strain 211 
(originally obtained from Professor W. Laskowski, 
Berlin), Cells grown to stationary phase in synthetic 
Wickerham medium? were irradiated with a 12 MeV 
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Fig. 1. The ratio between surviving fraction after uninterrupted or split- 
dose exposure (recovery ratio) ag a function of time between dose 
fractions. Standard errors indicated. 





electron linear accelerator at a dose rate of about 1 krad s-t. 
100 krads, a dose reducing the surviving fraction to about 
5 per cent, were given either as a single exposure or in two 
equal fractions separated by variable time intervals. All 
irradiations were done in air. Between irradiations, the 
cells were kept in Wickerham medium at 30° C bubbled 
either with air or nitrogen. The surviving fractions of 
cells, which received only a single dose of 50 krad, were 
unaltered after being held for 6 h in these conditions: 
neither cell division nor “liquid holding recovery” took 
place. The oxygen content of the nitrogen was less than 
10 p.p.m.‘. Surviving fractions were determined by 
colony-forming ability on Wickerham agar plates after 3 
days’ incubation at 30° C. 

Fig. 1 shows that the two treatments result in the 
same recovery, and that there is no difference in recovery 
ratio (ratio between surviving fractions after split-dose 
and single exposure) with either treatment at any time. 
Because Wickerham medium contains glucose as a 
carbon source, the yeast cells are able to satisfy their 
energy requirements either aerobically or anaerobically. 
These results therefore provide some evidence, when taken 
together with the effects described for Chlamydomonas? 
and Oedogonium', that recovery from sublethal damage 
after exposure to ionizing irradiation is linked to the energy 
metabolism of the cell. Experiments are in progress in 
which glucose is replaced by non-fermentable substrates. 
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Myocardial Lesions: A Reassessment 
of the Toxicology of Calcium Cyclamate 


CALCIUM cyclamate is widely used as a sweetening agent 
in foods and beverages. We now find that oral administra- 
tion of calcium cyclamate to hamsters induces myocardial 
lesions accompanied by coronary sclerosis as well as soft- 
tissue calcification in other organs. This adverse. effect 
of caleium cyclamate overdosage remained unnoticed in 
earlier toxicological tests!-* and it seems from our present. 
studies that cyclamate may enhance the potentially toxic 
actions of the cation with which it forms a stable, water- 
soluble salt. 

The hamsters used were virgin females of the London 
School of Hygiene (LSH) line. Each group consisted of 
twenty hamsters with an average initial body weight of 
86 g (range: 83-93 g), ranging between 81 and 92 days 
of age. Guilford hamster chow and tap water were 
offered ad libitum. Treatment with the various calcium 
salts was initiated on the first day and continued until 
the sixth day, when the experiment was terminated. 
Calcium cyclamate (0-2 g) or an equimolecular amount of 
Ca in the form of CaCl,, Ca acetate, Ca aspartate or Ca 
ascorbate, respectively, was administered, always in 2-0 
ml. of distilled water, by stomach tube, twice daily 
(1000 h and 1600 h) during the first 2 days and three 
times daily (0900 h, 1300 h and 1700h) thereafter. Caleium 
cyclamate was purehased from the K & K Laboratories, 
Ine., Plainview, New York. Haematoxylin-eosin staining 
served for routine morphological observations, while the 
von Késsa silver nitrate technique as well as alizarin red 
S stain were used for the histochemical demonstration of 
calcium. The severity of myocardial lesions and the 
degree of calcification in other organs were assessed on an 
arbitrary scale of 0 to 4: 0 designating no histologically 
or histochemically detectable lesions; grade 1, mild lesions 
(calcification and/or necrosis); grades 2 and 3, moderate 
lesions of varying intensity; grade 4, severe lesions’. 

An additional experimental series was performed in 
conditions identical to those of the first experiment for the 
purpose of electrolyte determinations. Here, the animals 
were killed 3 h after the sixth Ca administration (that 
is, on the third day). Myocardial calcium was measured 
by an atomic absorption spectrophotometer (Perkin 
Elmer, model 290), as reported earlier®, 








Fig. 1. Focal areas.of myocardial calcification in the wall of left ventricle 
in a hamster that died on the fourth day of treatment with calcium 
eyclamate (alizarin red 5, x 300). 
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Table 1, TOXICOLOGY OF CALCIUM CYCLAMATE IN GROUPS OF 20 LSH HAMSTERS 


Myocardial lesions“ 


Coronary sclerosis 


Skeletal musele lesions* Nephrocalcinosis 





Group Treatment Severity Incidence Severity Incidence Severity Incidence f Severity 
(grade 0—4) (a) (grade 0-4) (%) (grade 0-4) (%) (grade Qed) 
} None 0 0 Q 0 ü 0 ay Ri 
2 Ca cyclamate 844017 100 1940-23 65 1-8 +0°36 45 TO Th 
3 Cathy 0 0 0 0 0 0 5 1% $ 
4 Ca acetate 0 0 0 0 0 0 Q f t 
D Ca aspartate 0 Q 0 0 0 0 0 a > 
6 Ca ascorbate 0 0 0 0 0 QO ğü at 


* Calcification and necrosis. t Hydronephrosis with calcification. 


The results summarized in Table 1 and illustrated in 
Figs. 1 and 2 show that the administration of caleium 
cyclamate proved to be potent in inducing caleific lesions 
in various organs, while equimolecular amounts of Ca 
given in the form of CaCl, Ca acetate, Ca aspartate or 
Ca ascorbate remained without similar adverse effects. 
The gross and histopathological lesions induced by over- 
dosage with calcium cyclamate closely resembled those 
seen in hypervitaminosis D in man and experimental 
animals‘. Severely calcified focal lesions in varying degrees 
of degeneration were regularly seen in the heart of ham- 
sters treated with calcium cyclamate; Ménckeberg- 
sclerosis type calcification in the coronary arteries and 
cortical nephrocalcinosis were also evident in the majority 
of animals. 

Among the various Ca salts tried, only calcium eyclam- 
ate significantly elevated the concentration of myocardial 
calcium from a normal value of 11-9+ 0-47 to 318-24 41-8 
(mg/100 g dry weight). This noxious effect was already 
evident on the third day of the experiment, that is, at a 
time when calcific deposits could not yet be demonstrated 
by histochemical methods. It appears from these com- 
parative studies using a variety of Ca salts that the toxicity 
of calcium cyclamate overdosage cannot be attributed to 
the quantity of ingested Ca per se, but that more compli- 
cated pathogenic mechanisms are probably involved. 

While the level of calcium cyclamate dosage used in the 
present studies is admittedly high, such high levels of 
administration have been recommended recently by 
various toxicological authorities in order to localize the 
“target organ”. In the hamster, the primary “target 
organ” for the potentially toxie actions of calcium 
cyclamate appears to be the heart. It is now well estab- 











lesions with moderate 


y calcified necrotic 
coronary sclerosis in the wall of right ventricle of a hamster killed after 


Fig. 2, Heavily degree of 
a 6-day treatment with calcium- amate (von Kóssa and haematoxylin- 


eosin, x75) 





t Animals died showing signs of hypercaleaemic tetany. 


lished that there are many factors (for example, hormonal, 
dietary) which may sensitize the “target organs”, 
especially the heart muscle and coronary vessels, to the 
potentially sclerotizing actions of diverse agentet®, and 
preliminary experiments performed in our institute sug 
gest that alloxan-diabetic animals are more sensitive than 
healthy hamsters to the caleifie effects of the cyclamate. 

Additional studies to be reported elsewhere have shown 
that: (a) calcium cyclamate elicits soft-tissue calcification 
in hamsters of various inbred and random-bred lines; 
(b) within a given strain, males are more sensitive than 
female hamsters to the drug; (c) calcium cyclamate does 
not appear to induce soft-tissue calcification in the rat, 
although the rat is sensitive to other calcifying agents 
(for example, vitamin D, dihydrotachysterol}; (d) Na 
cyclamate when given to hamsters with a hereditary 
cardiomyopathy? is much more toxic than NaCl and more 
rapidly elicits or enhances cardio-circulatory congestion, 
including oedema formation. 
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Metabolic Rates during Recovery from 
Protein-Calorie Malnutrition: the 
Need for a New Concept of Specific 
Dynamic Action 


OPrnion is still divided as to whether the metabolic rate 
of malnourished infants is increased or deereased, or 
whether, indeed, it remains the samet, The con- 
flicting evidence probably arises from lack of suitable 
standards of reference and differing interpretations of the 
basal state. In addition, the term malnutrition or under- 
nutrition has been applied to a variety of clinical condi- 
tions from primordial dwarfism to simple fasting, The 
confusion, however, is small in comparison with that 
surrounding the phenomenon of specific dynamic action. 
The present study has the disadvantage of having to deal 
with both of these difficult issucs. 

Montgomery previously reported from this unit that 
basal metabolic rate increases dramatically iu infants 
recovering from malnutrition. Growth rates are als 
greatly increased during recovery!® and the possibility 
therefore arose that the increased metabole rate mugnt, 
be a reflexion of the increased growth rate; if so, in ought 
to be possible to derive the actual energy cost of growth. 

Study 1. With this in mind, four infants recovering 
from malnutrition were fed three dieta (Table 1) which 
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Per cent increase in metabolic rate after ad 





Time (hy 


Fig. 1. Comparison of response to a meal during and after recovery. 

@-—@, During catch-up growth: test meal varied according body 

weight, mean =194 kcal and 4-5 g protein: @-- @. during catch-up 

growth: test meal constant = 146 kealories and 3-3 g protein; Jy 

after recovery: test meal varied according to body weight, mean 3 

kealories and 6-5 g protein; <> -- ©, after recovery: test meal constant 
= 146 kealories and 3-3 g protein. 












would result in different rates of growth and which would 
test the effect of increasing (a) the protein intake and (b) 
the calorie intake. Each diet was fed for two weeks, and 
growth rates were calculated from daily measurements of 
body weight by the method of least squares. Serial 
measurements of metabolic rate were made by open- 
circuit, indirect calorimetry, four hours after the last 
feed (subsequently referred to as the standard metabolic 
rate). This time interval was chosen because the infants 
were normally fed four-hourly. The infants were lightly 
sedated and asleep during the half-hour test period. The 
results (Table 2) indicate that the standard metabolic 
rate was unchanged, despite changes in dietary intake and 
changes in growth rate. Furthermore, the results do not 
support Montgomery's findings of a markedly elevated 
basal metabolic rate. 

The absence of any difference in the standard metabolic 
rate was surprising, for the calorie intake was increased by 








Table 1, COMPOSITION OF THE DIETS (iL) 








Dried 
Diet skimmed milk Sugar Arachis oil kealories/l. g protein/i, 
1 $2 50 R10 
2 64 50 RoR 
3 öt 75 1,206 
Table 2. STANDARD METABOLIC RATES AT THREE DIFFERENT DIETARY LEVELS 
Standard : 
Mean intake/ Growth metabo- ; No. of 
Child Diet ke/day rate licrate* R.Q.“ measure- 
g pro- g gainj kealories/ ments 
kealories tein kg/day kg/day 
N. B. (male) 1 130 18 47 O8S+007 7 
aged 18 months 2 121 32 76 0-85 + 0-09 T 
3 162 30 114 O81 + 0-04 6 
©, P, (male) 1 140 1-9 20 0-77 + 0-06 T 
aged 14 months 2 131 aS 6-6 0-79 +007 8 
3 172 od 10-6 bt O88 +0-06 9 
M. G. (male) i 131 1-8 BA Bld 0794004 T 
aged 12 months 2 113 3-0 54 6149 0874013 6 
3 151 28 7S 5749 0932009 7 
R. W., (male) 1 135 18 TO 64247 O8O+OO04 5 
aged 18 months 2 121 32 48 62+6 O87+010 é 
3 157 2-9 +R 68 +67 0-86 + 0-07 6 


* Mean values with their standard deviations. 
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an average of 30 per cent during the final period (diet 3). 
How, then, does the infant utilize or dispose of all these 
additional calories? The same question was raised by 
Miller and Payne in different circumstances when they 
found that the weight gain of pigs fed a low protein diet 
was the same as when they were fed restricted amounts 
of stock diet, despite a five-fold difference in calorie intake, 
The same was true of rats. Further work involving the 
overfecding of students??? revealed that although no 
change in basal metabolic rate oceurred, there was a 
large increase in metabolism after a meal which was not 
the result of specific dynamic action. It therefore seemed 
important to investigate the response of our infants to 
a meal, and a second study was undertaken. 

Study 2. Eight infants were studied (a) during the 
period of rapid “catch-up” growth, and (b) after they had 
recovered and their growth rates had dropped to normal 
levels. The standard metabolic rate was measured as 
before and then, without disturbing. the sleeping infant 
was given a test meal through a nasogastrie tube. Sub- 
sequent determinations of metabolic rate were made at 
quarter or half-hourly intervals during the 3 h following 
the meal. Throughout the study, the infants were fed 
a proprietary milk formula with added arachis oil, which 
provided 1,350 kealories and 31g protein/l. The in- 
dividual food intakes and corresponding growth rates 
are given in Table 3, together with the standard metabolic 
rates. ‘The standard metabolic rates expressed per kg 
body weight were similar during the two phases of the 
study. 





Table 3. STANDARD METABOLIC RATES DURING RAPID GROWTH AND AFTER 


RECOVERY 


Growth rate 


Age on Mean litake/ky/day growing: Standard metabolic 






Child Sex admis- Growing: Growing: recovered ratet growing: 
sion recovered recovered g gains recov 
months kealoriea g protein ke/day kealorivs 





ELE. M 13 162 114 3:7 26 12-04 ar 142) 
DP. M 10 165 189 38 32 1098 48+ 1 (2) 
DON. M 16 160 113 36 26 106-04 454 9 (3) 
V.M. F 18 155 102 3:5 23 965 Ble 8) 
AJL. M 86 156 117 36 27 16-32 434 4 (6) 
M.G. F 13 161 117 37 27 876 46s 24) 
An. H, M 14 162 1]2 37 26 854 Sls 8(3) 
ALH. M 14 164 124 38 28 9-36 5i +10 {6} 
Mean 165 160 117 3-7 27 1007 $39 53 42 





* Mean values with their standard deviations, and number of measurements 
in parentheses. 
+ Child still oedematous, therefore cannot express per kg accurately, 


Two test meals were given during each phase: one was 
proportional to the infant’s body weight and provided 
27-7 kealories and 0-64 g protein per kg while the other 
test meal was a fixed amount and provided a total of 
146 kealories and 3-3 g protein. Fig. 1 shows the response 
to the test meals as a percentage increase above the 
standard metabolic rate. During the period of rapid 
growth, the metabolic rate after a meal increased, reaching 
a peak at about | to 1-Shlater. Infants who had recovered 
showed no such increase, even though the variable test 
meal was now approximately twice as great as in the 
first phase. A statistical analysis was performed by 
calculating the area under the curve for each child during 
the two periods and a paired comparison test was carried 
out on the overall mean differences: the increase in 
response during rapid growth was found to be significant 
(P<0005 and P<0-02 for the variable and constant 
test meals). 

This large increase in metabolism after a meal could 
possibly explain why Montgomery found such high rates 
during recovery, for of the seven infants whose meta- 
bolic rates were more than 80 kealories/kg/day. five were 
studied within 2:75 h of the last feed. Several of the 
earlier investigators specifically fed their infants shortly 
beforehand to ensure that they slept soundly and this 
may have been the cause for their finding increased rates 
of “basal” metabolism in malnutrition. 
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Krieger’? reported a similar marked difference in the 
response to a meal in a study of infants recovering from 
growth failure, which led him to suggest that the post- 
prandial heat production is not wasted energy, but is 
possibly related to the work of growth. Additional 
support to this hypothesis is provided by animal studies*® 
in which rapid growth in young rats was associated with 
an increase in metabolism. 

Very early investigators** demonstrated that typhoid 
patients who were losing weight and were in negative 
nitrogen balance had a much smaller metabolic response 
to a protein meal or to glucose than control subjects. 
During convalescence, however, their metabolic response 
was much greater than normal and it would therefore 
seem that in these patients little response to a meal 
occurred in the catabolie state, while a greater response 
than normal occurred in the anabolic state. 

The evidence presented suggests that when body 
tissue is being rapidly formed or rapidly broken down, the 
classical theory of specific dynamic action does not apply. 
and it appears likely that during rapid growth the increase 
in metabolic rate following a meal is related to the energy 
cost of growth and, in particular, to the energy cost of 
protein synthesis. This implies that growth does not 
occur continuously throughout the day but rather in 
spurts after meals. 

Miller and co-workers?! ?*:?> suggest that the increased 
metabolic rate after meals in response to overfeeding is a 
mechanism for disposing of excess calories. This is 
obviously a very different hypothesis to the one outlined 
here. but the situations are not analogous, for body weight 
remains constant in the overfeeding studies. The 
findings do provide, however, further evidence that the 
metabolic response to a meal is not nec arily dependent 
on the protem content of the diet: their proposal that 
the term specific dynamic action be abandoned is well 
founded and perhaps the time has come for a reappraisal 
of the whole concept. 

I thank Miss Ruth Bell for the statistical analysis and 
Mr R. S. Milner for programming the computer. 
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Development of Pulsating Embryos 


from Rabbit Blastocysts cultivated 

in vitro 

AuraoveH a considerable amount of work has been 
carried out on the cultivation in vitro of mammalian ova, 
little has been said about embryonic development after 
the blastocyst stage. Cole and Paul, discussing the 
properties of cultured, preimplantation rabbit embryos, 
said they observed beating myocardial cells, musele cell 
types, blood islands and nerve cells. They mentioned 
that if the zona pellucida were removed using pronase, 
an embryo would form, the amniotic folds would close 
and the beating heart would develop. No details or 
data were given about the development of the heart 
beat. Our purpose is to describe the successful cultivation 
in vitro of rabbit blastocysts which have developed to 
pulsating embryos. 

For nutrient solution we used Eagle’s medium as modi- 
fied by Baluda and Goetz? and supplemented with 10 per 
cent foetal bovine serum and 10 per cent Difeo “Bacto- 
Tryptose Phosphate’. The basal Eagle's medium was 
enriched with quadruple concentrations of amino-acids 
and vitamins end double concentrations of glucose. The 
ingredients were identical to those of Baluda and Goetz’ 
except that no guanosine or antimyeotic agents we 
added, All cultures were prepared in 60 mm Petri dishes 
and kept at 36°C in a humidified incubator with a con- 
tinuous flow of 5 per cent CO, in air. In each culture dish 
there was 4-3 ml. of fluid and the medium was changed 
every 3-4 days. In some of the experiments, monolayer 
cultures of 12-14 day rabbit foetus were used as a feeder 
layer. Cultures were prepared by mincing the foetus and 
trypsinizing for 10 min, Approximately 2-6 x 10* cells 
were plated in a 60 mm Petri dish with 4 ml. of nutrient 
medinm. After the cells had formed a monolayer on the 
bottom the plates were used as feeder layer cultures. 

Blastoeysts were flushed with nutrient medhon from 
the uterine horns of New Zealand White rabbits 6 days 
after coitus. The ova were transferred into Petri dishes 
with and without a feeder layer. The cultures were 
examined daily for a fortnight with an inverted, micro- 
scope. Phase contrast and mierocinephotographic miero- 
scopes were also used. 

One or two days after cultivation, zona pellucida. 
herniated spontaneously. Development proceeded to 
embryonic formation in many of the blastocysts. Tropho- 
blast cells from most of the blastocysts became attached to 
the feeder layer in 4-5 days and grew together with the 
monolayer. Attachment of the trophoblast to the bottom 
of the Petri dishes was very rare in cultures without the 
feeder layer. In cultures of blastocysts, pulsating heart 
beats were noted in both the floating and the attached 
samples 8 days after cultivation. There were pulsations 
in nine out of twenty-two samples in the absence of the 
feeder layer, and in two out of fourteen samples in the 
presence of the layer. Microcinephotographs of the 
pulsating area are shown in Figs. | and 2. In general, 
recorded pulsation was limited to the marginal area of 
the embryonic mass and was located on the wall of 
the convoluted vesicle within the embryos. The rate 
of pulsation was 48 to 75 beats/min over a period of 
1 to 5 days. 

Pulsating embryos were of a characteristically different 
shape from non-pulsating embryos. Some of the non- 
pulsating embryos continued to grow at a rate comparable 
with that of the pulsating embryos, but they were dis- 
organized. Pulsating embryos were more organized im 
their shape and had several vesiculiform masses with 
convoluted buds (Figs. 1 and 3). 

Subsequent histological examinations of sections through 
these samples revealed signs of embryonic development. 
such as the differentiation of various cell types including 
ectoderm, mesoderm and endoderm. Some vesicles or 
duets were identified as structures of the neural tube and 




















Vie. 1. A pulsating embryo after cultivation of a rabbit blastocyst for 
9 days (x 30). 









. Higher magnification of the beating area within the rectangle 
jn F 1. Printed from microeinephotographic films. (a) Late expan- 
sion: {b) contraction (2/5 a after a): (e) contraction (1/5 s after b): 
id) initial expansion (1/4 s after ce) Changes are designated by the 
arrows ( x 120), 








Fig, 3. A section of a pulsating embryo fixed 13 days after cultivation 
and stained with Masson’s trichrome ( 
vells and vesicles or ducts. be, Blood cells: bv, blood vessel, e, eeto- 
derm; tm, mesenchyme: n, neural tube; t, trophoderm. The corre- 
sponding structures of exoroelom (ee), gut (g). and heart (h) are visible. 








40). Note the various types of 
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blood vessels, Formations of mesenchyme and blood 
cells were also evident, and so were structures resembling 
gut, exocoelom and heart (Fig. 3), j 

The composition of the culture medium in vitro is a 
critical factor in the cultivation of mammalian blasto- 
cysts. The medium we used induces the development of 
rabbit embryos to the stage of having a beating heart. 
We have also seen that in order to obtain pulsating 
embryos, growth and differentiation must proceed in an 
orderly fashion, This indicates the necessity of sequential 
induction if progressive development is to occur. Embryos 
which degenerate and lack any organized development do 
not proceed to the onset of pulsation. 

This work was supported in part by grants from the 
Ford Foundation, the US Publie Health Service and the 
American Cancer Society. We thank Mr William Clegg 
for carrying out the photography. 
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Caffeine and Nicotine penetrate the 
Pre-implantation Blastocyst 


CAFFEINE and nicotine are examples of compounds from 
our chemical environment to which we are widely and 
constantly exposed and for which there are some indica- 
tions of toxic effects on various aspects of reproduction. 
Caffeine effects chromosomal breakages in both plants and 
animalsi, and an inereased ineidence of congenital mal- 
formations in the offspring of mice treated with this com- 
pound has been observed?, Caffeine also possesses muta- 
genic properties, although it has been estimated that this 
risk for humans is small’. 

Exposure to nicotine during carly pregnancy causes a 
decreased number of implantations im rats’; moreover, 
it is well known that women who smoke during pregnancy 
have a higher abortion rate than non-smokers, and that 
the babies they deliver are likely to be of relatively low 
birth weight and/or premature Caffeine and nicotine 
may thus be toxie during the pre-implantation stages of 
pregnancy. Although Goldstein and Warren? have shown 
that caffeine is transferred from the mother to the 7-weel 
old human embryo, there is no evidence that nicotine or 
caffeine can penetrate the blastocyst before implantation. 

(1-Methyl-"C)-caffeine and G-@H)-nicotine were given 
to 6-day pregnant New Zealand White rabbits. Caffeine 
was given orally at a dose level of 3-5 mg/kg; this dose 
corresponds to the amount of caffeine ingested (100- 
300 mg) by an adult in one or two cups of coffee. The 
dose used for nicotine (50 ug/kg intravenously) produced 
plasma levels of nicotine (006-009 ug/ml.) similar to those 
attained in man by cigarette smoking’. 

Table 1 shows clearly that following maternal treatment 
with these two radioactive compounds, significant amounts 
of radioactivity are present not only in the maternal 
plasma and endometrium but also im the pre-implantation 
blastocyst and in the uterine secretion. Six hours after 
treatment of the mother with MC-caffeine there was 
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approximately 50 per cent more MC activity in the uterine 
secretion than in the plasma; the ratio of “C in uterine 
secretion to "C in plasma averaged 1:46. Blastocysts 
contained a little less radioactivity, with an average ratio 
compared with maternal plasma of 0-83, 

One hour after *H-nicotine treatment, a high level of 
radioactivity compared with that in maternal plasma was 
found in the uterine secretion; ratio between the two 
tissues averaged 10-8. The accumulation of radioactivity 
in the uterine secretion was not found in the uterine 
secretion of non-pregnant rabbits treated with *H-nicotine 
in the same experimental conditions. The reasons for these 
differences are not clear and are being investigated. Less 
radioactivity was found in the pre-implantation blastocyst 
than in the uterine secretion, although the blastocyst 
contained about twice as much radioactivity as the 
maternal plasma (mean ratio of °H in blastocyst to *H 
in plasma was 2-0). 

The nature of the radioactivity in these tissues was 
identified by inverse radioisotope dilution analysis after 
chromatographic separation’. Tables 2 and 3 show that 
both !C-caffeine and *H-nicotine as well as a number of 
their radioactive metabolites are present in the plasma 
and pre-implantation blastocyst of pregnant rabbits. 
Caffeine (Table 2) in both these tissues is the major 
radioactive compound, responsible for more than 50 per 
cent of the radioactivity. Radioactive 1,3-dimethylxan- 
thine, 1,7-dimethylxanthine and 1,3-dimethyluric acid were 
also found; ™C-l-methylxanthine, however, could be 
detected only in plasma and not in the blastocyst. The 
concentration of caffeine, caleulated from the specific 







Table 1. DISTRIBUTION OF RADIOACTIVITY IN PLASMA, ENDOMETRIUM, 
UTERINE SECRETIO VD FREE BLASTOCYST OF 6-DAY PREGNANT RABBITS 
RECEIVING C-CAFFEINE OR *H-NICOTINE 

Doe Radioactivity (d.p.m.jg wet tissue) in: 


No. ‘Treatment Plasmat Endometrium Uterine secretion Blastocyst 


6 4C-Caffeine* 16,080 6,030 (0-38) 20,210 (1-26) 11,010 (0-68) 
9 oo 11,724 n.d. 19,450 (1:65) 9,850 (0-84) 
25 PE: 14,084 5,810 (0-41) n.d. 10,927 (0-78) 
30 *H-Nicotine + 178,184 182,382 (1-02) 1,478,970 (8-30) 364,309 (2-04) 
31 ao 203,652 303,483 (1-49) 2,181,448 (10-71) 460,161 (2-26) 
36 ry) 141,170 nd. 1,913,224 (13-55) 222,997 (1-58) 


* (1-Methyl-"C)-caffeine (35 mg/kg: 5 #Ci/kg) was given by stomach 
tube and tissues were examined for radioactivity 6 h later. 
_ + G-@H)-Nicotine (50 ug/kg, 60 uCi/kg) was given intravenously and 
tissues were examined 1 h later. 

t Expressed as d.p.m./mil. 


n.d.=Not determined; in parentheses is the relative amount of radio- 
activity as expressed by the ratio Radioactivity in tissue (d.p.m./g) 





Table 2. RADIOACTIVE COMPOUNDS IN PLASMA AND BLASTOCYSTS OF 6-DAY 
PREGNANT RABBITS TREATED WITH “C-CAFFEINE 


Concentration at 6 h in: 


Plasma* Blastocyst $ 
Compound WC din NO (in 
per cent)+ ug/ml. percent)? ng/g 

1,3,7-Trimethylxanthine 

(caffeine) 56-6 2:35 719 249 
1,8-Dimethylxanthine plus 

1,7-dimethylxanthine 22-7 0-90 8-0 O27 
1-Methylxanthine Tt 0-05 0-5 ~— 
1,3-Dimethyluric acid 6-2 0-25 0-8 0-03 


(1-Methyl-"C)-caffeine (3-5 mg/kg; 5 wCi/kg) was administered orally, 
* Means of the values found for two animals, 

+ Percentage of the total *C in the tissue. 

t Values obtained from a pool of seven blastocysts. 


Table 3. RADIOACTIVE COMPOUNDS IN THE MATERNAL PLASMA AND IN PRE- 
IMPLANTATION BLASTOCYSTS OF PREGNANT RABBITS GIVEN *H-NICOTINE 


Concentration at hin: 


Plasma* Blastocyst ¢ 
Compound SH (in 3H (in 
per cent)t ugimh per cent)t hele 
Nicotine 0-017 42-0 0-055 
Cotinine 0-032 22-4 0-029 
Demethylcotinine 0-004 16 0-002 





G-CH)-Nicotine (50 palkg: 60 uCi/ke) was given intravenously to 6-day 
pregnant New Zealand White rabbits. 


* Mean values found for three animals. 
+ Percentage of the total °H in the tissue, 
t Values obtained from a pool of nine blastocysts. 
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activity of this compound, was similar in the blastocysts 
and in the plasma, 

After treatment with G-(@H)-nicotine (Table 3), the 
unchanged radioactive nicotine and some of its meta- 
bolites, including cotinine and demethyleotinine, are 
present in the pre-implantation blastocyst. The concen- 
tration of nicotine in the blastocyst is about three times 
greater (0-055 ug/g) than that in the plasma (0017 pg/ml); 
cotinine appears to be the major metabolite of nicotine’ 
in the maternal plasma. Relatively small amounts of 
demethyleotinine were found in these tissues. 

Caffeine and nicotine are only two examples of corme 
pounds to which a pregnant woman is likely to be exposed, 
and which have been shown to penetrate the pre: 
implantation blastocyst of the rabbit; so far, all compounds: 
tested in this laboratory, including DDT, isoniazid, — 
barbital and thiopental, are able to pass from the maternal 
plasma into the uterine secretion and then penetrate bheco: 
blastocyst’. This transfer of compounds from the plasma. 
into the uterine secretion has been shown to occur not only: 
in the rabbit but also in a number of other species, ini» 
eluding mice and rats'*. This raises the question whether 
a similar transfer process takes place in humans; this is 
currently being investigated. 

This work was supported by grants from the US Publie 
Health Service and from the National Institute of 
General Medical Sciences, US Public Health Service. We 
thank Dr H. McKennis, Medical College of Virginia, 
Richmond, for the gift of (-)-cotinine and (-}-demethyl- 
cotinine, and Dr J. M. Venditti, Cancer Chemotherapy 
National Service Center, Bethesda, for r 
1,3-dimethyluric acid. 
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Glutamate Sensitivity of Denervated 
Insect Muscle Fibres 


L-GLUTAMATE, rather than acetylcholine, is probably the 
transmitter at the excitatory synapses found on insect 
skeletal muscle fibres!-*. By applying L-glutamate ionto- 
phoretically from a micropipette to localized areas on the 
surface of locust muscle fibres the glutamate tivity 
of the muscle membrane is found to decrease sharply with 
distance from a synaptic site®.7*, Within 10-35 microns 
of a synapse the glutamate sensitivity falls erther to zero 
or to a low background level about 10,000 times less than 
that at the synaptic sites’. Insect skeletal muscle fibres 
are multiterminally innervated and the synapses are 
usually on the inner faces of the fibres. The areas of fibre 
membrane most sensitive to glutamate can therefore be 


most frequently located by positioning the glutamate 
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Fig. 1. Distribution of glutamate sensitivity in (a) a fibre (resting 
potential 55 mV) from a retractor unguis muscle 14 days after denerva- 
tion and (b) a fibre (resting potential 60 mV) in the contralateral control 
muscle, In each ¢ the glutamate electrode was moved along the 
cleft. between the fibre under investigation and an adjacent fibre (see 
text}, The sensitivity to glutamate is expressed as the ratio of the 
glutamate potential (mV) to the nanocoulombs which released the 
glitamate from the drug electrode. 






electrode in a cleft between two fibres (Fig. 16). Usually 
the outer, exposed surfaces of the fibres are devoid of 
synaptic membrane and are either insensitive to glutamate 
or sensitive to only very high concentrations of this 
amino-acid (Fig, 2). Here I report studies of denervated 
locust muscle fibres, which demonstrate that, following 
denervation, the glutamate receptors can be found over 
the entire surface of the muscle fibres. 

Retractor unguis muscles of the right metathoracie 
legs of adult locusts (Schistocerca gregaria) were denervated 
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Fig. 2. Distribution of glutamate sensitivity obtained when the 
lutamate electrode: was moved along the exposed outer surface of the 
denervated fibre in Fig. la (W) and the control fibre in Fig. 1b (@). 
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by cutting the motor innervation (metathoracie nerve 5) 
in the metathorax*. The innervation of the contralateral 
retractor unguis muscles was left intact and these muscles 
were used as controls. The operated animals were kept at 
30° C and at various intervals (1-32 days) after the opera- 
tion paired retractor unguis muscles were dissected and 
mounted side by side in a ‘Perspex’ chamber containing 
about 3 ml. of locust saline’. Locust saline flowed through 
the chamber at a constant rate (about 1 1./h) throughout. 
the experimental period. The distribution of glutamate 
sensitivity on the denervated and control museles was 
determined, using the iontophoretic technique’. 

The glutamate was applied in two different ways. First, 
current pulses of constant amplitude and duration were 
used to eject the glutamate. the amplitude and duration 
of the pulses being set so that only the most sensitive 
sites on the control muscle fibres, that is, the synaptic 
sites, responded, Second, the amplitude and duration of 
the glutamate ejection current were varied so that a 
detectable glutamate response was obtained at most sites 
on the membrane of both control and denervated fibres. 
Some sites, however, did not respond even to the maximum 
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Fig. 3. Glutamate potentials (lower traces) of a musele fibre denervated 
for 16 days (f-j) and a contralateral control fibre (a-e), Resting potential 
of denervated fibre was 53 mV; resting potential of control fibre was 
58 mV. With the exception of a, constant amounts of glutamate were 
applied iontophoretically (current pulses shown in upper traces) to the 
ex posd outer surfaces of the muscle fibres. In the innervated fibre 
only the area of membrane in close proximity to a synaptic site was 
responsive. In the denervated fibre glutamate potentials were obtained 
at every test point on the membrane. Distance of test point (ghitamate 
electrode) from recording electrode shown below each record, Calibration 
pulse at the beginning of each lower trace was 2 mV: 100 ms. 
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dosage of glutamate that could be ejected from the 
glutamate electrode. The glutamate responses were 
recorded intracellularly with glass microelectrodes. The 
position of the recording electrode in a fibre was kept 
constant while the tip of the glutamate electrode was first 
positioned beside the recording electrode but outside the 
fibre, and then moved in steps of about 10 microns to a 
distance of about 1 mm away from the recording electrode. 

In the denervated muscles of thirteen of the thirty-two 
animals examined, the distribution of glutamate sensitivity 
was markedly different from normal, a relatively high 
density of glutamate receptors being found on the non- 
synaptic membrane (Fig. la). In some denervated muscle 
preparations the sensitivity of the non-synaptic membrane 
even on the exposed outer surfaces of the fibres was of the 
same order of magnitude as for the synaptic membrane 
(Fig. 3). There is no evidence for any increase in the 
glutamate sensitivity of the synaptic membrane followmg 
denervation. Changes in glutamate sensitivity were first 
recorded about 5 days after nerve-section and were most 
marked in a preparation examined 32 days post-opera- 
tively. At 30°C the motor nerve terminals degenerate 
within 2 to 3 days following nerve-section in the meta- 
thorax® and it seems probable therefore that the spread of 
glutamate sensitivity follows degeneration of the nerve 
terminals. 

This is the first account of changes in chemosensitivity 
of an invertebrate skeletal muscle induced by denervation. 
The “spread” of glutamate receptors from the synaptic 
sites so that the entire membrane of the muscle fibres 
becomes sensitive to this substance supports arguments 
in favour of L-glutamate as the transmitter at insect. 
excitatory nerve-musele synapses. Experiments are in 
progress to determine whether the proliferation of the 
glutamate receptors produces a state of supersensitivity 
to diffusely applied glutamate. Some locust muscle fibres 
are innervated by inhibitory neurones as well as excitatory 
neurones'*11, Because y-aminobutyric acid appears to 
be the transmitter at the inhibitory nerve-muscle synapses! 
it will be of interest to see what happens to the distribution 
of glutamate and y-aminobutyrate receptors when these 
muscle fibres are either partially or completely denervated. 

This investigation was supported by a grant from the 
Agricultural Research Council. 

P. N. R. Usaerwoop 

Department of Zoology, 
University of Glasgow. 
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Microinjection of Ouabain into 
Crab Muscle Fibres 


CARDIAC glycosides potentiate the contraction of cardiac 
musele, but not skeletal muscle’. This difference may be 
a matter of cell penetration rather than muscular mechan- 
ism: to investigate this point we have microinjected 
ouabain into crab skeletal muscle fibres. In this article 
we report that ouabain, when applied intracellularly. 
potentiates the contraction of skeletal muscle. 

We used single muscle fibres from the carpopodite flexor 
of the marine crab Chionoecetes opilio Fabricus. If ouabain 


ay 


Peak tension (per cent} 


ls 





10 


roe 


pe 
edie 


Peak tension (g/mm?) 
or 





Fig. 1. Effect of the extracellular and intracellular applications on 
electric (a) and potassium (b) and caffeine {¢)-induced contractions of 
single muscle fibres of crab. Subscript numbers 1 and 2 indicate extr 
cellular and intracellular applications of ouabain, respectively, Pulled 
and open symbols indicate ouabain and control cases, reapectively. 
The horizontal broken lines in b and ¢ show control level In each series 
of experiments. In the extracellular case, 15x107 M of ouabain was 
added to the bathing salines; in the intracellular case, 1-5 gl. of distilled 
water with or without ouabain at 1-5 «106-7 M was microinjected fron 
the cut end of the fibres through a glass capillary. Tension developed 
isometrically was measured with a wire resistance strain gauge. Ine, 
the fibres were stimulated by means of two electrodes, external 
positioned and intracellularly inserted, with a square electric pulse 
of 100 ms, Each point represents the mean values based on five ty ten 
determinations, and vertical bare indicate standard error of the memi 
Experiments were done at about 20° C. 












at 15x 10-7? M is given to the fibres extracellularly, the 
isometric tension caused by a single rectangular pulse of 
electric current declines gradually (Fig. 1, œ). Extra- 
cellular ouabain has almost the same effect on vertebrate 
skeletal muscles*.3, 

If, however, ouabain is delivered intracellularly, there 
is a more vigorous mechanical response (Fig. 1, ay). The 
contraction maintains almost its full value 15 min after 
the injection: when water is injected instead of ouabain, 
the contraction has fallen to about a third its initial value 
by this time. 

We performed similar experiments with potassium and 
caffeine induced contractions. It is believed that caffeine 
has no action on the plasma membrane; it produces its 
effects within the muscle cell'®. Fifteen minutes after an 
application of ouabain (that is, corresponding to the end- 
points of curves a, and a, in Fig. 1), potassium contracture 
was induced by a saline in which the sodium of normal 
crab saline* was totally replaced with potassium; 4 min 
after the completion of the response, 5 mM caffeine was 
added. As before. both contractions oceur feebly given 
the extracellular application of ouabain (6, and e in 
Fig. 1) but more vigorously than controls given muero- 
injection of ouabain (b, and e, in Fig. 1). 

Thus ouabain can potentiate the contractile responses 
of crab skeletal muscle. In its biochemical aspects crab 
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Fig. 2. Ouabain and inulin spaces of cardiac and sartorius muscles of 





frog, Runa japonica, and of single muscle fibres of crab. Squares, 
ventricle strip; triangles, whole sartorius muscle; circles, single muscle 
fibre of crab, Filled and open symbols indicate onabain and inulin 
spaces, respectively. Determinations of the spaces were done at intervals 
after exposing the tissues equilibrated for 2 h in normal saline to *H- 
labelled ouabain at Löxlot M or ¥C-labelled inulin of 1 x107 g/ml. 
in the normal salines (1-0 wCi/ml. and 0-13 wCi/ml., respectively), Each 
point represents the mean values based on five to ten dete rinina tions, 
and standard error of the means was about + 10 per cent. Experiments 
were done at about 20°C, 












muscle seems quite similar to vertebrate skeletal muscle®, 
Furthermore, the response of the crab muscle to extra- 
cellular ouabain and the stimulants differs little from that 
of the usual skeletal muscles (a,, b; and e, in Fig. 1). 

Our experiments so far show two further points: (1) The 
maximum potentiating effect of microinjected ouabain is 
seen at 15x 10-7 M in every case, and 1-5 10° M 
also effective. (2) Ouahain itself does not induce contrac- 
tion, even when microinjected at 10 mM. 

We also investigated ouabain space. Fig. 2 demon- 
strates that ouabain occupies a considerable cellular space 
in frog heart. but not in frog and crab skeletal muscles 
when apphed ordinarily. This finding also implies that 
for the appearance of the potentiation the drug must exist 
within the cell. 

Of course, our findings do not mean that the mechanism 
of potentiation by intracellular ouabain is identical in 
skeletal and cardiac muscle. But, in view of the close 
resemblance between cardiac and skeletal muscle. in their 
contractile machinery and control mechanism®:’, it would 
be interesting to postulate that the difference in effeets of 
ouabain on muscies resides solely in the availability of 
the “ouabain-site” to the extracellular ouabain. 
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Dichromacy in the Ground Squirrel 


In studying vision it has often proved informative to use 
situations in which less than the total visual system is 
operative. One way of achieving this for colour vision is 
by examining systems in which cones are the sole visual 
receptors. This i is So rare in humans as to be effectively 
unavailable, but several other animals normally possess 
pure-cone retinas, and of these the ground squirrels have 
been of particular interest. Recent investigations?! have 
indicated that at least some ground squirrels possess 
colour vision which is likely to be dichromatic. We have 
made measurements on two common species of ground 
squirrels that confirm these suggestions. 

For human dichromats the presence of a restricted 
region in the visible spectrum that cannot be discriminated 
from white light (a neutral point) is considered to be 
diagnostic of dichromacy?. The presence and spectral 
location of a neutral point can be assessed in a behavioural 
situation easily adapted for use with animals and so such 
a test is a convenient way of invest igating the nature of 
colour vision in ground squirrels, 

We used three male and three female adult ground 
squirrels. Two were Citellns tridecemlineatus (13-line 
ground squirrels) and four were Citellus mexicanus. They 
were tested in a foreed-choice discrimination problem 
that required them to select one of three stimulus windows 
and to indicate their choice by pressing a lever mounted 
directly above the window. The three windows were 
covered with diffusing glass and mounted along one wall 
of a small rectangular test chamber. They were trans- 
iluminated from outside the chamber by tungsten- 
filament projectors and by a high-intensity grating mono- 
chromator, The output from. the projectors was filtered 
to provide white light with a colour temperature of 
approximately 4,400° K and a luminance of 0-35 foot 
Lamberts. The monochromator was set to provide a 
spectral light with a total bandwidth of 20 nm and was 
mounted so that any one of the stimulus windows could 
be illuminated with either white or chromatic light. The 
stimulus windows were illuminated only during test trials, 
and a house light provided contimious illumination inside 
the chamber. 

On a given trial the squirrel had to choose the window 
illuminated with chromatic light. Four animals were 
run on a 23 h food deprivation schedule and received a 
97 mg food pellet for each correct response. The other 
two animals were implanted with bipolar electrodes aimed 
at the posterior hypothalamus; they received a 250 ms, 
60 Hz stimulation for each correct. response. Stimulus 
eurrent level was adjusted for each animal in a free 
response situation to produce a high rate of bar pressing. 
In the test apparatus both stimulated animals learned the 
discrimination problem without difficulty, as did the 
animals receiving food remforcement. 

The test for the presence of a neutral point involved 
determining which, if any, of the spectral stimuli could 
not be disertminated from white stimuli when all were 
equally bright. To equate the brightness of the spectral 
ana white hghts for the ground squirrel, complete lumino- 
sity functions were first determined for the animals. This 
information was used to make an exact brightness equation 
between white and spectral stimuli for the animals in the. 
neutral-point test. The squirrels were initially trained to 
discriminate spectral stimuli set 560 and 460 nm from 
the white stimuli and, after they had learned these 
discriminations, they were tested at wavelengths between 
560 and 460 nm at intervals of 10, 5 and 25 nm. After 
several runs through those values, a final run was made 
with the same wavelengths presented in a random 

sequence, and these data are presented here. 

To ensure that the brightness of the stimulus was an 
irrelevant cue, each wavelength was presented at the 
equation value determined from the luminosity function, 
and at values that were 0-3 log units more intense and less 
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Fig. 1. Discrimination performance in the neutral point test. Each 


plotted point represents the mean percentage of correct responses for 
six ground squirrels. The vertical lines enclose the total range of 
performance at each test wavelength. 


intense than the equation value. The position of the 
positive spectral stimulus was randomized across stimulus 
windows and wavelength-luminance combinations were 
run in blocks of five trials. Generally only a few different 
wavelengths were tested during a daily session. Animals 
receiving food reinforcement were given an average of 
105 test trials in each session, while animals receiving 
electrical stimulation were usually given three times as 
many test trials per session. 

Fig. 1 shows the results of the neutral point test. The 
data entered in this figure represent performance on the 
final random series, and are based on a total of 120 trials 
per wavelength for each animal. The squirrels’ average 
performance was 55 per cent correct or better, except in 
the spectral region 490-520 nm. Between those points 
there was a sharp decline in performance and at 505 nm 
all animals showed no better than chance discrimination 
(334 per cent). There were no significant differences in 
performance on this problem between species, sexes, or 
modes of reinforcement. And there were no systematic 
differences in discrimination performance across the three 
levels of luminance at which the positive stimulus was 
presented. The rather striking consistency across subjects 
may be due, at least in part, to the extended training 
~—most animals had completed several thousand trials in 
the same experimental situation before facing the neutral- 
point problem. 

The fact that there are spectral stimuli that ground 
squirrels can successfully discriminate from white light 
in the presence of appropriate controls for brightness 
means that they do possess colour vision. But, because 
successful discrimination was impossible in the same testi 
situation for a narrow spectral band, these animals 
possess a neutral point and are therefore dichromatic. 
When the region of poorest discrimination (500-510 nm) 
was explored in 2:5 nm steps, all animals showed chance 
performance at 505 nm, but slightly better than chance 
performance at both 502-5 and 507-5 nm. 

Microspectrophotometric measurements of retinal photo- 
pigments? and electrophysiological indices of visual 
response in the ground squirrel! suggest that the colour 
vision of these animals is based on two cone photo- 
pigments, one with maximal absorption at about 523 nm 
and the other with maximal absorption at some shorter 
wavelength (about 460 nm). This pigment arrangement is 
similar to the situation usually supposed to underlie human 
protanopic dichromacs*, and that parallel, in addition to 
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the positive evidence of a neutral point reported here, 
might argue that ground squirrels have colour vision 
similar to that of a human protanope. But the location of 
the neutral point for the ground squirrel is somewhat 
displaced toward the long wavelengths from the neutral 
points generally reported for human protanopes®, The 
displacement in neutral point location seems to be a 
feature of ground squirrel colour vision, and not the 
experimental situation, for two human protanopes tested, 
in the same experimental situation had normal neutral 
point loeations (492 and 498 nm). One feature of the 
visual system of the ground squirrel that might be ime 
portant in this regard is the relatively heavy pigmentation 
of the cornea and Jens’. It has been suggested that the 
degree of ocular pigmentation may be a factor im de: 
termining the location of the neutral point and, specifies 
ally, that the heavier the degree of ocular pigmentation, 
the longer the wavelength at which the neutral point is 
located“. Whether or not this feature contributes to the 
location of the neutral point and is thus important. in 
colour vision in these species remains to be determined, 
At any rate, it seems clear that both C. mexicanus and C. 
tridecemlineatus possess dichromatic colour vision. Three 
animal species are now known to be normally dichromatic; 
the prosimian Tupaia glis has also recently been shown to 
have dichromatic colour vision’. 

This work was supported by a grant from the National 
Institutes of Health, US Publie Health Serviee, and by 
the US National Science Foundation. 
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Increase in Plasma Turbidity as a 

Result of Cerebral Stimulation 

Tue milky opalescent appearance of plasma associated 
with lipaemia is related to the size and number of fat- 
laden particles. Resolution of these particles and promypt 
clearing of the turbidity of plasma during absorptive 


lipaemia follow the intravenous administration of 
heparin'. The present report shows that the reverse 


phenomenon, an increase in plasma turbidity, can be 
readily produced by electrical stimulation of certain deep 
structures of the brain. 

Adult cats and dogs, of either sex, were used in the 
starved state or after being fed a mixture of evaporated 
milk and corn oil, calculated to provide from 3 to 30 g 
fat/kg body weight. Cerebral structures were stimulated 
in the chronic unanaesthetized state by means of stereo- 
taxically implanted bipolar stainless steel electrodes 
insulated to their tips’, delivering a 7-5 to 15 V biphasic 
0-4 ms square wave pulse at a frequency of 50/s. Cannulas 
in the femoral vein and artery were kept open by irrigating 
with isotonic saline, without heparin. In some animals 
blood pressure, pulse and arterial pH were monitored. 
The appearance of plasma was noted, and with a spec 
photometer turbidity was measured as absorbance com- 
pared with isotonic saline at wavelength 700 nm. In some 
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Fig. 1. Dog No. 4, weight 10:5 kg, unaniestheti Ped 120 ml. 
evaporated milk and 80 mil. corn oil {approx hat/ke body 
weight), 1 h 23 min before stimulation in the amygdaloid region, P lasmi 
in tube No. 1 was obtained 20 min before stimulation: in tube No. 
10 min before stimulation; and in tube No, 3, immediately before stimu- 
lation, Plasma in tube No, 4 was obtained at the end ofa 4 min p 
of stimulation, and in tube No. 5, 6 min later. Turbidity of the plas è 
greatest at the end of the period of stimulation and less 6 min later. 












experiments plasma total lipid concentration was deter- 
mined’, Venous clotting time (VCT) was estimated using 
capillary coagulation tubes. Multiple observations, 
collecting 7-10 ml. of venous blood in tubes containing 
heparin, were made at intervals before and after a 4 min 
period of electrical stimulation. The position of cerebral 
electrodes and the completeness of adrenalectomy were 
verified post mortem, 

The effect of cerebral stimulation on plasma turbidity is 
most apparent 1-2 h after a fatty meal and usually it 
is grossly visible, the clear and translucent plasma becom- 
ing milky and opaque during stimulation (Fig. 1). Table 1 
gives the results of all experiments where timing was 
similar, making statistical analysis possible, and where an 
increase in plasma turbidity occurred during stimulation. 
During the 10 minutes immediately before stimulation 
the increase in turbidity was not significant, while during 

the 4 mm of stimulation the increase was highly significant 























(P<0-001). After stimulation, plasma turbidity usually 
decreased, as shown in Fig. 1 and suggested by data in 
Table 1, but it tended to remain above pre-stimulation 
levels for at least 20 min, and occasionally increased 


during this time. The consistency of the lipaemic response 
was evident in experiments repeated at various intervals 
for as long as 5 months. The response continued to occur 
in twenty experiments on four dogs and in fifty-three of 
fifty-six experiments on twenty cats. 

Structures within the central nervous system (CNS) 
important for the turbidity response have not been 
identified beyond the observation that stimulation at 
several sites in the hypothalamus, thalamus and the region 
of the amygdaloid nucleus will evoke it. Inthe hypothala- 
mic region the response may be associated with pupillary 
dilation, fright or rage reactions, micturition, defaecation 
and changes in blood pressure; and in the amygdaloid 
region with salivation, licking and an appearance as 
though a bad taste were present, attempting with the 
tongue to clear the mouth; but in the thalamic region 











Table 1. CHANGE IN PLASMA TURBIDITY” BEFORE, DURING AND AFTER 


CEREBRAL STIMULATION 


Absorbance” Py 
(4) 10 min before stimulation > 0-05 
(B) 4 min of stimulation < 0-001 
(C) 6 to 11 min after stimulation <01 





Eighteen experiments on twelve unanaesthetized cats, 1 to 2 h after a 
fatty meal. 


* Turbidity expressed as absorbance compared with isotonic saline, 
measured at a wavelength of 700 nm. Mean and standard error shown, 

t All experiments where an increase in turbidity followed stimulation and 
where similar timing made it possible to caleulate the change during (4) 10 
min immediately before stimulation, (B) the 4 min period of stimulation and 
(C) the 6 to 11 min after stimulation. Implanted electrodes in hypothalamus 
of each cat. 
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such overt respunse is absent. Associated with stimulation 
in each of these areas is shor tening of VCT. While the 
effect on blood coagulation is easily demonstrated in 
pentobarbitol anaesthetized animals, the effect on tur- 
bidity has been clearly apparent only in the unanaesthe- 
tized state. It is of interest that, in the unanaesthetized 
state, manipulation and restraint with spontaneous 
struggling, rage or fear reactions frequently were associated 
with shortening of VCT and, on occasion, when blood was 
drawn before and after such a reaction an increase in 
plasma turbidity occurred. 

The effector mechanism activated by the CNS and re- 
sponsible for increases in plasma turbidity is unknown. 
The adrenal medulla is not essential, for the response 
occurred in each of four cortisone supported adrenalecto- 
mized cats, Study of the influence of the CNS on VET 
revealed that the anticoagulant effect of heparin was 
decreased by cerebral stimulation, suggesting the release of 
an antiheparin factor‘; and preliminary experiments on 
eight eats suggest that the hpaemia-clearing effect of 
heparin is also diminished by stimulation. One to two 
hours after feeding, intravenous heparin (50-100 unit 
resulted in a mean decrease in absorbance from 0-296 to 
0-075 just before stimulation; and after stimulation the 
mean absorbance was 0-114, an increase of 0-039+ 0-013 
(P<0-05). Preliminary data also suggest that plasma 
total Hpid concentration increases during stimulation. 
In thirteen experiments on eight fed cats the mean 
pared in total hpid concentration during stimulation 
was 29 mg+12 mg/100 ml. (P< 0-05), and in twelve 
ie on four fed dogs it was 75 mg/1l0Q inl. 
(P<0-01), It seems possible that a oe 
inhibitor reported to occur in plasma after cold stress and 
identified with a lipid mobilizing factor originating from 
the posterior lobe of the pituitary® may be important in the 
present phenomenon. Increased mobilization of lipid 
from adipose tissue in response to direct stimulation by 
way of its mtrinsic nerve supply® may also be important. 

In conclusion, it is clear that activity in certain areas 
of the brain is able to change the state of lipids in the 
plasma, possibly associated with an increase in the 
total lipid concentration. There results a prompt increase 
in plasma turbidity, which is most striking during 
absorptive lipaemia. 

This work was supported by a US National Institutes 
of Health grant. 
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BRL 1288—a New Anti-Parkinson Drug 


THE symptomatic treatment of Parkinson's disease 
usually i mvolves anti-acetylcholine drugs which may block 
muscarmic receptor sites on neurones im the reticular 
formation. Unfortunately, all of the drugs in common 
use have pronounced peripheral anti-acetylcholine actions 
which result in unpleasant side effects, such as dryness of 
the mouth and mydriasis. 

Doyle et alt have described the pharmacology and 
chemistry of a series of basie esters and have prepared 
glycollie acid esters derived from the open chain alcohols hy 
transesterification of methyl .a-diphenyl-glycollate with 
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an appropriate amino alcohol to form basic esters of the 
general formula 





(X=alkylene group containing two or three carbon 
atoms) 
R, and R, =alkyl groups containing one to six carbons 


While examining this series of compounds for anti- 
Parkinson activity, we found that the compound 2(ethyl- 
n-propylamino)ethyl a,«-diphenyl-glycollate hydrochlor- 
ide? (BRL 1288) had maximum activity in the CNS and 
minimal peripheral anti-acetyleholine activity. In mice 
a dose less than one fifth of that which caused mydriasis 
reduced tremor. Any other anti-Parkinson drug would 
not inhibit tremor until doses, at least six times greater 
than those required to produce mydriasis, were given. 

A modification of the method deseribed by Everett, 
Blockus and Shepperd? was used to assess anti-Parkinson 
activity. These authors found that tremorine (1:4 
dipyrrolidine but-2-yne) produces a generalized tremor and 
akinesia in mice, and that these effects can be antagonized 
by drugs having anti-Parkinson activity. Subsequently, 
it was shown! that the metabolite of tremorine, oxo- 
tremorine, was the active tremorogenic agent when given 
orally or subcutaneously. 

We induced tremors in mice by the intraperitoneal 
injection of oxotremorine (2 mg/kg), and an observer, who 
was unaware of the treatment programme, assessed them 
subjectively on a scale of 0, 1 or 2 according to the degree 
of tremor. 

Maximum tremor occurs approximately 10 min after 
oxotremorine injection and therefore the injection of 
BRL 1288 and of the reference drug, benzhexol, was timed 
so that the peak anti-tremor activity would coincide with 
the time of maximum tremor. BRL 1288 and benzhexol 
were given orally 40 min or subcutaneously 20 min before 
this peak. Ten female mice (SAS/ICI strain) weighing 
18-22 g were allotted to each group. A control group, 
which received only oxotremorine, was included. Reduce- 
tions in tremor in the test groups were expressed as a 
percentage of the control group and the results plotted on 
log probit paper. The ED,, values (mg/kg) were read from 
this graph (see Table 1). 

To assess peripheral anti-acetyleholine activity in vivo 
the compounds were injected subcutaneously to mice kept 
under subdued lighting. Pupil diameters were measured 
on an arbitrary scale using a binocular dissecting micro- 
scope with a focal light source directed on the eye. Meas- 
urements were taken before and at suitable intervals 
after drug administration. The potency of BRL 1288 
relative to benzhexol was 0-036, and Fig. 1 shows the 
time course of the mydriatic activity. 

Further pharmacological studies have shown that the 
compound possesses anti-convulsant activity against 
maximal electroshock seizures in mice. An EDs, of 
10-6 mg/kg was obtained 0-5 h after subcutaneous admini- 
stration of BRL 1288 compared with an ED; of 17-0 
mg/kg for sodium phenobarbitone. Sedation occurs with 
large doses, but no other significant effects have been 
detected. 

Rats absorb almost all the “C BRL 1288 given orally 
and no unchanged BRL 1288 can be detected in urine or 
faeces. Approximately 25 per cent of the radioactivity 





Table 1. ANTI-OXOTREMORINE ACTIVITY IN MICE 
Time of assess- EDs 
Compound Route ment (min) mg/kg 

BRL 1288 p.o. 40 39 
Be. 20 38 

Benzhexal p.o. 40 30 
8e 20 38 
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was excreted in the urine; the remainder, as a result of 
biliary excretion, went in the faeces. After giving wi- 
labelled BRL 1288, benzilic acid, propylamincethanol, 
ethylaminoethanol and ethylpropylaminoethanol have 
been identified by chromatography in urine. Humans 
excrete similar metabolites in the urine. Whole body 
autoradiography of mice has shown that radioactivity is 
present in the brain, and preliminary chromatographic 
examination of mouse brain homogenates has revealed the 
presence of unchanged BRL 1288. 

Initial toxicity studies have been carried out in the 
rat and dog. Toxic symptoms appear in rate injected 
subcutaneously with daily doses in excess of 150 mg/kg 
and there is evidence of hepatotoxicity. In the dog slight 
convulsions were observed after daily oral doses of 50 
mg/kg, and lower doses were sedative. 

Preliminary clinical studies with Parkinson patients 
at St Thomas's Hospital made in collaboration with Dr 
Marsden of the MRC Medical Unit, Department of Medi- 
eine and Neurology, St Thomas's Hospital, have shown 
that BRL 1288 is of considerable value in the symptomatic 
treatment of Parkinson’s disease; peripheral anti-acety!- 
choline side effects were absent at effective clinical dose 
and the compound has not caused psychotoxic effects. 

D. M. Brows 
B. O. Hveres 
M. D. Menta 
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Functional Significance of the 
Sympathetic Nervous System in 
Production of Hypertension 


SEVERAL studies have implicated the sympathetic nervous 
system in the induction and maintenance of hyper- 
tension!-*, Other reports™®? have shown that hypertension 
can be produced even after destruction of the sympathetic 
nervous system by immunosympathectomy. ‘Treatment 
with anti-nerve growth factor? results in a sub-total 
sympathectomy which is irreversible. Dahl has developed 
a method of accelerating production of salt hypertension 
by using t-triiodothyronine (T,) (ref. 10). Using this 
technique for producing hypertension, we have evaluated 
the functional significance of the sympathetic nervous 
system during induction of T, and NaCl hypertension. 
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Fig. 1. A sub-total sympathectomy was produced in one group of 

newborn rats with anti-nerve growth factor (ANGE). This group 

from an inbred colony of Ty-NaCl hypertensive rats (@---@) and 

another similar group (normal) (@— @) were treated with T, and salt 
beginuing at 21 days of age. * P<0-05, 


We used newborn and weanling (21 days) animals from 
an inbred colony of T, and NaCl hypertensive rats. To 
produce immunosympatheetomy in one group each animal 
was treated with 0-01 ml./g body weight (68,000 units/ml.) 
of anti-nerve growth factor (Abbott) for 14 days from 
birth, The immunosympathectomized group and a 
normal group with the sympathetic nervous system 
intact were treated with T, and NaCl’ starting at the 
age of 21 days. T, was given subcutaneously (50-0 ue/rat) 
for 4 days and on alternate days for the next 21 days at 
5-Oug/rat. During the same period. the animals were 
maintained on Purina Laboratory Diet to which had been 
added NaCl in an 8 per cent concentration. Blood 
pressures were taken each week during and following the 
T;-NaC] regimen by the indirect tail-cuff method". 

During the 14-day treatment with anti-nerve growth 
factor (ANGF) the animals did not exhibit any severe 
visible reactions, A rough coat and an extreme ptosis 
were apparent by 14 days and they persisted. Also. the 
animals were more susceptible to infection. The animals 
survived and were maintained in better condition if 
treated with 60,000 units of penicillin K on alternate 
days. 

The endogenous norepinephrine content and uptake 
of *H-norepinephrine were measured in the cardiac tissue 
of four rats from both groups. The endogenous norepi- 
nephrine was also determined in a heart sample pooled 














from five normotensive rats. *H-norepinephrine (New 
England Nuclear—102 Ci/mmole) was dissolved in 


isotonic saline containing 50 mg heparin/l. One-tenth mi. 
(5 pCi) was injected subcutaneously 30 min before the 
rats were killed. Norepinephrine was determined fluoro- 
metrically™, One ml. aliquots of the Shore—Olin aqueous 
extract were taken for liquid scintillation counting for 
‘H-norepinephrine determination. Student’s t test values 
were accepted at the P< 0-05 level of significance. 

In the present study, a functional sympathetic nervous 
system is a prerequisite to elevating blood pressure and 
sustaining the hypertensive state (Fig. 1). Hypertension 
was not produced with T, and NaCl following treatment 
with ANGE, The blood pressures were even significantly 
lower than those observed for normotensive animals in 
previous studies that used the indirect method of blood 
pressure measurement. Recently Varma has imdicated 
that the intact sympathetic nervous system is not necessary 
for production of steroid and NaCl hypertension®. Dorr 
and Brody? reported that sympathectomy did not prevent 
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Table 1, 
Body wt 


NOREPINEPHRINE METABOLISM 
NE H 








Group g Be) heart ep.m./g heart 
Ty-NaCl hypertension 

Intact symp. 49 4,400 8,980 
0-66 8,000 
0-55 5,360 9,745 
O82 6,120 7,463 

0-63 + 0-07 5,200 + 352 8,547 + 508 

Ts-Na€l treated 

Tmmunogsymp. 234 O44 T4380 3,364 
280 0-55 1,480 2,601 
305 O86 1,160 1,758 
B65 | 0-58 960 1,811 

296 + 27 M55 + 00t 1,270 + 128 2,406 + 384 

Diff. ns, ns. P «0-001 P<0-001 


the production of renal hypertension, but that the elevated 
blood pressure was not sustained. It is difficult to reconcile 
the inconsistencies in these reports. unless there is indeed 
a functional difference arising from the contrasting 
methods of producing the hypertensive state. 

The uptake of *H-norepinephrine is markedly reduced 
(24 per cent of hypertensive control norepinephrine, 
Table 1) with immunosyinpatheetomy of the T,-NaCl 
hypertensive animals. This agrees with what has been 
shown previously with normoten animals (14 per cent 
of normotensive control norepinephrine) t1% and is an 
indication that sympathectomy was produced at least to 
the heart. This is what is expected because it has been 
shown repeatedly that an intact nervous system is 
necessary for the uptake and binding of released or 
exogenous norepinephrine, The content of norepinephrine 
in the heart for the normal group was 1-37 yg /g/neart. 
The endogenous heart norepinephrine concentration in the 
ANGF treated and untreated T,-NaCl rats was lower 
(< 40 per cent) than in normotensive controls. There was, 
however, no significant difference between the two T,-NaC] 
groups. 

Our work indicates there is an intimate relationship 
between the sympathetic nervous system and metabolism 
of norepinephrine during hypertension produced with 
T, and NaCl. 
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Children’s Size Judgments in a 

Picture with Suggested Depth 

Ir is widely accepted! that, in their drawings, children 
below the ages of 8 or 9 years typically disregard the 
conventional rules whereby depth is represented in 
perspective. Piaget and Inhelder? argue that, in order 
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to represent an object in perspective, the artist must 
recognize that both the object and observer occupy the 
same projective space extending beyond the object and 
including the observer as well. Children cannot adopt 
the objective viewpoint necessary to recognize this, 
therefore they cannot draw in perspective. Because this 
viewpoint need not be adopted when imterpreting per- 
spective drawings, children have no diffieulty perceiving 
pictures in depth. This argument can be questioned. 
Young children may not draw in perspective because 
they cannot even perceive depth in pictures, quite apart 
from portraying it in their own drawings. Hudson? 
found that European children, during their first year at 
school, were like wnaceulturated African tribal adults in 
that many failed to interpret the perspective features 
of a picture as representing depth. Other cross-cultural 
studies, like those of Hudson’, Deregowski® and Winter’, 
indicate that the interpretation of pictures in depth is a 








learnt ability that requires a considerable amount of 


practice. Subjects that have had little exposure to 
pictorial material experience difficulties when interpreting 
pictorial depth. 

In this article, T report a study testing the hypothesis 
that. as they grow older, children’s size judgments in a 


picture are increasingly influenced by the perspective of 


the drawing, for this is increasingly interpreted as 
representing depth. Use was made of a perspective illu- 
sion, similar to that shown in Gibsons. In this illusion, 
two physically identical posts are depicted in a perspective 
drawing of the inside of a corridor (Fig. 1). Provided the 
subject interprets the picture in depth, the rear post 
appears physically larger than the near one. The extent 
of the illusion gives a measure of the extent to which the 
picture is interpreted as representing a scene in depth. 
The specifie hypothesis was tested that, as children grow 
older, there will be an increase in the extent that the 
perspective illusion is experienced. 

The perspective illusion was drawn on a card 28 x 34 em. 
A black strip of metal, 9 em long and 0-6 em wide, repre- 
sented a vertical post near the far end of the corridor. 
This object was the standard. The variable was a second 
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black strip of metal representing a vertical post in the 
foreground of the corridor, This post was also 6 om 
wide but, by a simple slide mechanism, the experimenter 
or the subject. could adjust its length from 8 to 110 em, 
A total of forty-eight children were tested individually. 
They were drawn from three age groups of 6, 10 andl 
14 years, with an equal number of boys and girls im 
each. On the perspective illusion, subjects were carefully 
instructed to judge when the variable appeared equal in 
physical length to the standard. After a few pre tice 
trials, when subjects fully understood the task, they 
made sixteen judgments which were recorded. The 
psychophysical method of adjustment was used, The 
variable w altered in the conventional ADDA 
sequence. In half the trials subjects adjusted the variable; 








in the remaining trials the experimenter altered it aveorde 


ing to the subjects’ instructions. For each subject the: 
point of subjective equality was taken as the mean 
length of the variable from all sixteen trials. Finally, 
subjects were asked if the perspeetive illusion picture 
represented anything to them. In an unstructured ques- 
tion and answer session, the experimenter noted whether, 
with prompting if necessary, the child could give any 
descriptions of the picture that indicated it was viewed 
as a three-dimensional scene. Responses enabled the 
subjects to be classified as two-dimensional or three- 
dimensional interpreters of the picture. Results revealed 
no significant differences in the mean scores between 
trials on whieh the subjects or the experimenter adjusted 
the variable, thus confirming the reliability of the measure. 
The subjects’ sex was not a significant variable. The mean 
setting of the variable (compared with the 9-0 em stand- 
ard) for each age group was as follows 





9-84 em (8.0. +050 em) 
9-60 em (S.D. +0635 cm) 


9-59 em (S.D. +035 ern) 


6 years: 
10 years: 
14 years: 
None of these means was significantly different. Ques- 


tioning revealed that all 10 and 14 year old subjects 
had interpreted the illusion pieture as representing a 





three-dimensional view of a corridor or a tunnel, Only 
four 6 year old subjects gave any three-dimensional 


interpretation of the picture. The mean score of these 
four subjects was 10-43 em (S.D.i017 om) compared 
(SD. +035 em) for the remaining twelve 






with 9-65 em { 
6 year old subjects. The difference between these means 
gnificant at the 0-01 level (f= 3-26, df= 14, P< 00l; 
or Mann-Whitney U=4, P< 0-01, one tail t) Two- 
dimensional perceivers variously deseribed the pieture 
as, for example, a “television aerial” or just a “pattern”. 

These findings do not permit us to reject Piaget and 
Inhelder’s view. Contrary to the hypothesis, results show 
that there is a slight tendency for younger children to 
experience the perspective illusion more strongly than 
older ones. Clearly, by 6 years, children’s size judgments 
are strongly influenced by the perspective in a drawing. 
With the 6 year old subjects, the ability to give a three- 
dimensional interpretation of the perspective illusion is 
significantly associated with increased susceptibility to 
the illusion; however, as all remaining 6 year old 
children also saw the illusion, it seems that young 
children can be influenced by the perspective in a picture 
before they are old enough to provide a definite interpreta- 
tion of the picture in depth. In Hudson’s studies, European 
children of comparable age were similarly not usually 
able to interpret perspective pictures in depth. He did 
not investigate whether, in spite of this, their size judg- 
ments in pictures could be influenced by the perspective 
of the drawings. This might be the case with European 
children, but not so for unaceulturated tribal adults who 
have been found, by Jahoda® and others, to experience 
certain geometrical—-optical illusions only poorly. In 
principle, the findings also support one limited aspect of 
Gregory's!" inappropriate constancy sealing theory of 
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the visual illusions. With 6 year old children, depth 
features of a figure can influence size judgments without 
the subjects being aware that depth is represented in the 
figure. “Primary sealing’! or “depth cue scaling”?! 
would seem to be a similar phenomenon. Intrinsic depth 
features of certain illusion figures are thought to influence 
size judgments of part of the figure, without necessarily 
any awareness of depth being present. 

Contin V. Newman 
Department of Psychology, 
University of Leicester. 
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Evidence for a Positive Relationship 
between Degree of Control acquired 
by Two Dimensions of a Complex 
Stimulus 


Various theories of selective attention’ propose the 
existence of an inverse relationship between the amount 
of attention given to one aspect of a stimulus situation and 
the amount given to all others. Attention may be inferred 
from the slope of a generalization gradient obtained by 
varying the stimulus along a dimension. The steeper the 
gradient (that is, the greater the control exercised by a 
dimension), the more attention must have been paid to 
that aspect of the training stimulus. Selective attention 
to one stimulus dimension should produce a steepened 
generalization gradient for that dimension and flattened 
gradients for all other dimensions. Several studies, 
however, have reported results inconsistent with this 
prediction. 

Reinhold and Perkins? trained rats in a maze to dis- 
criminate floor textures and then tested for control 
of running by brightness of a cue card at the end of the 
maze. Such training should presumably have called 
attention to the relevant cue, floor texture. at the cost of 
attention to the irrelevant cue, brightness, yet these 
subjects showed steeper brightness gradients than did 
suitable controls. In a series of five experiments, Thomas 
et al.* found that diserimination training along one dimen- 
sion sharpens generalization gradients along other dimen- 
sions which were either present but irrelevant during 
training or were experienced later. In one of these 
experiments, for example, pigeons were trained to dis- 
criminate between line angles superimposed on a green 
background. Subsequent testing revealed steeper wave- 
length generalization gradients than those given by 
subjects which had had non-differential training with the 
same original stimuli. Similar findings have also been 
reported in several experiments by Honig‘. 

These findings are consistent with the hypothesis that 
discrimination training increases the capacity of the 
organism to attend to many stimulus dimensions. If so, 
discrimination training may steepen generalization along 
several dimensions, and yet within subjects the inverse 
relationship between gradient slopes predicted by selective 
attention theory might still attain. This would be so if 
those subjects which showed the most steepening along 
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the training dimension showed the least steepening along 
the test dimension and vice versa. 

Sutherland and Mackintosh® have reported an experi- 
ment designed specifically to test (within subjects) the 
hypothesis of a negative relationship between degree of 
attention paid to two dimensions of a training stimulus. 
The study produced evidence in agreement with the hypo- 
thesis: rats discriminated between two stimuli differing 
in both orientation and brightness, and subsequent 
transfer tests were used to assess the degree of control 
exercised by each dimension. 

The present study differs from that of Sutherland and 
Mackintosh in many ways, including species of subjects 
(pigeons versus rats), measure of attention (generalization 
slope versus transfer test performance) and type of 
training (single-stimulus versus discrimination training). 
We are aware of no statement of selective attention theory 
which specifies discrimination training as a necessary 
condition for producing a negative relationship between 
attention to differmg stimulus aspects. For this reason, 
we decided to use the simplest training procedure which 
would permit a test of the “inverse hypothesis”. 

Twenty experimentally naive domestic pigeons, main- 
tained at 75 per cent of their free-feeding weight, were the 
subjects. A Grason-Stadler pigeon test chamber (with 
houselight removed) was used. The training stimulus was 
a vertical white line 1/8 inch in diameter superimposed on 
a yellowish-green (555 mmicrons) background. Reinforce- 
ment consisted of 3 s of access to grain. 

The birds were initially trained to peck the key for 
continuous reinforcement and then, over several days, the 
mean interval between reinforcements was gradually 
lengthened. Finally the birds were placed on a variable 
interval 1 min schedule (that is, with variable inter- 
reinforcement periods averaging 60 s) for 10 daily 
half hour sessions. On the subsequent day, the birds 
were given 5 min of reinforced training (warm-up) and 
were then tested, in extinetion, for generalization along 
wavelength and angularity (line angle) dimensions. Ten 
stimuli were used, 501, 538, 555, 576 and 606 mmicrons 
and 30°, 60°, 90° (vertical), 120° and 150°. During 
presentations of the wavelengths, the line was removed; 
correspondingly the lines appeared against a black back- 
ground. Stimuli from the two dimensions were alternated 
and were presented for 30 s periods (with no intervening 
blackouts). The stimuli were ordered into a block, and 
nine different test blocks were presented. Within each 
dimension, in each block, the stimuli were ordered 
non-systematically, 

As is common in this laboratory, the basie measure of 
generalization slope used was the percentage of total 
responses, within each test dimension, given to the peak 
(maximum) value within that dimension. A Pearson 
Product Moment correlation coefficient, computed using 
the two peak percentage values from each bird, was 
+0-4877 (18 df., p< 0-05). This correlation is not high, 
but line angle exercises relatively little control over 
responding, in comparison with wavelength. The resulting 
highly compressed range of percentage scores for angularity 
would have the effect of sharply reducing the obtained 
correlation coefficient. 

These results clearly contradict selective attention 
theory. One possible interpretation (subject to empirical 
verification) is that discrimination training is required to 
activate a stimulus selection mechanism. A very recent 
report by Mackintosh and Honig* presented evidence 
suggesting that this might be the case. Another possibility 
is that (for reasons not yet specified) generalization slope 
(perhaps only as measured here) is an inadequate index of 
the underlying selective attentional process. We believe, 
however, that the occurrence of the inverse relationship 
predicted by selective attention theory is the exception 
rather than the rule, and that research efforts should now 
be directed toward specifying those restricted conditions 
under which such selective effects may be observed’. 
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Brain Response Correlates of 
Psychometric Intelligence 


Previous attempts to correlate electrophysiological 
variables with behavioural indices of intelligence have been 
inconelusive!. Recent findings suggest that the average 
evoked potential (AEP) recorded from the human scalp 
may reflect the neural correlates of higher mental activity 
or information processing by the brain. The speed of 
this process, measured by the latency of sequential AEP 
components, could be the biological substrate of individual 
differences in behavioural intelligence. AEP latency 
data from cretinized rats’, hypothyroid patients’, aribo- 
flavinotie children? and humans with differential intelli- 
gence® provide preliminary support for this hypothesis. 

We now report evidence of a relationship between the 
time delays of the brain’s electrical responses and psycho- 
metric intelligence. The latencies of sequential visual 
evoked potential components bear highly significant 
inverse correlations with IQ scores on three commonly 
used intelligence tests in a random sample of 573 primary 
school pupils. The visual AEP waveforms of high and low 
1Q subjects are characteristically distinct from each other. 

The experimental sample comprised 317 male and 256 
female pupils randomly selected from the population of 
8,000 children attending grades 2, 3, 4, 5, 7 and 8 in the 
thirty-nine schools of the Ottawa separate school system. 

The Wechsler intelligence seale for children (WISC), the 
primary mental abilities test (PMA) and the Otis quick- 
scoring mental ability test were used. 
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A visual AEP record was also obtained from each 
subject. The electroencephalograph (EEG) was re 
corded from bipolar scalp contact electrodes 6 em apart, 
parallel with the midline and astride C4 in the 10-20 
system with ground to the right earlobe (upward deflexinn 
in reported data indicates negativity of the anterior 
electrode with respect to the posterior). The raw EEG 
was amplified to the required voltage in a bandwidth 
3 dB down at 3 and 50 Hz and recorded on magnotic tape 
along with trigger pulses corresponding to the i 
flash stimuli. Subjects sat with eyes open in a darkened, 
shielded room fixating a spot on a reflecting ee 
Bright photic stimuh of microsecond duration were 
delivered according to a uniform stimulus interval, 



















lation were extracted from the EEG 
amplitude summation and zero-crossing ana 
the Enhancetron ND-801 digital computer. 
techniques in combination facilitated objective ide 
tion of sequential AEP components, 

Initially, the evoked potentials of each subj 
amplitude averaged in alternate response sets 00 and. 
read out by XY recorder. Short term reliability . 
ments of the AEP and preliminary identification of its 
sequential components were made by visual er 
correlation from th graphs, A zero ing 
technique was then used to confirm statistically the 
presence of sequential AEP components’. The EEG was 
converted to pulses corresponding to zero-crossings where 
the EEG waveforms passed 
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(Fig. 1). The same EEG data were used to generate a 
control histogram by triggering the multi-scaler 400 times 
randomly with no time relation to experimental stimula- 
tion. The mean channel counts of both stimulated and 
control histograms were not statistically different. The 
standard deviation of the control histogram was also 
computed. If the number of zero-crossing counts m any 
channel of the stimulated histogram exceeded twa stand. 
ard deviations above its mean a statistically significant 
event was identified. The corresponding peaks of the 
summated AEP waveform were called sequentially 

































estimated to be plus or minus 5 mes. A stati 
cant zero-crossmg event was always accompes 
visible component in the AEP record, 








A, Average evoked potential resulting from amplitude summati 
ing oeeurrences in sixty-four channels followin 
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t of 400 responses to photic stimulation, 
the same 400 photic stimuli as in A. 








Where the height of the histogram is greater than two standard deviations (computed from a control experiment in 
which no stimuli were given) above the mean, an AEP component is statistically identified. 


422 





nase ada aaa care 





WISC TO 









ui 







Time (ns: Time tins} 


Fig. 2. Specimen visual average evoked potential waveforms for ten high 
and ten low IQ subjects. Components are sequentially labelled. 


the AEP waveform not supported by significant zero- 
crossing events were rejected as sequential components. 

The latencies of the first four sequential AEP com- 
ponents detected in this manner were intercorrelated with 
the intelligence test scores using the Pearson r correlation 
coefficient across the entire sample. 

Results, presented in Table 1 and illustrated in Fig. 2, 
are evidence of a relationship between the electrical 
responses of the human brain and psychometric intelli- 
gence, The latencies of sequential components of the 
visual AEP bear highly significant inverse correlations 
with IQ scores from the three intelligence tests used 
(Table 1). It would appear that AEP component latency 
is related to some common factor tapped by the highly 
intercorrelated intelligence tests. 

IQ scores correlate higher with the late components 
(E3 and E4) of the visual AEP than with the early com- 
ponents (El and E2). This observation accords well 
with the generally accepted position that the late com- 
ponents of the AEP are more significant for conscious 
processes than the early primary components* 

Specimen AEPs from ten high and ten low IQ subjects 
are shown in Fig. 2. It is evident that these two sets of 
waveforms are internally consistent but ‘net from 











. NATURE. VOL. 223, JULY 26. 1969 


Table 1. PEARSON CORRELATION COEFFICIENTS AND DESCRIPTIVE STATISTICS 
FOR PSYCHOMETRIC AND PHYSIOLOGICAL VARIABLES 








Age WISC PMA Otis AEP latencies (ms) 
‘ {months) IQ IQ IQ EL E2 E3 E4 
Age 
WISC IQ ~ O15 
PMA IQ 000 0-46 
Otis TQ ~007 0-61 OFS 
AEP: Et ~ O05 ~O1S ~O10 ~O14 
ARP: E2 O04 ~ O30 -H28 -0 29 059 
AEP: Ei ~O04 -035 ~084 O43 078 
AEP; E4 O03 -033 ~0-32 Ot 0-65 0-83 
N 566 566 586 73 578 573 573 
Mean WHR 1052 100-3 ad 328 FPI 1196 1874 
SD. 265 131 18-0 133 136 158 267 45-0 


With N of 566 Pearson r coeficients of 0-16 are significant at P = 0-0001 level, 


each other. The AEPs of the high IQ subjects are more 
complex, characterized by high frequency components in 
the first 100 ms which are not observed in the AEPs of 
the low IQ subjects. The ten high IQ ces illustrated 
have a mean E3 (third sequential peak) lateney of 88 ms. 
The ten low TQ subjects have a mean E3 latency of 194 ms. 

The mean AEP component latencies for our entire 
sample correspond closely with normative data from other 
laboratories®. Our range of response latencies, however, 
is much greater, possibly because of the uncontrolled 
influence of intelligence and the visual and therefore 
subjective method of AEP component identification used 
in these other studies. 

Several variables are known to affect the waveform of 
the visual AEP, The inter-subject AEP component 
latency differences noted in ou sample, however, are much 
greater than any demonstrated latency changes attribut- 





able to potentially contaminating variables such as 
attention, arousal level, pupil diameter and so on. 


Furthermore, these potentially contaminating variables 
are not related to psychometric intelligence and are 
assumed to be randomly distributed in the population. 

Reported intercorrelations between AEP component 
latency and IQ are not large but highly statistically 
significant. When attempting to relate variables in the 
psychological domain to variables in the physiological 
domain, it can be argued that even very small correlations, 
if statistically significant, could identify a fundamental 
relationship. Our findings suggest that. evoked potentials, 
which reflect, the time course of information processing 
by the brain, could be the key to understanding the 
biological substrate of individual differences in behav ioural 
intelligence. 

This work was carried out in accordance with a contract 
with the US Department of Health, Education and 
Welfare, Office of Education. We also acknowledge the 
contribution of the Ontario Mental Health Foundation, 
the Educational Records Bureau of New York and the 
Ottawa Separate School Board. 
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Book Reviews 


AFRICAN ANTHROPOLOGY 


Man in Africa 

adited by Mary Douglas and Phyllis M. Kaberry. Pp. 
xxvii+371+4+15 photographs. (Tavistock: London, May 
1969.) 52s. 


FESTSCHRIFTEN are such very uneasy productions that it 
is a question ahakar they ought really to be continued 
with, They honour a man, but only at his professional 
demise; or rather they are supposed to be testimony to 
such regard, but once they have become a convention 
it may be only the convention itself that they actually 
honour. Publishers do not like to bring them out, they 
are practically impossible to review, and usually they are 
too expensive for the ordinary reader to consider buyi ing. 
Instead of furthering the values of scholarship and science, 
they tend to prov oke dubiety about the forms and instru- 
ments by which these concerns are lauded, the panoply 
(flummery, some would call it) of processions and oo 
courses, academics giving each other bits of coloured silk 
and more letters to put after their names~—all those aa 
vanities, In short, which men of learning ought before 
most. others (if this is not too austere a conception) best 
be prepared to do without. More embarrassingly, perhaps, 
the festschrift may have the contrariant effect of inducing 
the reader to enquire what indeed are the claims of the 
honorand to such a putative distinction--and how could 
any reviewer, for one, reasonably be expected publicly 
to pose or attempt to answer this sharp question ? 

The sensible course, therefore, might be simply to name 
the recipient, state the oceasion, give the table of contents, 
and leave it at that; but while the convention persists 
there are literary conventions that go with it, and some- 
thing more is called for. So: this volume marks the 
twenty-first anniversary of Professor Daryll Forde’s 
election to the chair of anthropology at University College 
London. It is a relief that, in this instance, the recipient. 
clearly qualifies for the presentation. Forde has rendered 
immense service to the advancement of African studies, 
and if (as the comparative lack of weight in his biblio- 
graphy shows) his contribution has been preponderantly 
administrative, his colleagues certainly have no ground 
to be any the less grateful on that score. His scrupulous 
editorship of Africa and his efficient management of the 
International African Institute have increasingly secured 
a lead in opening up a whole continent of research. 

The contributors to the collection are former students 
and past and present members of the Gower Street teach- 
ing staff. There is a biographical foreword by M. G. Smith 
(successor-elect to the chair), followed by nineteen essays. 
These are divided among five sections dealing successively 
with general topics, political economy. problems in kinship, 
the expression of values and enigmas of the past. There is 
a bibliography of Forde’s writings. and the book is 
efficiently provided with an author index and a subject 
index. An excellent likeness forms a portrait frontispiece, 
and the maps, plates and figures are numerous and clear. 
The volume has been patently well edited, and the pub- 
lishers deserve a special compliment for the very handsome 
format, down to the elegant and distinctive dust Jacket. 

The writers of the papers are in the main of more than 
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ordinary professional respectability, and none of their 
contributions is merely conventional or perfunctory, 80 
that the book is well worth acquisition by any library with 
African interests. Some of the more interesting paper: 
are: Maquet on the cultural continuities which override 
tribal a sociological distinctions: Mary Douglas on 
whether matriliny in Africa is dooomed ishe thinks it 1s 
not, and that all it needs for a full creative contribution 
to the twentieth century are conditions for steady econo- 
mic growth); Turner on the symbolism of CUPCUINCISION 
rites among the Ndembu and the Gisu; Vansina on the 
Bushong poison ordeal (horrifying, but a fascinating 
account of the sacrificial ritual of a legal institution); 
Middleton on Lugbara oracles and divination (a welcome 
continuation to his admirable ethnography on that 
people); and Jolly and Ucko on the riddle of the sphinx: 
monkey. Although the concentration is overwhelrmir 
on social anthropology and the ethnography of Africa, 
it is the sphinx paper which may well be found the most 
intriguing and convincing, as well as a most enjoyable 
piece of detective work. 

A festschrift so well done ag this almost carries the case 
for the convention that it embodies. 

Ropwey NEEDHAM 












BOG BURIALS 
The Bog People 


Tron-Age Man Preserved, By P. V. Glob. Translated 
from the Danish by Rupert Brace-Mitford, Pp. 260+ 76 
photographs. (Faber: Londen. June 1969.) 50s. 


PROFESSOR GLOB sets out to describe. in a most attractive 
simple style, something of the nature and circumstances 
of the human burials of Iron Age date (approximately 
500 Be-AD 500) which have turned up from tune to Lune 
in the acid peat bogs of North-West Europe. More than 
seven hundred are known. mainly from Scandinavia and 
the North German plain. but some as far west as Ireland 
are mentioned. It is. however, largely the Danish and 
German burials which receive the greatest attention, for 
they are the best preserved and the most fully documented. 

The book naturally begins with a consideration of 
the two best known examples. the famous Tollund marn 
discovered by two startled peat-diggers in May 1950, and 
Grauballe man found under similar circurnstances bwo 
years later, only eleven miles away. Both were extremely 
well preserved: not only were the facial chara ties 
perfect but even the fingerprints survived on their de 
work-free hands. Fortunately. the work of exeav 
examination and preservation was in the hands of 
ists and the result is a wealth of detailed informatio 
The stomach contents. for example, showed that the last 
meal had been a vegetable gruel containing barley, lnse 
knotweed and a number of other weeds of cultivation, 
in such quantities that deliberate selection is indicated 
rather than weed-infested fields, Tolland man’s last meal 
had been taken between twelve and twenty-four hours 
before death; Grauballe ran. on the other hand, had 
been fed immediately before death on a similar concoc pior 
containing sixty- -three different varieties of grain. Both 
men had met violent ends: Tollund man by banging, 
Grauballe man by having his throat cut, perhaps after an 
initial stunning. which could account for his fractured 
skull. This fact and the vegetarian meals suggest that 
the Bog men may have been sacrificed as part of the mid- 
winter celebrations known to have been practised by the 
barbarians beyond the northern fringes of the Roman 
Empire, mid-winter because of the lack of autumn fruits 
or spring greenstuffs in the meal, 

The second part of the book deals with the daily life 
of the contemporary community and finally with death 
and ritual. Here it must be said is the first (and only) 
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disappointment. Having been provided with an immense 
amount of fascinating detail of the people themselves, 
we are left knowing little of their daily life or social 
structures. The last chapter, however, “When Death 
Came”, is more than compensation. Here Glob is at his 
best, building up, in detective-story fashion, a picture of 
rituals and beliefs using the evidence of the burials them- 
selves, ritual deposits and accounts by contemporary 
Roman authors, indicating points of contact and using 
one type of evidence to illuminate the other. Throughout 
this section the reader is provided with brilliant photo- 
graphs of the simple god figures discovered in excavation, 
photographed against natural backgrounds. The general 
effect is, to say the least, stimulating and provocative. 

„In spite of the use of a wide range of scientific tech- 
niques, "C and pollen analysis for dating, X-radiography 
and various techniques more common to forensic medicine 
than archaeology, for the examination of the bodies and 
their environments, methods of preservation developed 
slowly. In the case of Tollund man, only the head was 
preserved by passing it through a series of solutions of 
formalin and acetic acid, different strengths of alcohol, 
toluol and finally paraffin wax. By the end the head had 
shrunk by about 12 per cent. By the time of the discovery 
of Grauballe man new techniques had been developed. 
Examination of the skin showed that the bog conditions 
had begun a tanning process. The conservation simply 
continued this by immersing the entire body in a vat 
containing a liquid extract of oak bark. After eighteen 
months, tanning was complete and the final stages of 
immersion in Turkish red oil and later glycerine, lanolin 
and cod-liver oil, followed by the selective injection of 
collodion, completed the process. Grauballe man emerged 
complete and virtually unshrunken. 

Altogether this is a splendid book, full of detail and 
fascination not only for the specialist, who would indeed 
benefit by reading it, but for anyone interested in the 
techniques and results of first-rate archaeological research. 
The book is attractively translated from the Danish by 
the archaeologist R. L. 8. Bruce-Mitford. In some places 
the translator delights in explaining the subtleties of the 
Danish language. All this adds much to the enjoyment 
of the work. B. W. CUNLIFFE 








DARWINISM 


A Study of Evolution 
By Charlotte Wallace. Pp. 149. 
and London, April 1969.) 17s 6d. 


(Blackie: Glasgow 


A Study of Evolution was written as “one of a series 
planned to give the students of upper sixth forms an 
insight into the problems of subjects other than their 
own”, It is short and non-technical. 

The author introduces the idea of evolution, the mecha- 
nism of heredity and natural selection through brief 
histories of the subjects, bringing them neatly into their 
modern context. The theory of evolution is then tested 
against the facts of classification, of comparative anatomy, 
embryology and adaptation. 

There is a chapter on fossils and vertebrate phylogeny 
which is reasonably well illustrated but suffers from too 
much compression. There are times when it is necessary 
to spell out some ideas or they make no impact on the 
reader. 

A chapter on the operation of natural selection and 
the formation of species is the most successful in the 
book. There are guide lines to the problems of population 
genetics, genetic drift, speciation by isolation, island 
species and speciation by polyploidy. Each is discussed 
only briefly, but its place im modern evolutionary thought 
is well established. 

A conventional critique of theories of orthogenesis, 
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Volution, useless characters, racial old age 
i ongin of phyla are interesting. And the final 
chapter discusses briefly the concept of progress in 
evolution and problems of human evolution. 

It is strange that an up to date precis of Darwinism 
should not discuss the geography of animals and its 
bearing on evolution. 

The constant references to Darwin’s work and quo- 
tations from The Origin provide the book with thematie 
structure. They impress on the reader the history of 
Darwinism, of the reaction against it in the early years 
of this century and the more-Darwinian-than-Darwin 
outlook of many modern evolutionists. 

WILMA GEORGE 


HARDENING OF THE ARTERIES 


Atherosclerosis 

Pathology, Physiology, Aetiology, Diagnosis and Clinical 
Management. By F. G. Schettler and G. S. Boyd. Pp. 
xx+1,029. (Elsevier: Amsterdam, London and New 
York, 1969.) 470s. 


So painfully do our shelves groan under the load of 
monographs, reviews and symposia published on athero- 
sclerosis in the past decade that a new volume, and a 
weighty one at that, must be looked at with some suspicion 
until we are sure that it does in fact add something to 
what has gone before, 

The present volume derives from a text published in 
German in 1961 which has been revised and extended 
and is now entirely in English. The book aims at presenting 
the current state of clinical atherosclerosis research, 
particularly as regards aetiology, pathology, therapeutics 
and prophylaxis, but does not cover all aspects of experi- 
mental atherosclerosis research. Of the twenty-six authors, 
fifteen are from Germany (nine of these from Heidelberg), 
four each from the United States and Switzerland and 
three from the United Kingdom. With this preponderance 
of German speaking authors it is not surprising that 
difficulties of nomenclature are conspicuous. It is re- 
markable that although the title of the volume is the 
single word “Atherosclerosis” this term does not occur 
in the chapter on morphology; and one can only comment 
that the four page definition of arteriosclerosis serves 
but to leave confusion worse confounded. The use of 
such terms as ‘cytopempsis’’, ‘“plasmatic dyscolloidosis”’ 
and “bradytrophic’’ certainly does not help to clarify 
morphological descriptions for British readers. The whole 
of this section adopts a didactic tone that is unlikely 
to be acceptable to most workers in the field. 

A chapter on the ultrastructure of vascular changes 
includes some fine electron micrographs, but in a book 
with avowed clinical orientation it is a pity that only 
rat and parakeet tissues are illustrated—with vascular 
surgery at its present level there is no difficulty in ob- 
taining human material for ultrastructural studies. 
The largest chapter is that on epidemiology, by 8. Heyden. 
It runs to 160 pages and is augmented by a further 50 
pages from the same author on racial and environmental 
factors. It is good to see these important aspects given 
proper emphasis. 

The chapter on plasma lipids and lipoproteins (G. $S. 
Boyd, F. P. Nobbe and F. G. S. Schettler) is a masterly 
survey of these substances and of the clinical states 
associated with disturbances of lipid levels in the blood 
and brings together much valuable material. The more 
purely clinical sections deal in great detail with aetiology, 
symptomatology, therapy and prognosis covering hyper- 
tension, ischaemic heart disease, cerebral, peripheral 
and ocular vascular disease. It is in some of these sections 
that difficulties in translation become more conspicuous. 
How many Anglo-Saxon readers will, for example, 
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immediately grasp the significance of the. statement that 
“through loss of elasticity, the aorta ceases to. function 
as a Windkessel’’? Many other sections of the book 
show the turgid English that can result from translation 
from German. Few readers will find it possible to absorb 
in large sections and it seems likely that the book, 
beautifully and expensively produced, will find its chief 
use as an introduction to German literature in the fields 
covered. T. CRAWFORD 


ANOTHER NEW JOURNAL 


Coagulation 
Vol. 1. Nos. 1-4 (Simep Editions: Lyon, 1968.) France 
60 F; other countries 80 F per vol. 


Preruaprs the greatest surge of activity in the field of 
blood coagulation took place in the 1950s: several new 
clotting factors were recognized, their chemical charac- 
teristics defined and their roles in the coagulation 
mechanism and in haemostasis and thrombosis hotly 
debated. Most of this work was reported in journals of 
physiology, haematology and experimental medicine, 
but towards the end of the period a new international 
journal was founded, devoted specifically to thrombosis, 
haemorrhagic diatheses and related topics. During the 
subsequent decade, work on blood coagulation has 
continued somewhat less intensively, and the emphasis 
has now shifted to other aspects of haemostasis and 
thrombosis, particularly the study of platelet function 
and biochemistry and of the fibrinolytic mechanism. 

Is there then a need for another new journal devoted 
to blood coagulation? Though it is hard to give an 
affirmative answer to this question, the appearance of 
this quarterly French journal could perhaps be defended 
on two counts: it is not strictly an addition to the ever- 
growing number of scientific journals, because it effectively 
replaces Hémostase, which ceased publication after a life 
of only six years, and, in spite of its title, it covers the 
other aspects of haemostasis at least as fully as coagu- 
lation. 

Even in this broader field, a journal should be truly 
international if it is to fulfil its proper function of 
ensuring wide dissemination of good and original papers. 
It is to be doubted whether sufficient work in this field 
derives from French-speaking countries alone to justify 
a purely French journal, and an attempt has therefore 
been made to give this new journal an international 
flavour, Papers are published in French or English, 
with summaries in both these languages and also in 
German and Spanish. The journal also includes sections 
of abstracts, book reviews and reports of scientific 
meetings: all of these sections are in French only. Half 
of the editorial board and three-quarters of the scientific 
committee of the journal are from countries other than 
France, as are half of the contributors to the first four 
issues. 

No papers have yet been published from outside Europe 
and only about one in five of the first year’s papers are 
in English. It would seem unlikely that this language 
distribution will appeal strongly to writers in English 
who must be expected to prefer to submit their papers 
to journals published largely or entirely in English. 
At present, therefore, Coagulation seems to fall between 
two stools: it is neither national nor truly international, 
and its editorial board must decide in which direction 
they propose to steer it. The more rewarding though 
perhaps the more difficult path would be in the 
international direction. Meanwhile, the journal deserves 
to be brought to the notice of workers in this field, particu- 
larly those with a clinical bias. Its first volume contains 
a number of interesting papers, if nothing of outstanding 
originality. R. M. Harvisty 
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IMMUNE RESPONSE 


Immunological Tolerance 

A Reassessment of Mechanisms of the Immune Response. 
Edited by Maurice Landy and Werner Braun. (Proceed- 
ings of an International Conference held at Brook Lodge, 
Augusta, Michigan, September 18-20, 1968.) Pp. xv+ 
352. (Academic Press: New York and London, April 
1969.) 70s. 


Tais report is an edited version of the discussion which 
took place when some forty-two scientists, most of them 
acknowledged leaders in their respective fields, met in 
September 1968 at an international conference organized 
by the US National Institute of Allergy and Infectious 
Diseases. As such it is a welcome change from the familiar 
collection of formal papers which all too often appears 
in book form a year or two after a scientific conference. 

The subject of the conference was ostensibly immuno- 
logical tolerance, but the subtitle of the report, “A Re- 
assessment of Mechanisms of the Immune Response”, 
gives a better idea of the scope of the discussions. 

The material is arranged under six main headings. 
The first two deal primarily with the extent to which 
the possibility of inducing tolerance is determined by 
various properties of the antigen concerned and by the 
dose in which it is administered. The old question of 
whether or not individual cells can become specifically 
tolerant is posed once again and the general opinion seems 
to be that this does oceur when specific tolerance is in- 
duced in adult animals whereas natural tolerance involves 
clonal deletion; formal proof (or disproof} of this propo- 
sition seems, however, to be as elusive as ever. In so 
far as tolerance does occur at the cellular level, various 
possible mechanisms are suggested including ‘receptor 
purging”. 

The next three sections are devoted to the role of 
lymphocytes of various kinds and macrophages in 
immunological responses, and these are followed by a 
concluding seetion in which some of the questions raised 
previously are discussed in greater depth in an unin- 
hibited and speculative way. 

The report is lively and at times exciting to read; 
against this, however, it appears somewhat disjomted 
because many of the questions raised are not followed 
up at the time, and some are not followed up at all. 
It cannot therefore be recommended to a neophyte 
who wants a concise account of immunological tolerance; 
on the other hand, the kind of person who might well 
have been invited to participate in the conference but 
somehow wasn’t may derive considerable consolation 
from reading the book. It is difficult to predict the re- 
actions of the very large number of people who do not 
fall into either of those categories. It is to be hoped, there- 
fore, that those who do read the book will make their 
views known so that in due course some firm conclusions 
ean be drawn about the value of what is undoubtedly 
an interesting experiment in scientific communication. 

MICHAEL WOODRUFF 


HYBRID REACTIONS 


Analytical Serology of Microorganisms 
Vol. 1. Edited by J. B. G. Kwapinski. 
(Interscience (Wiley): 
1969.) 235s. 


Pp. x +681. 
New York and London, June 


THE evident purpose of this book is to deseribe what 
is known of the antigens of various types of organisms 
and how their serological reactions may be studied. 
Thus, each chapter concerns one group like cO- 
plasmatales” or “Animal Viruses” and is subdivided 
into sections on classification, antigens, serological 
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technique and so on. The overall result of this policy 
is a hybrid of the serological sections of the usual large 
microbiological textbook and a techniques manual: 
and it must be said that on present showing the traditional 
division is by far the more successful. As regards questions 
of classification which figure largely here, most people 
would consider that, important though antigenic structure 
may be, other criteria like biochemical characteristics 
or morphology are often no less valuable, but these 
are not given reasonable emphasis here because of the 
choice of approach. Nor are the technical details well 
eovered. Complement fixation is a technique that must 
have been used with virtually every microbial species 
and so, not surprisingly, it comes up over and over again 
throughout the text. What the reader will not find is a 
systematic description of the principles of the method. 
The concept of this book seems to be self-defeating and 
it can hardly be recommended at any level. 
G. G, MEYNELL 


LIPIDS FOR BEGINNERS 


Introduction to Lipids 
By Dennis Chapman. (European Chemistry Series.) 
Pp. ix+141. (McGraw-Hill: Maidenhead, 1969.) 36s. 


PROFESSOR CHAPMAN has set out to provide an easy first 
step for those who wish to understand the chemistry, 
biochemistry and biophysics of lipids. The objective 
is admirable because there has been an enormous increase 
in our knowledge of lipids during the past twenty years. 
The execution of the book, however, leaves something 
to be desired. 

There is a comprehensive chapter on fatty acids 
followed by chapters on neutral lipids (glycerides, glyceryl 
ethers, cholesterol esters and waxes), phosphoglycerides 
(the longest chapter, 40 pages), sphingolipids and glycosyl- 
diglycerides. A final brief chapter on the role of lipids 
in biology points out many of the outstanding problems. 
Most chapters include information on the chemical 
synthesis of the molecules being discussed. As would 
be expected from the author, the treatment of physico- 
chemical aspects of lipids is excellent, though all too 
brief. Key references, mostly to reviews, are listed after 
each chapter. There is an appendix on the vexed subject 
of lipid nomenclature. The author makes no attempt 
to deal with cholesterol, though there is a brief mention 
of cholesterol esters. This is justified by defining lipids 
as molecules containing a fatty acid residue. In view of 
the importance of cholesterol in mammalian metabolism 
its omission seems unfortunate, as does the lack of 
information on lipoproteins. 

The reader is expected to know what CoA, NAD and 
CDP are, though he is given the structures of simple 
carboxylic acids. This seems inconsistent, and the appear- 
ance of NAD and DPN on the same page will confuse 
the beginner. Some information is not very accurate— 
for instance, the table on page 100 states that Æ. coli 
has only one phospholipid, phosphatidylethanolamine. 

A concise introductory book is extremely difficult to 
write when it covers such a wide field. In several places 
the brevity leads to obscurity and error. What will the 
beginner make of “atherosclerotic lesions (xanthomata—- 
a skin lesion)”, for instance? It is also stated that 
phosphatidic acid acts as an ATPase, that some micro- 
somal RNA is involved in lecithin formation and that 
plasma membranes are rich in triglyceride. The account 
of fat absorption omits triglyceride synthesis in the 
mucosal cell and no mention is made of the monoglyceride 
pathway. A physical chemist might be excused for these 
biochemical errors, but there are also important chemical 
mistakes. A number of glycolipids are incorrectly drawn 
(for example, ceramide lactose, ganglioside B3), phos- 
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phatidylinosttol is given the D-1 rather than the L-1 
structure (page 70), racemic 2-glycerophosphate is referred 
to, and galactosyldiglyceride is given an alkyl ether 
group. 

In spite of these minor errors, the book contains a 
good deal of useful information. The printing, particularly 
of formulae, is very clear. J. N. HAWTHORNE 


PROTEIN INHIBITORS 


Natural Proteinase Inhibitors 

By Rosmarie Vogel, Ivar Trautschold and Eugen Werle. 
Pp. xiv+159. (Academie Press: New York and London, 
January 1969.) 938 4d. 


Tue dedication of this book is particularly apt because 
E. K. Frey and H. Kraut together with E. Werle pioneered 
the first studies on plasma and glandular kallikreins. 
The subsequent studies of E. Werle clearly demonstrated 
that the kallikreins hydrolysed by enzymatic action potent 
biologically active polypeptides, kallidin (bradykinin, 


nonapeptide) and lysyl-kallidin (decapeptide), from 
naturally occurring protein substrates (plasma a, 
globulins). 


This book is well presented and is a comprehensive 
review of protein mbhibitors of the enzymes kallikrein, 
trypsin, chymotrypsin and plasmin. The kinetics of the 
interaction between enzyme and inhibitor is lucidly 
discussed. The information on the recently determined 
structure of some of the inhibitors and the possible sites 
and grouping involved in the formation of the enzyme 
inhibitor complexes is particularly valuable. 

Apart from the intrinsic value of the book to those 
engaged in studies on the cellular control of proteolytic 
enzymes, the detailed analysis of the mteractions between 
kallikrein, trypsin and plasmin and their naturally 
occurring protein inhibitors may also be of value to those 
concerned in clinical research with the treatment of 
acute pancreatitis, hyperfibrinolysis and shock associated 
with activation of proteolytic enzymes in anaphylaxis, 
jram-negative septicaemia, diabetic acidosis and myo- 
cardial infSretion. ` 

The authors are to be congratulated on producing this 
excellent monograph. K. D. BHOOLA 


LONG-CHAIN MOLECULES 


Statistical Mechanics of Chain Molecules 
By Paul J. Flory. Pp. xix+432. (Interscience (Wiley): 
New York and London, May 1969.) 164s. 


“COMPREHENSION of the configurational statisties of 
chain molecules is indispensable for a rational inter- 
pretation and understanding of their properties.” “‘.. . for- 
feiture of a connection with the actual chemical structure 
is the inevitable price of adoption of a hypothetical model 
for interpretation of the properties of the real chain.” 

These two quotations from the preface summarize 
the dilemma that polymer physicists and chemists are 
in at present. A really realistic model, even of a molecule 
as simple as polymethylene, could not be handled by 
the most powerful available computers, while the results 
of “comparison with experiment” of the consequences 
of simple models are very hard to assess. 

This very timely book surveys the growth of a subject 
that was really started in the 1930s by the pioneer work 
on rubber of Mark, Kuhn and others. On almost every 
page can be found evidence of the author’s vast reading 
and of the freshness of outlook found only when an 
active author is contributing to the field himself. In- 
evitably, his own interests have dictated the selection 
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and relative emphasis of the topics. Another author 
might have devoted much more space to the “excluded 
volume problem” and to the various attempts that have 
been made to solve it. It is now known that the equi- 
librium configurations of a freely jointed chain are affected, 
qualitatively as well as quantitatively, if the interactions 
between distant segments are properly allowed for, but 
the mathematics of this is still radimentary. 

Flory has in fact concentrated on the easier problem 
of relating polymer properties to the properties of the 
“hinges” between successive “segments” of the molecule. 
There are, in fact, very striking analogies between the 
theory of a polymer chain and that of an imperfect gas, 
Flory’s “theta-point’’ of a polymer solution being quite 
analogous with the Boyle point of an imperfect gas. 
In each case the effects of intermolecular attraction and 
repulsion balance out to a first approximation. 

The first three chapters describe the general theory; 
chapter four introduces some of the “moments of the 
chain”, for example, mean square length, mean square 
radius of gyration; the next three chapters are devoted 
to the various types of chain, symmetric, ‘‘vinyl” and 
polypeptide respectively; chapter eight summarizes 
various theoretical results; while chapter nine shows 
how various moment. properties can be related to optical 
experiments and radiation scattering. 

A particularly fascinating problem at the present time 
is to predict the actual configuration of a protein molecule 
given its amino-acid sequence. Chapter seven shows that 
some progress in this problem, which may soon become 
the central one of molecular biology, has already been 
made. It was a little surprising to find no references to 
equally important problems, such as radiation damage, 
the effect of cross-linking, and polymer degradation in 
general, but one cannot put the whole of a vast science 
into one book. 

The bibliographies at the end of each chapter, the 
glossary of symbols, the author and subject indexes 
and the appendices on special topics have been prepared 
with great care. 

The book is thoroughly recommended to all serious 
workers in this field. Students at honours level would 
also benefit but might find some of the going very tough 
indeed. H. N. V. TEMPERLEY 


NUCLEOPHILIC SUBSTITUTIONS 


Aromatic Nucleophilic Substitution 
By J. Miller. (Reaction Mechanisms in Organic Chemistry, 
Monograph 8.) Pp. xi+408. (Elsevier: Arnsterdarm, 
London and New York, 1968.) 155s. 


ALTHOUGH there are several reviews of aromatic nucleo- 
philic substitution now available, this latest volume 
in Elsevier’s “Reaction Mechanisms” series is the first 
book devoted exclusively to the subject. It is by far 
the most comprehensive and detailed of these surveys, 
and it is thus a welcome addition to the chemical literature. 
It is the more welcome because Professor Miller writes 
with all the authority of one who, with his research 
collaborators, has made many important contributions 
to this area of chemistry. 

A short introductory chapter is followed by discussion 
of the three principal mechanisms of substitution. Syl 
and elimination--addition (benzyne) mechanisms are 
discussed briefly (32 pages), and the addition~elimination 
(Sw2) process is then discussed, in detail and at length 
(173 pages), in terms of (i) substituent effects, (li) 
variation of leaving groups, and (iii) the nucleophile 
reagent. Succeeding chapters deal with substitution 
in heteroaromatic and certain other non-benzenoid 
systems, and with solvent, salt and counter ion effects, 
catalysis, and steric effects. The concluding section 
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describes some Sy’ and other reactions which, although 
formally nucleophilic substitutions, do not belong to any 
of the previously described types. 

Inevitably, the chapters on Sy2 mechanisms, which 
contain a wealth of quantitative data (46 tables), make 
less easy reading than those of a more qualitative nature, 





but this situation is not improved by the layout of the 
tables: those which are long and complicated (for example, 
34A and 34B) would be much clearer if subheadings 
were interspersed with the data rather than collected 
at the top. 

It is surprising to find naphthalene derivatives discussed 
under “non-benzenoid systems", although this presumably 
facilitates comparison with their aza-analogues. It is 


equally surprising, and disappointing in view of the current... 


interest in aryne chemistry, that this section of the 
book is so small, and also that Hoffmann’s coraprehensive 
monograph on this topic! receives no mention. And the 
assertion (page 92) that “2-Br-1-NO,-naphthalene is 
considerably more reactive than 2-Br-3-NO,-naphthalene 
... because the transition state for the former retams 
one ring benzenoid whereas that for the latter does not” 
gives an over-simplified picture of the situation. 

These, however, are minor faults. As a whole, the book 
is of immense value and is warmly recommend Ti 
should quickly become the standard reference work for 
researchers in this field. The standard of production 
is predictably high; so, alas, is the price. 





D. M. SWITH 


1 Hoffmann, R. W., Dehydrobenzene and Cycloalkynes (Academic Press, 1967 


SHORTENED CHEMISTRY 
A Shorter Sidgwick’s Organic Chemistry of Nitrogen 


Revised and rewritten by Tan T. Millar and H. D. 
Springall. Pp. xi+ 582. (Clarendon Press: Oxford; 
Oxford University Press: London, May 1969.) 40s. 


Tue third edition of Sidgwick’s classical Organie Chemistry 
of Nitrogen appeared in 1966 as a completely revised 
and rewritten book. Its authors, Professors Millar and 
Springall, spent many years on what turned out bo be 
a mammoth task. It was immediately apparent, however, 
that its size and price would preclude its presence from 
the bookshelves of honours students, who, it was hoped, 
would comprise a large section of its readership. To 
rectify this shortcoming, a shortened version of this 
third edition has been prepared and with commendable 
speed. 

During the lifetimes of the first and second editions 
the book fulfilled a dual role. It served as an invaluable 
source for honours students in departments where 
natural product chemistry was taught in extenso, and it 
maintained this function at the postgraduate level. 
The third edition failed to score on both points for two 
reasons. First, the immense growth of the subject over 
the past thirty years made for a much larger book, 
and second, the current availability of specialized texts 
on various parts of the subject.  Pre-war these texts 
were few and far between; now over half the chapters 
in the book are covered by monographs. 

If the original type of book were to survive, it was 
clearly to the honours student that it should be aimed. 
Here the authors score well in this shortened third 
edition. In all there are seventeen chapters, but i seems 
pointless to list them all. Suffice it to say that they range 
m subject from the classical amino- and nitro -compounda, 
the heterocyclic systems such as pyrrole and pyridine 
through to the more recent protein and nucleie acid. 
chemistry. Preparations and properties of compounds, 
as in earlier editions, form the basis of the book. Where 
possible the authors have said something about the 
mechanisms of the reactions involved, though they have 
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not emphasized bond-formation and bond-cleavage pro- 
cesses with the usual arrows to the extent that they might, 
have. On this latter point the authors might be faulted 
because an understanding of these electron transfer 
processes is essential to organic chemists of all types. 
The authors do include, however, an extensive and up 
to date list of references to the original literature on this 
and other aspects of the subject. 

The book is well produced and, like its predecessors, 
it is very readable. It is primarily a source book and as 
such it can be highly recommended. The price now 
brings it within reach of the undergraduate pocket, 
and it is to be hoped that the book will attain the reader- 
ship which it undoubtedly deserves. E. J. FORBES 











PHYSICAL GROUPS 


How to Use Groups 

By J. W. Leech and D. J. Newman. (Methuen’s Mono- 
graphs on Physical Subjects.) Pp. 133. (Methuen: 
London, March 1969.) 32s cloth; 21s paper. 


THIS is a very useful little book. As the title implies, the 
authors have tried to avoid presenting a series of theorems 
in abstract group theory, and have confined themselves 
to the basic ideas which one needs to apply symmetry 
rnethods to physical problems, on the sound view that the 
theorems do not mean very much to the scientist until 
he has some idea of what they lead to. The style is 
extremely terse, and in places is reminiscent of the lecture 
notes from which the book evolved; this occasionally 
leads to obscurities (as in the italicized note on pages 
93-94, which is misleading as it stands) and to omissions 
(for example, nothing is said about hgand-field theory, 
although there is a whole chapter on crystal-field theory. 
which is a method which can only be justified in terms of 
ligand-field theory). But, on the whole, the book is very 
clear and, even more important, the mathematical 
formulae are reliable. 

The main text occupies 105 pages, of which the last 
five contain a highly condensed summary of further 
applications. There are references throughout the book 
to more detailed treatments of particular topics, and a 
short general bibliography——-both essential in a book of 
this nature. The appendices include the inevitable charac- 
ter tables, including those of double groups in a highly 
condensed form, a list of explicit formulae for spherical 
harmonics. and the proofs of the theorems of representa- 
tion theory which are quoted in the body of the book. 
There are numerous exercises, with notes at the end of 
the book, and there is an adequate index. 


AL J 





STONE 





ASTRONOMY IN THE ROUND 


Spherical and Practical Astronomy as Applied to 
Geodesy 


By Ivan I. Mueller, With a Contribution by Heinrich 


Eichor. Pp. xxx+615. (Ungar: New York, May 1969.) 
$18.50. 
THERE are many excellent textbooks on the subject 


of spherical and practical astronomy, but the most 
thorough (such as Chauvenet) are now out of date. 
Not only have logarithms been superseded by direct 
caleulation, but the speed of electronic computers has 
made unnecessary the older formulations designed to 
reduce the amount of caleulation; moreover, there have 
in recent years been significant changes in the concept 
of the time-scale defined by the rotation of the Earth. 
The application of astronomical observations to the 
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location of points on the surface of the Earth has been 
widely treated at the level of precision required for 
topographical survey; but the texts on geodesy cannot 
deal with the subject in fine detail. There is, therefore, 
a real need for a thorough and comprehensive treatment, 
and this book appears to supply this admirably. 

Although the author, the professor of geodetic science 
at Ohio State University, modestly regards this as an 
introduction to the subject, much is sufficiently detailed 
to be used in practice. There ean be, of course, little 
that is basically original at such a practical level, and 
the author has drawn widely from other published sources. 
He has, however, successfully brought together the 
relevant theoretical, instrumental and practical aspects 
of both spherical astronomy and geodesy in a form that 
should appeal both to astronomers interested in geodetic 
applications and to geodesists wishing to utilize astronomi- 
cal methods, The main subject headings on which the 
author concentrates are: the Earth from the geodetic 
point of view; the celestial sphere and its coordinate 
systems, with a fairly detailed treatment of their vari- 
ations; time systems and time dissemination, dealt 
with in a most practical manner; star catalogues, a 
chapter that should be of great value to those who might 
otherwise take the printed values as absolutely correct; 
astronomical instruments, treated both theoretically 
and with practical deseriptions; chapters on the practical 
determination of azimuth, latitude, longitude and time; 
and finally a comprehensive treatment, of the applications 
of solar eclipses and occultations in geodesy, 

A welcome feature of the book is the inclusion of 
numerical illustrations of the calculations required in 
many of the reductions and determinations. It is copiously 
and well illustrated, and is provided with an adequate 
index and references to literature. Although reproduced 
from ordinary typeseript with all its limitations (though 
with a justified right-hand margin), it is very clearly set 
out and printed. Great care has clearly been taken both 
in the compilation and the production, with a result that 
cannot but benefit the reader. D. H. SADLER 


EUROPEAN PHYSICS 


The Big Machine 

By Robert Jungk. Translat 
and Traude Wess. Pp. vii+ 245. 
May 1969.) 30s. 





ed by Grace Marmor Spruch 
(Deutsch: London, 


I rounp this a quite infuriating book. In the first place, 
it must be acknowledged that Dr Jungk often succeeds 
quite well in giving a very lively impression of a particular 
seientific situation; he succeeds, too. in making it elear 
that science is done by human beings; and he exposes 
well the strikingly mternational character of CERN in 
particular and high energy physics in general. 

But the book--an account of the building and use of the 
28 GeV proton synchrotron at CERN—has equally grave 
faults. The most serious of these is that Jungk seems to 
have not the faintest idea what high energy physies is 
all about, so any account he gives of the experiments done 
in a high energy physics laboratory is bound to read a 
little oddly. For example, a whole chapter memet “The Search” 
—is devoted to de eribing a neutrino experiment done at 
CERN, without any serious attempt being made to explain 
the point of the experiment, 

Although for the most part the book reads reasonably 
well, there are certain lapses into somewhat dist ressing 
journalese. Tt is a little difficult to say in this connexion 
who is more at fault, Jungk or his t ranslators. He seems 
not to have been too well served by them, particularly 
when it cores to translating from one system of units to 
another. In one sentence, for example, we read that e 
particular circle “almost one-third mile around” has a 
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radius of “more than one hundred yards”. There may 
well have been a similar error in saying that the CERN 
synchrotron cost $55 million—nearly twice its real cost, 
in fact. 

Another sort of error creeps in because the bulk of the 
book seems to have been written in 1966, or earlier, and 
only superficially revised. On page 8, for example, we are 
told that there are at CERN “more than two thousand 
people” and its “yearly cost (is) nearly $35 million”, 
figures which were true in 1965, The real figures at the 
present time are 3,400 people (including visitors) and a 
yearly budget of $77 million. I do not want to give the 
impression that there are many errors of this kind but 
those that there are are seriously misleading. 

As I have said already, this book is not entirely without 
merit. The building of CERN and its contribution to high 
energy physics make a remarkable and inspiring record 
of human Cooperation and achievement, and Jungk does 
give some impression of this, particularly i in its early days. 
Nobody who has been privileged to be associated with 
CERN could fail to be moved in some way by its success. 
And again, the problems that such an enterprise throws 
up are serious and deserve considerable attention. 

But it must be said that this book does not match in 
any way the splendid character of its subject. This is 
particularly unfortunate in that there is an urgent need 
for books which document science in such a way that. all 
educated men can get some feeling for the way science is 





really done. 
Oddly enough, there is not a single illustration in the 
book, A. W. MERRISON 
KEY MINERALS 
Feldspars 


By Tom F. W. Barth. Pp. xi+ 261. (Wiley (Interscience): 
New York and London, May 1969.) 136s. 


Tais ubiquitous group of rock-forming minerals has 
undoubtedly been the subject of more research than any 
other mineral group; their importance in the classifica- 
tion of rocks formed under a wide variety of geological 
conditions and the persistent and evolving problems that 
they present have made feldspars a fascinating study for 
generations of mineralogists, petrologists, geochemists 
and crystallographers alike; they do not yield up their 
secrets easily and there are many difficulties still to be 
resolved in spite of the quickening pace of research since 
the war, spurred on by each new experimental tec es 
It is against this background that Professor Barth, 
pioneer in modern feldspar studies, has written this 
monograph in which he collects together many of the data 
so widely scattered through the literature; he wisely 
omits description ; of determinative methods, but, inevit- 
ably, current theories and speculations must be interposed 
to delineate paths of research. The material is presented 
in five chapters on general mineralogy and classification, 
pseudosymmetry and twinning, structures, physical and 
thermodynamic properties; a sixth chapter is really an 
interesting appendix on the history of feldspar classifica- 
tion and terminology. It represents a formidable under- 
taking by the author who, conscious of the possibility of 
being overtaken by events, ruefully remarks in his pre- 
face that “still more information appeared while the book 
was in production which could only in part be incorpor- 
ated in the present work”. No doubt some of the ideas 
mentioned in the text will be jettisoned or revised by 
future work, but the value of many of the data (and the 
extensive lists of original references) is incontrovertible. 
For a specialist reader it is interesting to see how 
someone as experienced as the author views the present 
state of knowledge on the group as a whole; experts will 
always disagree and there will surely be those who will 
quarrel about the omissions, or the aecentuations, or the 
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interpretations in this treatment. Whatever the diversity 
of individual views, it is certain that fellow feldspar 
enthusiasts will admire the energy and wide understanding 
that stimulated the compilation of this monograph. 
For the non-specialist who wishes to keep abreast of the 
current feldspar tide the rewards of perseverance will be 
worthwhile; the style is terse, and even cryptic at times, 
but, aided by ample reference to the listed publications, 
its slow digestion will be both informative and indicative 
of the irresistible spell of the feldspars for their dedicated 
disciples, 

The author is to be congratulated on the service he has 
performed for everyone who has more than a passing 
interest in the Earth sciences where the studies on these 
key minerals mark the pattern of future research on many 
other mineral systems. His book certainly deserves a 
place on institutional library shelves, and it will be a pity 
if the price deters too many individual purchasers who 
would benefit by its presence in their own collections. 

Perer Gay 





Correspondence 


Mycoplasms 


Sir,--The letter by Dr G. Tedeschi et af. (Nature, 
222, 1285; 1969) appears so blatantly open to criticism 
that in criticizing it perhaps one is entering a trap. ‘The 
risk has to be taken. The authors found that nucleosides 
and amino-acids were incorporated in suspensions of 
human erythrocytes and suggested that this was due to 
incorporation into bacteria in their L-phase or myeo- 
plasmas present in the suspensions. It is not the finding 
that I dispute but the interpretation. The authors stated 
that the features of incorporation of nucleosides and 
amino-acids into the erythrocyte suspensions were similar 
to those observed in incorporation into cultures of bacteria. 
Indeed, nowhere did they indicate that their blood 
samples were free of known bacteria. Even if one were to 
assume that this was so, is it scientifically sound to 
propose that the increasing incorporation observed on 
incubation of the “haemocultures” was due to the multi- 
plication in the cultures of mycoplasma-like forms 7? The 
authors suspended the erythrocytes in Tifeo PPLO 
broth containing streptomycin, a medium not even 
conducive to the growth of the more easily grown myco- 
plasmas, let alone “mycoplasma-like’’ forms, If such 
forms were viable organisms, either mycoplasmas or 
L-forms, then their existence should have been demon- 
strated in the same blood samples as used for the biochemi- 
eal studies. Furthermore, the biochemical results should 
not be used as confirmation of the presence of organisms 
which have not been demonstrated by either conventional 
or unconventional biological teehniqnes. Because the 
authors prompted the idea, it is likely that the data 
presented will be seized as ammunition for the argument, 
that bacterial organisms exist throughout the body in 
the L-phase. The latter idea is unestablished, however, 
and it would seem unwise to attempt to support it by 
further contentious findings. Finally, T assume that the 
mycoplasms consistently referred to by the authors are 




































equivalent to mycoplasmas, Is this the trap? Surely 
not. 
Yours faithfully, 
D. TavLorR-ROBINSON 
MRC Clinical Research Centre, 


Harvard Hospital, 
Coombe Road, 
Salisbury, Wiltshire. 
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Names for Nuclear Science 


Simn,—F. Kertesz, in his recent article on “Names for 
Nuclear Science” (Nature, 223, 21; 1969), states that we 
can expect sooner or later the appearance of a machine 
called Charybdis. Such a machine was in fact described 
in a paper published in 1962 (ref. 1), except that the name 
was given in Italian (Cariddi) rather than in English. 

The machine was built at Frascati (Rome), which 
explains the use of Italian. Another reason, however, was 
that an interesting reference to “Cariddi”, cited in the 
paper, referred to the dramatic description of colliding 
shock-waves given by Dante?, The apparatus was designed 
to study exactly this phenomenon, in plasmas though, 
rather than within the Straits of Messina. 


Yours faithfully, 


J. E. ALLEN 


Department of Engineering Science, University of Oxford, 
Parks Road, Oxford. 


1 Alien, J. E., Bartoli, C., Brunelli, B., Nation, J. A., Rumi, B., and Toschi, 
R., Nuclear Pusion (supplement, Part 2), 621 (1962). 
2 Alighieri Dante, La Divina Conumedia, Inferno, Canto VEL 22. 


Museum on the Move 


Srr,—-We, of this museum, heartily agree with the protests 
voiced by Messrs James and Jeffery Harrison and Professor 
Jacques Berlioz (Nature, 222, 605; 1969) against such a 
retrograde step as the proposed transference of London’s 
famous and invaluable collection of birds to such an out 
of the way location as that of the partially abandoned 
Rothschild edifice at Tring. 

If the proposed transference is detrimental to the 
interests of relatively nearby European ornithologists, it 
is obviously still more detrimental to the interests of 
those who work in the countries of the River Plate and 
other parts of the South American continent, not a few of 
whom have divided interests in the natural seiences and 
only limited time to devote to the elucidation of doubts 
that may arise in connexion with any particular discipline. 





Yours faithfully, 
FERNANDO MANÉ GARZÓN 


Museo Nacional de Historia Natural, 
Casilla de Correo 399, 
Montevideo, Uruguay. 


Translations and the Language Barrier 


Sır, —The Postgraduate School of Librarianship and 
Information Science at Sheffield University has been 
investigating the use of foreign language publications by 
research workers. Supported by a grant from the Office 
for Scientific and Technical Information, the 18 month 
project, now nearing completion, has covered research 
work being carried out in all disciplines at Sheffield 
University, assuming this university to be reasonably 
typical for Britain. We have interviewed well over 
50 per cent of academie staff and research students about 
their language knowledge, scope of research and use of 
foreign language materials, and, of course, we have 
collected records on all aspects of library use. 

A major objective of the project is to isolate the factors 
militating against the full use of relevant research work 
published in languages other than English and to assess 
the relative significance of these factors. One important 
aspect is the availability of translation services and the 
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cost, speed and quality of translations made. We should 
be pleased to hear from research workers in other univer- 
sities and in industry about their own experiences in 
obtaining translations (if possible with details of the 
translations they have had: language, subject, source of 
translation, speed, full or summary translation, written 
or oral, length and cost of the translations, quality, and. 
so on), and in any unsuceessful attempts to obtain trans- 
lations, in particular the language concerned and the 
sources approached. We would also welcome any sugges- 
tions for improving the present. situation. 


Yours faithfully, 


Proressor W. L. SAUNDERS 
Mrs L, J. PARGETER 
W. J. HUTCHINS 


University of Sheffield, 

Postgraduate School of Librarianship 
and Information Service, 

Western Bank. Sheffield S10 2TN. 


University News 


The Ralph Yablon Company, Limited, has endowed a 
chair, to be known as the Ralph Yablon chair im 
behavioural studies which will be established within 
the Management Centre of the University of Bradford. 


Dr GC. W. Rees, University of Leicester, has been 
appointed as second professor of organie chemistry at the 
University of Liverpool. 


The title of professor of gas dynarnics has been conferred 
on Dr K. N. C. Bray, University of Southampton. 


The title of professor of applied electrostatics has been 
conferred on Dr A. W. Bright, University of South- 
ampton. 


The title of professor of automobile engineering has been 
conferred on Dr T. Priede, University of Southamp- 
ton. 


Appointments 


Professor H. J. Evans, University of Aberdeen, has 
been appointed director of the Medical Research Council’s 
Clinical and Population Cytogenetics Unit at the 
Western General Hospital, Edinburgh. 


The Minister for Education and Seience in Australia has 
announced that Dr J. R. Price will succeed Sir Frederick 
White as chairman of the Commonwealth Scientific 
and Industrial Research Organization when he retires 
in May 1970. 


Announcements 


Dr F. E. Round, reader in botany at the University of 
Bristol, is to visit the University of Ghana as Royal 
Society Visiting Professor. This visit is being made as 
part of a Royal Society scheme, supported financially by 
the Leverhulme Trust and the Ministry of Overseas 
Development, which aims at helping scientific higher 
education and stimulating scientific interchange between 
the United Kingdom and overseas countries. 


The Cold Spring Harbor Laboratory of Quantitative 
Biology will begin regular distributions of the abstracts 
of papers presented at its various meetings and selected 
meetings held elsewhere to all those who require this 
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service. During the period July 1969 to June 1970, at 
least five books of abstracts will be sent. They will cover 
material presented at the August 1969 Cold Spring Harbor 
Tumor Virus Meeting, the annual August Phage 
Meetings, material presented at the September Euro- 
pean Phage Meetings, to be held in Naples, the abstracts 
of a meeting on the Lactose Operon, and abstracts of 
the annual June Cold Spring Harbor Symposium. 
Enquiries may be sent to: Abstracting Service, Cold 
Spring Harbor Laboratory, Cold Spring Harbor, New 
York 11724, USA. 


Dr D. M. Shaw and Dr A. J. Coppen, Neuropsychiatric 
Research Unit, Medical Research Council, have been 
jointly awarded a prize by the Anna Monika Founda- 
tion, a German organization, in recognition of their work 
on the mineral metabolism and the role of serotonin in 
depressive illness. 


Dr L. V. Spencer, US National Bureau of Standards 
and Ottawa University (Kansas), has been awarded the 
L. H. Gray Medal of the International Commission on 
Radiation Units and Measurements, in recognition of his 
work on the theory of charged particle penetration. 


Professor Willard F. Libby, director of the Institute of 
Geophysics and Planetary Physics at the University of 
California at Los Angeles, has been elected a Correspond- 
ing Fellow of the British Academy. 


Erratum. In the article by 8. H. Singer, R. L. Kirchstein 
and M. F. Barile (Nature, 222, 1087; 1969), the title 
should have read ‘Increased Yields of Vesicular Stomatitis 
Virus from Hamster Cells infected with Mycoplasma”. In 
the entry on page xvii, “injected” should read “infected”’. 
On page 1087, two lines up, insert “multiple” after “so”. 


International Meetings 


August 29-September 5, Meeting of the International 
Association of Volcanology, Belfast (Professor P. 
Evrard, Secretary General, c/o Institut de Geologie, 
45 Ac. des Tilleuls, Liège, Belgium). 


August 31-September 4, Calorimetry and Thermo- 
dynamics, Warsaw (Dr H. Kehiaian, Institute of Physical 
Chemistry, Polish Academy of Sciences, PO Box 49, 
Warsaw 42, Poland). 


August 31-September 5, Thirteenth Congress of the 
International Association for Hydraulic Research, 
Tokyo (Organizing Committee, c/o Professor Ishihara, 
Civil Engineering Department, Faculty of Science, Univer- 
sity of Kyoto, Yoshida-Honmachi, Tokyo, Japan). 
August 31-September 5, European Comparative Endo- 
crinologists Conference, Utrecht (Mr J. H. Zurbrug, 
Central Congressbureau Utrecht, Vredenburg, 49 Utrecht, 
Netherlands). 


September 1-5, British Pharmaceutical Conference, 
Belfast (Secretary, 17 Bloomsbury Square, London WC1). 


September 1-5, Phenomena in Ionized Gases, Bucharest 
{E. Badareu, Institute of Physics, Academy of Sciences, 
Bucharest, Romania). 

September 2-5, International Convention on Training 
and Technology, London (Conference Department, The 
Institution of Electrical Engineers, Savoy Place, London 
WC2). 


September 3-5, Product Development and Manufac- 
turing Technology, Glasgow (Mr F. I. Simpson, Con- 
ference Organizing Secretary, Room M510A, Department 
of Mechanical Engineering, University of Strathelyde, 
Montrose Street, Glasgow). 

September 4-6, Ferroelectricity, Tokyo (Professor H. 
‘Takahashi, Faculty of Science, University of Tokyo, 7 
Hongo, Bunkyo-ku, Tokyo, Japan). 
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September 7-14, Unproven Methods of Cancer Diag- 
nosis and Treatment, Brazil (Dr Antonio ©. ©. Jum- 
queira, c/o Hospital A. ©. Camargo, POB 4271, Séo 
Paulo, Brazil). 


September 8-9, Multidisciplinary Studies of Unusual 
Regions of the Upper Mantle, Madrid (Dr L. R. 
Alldredge, c/o Institute for Earth Sciences, ESSA, 
Boulder, Colorado 80302, USA). 


September 8-13, Electrosleep and Electroanaesthesia, 
Austria (Secretariat, International Society for Electro- 
sleep and Electroanaesthesia, cjo Chirurgische Univer- 
sitatskhnik, 8036 Graz, Austria). 


September 9-12, Conformational Analysis, Brussels 
(R. C. Smekens, Executive Secretary, 49 Sq. Marie-Louise, 
Brussels 4, Belgium). 


September 9-15, 36th International Foundry Congress, 
Belgrade (Professor M. B. Pajevic, Savez Drustava 
Livaca, Karnegijeva 4, Belgrade, Yugoslavia). 


September 10-11, Geophysical Studies on the Evolu- 
tion of the Earth’s Deep Interior, Madrid (Dr L. R. 
Alldredge, cjo Institute for Earth Sciences, ESSA, 
Boulder, Colorado 80302, USA). 


September 10-12, International Congress of the 
Society of Industrial Design, London (ICSID, Congress 
Secretariat, 12 Carlton House Terrace, London SW1). 


a as 11-12, Earthquake Mechanics, Madrid (Dr 
L. R. Alldredge, c/o Institute for Earth Sciences, ESSA 
Boulder, Colorado 80302, USA). 


September 14-26, Electron and Photon Interactions 
at High Energies, Liverpool (Conference Secretary, 
Daresbury Nuclear Physics Laboratory, Daresbury, near 
Warrington, Lancashire). 





Society 
Amateur Ento- 
Road, Streatham, 


September 27, Amateur Entomologists’ 
Annual Exhibition, London (Secretary, 
mologists’ Society, 137 Gleneldon 
London SW16). 


December l-4, Agricultural Experimentation, Rome 
(COGNITA, Via Barberini 86, 00185, Italy). 


December 3-5, International Wire and Cable Sym- 
posium, Atlantic City (J. Spergel, US Army Electronics 
Command, Amsel-KI-EE, Ft Monmouth, New Jersey 
7703 USA). 

December 15-17, Phylogenesis and Morphogenesis in 
the Algae, New York (Jean Fitzpatrick, New York 
Academy of Sciences, 2 East 63 Street, New York, NY 
10021, USA). 


Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of families about to 
take up periods of sabbatical leave. To begin with, 
no charge will be made for advertisements like this. 
it is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


Vacant: From mid-August 1969 for | year, 3 
bedroomed furnished detached house in Broughty 
Ferry, Dundee. Electric central heating, telephone, 
garden, easy access to Dundee University and 
hospitals; St Andrews 15 miles. Please contact 
Dr W. R. Jarvis, 72 Marlee Road, Broughty Ferry, 
Dundee, Scotland (Dundee 79666). 
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Reports and Publications 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Timberlab News, No, 1, May 1969. (Supplement to Timber Trades Journal.) 





Newsletter of the Forest Products Research Laboratory.) Published 
quarterly. Pp.6. (London: Ministry of Technology, 1989.) Gratis, 166 





Centre for Environmental Studies, U 
UWP 1: Regional Earnings 
MacLeod and Kirgwyon Watkin. 


niversity Working Papers. CES- 
and Regional Development. By Kenneth 
Pp. 115449 tables. (London: Centre for 





Environmental Studies, 1969.) {166 
Nickel Maraging Steels in the Aerospace Industry. Pp. 12. (London: 
International Nickel, Ltd., 1969.) 166 
UKAEA List of Publications Available to the Public. (List No. 162.) 
Pp. 12. (London: UKABA, 1969.) {166 
Friends of the Lake District, Report and News Letter, June 1969. Pp, 28. 
(Kendal: Friends of the Lake District, 1969.) |176 


Natural Rubber Producers’ Research Association. Introducing NRPRA. 
Pp. 32. (Welwyn Garden City: Natural Rubber Producers’ Research 
Association, 1969.) 176 

Bulletin of the British Museum (Natural History), Mineralogy. Vol. 2, 
No. 3; The Petrography and Provenance of Anglo-Saxon and Medieval 
English Honestones, with Notes on some other Hones. By 8. B. Ellis, Pp. 
138-187 + plates 7 and 8. (London: British Museum (Natural History), 
1969.) 25s. 186 

British Transport Docks Board, Report on Research 1968. Pp. 23, 
(Southall, Middx.; Research Station, British Transport Docks Board, 
1969.) [186 

Supporting a Public Service, By Charles J. Curran. (Speech at Radio 
Industries Club, 27 May, 1969.) Pp. 11. (London: BBC, 1969.) 196 

Schools Council. Working Paper No. 21: The 1966 CSE Monitoring 
Experiment. (A report to the Schools Council by Larry 8. Skurnik and 
John Hall, National Foundation for Education Research in England and 
Wales.) Pp. x +90, (London: H.M. Stationery Office, 1969.) 8s, 6d, net, [196 

UK Chemical Industry Statistics Handbook, Pp.125. (London: Chemical 
Industries Association, Ltd., 1969.) 21s. net. 196 

The Zoological Record, 1966, Vol. 103, Section 7; Brachiopoda. Compiled 
by Patrick D. Armitage and Anandi Balasubramanian. Pp. 36. UK and 
Hire 15s.; Overseas 17s, 6d. ($US2.10.) 1966, Vol 103, Section 10: 
Crustacea. Part 1 (Recent) compiled by Anandi Balasubramanian and 
Lavinia Beckett. Part 2 (Fossil) compiled by Carolyn Rooke. Pp. 140, 
UK and Eire, 40s.; Overseas 47s, ($US5.70.) (London: Zoological Society 
of London, 1969.) 196 

British Empire Cancer Campaign for Research. Forty-sixth Annual 
Report covering the year 1968. The Scientific Report of the Researches 
undertaken by the Central Organization and Its Autonomous Councils in the 
United Kingdom, and by some of Its Affiliated Organizations Overseas. Pp. 
477, The Chairman’s Statement of the Accounts. Pp. xl (London: 
British Empire Cancer Campaign for Research, 1969.) 236 

Building Research Station. Current Paper 5/69: Stractural Engineering 
Design. (A Study of Coding and Data Co-ordination for the Construction 
Industry.) By R. F. Stevens and L, Monument. Pp. 32. (Garston, Watford: 
Building Research Station, 1969.) 236 

Building Research Station. Current Paper 13/69: The Analysis of Belite 
in Portland Cement Clinker by means of an Electron-Probe. By K. E. 
Fletcher. (Reprinted from Magazine of Concrete Research, 1968, Vol. 20 (64), 
September.) Pp. 4. (Garston, Watford; Building Research Station, 1969.) [246 

National Institute of Agricultural Botany. Forty-ninth Report and 
Accounts 1968. Pp. 82. (Cambridge: National Institute of Agricultural 
Botany, 1969.) 246 

Rothamsted Experimental Station. Report for 1968. Part 1: Pp, 404. 
Part 2: Pp. 215. (Harpenden: Rothamsted Experimental Station, 1969.) 
308. Parts Land 2. 20s. Part 2 only. 246 

Nature Conservation in Lincolnshire. By A. E. Smith (Presidential 
Address delivered at Lincoln on 22nd March, 1969.) Pp. xxiii+7 plates. 
(Lincoln: Lincolnshire Naturalists’ Union, 1969.) 28. 6d. 246 

Pira: The Research Association for the Paper and Board, Printing and 
Packaging Industries. Review of Research and Services, 1968. Pp. 48. 
(Leatherhead: The Research Association for the Paper and Board, Printing 
and Packaging Industries, 1969.) 246 

Tweed River Purification Board. Fifteenth Annual Report for the year 
ended 31st December, 1968. Pp. 39. (Newtown St. Boswells: Tweed River 
Purification Board, 1969.) 256 

University of Oxford. Annual Report of the Curators of the Bodleian 
Library for 1967-8. (Supplement No. 9 to the University Gazette, Vol. 99, 
May 1969). Pp. 81. (Oxford: The University, 1969.) 7s. 6d. [256 

Index of Scientific and Economic Studies of Particular Significance to the 
Pig Industry of the United Kingdom, Part 7. By J. Ward. 
Agriculture, Aberdeen—Miscellaneous Publication No. 9.) Pp. xxiv +73. 
sa nerden: School of Agriculture, The University, 1989) 6s. (78. post 
free). 256 
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Other Countries 


_ World Health Organization, Technical Report Series, No, 413: WHO 
Expert Committee on Biological Standardization—Twenty-tirst Report. 
Pp, 106. (Geneva: World Health Organization: London: HM Stationery 
Office, 1969.) 5 Sw. franes; 10s. {166 
US Department of the Interior: Geological Survey. Abstracts of North 
American Geology, April 1969. Pp, i+ 507-650, (Washington, DC; Govern- 
ment Printing Office, 1969.) $0.75. (166 
Instituto Gulbenkian de Ciéncia—Centro de Economia e Financas. The 
Economics of Educational Costing-—Inter-Country and Inter-Regional Com- 
parisons. 1: Costs and Comparisons—a Theoretical Approach. By M. F. 
Leite, P. Lynch, John Sheehan and J. Vaisey. Pp. 137. (Lisboa: Instituto 
Gulbenkian de Ciència, 1968.) {166 
Bulletin of the American Museum of Natural History, Vol. 141, Article 1: 
Mammals from the State of Oaxaca, Mexico, in the American Museum of 
Natural History. By George G. Goodwin. Pp. 1-270 + plates 1-40, (New 
York: American Museum of Natural History, 1969.) $15. [166 
International Union for Conservation of Nature and Natural Resources. 
UCN Publications, New Series, Suppl. Paper No. 18: Report to the Govern- 
ment of Ghana on Conservation, Management and Utilization of Ghana’s 
Wildlife Resources. By Kai Curry-Lindahl. Pp. 28. (Morges, Switzerland: 
International Union for Conservation of Nature and Natural Resources, 
1969.) {166 
_ Annals of the New York Academy of Sciences, Vol. 156, Article 2: Rein 
Control, or Unid tional Rate Sensitivity, a Fundamental Dynamic and. 
Organizing Function in Biology. By M. Clynes, J. H. Milsum and 34 other 
authors. Pp. 627-068, (New York: New York Academy of Sciences, 















1969.) [186 

Population Bulletin, Vol. 25, No. 2 (May 1969): The Census Inquisition. 
Pp. 25-56. (Washington, DC: Population Reference Bureau, Tne., 
1969.) (186 


Transvaal Museum. Report for the year ending 31st March, 196%, Pp. 
38. (Pretoria: Transvaal Museum, 1969.) [186 
Commission on Undergraduate Education in the Biological Sciences. 
Publication No, 26: Biology in the Two Year College. Prepared by Willis H. 
Hertig, Jr, Pp. 24. (Washington, DC: CUEBS, 1717 Massachusetts 
Avenue, 1969.) Gratis. (186 
Report of the Sloan-Kettering Institute for Cancer Research 1968. Pp. 63. 


(New York: Sloan-Kettering Institute for Cancer Research, 1969.) {186 
Department of Agriculture, New South Wales. Annual Report 1987-88. 
Pp. 171. (Sydney: Department of Agriculture, 1969.) {186 
The Greatest Discovery of All Times. By Dr Jules Samuels, Pp. 53. 
(Amsterdam: N.V. Cycloscoop, Plantage Parklaan 20, 1969.) [196 


Commonwealth of Australia, Bureau of Mineral Resources, Geology and 
Geophysics. 1 : 250,000 Geological Series—Explanatory Notes. Hermanns- 
burg, Northern Territory, Sheet S¥/53--13 International Index. Compiled by 
T, Quinlan and D. J. Forman. Pp. 19. Eddystone, Queensland, Sheet 
8G/55-7 International Index. Compiled by N. F. Exon. Pp. 22. (Canberra: 
Bureau of Mineral Resources, Geology and Geophysics, 1968.) {196 

Connecticut Agricultural Experiment Station. Bulletins. No. 684: 
Control of Lace Bugs on Broadleaf Evergreen, By John C. Schread. Pp. 7. 
No. 685: Commercial Feeding Stuffs—Report for 1966. By J. Gordon 
Hanna. Pp. 13. No. 688: The 68th Report on Food Products 1963. By J. 
Gordon Hanna. Pp. 79. No. 689: The 69th Report on Food Products. By 
J. Gordon Hanna. Pp. 104, No. 690: The 70th Report on Food Products, 
By J. Gordon Hanna. Pp. 102. No. 691: The Tist Report on Food Pro- 
ducts. By J. Gordon Hanna. Pp. 103. No. 692; The 72nd Report on Food 
Products, By J. Gordon Hanna. Pp. 83. No. 603: Leaf Miners and Their 
Control. By John C. Schread. Pp. 15. No. 694: Aldehyde Traps as Anti- 
sporulants for Fungi, By James G., Horsfall and R. J. Lukens. Pp. 27. 
No. 695: Termites in Buildings. By Neely Turner. Pp. 14. Circular No. 229: 


Commercial Fertilizers-Report for 1966. By J. Gordon Hanna. Pp. 10. 
(New Haven, Conn: Connecticut Agricultural Experiment Station, 
1068.) (196 


Canada: Department of Energy, Mines and Resources. Geological Survey 
of Canada. Paper 67-8: Preliminary Account of the Goulburn Group, 
North-west Territories, Canada. By L. P. Tremblay. Pp. v+37, $1.50. 
Paper 67-61: Petrology of Adamant Pluton, British Columbia. By P. E. 
Fox, Pp, vili+101, $2, Paper 68-56: Biogeochemical Prospecting for 
Molybdenum in West-Central British Columbia. By E. H. W, Hornbrook. 
Pp. v+4i. $1.50. Paper 69-18: A Seismic Reconnaissance of the Atha- 
basca Formation, Alberta and Saskatchewan (Part of 74). By G. D. Hobson 
and H. A. MacAulay. Pp. v +23. Bulletin 170: Middle Triassic (Anisian) 
Ammonoids from Northeastern British Columbia and Ellesmere Island. By 
F. H. MeLearn. Pp. 90, $3, Bulletin 177: Geochemical Prospecting for 
Petroleum and Natural Gas in Canada, By A. H. Debnam. Pp. 26, (Ottawa: 
Queen’s Printer 1968 and 1969.) [286 

Annales Academiae Scientiarum Fennicae, Series A, II.  Geologica—- 
Geographica, Nr, 97: Die Entstehung der Alpen und die Formung des 
Mittelmeeres. Von Aarno Niini. Pp. 28. (Helsinki: Suomalainen Tiedeaka- 
temia, 1969.) [236 
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STANDARD WORKS SETS OF SCIENTIFIC 
JOURNALS, OLD AND RARE SCIENTIFIC BOOKS 


LARGE OR SMALL COLLECTIONS BOUGHT 


H. K. LEWIS & Co. Ltd. 
LONDON: 136, GOWER STREET, W.C.1 


Telephone: 01~387 4282 (7 lines) Established 1944 














WHELDON & WESLEY, LTD. 
Biological & Geological Books 


CATALOGUES ON REQUEST 


LYTTON LODGE, CODICOTE, HITCHIN, HERTS 


BOOKS BOUGHT 





Published by 
John Wiley 
& Sens Ltd 

Baffins Lane 
Chichester 

Sussex 


REACTIVITY OF SOLIDS: 
PROCEEDINGS OF THE 


SIXTH INTERNATIONAL 
SYMPOSIUM 
edited by j. W. Mitchell, Professor of 
Physics, University of Virginia, Charlottes- 
ville, et al. 

due August 1969 878 pages 234s. 
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for top performance 
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| This precision instrument & 
| can be combined with other 
| versatile Wild units to 
make a special microscope 
| for any particular purpose, 

i Built-in magnification 

| changer for 4 different 

| magnifications. 
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| New packing in metal hood 
amnad for safety and convenience. 


Wild M5 
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Periodicals for sale 


Tetrahedron 
Vols. 1-23 (1957-1967), £479 5 0 


Zentralblatt fur die Gesamte Tuberkuloforschung 
Vols. 20-65/Nos. 1-6, Berlin, 1923-1954. 
Unbound. £145 00 


We are always interested in buying your 
collections of duplicates of Scientific, Technical 
and Medical Journals at the highest prevailing 
prices. Please send us your lists of surplus 
journals which will receive our immediate 
attention. 


We invite you to write in for our regularly issued 
Bulletins and Catalogues and should be pleased 
to be of assistance in your acquisitions. 


Robert Maxwell & Go Ltd 


Back Issues Department, 4, Midland Road, Olney, 
Bucks, England. 
Offices also at 
4/5 Fitzroy Square, Londoa W.L 
Headington Hill Hall, Oxford 
2/3 Teviot Place, Edinburgh 1 
2/3 Richmond Street, Glasgow C.1. 
Maxwell House, Fairview Park, Elmsford, 
New York 10523 
24 rue des Ecoles, Paris Ve. 










Pamphlet with technical 
| data obtainable from 
WILD Heerb Ltd. 
Heerbrugg, Sw land, 








| 


| 





Further particulars from: Wild Heerbrugg (U.K.) Ltd., 49-51 Church Street, Maidstone, Kent. 


Telephone: Maidstone 56736/7/8 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements ac their discretion. 
The Publishers will nor be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes, 
Semi-displayed £6 per singie column inch. 
Minimum £3, each additional! 1/12ch of an inch 
10s. Full page £158, Half page across £80, 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement’s 
Inn, Strand, London, W.C.2. Telephone: 
Wea 4743, Telegrams: Texcualist, London, 














APPOINTMENTS VACANT 





UNIVERSITY OF 
WESTERN AUSTRALIA 
ANATOMY 


Applications are invited for appoinument to 
two positions of SENIOR LECTURER in the 
Department of Anatomy. For the first post 
candidates should be primarily morphologists 
with research interests in the general field of 
Human Biology or Physical Anthropology. The 
appointee will be required to co-ordinate an ele- 
mentary first year course in Human Biology and 
expand an existing third year Science course in 
Physical Anthropology. For the second post 
candidates should be primarily concerned with 
Neurobiology and be interested in co-ordinating 
restarch in Neuroanatomy. The appointee will 
be required to organise the Medical and Science 
teaching in Neuroanatomy. Both appointees will 
be expected to assist in the teaching of Gross 
Anatomy to Medical students. The salary range 
for both posts is $A7,500 to $48,750 per annum 
plus superannuation. 

intending applicants are requested to obtain 
details of the procedure to be followed in apply- 
ing for the post and a copy of the conditions of 
appointment before submitting their applications. 
This information is obtainable from the Associa- 
ton of Commonweakh Universities (Appts), 36 
Gordon Square, London, W.C.1. Applications 
close on August 23, 1969. 360) 





UNIVERSITY OF MELBOURNE 
LECTURESHIP IN MEDICAL 
MICROBIOLOGY 
in the 
SCHOOL OF MICROBIOLOGY 


Applications are invited for the above- 
mentioned post. 

QUALIFICATIONS: Medical degree or Ph.D. 
with postgraduate research experience or 
Diploma of Bacteriology. 

DUTIES: Include lecturing and demonstrating 
in bacteriology to medical students, Research 
facilities are outstanding. The Department of 
Microbiology is the largest in Australia and 
occupics a well-equipped new building. 

STARTING DATE: As early as possible in 
1970, 

SALARY: $A5.400 to $A7,300 per annum. 
Ioidel salary will be determined according to 
qualifications and experience. 

Further information, including details of super- 
annuation, travel and removal expenses, housing 
assistance and conditions of appointment is 
available from the Association of Common- 
wealth Universities (Appts.), 36 Gordon Square, 
London, W.C.1. Applications close on Septem- 
ber 15, 1969. (361) 


UNIVERSITY OF 
DEPARTMENT OF CERAMICS 
WITH REFRACTORIES 
TECHNOLOGY 


Applications are invited for the post of LEC- 
TURER in the DEPARTMENT of CERAMICS 
with REFRACTORIES TECHNOLOGY tenable 
from October 1, 1969, Preference may be given 
to candidates with interests in surface chemistry 
of ceramic materials and/or cements. Salary in 
the range £1,240 to £2,850 with F.S.S.U. pro- 
vision. 

Further particulars from the Registrar to 
whom applications (four copies), should be sent 
by Sepiember 1, 1969. Quote Ref.: ashen 











EXPERIMENTAL FOOD PROCESSING. 
The Fruit and Vegetable Preservation R.A. or Chemistry) required to work on characteriza- 
Chipping Campden, Glos. (Campden 319 and uon of enzymes from human tissues. Experi- 
Å s ence cf enzymology or protein chemistry desir- 
consol processing of trial crops and to fill & sige 
vacancy arising from promotion. Experience in : 
food handling an advantage but is not essential, 


initial placing according to age and qualification. 
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Office for Scientific and Technical Information 


Information Officers in 
University Libraries 


The Office for Scientific and Technical Information (OSTI) is to support an 
experiment to test the effectiveness of full-time Information Officers based 
on university libraries, and applications are invited for six appointments 
which are to be made, each for an initial period of three years. 


DUTIES 

The main duties of the Information Officer will be :~ 

1. The education and training of academic staff and postgraduate students 
in the use of information resources, and 

2. The promotion of the effective use of information services, both 
traditional and mechanised (particularly by liaison with specific subject-based 
mechanised services. } 

The Information Officer will be responsible to his University Librarian, but 
routine library work will not be a part of his duties. Secretarial assistance 
will be provided. 

Posts are likely to be created in the Universities of Birmingham, London 
(Imperial College), Salford, Strathclyde, Sussex, and Wales (University 
College, Cardiff), 


QUALIFICATIONS 

Applicants should have a good honours degree, or equivalent qualification, 
preferably in the natural or social sciences. Previous research or information 
experience and/or formal training in librarianship or information science 
would be an advantage. Drive, adaptability, personality and the ability 

to teach (formally or informally) will be of great importance. 


SALARY AND CONDITIONS OF SERVICE 

Dependent upon age and qualifications, salary will be within the scale for 
lecturers and will include FSSU provision. Other conditions of service will 
be those of the employing university. 

Further details of the duties envisaged and copies of the application form 
may be obtained from the Office for Scientific and Technical information, 
Room 10/07, Elizabeth House, York Road, London SET. The closing 

date for receipt of completed forms will be 15th August, 1969. 

Interviews for all posts will be held in London. 


(343) 


BRITISH STEEL CORPORATION 
MIDLAND GROUP RESEARCH & DEVELOPMENT DEPARTMENT 


PETROLOGIST 


A vacancy has arisen in the Geology Section, due to the expansion of 
petrological activities particularly in the field of coking research. A range 
of techniques are available for the work involved and particular importance 
is attached tọ the use of quantitative microscopic methods. There will be 


a special opportunity to develop automated microscopic techniques using 
an Automatic Microscope Electronic Data Accumulator now on order from 
the United States. The post will be suited to a graduate geologist with 
interests in petrology and mineralogy. and an inclination towards detailed 
microscope work. The department numbers some 500 people, including 
130 graduates, the laboratories being situated in a pleasant residential area. 
Superannuation, Sports and social club. 


Applications should be addressed to: 


The Process Research Manager, Swinden Laboratories, Moorgate, 
Rotherham. 
(407) 


invites applications for an S.A.E.0O. to 
Opportunity for higher degree 


quoting Ref, 4/106. 
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HONOURS GRADUATE (BIOCHEMISTRY 


Salary in range £1,225 to £1,615 per annum.— 
P i Se e wi 3 ¥ 4 Applications to the Secretary (SHE 2030, Ext. 
Salary in accordance with S.A E.O. scale with 351), Royal Postgraduate Medical School, Ham. 
Pensionable appoinument,—Applications in first  mersmith Hospital, Ducane Road, London, W.12, 
instance to Secretary. (334) 








MINISTRY OF 
OVERSEAS 
DEVELOPMENT 


The Ministry of Overseas Development helps to provide men and 
women from Britain for service in the developing countries, The 
vacancies advertised below are a selection from the many 
openings ichich exist now, While they are being filled, other 
vacancies are arising. Salaries within the ranges quoted are 
assessed on qualifications and experience; and the terms of most 
appointments include free or subsidized accommodation, educa- 
tion grants, family passages and goed leave on full pay, ete. A 
contributory pension scheme is available in certain circumstances. 
Candidates must be citizens of, and normally resident in, the 
United Kingdom. 





BOTSWANA 
Agricultural Officer (Development) RC 213/19/022 


Duties: To work under the Land Use Planning Unit in the planning and 
development of settlement schemes on state lands. 


Qualifications and Terms: Degree in Agriculture or Natural Science, 
preferably with planning and development experience, Salary, basic: 
R.2,256-4,440 (£Sterling 1,136-2,590} p.a. plus an inducement allowance, 
normally tax free, in the range £360-660 p.a. (payable direct to an officer's 
pome bank account). Tax free gratuity 25% of basic salary only. Contract 
-3 years. 


BRUNEI 


Agricultural Officers RC 213/28/07 
Duties: To be in charge of a sub-district which will include one or more 
agricultural stations, to lay out and supervise experimental and/or demon- 
stration plots and advise and give lectures to groups of farmers. 


Qualifications and Terms: Degree in Agriculture with tropical experience. 
Salary: £1,992-3,526 p.a. Tax free gratuity 123%, of salary. No local 
income tax. Contract 3 years. 


BRITISH SOLOMON ISLANDS 
PROTECTORATE 


Agronomist RC 213/27/06 


Duties: To take charge of che Joint Coconut research scheme to design, 
layout and analyse trials on all aspects of coconut agronomy and to carry 
out an approved programme of coconut breeding and conduct related 
experiments. 

Qualifications and Terms: Degree in agriculture with experience of tropical 
crops, particularly coconuts, and a knowledge of statistical techniques, 
Salary: A$2,232~4,272 (fSterling 1,042-1,994) p.a. plus an inducement 


allowance of £716~1,160 p.a. normally tax free payable direct to the officer's 
home bank account. Gratuity 25%. Contract 2 years, 








GHANA 


Adviser in Agricultural Marketing Economics 
RC 213/70/017 


Duties: To advise the Chief Agricultural Economist in marketing investie 
gations and collection of marketing information. 
Qualifications and Terms: Honours degree in Agricultural Economics, 
Economics or Agriculture with a post-graduate qualification in Agrie 
cultural Economics; and considerable experience of the markering of 
agricultural produce in the tropics. Salary: €2,475-3,425 p.a. according 
to qualifications and experience, subject to British Income Tax, plus & 


variable non-taxable overseas allowance of £705-1,395 depending an marital 


status, Contract 18 months. 


SOMALIA 


Livestock Development Officers (Marketing) 
RC 27/161 /02 


Duties: To organise the marketing of livestock and livestock products, 
Extensive travelling and living under harsh conditions involved. 
Qualifications and Terms: At least {0 years relevant African marketing 
experience, Salary: £2,250 p.a, subject to British income tax, plus a variable 
non-taxable overseas allowance of £580-~1,285 depending on marital status. 
Contract 2 tours of 18 months. 


SWAZILAND 
Soil Surveyor RCE 213/169/09 


Duties: To undertake detailed soil surveys of Irrigation projects, ruraj 
development areas, farms or estates. Also land capability studies of specific 
farming systems. The Soil Surveyor will work in close liaison with the 
Land Planning Officer and extension staff. 

Qualifications and Terms: Degree in one of the natural sciences or in 
Agriculture and post-graduate experience in soil surveying. Salary, basic: 
Rands 2,256-4,800 (£Scerling 1,316-2,800} p,a. plus an inducement allowance 
in the range £204-516 p.a. Gratuity 25% of basic salary and inducement 
allowance. Contract 3 years. 


HONG KONG 
Forestry Officer (Research) RC 324/81/02 


Duties: To take charge of a small ceam investigating soli conservation 
problems and particularly the rehabilitation of badly degraded hills and 
unstable slopes principally within reservoir catchment areas. 
Qualifications and Terms: Honours degree in Forestry or Ecological Science 
and minimum 2 years experience in research and soil conservation. Salary 
Hong Kong $2,381-4,783 per month (£ Sterling 1,964-3,946) pa. Gratuity 
(70; of salary. Contract 3 years. 


NEW HEBRIDES (Condominium) 
Forestry Officer RE 324/124/0) 


Duties: To supervise the exploitation of forests and re-afforestation within 
the New Hebrides Group and to carry out research in silviculture, 
Qualifications and Terms: Degree in Forestry essential: good knowledge 
of French desirable. Salary scale currently under review Australian 33,900 
5,550 (£ Sterling 1,820-2,590} p.a. free of local tax. Gratuity £ Sterling 
£37 10 0 for each completed 3 months of service, Contract I years. 


ZAMBIA 
(1) Training Officers RC 21413/132/027 
(2) Senior Training Officers RC 2113/132/026 


Required to instruct students at the Natural Resources Development 
College or the Zambia College of Agriculture in agriculture, animat 
husbandry, animal production, dairying, agricultural engineering, farm 
machinery/farm surveying, farm management/agricultural economics and 
rural science/mathematics. 

Qualifications: An appropriate university degree and relevant experiance 
with, if possible, experience in sub-tropical agriculture and a teaching 
certificate, 


(3) Plant Pathologists RC 2113/132/025 


Required to investigate major diseases of crops and to make recommendations 
for their contro! based on experimental results. 

Qualifications: Degree in Botany or Natural Science together with some 
specialist training or postgraduate experiance in Ecology or plant patholagy. 
A specialised degree in plant pathology would be an added advantage. 





For further particulars of these vacancies and an application 
form please write giving your full name, age and brief details of 
professional qualifications, and experience, and quoting appre- 
i reference number to the Appointments Officer, Room 
iN/26, Ministry of Overseas Development, Elani House, Stag 
Place, London .S.W.1. i 
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CSIRO 
RESEARCH FELLOWSHIPS 


ENGINEERS 
AUSTRALIA 


DIVISION OF FOREST PRODUCTS 


The Division of Forest Products of the Commonwealth Scientific and Indus- 
trial Research Organization, Australia, offers excellent opportunities for 
engineers to undertake original research in a multidisciplinary team of 250 
{including 80 graduates) and to extend the results to bear on practical 
problems in the Australian industry. Projects cover all facets of the pro- 
duction of timber, wood based panels and pulp and paper products. Areas 
of particular but not exclusive interest are i 


1, The engineering analysis of framed timber structures and the form- 
ulation of mathematical criteria to optimise design recommendations. 


2. The engineering science, technology and equipment inherent in saw- 
milling and the conversion technique for the production of lumber, 
plywood, laminated constructions and particle board. 


The Division provides a wide range of research facilities and close liaison with 
industry for studying full-scale applications of research results. 


LOCATION Melbourne, Victoria, Australia. 


PERIOD Three years. 
negotiation. 


QUALIFICATIONS Applicants should have a Ph.D. degree or have had 
postgraduate research experience of equivalent standard and duration, 
supported by satisfactory evidence of research ability. 


Arrangements for longer terms are subject to 


SALARY Upwards from minimum $A5,321 p.a. for a person completing a 
Ph.D. to substantially higher grades (maximum over $A10,000 p.a.), depen- 
dent on qualifications and experience. These salaries are at present under 
review. 


FURTHER PARTICULARS from 


Mr. R. F. Turnbull, Chief Scientific Liaison Officer, Australian 
Scientific Liaison Office, 64 Kingsway, London, W.C.2. 


or Scientific Attaché, Office of the Scientific Attaché, Australian 
Embassy, 1601 Massachusetts Avenue N.W., Washington, D.C. 
20036, U.S.A. 


Applications should quote Appointment No.: 290/874 and must reach the 
above addresses by 29th August, 1969. 


INTERVIEWS WITH SENIOR OFFICERS OF THE DIVISION CAN 
BE ARRANGED IN LONDON. 
(336) 





UNIVERSITY OF LONDON 


KING'S COLLEGE 
DEPARTMENT OF PHARMACOLOGY 
Applications are invited for the post of 
SENIOR LECTURER IN PHARMACOLOGY. 
Candidates should have a Ph.D. in Pharmaco- 
logy or a cognate discipline, or a medical de- 
gree. The successful applicant will be required 
to teach medical and science students and to 
undertake active research, either of Departmental 
interest or of the candidate’s choice. Salary 
scale: £2,770 by £110 to £2,990; then by £115 to 
£3,430; then by £110 to £3,670. A London 
Allowance of £80 a year and F.S.8S.U. benefits 

will be payable. 

Application forms and conditions of appoint- 
ment are obtainable from the Registrar, King’s 
College, London, Strand, W.C.2, and completed 
forms should reach him by August 20, Hae 

(346 


FURNITURE INDUSTRY 


RESEARCH ASSOCIATION 
SENIOR ERGONOMIST 

FIRA, a research organisation grant-aided by 
the Ministry of Technology, offers an excellent 
opportunity for an Ergonomist to take charge 
of a small section carrying out various research 
projects concerned with the ergonomics of 
furniture. These include anthropometric studies 
of children and adults, comfort of chairs and 
passenger seating, design of storage furniture, 
and industrial ergonomics. Applicants should 
have a good first degree in science, engineering 
ot psychology, and suitable experience in applied 
research or development werk. Starting salary 
will be not less ihan £2,250 per annum, 

Application forms may be obtained from the 
Director, Furniture Industry Research Associa- 
on, Maxwell Road, Stevenage, Herts. Tel. 
3433. B51) 
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Imperial College 


BIOCHEMISTRY 
DEPARTMENT 


The following vacancies for tech- 
nicians exist in the Biochemistry 
Department of Imperial College. 

() SHIFT TECHNICIAN in 
Fermentation Pilot Plant Labora- 
tories. The position involves 
routine microbiological and 
analytical work in connection with 
the departmental research pro- 
gramme with opportunities for de- 
velopment work. Shift system in- 
volves six working days, followed 
by three rest days ; hours 9 a.m. to 
5 pm, some week-end working. 
A shift inconvenience allowance of 
£150 per annum is paid in addition 
to normal salary. 

(2) JUNIOR TECHNICIAN in 
Fermentation Pilot Plant Labora- 
tories for microbiological and 
analytical work in conjunction with 
departmental research programme. 

(3) TECHNICIAN / JUNIOR 
TECHNICIAN for microbiological 
and analytical work in a research 
project concerning alkaloid pro- 
duction by fungi. 

All the above appointments in- 
volve a 374-hour week, 3 to 4 
weeks annual leave and super- 
annuation scheme. Salary accord- 
ing to age, qualifications and ex- 
perience in the range £502 to £762 
for Junior Technician, £868 to 
£1,252 for Technician. 

Applications in writing to De- 
partmental Superintendent, Depart- 
ment of Biochemistry, Imperial 


College, London, S.W.7. 
G64) 


UNIVERSITY OF MANCHESTER 


RESEARCH ASSISTANT IN MEDICAL 
BIOCHEMISTRY 

Applications for this post invited from recent 
graduates in biochemistry or allied sciences, for 
research into the connective tissucs of the eye ; 
leading to higher degree. Appointment for one 
year in the first instance, renewable for a toral 
of three years, Salary range £1,000 to £1,200 
per annum. 

Further particulars and application forms tre- 
turnable by August 13) from the registrar, the 
University, Manchester, M13 9PL. Quote ref.: 
tS1/69N. (357) 





UNIVERSITY OF GLASGOW 


LECTURESHIP OR ASSISTANT 
LECTURESHIP IN 
BIOCHEMISTRY 


Applications are invited for a ‘Lecture- 
ship or «Assistant Lectureship in Biochem- 
istry. Salary scale Lecturers, £1,585 to 
£2,850 per annum, Assistant Lecturers 
£1,240 to £1,470 per annum. Initial salary 
according to experience and qualifications. 
FSS.U, 

Applications (eight copies for a Lecture- 
ship. three copies for an Assistant Lec. 
tureship) should be lodged not Jater than 
September 1, 1969, with the undersigned. 
from whom further particulars may be 
obtained. 

ROBT. T. HUTCHESON, 
Secretary of the University Court. 
B27) 
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NATIONAL COUNCIL FOR 


SCIENTIFIC 
RESEARCH, ZAMBIA 


Vacancies exist in the following services and research projects being undertaken by the Council 


SCIENTIFIG DOCUMENTATION 






Senior Professional Officer {Documentation & Scientific Information) 

Professional Officer {Librarianship} 

Principal Professional Officer (Medical Statistics; should have medical qualification) 

Professional Officer (industrial Statistics) 

Senior Professional Officer (Animal Production) 

Professional Officer (Soil mechanics) 

Professional Officer (Sanitary engineering} 

Wi LDLIFE (any of the three levels) in the field of range ecology (ecology, 
botany (with zoology) or biology); animal ecology (ecology. 

Professional Officers zoology (with botany) or biology); ornithology (zoology). 

Principal Professional Officer (Mining and Metallurgy} 

Professional Officer (Economic Geology) 

Senior Professional Officer (Fats and Oils) 

Professional Officer (Food Testing and Processing) 

Technical Officer Grade 1 (Experience of malnutrition) 

Professional Officer (Coal and Derivatives) 

Technical Officer Grade 1 (Chemistry and Botany) 

Salary Scales (Entry Points according to qualifications and experience) are: 

Principal Professional Officer K5250 x 180--5970 

Senior Professional Officers K4050 x 240-5010 

Professional Officers K2370 x 240-3810 

Technical Officers Grade 1 K2280 x 180-3720 

Minimum Requirements are: 

Principal Professional Officer Ph.D. or equivalent and at least ten year’s experience after 
graduation. 

Senior Professional Officer Ph.D. or equivalent and at least six years’ experience after 
graduation. 

Professional Officer Postgraduate qualifications or equivalent experience and at 
least three year’s experience after graduation, 

Technical Officer Grade 1 University degree or equivalent and experience in the required 
field. 


(£1 sterling = K1.7) 


Non-Zambians will be paid a gratuity of 25% of aggregate basic salary earned during resident service 

of not fess than thirty months. Non-residents will ba paid a contract allowance of K800 p.a. and 

accommodation facilities will be provided, 

Applications (five copies} giving full personal details, quatifications and experience ird 

three refere@s, to be sent to the Secretary General, National Council for Scientific R 

Box RW 166, Ridgeway, Lusaka, Zambia, wom whom further particulars may be obtained. 
Closing date 15th August, 1969, G1 











Pfizer 


GRADUATE 
MICROBIOLOGIST 


TO STUDY THE GENETICS 
OF MICRO-ORGANISMS 


THE[COMPANY 


The Pfizer Group in Great Britain is part of a diversified and 
rapidly expanding international organisation with a sales turnover 
in excess of £300 million. The group manufactures an extensive 
range of science-based products including pharmaceuticals, fine 
chemicals, dietary aids, vaccines, cosmetics, agricultural and veteri- 
nary products. 


THE JOB 


The vacancy arises from an expansion of the Culture Improvement 
Section which is concerned with the improvement of strains of 
micro-organisms used for production of antibiotics and organic 
acids by fermentation. The appointment is for a graduate to take 
charge of an advanced programme of genetic manipulation on a 
commercially important Streptomycete species. The job also carries 
certain administrative responsibilities as Deputy Head of the Section, 
which is part of the Basic Production Department at the Company's 
main pharmaceutical plant at Sandwich, a pleasant coastal area of 
Kent. 


THE APPLICANT 


Candidates should be male honours graduates in a biological science, 
or possess an equivalent qualification such as M.I.Biol. by 
examination. Preference will be given to applicants who followed 
a course of study which included microbiology and/or genetics. 
Specific experience in the techniques involved is not required as 
adequate training will be given. However, it is essential that appli- 
cants possess sufficient background knowledge for them to acquire 
an understanding of the scientific principles upon which the work 
is based. Age should be between 23 and 26 and a recently qualified 
graduate could be considered for this position. 


SALARY AND CONDITIONS 


A competitive salary is offered for this post and will be dependent 
upon qualifications and experience, The successful candidate will 
be expected to keep up with new developments in his field and 
attendance at relevant scientific meetings is encouraged. 


The company operates bonus, non-contributory Pension and Life 
Assurance Schemes. Certain removal expenses may be paid. 


Applications, giving brief relevant details, will be treated in confidence 
and should be addressed to: 


J. E. T. Haile, Staff Officer, Pfizer Limited, Sandwich, Kent. 
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UNIVERSITY OF KEELE 


UNIVERSITY OF MANCHESTER 


Applications are invited for the post of Tem- 
porary Lecturer in Physics for the academic year 
76. Salary scale £1,240 to £1,470 (points 
or 3 of the Lecturers’ scale). Research 
in Department include fields of magnetic 
maser studies, investigations o# brittle 
and gas discharge physics, and also in 
omy. 
ations shouid reach the Registrar, The 
iniversity, Keele, Staffs, STS SBG, from whom 
application forms and further particulars may be 
obtained, not later than August 18, 1969. (39D 








RESEARCH ASSOCIATE IN 
CHILD HEALTH 


Biochemist required with postgraduate  re- 
search experience for this post in the Depart- 
ment of Child Health with new team investigat- 
ing bram growth and development. Salary 
according 10 experience, up to £1,585 per annum. 

Further details and application forms (returne 
able by August 8) from the Registrar, The Uni- 
Manchester M13 9PL. Quote ref. a pel 
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UNIVERSITY OF NEW SOUTH 
WALES 
FACULTY OF MEDICINE 
LECTURERS/SENIOR LECTURERS. 
TUTORS/SENIOR TUTORS 


Applications are invited for the above-men- 
tioned posts. 

Salary: $A5400 range $A7,300 per annum 
(Lecturer), $A7,600 range $A8,750 per annum 
(Senior Lecturer), between $43,150 and $44,275 
per annum (Tutor), between $44,725 and $45,645 
per annum (Senior Tutor), Commencing salary 
according to qualifications and experience. Initial 
appointment to posidons of Tutor and Senior 
Tutor ot one year with prospects of renewal 
on an annual basis, 

Applicants for positions of Tutor preferably 
should be honours graduates but previous gradu- 
alte experience is not essential, Applicants for 
positions of Senior Tutor should have postgradu- 
ate training and/or teaching experience. For 
positions of Lecturer or Senior Lecturer, appli- 
cants must have appropriate teaching and re- 
search expe > ang should hold a higher 
degree. Succ applicants will be expected to 
enter on duty early in 1970, 

SCHOOL OF ANATOMY (Professor M. J. 
Blunt). Teaching duties will be histology, 
embryology, uro-anatomy, and topographical 
anatomy, Research facilities are available in 
on microscopy, qualitative and quantitative 
chenustry, and ussue culture. Applicants 
should be graduates in medicine or one of the 
life sciences. 

SCHOOL OF PHYSIOLOGY (Professor W. E. 
Glover), The School teaches physiology and 
pharmacology. to medical and science students. 
Research interests include human peripheral cir- 
culation and pharmacology of vascular smooth 
muscle, respiratory function of blood, digestion 
and cellular neurophysiology. For at least one 

ost preference will be given to medical gradu- 
interested in applied physiology or human 
pharmacology. 

SCHOOL OF PATHOLOGY (Professor D. L. 
Wilhelm). General pathology is taught to third- 
year medicine, systemic pathology in fourth year. 
Research interests include the inflammatory re- 
sponse, healing and regeneration, immunecpatho- 
logy and neoplasia. Applicants should be medi- 
cal graduates, preferably with experience in histo- 
pathology and morbid anatomy. Experience in 
electron microscopy would be an advantage. 

Details of appointment and for Lecturers’ posi- 
tons, details of superannuation, study leave and 
housing scheme, may be obtained from the 
Secretary-General. Association of Commonwealth 
Universities (Appts), 36 Gordon Square, Lon- 
don, W.C.L. 

Applications close in Australia and London on 
August 15, 1969. (344) 


UNIVERSITY OF QUEENSLAND 
AUSTRALIA 
SENIOR LECTURER IN MATHEMATICS 


The University invites applications for the 
above-mentioned position, An applicant should 
possess the degree of Doctor of Philosophy and 
have had postdoctoral research experience in 
some branch of Pure Mathematics. The ap- 
pointee will be required to deliver such lectures 
and carry out such other duties as may be re- 
quired. He should be capable of carrying out 
independent investigations in his branch of the 
subject and of assisting in the training of 
honours and research students, 

The salary for a Senior Lecturer will be with- 
in the range $A7,500 to $A8,750 per annum. 

The University provides Superannuation simi- 
lar to F.S.S.U., housing assistance, study leave 
and travel grants for permanent appointees of 
Lecturer status and above. 

Additional information and application forms 
will be supplied upon request to the Secretary- 
General, Association of Commonwealth Universi- 
ues (Appts), 36 Gordon Square, London, W.C.1. 

Applications close in London and Brisbane on 
August 22, 1969. (362) 
















































MEDICAL SCHOOL 


COURTAULD INSTITUTE OF 
BIOCHEMISTRY 


GRADUATE RESEARCH ASSISTANT re- 
quired to work on the Biochemistry of Migraine. 
The work will involve the use of labelled aro- 
matic compounds and experience in radioactive 
and ion exchange techniques will be an advan- 
tage. Salary within soale £1,010 to £1,230 plus 
£60 London Allowance and superannuation 
under the F.S.8.U. 

Applications to Dr. 1. Smith, Courtauld Insti- 
tute of Biochemistry, The Middlesex Hospital 
Medical School. LONDON, WIP 5PR. by 
August 23, 1969, (365) 








IMPERIAL CANCER RESEARCH FUND 
DEPARTMENT OF ENVIRONMENTAL CARCINOGENESIS 


(Mill Hil, London, N,.W.7) 


SCIENTIFIC STAFF 


Graduate in biological sciences, preferably with cytology experience, required to assist 


in tumour-cell studies. 


Three-year appointment. Starting salary in the range £1,175 by £65 to £1,240 by £115 
to £1,585 plus £60 London Allowance a year. 


Post-doctoral Immuno-chemist, preferably with experience with lipoproteins, required 


to join group working on tumour antigens. 


Three- or five-year appointment. Starting salary in the range £1,700 by £115 to 


£2,275 plus £60 London Allowance a year. 


Applications, accompanied by a curriculum vitae and the names of two referees, to 


be sent to: 


The Secretary, 
Imperial Cancer Research Fund, 


Lincoln’s Inn Fields, 


not later than Monday, August 11, 1969. 


Imperial College 
of Science and 
Technology 


Department of 
Chemistry 


fa) POST-DOCTORAL RESEARCH 
ASSISTANT, 2-year appointment (S.R.C. 
sponsored research), new Méssbauer spec- 
trometer on chemisorption and solid-state 
problems down to 4° K. Salary £1,355 by 
£115, plus £60 London Allowance, F.S.8.U. 

tb) POSTGRADUATE STUDENTSHIP 
(approx, equivalent to S.R.C.) three years 
to Ph.D. to work on application of mass- 
spectrometric techniques to sorbate diffu- 
sion in microporous media, 

Applications. with two referees, to Dr. 
L. V. C. Rees, Imperial College, London, 
S.W.. {363) 


London, W.C.2, 





UNIVERSITY OF EDINBURGH 


DEPARTMENT OF SURGICAL 
SCIENCE 


RESEARCH 
ASSISTANT 


required in the above Department to work 
on experimental immunotherapy of cancer 
under the direction of Professor Sir 
Michael Woodruff, The work is supported 
by a Medical Research Council grant and 
the appointment will be for a period of 
two years. 


Commencing salary according to qualifi- 
cations and experience up to a maximum 
of £1,490 per annum, with superannuation 
benefit. 


Applications, giving the names of two 
referees, should be submitted to the Secre- 
tary, Department of Surgical Science, Uni- 
versity of Edinburgh Medical School, 
Teviot Place. Edinburgh EH8 9AG, not 
later than September 1, 1969. Please quote 
Reference 5019/53. (323) 





HILL FARMING RESEARCH ORGANISATION 


Soil Science and 
Analytical Chemistry 


The Organisation has two vacancies, one in the grade of Scientific Assistant, 
and one in the grade of Assistant Experimental Officer /Experimental Officer 


on the headquarters staff in Edinburgh. 


The duties of the Scientific Assistant will include the analysis of various 
agricultural materials by chemical and X-ray methods. 

_ The duties of the Assistant Experimental Officer/Experimental Officer will 
involve the analysis of soil and plant materials using modern instrumental 
methods, and will also include assistance in field experiments. 

Applicants should possess the following qualifications: for Scientific Assist- 
ant: school leaving certificate with passes in 4 subjects including English and 
Chemistry or an equivalent qualification ; and for A.E.O./E.O.: a pass degree 
in Science with Chemistry as a major subject, Higher National Certificate in 
Chemistry, or an equivalent qualification. Superannuation Scheme. 

Salary scales: Scientific Assistant, £452 (age 16) to £1,155 ; A.E.O., £683 
(age 18) to £1,454 ; E.O., £1,596 to £2,006. a : 

Application forms and further particulars may be obtained from the Secre- 

tary, 29 Lauder Road, Edinburgh, EH9 2JQ. Closing date for a pplicaliony: 


August Í, 1969, 


(402) 












The Hatfield Polytechnic 


SENIOR LECTURER 
LECTURER I or il 


ASTRONOMY 


Salary Scales: 
(under review) 


Senior Lecturer £2,280—~£2,596 
Lecturer H £1,725--£2,280 
Lecturer | £1,256~£1,985. 


Further details from the Secretary and: 

Academic Registrar, The Hatfield Poly- 

technic, Hattield, Herts. Quote ref: 221/N 
(363) 
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UNIVERSITY OF IFE 
NIGERIA 
Applications are invited for the following poss 
in the Faculty of Pharmacy ¢ 
(a) 2 Lectureships in PHARMACEUTICS 
tb) Lecmreship in PHARMACOLOGY 
(c) Lectureship in PHARMACOGNOSY 
honours degrees 
and preference 









Applicants must possess gov 
and preferably higher degree: 








given to candidates with teaching experience amd 
research interests in general pharmaceylics OF 
pharmaceutical microblology, pharmacc and 





pharmacognasy. Appoinumenis to Commence as 
on as possible. Salary scale ENI 200 £0 
£ 75 per annum (ENle@= fl ls. ad 
Salary supplemented in range £240 
annum (steriing) and education allowant t 
children’s holiday visit passages p able m 
appropriate cases under British Ew tes Supe 
plementation Scheme. Superannuation scheme; 
family passages: various allowances) regier 
overseas leave. , 7 

Detailed applications (6 copies), naming 5 
referees, by August 20, 1969, to Inter-University 
Council, 90/91 Tonenham Court Road, London 
WIP ODT, from whom particulars are oe 

i36) 

















PORTSMOUTH COLLEGE OF 
TECHNOLOGY 
DEPARTMENT OF CHEMISTRY 
RESEARCH FELLOWSHIP 


Applications are invited for the position at 
Research Fellow to work in collaboration with 
Dr. T. A. Crabb on the NMR. spectra and 
canformational analysis of heterooyelic scom- 
pounds, Applicants should preferably have had 
postdoctoral experience in the fields of MMR. 
spectroscopy, conformational analysis of hetero- 
cycle chemistry. The appoimment is available 
for up to three years, from October 1, 1969, 
Salary scale: £2,000 to £2,110 per annur. 

Application forms may be obtained from the 
Staff Officer, Portsmouth College of Teshnology, 
Hampshire Terrace, Portsmouth POL 25G, to 
whom completed application forms should be 
reurned by August 11, 1969, (24D) 












UNIVERSITY OF 
MANCHESTER 


EXPERIMENTAL OFFICER IN 
THE DEPARTMENT OF 
BIOLOGICAL CHEMISTRY 


Applications invited, preferably from 
graduates, for this post with responsibility 
for operation and development of teeb- 
niques using the analytical ultracentrifuge 
and other instruments employed in the De- 
partment’s research. Experience of the use 
of an alylical ultracentrifuge desirable 
but sot essential. Salary range per annum 
£1,000 to £1,660. F.§.$.U. 
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Sedimentary 
Petrographers 


or 


South Africa 


Applications are invited from suitably qualified 
and experienced Sedimentary Petrographers for 
appointment on a three year contract basis in 
South Africa. Depending on satisfactory service, 
the contract will be extended after expiry. 


The successful applicants will be appointed in 
the Department of Geologica! Survey of the 
South African Government, and will perform 
duties in connection with the extension of 


mineralogical services. 


The establishment of a special sedimentary 
petrography unit is contemplated. This will in- 
volve close co-operation with Southern Oil 
Exploration Corporation (Pty) Limited (Soekor), 
as well as oil and mining companies. 


Initial salary will be between R3000 and R6000 


per annum. 


Successful applicants will be based in Pretoria. 


Address applications, reflecting full particulars 
regarding Qualifications, experience, age, marl- 
tal status, present and required salary etc, to:- 


The Office of the Scientific Counsellor, 


Chichester House, 
278 High Holborn, 
London, W.C.1. 





ST. MARY’S HOSPITAL 
MEDICAL SCHOOL 
(UNIVERSITY OF LONDON) 
PADDINGTON, W.2 
INSTRUMENT LABORATORY 


GRADUATE PHYSICIST or ENGIN- 
EER to assist in the design and develope 
ment of apparatus for medical resear 
and clinical work. ‘Experience or special- 
ised training d a but not essential 
$ ing salary in the range £1,240 to £1,585 
per annum. 

Further details from Dr. R. E. Trotman. 
Apply Secretary (326) 

















(367) 





UNIVERSITY OF EDINBURGH 
DEPARTMENT OF VETERINARY 
ANATOMY 


RESEARCH ASSISTANT 
required in the above Department for the 
study of muscle regeneration. Applicants 
should hokt a degree in one of the bio- 
logical sciences, Registration for a higher 
degree is possible, The appointment is 
for three years and will begin on Ocrober 
1. 1969. 

Salary scale: £750 by £50 to £850 per 
annum, 

Applications should be sent to Professor 
A. R. Muir, Department of Anatomy, 
Royal (Dick) School of Veterinary Studies, 
Summerhall, Edinburgh EH9 1QH, before 
August 15, 1969, Please quote Reference 
3018/53. (324) 











NATURAL ENVIRONMENT 
RESEARCH COUNCIL 
INSTITUTE OF HYDROLOGY 

Applications are invited from ELECTRONIC 
ENGINEERS for the post of xperimental 
Officer to work on phe anplication of the Latest 
electronic techniques to instrumentation for 
bydro-meteorological research at the Institute of 
Hydrology, Wallingford, Berkshire. The work 
is varied and requires knowledge of one or 
more of the following: solid state circuitry, logic 
design, data systems, sensors, Applicants should 
have design and development experience, and 
either an appropriate degree or HUN C./H.NLD. 
in clectronies. Salary scale £1,590 to £2,006 e 
at least 26 years and under 31 years on Decem- 
ber 31, 1969), Initial appointment will be non- 
pensionable but there are prospects of a perma- 
nent and pensionable post. Housing may be 
available for married applicants. 

Application forms from the Natural Environ- 
ment (Research Council GE), Alhambra House 
27-33 Charing Cross Road, London, W.C 
quoting Reference E2/4/18, Closing dare: 


August 7. 1969. GD 




























UNIVERSITY OF SUSSEX 
SCHOOL OF BIOLOGICAL SCIENCES 
RESEARCH TECHNICIAN 
Applications are invited for the post of Re- 
search Technician to assist in Biochemistry Group 
on work concerning protein and nucleic acid bi 
synthesis. This post is for a period of five y ; 
in the first instance. Salary within the range 
£773 10 £966, plus £50 for higher qualification. 
Post to commence as soon as possible. 
SENIOR RESEARCH TECHNICIAN 
Applications are invited for the post of Senior 
Research Technician to participate in biochemi- 
cal research into the mode of action of hor- 
mones, Previous laboratory experience in bio- 
chemistry desirable, but raining will be given to 
suitable applicant. Salary within range £1,056 





















ts for the above posts should have a 
minimum of two A” Jevels, ON.CC. or equiva- 
lent. Three weeks annual leave. 

Applications in writing to Laboratory Super- 
intendent (Ref. 214 School of Biological 
Sciences, The i of Sussex, Falmer, 
Brighton BNI 9 ain 


IVERSITY OF SYDNEY 
inves applications for a 
LECTURESHIP IN PHARMACEUTICAL 

CHEMISTRY IN THE DEPARTMENT OF 

PHARMACY 


Candidates should have previous experience in 
the teaching of Physical Chemistry to students of 
Pharmacy or Bi y. The current research jne 
teresis of this section of the department include 
Radiation and Photochemistry, Enzyme Kinetics 
and Pharmacokinet The successful candidate 
will be required to teach aspects of physical 
chemis at undergraduate and honours level 
and be ex; ed to garry out research in one 
of the above related areas, Salary: $A5,400 
by SAZ70 ; 300 per annum., 

Information about superannuation, housing 
scheme, sabbatical les ete.,, and method of 
application from the Secretary-General, Associa- 
tion of Commonwealth Universities (Appts), 36 









































Gordon Square, London, W.C.1. Applications 
close on September 19, 1969, (346) 
AGRICULTURAL RESEARCH 


COUNCIL 
INSTITUTE FOR RESEARCH ON 
ANIMAL DISEASES 


A vacancy ex for a Veterinary or Agricul- 
tural graduate with an interest in nutritional 
chomistry to join a team working on the metas 
bolic limis ta production under modern intensive 
husbandry systems. The scape of work will be 
wide, giving ample opportunity for individual 
initiative within the subject area, The successful 
applicant will also be expected to continue an 
experiment, already in progress, to look for po 
sible physiological defects in heifers fed on diets 
to induce rapid growth and early calving, The 
Institute has extremely good facilities for large- 
scale experiments using cattle. There is also a 
wide range of modern radioisotope and auto- 
analytical equipment available for Salary. 
with FoS.S.U., on the Scientific Officer (£1,026 to 
£1.740) or on the Senior Scientific Officer (£1,925 
to £2,372) scale according to age and experience. 

Applications, including the names of iwo 
referees, should be submited by August £5, 1969, 
iw the $ ry, Insitute for Research on Ani 
mal Diseases. Compton, Newbury, Berkshire, 
quoting Ref. 106. (333) 


































Sed ole ee a ee re ae 


REGIONAL ADVISER £2913 to £3683 


MICROBIOLOGY 


The National Agricultural Advisory Service, with- priate agricultural or natural science, or an equiv- 
in the Ministry of Agriculture, Fisheries and Food, alent qualification. They should normally have had 
provides farmers and growers with technical and at least 12 years’ relevant experience. This experi- 


management advice on agricultural and horticul- ence should have included responsibility for direct- 
tural matters. The Service is organised on a county ing the work of one or more teams of scientists, 
and regional basis throughout England and Wales. preferably including one covering microbiology in 
relation to horticulture and agriculture. 

Starting salary may be above the minimum of the 
above scale; non-contributory pension. Promotion 
prospects to higher posts within the Advisory 
Service. 

Fuller details may be obtained by writing to the 
Civil Service Commission, 23 Savile Row, 
Candidates (men or women) should normally be London, WrX 2AA, quoting 7232/U. 

aged at least 45 and must have a degree in an appro- Closing date 21st August, 1969. 


The successful candidate will take charge of a re~ 
gional laboratory, the staff of which act in a con- 
sultative and advisory capacity to the county and 
district advisers. He will also be responsible forfield 
surveys and investigations. The work entails travel 
throughout the region. 


NATIONAL AGRICULTURAL ADVISORY SERVICE 
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NEW ZEALAND 
Marine Department 


Applications are invited for the undermen- 
tioned vacancy: 


VACANCY B 13/13/40/2510 
GEAR TECHNOLOGIST 


Fisheries Division, Marine Department, Head 
Office, Wellington. 

Salary: Commencing salary up to $NZ3,200 

according to qualifications and experience with 


a 
prospects of further advancement. 
Duties: To apply and to demonstrate various 
types of fishing gear and methods for both 


demersal and pelagic species. This includes de- 
signing and modification where necessary to in- 
crease efficiency and ease of handling. 
Qualifications desired: Practical knowledge of 
and experience in the use of a wide range of 
fishing gear and methods used in the capture of 
pelagic and demersal species, including purse, 












seine, mid-water and bottom trawls. ve. Fisons Pharmaceuticals Limited have a strong interest in dextran prepara- 
Passages: Fares for appointee and his wite $ rts 4 3 noe te ane 
and family, if married, will be paid. i tions as clinical infusions and in iron-dextran complexes as haematinics. 
Incidental expenses: Up to £35 for a single A š R 
man and £100 for a married man can be claimed Due to expansion of the research effort an opportunity has arisen for a 
o cover the cos f taking ps al effects to : A à N e 7 
Re arn i i E A graduate, with some academic or industrial research experience in carbo- 
Application forms and general information are i Š vais 
available from the High Commissioner for New hydrate chemistry, to work on structural problems of dextran and on the 
Zealand, New Zealand House, Haymarket, Lon- preparation of dextran derivatives for use in iron-dextran complexes. 
don, S.W.1, with whom applications will close . y h f i 
on August 18, 1969. The work will be carried out in our new, well-equipped research laboratories 
Please quote reference B 13/13/40 when in- 
quiring. (350) at Loughborough. 
BALDERTON HOSPITAL The Company is a member of the Fisons Group providing a first class 
BALDERTON, NEWARK, NOTTS pension scheme, generous holidays and other benefits which come from 


BIOCHEMIST—-RESEARCH ASSISTANT being part of a large well known International Group. 

RESEARCH ASSISTANT required to take 
part in a programme of research at Balderton ae ? y x E . 
Hospital, Newark, Notts, designed to study It is intended to hold interviews for this position during August. 
human chromosome abnormalities and associated 
disorders in mental health. Experience in cy 
logy desirable but not essential, This proj 
operating in close association wlth the Depart- 
ment of Genetics, Sheffield University, Initial 






Please write giving details and quoting job reference 538 to: 


salary for entrants with first or second Class | H Research Personnel Assistant (10), 
Honours degree or, for Biochemist only, Associ- i SA i z A imi 

ate or Graduate of the Royal Instiute of Chem- Fisons Pharmaceuticals Limited, 
istry £1,080 per annum (£960 for other entrants). i Bakewell Road 

Additional increments for completed years of E } i F 

postgraduate study. Loughborough, Leics. 


Further details can be obtained from Dr. 
Hunter, to whom applications should be addressed 
as soon as possible. (380) 
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IMPERIAL CHEMICAL INDUSTRIES LIMITED 
AGRICUTURAL DIVISION 


invite applications for the position of: 


FERMENTATION 
TECHNOLOGIST 


to join a multi-disciplinary team carrying out research into the use 
of natural gas and other hydrocarbon substrates for the production 
of single cell protein (“Biomass”) as an animal feedstuff. 


The laboratories are new and are well equipped, The successful 
candidate will be expected to operate novel equipment and to 
play an active role in the planning, interpretation and reporting 
of experiments. 


Candidates should have a good degree in microbiology (or 
equivalent qualifications) and preferably 2~3 years’ experience in 
fermentation work, although recent graduates should also apply. 


The Company operates Profit Sharing, House Purchase and 
Contributory Pension Schemes and offers financial assistance 
towards removal expenses for married men. 


Write, giving details of your age, qualifications and experience to : 


M. A. J. W. Pegg, 

Personnel Department, 

Imperial Chemical Industries Limited, 
Agricultural Division, 

P.O. Box 1, Billingham, Teesside. 
Quoting Reference: N/2. 


THE OPEN UNIVERSITY 


APPLIED EDUCATIONAL SCIENCES UNIT 
(Educational Technology) 


Appointment of Head of 
Unit and Supporting Staff 


The Open University wishes to establish an Applied Educational Sciences Unit. 


Amongst the Unit’s early activities would be to advise the academic staff on: 
(a) defining the aims and objectives of teaching courses ; (b) methods of 
assessing whether objectives have been achieved : (c) choice of means of 
presentation and instructional material, e.g. whether a particular element 
of a course is best presented in prine, by visual or auditory means, including, 
where appropriate, advice on the use of programmed learning methods ; 
(d) systems approach to course design. 





Later activities would include: (i) devising methods of research into the 
effectiveness of courses ; (ii) continuous application of new methods. Applica- 
tions are invited for the posts of: 


1. Head of the Unit—on a salary within the normal professorial range 
2. Up to Six Staff—-on the lectures /senior lecturer scale according to age and 
experience 


Further particulars obtainable from The Secretary (9), The Open University, 


38 Belgrave Square, London, S.W.1. Closing date August 9, 1969, a 





NATURE, JULY 26, 1969 


AGRICULTURAL RESEARCH 
COUNCIL 
FOOD RESEARCH INSTITUTE 
MICROBIOLOGY DIVISION 


Ref. 69/3: Assistant Experimental Officer; 
Experimental Officer for work on the bacterio» 
logy of vegetables. 

Ref. 66/4 : Assist 
work on fungal í 

Minimum qualifications ; 
GCE, in five subj including English lan- 
guage and maihemat at CO7 level and two 
scientific subjects at “A” level. At age 22 and 
over: a pass degree or HNC. in an appropri- 
ate subject. Appointment to the E.O. grade is 
dependent upon age and experience; minimum 
age for this grade is 26, 

Salaries : AVEO. on a scale according to age 
from £683 per annum at age 18 to a maximum 
of £1,454 per annum, Starting salary at age 26 
or over is £1,208 per annum. EO. on a scale 
rising from £1,590 to £2,006 per annum, 

Application forms are available from the See- 
retary, Food Re 1 Institue, Colney Lane, 
Norwich NOR 70F, quoting appropriate refer- 
ence, (337) 


t Experimental Officer for 












Under age 22: 











PORTSMOUTH COLLEGE OF 
TECHNOLOGY 


DEPARTMENT OF BIOLOGICAL 
SCIENCES 


SENIOR LABORATORY 
TECHNICIAN 


(Post 467) 


A Senior Technician is required for micro- 
biology and bacterial genetics. Previous 
experience of bacteriology essential. Cam- 
didates with H.N.D. or LM.L.T. preferred. 
Salary Scale ; £805 to £1,055 per annum. 
Application forms from The Staff Officer, 
Portsmouth College of Technology, Hamp- 
shire Terrace, Portsmouth POL 28G, 
should be returned as soon as possible. 





(379) 
NIVERSITY © MANCHESTER 
ASSISTANT LECTURER IN 


PHARMACY 


Applications invited for this post from candi- 
dates wih sultable academic qualifications who 
should preferably have had either previous ine 
dustrial research experience, or teaching and re- 
search experience, in pharmacemical and/or 
medicinal chemistry. Salary range per annum: 
£1240 to £1,470. FS. x 

Particulars and application forms (returnable 
by August 30) from the Registrar, The Univer- 
sity, Manchester M13 9PL. Quote Ref, j 
Na. 














WELLINGTON 
NEW ZEALAND 
LECTURER IN COMPUTER SCIENCE 

Applications are invited for ihe aboye- 
mentioned post in the Deparimem of Informa- 
tion Science, The Department has access to 
both an Elliott 503 computer and the Univer- 
sky's own TBM 1440 and also to other machines 
in Wellington. There are hopes of a larger 
machine for the University soon. The Depart- 
ment operates its own data preparation facili- 
ties. The salary soale for Lecturers is from 
3N2Z3,100 rising to $NZ4,800 per annum, initial 
salary being determined according to qualifica- 
tons and experience. Superannuation is avail- 
able on an F.S.S.U. basis, 

Further particulars and information as to the 
method of application may be obtained from the 
Secretary-General, Association of Commonwealth 
Universities (Appts), 36 Gordon Square, Lon- 
don, W.C.1. Applications close on August 15, 
1969, (347) 


UNIVERSITY OF BIRMINGHAM 
DEPARMENT OF ZOOLOGY AND 
COMPARATIVE PHYSIOLOGY 
Applications are invited for a RESEARCH 
FELLOW for research in neurophysiology. Ex- 
perience in Radiobiology and/or Physics desir- 
able but not essential: Salary scale: £1,240 to 

£1,470 mus FSSU. 

Applications (three), naming three referees by 
August 9, to Assistant Registrar (8), P.O. Box 
363, Birmingham 15. Please quote Nu2.1. À 

(355 






NATURE, JULY 26, 1969 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 


ELECTROCHEMISTRY RESEARCH 
LABORATORY 


RESEARCH ASSOCIATE 


Applications are invited from suitably qualified 
chemists or physicists for the above post-doctoral 
position, The successful candidate will join a 
small group studying the electrochemical proper- 
ties of solid electrolytes. Previous experience in 
the chemistry or physics of the solid-state or in 
electrochemistry would be an advantage. The 
appointment is for three years, preferably from 
September 15, 1969, at a salary of £1,240 by £115 
10 £1470 per annum plus FSS.U. A some- 
what higher salary may be available for a par- 
ticularly well qualified candidare. 

Applications, giving the names of two referees, 
should be sent to Professor H, R. Thirsk, School 
ot Chemistry, University of Newcastle upon 
Tyne NEL ZRU (390) 





UNIVERSITY COLLEGE DUBLIN 
FACULTY OF VETERINARY MEDICINE 


Applications are invited for a post as College 
Lecturer or Assistam Lecturer in Veterinary 
Pharmacology. Salary Scale will be: College 
Lecturer, £2,006 by £66 to £2,732 per annum ; 
Assistant Lecturer, £1,583 by £66 to £1,913 per 
annum. The College operates an optional con- 
tibutory pension scheme. The duties of the 
post will relate mainly to giving lectures and 
assisting in practical classes for undergraduate 
students, The post offers an excellent oppor- 
tunity to gain or extend research experience. 

Applications should be made not later than 
August 16, 1969, to the undersigned from whom 
further particulars may be obtained. 

Professor W. R. KELLY, 
Faculty of Veterinary Medicine. 
Veterinary College of Ireland, 
Ballsbridge. 


for a post in the 


MATERIALS RESEARCH 
DEPARTMENT 


of the CEMENT AND CONCRETE ASSOCIA- 
TION. The person appointed would be expec- 
ted to work in the fiekf of silicate chemistry and 
the application of X-ray diffraction methods to 
the study of materials problems. A formal 
qualification in crystallography is not essential 
but would be an advantage, This post is pro- 
gressive and provides opportunities for interest- 
ing and exacting work and the publication of 
resulis and work for higher degrees are encour 
aged, A realistic salary will be paid to the right 
person. 

Please apply to: The Establishment Officer. 
Cement and Concrete Association, Research and 
Development Division, Wexham Springs, Slough, 
Buckinghamshire. (378) 


NATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 
BACTERIOLOGY DEPARTMENT 


Scientific Officer required to investigate fun- 
damental aspects of the hear resistance and 
germination of bacterial spores and growth of 
the vegetative cells, especially in milk and milk 
products. Electron microscope facilities are 
available. Applications are invited from honours 
graduates or postgraduates with a sound train- 
ing in microbiology and a basic interest in Dac- 
terial metabolism. Appointments will be in the 
grade of Scientific Officer (£1,071 to £3,827) or 
Senior Scientific Officer £2,021 to £2,491) accord- 
ing to age and experience. F.S.$.U. 

Apply to the Secretary, N.LR.D., Shinfield, 
Reading RG2 9AT, quoting two referees and 
Reference 69/5, (322) 


UNIVERSITY OF LIVERPOOL 


DEPARTMENT OF COMPUTATIONAL AND 
STATISTICAL SCIENCE 

Applications are invited for the post of Tem- 
porary Lecturer in Operational Research in the 
Deparument of Computational and Statistical 
Science. The appointmen: will be tenable for 
a period of two years. Salary will be within 
the range £1,240 to £2,045 per annum according 
10 qualifications and experience. 

Applications, stating age, academic qualifica- 
tons and experience, together with the names of 
three referees, should be received not later than 
August 22, 1969, by the Registrar, The Univer- 
sity, P.O, Box 147, Liverpool L69 3BX. Please 
quote Ref, RV/2789/N. (325) 





Wellcome 


Senior Virologist 


We need an experienced Virologist to lead a team carrying out 
research and development work for a world-wide group of 
laboratories producing Foot and Mouth Disease vaccines, 
There are excellent facilities for work in the developing 

field of tissue culture in large scale fermentor type systems. 


Candidates should be aged 30-40 and graduates in 
Microbiology or Veterinary Science, with some experience in 
tissue culture. 


The appointment offers an attractive salary, together with 
excellent conditions of employment and will be located at 
Pirbright, near Guildford, Surrey. 


Applications, quoting ref. U.127, and giving details of 
age, qualifications and experience should be addressed 
to the Senior Personnel Officer, 


WELLCOME RESEARCH LABORATORIES, 
Langley Court, Beckenham, Kent BR3 3BS. 





(3633 


YOUNG BIOCHEMIST 


ABOUT £1,750 


. ..This position offers a 25 to 30 year old biochemist, with post graduate 

laboratory experience, the opportunity to translate the results of independent 
research into commercial activities. . . . The company, a leading British 
producer of specialty scientific products, is developing a new range of 
technically advanced biochemical products. The successful candidate will 
stimulate the growth of this new product range through his technical liaison 
with universities and other research centres... . He will identify laboratory 
preparations of polyelectrolytes which are suitable for commercial devel- 
opment, and subsequently work on the testing and scaling up of processes 
to commercial production levels. . Location: Kent. Assistance with 
removal expenses.... 


Ask MSL to send you, without obligation, specially prepared information 
about this appointment (ref: U. 83L). Every enquiry will be treated as 
confidential. Write or telephone at any time. 


MSL 


INFORMATION CENTRE 


17 Stratton Street, London, W.1. 
Telephone: 01-499 7131 





Wellcome 





Chemist or Bio-Chemist 


protect our R & D investment 
by training as a Patent Agent 


The company, specialising in human and veterinary 
medicine, operates internationally and enjoys an 
exceptional growth rate. There is a considerable investment 
on the R & D front directed towards the discovery of 

new and improved products. 


Our patents and agreements department ensures that the 
results of these activities are safely protected. Considerable 
variety and contact at all levels within the R & D and 
Commercial functions are involved. In addition to basic 
technical competence the work demands the ability to 
write about scientific matters, demonstrating a good 
command of English and an eye for detail. At the same 
time an objective approach and a capacity for long term 
thinking are essential. 


Working under the guidance of a Patent Agent we will 
encourage and assist you to gain full professional 


qualification. 


If you graduated in 1967 or later with a good honours 
degree you can find out more by writing for details, 
quoting ref. U.55, to the Personnel Officer, 


The Wellcome Foundation Limited, 
183 Euston Road, London N.W.1. 


Mining 
Research 


(Mathematical 
treatment of rock 
breakage) 


Mining Research 
Centre 

Mines Branch 
Department of Energy, 
Mines and Resources 
Ottawa, Ontario 





(369) 


Salary to $11,249 


DUTIES : 
A scientist is required to develop: 


EITHER—suitably descriptive mathematical models that 
will provide an accurate description of rock 
material response to static and dynamic loads 
in terms of material displacement, fracture, 
deformation and stress ; 





OR -mathematical simulations of non-explosive rack 
breakage mechanisms—-these will include ther- 
mal effects studies and comminution studies ; 

and will also be required to plan, organize and carry out 
field and laboratory experiments to confirm the authenti- 
city of the models which are developed, 


Qualifications include university graduation, preferably at 
the Doctorate level in a related discipline such as Physics, 
Engineering Physics, Civil Engineering or Mining Engineer- 


ing; computer experience and ability; a demonstrable 
interest in the development of mathematical models to 
describe flow and fracture mechanisms needed to describe 
rock materials under static and dynamic fracture loads up 
to fracture would be considered an asset. 


Proficiency in both official languages, while not essential, 
is a desirable qualification for this position, 


For further details and application. forms write to the BIO- 
PHYSICAL SCIENCES PROGRAM, PUBLIC SERVICE 
COMMISSION OF CANADA, OTTAWA 4, ONTARIO, 


Please quote reference number 69-110-10, (342) 
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UNIVERSITY OF NEW SOUTH 
WALES 


LECTURER/SENIOR LECTURER (APPLIED 
MATHEMATICS) 


SCHOOL OF MATHEMATICS 


Applicants must have high academic qualifi- 
cations and preferably a strong interest in a 
branch of sokid or fluid mechanics. The success- 
ful applicant will participate in constructing 
courses in mechanics of continuous media for the 
honours degree in applied mathematics. A 
senior lecturer would be expected to supervise 
research students, 

SENIOR LECTURER (GEOLOGY) 
BROKEN HILL DIVISION 

As a result of substantial grants from mining 
companies and the Government, the University 
is expanding its research and postgraduate train- 
ing in specialised fields relating to the mining 
industry, including geology, geochemistry, chem- 
istry and mineral beneficiation, 

Salary: $A5,400 range $A7,300 per annum 
(lecturer); $A7,600 range $8,750 per annum 
(senior Jectucer), Commencing salary according 
to qualifications and experience. 

Details of appointment, including suptrannua. 
tion, study leave and housing scheme, may be 
obtained from the Secretary-General, Associa- 
tion of Commonwealth Universities (Appts), 36 
Gordon Square, London, W.C.1. Applications 
close in Australia and London on September 1, 
1969. (345) 


UNIVERSITY OF GUELPH 
ONTARIO, CANADA 
ASSISTANT PROFESSORSHIPS IN 
ENGINEERING MECHANICS AND 
HEAT TRANSFER 


Applications are invited for three positions. 
Successful applicants will have an opportunity 
creatively to assist in the development of a 
liberal engineering education for undereraduate 
and graduate students with emphasis on biologi- 
Cal and environmental systems. An interest in 
undergraduate teaching of mechanics, materials 
or thermal science, and a desire actively to 
engage in research in biomechanics, biomaterials, 
or heat transfer relations for food or other bio- 
materials is essential. Development of post- 
graduate education in these arcas is proposed, 
Applicants should possess an honours degree in 
engineering or science with appropriate post- 
graduate education preferably to the Ph.D. level, 

The School has a full-time faculty of 30 with 
responsitities for associate diploma, under 
graduate and postgraduate degree education in 
addition to the research in agricultural, biological 
and environmental engineering. 

Appointments will be effective July 1, 1970. 

The salary is dependent upon qualifications and 
experience, with a minimum of $10400 for a 
J2-month appointment, 

Further particulars may be obtained from the 
Secretary-General, Association of Commonwealth 
Universities (Appts), 36 Gordon Square, London, 
W.C. Applications close October 31, 1969. 

319) 


UNIVERSITY OF EAST ANGLIA 
SCHOOL OF BIOLOGICAL SCIENCES 
Applications are invited for the post of 
SENIOR RESEARCH ASSOCIATE to undertake 
investigations on mechanisms of metabolic regu- 
lation in higher plants and yeasts, Candidates 
must have had research experience involving 
analytical and isotopic or enzymelogical tech- 
niques, preferably with planis or micro-organisms, 
Graduates taking Ph.D. in 1969 are invited to 
apply. The appointment is financed by the 
Science Research Council and will be for 2 years 
from October 1, 1969, Salary on scale £1,240 


























to £1,585 per annum with F.S.S.U, 
Further particulars obtainable from 





CHIEF TECHNICIAN required for the De- 
partment af Botany responsible to the Professor 
for the general organisation and control of 
laboratories and equipment with personnel advice 
to technical and gardening staff on further edu- 
cation and other matters. Salary on a scale 
rising to £1,475. Experience of ordering pro- 
cedure and general administration of deparoument 
laboratory grant and accounts desirable. City 
and Guilds Laboratory Teohnician’s Advanced 
Certificate an advantage but other qualifications 
and experience considered. 

Full appdcations in writing to the Bursar, The 
University, Leeds LS2 9JT, (315) 
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UNIVERSITY OF GUELPH 
ONTARIO, CANADA 
SCHOOL OF AGRICULTURAL 
ENGINEERING 
ASSISTANT PROFESSORSHIPS 

Applications are invited for combined teaching 
and research positions in two major areas. Suc- 
cessful applicants will have a major opportunity 
creatively to assist in the expansion of research 
and postgraduate studies on engineering prob- 
lems in plant and animal production. 

The areas of professional activity are: 

i, ANIMAL HOUSING, ENVIRONMENT 
AND WASTE MANAGEMENT : Two positions, 
one full-time, and the other 75 per cent, on 
research related to management and health of 
livestock under intensive animal housing condi- 
tions, 

2. WELD MECHANIZATION SYSTEMS: 
Two positions, one 50 per cent, one 25 per cent 
on operations research and systems analysis for 
optimizing mechanization for cereal and forage 
production enterprises. Balance of dime on 
teaching graduate and undergraduate courses, 


Applicants should possess an honours degree 
in engineering with appropriate postgraduate 
education, preferably to the Ph.D. level. 

The School has a full-time faculty of 30 with 
responsibilities for undergraduate, associate 
diploma in agriculuire, and postgraduate educa- 
tion, in addition to research for the Ontario 
Department of Agriculure and Food. 

Appoinuments will be effective January 1, 1970, 
or as soon as possible thereafter. 

The salary is dependent upon qualifications and 
experience with a minimum of $10,400 for a 12- 
month appointment. 

Further particulars may be obtained from the 
Secretary-General, Association of Commonwealth 
Universities (Ai 
W.C.. 


spots), 36 Gordon Square, London, 
Applications close October 31, 





1963. 





UNIVERSITY OF BELFAST 
LECTURESHIP IN ELECTRICAL 
ENGINEERING 
The Senate of The Queen's University of Bel- 
fast invites applications for a Lectureship in 
Electrical Engineering from October 1, 1969, or 
such other date as may be arranged. Candidates 
should be graduates in Electrical Engineering and 
have interests in the field of Microelectronics. 
Salary range is £1,585 to £2,850 plus contribu- 
tory pension fights under the F.S.S.U. Initial 
placing on the salary scale will depend on quali- 
fications and experience. Applications should 

be received by August 15, 1969. 

Further particulars may be obtained from the 
Seerciary. The Queen's University of Belfast, 
Belfast, BT7 INN, Northern Ireland, G76) — 


a UNIVERSITY OF LONDON 


INSTITUTE OF LARYNGOLOGY AND 
OTOLOGY 
MICROBIOLOGIST 


There will be a vacancy from October 1, 1969, 
for Assistant Lecturer (research) on a grame 
aided topic: ‘‘ Herpes virus--relationship with 
cancer.” Salary £1,240 plus £60 living allowance, 
The candidate appointed will be expected to 
work for a higher degree. 

Curriculum vitae, with names of two referees, 
to the Secretary-Administrator, Institute of 
Laryngology and Otology, 330/332 Gray's Inn 


Road, London, W.C.1, not dater than August 31, 
1969, 


(388) 





DUNEDIN. Nee ZEALAND 
LECTURER IN BOTANY 


Applications are invited for this position., 
ference will be given to applicants specially 
qualified to undertake research in bryology, 
algology, quantitative ecology, or numerical taxo- 
momy, but those with experience in other fields 
will also be considered, Salary Seale: Under 
review. The interim scale for 1969 is as follows: 
$NZ3.100 by $NZ200 to $NZ4,700 by $NZ100 to 
$NZ4,800 per annum. An applicant with ap- 
propriate qualifications could be considered for 
appointment at a higher level. (Note: $NZ100 
equals £46 13s. 4d. stg.. $USI12, $A100.) 

Farther particulars are available from the Sec- 
retary-General, Association of Commonwealth 
Universities (Appts.), 36 Gordon Square, Lon- 
don, W.C.1, or from the Registrar of the Uni- 
versity. Applications close in New Zealand and 
London on Septem 15, 1969, (359) 


Pres 





A GRADUATE ASSISTANT IS REQUIRED 
in the Department of Medical Mycology, Insti- 
tute of 


Dermatology, St. John’s Hospital for 
of the Skin, Lisle Street, London, 
kx The post is suitable for a graduate with 
a degree in Microbiology or Botany.--Applica- 
tion should be made to Dr. Y. M. Clayton at 
the above address. G77) 











NATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 

The Nutrition Department has a vacancy for 
an Assistant Experimental Officer/ Experimental 
Officer to be responsible for the day- “o day 
operation of two automatic amino acid analysers. 
Candidates should have suitable experience and 


possess a Pass Degree. Dip Tech, H.N.C. or 
equivalent. Starting salary: A.E.O. up to £1,208 
according to age, in scale to £1,454; E.O, £1,590 
to £2,006. 


Apply fully in writing by August 18, 1969, to 
the Secretary, N.LR.D.. Shinfield, Reading RG2 
9AT, quoting two referees and Reference 69/28. 


UNITED LIVERPOOL HOSPITALS 


Applications are invited for the post of 
SENIOR BIOCHEMIST in the United Liver- 
pool Hospitals for duties in the Department of 
Chemical Pathology, Ashton Street, Liverpool, 3. 
The salary scale is £2,040 per annum rising by 
annual increments to £2,515 per annum. Whit- 
ley Council conditions of service apply and the 
post is superannuable. 

Applications, stating age, qualifications, €x- 
perience and the names of three persons to 
whom reference may be made, should reach the 
Secretary, The United Liverpool Hospitals, 80 
Rodney Street, Liverpool LI 9AP, from whom 
further details may also be obtained, (334) 


UNIVERSITY OF DURHAM 
DEPARTMENT OF CHEMISTRY 


Applications are invited for the post of S.R.C. 
Post-doctoral Research Assistant in the Depart- 
ment of Chemistry to commence on October 1, 
1969 for a period of two years. The work will 
be concerned with organic photochemistry and 


will be carried out in collaboration with Pro- 
fessor W. K. R. Musgrave and Dr. R. D. 
Chambers. Salary wil be on the scale: £1,200 


by £85 to £1,370 per annum with F.S SU. 
Applications (three copies), together with the 
names and addresses of three referees, should 
be sent as soon as possible to the Registrar and 
Secretary, Old Shire Hall, Durham, from whom 
further particulars may be obtained. (356) 


CHICAGO ZOOLOGICAL SOCIETY 
SCIENTIFIC STAFF 


The Society wishes to obtain the services of 
two Zoologists interested in vertebrate behaviour 
and ecology. Minimum qualifications: Doctoral 





degree or equivalent experience. Salary: By 
negotiation, university affiliation may be 
arranged. 


For details write Dr. G. B. Rabb, Associate 
Director, Research and Education, Chicago 
Zoological Park, Brookfield, IHinois 60513. 

PETER CROWCROFT, 
Director. 
(370) 


UNIVERSITY OF LIVERPOOL 
UNIT OF REPRODUCTIVE BIOLOGY 


RESEARCH OFFICER required in the new 
Unit of Reproductive Biology to assist research 
workers in a wide variety of experimental tech- 
niques. Applicants should possess an ordinary 
degree in Science or an equivalent qualification, 
and be interested in laboratory administration. 
Initial salary on the scale £1.031 to £1,362 per 
annum (under review) according to age, qualifi- 
cations and experience, 

Application forms may be obtained from the 
Registrar, the University, P.O. Box 147, Liver- 
pool L69 3BX. Quote Ref. RV/2792/N. 

G73) _ 


UNIVERSITY OF OXFORD 


APPOINTMENT OF SENIOR RESEARCH 
OFFICER IN THE NUFFLELD LABORATORY 
OF OPHTHALMOLOGY 


The University proposes to appoint a Senior 
Research Officer in the Nuffield Laboratory of 
Ophthalmology. Salary according to age on the 
scale £1,240 to £3,120 per annum, with F.S.S.U. 

Topics currently being studied in the Labora- 
tory include the enzymes and proteins of the 
normal and cataractous lens and the experimen- 
tal production of lens opacities, but candidates 
should nor feel restricted to these aspects of the 
ilenti dy of the eye. 
ns (5 copies, or one from overseas 
stating age, qualifications and ex- 
with list of publications and names and 
two referees, should reach the 
Nuffield Laboratory of Ophthal- 
Oxford OX2 6AW (from 












perience, 
addresses of 
Administrator, 
mology, Walton Street, 
whom further particulars may be obtained), by 


October 18, 1969, (332) 


ML 


AGRICULTURAL RESEARCH 
COUNCIL 
FOOD RESEARCH INSTITUTE 


An Assistant Expcrimental Officer or Bxperi- 
mental Officer required within the Plant Physio- 
logy Section of the Plant Division for investiga~ 
tions of she effect of environmental facters on 
the inter-relationshin between growth and come 
position and quality in potatoes, Experience in 
chemical, biochemical or bioassay techniques an 
advantage but not essential. 

Qualifications : Pass degree, 


lent. 
Salary: AEO, on a scale according to age 
£1,208 at 25 or over, rising to a 








HNC or equiva- 


£872 at 21, 
maximum of £1,454. Appointment 10o BO, de 
pending upon age (at jeast 26) starting salary 
£1,590 rising to £2,006. Optional comribwrory 
superannuation scheme. 
Application forms from the Secretary, Food 
Research Institute, Colney Lane, Norwich NOR 
TOF, quoting Rel No, 69718. GAR 


AND DUNSTABL E 


HOSPITAL 
LUTON, BEDS 
BASIC GRADE BIOCHEMIST 
The vacancy will arise in the Deparment of 
Clinical Biochemistry at the end of Seprember, 
The Laboratory provides an area service to Bed- 
fordshire and North-west Hertfordshire for all 
aspects of CHaical Biochemistry, There i 
considerable degree of automation, ‘The 
will provide excellent raining experience 
anyone wishing to enter the field of ol d Bio» 
chemistry. Salary scale £1,080 to £1,135 per 
annum. Farther details avaliable from Dr. G. G. 
Muir, 
Applications, naming two referees, 
pital Secretary. 


LUTON 





pos 








to the Hos- 
(330) 





FELLOWSHIPS AND 
STUDENTSHIPS 


THE 


UNIVERSITY OF 
LEEDS 




























DEPARTMENT OF INORGANIC 
and STRUCTURAL CHEMISTRY 


Applications are invited fram 
graduates in Chemistry or 
the post of 


RESEARCH STUDENTSHIP 


recent 
Physics for 


The person appointed would be ex- 
pected to undertake research {n the 
general field of spectroscopic studies 
at high temperature of pure and doped 
single crystals. The research, for 
which the Department is well equipped 
is sponsored by the Solid State Physics 
Division of A.E.R.E., Harwell, and 
could lead to the degree of Ph.D. 
The remuneration will be at the rate 
ef £530 per annum, together with ap- 
proved fees, and additional allowances 
in certain circumstances. 

Further particulars may be obtained 
from Dr. T. R. Griffiths, Department 
of Inorganic and Structural Chemistry, 
University of Leeds, Leeds LS2 9T, 
to whom applications should be sent 
as soon as possible, (374) 





UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF LANDSCAPE 
ARCHITECTURE 
RESEARCH STUDENTSHIP IN 
LANDSCAPE STUDIES 


Applications are invited from graduates with 
First or Upper Second Class Honours degrecs 
to Research Srudentships in lamdscape studies, 
An interest in rural and land resources planning 
essential, but approach may be fram a biologi- 
cal social/ecomomic or land use disoipiine, 

Applications may be made immediately to the 
Registrar, The University, Sheffield S10 ITN. 
Quore Ref. R32/G, qd) 





XLI 


Travelling 
Fellowships 


offered by the 


Medical Research Council 
for the 


Academic Year 


1970-71 


MEDICAL AND SCIENCE GRADUATES, aged 28-40, with several 
years’ postgraduate experience either in clinical medicine or 
another branch of medical science, are invited to apply for a 
number of Travelling Fellowships for the academic year 1970 /71 
The Fellowships include :~ A 


E Medical Research Council Travelling Fellowships 
5 Sir Henry Wellcome Travelling Fellowships 
E United States Public Health Service Fellowships 


1 Dorothy Temple Cross Research Fellowship 
(for research in tuberculosis and diseases of 
the lung} 


2 Alexander Pigatt Wernher Memorial Trust 
Fellowships (in ophthalmology and atology) 
1 Lilly International Fellowship 
Successful applicants will be those who are likely to profit from a 
period of work at an overseas research centre before taking up 
appointments for higher teaching of research in the United Kingdom, 


TENURE 


All Fellowships are normally tenable for 12 months but applications 
for a lesser period will be considered in the case of Alexanuer 
Pigott Wernher Fellowships. 


STIPEND 


Fellowships held in the United States provide basic maintenance 
allowances of $4800 to $7000 a year, In addition certain depen- 
dants’ allowances are paid. Comparable stipends are paid in other 
parts of the world. All Fellowships include a travel allowance for 
the Fellow and a travel allowance for dependants is provided with 
some of the Fellowships. 


LOCATION 


United States Public Health Service Fellows and Lilly International 
Fellows must work in the United States and on the continent of 
North America respectively, All other Fellows may work at research 
centres anywhere in the world 


ELIGIBILITY 


Cendidates must be: 

* normally aged 28-40 

“medical or science graduates with several years’ postgraduate 
expenence 

* British Subjects who are normally resident in the United Kingdom 
BUT Alexander Pigott Wernher Fellowships are also open to 
British Commonwealth graduates who wish to study in the U.K. 


APPLICATION 


H you are interested in any of the above Fellowships please write 
tg the Training Awards Section for further particulars and an 
application form quoting reference TF/ N, Telephone enquiries may 
be made to 01-636 5422, Ext. 328 or 327. One application only need 
be completed as each candidate will be automatically considered 
for all Fellowships for which he ot she is eligible. Completed forms 
should be returned no later than 1st October 1969 to; 


Medical Research Council 
20 Park Crescent - Landon - W.1. 





C 


(329) 
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UNIVERSITY OF ABERDEEN 

DEPARTMENT OF BIOCHEMISTRY 
Applications are invited for a 

RESEARCH ASSISTANTSHIP 

and a 
POST-DOCTORAL 
FELLOWSHIP 
for work with Professor H. M., Keir on 


enzymes involved in the biosynthesis of 
DNA in mammalian cells, 


Salary on scale : 
Research Assistant, £820 by 260 ui £940, 





Post-doctoral Fellow £1,470 by £115 to 
£1,700, 
Superannuation (F.8.$ Appoiniment 








for 2 years in fi i 2 bur may be 


renewed for third year, 





Further particulars from the Secretary, 
The Univ Aberdeen. w whom 
applications copes) should be dodged by 
August 18, 1969. fig) 





IMPERIAL COLLEGE 
Applications invited for RCH STU- 
DENTSHIP sponsored by 
Council for investigation into surfa 
of asbestos minerals. Value up to £700 per 
us fees) for J years, Work suitable 
for higher deg: nig shouki have good 
degree in che y oor is equivalem, 
Applications, with curriculum viae and names 
of 2 referees, to Dr. J A. Kit 
ment of Mining and Mineral Tech y. ilm- 
perial Colles Landon, $.W.7 1328) 





















UNIVERSITY OF SUSSEX 
SCHOOL OF BIOLOGICAL SCIENCES 
RESEARCH FELLOW OR 
RESEARCH ASSISTANT 


Applications are invited for a physiologist or 
biochemit with interest in endocrinology and 
some research experience for studies on endo- 
















genous and exogenous growth fact in mol- 
Jusean cultures. S POSE TH SUN ad by the 
Ministry of Overseas Developme Salaries 


he range £800 to £1,470 according to 
ions and experience, 

Applicants should write to Dr. J. D. Thomas. 
Biology Building, University of Sussex, Falmer, 
Brighton BNI 9QG, enclosing mes of two 
referees, a curriculum vitae and list of publica- 
ions. (381) 


withi 












ROYAL HOLLOWAY COLLEGE 
UNIVERSITY OF LONDON) 
ENGLEFLELD GREEN, SURREY 
Applications are invited for appcinument to a 
Tutorial Research Studentship in che Department 
of Botany. Value £600 a year, The k 
be required to demonstrate to g 
classes for about 6 hours a week and to engage 
in research for a higher degree of the University 

of London, oe 
Further details from, and applications to, the 
Secretary, Royal Holloway College. (344) 





UNIVERSITY OF LONDON 


KING’S COLLEGE 
DEPARTMENT OF CHEMISTRY 


Applications are invited for a POST- 
DOCTORAL FELLOWSHIP work 
related to catalysed and radia nduced 
organic tritium exchange reacuons in col- 
laboration with Professor V. Goki. The 
post is open to organic or physical 
chemists with an interest in reaction 
mechanism, radiation chemistry or photo- 
chemistry. The appointment will be for 
one year in the first instance. , 

Salary on the Lecturer Scale (minimum 
£1,300 plus F.8.8.0.). ; 

Applications (by letter, naming two 
referees} not later than August 31 to Pro- 
fessor Gold, King’s College London, 
Strand, W.C.2, (339) 
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BATH UNIVERSITY OF 
TECHNOLOGY 


THE SCHOOL OF MATHEMATICS WILL 
HAVE VACANCIES ON OCTOBER 1 FOR 
TWO RESEARCH STUDENTS 


to work on applications of hybrid (= analogue + 
digital) computing. The first, supported by the 
Ministry of Technology, concerns computer-aided 
designs of transistor and integrated circuits, The 
second, which it is hoped will be based on a 
Science Research Council Studentship (for 
United Kingdom citizens), concerns metbods of 
solving diffusion and heat-flow problems. Appli- 
cants should already have or expect to obtain a 
first- or second-class Honours degree in engin- 
gering, physics, or mathematics. 

For further information apply, giving brief 
personal details, to Professor D. E, Bailey, Bath 
University of Technology, Bath BA2 TAY tes 

a3 


TECHNICIAN REQUIRED TO ASSIST 
establishment of radio-immuno-assay for poly- 
peptide hormones. Knowledge of chemisiry 
needed, basics of assay will be taught. Salary 
in accordance with University scales. Apply in 
writing to Administrator, Department of Human 





Anatomy, South Parks Road, Oxford. (387) 
MISCELLANEOUS 
SCIENTIFIC AND TECHNICAL TYPE- 


writing Service, Confidential.—Julia Pratt, B.Sc., 
30 Craven Street, Strand, London, W.C.2. Tele 
phone 01-839 2861. (xD 
START YOUR OWN BUSINESS WITHOUT 
experience in association with and with the help 
of an International Company. Capital required 
£600 to £1,000. Rewards can be big—Apply in 
writing to: Telepress Franchise, 184 West 
Regent Street, Glasgow, C2 (371) 









FOR SALE AND WANTED 


WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon House, Park Farm Rdn 
Folkestone, Kent, Engband, 


Tel.: Folkestone $7421, 
Offer top prices for: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND TRE HUMANIST 





mannaaa aaa 
Wanted and for Sale 
Scientific and Technical Reviews 
SANTO VANASIA, 58 Via M, Macchi, 
20124 MILANO KD 
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LECTURES AND COURSES 


BIRKBECK COLLEGE 
(University of London) 


M.Sc. COURSE 
IN CRYSTALLOGRAPHY 


Applications are invited from candidates who wish to study for the Degree 
of M.Sc. in Crystallography at Birkbeck College. 

This course provides interesting scope for students with a first degree 
in physics, chemistry, geology or the biological or engineering sciences, who 


may need to use and understand crystallographic methods. 


Topics covered 


include X-ray. Electron and Neutron Diffraction methods of Crystal 
Analysis and Industrial applications such as Powder and Identification 


Techniques. 


The Course is accepted by 
Studentships. 


S.R.C. 


for tenure of Advanced Course 


Further details may be obtained from the Secretary, Department of 
Crystallography, Birkbeck College, Malet Street, London W.C.1 


ie ee ci ei 
GRANTS & SCHOLARSHIPS 


SeenON nnmmnnnl” 


LARGE TELESCOPE USERS 


Applications are invited by the Science Re- 
search Council for observing time on the 98-inch 
Isaac Newton Telescope at Herstmoncenx during 
the period April to September 1970 or on the 
74-inch Radcliffe Reflector at Pretoria during the 
period October 1970 to March 1971. 

Applications must be in respect of proposed 
programmes that cannot be accomplished on 
telescopes of smaller aperature, and will be con- 
sidered by the Council's Large Telescope Users’ 
Panel at its September meeting. They should be 
submitted by August 1 next on a form obtain- 
able from the Secretary of the Panel, Dr. A. 
Hunter, Royal Greenwich Observatory, Herst- 
monceux Castle, Hailsham, Sussex. (382) 





UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


RESEARCH AWARD 


Applications are invited for research awards 
valued at £530 per annum plus fees for work in 
the following fields. 

(1) Synthesis and examination of the physical 
properties of block polymers. 

(2 Examination of the relation of the struc- 
ture of fibrous polymers and their ability to 
adsorb dyestuffs. 

The awards are tenable in the Department of 
Polymer and Fibre Science and applications may 
be addressed, as soon as possible, to Professor 
R. H. Peters, Department of Polymer and Fibre 
Science, U.M.LS.T.. P.O. Box 88, Manchester 
M60 1QD. (378) 


(348) 

























UNIVERSITY OF SURREY 


DEPARTMENT OF CHEMICAL 
PHYSICS 


M.SC, IN 
X-RAY CRYSTALLOGRAPHY 


aa 
A postgraduate course in Xtay ale 
lography, leading to the examina 8 
the degree of M.Se., is beld in this Dy 
partment, The entrance qualification 
either a first degree in the physical 
sciences, or the Grad. REC. of the Grad. 









Inst.P. 

A detailed account of the theory of the 
main branches of X-ray Crystallography is 
presemted, and supplemented by a scheme 
of practical work and by a study projects. 
Additional lectures on computing methods 
are available. 
October, 1969. 

Both fulltime and day-rele: 
are accommodated. The 
scheme requires attendance on or 
per week. 

The course has been approved by the 
Science Research Council for the tenure 
of is Advanced Course Studentships. 

Fall detads and application forms may 
be obtained from Professor V, 8. Griffiths, 
Department of Chemical Physics, Univer- 
shy of Surrey, Guildford, Surrey. Tel. : 
Guikiford (OGU2) 71261. ond) 


The next courss beging in 







dema 





lease 
full day 











Welsh Plant 
Breeding Station 


Applications are invited from graduates in agriculture or agricultural botany 
for a SCHOLARSHIP awarded by the British Seeds Council and tenable 


at the Welsh Plant Breeding Station for a period of three years, 


The 


scholarship is for studies into the seed producing characteristics of some 
newly developed herbage varieties under different conditions. 


Preference will be given to candidates with experience of practical farming 
and who have an interest in the conduct of experiments under farm conditions. 
The successful candidate must be able to drive a car and be prepared to 
spend part of his time in the main seed growing areas of the south and east 
of England where the trials will be located, 


Salary will be £800 per annum on a scale rising X £50 to £900 with 


membership of FSSU. 


Applications giving details of age, qualifications, experience and the names 
and addresses of two referees should be sent to the Secretary, Welsh Plant 


Breeding Station, 
16th August, 1969. 


Plas Gogerddan, 


Nr. Aberystwyth, not later than 


(38S) 
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Ezgbt Outstanding Features > 
an Olympus SZM Zoom Stereo Microscope 








The outstanding feature of the zoom 
system is thal magnification and 
field of view can be changed freely 
while the whole specimen or any mag- 
nified part of it is continuously observed. 
Every scientist knows there is no substitute 
for quality and experience when it comes 













to precision optical equipment. Olympus gives 
you fifty years of both in the SZH Stereo Micro- 
scope, the world’s first with a zoom-in system. 
To know this is the best instrument available. 
just>check its features: 





@ Zoom ratio 5.721, 

o Magnification from 7x to 40x by mere- 
ly turning the zoom ring while continu- 
ing observation without any extra optics. 

© Objective attachment lens 2x giving 

< continuous magnification up to 160x 
with eyepiece G20x. 

@ No change in focus or working distance 
during magnification. 

Oc complete zooming mechanism elimi- 
nates “out of focus” while zooming. 

(O Objective lens provides sharp stereosco- 
pic images in a wide and bright field. 

© Magnification indicator ring readable 
from any observer position. 


© Two types of binocular heads, inclined i 
45° and 60°, for maximum comfort, 
especially for prolonged observations, 
To get the best results, use Olympus SZIL, the advan- 
ced and reliable stereo microscope available for the study 
of plants, the anatomy of animals, or inspection and 
assembly of precision parts. Let our dealer demon- x 


strate it for you, or write for our pamphlet to: 


OLYMPUS 


OLYMPUS OPTICAL CO., LTD. 7, 3-chome, Kanda-Ogawamachi, Chiyoda-ku, Tokyo, Japan 
OLYMPUS OPTICAL CO., (EUROPA) GmbH. 2, Hamburg 1, Steindamm 105, West Germany 


Printed in Great Britain by FISHER, KNIGHT & Co. LTD., St. Albans, and published by MACMILLAN (JOURNALS) LIMITED, 
$ { ‘a4 Little Essex Street; London, W.C.2—-Saturday, July 26, 1969, 











Ampholine Electrofocusing ey 
including Powe 
Uvicord ultraviolet Monitor and Rec 


ready for protein separation. | 


IN THE SERVICE OF SCIENCE 





| 
| 
BANSTRUMENTS LTO O LKB NOUSE ©2122 ADDINGTON ROAD @S CROYDON, SURRTY. CA2 BYO @ TEL- 0) 657-0285 | 
MRES AND SERVICE THROUGHOUT THE WORLD: STOCKHOLM, WASHINGTON, THE HAGUE, COPENHAGEN, ROME. VIENNA L 


Separation 
PROTEIN | Purification 


Characterization 


Research establishments, hospitals Ribosomal 
and industry throughout the world Catalase 
3 Acid phos tase 


have used LKB Ampholine Electro- 
focusing to successfully separate the 
following kinds of protein 


DNA p ierase 
Enzymes of carbohydrate metabolisn 





Neurospora crassa invertase 
Alkaline phosphatase in ce) intestinal 
mucosa 


Endotoxins from bacteria 





de from H. Influenza 
sof pregnancy (human 


Amonuim Sulfate preparations of human 





virus and adenovirus 
Herpes simplex virus proteins 


Renin (ovine, human) 











eptides of fibrinogen and platelets 


tin sulfate glycoproteins 





v molecular weight 
Detergent-soluble 
(membrane b 


Bovine serum 
Albumin 


Ovalbumin 





es and toxin 









Intact platelet mebranes 

; sees Have YOU a research problem that 
can be solved by LKB 

Er c i ise r se 

B yicholinester t ir yin 

F reatic enzyme 

Bromelain j phata m 

ananas come 

Ar phat f llu 

Mitochondri ses 

D ¢ 

GI m bacter 

La 
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Interstellar carbor 
and silicates 


Stratospheric 
water vapour 


Radiography 
and particle packi 


Hydrogen cyanide 

° a 
and abiogenesis ~ 
Induced 


immunological 
tolerance 


Promoter mutatio1 
in vitro 
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Pirani-Penning Gauge Model 
4: replaces the Edwards Model 2A 
Pirani-Penning, A wide range in- 
strument featuring multiple out- 
puts for process control applica- 
tions. No bridge voltage setting is 


You're the very man we aU, ston 
had in mind when we prepared 
this summary—eight pages 
of information on EDWARDS VACUUM 

INSTRUMENTATION—including a bit about 
our four new star gauges Ww Fanning Gauge: Media! vo 
Send now for your copy PEPA oa OBOS cosy 
of publication 07556 E 


Range: 107 to 10° torr. 





w 











x= 


specifically to provide multihead 
vacuum measurement at lower 
7 -range scale 
with automatic range switching 
and fully stabilised bridge voltage. 
Range: 500 to 107 torr. 















lonization gauge model 5M: is 
an instrument which allows actu 
rate measurement to the lowest 
pressures, X-ray lim ans of the 
conventional gauge id elimin- 
ated by using the 5M and the 
modulated IG4 gauge head, 
Range: 10% to 5x10" tom ac- 
Gurately. 

(indications to 10°! torr.) | 



















cay Edwards Vacuum Components Limited Edwards 


iS) A member of the BOC group 
Manor Royal, Crawley, Sussex, England "GOO 4 


Telephone Crawley 28844 Telex 87123 Edhivac Crawley 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be fiable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch. 
Minimum £3, each additional [/12th of an inch 
lOs. Full page £158, Half page across £80. 
Colour (orange) £20 extra, 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 
ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
inn, Strand, London, W.C.2. Telephone: 
01-405 4743. Telegrams: Textualist, London, 
W.C.2. 








APPOINTMENTS VACANT 





AGRICULTURAL RESEARCH 
COUNCIL 


INSTITUTE FOR RESEARCH ON 
ANIMAL DISEASES 


A vacancy exists for a Veterinary or Agricul- 
tural graduate with an interest in nutritional 
chemistry to join a team working on the meta- 
bolic limis to production under modern intensive 
husbandry systems. The scope of work will be 
wide, giving ampie opportunity for individual 
initiative within the subject area. The successful 
applicant will also be expected to continue an 
experiment, already in progress, t0 look for pos- 
sible physiological defects in heifers fed on dieis 
to induce rapid growth and early calving, The 
Instiune has extremely good facilities for large- 
scale experiments using cattle. There is also a 
wide range of modern radioisotope and awo- 
analytical equipment available for use. Salary, 
with FS.S.U., on the Scientific Officer (£1,020 to 
£1,740) or on the Senior Scientific Officer (£1,925 
to £2,372) scale according to age and experience, 

Applications, including the names of iwo 
referees, should be submitted by August 15, 1969, 
to the Secretary, Institute for Research on Ani- 
mal Diseases. Compton, Newbury, Berkshire, 
quoting Ref. 106. (333) 


NEW ZEALAND 


Agriculture Department 


Applications are invited for the undermen- 
tioned vacancy: 

VACANCY B 13/2/148/2731 
SCIENTIST 
RUAKURA ANIMAL RESEARCH STATION 

Salary. Payable up to §N2Z6,420 depending 
on qualifications and experience, 

Duties. Synthesising systems of management 
and conducting farm-scale trials to compare these 
systems, Current studies involve the integration 
of dairying and beef raising. Applicants should 
be interested in integrating pasture utilization 
with animal nutrition and evaluating results in 
both animal production and economie terms. 

Qualifications desired. Master's or higher de- 
gree in agricultural science or plant science, pre- 
ferably with research experience in animal nutri- 
tion, systems synthesis or related fekis, 

Passages. Fares for appointee and his wife 
and family, if married, will be paid. 

Incidental expenses. Up to £35 for a single 
man and £100 for a married man can be claimed 
to cover the cost of taking personal effects to 
New Zealand. 

Application. forms and general information are 
available from the High Commissioner for New 
Zealand, New Zealand House, Haymarket, Lon- 
don, S.W.1, with whom applications will close 
on August 29, 1969. 

Please quote reference B 13/2/{48/2731 when 
inquiring. (418) 


ELECTRON MICROSCOPE TECHNOLO- 
GIST, B.SC. OR M.SC, with some experience 
in Electron Microscopy field (maintenance of the 
microscope and preparation of biological speci- 
mens). To assist in research and participate in 
laboratory demonstrations of EM techniques to 
students. Salary according to experience. 
Please send applications and full details of ex- 
perience to: Dr. G. Dempster, Head, Depart- 
ment of Bacteriology, University of Saskatche- 
wan, Saskatoon, Sask., Canada. (406) 














Officer in Charge 


MINERALOGY—Petrology Section 


A responsible and challenging position in the foremost Research, Development and Service 
organization in Australia is available for an experienced geologist who will contro! the 
Mineralogy-Petrology Section. 

The section is fully equipped and is unique in that there are comprehensive back-up 
facilities provided by chemists, metallurgists, physicists, mathematicians and ceramists. 
The organization is rapidly expanding to meet the demands of major mining develope 
ment and presents great opportunities for a man who can direct work, carry out applied 
research and consulting in the fields of petrology. mineralogy, mincragrad Aray 
crystallography, economic geology, geochemistry, geochronology and elegion microscopy. 


A first-class man is required and an appropriate salary will apply. Superannuation is 
available and assistance with travelling and removal expenses wil be provided, 
Applications. giving details of qualifications and experience, together with the names of 
3 referees, should be sent to: 


The Director, 

The Australian Mineral Development Laboratories, 
Conyngham Street, 

FREWVILLE, S.A, 5063. 


AUSTRALIAN NATIONAL UNIVERSITY 
DEPARTMENT OF GEOGRAPHY 


Applications are invited for appointment to a number of vacant pi n ihe Depari 
nent of Geography in the School of General Studies of the Uni 


CHAIR OF GEOGRAPHY 


Professor A. T, A. Learmonth, foundation Professor and Head of the Depariumens 
since 1962, will leave the University on December 31, 1969, to take up an appoinumen: 
in the Open University in the United Kingdom. 

k is hoped that his successor will be able to take up duty as soon as possibile after 
that date. 

Applications will be considered from geographers of any specialism. The Professor 
will be head of the Department and responsible for is further development. 


SENIOR LECTURER/LECTURER 


One post, at present occupied by a lecturer, will become vacant on his resignasion. ia 
August 1969. A new post of Senior Lecturer has also been established for 1970, 
Applicants working in any field of geography will be considered. 


SENIOR TUTOR/TUTOR 


One post will become vacant in September 1969. Applicants should have at 
honours qualifications in geography, A suitably qualified appoimee will 
aged 10 study towards a higher degree. Appointment is for twelve months 
first instance with the possibility of renewal. 


At present the Department of Geography offers courses for the pass and. bond 
degree of Bachelor of Arts and supervises candidates for the degrees of Master of 
Aris and Doctor of Philosophy. 

SALARY: The salary for a Professor is $412,000 per annum. Salary on appoint. 
ment to the other posts will be in accordance with qualifications and experience 
within the ranges : senior lecturer, $A7,480 by $A254 to $AS,750 per annam ; jecturer, 
$AS.400 ($A270 (6); $A280 (1)) to $A7.300 per annum; senior tutor, SAM, TIS by 
$A135 to $AS,265 per annum; tator, $43,735 by $AL3S to $A4275 per annum, 
The University provides assistance with housing. 

For post at the level of lecturer and above the University provides reasonable travel 
and removal expenses. Superannuation is on the F.S.S.U. pawern with supplemen 
tary benefits, and financial assistance towards study icave is available. 
Appointments to the posts of senior tutor or unor are for twelve months in t 
instance with normal expectation of renewal up to three or five years. ‘Travel expenses 
from overseas are not provided by the University for appointments at these levels 
but assisted passage can be considered for a person offered appointment who intends 
to settle permanently in Australia. An appointee may elect to participate in the 
University Superannuation Scheme. 

Further information and the forms which should accompany an application ma 
obtained from the Secretary-General. Association of Commonwealth Universi 
(Appts), 36 Gordon Square, London, W.C 


Applications close on September 22, 1969. 4475) 
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Natural Environment Research Council 


UNITED KINGDOM ATOMIC ENERGY AUTHORITY ei ohio OT 


SCIENTIFIC OFFICERS 


CULHAM LABORATORY EXPERIMENTAL OFFICERS 





The Natural Environment Research 
FOR PLASMA PHYSICS AND Council h vacancies in the Scienrific 





Officer and Experimental Oficer Classes, in 


NUCLEAR FUSION RESEARCH Faarao ee 


i Conservancy Stations 
throughout Britain. 


RESEARCH POSTS & PROJECTS 


SCIENTIFIC OFFICERS/SENIOR 
SCIENTIFIC OFFICERS 
1, Merlewood Research Stations, Grange- 
over-Sands, Lancs. For a new Systems 
Unit to develop mathematical models of 
ecological systems. 


Coastal Ecology Research Station, Colb 


invite applications for the post of 


n 


ney, Norwich, To develop a programme 


in 
of research on the nutridonal and 
general ecological relations of inverte- 
|| brate populations in tidal limer. 

3. Based at the Rowett Research Institute, 
Bucksburn, Aberdeen. To work on the 
mutriden of red deer, 

ASSISTANT EXPERIMENTAL 


OFFICERS /EXPERIMENTAL OFFICERS 
The responsibilities of the appointee will cover all work in numerical co Feola Research Station, Col- 
mathematics and computational methods in support of the Labora- BEY sd NOCWIC Š posts). 

tory's research programme, 4. Ecological studies on the vege 


shingle be. and salt marche 
Good computing facilities have been developed and are used on an & Genetic and ecological studies of coastal 


open-shop basis by most scientists, often on very large and difficuit sand dune and salt marsh plant species, 
problems. The support that the Mathematical Programming Sec- é, Studies on structure and dynamics of 


coastal plant populations. 
tion gives to this work consists of: 7. Edinburgh. Research on problems of 






















(G) Provision of library subroutines and programs for standard caicu- vegetational succession and grazing in- 
lations—some of this material will be new while some is obtained by Lapse an to habitat development 
r anagemem. 

exchange with other libraries, requiring expertise in numerical 8. Bangor. Pedological studies of arcas of 
analysis for its selection. ecological importance, particularly of 
Gi) The development and analysis of new methods relevant to the uplands of North Wales, 

problems of the Laboratory. CONSERVATION POSTS 

Gi) Collaboration with physicists on major computing projects : ASSISTANT EXPERIMENTAL TAA 
where the selection of numerical methods is an important part of OFFICERS EXPERIMENTAL OFFICERS 
the work. The following posts for Assistant 


Regional Officers for Conservation duties 
are vacant; other posts may arise later 
in the year. 
The appointee will be expected to have lively research interests, pre- Be Peace ail Saison. “Wa mins 
ferably in the numerical solution of differential equations. Good “respunsibillly far Suey. primary 
Hinks exist with surrounding laboratories and universities and there 11. Monks Wood Experimental Station, 
are opportunities for combining the research and practical problem- Huntingdon, With responsibil: 
solving elements of this post with some teaching at the latter. Bedfordshire and Northampton: 
ğ 12. Perth, With responsibility for 
shire, Fife, Kinross-shire and Ciack- 
mannanshire. Some knowledge of geo- 


iv) Provision of a limited programming service for small ad hoc 
problems. 





Candidates should have a good mathematics training with several 
years’ experience in numerical mathematics and practical computa- 





rion. logy would be an advantage. 

Sea rty salary ner a scale £2.165-——L£3.85 a. with good Qualifications ; 

Starting salary will be in the scale £2,16s--£3,880 p.a. with good Scientific Officer Class Vacancies : 
promotion prospects. Nonmally a Brst: OF secona clase 
Housing or assistance with house purchase will be available, honours degree, Dip.Tech. (or equiva- 


len) or higher qualification in a 
scientific subject or in marhemarics 


and preferably some postgraduate 
The Senior Personnel Officer (Ref. A346 34 ), experience. 


: A S. Experimental Officer Class Va 
The Culham Laboratory, Abingdon, Berk Gomer near Claie vae 
equivalent) in five subject, 
which should be mathemarical/sei 
subjects at “A” devel, At age 22 
candidates are expected to have a Pass 
degree, Dip. Tech, H.N.C, (or equiva- 
len) in an appropriate subject. 
Salary: National Rates. 

Scientific Officer (under 29 years at 


For applications and further details send a postcard to: 
































UNIVERSITY OF BELFAST 


DEPARTMENT OF PURE AND APPLIED 
PHYSICS 


UNIVERSITY OF CAMBRIDGE 












December 3, 1969) £1,071 to £1,827, 
LECTURESHIP IN ATOMIC AND UNIVERSITY Senior £ ntific Officer (normally at 
MOLECULAR PROCESSES DEMONSTRATOR IN least 26 years and under 32 years at 

iter eC a i £2.02 2,491. 

The Senate of The Queen's University of Bel- METALLURGY December 31, 1969) £2,021 to £2,491 


Assistant Experimental Officer (18 
and under 28 at December 31, 1969) 
£683 (age 18) 10 £1,208 (age 26) to 








ites applications for a Lectureship in 
sin the Deparument of Pure and Applied 
ics tenable from January 1, 1970 or other 








Applications are invited for a Deman- 
stratorship in Metallurgy from candidates 




















N i r n £1,454. 
date. The successful applicant will be required with a Ph.D. degree or have equivalent ex- ; a e tie atte 
to undertake teaching at undergraduate and post- perience in Chemical Metallurgy, Physical ie facer vy ee ae 
guduate jevel and to take part in research, Chemistry or Chemical Pnmneeriha: a ee 31, 1969) £1,5¢ 
thin the Atomic and Molecular Processes group successful candidate should be prepared io : he 
K aer : the general direction of Professor H. B. teach and do research in the kinetics of initial appointment will be non-pen 





vable but there are prospects of a 
and pensionable post. 


the experimental study 
ronie and atomic colli- 
tering, excitation 
ange and charge 
nary interest. Some 
e ia this fied is 
£1,585 to £2,850 with 
righs under the 
pi acing on the salt will depend on qual 
ons and e è: 

poli 
1909 
the 


G body) concerned wi 
variety of e 





metallurgical reactions and the TARE 

9 ee years initially, exiendable ieri 
ment is for three y gi rrangements already existing 
ter five. niinued, 

The salary will be in the range A Application forms and further par- 
to £1,815 sing by ae gs Un pen culars ‘ae individual posts may be ob- 
Lis. i eas DOST CAPNERE Mra Anr A f ablishments (Scientific), 
annustlon, pservancy, 19 Belgrave 

Further details can be obtained from the oai S.W. Completed 
Profesor of Metalurgy, Pembroke Street, i forms to be returned by 
Cambridge, to whom applications Gen 


8, 1969, 
ea ised sent not on sate clearly post applied for 
September » 1969. 3 


by number. (410) 


| aascsnunauonmvininaicnnsienonsndnnantnenimuaninnnonmennmnaneaditetenanninnrnintaniatnndnnnenmaannemmsin | 







































ould ne received by August 29, 
particulars mav be gbi ained from 
The Queen's U elf; 
INN, Northern 
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Applications 
should contain 


information on 
qualifications 
and experience 
and, quoting the 
appropriate 


be sent to:— 


The General 


The Lord Rank 
Research Centre, 
Lincoln Road, 
High Wycombe, 


UNIVERSITY COLLEGE DUBLIN 
7 OF VETERINARY MEDICINE 


Applications are invited for a post as College 
Assistant 


Dublin IV. 





Nutrition 


Research Scientist 
Research Assistant 


Two honours graduates in nu- 
trition, biochemistry, agricultural 
sciences or other related discipline 
are required for the NUTRITION 
Department where part of the 
research programme concerns the 
discovery and development of 
new protein sources. One, a 
Research Scientist (Ref. N/1), 
will be responsible for bench and 
laboratory animal studies to 
determine nutritive value and 
safety of foods and other materi- 
als. He will probably be a Ph.D. 
and must have several years’ post- 
graduate experience in planning, 
conducting, and evaluating ex- 
perimental work of this kind. The 
other, a Research Assistant (Ref. 
N/2) will carry out animal assays 
for the determination of nutritive 
value; some relevant experience 
would be useful but recent 
graduates intending to specialise 
in this field will be considered. 


concise 


reference, 


Manager, 


Bucks. 


Lecturer in Veterinary 


eo 





At the main R & D Centre of the Ranks Hovis McDougall Group at High Wycombe, a large team of 
scientists from many disciplines is working on a wide variety of projects covering the investigation 
and evaluation of new food sources and the development of new food products and processes. They 
have the benefit of modern and extremely well equipped laboratories and ancillary services. 


Product Development 


Senior Food 
Technologist 


In the PRODUCT DEVEL- 
OPMENT department a 
Senior Food Technologist 
(Ref. PD) is required. He will 
be a graduate in food tech- 
nology, chemical engineering 
or chemistry, and will assist 
the Head of Department in 
organizing and controlling 
projects which cover the de- 
velopment of new products 
and processes on a pilot plant 
scale. He must have had at 
least five years’ experience of 
food processing preferably in 
both research and operating 
environments; probable age 
28-35. 





The salary structure and system of salary progression take full 
account of the need to attract and adequately reward scientists 
of high calibre, and there are opportunities for career 
progression either at the R & D Centre or in technical or 
management appointments elsewhere within the Ranks Hovis 


McDougall Group. 





















Microbiology 
Research Scientist 


A Research Scientist (Ref. M) 
is also required for the 
MICROBIOLOGY depart- 
ment where both fundamental 
and applied research on the 
isolation and identification of 
microorganisms is carried out, 
He will be a graduate micro- 
biologist or biochernist with 
post-graduate research or in- 
dustrial experience and, prefer- 
ably, a higher qualification: 
probable age 24-30. 
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UNIVERSITY OF SHEFFIELD UNIVERSITY OFZ ZAMBIA 
LECTURER IN THE DEPARTMENT Applications are i for (a) SENIOR 
z IP or te 
OF ZOOLOGY ASSISTANT HIE IN GEO. 
























Pharmacology. Salary Scale will be: College Applications are invited for a post of LEC- GRAPHY. Candidate neue har special a 
£2,006 by £66 to £2,732 per annum; TURER in the DEPARTMENT OF ZOOLOGY Petence and interests in the fields of mo ba 

Assistant Lecturer. £1,583 by £66 to £1913 per tenable from October 1, 1969, or such later date economic geography and pacar analy ky 
The College ‘operates an optional con- as may be arranged. Applicants should be zoo- Should be able to teach in more than ane under- 

tributory pension scheme. The duties of the ogists with biochemical training or biochemists duate course, A subsidiary interest and come 
ill relate mainly to giving lectures and with a background in Zoology. It is hoped to e in quantitative techniques or spital 

in practical classes for undergraduate appoint a person who can contribute to research #SPpecis of regional planning methods, an with 

The post offers an excelent oppor- in Comparative Endocrinology. Head of De- air photo interpretation, Or Be cul ral geo- 

tunity to gain or extend research experience, partment: Professor I. Chester Jones, Salary in aphy would also be a recommendat Salary 
Applications should be made not later than the range £1,240 to £2,850 with F.S.S.U. pro- Sales (including contract addition for non- 

: _ to the undersigned from whom vision. Zambians}, (a) KS,500 to K5.300 per annum : 

further particulars may be obtained, Further particulars from the Registrar, to (b) K3,500 to KS,300 per annum ; te) K3,100 n 
Professor W. R. KELLY. whom applications (three copies), should be sent a (oot annum Kiarie Pea pune! 

Faculty of Veterinary Medicine. by August 11, 1969. Quote Ref.: Rae an a Na H e hee Unde 

ee sohe of Ireland y 1429) annum Ste m VADIO jan : Mat se uD -1 
Veterinary College ' British Expatriates Supplementation. Scheme, 
Family passages; various allowances; biennial 


NATIONAL INSTITUTE FOR 


overseas leave; superannuation and medical aid 


ee). 





NATIONAL | INSTITUTE FOR 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 

The Nutrition Department bas a vacancy for 
an Assistant Experimental Officer/Experimental 
Officer to be responsible for the day-to-day 
operation of two automatic amino acid analysers. 
Candidates should have suitable experience and 
possess a Pass Degree, Dip. Tech., H.N.C. or 
equivalent. Starting salary: A.E.O. up to £1,208 
according to age, in scale to £1,454 ; E.O. £1,590 
to £2,006. 

Apply fully in writing by August 18, 1969, to 
the Secretary, N.ILR.D., Shinfield, Reading RG2 
9AT, quoting two referees and Reference 69/29, 

(321) 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 
BACTERIOLOGY DEPARTMENT 


Scientific Officer required tọ investigate fun- 
damental aspects of the heat resistance and 
germination of bacterial spores and growth of 
the vegetative cells, especially in milk and milk 
products, Electron microscope facilities are 
available. Applications are invited from honours 
graduates or postgraduates with a sound train- 
ing in microbiology and a basic interest in bace 
terial metabolism, Appointments will be in the 
grade of Scientific Officer (£1,071 to £1.827) or 
Senior Scientific Officer (£2,021 to £2,491) accord- 
ing to age and experience. F.S.S.U. 

Apply to the Secretary, N.ER.D., Shinfield, 
Reading RG2 9AT, quoting two referees and 
Reference 69/5. (322) 


schemes. 

Detailed applications (six copies), naming three 
referees by August 29, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, LON. 
DON WIP ODT, from whom particu are 
angladi: al i) 








UNIVERSITY, DEP. AR’ T- 
ment of Geophysics Marine Geophysics Group 
are seeking an ASSISTANT or SENIOR. ASSIS- 
TANT IN RESEARCH. Salary in range £1,124 
by £115 per anmum to £2,275, depending on age 
and on postgraduate or post-doctoral experience. 
Continuation after Seprember 1972 will depend 
upon renewal of MERC am, Wark woul 
inchide supervi sion : J a sta gravin 
Apply : The ear Borarıment of G 
and Geophys Madingley Rise, Madingley 
Road, Cambridge. (455) 


CAM. BR IDGE E 





































analytical chemist 


starting salary up to £2,000 p.a. age: 22+ 


This vacancy arises from the promotion within the 


Research and Development Department of the present 
holder. 


Reporting to the Section Head, he will be responsible for 
the comprehensive examination of raw materials, inter- 
mediates and finished products; investigations of a 
trouble-shooting nature related to the manufacture of 
foodstuffs; assessing, adapting and developing methods of 2 


job scope: 


testing foodstuffs and allied materials. 


You should have at least an H.N.C. in chemistry or 
equivalent qualification and have had 2 years’ experience 
in an analytical laboratory, preferably dealing with 
foodstuffs. 


We are the largest company in the U.K. pet food market, with an 
international reputation for advanced management thinking and 
sophisticated manufacturing techniques. For further details of the 
company and job, and a personal history form, please write or 
telephone to:—-David Marshall, Personnel Department, Petfoods 
Limited. Melton Mowbray, Leicestershire. (Telephone: Melton 
Mowbray 4141). 


applicants: 












foo 


n 
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UNIVERSITY OF 
STRATHCLYDE 


MEDICAL OFFICER 
—CLASS 2 


The Australian Commonwealth Serum Laboratories require a Medical 
Officer with post-graduate experience or qualifications in haematology/ 
serology to work in the W.H.O, National Blood Group Reference Labora- 
tory. We are seeking a suitable person to train under, and eventually 
succeed, the present Officer-in-Charge of the Laboratory, Dr. R. T. 
Simmons, who is approaching retirement. 


The Commonwealth Serum Laboratories is a semi-Government statutory 
authority which operates under the control of an independent Commission. 
Its function is to undertake research into and to produce biological pro- 
ducts. It is located in the city of Melbourne and comprises well-equipped 
Laboratories and a comprehensive Technical Library. Its total staff exceeds 
900 and approximately 120 graduates are employed. 


The current work of the Blood Group Reference Laboratory involves 
blood group genetic studies, the investigation of difficult blood group and 
cross-matching problems and research related to the prevention of Rh- 
haemolytic disease. Opportunities will be available to pursue research in 
these and related fields. 


Conditions are excellent, and include liberal leave provisions and super- 
annuation after a qualifying period. Salary will be up to $10,557 (Aust.) 
per annum, dependent upon the qualifications and experience of the suc- 
cessful applicant. The cost of travel to Australia for the appointee and 
his family will be paid by C.S.L. 


It is intended that applicants or persons interested in obtaining further 
information, will be interviewed, where possible, by Dr. Simons, who 
will be in England from September 6 to 18, 1969, and in Notth America 
from September 20 to October 8, 1969. Applications or enquiries should, 
therefore, be prepared in duplicate, one copy being directed by air mail to 
the Personnel Manager, 45 Poplar Road, Parkville, Victoria, Australia, 
and the other copy forwarded to Dr. Simmons, c/o Chief M.O., Australia 
House, London, to reach there no later than September 5, 1969, 


(233) 


For further Classified advertisements see page xviii. 





DEPARTMENT OF PHARMACEUTICAL 
CHEMISTRY 


DRUG METABOLISM UNIT 
RESEARCH ASSISTANT 


Applications are invited for the above 
post. The successful candidate will be re- 
sponsible for operati a Cary Model 60 
Recording Spectrapolarimeter and will cof- 
laborate in a study of drug-protein imer- 
actions by ORD and CD, sugported by the 
Medical Research Council Candidates 
should have a degree in Chemistry, Pharma- 
ceutical Chemistry or Biochemistry or 
ENG. 

Appointment will be for three years at 
an initia y oof up to £1,100 per annum 
wih FSS, 


Applications (quoting R23/69) to Dr. 
G. Wood, Depariment of Pharmaceutl- 
cal Chemisury, University of Strathclyde, 
George Street, Glasgow, C.1, (430) 


IMPERIAL COLLEGE 
DEPARTMENT OF BIOCHEMISTRY 
A GRADUATE MYCOLOGIST 


is required to initiate genetical investiga- 
tions on Claviceps spp. with reference to 
comtrol mechanisms in alkaloid production, 
and to collaborate in biochemical studies 
on these ergot fungi, Curriculum vitae, as 
soon as possibic, to Professor Sir Ernst 
Chain, F.R.S., Department of Biochemis- 
try, Imperial College of Science, London, 
3.W.7. (445) 
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WHICH MICROSCOPE FOR LESS 
THAN £40 


ASA—ENBEECO 


STANDARD 
MICROSCOPE 


WITH R.M.S. 
EYEPIECES AND 
OBJECTIVES 
MODEL F.I. 


Standard Microscope, in- 
clinable with centring and 
revolving stage, triple nose- 
piece, coarse and fine 
adjustment, tube length 
160 mm., 2 lens substage 
condenser (N.A. 1.0) with 
iris diaphragm, plano-con- 
cave reflecting mirror 48 
mm. diameter, The optical 
outfit consists of one 
each 5x, 10x and 40x 

re i : achromatic objectives, and 
one e each x10 and x15 eyepieces. Magnification range x50 to x600. Complete 
in wooden cabinet. Price £39. 8s. 0: 


Also available Model F.E.E. as above but incorporating a 15 watt light source 
using mains supply, Price £46. 2s. 6d 





For immediate despatch from: 


W. A. QUINN LTD. 
12 FULWOOD PLACE, HIGH HOLBORN, LONDON, W.C.1 
Telephone: 01-405 5268 


Chemical Series (1) 
5-R, 3R’ RHODANINES 


co — N—R’ 


a 


R—CH=C cs Why not ask us 


for the 


S R&R 
Maybridge Chemical Co. Ltd. which would be of 
Launceston most interest to 
N. Cornwall, U.K. your programme 


Advertisement Managers for 


T. G. SCOTT AND SON LIMITED 
1 Clement's inn, Landon WwCe2 
Holborn 4743 | 














DARTON 


INSTRUMENTS FOR 
MEASURING 


PRESSURE 


MERCURIAL BAROMETERS 
B.O.T. PATTERN 
FORTIN’S PRINCIPLE 


TEST BENCH 
(altimeter calibrator) 


KEW PATTERN 
etc. 


FOR : 
OBSERVATORY 
LABORATORY 
INDUSTRY & EDUCATION 


TEMPERATURE & 
HUMIDITY 





HAIR THERMO-HYGROGRAPH 


Records Temperature and Relative Humidity 
on one chart 


F. DARTON & CO. LTD. 


MERCURY HOUSE, VALE ROAD, 
BUSHEY, WATFORD, HERTS. 


Available through your usual laboratory furnisher 





Vill 
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THE BACTERIAL SPORE 


Edited by G. W. GOULD and A. HURST 
August 1969, xiv +724 pp., 180s. 


Bacterial spore research is so wide in scope and its expansion so rapid that an adequate review of 
the subject in one volume will be difficult in the future. This book brings together articles by 
experts in their areas of study, covering all facets of modern spore research including the cytology, 
physiology and biochemistry of the sporulation process—-an important model for studies in 
developmental biology. 

It deals especially with changes in DNA, RNA and other macromolecules, and with production of 
antibiotics by sporulating cells, It also includes studies on the important new uses of spores as 
biologica, control agents, a subject of interest to all those involved in the manufacture and use of 
insecticides. 


CONTENTS: The Prevalence and Role of Dormancy. Morpholagy of Sporulation. Physiology and Biochemistry of 
Sporulation. Changes in Nucleic Acid during Sporulation, Biosynthesis of Polypeptide Antibiotics, Control of Sporulation. 
Chemical Composition of Spores and Spore Structures. Spore Enzymes. Dermancy. Activation. Germination. Outgrowth 
and the Synthesis of New Macromolecules, Sporefarmers as Insecticides, Medical and Veterinary Significance of Spore 
forming Bacteria and their Spores. Sporeformers as Food Spoilage Organisms. Resistance of Spores. Author Index. 
Subject Index, 


NATURAL PRODUCTS 


BIOLOGY AND 


A Laboratory Guide Co-published with Israel Universities Press 


RAPHAEL IKAN 

July 1969, xvii +302 pp., 70s. 

This book is based on a course given at the Hebrew University, Jerusalem, in natural products, 
covering their isolation from plants and animals, the determination of their structure, their 
degradation and synthesis. It is the result of the author’s experience of five years’ supervision of 
the course. It will be of great interest and value to university students and chemists in research 
or industry. 

CONTENTS: Acetogenins: flavonoids, lipids, lignans, quinones. Nitrogenous compounds: alkaloids, nucleic acids, amine 


acids, peptides, porphyrins, proteins, pteridines, Carbohydrates: monosaccharides, oligosaccharides, and polysaccharides. 
lsoprenoids: carotenoids, steroids, terpenoids, Bibliography. Subject Index. Index of Chemical Compounds. 


ETHICS 


Institute of Biology Symposia—-Number 18 


Edited by F. J. EBLING 
July 1969, xxx-+ 146 pp., 40s. 


Population control, contraception and abortion, homosexuality, organ transplantation, the survival 
and reproduction of the unfit, preparations for biological warfare, the social responsibilities of 
scientists: sixteen scientists consider the ethical problems arising from man’s social and technological 
development. 

CONTENTS: Towards the Biological Definition of Ethics. The Development of Moral Attitudes and Behaviour. Charac- 
teristics of Ethical Systems in Primitive Human Society. — The Historical Approach to Ethics. especially those of Christianity. 
Legal Concepts of Responsibility. Guilt and Responsibility—-Feelings or Reality! Bisexuality and Ethics, The Problem of 
Abortion. The Ethics of Organ Transplantation. Problems Raised by Developments in Genetics, The Right to Reproduce 
in an Overcrowded World. A Biologists View of Biological Warfare. Subject index. 


WILD FLOWERS OF GREECE 


A publication of the Goulandris Botanical Museum, Kifissia, Greece 
Distributed in all territories except Greece by Academic Press 
Text by CONSTANTINE N. GOULIMIS 

llustrated by NIKI A GOULANDRIS 

Edited by WILLIAM T. STEARN 


xxxii+ 242 pp., 103 6-calour plates, 5205. 

This work comprises a selection of 110 species, many of them endemic and some never previously 
illustrated. The introduction gives general information regarding the Greek flora and deals in 
more detail with districts which are of special interest because of the rare endemics or other note- 
worthy species which grow there. 

The text printed opposite each life size botanical painting gives information about the plant itself, 
the date and locality of collection, and the distribution of the plant. 


CONTENTS: Foreword—-Sir George Taylor. Editar’s Preface—-William T. Stearn. Introductory Note and Intreduction— 
Constantine N, Goulimis. List of Plates. P lates with Commentaries- ki A. Goulanedris and Constantine N. Goulinis 
(edited by W. T. Stearn). Index. 
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CONTENTS 


Wry No Facuttry POWER ?—-W#0 WILL GUARD THE GUARDIANS 7—WATCH FOR 
THE PosT-SPLASHDOWN BacKLASH--ONE SWALLOW, SUMMER FoLiows-——-Moon 
Rock--Medical Research—Medical Education--Textile Fibres—-Reproduction 
~~Pharmaceuticals-—-Educational Technology-—-Open University—-Bridge Design 
—Trawling—Russian Research--Ciliates in Sludge-—-Power  Generation—~- 
Metrication---Conservation—-Pests---Parliament in Britain 





News and Views-—-INTERSTELLAR GRAPHITE AND Siticares—-Resources Satellites 
—Earth’s Crust-- Pulsars— Reproduction—Cancer—Gender Identity-—Drugs— 
Protein Synthesis—Virclogy—Evolution—-Cellular Subunits-—-Photoperiodism 


CHEMISTRY IN Line by J. H. Morris 


TELEVISION PRODUCER AND Screntist by R. W. Reid . z : 


INTERSTELLAR Grans by F. Hoyle and N. C. Wickramasinghe R y s 


INFRARED MEASUREMENTS OF VARIATIONS IN STRATOSPHERIC WATER VAPOUR 
by P. M. Kuhn, M. S. Lojko and E. W. Petersen , ; ; x 3 : 


RADIOGRAPRY MEASUREMENTS OF ParticLte Packine by J. R. F. Arthur and 
T. Dunstan ` 3 3 3 $ ; ; ; k < 


Ton-MoLECULE REACTIONS in HypRocen Cyanine by Wesley T. Huntress, jun. 
John D. Baldeschwieler and Cyril Ponnamperuma : ` , z n 


INDUCTION OF IMMUNOLOGICAL TOLERANCE BY PORCINE Liver ALLOGRAFTS by 
R. Y. Calne, R. A. Sells, J. R. Pena, D. R. Davis, P. R. Millard, B. M. Herbert- 
son, R. M. Binns and D, A. L. Davies . 5 


CONTROL OF GENE TRANSCRIPTION IN T-EVEN BACTERIOPHAGES: ALTERATIONS IN 
RNA POLYMERASE ACCOMPANYING PHAGE Iwrection by Robert J. Crouch, 


Benjamin D. Hall and Gordon Hager . : P ; : x ‘ i 
A Promorer Muration in vitro by Jeffrey W. Roberts ; ; > 


INFORMATION ANALYSIS OF STRUCTURE IN BrorocrcaL CoLLECcTioNs by L, Orlaci 
Letters to the Editor (see overleaf) 


Book Reviews by Max Beloff, D. J. West, Leonard J. Friedman, G. Duncan 
Mitchell, O, L. Zangwill, H. Lehmann, John Postgate, P. N. Campbell, A. 
Herxheimer, G. W. Kenner, R. W. B. Stephens, D. O. Tall and A. W. Goldie 


Obituaries— Professor J. B. Speakman; A. W. Haslett . 7 : ‘ 


Correspondence—SI Units by H. V. Stopes-Roe; Improved Limit on the 
Absence of Dispersion of the Velocity of Light by R. C. Jennison; Cost of Living 


by G. J. B. Robinson : i è ; 
University News—Appointments-——Announcements . ‘ i i 
International Meetings-—Sabbatical Itinerants ; : s i ; 7 
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An Index of Quality 





The Pye Trap Index Level Selector is a brilliant new addition independently of the recorder by the amplifier’s signal. And 
to the accessories available with the Series 105 Automatic up to six different actuation stages are available. Programming 
Preparative Chromatograph. In conjunction with the is straightforward ~ you press the command buttons either 
instrument's punch tape control system, this highly to synchronise the tape with the chromatogram and index 
sophisticated control unit, with an electric comparator a trap, or simply to index a trap, then dial the amplifier output 
circuit, achieves an exceptional degree of accuracy in level at which the operation is to be carried out. 
component and fraction collection ~ even at the end of a Write or ‘phone for full details of the Pye Series 105 
separation lasting several hours. Trap rotation and sample Automatic Preparative Chromatograph and its Index of 
collection at any level on the chromatogram are initiated Quality. 

de & 
PYE UNICANI ieee 





Pye Unicam Ltd 
York Street Cambridge, CB1 2PX, England 


Precision Instruments Telephone (0223) 58866 Telex 81215 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 
Red spot——Validity of relation with sunspot number— 
ARGYLE (British Columbia) . ; ; . f 
Pulsars—-Upper limit on light flashes—HESSER 
(Cerro Tololo), LASKER, BOCHONKO and MOOK 


(Michigan) ; z : ; x s : 
Neutron stars—Volcano theory of pulsars—DYSON 
(Institute for Advanced Study, Princeton) ; 


Pulsars—-Slowdown rates of CP 0328 and HP 1506—- 
COLE (Cambridge) : : , : : : 
Stellar ultraviolet-—Flux deficiency not due to hydro- 
gen atoms near graphite grains ?—-McINTYRE (Sal- 
ford) and WILLIAMS (Manchester) E 2 G 
lonosphere-—-Effect of cosmic X-rays on lower D- 
region -- ANANTHAKRISHNAN and RAMANA- 
THAN (Physical Research Laboratory, Ahmedabad) . 
Molecular theory —— Molecular vibrational overlap 
integrals—-BENNETT and SOMERVILLE (London) . 
Chemistry—Direct determination of threshold ener- 
gies for reactions of hydrogen atoms with N,O and 
CO,--OLDERSHAW and PORTER (Hull) A z 
Activation energies—-Reactions of the hydrated 
electron—-CERCEK (Christie Hospital and Holt 
Radium Institute, Manchester) i . - r 
Hydration—Electron microprobe studies of the hydra- 
tion of 3CaO.SiO,--GRUTZECK and ROY (Pennsyl- 
vania} . x i ; ; x ; z x 
Infrared spectra-—Absorption spectra of a and f- 
calcium sulphate hemihydrates—BARTRAM (Brixton 
School of Building) : : a A r ‘ 
Polymer physics—Morphology of ABA block poly- 
mers--LEWIS and PRICE (Manchester) i ; 
Chemical engineering-—Overpotentials for inter- 
calation into graphite—UBBELOHDE {London} 
Electrical conductivity-—Poole-Frenkel controlled 
dark conduction in tetracene doped anthracene single 
crystals—MORGAN and PETHIG (Southampton) 
Corrosion—E fiect of reactor radiation on the internal 
surface area of corrosion films on zirconium alloys— 
ASHER and WHITE (AERE) ; ; 5 : 
Metallurgy—Electron microscopic boron autoradio- 
graphy -- HUGHES (AERE), DEWEY (Fulmer 
Research Institute) and BRIERS (Aeron Laboratories) 
Jon exchange—Separation of large proteins by ion 
exchange chromatography on cellulose — DETER- 
MANN, MEYER and WIELAND (Frankfurt) . 


BIOLOGICAL SCIENCES 


Environment—Terminology of biosphere—GILLARD 
(State Faculty of Agricultural Sciences, Ghent) . ‘ 
Animal locomotion-—Inertial guidance in goldfish— 
KLEEREKOPER, TIMMS, WESTLAKE, DAVY, 
MALAR and ANDERSON (Texas A and M) š 
Rice--Varieties resistant to leafhoppers and plant- 
hoppers--PATHAK, CHENG and FORTUNO (Inter- 


Plant physiology—Soluble peptone retards senes- 
cence in dock leaves—REYNOLDS (Royal Botanic 
Gardens, Kew) 3 . ‘ x : X 
Bacteria—Invasion of schistosomes-—OTTENS (Royal 
Netherlands Fermentation Industries) and DICKER- 
SON (Wellcome Research Laboratories) 7 : 
Malaria—A/J mouse provides system for study of 
induced resistance--D’'ANTONIO, SPIRA and SIL- 
VERMAN (Illinois) z : ; 3 $ 
Leukaemia—Immunization with “live” allogeneic 
leukaemic cells in acute cases—SKURKOVICH (Cen- 
tral Institute of Hematology and Blood Transfusion, 


Page 
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Moscow), KISLJAK, MACHONOVA and BEGU- 
NENKO (Second Moscow Medical Institute) . ; 
Lymphocytes—-Exceptional stimulating capacity of 
cells from lymphoid cell lines—-HARDY, LING and 
KNIGHT (Birmingham) é : : : 
Cell movement—Rebuttal of the passive theory of 
cell spreading — WOLPERT, MACPHERSON and 
TODD (London and Imperial Cancer Research Fund, 
London) : : : 3 ; ; a 
Fibroblasts——Movement in a spatially confined sys- 
tem-—JAUCH and DeCOSSE (Case Western Reserve) . 
Skin—Orientation of epithelial cells by basement 
membrane in skin transplants--GIACOMETTL and 
PARAKKAL (Oregon Regional Primate Research 
Center) P : ‘ : ; . : ; 
Rat embryos—-Cultivation of 75-85 day explants 
--NEW (Cambridge) and DANIEL (Colorado) . 

Thyroid-—-Shortage of dietary riboflavin affects thy- 
roid hormone control of liver enzymes—RIVLIN and 
WOLF (Columbia) 3 ; , $ . ; 
Blood vessels—/n» vitro calcification of human aortic 
tissue---ETLBERG (New York) and MORI (Beth Israel 
Medical Centre, New York) s z ‘ F 
Caries—Involvement of phosphoprotein phosphatase 
from oral bacteria—~KREITZMAN, IRVING, NAVIA 
and HARRIS (MIT) i : t x y : 
Platelets—Relaxing factor may be the sarcoplasmic 
reticulum of intact platelets--STATLAND, HEAGAN 
and WHITE (Minnesota) ; . ; . : 
Acetylcholine-—-Quantum chemical account of its 
hydrolysis—-FARKAS and KRUGLYAK (Hungarian 
Academy of Medical Sciences and Ukrainian Academy 
of Sciences) . ; ; : z $ A 
Blood sugar—Lowered as effectively by a 4-quinazo- 
lone derivative as by tolbutamide in rats—-GUPTA, 
HUSAIN, BHADURI, KHANNA and MUKHERJEE 
(Central Drug Research Institute, Lucknow) : 
Taste—-Comparisons between human taste thresholds 
and binding powers of bitter-sensitive protein from pig 
tongue—-DASTOLI (Arthur D. Little Inc.) ; 
Pheromones—-Complexity and relative specificity of 
the scent of the blacktailed deer -- MÜLLER- 
SCHWARZE (Utah State) ; ; : ¥ 5 
Colour vision-——Alternative to three pigment receptor 
theory—-SNYDER and HALL (London) . . : 
Vision-—-A sodium concentration cell seems to drive 
current in pigeon cones but not rods--ARDEN and 
ERNST (London) . y : i : 7 : 
Transmitters——p-Tubocurarine has both pre and 
post-synaptic actions—HUBBARD, WILSON and 
MIYAMOTO (Northwestern) : ; A ; 
Psychology—-Midbrain the site of the motion after- 
effect--RICHARDS and SMITH (MIT) ; 
Brain biochemistry—Imprinting and incorporation 
of *H-lysine in chick brain--BATESON, HORN (Cam- 
bridge) and ROSE (MRC) , : 3 : 7 
Protein synthesis—-Evidence for termination by UAA 
codons -— KANTOR, PERSON and ANDERSEN 
(Pennsylvania State) i x ? ; : 
Transfer RNA—Infrared spectrum of anticodon loop 
—MORIKAWA, TSUBOI KYOGOKU (Tokyo), 
SENO and NISHIMURA (National Cancer Center 
Research Institute, Tokyo} ; : n 
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Flowers of Europe 


A Field Guide 
OLEG POLUNIN 


In this book Oleg Polunin describes 2,600 of the commonest and most interesting 
wild flowers to be found growing in Europe. Addressed to the student and the 
keen amateur botanist, it aims to keep botanical terminology to a minimum, but not 
at the expense of accuracy. It has been arranged in the manner of Flora Europaea, 
and the most recently accepted Latin names of the species have been used. 

Over 1,900 species are described in detail ; their presence or absence in each country 
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NATURE 


Why No Faculty Power? 


Spock1an indulgence with the interests of the very 
young no doubt explains why the supposed needs of 
students have tended to dominate recent discussions 
of the structural reform of universities, and there is 
every reason why students should be given some degree 
of participation in those parts of the machinery of 
university government with which they are most 
directly concerned. But what about the interests of 
the members of university faculties ? By comparison 
with the attention which has been lavished on the 
interests of the students, this question has been over- 
looked. In British universities, at Jeast, however, 
members of the faculty are frequently much more 
badly treated than are the students. Now that the 
vacation has settled over the universities, it may be 
possible to win a hearing for this important cause. 

At the outset, it is only fair to say that academic 
life is considerably different from most other ways in 
which working people spend their professional life. 
Academies cherish their freedom, but some—-heads of 
departments, for example—are necessarily more free 
than others. It is tempting to assume that a person’s 
influence is determined by the intellectual content of 
what he has to say, yet it is mevitable that these 
putative free-thinking democracies should be tinged 
with a dash of despotism. In many ways, of course, 
even the most down-trodden academics can thank their 
lucky stars that they are not employed in more 
obviously commercial fields than even the universities 
have become—to speak out of turn and not be pro- 
moted is better than to answer back and get the sack. 
Tt is also only proper to acknowledge that a good many 
university departments do actually succeed in living 
up to almost Jeffersonian concepts of democracy. The 
problem is to know what should be done elsewhere. 

What are the complaints of the non-professorial 
academics, which of those complaints are legitimate 
and which of them are remediable within the univer- 
sities ? It is of course inevitable that the complaints 
of less senior members of university staffs tend to be 
directed against the professorial body and in particular 
against the heads of departments. One of the least 
frequently mentioned sources of discontent is the great 
monetary gulf which separates junior members of 
teaching staffs from the professors. A survey carried 
out by the Association of Universitv Teachers (The 
Remuneration of University Teachers, 1967-68, AUT, 
15s) confirms what the Prices and Incomes Board was 
saying a year ago—that university salaries tend to be 
rapidly increasing functions of age. In October 1967, 
the average salary of university teachers in Britain 
increased from £1,312 a year at the age of 25 to £3,636 


a year at 55, thirty years later. (It is interesting that 
scientists seem to be dealt with more or less as other 
kinds of teachers are.) Professors are usually paid 
more than the average salary of teachers at 55-~the 
AUT survey shows that salaries range from about 
£3,700 to more than £5,000 a year, and there are also 
signs that the great increase in the number of full 
professors in the past year has been accompanied by a 
decline of median salary (from £4,500 in 1955 to £4,000 
in 1967). Yet even with these qualifications, the 
disparity between the top and bottom salaries is 
greater than it should be, and greater than it is else- 
where. In the United States, for example, academic 
salaries seem to have ranged from $7,400 for an 
instructor to $14,800 for a professor in 1966, according 
to statistics collected by the National Science Founda- 
tion. The disparity between assistant professors and 
full professors seems to have been mueh less, and 
represented by a factor of 1-8. Given that the smaller 
amount of outside work that seems to be available in 
Britain tends to find its way to the more senior 
academics, it is not surprising that British university 
teachers should often consider themselves underpaid 
in comparison with senior members of their universities. 

But is it not in some sense just that younger people 
should be paid less ? Unfortunately this simple appeal 
to what seems natural justice is made with beguiling 
ease in Britain. It is at least equally proper to point 
out that the junior members of teaching staffs are 
usually appointed without tenure, and that a corre- 
sponding benefit in the monthly pay cheque would not 
imply a permanent commitment but would even seem 
a proper recompense for insecurity, Moreover, there 
is nothing in the view that low starting salaries are 
means of eraphasizing that it is hard to start to climb 
the academic ladder—too many universities have 
recently found themselves having to go the other way 
and offer tenure instead of pay. These, however, are 
parochial points. A stronger argument for higher 
salaries at the bottom of the academic ladder is the 
comparison with the United States. In negotiations 
on pay, the AUT is fond of making a comparison 
between university life and the Civil Service, but when 
transatlantic mobility is as free and easy as recent 
years have shown it to be, the difference in practice 
between Britain and the United States is an important 
influence in persuading young people to cross the Atlan- 
tic from east to west. The chance of starting higher wp 
the money ladder is a neglected but probably powerful 
factor in what is called the brain drain. The fact that 
British universities follow the salary pattern of other 
British employers is no excuse for the unthinking 
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perpetuation of a state of affairs which is both unneces- 
sary and damaging. But a redress of this imbalance 
would also help to mollify the sense of grievance often 
expressed, possibly in muted form, in British univer- 
sities. 

Power is, however, a more powerful source of dis- 
content than money, although the method by which 
power is exercised seems to vary from one university 
to another, and more particularly from one department 
to another. It is the plain truth, however, that there 
are a great many university departments where the 
curriculum is settled more or less in private by a 
handful of professors. By the same test, it may often 
be the case that a department’s influence in the 
university as a whole will be determined simply by 
the willingness—and the ability—of the head of the 
department to fight for unpopular causes in faculty 
and university committees, Where scientists are con- 
cerned, it is often even more frustrating that the 
opportunities for carrying out effective research may 
to some extent depend on the success with which the 
head of the department can wheedle funds and build- 
ings out of a university or some external grant-giving 
body. With the best will in the world, it is not surpris- 
ing that younger members of university staffs, particu- 
larly in the science departments, come to regard 
themselves not as free-ranging intellectuals but as 
pawns in the palm of somebody else’s hand. 

The sharpest conflicts between heads of departments 
and their junior colleagues seem to involve the planning 
of research. In many British universities, it seems now 
to be accepted that one of the functions of the head of 
a department is to put a stamp on the pattern of the 
research programme, and this convention has obvious 
advantages—-it allows a good man to amplify his 
qualities, for example, and makes possible the kind of 
team-work most likely to bring success. Unfortunately, 
however, there are snags as well as benefits in this 
system. For one thing, for example, it may often be 
the case that independent scholars have either to 
change their line of research or to migrate to some 
other university where their particular skills are more 
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likely to be appreciated. It is, of course, easy to see 
how difficult it would be to ask that heads of depart- 
ments should be prepared to accommodate all the 
inclinations in research of their junior colleagues by 
providing the necessary facilities—frequently that 
would mean an intolerable strain on scarce resources. 
But there are also many situations in which too harsh 
an application of the principle that the head of the 
department knows best has tended to stifle reasonable 
ambitions in research by ordinary members of the 
faculty. The present shortage of funds for universities 
has tended to restrict the supply of research student- 
ships, and there are some departments in which those 
available seem to have been shared out unfairly. But 
there are also departments in which heads of depart- 
ments have been unwilling to back applications by 
their colleagues for research grants to pursue promising 
if risky lines of research, often it would seem on 
grounds which are no more substantial than that the 
head of the department is out of sympathy with the 
proposal. 

What is the solution for these and other sources 
of discontent ? One of the first things to be said is that 
the small size of a great many university departments 
in Britain is itself a limitation of democracy. If a 
department is not big enough to support a variety of 
research programmes, it is clear that somebody will 
have to feel ill-used. The long-term remedy here is 
that which now seems to be working its effect in the 
university system as a whole—some serious attempt to 
concentrate the development of centres of excellence 
in British universities. But will faculties then be 
prepared to stomach the sharing of power which is 
implied by the election of departmental chairmen for 
limited periods of time, or even the appointment as 
chairmen of people whose main interest is in teaching, 
not research? One obvious difficulty is that British 
academics may take time to unlearn the bad habits of 
past decades. Another is that the need for them to do 
so is not yet properly appreciated. This is the kind of 
cause on which some attention could properly be spent 
when the next academic year begins. 


Who will Guard the Guardians ? 


In striking Dr Peter Tarnesby from the General Medical 
Register, the General Medical Council seems to have 
forgotten the old adage about justice being seen to be 
done. What the case brought most clearly to light 
was that the public interest and what the medical 
profession conceives to be its own interest do not 
necessarily coincide. In these circumstances it seems 
appropriate to ask how the council, as at present 
constituted, can be the defender of both. 

Dr Tarnesby was found guilty of infamous profes- 
sional conduct for supposedly advertising his gynaeco- 
logical practice in an interview given to the German 
magazine Stern. According to the unchallenged 


evidence of the Stern representative who interviewed 
him, Dr Tarnesby was given the undertaking that his 
name would not be used and that he would be shown 
the article in advance. In the event, the article was 
rushed to press without the magazine being able to 
reach Dr Tarnesby. The disciplinary committee of the 
General Medical Council has now deprived Dr Tarnesby 
of his livelihood on the basis of an article he neither 
solicited nor saw before its publication. 

Dr Tarnesby’s case has come at a time when there 
has been strident discussion in the Press and elsewhere 
about the working of private abortion clinics in London. 
The doctors who run these clinics do a brisk business 
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because of the inability of the National Health Service 
to cope with the volume of demand for abortions, 
and either the scale of their turnover or the volume of 
their profits is seen by some to reflect on the public 
standing of the medical profession. In these circum- 
stances, it is hard to avoid the impression that Dr 
Tarnesby has been made a scapegoat for the private 
abortionists, who are acting within the law and beyond 
the reach of the General Medical Council. 

There seems to be a considerable difference between 
the number of abortions that are sought and the 
number that the medical profession is inclined to 
permit. The British Medical Association has declared 
itself opposed to the social clause of the Abortion Act, 
passed by Parliament in 1967, and a dangerous gap 
has opened between doctors’ beliefs and their patients’ 
wishes. In this situation, it seems hardly appropriate 
that there should be only two lay members out of 
eighteen on the disciplinary committee of the General 
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Medical Council. With social issues, such as abortion, 
and the problems raised by new clinical techniques, 
there is likely to be an increasing number of cases where 
public opinion and medical opinion as to the best 
interests of the community will take separate courses, 

This has certainly been the case in the past. It may 
not be too uncharitable to recall that in 1887 the 
General Medical Council struck off the register a doctor, 
H. A. Allbutt, whose offence was to publish a pamphlet 
advocating contraception, and from then until the 
1920s much of the medical profession helped to prevent 
the public having access to contraceptive techniques 
just as some sections of the profession are now 
resisting the implementation of the Abortion Act. Con- 
flict between the public interest and that of the medical 
profession is a serious risk, and it is by no means 
certain that the General Medical Council should be 
placed in the position of having to seem to serve two 
masters. 


Watch for the Post-splashdown Backlash 


Tr was once unkindly said of C. P. Snow that he was 
“known to scientists as a great novelist and to novelists 
as a great scientist”. How true is it of the Apollo 11 
mission that it is “known to scientists as a great public 
exhibition and to the public as a great scientific 
expedition” ? As was pointed out last week in Nature, 
Dr Thomas Paine has carefully not associated scientific 
benefits too closely with NASA’s programme. One 
fears, however, that the message may not have got 
through clearly enough to the world at large. When 
President Kennedy made his Moon speech in 1961, the 
reasons for the journey were not spelt out in detail, 
but there can be no doubt that a large number of 
United States taxpayers thought it was to be a scientific 
mission. As things have turned out, the first landing 
has proved a fantastic technological achievement, but 
what matters is that they got there, not what they did. 

Nevertheless it is still implied, notably in glossy 
handouts, that the series is basically to learn about the 
Moon, its origin, inside and composition. It is not 
usually put quite as bluntly as that—there is a ten- 
dency for the objectives to be surrounded with a 
bubble bath of graduation ceremony prose about Man 
and the Universe. Even the latest book on planetary 
interiors, barely out, has an article on the lunar sample 
programme by a NASA author starting: “One of the 
most exciting scientific programs of the twentieth 
century is the landing of the first astronauts on the 
moon and their subsequent return with samples’. So 
it must be reckoned that many people, and not 
exclusively United States citizens, may still suffer 
from misapprehensions about the role of science in 
Moon exploration. 

This would be unfortunate, for there is a danger that 
a serious reaction could now set in, leading to scepticism 
about the value of this and many other enterprises in 


which science is involved. It was transparently 
obvious, once Armstrong and Aldrin set foot on the 
Moon, that this was an historic moment of the highest 
order but not very high level science. The solemn 
reading of a plaque, the depositing of microdot messages 
(for some future microdot reader to interpret ?), a 
strangely drawn-out attempt to erect the Stars and 
Stripes (so that a TV commentator explained that 
this was an experiment on the strength of lunar soil) 
and an appearance by President Nixon who, from his 
oval box, looked rather like King George V looking 
over a fishing scene on a Pitcairn Island stamp-—the 
plain fact is that this was not science, and it was not 
claimed to be. 

Later missions will have an increasing scientific 
content, but there may have been some anticlimax 
already. The seismometers are said to be overheating 
and the rocks are bound to harbour more disappoint- 
ments and mysteries than breakthroughs. Will the 
space scientists be attacked by an indignant public 
when they fail to produce new theories? Could an 
angry backlash develop to the effect that “we didn’t 
pay billions of dollars for inconclusive results”? TI. 
conceived though such a backlash would be, it could be 
serious and might not be restricted to the United States, 

This has not yet happened. There are obvious temp- 
tations in pessimism, but the signs are not auspicious. 
“Moon rock is rather ordinary” has already been a 
headline—not a great encouragement to a public very 
much aware of NASA’s budget and of the size of 
poverty programmes, overseas aid and funds for other 
projects. Scientists are going to need to be fully 
acquainted with the scope and limitations of the 
scientific lunar work and to be able to say firmly that 
NASA’s budget must not be counted expenditure on 
science. 
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One Swallow, Summer Follows 


THE report of the Medical Research Council for the 
year ending in March raises a great many more inter- 
esting questions than previous documents in this 
series. For a good part of the council’s history, it has 
worked on the assumption that its evident success in 
backing sound ventures was a sufficient proof of the 
good sense of its policies. This may have been reason- 
able when the council was much smaller than it is 
at present, but now that the rate of expenditure exceeds 
£17 million a year, and because the council’s operations 
inevitably have a profound effect on the character of 
British higher education, it is only seemly that there 
should be an attempt at much fuller description of 
the way in which the council decides how and where 
to spend its money. And more than that, a coherent 
explanation of policy can serve not merely as a justifica- 
tion of past decisions but as a means of catalysing 
interest in future plans. This is why it is a good thing 
that the new annual report (see page 438) shows the 
first signs of a change of style. Although it will 
probably be some years before the council acquires the 
frankness which distinguishes comparable organiza- 
tions in the United States, for example, things seem 
to be moving in the right direction. 

Reticence about matters of public importance seems 
to be characteristically a British problem, and it is 
only fair to say that there needs to be a change of style 
not merely among the organizations responsible for 
spending public money but also among the public with 
a legitimate interest in how it is administered. The 
habits of the past are deeply ingrained, and they will 
not easily be sloughed off. It is therefore worth asking 
what the benefits would be of a more open approach 
to the making of policy, and the affairs of the research 
councils are a good illustration of what can be expected. 
To begin with, it is important to be clear that there is 
no conflict between the independence and the freedom 
to move quickly which the research councils cherish 
and the need to provide a full explanation of what 
they do, and why. It would be absurd, of course, to 
ask that research councils and similar bodies with 
responsibilities in other fields should conduct their 
affairs as if they were constituent assemblies, with the 
obligation never to act without winning the approval 
of those likely to be affected. Such a procedure would 
not be an exercise in democracy but simply a recipe 
for making sure that nothing ever happens. But 
it is essential that the reasons for important policy 
decisions should be made public even when the 
decisions have been taken. 

This, for one thing, is the best way of making sure 
that the doings of public authorities do not appear 
irrational or arbitrary. Even the informed public is 
naturally and rightly suspicious of committees and their 
doings, but some sign that a committee has done its 
best at least to analyse the problems which it has tried 





to solve is a powerful means of disarming criticism. 
In the long run, however, it is more important that the 
publication of explanations of important decisions is 
the best way of defining an organization’s forward 
policy. As everybody knows, it is often hazardous 
to proclaim a general policy in advance, if only because 
of the difficulty of anticipating all the circumstances 
which may arise. In this spirit, for example, it would 
be altogether too risky for the MRC to declare, say, 
that it will arrange to spend five per cent of its 
resources on neurobiology because of the growing im- 
portance of the subject. How could it be sure that 
there would be worthwhile outlets for the money ? 
The truth is that the evolution of forward policy is 
best done by the accumulation of case law, which 
means that bodies such as the MRC can best convey 
a sense of what they are likely to do in the future by 
explaining fully what they have done in the past. 
But such self-discipline would have the further advan- 
tage that decisions which are publicly explained would 
then seem less irrevocable than they tend to be at 
present. A good illustration of this is the way in which 
it was decided, two years ago, that British spending on 
thermonuclear research at the Culham Laboratory of 
the AEA should be reduced by a half. If the report 
on which that decision was based had ever been 
published, there is a chance that there would now be 
seen to be a case for softening the rigour of the earlier 
decision, In other words, public discussion is also a 
means of making sure that decisions do not become 
prisons, 

How does this apply to the latest MRC report ? 
For one thing, it is helpful that the council should say 
which fields of medical and biological research come 
at the top of its shopping-list-—biological organization, 
arterial disease, population control and drug depen- 
dence (including smoking). Even this Jaconic state- 
ment should refine the distinction between the Medical 
and Science Research Councils, and should at the same 
time raise questions among academics about the direc- 
tions of their own research. It does not follow from this 
that suitable applications for grants will be forthcoming 
—the particular subjects which the council has men- 
tioned seem already to be growing quickly, so that the 
restraint may be a shortage of ideas, not of people 
or money. It will be some benefit, however, if the 
publication of this list stimulates even opposition 
from other groups of people who may now feel them- 
selves neglected. Will the molecular biologists, for 
example, be inclined to look to their laurels, or do 
they consider themselves well catered for under the 
rubric of “biological organization’? But it would 
have been much better if the MRC could have published 
not merely its list of special topics but its reasons for 
thinking that these are especially deserving of support. 
On population control, for example, is the council 
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reflecting simply the widespread and proper view that 
this is a matter of great public importance, or does it 
consider that there are lines of research which could 
profitably be opened up in Britain ? And how does the 
council’s view square with the view that in population 
control, the most urgent need is the application of 
existing techniques ? It may not follow from this that 
research has no part to play, but it would be good to 
know whether the council considers that its own con- 
tribution could include the kind of social research and 
experiment which is likely to be necessary if the applica- 
tion of population control is ever likely to be efficient. 


MOON ROCK 


Next Steps with Samples 


Tr is clear that the analysis of the lunar samples is 
going to take all of the five months which NASA has 
allowed. The plan is for the material to be distributed 
to 142 selected teams of investigators—including fifteen 
groups in Britam—-towards the end of September or 
early October. This allows a quarantine of 50 to 80 
days, depending on the results of biological tests in 
the Lunar Receiving Laboratory. The investigators 
then have three months with the samples before a 
conference in Houston planned for the beginning of 
January next year when all the results will be pre- 
sented. Until then, investigators will be forbidden to 
publish their findings, and the ban extends to publica- 
tion through the newspapers. NASA has only recently 
reminded the British investigators through the Science 
Research Council what the rules are. 

The ban apparently does not extend to the scientists 
of the Lunar Receiving Laboratory, and the first 
descriptions of the rock have been reported. The latest 
estimate of the weight of material brought back is 
about 80 pounds, considerably less than the 130 pounds 
allowed for in the lunar landing module. First indica- 
tions are that all the samples are covered in a layer of 
black dust, some of which is glassy and possibly a 
product of the heat generated by impacting meteorites. 
Some of the rocks seem to have a volcanic origin, and 
there is a report of a glassy object four inches long in 
one of the core samples. Clearly there is a wide range 
of material to be studied. 

The Lunar Receiving Laboratory has facilities for 
biological querantine tests and for a battery of physical 
tests—in particular those which depend on an analysis 
of samples as soon as possible after collection from the 
lunar surface. One of the tests, conducted by L. W. 
Alvarez of the University of California, Berkeley, is a 
search for magnetic monopoles. The preliminary 
testing should also ensure that the investigators get 
the kinds of samples which they requested. 

The latest plan for Apollo 12 is for launch on Novem- 
ber 14 and a landing 3° south of the lunar equator, 
near the crater Lansberg in Oceanus Procellarum. This 
is the location of the soft-lander Surveyor 3, and the 
intention seems to be to examine the condition of a 
spacecraft which has been on the surface since April 
1967. This time there are to be two moonwalks by 
each crew member (Charles Conrad and Alan Bean) 
going up to hundreds of feet from the module. 

While Apollo 11 was on the last lap home, NASA 


` 


437 


announced that two design studies for a manned space 
station are to be carried out, by McDonnell Douglas 
and by North American Rockwell, each costing $29 
million for eleven months. The intention is to design a 
space station to accommodate twelve men in Earth 
orbit, to be operational in 1975 and to have a life of 
ten years. The two companies have also been asked to 
look at a fifty-man space station to be assembled in 
Earth orbit towards the end of the next decade. 


MEDICAL RESEARCH 


New Look for MRC 


THE Medical Research Council's annual report for 
1968-69 (HMSO, £1 8s) is subtly different from its 
predecessors. It attempts to outline how the council 
reaches its policy decisions and as an example prints 
the report of the Radiobiology Committee set up last 
year under the chairmanship of Professor W. D. M. 
Paton to review the whole field of radiobiology. Tt 
was on the basis of this report that the council decided 
to cut by roughly a half the Radiobiological Unit at 
Harwell and to seek ways of providing extra accom- 
modation at the Cyclotron Unit at Hammersmith 
Hospital. 

The council's decision to publish the evidence on 
which it bases its policy decisions will be warmly 
welcomed, and Dr J. A. B. Gray, the new secretary, 
said this week that future annual reports will be very 
different from those of the past few years, Next year, 
the directory of units, groups and individuals receiving 
support will be published separately, and the report 
proper will contain more information on what the 
MRC is doing. 





Initiative for a new 
project can clearly come from such applications or 
from the council, which is currently eager to foster 
work at all levels of biological organization on arterial 
diseases, particularly thrombosis, population control 
and drug dependence including smoking. And in the 
universities the council would like to see further 
research in eight fields, ranging from dentistry to 
virology and mycology. The council has most problems 
in recruiting staff for short term and small scale 
projects with a practical object in view and it has 
recently decided on the radical step of entering into 
research contracts with the universities and industry 
for projects of this kind. 

The most important influence on the council’s 
policy is to ensure that it keeps abreast of rapidly 
changing areas of research. With little to guide it, 
the council turned out to be exceptionally prescient 
when it decided to back molecular biology and radio- 
biology in a big way. Molecular biology continues to 
grow although radiobiology has lost some of its impor- 
tance. The Paton report, the publication of which will 
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hopefully become a precedent for all future reports of 
the type, gives the evidence on which it reached the con- 
clusion that the council must maintain research which 
underpins radiological protection but that in future a 
greater proportion of funds should go to other fields of 
radiobiology; radiological protection is not the pressing 
topic it used to be. It recommended that radiotherapy, 
for example, should receive increasing support especi- 
ally in conjunction with universities and medical 
schools. The committee also suggested that the 
MRC’s cyclotrons, reactors and other large machines 
should be made available to the academic community 
by, for example, providing laboratory space for visiting 
workers. 

Apart from the four reviews of aspects of medical 
research---Perutz on molecular biology, Humphrey on 
immunology, Barnes and Gilson on occupational health 
and Doll on epidemiology--and the directory of 77 
MRC units and individuals receiving support, the 
report records the establishment of three new units and 
approval for two others. They are the Biochemical 
Parasitology Unit, Neurological Prostheses Unit, 
Social and Applied Psychology Unit, Statistical 
Research and Services Unit and Leukaemia Therapy 
Unit. One unit, Professor Pontecorvo’s Cell Genetics 
Research Unit, has been disbanded. 

The council’s business in fellowships and student- 
ships is with one exception booming as never before. 
Only the clinical research fellowships are going begging; 
the travelling fellowships are keenly competed for and 
junior resear rch fellowships and scholarships for PhD 
candidates are heavily over-subscribed. This is why 
the MRC has adopted the same allocation procedure as 
the SRC and SSRC; quotas of studentships are now 
allocated to departments which have the responsibility 
for deciding their internal distribution. Dr Gray also 
said when he introduced the report that the MRC 
was enrolling some of its PhD candidates—several of 
those at the National Institute for Medical Research, 
for example—with the Council for National Academie 
Awards (Nature, 228, 338; 1969) rather than with the 
University of Londen. Apparently one of the reasons 
for using the CNAA is that it involves less red tape. 

The MRC has not in the past two years escaped 
unscathed from Government reductions in funds 
for education and research. The council has, however, 
recouped some of its cutbacks in the current year. The 
incidence of payments for long term capital projects 
is outside the council’s control and cannot be evened 
out year by year. Ifa project is delayed, for example, 
funds cannot be spent in the year for which they were 
allocated and the unspent money has to be surrendered. 
to the Treasury. When the bills pile up in the next 
year, they have to be paid from that year’s short 
term support. 

This problem may, however, not be as acute in the 








THE MRC BUDGETS 1964-1970 
Percentage increase over 


Parlia- previous year 
mentary Expressed in 
grant terms of 
Year £m. Actual constant prices 

1964-65 8-753 24-5 12-8 
1965-66 10-088 15-3 10-3 
1966-67 11-825 17-2 12-2 
1967-68 13-758 163 13-0 
1968-69 15-231 10-7 6-0 
1969-70 17-141 12-5 9-0 
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future as it has been in the past because Dr Gray says 
it is unlikely that the council will be setting up more 
research centres on the scale of the National Institute 
and the Clinical Research Centre. Indeed, the report 
is strangely silent about Northwick Park, which does 
nothing to allay the suspicion that it may prove the 
council’s greatest white elephant. 


MEDICAL EDUCATION 


Brave Nottingham 


STICKING firmly to its declared intention of enrolling 
its first medical students in 1970, the University of 
Nottingham has just published the first prospectus of 
its medical school, even though the new teaching 
hospital is still at the planning stage. The first entry of 
between forty and fifty students will for the time 
being carry on their preclinical studies in buildings 
now being built on the university campus. 

The general guidelines for the medical school, the 
first to be built in England this century, were published 
as the Pickering Report m June 1965. At the time, 
the report was widely hailed as an almost revolutionary 
document, advocating as it did a thorough shake-up 
in the traditiona] medical course dominated by anatomy 
and physiology, a curriculum aimed as much at educa- 
tion as vocational training and the opening up of the 
preclinical courses to students who might not wish to be- 
come doctors but who were seeking a general education 
in the life sciences. With the recent ferment of ideas 
about medical education and the report of the Todd 
Commission on the subject, much of what the Pickering 
Committee had to say has become accepted doctrine, 
but Nottingham is still likely to be the first medical 
school to put these notions into practice. 

The proposed curriculum follows the broad outlines 
and the spirit of the Pickering Report, which was 
never intended as a blueprint to be adhered to rigidly. 
Nottingham students will start with two years of 
general biological training followed by one year study- 
ing a speci ial subject and then two years of clinical 
practice. Because of delays in building the new teach- 
ing hospital, chiefly as a result. of opposition to com- 
pulsory purchase orders for the necessary land, it will 
be several vears before the medical school can enrol 
its full complement of 160. The first few batches of 
students will be taught clinical medicine in the two 
city hospitals, which are far from ideal for the purpose. 
The university seems nevertheless to have been cheered 
on by the UGC and the Government, and has decided 
that it would be better to go ahead with Jess than 
perfect facilities than to wait for completion of the 

medical centre. 

The shortage of doctors has been a spur, but it has 
also meant that the university, at the request of the 
UGC, has given up for the time being the notion of 
accepting students for the preclinical courses who are 
not set on a medical career. The university has, how- 
ever, reserved the right to implement this idea one 
day, and it is encouraging that even now it does not 
altogether rule out accepting students with unusual 
combinations of GCE qualifications. 

At Southampton, where the new medical school 
will enrol its first class of sixty-five students in 1971, 
there is perhaps more realism and less idealism. There 
is no intention of enrolling people who do not intend 
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to become doctors. Moreover the organization of the 
curriculum, although far from complete, is unlikely to 
encourage any such trend. Unlike Nottingham, which 
will take several years to reach full capacity, the 
Southampton medical school plans to enrol its full 
complement of 130 students by its second year of 
operation, 1972. This is possible because clinical teach- 
ing will be at two existing hospitals, the Southampton 
General and the Royal South Hampshire Hospitals, 
on which the UGC and the Department of Health and 
Social Security are spending £16 million. The use of 
existing hospitals means faster growth for Southamp- 
ton but it has led to the difficulty of finding hospital 
space for the academic staff. It is no secret that the 
planners are having to move cautiously in their 
attempts to infiltrate the two hospitals, dominated by 
National Health Service consultants and medical staff, 
with academic doctors. 


TEXTILE FIBRES 


Courtauids Booms Away 


Tux Courtaulds Group continues to provide most of 
the excitement in the British synthetic fibres industry. 
After what seems to have been another year of remark- 
able growth, with sales increasing from £394 million 
to £576 million, and with profits increased from £36 
million to £51 million, the company seems bent on 
pushing ahead with several schemes for further develop- 
ment. Earlier this week, the details became known of 
the plan which the company has been talking of for 
several months to build an acrylic fibre plant in the 
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United States; the new plant will cost £15 million and 
will be built near Columbia in South Carolina. Cour- 
taulds already operates a plant at Mobile, Alabama, 
where it manufactures nylon and viscose rayon. In 
the past few years, Courtaulds has emerged as the 
largest British manufacturer of acrylic fibres, and Sir 
Frank Kearton, the chairman, was saying two weeks 
ago that it might have been even larger in 1968 if 
ICI, the British supplier of the raw material acryloni- 
trile, had not been afflicted by manufacturing problems. 
The company’s current product of acrylic fibres, run- 
ning at just under 200 million pounds a year from the 
two plants at Grimsby and Calais, is expected to in- 
crease by forty per cent in the next two years. The. 
new plant in the United States will add a comparatively 
modest 50 million pounds a year, but this should be 
enough to decide whether Courtaulds can sell the 
product successfully in competition with Du Pont 
and Monsanto on their home ground. 

Among British industrial groupings, Courtaulds 
stands out for the way in which it has been able to 
sustain a high level of capital expenditure in the past. 
few years. The £56-4 million spent on new plant in 
the financial year just ended is expected to be matched 
by more than £70 million in the year ahead. Apart 
from its new venture in the United States, the com- 
pany is also planning to embark on polyester production 
at a new plant in Northern Ireland. Sensible though 
this may be in its own right, it is clear that Courtaulds 
also regards this venture as a further proof of its 
independence from ICI—the two companies have 
regarded each other with the detachment of divorcees 
ever since ICI, previously a partner in nylon produe- 





REPRODUCTION 


How IUDs Work 


from a Correspondent 


INtTRA-UTERINE devices, although not as popular or 
effective as the pill, do possess certain advantages over 
oral contraceptives which are especially important in 
programmes to curb the birth rates in developing 
countries. These advantages are principally cheapness 
of manufacture and the fact that, once an IUD is in- 
serted, no further expense or attention is required—at 
least, in theory. In practice, however, about 30-40 per 
cent of women fitted either expel the device spontane- 
ously or have it removed within the first year because 
of side effects. Current modifications of IUDs have 
been entirely empirical and attempts to improve them 
rationally have been hindered by ignorance of their 
exact mode of action. 

Until recently, experimental evidence suggested that 
the IUD accelerated the movement of ova through the 
Fallopian tube so that the chances of fertilization and 
implantation were reduced. But doubt has already 
been cast on this theory by further experimental work 
(Mastroianni et al., Amer. J. Obstet. Gynec., 99, 649; 
1967). The most recent study by P. Eckstein, J. H. 
Marston and W. A. Kelly, reported in a series of five 
papers (J. Reprod. Fert., 19, 133, 143, 149, 321 and 
331; 1969), points to the uterus as the site of action 
of IUDs. Some fifty rhesus monkeys were used; about 
half were fitted with polythene spiral IUDs, the 
remainder served as controls. None of the females 


with IUDs became pregnant after three compatible 
matings, whereas half of the control group conceived 
after the same number of matings, thus demonstrat- 
ing the anti-fertility effect of the device. 

Laparotomies, autopsies and irrigations of the ovi- 
ducts and uterus carried out during the mating period 
revealed no significant difference between the animals 
with IUDs and the controls in the occurrence and 
timing of ovulation and fertilization, nor in the rates 
of development and transport of ova down the tubes, 
Clearly the ovaries and Fallopian tubes were not 
influenced by the IUDs. 

The crucial question now is: at what stage does the 
IUD cause the death of the early embryos which arrive 
in the uterus? If death occurs even shortly after 
implantation, the more pedantic commentators will 
claim that IUDs are abortifacient rather than truly 
contraceptive. The evidence on this point is not 
completely conclusive. It seems that the embryos 
were not expelled from the uteri that contained TUDs 
and it is inferred that the occurrence of implantation 
was unlikely because most animals fitted with IUDs 
experienced apparently typical menstrual bleeding at 
the expected time. Eckstein et al. deduce that mor- 
tality occurs before implantation. But early abortion 
or resorption of embryos was not completely ruled 
out in this study. They have demonstrated that the 
IUD does not inhibit the decidual reaction of the 
monkey, in contrast to findings in other species. This 
implies that the uterus remains receptive to implanta- 
tion, but it is not known whether the embryos survive 
until this time. 
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tion, tried unsuccessfully to buy up Courtaulds in 1962. 
As well as comparatively routine expansions in nylon 
and other textile fibres, Courtaulds has also declared 
its interest in the bulk manufacture of carbon fibres. 
According to Sir Frank Kearton’s declaration to the 
annual meeting a week ago, carbon fibre production 
should amount to 25 tons a year by the middle of 1970 
and probably to 100 tons a year by early 1971. This 
is not merely a decision destined to win friends in 
Parliament and in the British Government—the 
Select Committee on Science and Technology has been 
calling for such a plant—but also another smack in 
the eye for ICI, possibly the most natural producer of 
carbon fibres. 





PHARMACEUTICALS 


New Ventures for Beecham 


Tur Beecham Group, widely known as the manufac- 
turer of what is described as the “world’s leading 
haircream”’, seems to be preparing to spread its wings 
in pharmaceuticals outside the comparatively narrow 
field in which it has so far been engaged. This, at 
least, is the implieation of a passage in the speech 
by Sir Ronald Edwards, the new chairman, who said 
at the annual shareholders’ meeting last week that the 
group is “steadily increasing research in a number of 
other fields including nutritional, dental and viral 
disease, immunology and parasitology”. For the past 
few years, the company’s pharmaceutical division has 
been reaping the rewards of the semi-synthetic penicil- 
lins developed in the fifties. According to the annual 
report, £70 million worth of variants of the penicillin 
marketed as ‘Penbritin’ were produced throughout 
the world last year. The British plant manufacturing 
the semi-synthetic penicillins is said to have produced 
£11 million in exports alone in the same period. But, 
with all the examples of failure in pharmaceuticals 
which abound, the group is plainly on the look-out for 
the succession of new products on which continued 
survival must depend. 

Where will be the next move? No doubt the com- 
pany will be anxious not to move too quickly into the 
development and manufacture of vaccines—-Glaxo and 
Burroughs Wellcome are well established and the 
British market is worth only £5 million a year, in any 
case. There may be more to be said for trying to make 
something of the way in which the antibiotic rifampicin 
seems to be effective against some viral and rickettsial 
infections, and certainly the time should eventually 
come when molecular biology has some therapeutic 
consequences. Another possibility is the production 
of immunosuppressive sera such as ALS, for transplants 
have come to stay. The Beecham Group will no doubt 
also wish to look hard at such openings as there may be 
in the manufacture of special components of diet, if 
only because it has the marketing organization for 
selling such things. The company itself is plainly 
anxious to keep its plans to itself for as long as possible, 
but it seems likely that the new ventures will be sub- 
stantial. The cost of research in the new financial 
year is estimated to amount to £5 million. The group 
employs 300 qualified people on research and is extend- 
ing its laboratory at Brockham Park in Surrey, and Sir 
Ronald Edwards says that it has bought a new labora- 
tory at Harlow in Essex so as to increase the pace of 
growth. 
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EDUCATIONAL TECHNOLOGY 


Learning by Computer 


Tuer investment of £2 million over the next five years 
in computer based learning is recommended by the 
National Council for Educational Technology in a 
report published this week. This “Programme for 
Action” is the outcome of eighteen months’ work by 
the council, and is based mainly on a study by a team 
of seven appointed in September last year. Its main 
suggestions, intended to bring a measure of coordina- 
tion to trends that are likely to occur in the near 
future, cover three general areas—specific applications 
of teaching by computer to selected topics that are 
particularly suitable for this technique; studies of the 
feasibility of using computers in fields of high priority, 
such as the education of slow learners; and the 
development of means of communication between the 
student and the computer. 

Using computers is seen as a natural extension of 
current techniques of programmed learning and audio- 
visual aids. Many institutions in the United States are 
already making progress in this direction, and members 
of the study team have investigated their results at 
first hand—a report on what they found of direct 
relevance has been published separately. Such advances 
seem to be essential, constituting one way to avoid a 
clash between a continuing expansion of education at 
all levels and impending economie obstacles to a pro- 
portionate increase in the number of teachers. The 
report speaks rather vaguely of the finance coming 
“from diverse sources in the public and private sec- 
tors”, but points out that sums of the order of £2 
million will probably be spent anyway, so that the 
immediate task is one of central control. 

The best sectors of education for the first phase of 
development are those in which there is a high degree 
of structural coherence in the subject matter. Further 
criteria of selection, somewhat more expedient, include 
a shortage of teaching staff and a substantial contribu- 
tion to national economic needs. On this basis, the 
report's suggestions are technological and mathematical 
topics, parts of the medical curriculum such as diag- 
nostic procedures, and the training of electronics tech- 
nicians and computer staff. Quite what is to be done 
here is left as a matter for future evaluation. Feasibility 
studies refer euphemistically to “the needs of those 
children who are deseribed as being at the lower level 
of ability”, and also to the exploration of potential 
uses in refresher courses for teachers, as well as in 
management training. Whether any of these lines 
will actually be pursued presumably depends on the 
report’s reception among ministers, 

Computer technology is already adequate for most 
of these needs, with one exception: the link between 
the computer and the student who is learning from it. 
The council recommends that £500,000 be allocated to 
improving communications here. Computer-controlled 
teletypewriters have usually joined the machine to the 
external world, but this system will be far too cumber- 
some for routine use by students. Nobody yet knows 
what new developments will provide and, although 
there are optimistic references to future possibilities 
of written or even spoken input, it is clear that the 
problems of the “student terminal’ are the main 
hindrance to immediate computerization. 

Long-term plans will depend directly on the outcome 
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of the initial phase, and the feasibility studies will 
determine the direction of what happens in eight or 
ten years’ time. Eventually a much wider range of 
subjects should be susceptible to automation. The 
report also suggests links with the Open University 
(see below). 


OPEN UNIVERSITY 


Off at Last 


PROSPECTIVE student activists at the Open University 
may not have been too happy when the inauguration 
ceremony on July 23 began to the sound of a Coronation 
March, but all were no doubt glad to hear the project 
finally making some noise at the presentation of the 
Royal Charter and the installation of Lord Crowther 
as chancellor. Neither Lord Crowther nor Mr Harold 
Wilson, who also addressed the gathering, revealed 
any startling new developments of the university’s 
plans, although it was hinted that broadcasting may 
eventually constitute only a small part of its output. 
There is also much enthusiasm for helping underdevel- 
oped countries by providing recorded material, and 
Mr Wilson spoke of potential invisible exports as a 
result of education over the air. 

The scientific courses are now being worked out in 
greater detail. Both staff and students will need 
laboratory facilities, and there has been doubt about 
how far the Open University will be able to match up 
to conventional universities in pos them. It 
now seems that the first year intake for the Founda- 
tions of Science” course will be reasonably well looked 
after when they begin work in 1971. Assuming a total 
of 20,000 students for the course and a two- week sum- 
mer practical session repeated five times, the university 
needs about eight centres to accommodate 500 students 
at a time and is negotiating for suitable premises. 
It has turned out to be impossible to make arrange- 
ments for week-end courses by 1971, mainly because 
of the difficulty of knowing the distribution of students 
through the country far enough in advance, although 
the eternal struggle for finance has made it necessary 
to be selective among possible lines of development. 
At higher levels, there will obviously have to be more 
practical work than can be crammed into an annual 
fortnight. Here there is less urgency, and by the time 
the first foundation courses have been completed, home 
experimental kits (for distribution by post) may also 
have been developed. A research building at Milton 
Keynes will be ready to accommodate all staff activities 
from the beginning of the 1973 academic year. Until 
then, those who are working in other universities may 
have to commute between the laboratories there and 
the Open University. The alternatives are either 
to hire space in an established university or to build a 
small temporary laboratory on site—this would require 
up to £40,000. 

Research students will be taken on at Milton Keynes 
from 1973, some of them possibly transferring from 
elsewhere in mid-course, which may be the explanation 
of a slightly surprising remark in Lord Crowther’s 
inaugural address to the effect that the university’s 
first degrees will probably be awarded to postgraduates. 
In normal circumstances, an undergraduate will take 
at least five years to get his degree, so that anyone 
starting in 1973, just a year short of his PhD, looks 
like qualifying first. 
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Questions of content have yet to be settled. Cer- 
tainly the aim is to avoid the fragmentation of subjects 
typical of many traditional undergraduate science 
courses: according to Professor M. J. Pentz, director of 
studies in science, there will be just a single integrated 
course. What provides the main challenge to the staff 
is that the course is intended as a foundation course for 
students in all disciplines, so that it must offer breadth 
to non-scientists as well as depth to future specialists. 
Consequently, “Is it useful?” and “Is it good 7” are 
questions that the course will raise just as much as 
simply “What is it?” Techniques of teaching this 
material will be as advanced as possible—for instance, 
programmed texts in conjunction with correspondence 
courses will save much time otherwise wasted in postal 
delays—-but the problem here is educating the steff 
themselves, who will probably be put through a crash 
course by educational technologists before the first 
session. 





BRIDGE DESIGN 


Picking Computer Brains 


Few bridges are built nowadays without the use of a 
computer at some stage in the progress from conception 
to construction. Many of the programs used in this 
work, however, have no application beyond the special- 
ized scheme for which they are designed, so that a little 
rationalization might save much labour, and in this 
context a series of programs sponsored by the Ministry 
of Transport for the design and analysis of bridges 
is likely to find a general welcome. The idea is to 
make available widely t rested and successful programs 
(on terms so far unspecified) to engineers throughout 
Britain, by placing contracts with consultants who 
will develop the required techniques into a format 
readily accessible to suitably skilled people. As a 
result of a research contract with the Construction 
Industry Research and Information Association, the 
first of these is now complete. 

This “Finite Element Package for Reinforecd Con- 
crete Slab Bridge Decks” originated in a program 
for the elastic bending of thin plates and beams devised 
by Professor O. C. Zienkiewicz of the University of 
Wales, Swansea, some time ago. To this were added 
an input program, simplifying the preparation of data, 
and an output program speeding up assessment of the 
detailed design. Basically it is a way of checking and 
elaborating an outline design-~it offers no easy substi- 
tute for a creative engineer, but does give him consider- 
able help in evaluating his ideas. This deals only with 
the bridge deck: future additions to the series will 
be concerned with other problems such as column. 
spacing. The program will, however, allow the analysis 
of any shape of slab with any support system, and the 
finite element method itself is apparently something 
in which Britain has a lead over the rest of the world. 

The testing was carried out by R. Travers Morgan 
and Partners in connexion with the approach flyovers 
to the Clifton road bridge at Nottingham, and was 
exhaustive enough for the program to be considered 
one of the best validated of its kind. The firm of 
consultants subsequently prepared a manual for users 
which also has strong claims to superiority both in 
scope and in approach. Nobody knows precisely how 
such programs will be taken up but some results 
should be seen within six months. 
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TRAWLING | 


Escape from Davy jones 


Tue final report of the committee of inquiry into 
trawler safety (HMSO, 14s 6d) holds few surprises. 
It confirms widespread suspicions that conditions in 
British trawlers are bad, and not a few of its recom- 
mendations have already been put into effect by the 
industry. The report says that there is little chance of 
avoiding the conditions that led to the loss of three 
Hull trawlers off Iceland in the winter of 1968 except. 
by steering clear of bad weather. Between 1959 and 
1963, the standardized mortality ratio of trawlermen 
was seventeen times that of the male British popula- 
tion as a whole and younger men, in the age groups 
15-44, were twenty times more likely to die as a result 
of accidents at work than all other occupied men. 
Unfortunately it will require a change in human 
attitudes as well as a change in machinery to reduce 
this waste of life. 

As a result of the committee’s interim report, pub- 
lished last autumn, the Board of Trade hired the 
stern trawler Orsino to act as a support ship, provid- 
ing weather forecasts and medical and technical 
services. The experiment seems to have been success- 
ful, and the final report advocates a permanent support 
ship. The Orsino has indeed been hired again for 
this winter. 

Many of the other recommendations in the com- 
mittee’s list are eloquent proof of how trawlers have 
been almost unaffected by the improvement of working 
conditions in other kinds of factories. Thus the report 
finds it necessary to ask that distant water trawlers 
should carry wireless telegraph equipment and opera- 
tors, and that continuous plots of ships’ courses should 
be kept at the ports so that somebody knows roughly 
where each trawler is. The committee also asks that 
the Government should lay down statutory require- 
ments on stability, seaworthiness and fire protection, 


Ciliates in Sludge 
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which should all be subject to periodic independent 
inspection. New life saving equipment, inflatable 
instead of rigid life rafts, for example, and safely 
designed fishing gear, should replace existing material, 
and the factory inspectorate should be called in to 
help with design. 

The committee also seeks to put an end to long 
periods of work which lead to accidents, chiefly by 
laying down statutory minimum rest periods, eight 
hours in twenty-four on distant water vessels and six 
hours for near and middle water vessels. Occupational 
health services should be extended to all ports and 
increased in scope, efforts should be made to stabilize 
the haphazard system of employment and officers and 
men should be trained in safety procedures. The 
report emphasizes that the trawler owners have the 
ultimate responsibility for the safety of their vessels 
and the state of their crews. Many firms seem so far 
to have dodged this responsibility. 


RUSSIAN RESEARCH 


Development for Tomsk 


Tue scientific development of Siberia is now to be 
continued by the creation of a complex of research 
institutes at the old city of Tomsk, 200 kilometres 
north-east of Novosibirsk. As a part of the develop- 
ment plan, announced in Moscow last week, it is 
intended to build what is described as an “academic 
village” consisting of five research institutes of various 
kinds together with the shops and dwelling-houses 
necessary to suppert the scientific staff. To begin 
with, the new complex will have institutes for petro- 
leum chemistry and atmospheric optics. The complex 
will be sited on the east of the city, which is already 
well provided with educational institutions and a 
number of laboratories. 


Some of the creatures to be seen in a new booklet from 
the Ministry of Technology (HMSO, 10s). Abun- 
dant Vorticella campanula (a) and V. nebulifera (b) 
usually indicate that the sludge is in peak condition, 
but V. microstoma (c) usually only appears when 
the effluent is of inferior quality. Aspidisca sulcata 


(d) is rare, as is Acineta cuspidata (e), but Trachelophyl- 
lum pusillum (f) is common. (Scales 10 um.) 
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POWER GENERATION 


MHD Still Running 


A BULLISH account of the commercial prospects for 
magnetohydrodynamic generation has been produced 
by the International MHD Liaison Group. The group 
was set up jointly by the European Nuclear Energy 
Agency and the International Atomic Energy Agency 
to arrange for the exchange of information on MHD 
between laboratories in member countries. The report 
is based on a conference held in Warsaw last year at 
which it appeared that MHD power generation is now 
at the stage of pilot installations. The first of these, 
an open-cycle, oil-fired plant of 25 MW output, is 
under construction in the Soviet Union. It will be 
at least ten years, however, before MHD power stations 
can begin to take a share of the base load demand. 

MHD is essentially an efficient means of converting 
heat to electricity. In the process, energy is extracted 
directly from an electrically conducting fluid flowing 
through a magnetic field. Only fossil fuel heat sources 
ean at present provide high enough temperatures for 
the extraction process to be efficient, although suitable 
high-temperature nuclear reactors may eventually be 
developed. At the conference, it was estimated that 
the efficiency of a full-scale open-cyele plant should 
initially be between 48 and 50 per cent, and improve- 
ments in technology, “foreseeable, but as yet un- 
demonstrated”, could raise this to 60 per cent. This 
makes it an attractive competitor to conventional 
fossil-fired plants which have maximum efficiencies of 
about 40 per cent. 

So why has the British Central Electricity Generat- 
ing Board decided that the development of MHD 
plants cannot be economically justified in Britain 
(Nature, 222, 1023; 1969)? The chief reason is that the 
cost of nuclear reactors is still tending to fall while 
costs of fossil fuel fired plants are rising. Elsewhere, 
much will depend on whether the liaison group’s 
optimism about the several technological problems is 
justified. One problem is the amount of low grade 
heat produced in the combustion chamber and duct; 
according to Dr L. Rotherham of the CEGB, this will 
reduce the efficiency of the process well below the 
theoretical value, and perhaps even below 50 per cent, 

Another difficulty is that in most work so far on 
MHD natural gas has been used as a fuel because of 
the corrosive chemistry associated with the impurities 
in coal; but coal is the preferred fuel in many parts of 
the world because of its abundance and low cost. One 
solution may be to purify the coal before using it. 
Then the generating duct has to withstand tempera- 
tures above 2,000 K and supersonic flow speeds, and 
so far no really suitable material has been found. 


METRICATION 


SI and the Law 


Tue Minister of Technology, Mr A. Wedgwood Benn, 
announced last week the setting up of a committee to 
advise on the legal problems attending the introduction 
of metric units in Britain. It is hoped that the switch 
to metric units will be mostly complete by the end of 
1975, and it will be the committee’s job to point out 
the potential legal stumbling blocks. 

In principle, the British Government has embraced 
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the SI system of units. In most instances, it hopes 
that the changeover will be straightforward, a natural 
continuation of the switch to decimal currency in 
1971. But there are some basic questions to be 
answered before the Government can settle on the 
most appropriate units. For example, should new 
legislation embody the recommendations of the British 
Standards Institution in allowing the millimetre as a 
legal unit, or will the situation arise where the BSI 
recommends one unit and the Government a different 
one? And what will happen to units of tyre pressure 
or petrol consumption? What will be the fate of 
legislation with units in feet or pounds, for which 
a change to SI will mean either the creation of ridiculous 
fractions or else rounding off and thus effectively 
changing the law? One obvious example is the ease 
of a magistrate who must live within a given number 
of miles from his court. 

The new committee will be composed of experts 
from the principal government departments and re- 
search councils, as well as from the Metrication Board 
and the British Standards Institution. It is emphasized 
by the committee’s chairman, Mr A. H. A. Wynn, 
that it is not proposed to introduce new areas of 
compulsory use of given units. An exception is the 
case of drugs, however, where compulsory units will 
become operative in 1971. 


CONSERVATION 


National Parks in Australia 


More national parks and nature reserves in Australia 
are called for in a report by the Australian Academy 
of Science (National Parks and Reserves in Australia, 
1968). It asks that the State and Commonwealth 
authorities should assess the adequacy of the existing 
parks and reserves so as to ensure that the most 
important environments and habitats are permanently 
set aside as national parks and reserves. It reiterates 
its plea for an inventory of Australian flora and fauna, 
the subject of an earlier report by the academy’s 
Fauna and Flora Subcommittee (see Nature, 222, 407; 
1969). Such a survey, it says, would make possible 
a proper assessment of land needed. There is some 
activity in this direction already, but the academy 
considers this should be extended and speeded up. 
The eastern coastline of Australia, the arid zone of 
central Australia and the marine environment, particu- 
larly the Great Barrier Reef, are singled out as areas 
needing special consideration. Parks and reserves, the 
report says, need to be designated in these areas 
urgently. 

Australian universities have recently become more 
interested in training students in wildlife conservation 
and park management, but the academy thinks they 
could do more. One of many fields of research in 
urgent need of investigation is the effect of bushfires 
on habitats. The frequency of intense bushfires in 
Australia is far greater than that in most other parts 
of the world—nearly 300,000 acres of national parks 
and State parks in New South Wales alone were burnt 
out in 1965, 

More national parks and reserves will stretch the 
already inadequate resources allocated by authorities 
for existing parks. The academy therefore asks that 
all governments in Australia should provide more 
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resources for all aspects of national parks and reserves. 
Finally, the academy asks for greater participation by 
the Commonwealth government in conservation and 
suggests that a commonwealth authority be established 
to promote and coordinate policy on national parks. 





AUSTRALIAN NATIONAL PARKS AND RESERVES, 


30 JUNE 1968 

















Popula- Number Area of 
tion of nat. parks 

1966 parks Area and hof Acres 

(thou- and (000 reserves State per 
State sands) reserves acres) (O00 acres) area capita 
New South Wales 4,231 89 198,037 2,144 Li 05 
Victoria 3,218 45 56,245 497 OD 2 
Queensland 661 258 426,880 2.864 06 b4 
South Australia 1,091 110 243,245 2,880 1-2 26 
Western Australia R36 380 624,589 3,042 05 36 
Tasmania 371 113 16,885 T 4:2 19 
Northern Terri 37 34 332,979 ER 63a 35 315.0 

Australian Capital 
Territory 96 1 801 12 PH Od 
Australia 11,541 1,033 1,899,462 23,205 12 2-0 
PESTS 


Beetles, Birds and Rats 


A RATHER belated but full report of the activities of 
the Ministry of Agriculture’s Infestation Control 
Laboratory in the three years 1965-67 has now been 
published (HMSO, 14s 6d). The laboratory is respons- 
ible for research and development in the control of 
all sorts of pests—-grain beetles, mites, pigeons, rats, 
rabbits, coypus and mink—-not forgetting many foreign 
insects brought into Britain with imported commodi- 
ties. The laboratory has also recently been increasingly 
concerned with the safe use of toxic chemicals in agri- 
culture. Information is being collected on the different 
uses of pesticides in controlling mites and insects in 
foodstuffs, and analyses are continually being made of 
chemicals such as organophosphorus compounds, 
malathion and inorganic bromide in imported goods. 
DDT was detected in most of the 87 samples of imported 
grain tested in the three year period, but the amounts 
were usually small—only two samples contained 
more than 2 parts per million of DDT. Research into 
pesticide residues in wild birds and mammals is alto 
carried out. Considerable residues of DDT and its 
metabolites were found in bodies of birds from an 
orchard site in Sussex. In parallel with this work, 
toxicity tests are carried out in the laboratory using 
feral pigeons, Japanese quails, house sparrows and 
domestic chicks. On the biochemical side, the meta- 
bolism of warfarin by rats and of DDT by pigeons hes 
been studied and several techniques have been devel- 
oped in the diagnosis of organophosphorus poisoning. 

The rodent section has been spending a lot of time 
investigating warfarin resistance in the common rat. 
It reports that there seem to be three different types of 
resistance, each currently confined to separate areas in 
England and Wales—in Montgomeryshire and Shrop- 
shire, Nottinghamshire and Gloucestershire. It seems 
that the best solution to the resistance problem will 
be the development of new rodenticides that kill 
warfarin-resistant rats as safely and effectively as 
warfarin kills non-resistant animals. One of the most 
promising chemicals being investigated is couma- 
tetralyl (3 (a-tetraly})-4-hydroxycoumarin), which is an 
anti-coagulant like warfarin. Laboratory trials sug- 
gest, however, that warfarin-resistant rats are to some 
extent also resistant to coumatetralyl, but the few 
field trials that have been possible indicate that this 
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resistance should not be of immediate practical impor- 
tance. In the long term, the laboratory believes that. 
alternative poisons with a different mode of action 
from the anti-coagulants will have to be found. 


Parliament in Britain 


Ocean Pollution 

Mr F. Murter, for the Foreign and Commonwealth 
Affairs Office, said that the Intergovernmental Maritime 
Consultative Organization, which operates an inter- 
national convention against oil pollution, is convening 
a conference in November to consider lability and 
compensation for oil pollution from ships and the need 
for a convention covering other forms of pollution. 
IMCO, he said, is the best agency for this sort of prob- 
lem. The North Sea arrangement, for example, comes 
into effect next month and is a step in the right direc- 
tion. (Oral answers, July 21.) 


Intelsat 

Mr Mciey said that he knows of no proposals to bring 
Intelsat under United Nations auspices. Although 
agreeing that Intelsat should be organized so that all 
members can participate fully in running the organ- 
ization, Mr Mulley said he saw no reason to change its 
commercial status. It is a successful commercial enter- 
prise, and all members of the United Nations and 
its agencies are free to join the existing 68 members. 
(Oral answers, July 21.) 


Fluoridation 

Mr R. Crossman, Secretary of State for Social Services, 
gave some idea of the money that might be saved 
if local government began large-scale fluoridation of 
domestic water supplies. In Watford, after 11 years of 
fluoridation, he said, there has been a substantiel 
reduction in the number of children requiring dental 
fillings. If these reductions are anything to go by, 
21,000 fewer fillings a year would be needed in a 
population the size of the London borough of Brent, 
which would result in a saving of £20,000. (Written 
answer, July 21.) 


National Electricity Control Centre 

Mr R. Mason, Minister of Power, said that the new 
CEGB national control centre, equipped with British 
computers and costing £1-8 million, will be one of the 
most up to date in the world. The present centre, which 
was built in 1961, has been made obsolescent by the 
rapid growth in the electric power system. (Oral 
answer, July 22.) 

Satellites in Orbit 


Tur Minister of Technology said that on July 24, 
1,750 objects, including 371 satellites, were in orbit 


Number of satellites 
291 


Country of origin 
USA 


USSR 67 


France 5 
Britain 2 
Canada 3 
ESRO 3 





about the Earth. At the same date, six lunar probes 
were in orbit about the Moon. (Written answer, July 
25.) 
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NEWS AND VIEWS 


Interstellar Graphite and Silicates 


Hoyle and Wickramasinghe have now reacted (see 
page 459) to the series of papers in the March issue of 
Astrophysical Journal Letters which suggested that 
interstellar dust contains an appreciable amount of 
silicates; this suggestion was based on infrared observa- 
tions and on calculations of the solids which are 
expected to condense out of the atmospheres of cool 
stars. Hoyle, Wickramasinghe and their collaborators, 
on the other hand, have in the past concentrated on 
the notion that grains of graphite coated with a layer 
of frozen hydrogen are the important constituents. 
Last year, Hoyle, Wickramasinghe and Reddish pub- 
lished an account of how grains coated with hydrogen 
are important in the evolution of the universe as a 
whole (Nature, 218, 1124; 1968). The argument is 
that clouds of interstellar material can readily contract 
into stars once hydrogen has frozen onto the grains. 
Thus star formation continues until the temperature 
becomes high enough to evaporate the frozen hydrogen. 
Star formation then ceases and the temperature drops 
until hydrogen can recondense on the grains. 

Thinking along these lines has important conse- 
quences. For one thing, the crucial temperature for 
the condensation of hydrogen is the same as the 
measured ternperature of the microwave background 
radiation, about 3 K. This suggests that the feedback 
of energy from the stars maintains the background 
temperature. The feedback also accounts for the odd 
coincidence of the average energy density throughout 
the universe of the basic hydrogen-burning reaction 
of stars (6x 10-8 erg em) and the energy density 
of the microwave background {4x 10-4 erg cem). The 
reason why star formation can proceed more readily 
with the hydrogen on the grains is obscure, but it 
seems that clouds of hydrogen can more readily con- 
dense across interstellar magnetic fields in the form of 
grains than in the gaseous form. 

The question is not, of course, whether interstellar 
grains are made of silicates or of graphite, but of their 
relative proportions. In one of the March series of 
papers, Gilman showed that the atmospheres of oxygen- 
rich cool stars will produce chiefly silicates, while 
earbon-rich stars produce chiefly carbon (Astrophys. J. 
Lett., 155, 185; 1969), But the feeling is that there are 
not enough sufficiently carbon-rich stars for carbon to 
make a large contribution. Although Hoyle and 
Wickramasinghe cast some doubt on the infrared 
observations of silicates, they accept that both silicates 
and graphites are likely to be present from the calcula- 
tions on stellar atmospheres, and set out to find in 
what proportion, They say that a mixture of graphite 
grains of radius 0-065 um and silicate grains of radius 
0-07 um fits the observations of interstellar extinction 
if the graphite contributes six times as much extine- 
tion (at \=4500 A) as does the silicate. For this 





size of grain, however, Hoyle and Wickramasinghe say 
graphite has an extinction cross-section roughly ten 
times that of silicates, so it seems that the amounts of 
graphite and silicates must be more or less equal. 

What are the implications to the theory of star 
formation? It looks as if the cycle of hydrogen 
freezing-star formation-grain heating can still take 
place. Silicate grains seem to be inefficient at absorb» 
ing starlight compared with graphite, but they have 
a higher emissivity in the far infrared. According to 
Hoyle and Wickramasinghe, starlight is absorbed by 
the graphite grains, re-radiated in the infrared to the 
silicate grains and again re-radiated at longer wave- 
lengths. Thus the energy of the hydro; an- burning 
reaction in stars is still the origin of the microwave 
background. But the silicate grains, being cooler than 
the graphite, seem more likely to build up layers of 
frozen hydrogen for the star-forming process. 

Thus the observations still seem to fit the connexion, 
between interstellar grains and star formation, as well 
as allowing the aggregation of siliceous planets out of 
interstellar material. Hoyle and Wickramasinghe point 
out a further advantage of having silicate grains, 
Graphite grains would not easily align in inter tellar 
magnetic fields to produce the observed polarization 
of starlight, but silicates formed in the atmospheres 
of stars are expected to contain impurities of iron for 
an efficient interaction with the field. 















RESOURCES SATELLITES 


A Case of Oversell ? 


from our Geophysics Correspondent 
Waite Houston, Texas, was staging its multi-billion 
dollar spectacular, a more mundane topic was being 
discussed at Cambridge at a NATO School organized 
by the British Interplanetary Society. It seems that 
Congressional approval of a budget of the order of 
$100 million for an Earth Resources Satellite is not 
far off, and the question of what to use it for is looming 
large. The Royal Society held a meeting earlier this 
year on the subject, and more recently has circulated 
interested parties to find their potential uses. Those 









we 
interested could probe further at last week's meeting, 
which was a great feather in the cap of the British 
Interplanetary Society, which has not previously 
quite made a scientific impact but which possesses a 
wealth of pundits on the new science of space. 

The feeling left by this conference was that the whole 
earth resources satellite business is being oversold 
and that the salesmanship is inhibiting potential users. 
There is little doubt that the first satellite to go 
up will contain a multi-spectral scanner and a return- 
beam Vidicon. These devices will be sensitive just 
into the infrared, so that potential users are restricted 
to those who can find helpful a map with a seale of 
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1 in 100,000 or smaller. Future satellites will doubtless 
broaden the spectrum and one of the more valuable uses 
that will emerge is undoubtedly data transmission from 
remote stations such as ocean buoys, where the satellite 
acts effectively as a communications device. Yet 
a feeling of forced optimism hung over the meeting. 

The question is not, of course, whether earth resources 
satellites will work but whether scientists will buy 
the results and get sufficiently excited over them 
that funding for more and better satellites will be forth- 
coming. One speaker suggested that all studies of the 
implications had pointed | to “massive financial returns 
and even larger ¢ equivalent benefits in the coming 
decades”. More restraint in claims put forward and 
less fanciful thinking about remote possibilities might 
better advance the cause. 

In spite of scepticism about some aspects of the 
subject, one or two speakers and topics particularly 
command attention. The remarkably diverse interests 
of Professor A. R. Barringer (Barringer Research 
Corporation) were in evidence, not for the first time. 
ne depth of his investigations into remote sensing, 
whether for mineralization or for pollution, was impres- 
sive. 
data processing within the satellite, and at present 
it seems paradoxically as if computing “up there” and 
the sending down only of useful information may be 
technically more feasible than trying to pour an 
M data stream back to Earth. 

The work of Vickers and Lyon at Stanford came in 
for considerable attention. Spectral correlation by a 
small computer in the satellite may make possible 
differentiation between acidic and basie rocks on the 
basis of their infrared emission spectra. Data process- 
ing, whether on the ground or in the air, is going to be 
a major problem and undoul rtedly a te ndeney towards 
numerical and shorthand descriptions will emerge. 

It was good to find an awareness among many 
speakers of the organizational and political implica- 
tions of earth satellites and a growing belief that an 
administrative body would eventu rally have to come 
into being to take matters on to the international level. 
Dr K. Ste hling of ESSA gave a clear indication of 
worries that could lie ahead even when dealing with 
studies of the supposedly international high seas. 








EARTH'S CRUST 


Glaciation and Heat Flow 


from our Geomagnetism Correspondent 


CRAN 
heat flow over continental and oceanie ares 
more apparent than real (Harth and Planet. tt., 4, 
69; 1968) has now received we detailed consider ation 
from Horai (Earth and Planet. Sci. Lett., 6, 39; 1969). 
According to Crain, the upper 2,000 metres of the 
Earth’s continental crust should not yet have reached 
thermal equilibrium following the Wisconsin deglacia- 
tion, which he represented as a sudden 10° C rise in 
temperature 10,000 years ago. Present-day measure- 
ments of heat flow on land made at less than 2 000 metres 
below the Earth’s surface could thus be too low by as 
much as 0-5 x 10-° calories/em? s, The true continental 
heat flow average would thus be higher than the oceanic 
average in accordance with geochemical predictions. 














He, as well as other speakers, spoke in favour of 


's suggestion that the observed equality of 
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Horai’s contribution has been to take into account 
not only the Wisconsin glaciation but also the tem- 
perature fluctuations w hich preceded and followed it. 
The problem here is that assumptions must be made in 
deriving a model for continental temperature variations 
before the effect of these variations on heat flow may be 
determined. Horai has converted Emiliani’s curve of 
the time variation of open sea w ue temperatures dur- 
ing the Pleistocene (which was based on the vertical 
variation of the *O/°O ratio in pelagic foraminifera in 
ocean sediments dated by the carbon-14 method) on 
the assumption that variations in the mean annnal 
land surface temperature were proportional to those in 
the mean annual open sea temperature. Knowledge of 
land temperature variations, inferred from pollen 
analysis, eustatic changes of sea level, loess profiles, 
advances and recessions of the snow line and “other 
types of evidence abundant in the literature of Qua- 
ternary climatology’, was then used to fix the seale. 
In this w ay the last temperature maximum (post- 
Wisconsin) was taken to be 2° C above the current 
temperature and As last minimum (the Wisconsin 
glaciation itself) 10° C below it. 

Accepting this nee Horai calcul ates that for a 
thermal diffusivity of O O10 em?/s and a thermal con- 
ductivity of 5x 108 calories‘em s °C, the maximum 

“error” in a continental heat flow observation due to 
glacial temperature fluctuations will be only 0-2 x 10-6 
calories} jem? s and will occur at a de pth of only 500 
metres, For diffusivities of 0-005 cm?/s and 0-020 
em?/s extremes in the range of possibl e diffusivity 
values for the upper crust, maximum heat flow errors 
will be 0-27 x 10-6 calories/em? s at 350 metres and 
0-14 x 10€ calories/em? s at 700 metres, ne ely. 
In other words, the maximum P of the heat 
flow are less than deduced by Crain and oceur within 
the top kilometre of the crust. 

If glacial effects decrease continental heat flow by 
an amount dg and the standard deviation remains 
essentially unaltered, an analysis of world heat flow 
observations shows that at the 99 per cent confidence 
level continental and oceanie equality is up oe = 

Aq is less than 015x10® caloriesjem? s, If Ag i 
greater than 0-2 x 10® caloriesjem? s equality saat es 
rejected at the same confidence level. The like ely heat 
flow “errors” calculated by Horai thus lie in the region, 
where equality is hard to confirm or refute. Bearing 
in mind the uncertainties in thermal diffusivity, 
thermal conductivity and the precise form of the tem- 
perature fluctuations, and the errors of observation, it 
will be difficult to establish the validity of glacial 
effects on heat flow without many detailed and accurate 
surveys of individual areas. 











PULSARS 


More about WP 0532 


from our Astronomy Correspondent 
THE pulsar NP 0532, which Staelin and Reifenstein 
discovered in the Crab Nebula last October (Science, 


162, 1481: 1968), continues to dominate the scene. 
Fishman, Harnden and Haymes of Rice University 


have re-examined tapes from an experiment carried out 
in June 1967 which looked for (and found) gamma rays 
and hard X-rays from the Crab Nebula, and report the 
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earliest record of pulses from the Crab so far (Astrophys. 
J. Lett.,156, L107; 1969). The exercise was more than 
curiosity, because a knowledge of the periodicity of the 
pulsar two years ago shows how the period is changing 
with time. From an analysis of its radio pulses last 
year, NP 0532 was the first pulsar to be found to be 
slowing down (by roughly one part in 2,400 pe year). 
Since then there has been speculation as to whether NP 
0532 would show the peculiar speeding-up which 
afflicted the southern hemisphere pulsar PSR 0833-45 
between February 24 and March 3 this year. But as far 
as can be told from the data of Fishman et al., there 
has been no discontinuous speeding up of NP 0532 in 
the two years since June 1967. Their detector picked 
up photons with energies greater than 35 keV and 
recorded the secondary “pulses between the main pulses 
of NP 0532 to be more prominent than they are in 
radio and optical measurements, containing nearly half 
the power at 35 keV. Fritz et al. found the same in the 
1 to 10 keV range (Science, 164, 709; 1969). 

Goldwire and M ichel, also of Rice University, have 
used the data of Fishman ef al. to improve the value for 
the rate of slow-down of NP 0532 (Astrophys. J. Lett., 
156, L111; 1969). They also make use of ten radio 
measurements of the period between October 1968 and 
February 1969 by Richards and Comella (Nature, 222, 
551: 1969), and find some evidence that the period is 
a quadratic function of time. Different versions of the 
rotation theory of pulsars predict different rates of 
slow-down, but the uncertainties in the quadratic fit 
are too large for them to be distinguished. 

N P 0532 has been examined by the infrared group in 
California (Neugebauer et al., Astrophys. J. Lett., 156, 
1.115; 1969) at waveler igths of 2-2 um and 1- 65 em. 
They find that the infrared signals fit smoothly to the 
optical spectrum. Neugebauer etal. have also measured 
the infrared emission from the Crab Nebula around 
the pulsar, which fits a different spectrum than that 
of NP 0532. This suggests that the origin of the 
pulsar emission is not the synchrotron mechanism 
responsible for the radiation from the Crab. Neuge- 
bauer and his collaborators admit that they are baffled 
by the spectrum of the pulsar. The energy density 
decreases rapidly with frequency in the radio region, 
then changes to an ieas with frequency in the 
infrared ; there is a peak in the optical region. But the 
appearance of the main and secondary pulses are the 
same at radio, infrared and optical w avelengths. Most: 
probably there are different mechanisms of emission in 
the radio and optical regions, but there must be 
a common trigger. 














REPRODUCTION 


Ecology and Endocrinology 


from a Correspondent 
A SYMPOSIUM on reproductive behaviour and another 
on ageing and reproduction attracted great interest at 
the annual conference in Bristol—the best attended so 
far—of the Society for the Study of Fertility from July 
15 to 19. The behavioural studies combined observa- 
tional and experimental approaches, with ecologists 
and endocrinologists invading each other’s fields to 
their mutual benefit. Three papers were devoted to field 
studies of the red grouse, described by A. Watson 
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(University of Aberdeen), red deer, described by G A, 
Lincoln and R. V. Short (University of Cambridge), 
and roe deer, described by P. Bramley (Univer- 
sity of Aber deen). Work was carried out in the Caim- 
gorms, the island of Rhum and a wood in Dorset respec- 
tively. In all these species, dominant males acquire 
and defend territory and some establish a hierarchical 
social structure. 

It has been established that the status of individuals 
within the hierarchy has an endocrine basis. For 
example, oestrogen implants in the cock grouse cause 
it to lose its territory and ‘ ‘disappei ar’. The important 
social role of antler growth in the behaviour of red 
deer has been demonstrated experimentally; when 
antlers are removed, the animals rapidly lose rank. In 
the laboratory, attention has also centred on the male 
because the behavioural patterns are more stereotyped 
in this sex and are therefore more readily quantified. 
This is true of ate rhesus monkey, as J. Herbert (Uni- 












versity of Birmingham) deseribed. In this case, 
hormones given to the female change the male's 





behaviour. ‘oestrogen increasing the female's attrac- 
tiveness for him and androgen increasing her receptivity. 

The symposium on ageing and reproduction WAS 
chiefly concerned with ‘the decline in re productive 
capacity with increasing age in several species. fn 
humans the exhaustion of the supply: of ovarian oocytes, 
which oceurs around the menopause, is related to the 
decline in fertility at this time, whereas in some 
laboratory animals changes in uterine funetion are 
more important. The importance of the “age” of 
gametes at the time of fertilization, that is the de i 
between their release and fusion, was reviewed by 
Professor C. R. Austin (Univer sity of Cambridge) v vie 
showed the effect of various factors on developmental 
abnormality and infertility. It is suspected that 
degenerative changes in the oocytes of older women are 
related to the higher incidence of some types of mongol- 
ism among children born to mothers of this age group, 

The pattern of mammalian reproduction var 
widely between species and that of most living species 
still remains largely unknown. This was brought home 
with startling clarity when Barbara Weir (W ellcome 
Institute of Comparative Physiology, London) described 
the ovarian cycle of the plains vise acha, a hystricomorph 
rodent of South America. The ovary has a bizarre 
structure, and looks and behaves differently from that 
of any other mammal yet described. It appears to 
ovulate about 1,000 eggs at each oestrus, although 
only two young are born. 

R. Denamur, J. Martinet ey en-Josas} and 
Short described experiments with sheep which have de- 
monstrated the luteotrophic activity of prolactin after 
hypophysectomy. And, algo in sheep, R. M. Binns, E. A. 
Harrison, R. B. Heap and J. L. Linsell (Institute of 
Animal Physiology, E described the reten- 
tion of normal ovarian activity after denervation 
associated with transplantation of the ovary and uterus, 

B. A. Cross and R. G. Dyer (University of Bristol) 
have recorded the electrical activity of the rat hypo- 
thalamus at different times in the oestrous cycle 
without the complication of anaesthesia, by using a 
diencephalic island preparation. Another new tech- 
nique, described by J. M. O'Donnell and J. C. Ellory 
(University of Cambridge), has made it possible to 
count the number of binding sites associated, with 
alkali cation transport in bull spermatozoa. 
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CANCER 


Cause and Cure 


from our Medical Biochemistry Correspondent 


ONE of the most striking differences between tumour 
cells and normal mammalian cells is the abnormality 
of the surface of the tumour cells. Features of the 
lipid components of the tumour cell might be the cause 
of the change in the cell surface, for lipids, and particu- 
larly phospholipids, are important components of 
biological membranes. Wood and Snyder (Arch. Bio- 
chem. Biophys., 181, 478; 1969) have found that the 
specificity of enzymes synthesizing triglycerides and 
phosphoglycerides in the cells of the Ehrlich ascites 
tumour seems to be different from those synthesizing 
these compounds in rat liver (Wood and Harlow, 
Arch. Biochem. Biophys., 181, 495; 1969). 

For each tissue, they separated the lipids into the 
neutral triglycerides and the different phosphoglyceride 
fractions. They then removed the fatty acids from the 
1, 2 and 3 positions of the glyceride molecule, and 
separated the fatty acid mixtures to determine the 
proportions of different fatty acids esterified at each 
position. They then calculated the molecular weight 
distribution which would be expected within each 
class if the fatty acids found were distributed randomly 
in the glyceride molecules. This they compared with 
their own experimental determination of the distribu- 
tion of molecular weights in each class of glyceride 
(determined by gas-liquid chromatographic separa- 
tion). For the ascites tumour the actual distribution 
agreed very well with the calculated random distribu- 
tion for each class so that in this tissue the synthesis of 
glycerides appeared to proceed in a completely random 
manner. In the rat liver, however, the relative propor- 
tions of glycerides of different sizes differed consider- 
ably from that predicted by the random hypothesis, 
showing that there must be preferential pairing of 
certain fatty acids in some of the molecules. This 
difference could have two explanations. The tumour 
cell enzymes which synthesize glycerides may be less 
specific in their requirements for diglyceride substrates 
than the rat liver enzymes, or the liver may contain 
acyl CoA: lysophosphatide acyl transferase enzymes 
which are not present in the malignant cells, Whatever 
the explanation, this detailed structural study has 
shown that there are differences in tumour glycerides 
which might affect the cell membrane. l 

Biochemists are interested in the control of cell 
division in cancer cells as well as in abnormalities of 
metabolism. Vince and Ward have described a new 
approach to cancer chemotherapy in a recent issue of 
Biochemical and Biophysical Research Communications 
(35, 593; 1969). The carcinostatic properties of 
«-ketoaldehydes suggested that cells might control 
their rate of division by regulating the concentration. 
of ketoaldehydes such as methylglyoxal. This sub- 
stance is converted to lactic acid by glyoxalase, which 
requires glutathione as a coenzyme. And so Vince and 
Ward thought that an inhibitor of glyoxalase might 
maintain the concentration of methylglyoxal in the 
cell and thus stop division. They therefore looked for 
some effective inhibitors of glyoxalase. Although 
§-methylglutathione was known to inhibit glyoxalase, 
they found that glutathione derivatives with longer 
side-chains are much more effective inhibitors. They 
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think that a hydrophobic region of the enzyme binds 
the alkyl side-chain so that the competitive inhibition 
increases as the side-chain increases from methyl to 
n-octyl (derivatives with longer side-chains were too 
insoluble to be useful). Vince and Ward have thus 
produced glyoxalase inhibitors which are 435 times as 
active as S-methylglutathione, and the results of their 
investigation of these as potential anti-cancer drugs 
will be awaited with interest. 


GENDER IDENTITY 


The Desire to be Different 


from our Special Correspondent 


THE first international symposium on gender identity 
was held behind closed doors in London last week, 
but on July 27 some of the participants emerged to 
talk in public. The problem they had been discussing 
is that of the transsexual, who has an overwhelming 
wish to belong to the opposite sex although there are 
no doubts as to the anatomical sex. The feelings in- 
volved are so strong for these people that the only 
treatment they will accept is often an operation for 
change of sex. 

Because transsexuals do not usually want to be cured 
of their longings, psychotherapy seems to have little 
to offer. Treatment with hormones sometimes helps. 
Tn male transsexuals, who constitute the greater propor- 
tion of cases, oestrogens produce partial and temporary 
“chemical castration” which helps to alleviate the 
desire to be rid of the sex organs. John Randell (Char- 
ing Cross Hospital, London) explained that in cases 
when the desire to change sex is very strong, it scems 
reasonable to carry out surgery, after which there is 
often an improvement in the social adjustment of the 
patient. For males, the operation involves the removal 
of penis and testes (sometimes an artificial vagina is 
given); for females the operation is a hysterectomy. 

John Money (Johns Hopkins Hospital) agreed that 
if cases are carefully selected, the patient’s situation is 
undoubtedly improved by surgery. Since 1953, 
1,000 operations have been performed in various parts 
of the world. Peter Scott (Bethlem Royal and Maudsley 
Hospitals) considers that psychotherapy has an impor- 
tant part to play. He feels that some men wish to 
become women. so that they can have a position in 
society which involves less anxiety and tension. Scott 
feels that these men can be helped by showing them 
how to occupy a less mentally strenuous niche in society, 
not necessarily by becoming women. 

The causes of transsexualism are largely a mystery. 
No genetic cause has been found, although the distinctly 
feminine build of many male transsexuals suggests 
such a cause. Recent work has pointed to a neuro- 
endocrine cause. Among others 8S. Levine (Sci. dAmer., 
214, 84; 1966; Science, 142, 1585; 1966) described a 
hypothalamic centre which is basically female in all 
human foetuses. At a critical time in development 
this has to be masculinized in the male by androgens 
from the tiny foetal testes. If this does not occur the 
centre remains female and may well determine the 
sexual behaviour of the future child. 

Childhood conditioning also seems to be important. 
Richard Green (University of California, Los Angeles) 
described cases of transsexual children brought up in 
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unusually close contact with their mothers, who were 
the dominant members of families in which the fathers 
were ineffectual characters. These are the children 
who prefer the clothes and companionship of the 
opposite sex and generally behave like the opposite 
sex. At a gender identity clinic in Los Angeles, Green 
and his colleagues are studying four to seven year old 
boys who have these characteristics, in the hope that 
they will be able to find the cause of the trouble, per- 
haps in the family relationships, and cure it before 
the boys grow up into transsexual men. 

There are six gender identity clinics in the United 
States, dealing with hundreds of patients—a very small 
but particularly unhappy section of the population. 
The social problems of transsexuals are considerable, 
and not made easier by their frequent designation as 
freaks. The Albany Trust in London and the Erikson 
Educational Foundation in New York, which together 
sponsored the symposium, are particularly concerned 
with the social distress of transsexuals. One of their 
aims is to set up more gender identity clinics. In 
London there are some doctors, psychologists and 
sociologists who form an unofficial group working on 
these problems, but a properly appointed clinic is 
clearly a real need. 





DRUGS 


Combating Pseudomonas 


from our Microbiology Correspondent 


One of the outstanding problems of medical micro- 
biology is the treatment of pseudomonal infections. 
The epidemiology of Pseudomonas aeruginosa infection 
is reasonably well known and the occurrence of the 
organism in persons with impaired resistance, such as 
that induced by protracted administration of drugs or 
by severe burning, has been particularly well recog- 
nized. Unfortunately, Pseudomonas aeruginosa infec- 
tions have proved to be very intractable as a result of 
the singular resistance of the bacterium to most 
chemotherapeutics. Although certain polymyxins and 
the relatively new drug gentamicin have potent anti- 
pseudomonal activity in vitro, their general adoption. 
for clinical treatment has not been possible because of 
their toxicity. Two years ago, a new semisvnthetic 
penicillin, carbenicillin (disodium a-carboxybenzyl 
penicillin), was introduced and thought to be one 
answer to the pseudomonas problem. Unhappily 
again, the use of carbenicillin was found to have its 
drawbacks—Smith and Finland (Appl. Microbiol., 16, 
1753: 1968) found a necessity for very high doses and 
a rapid development of carbenicillin resistance by the 
pathogen, Subsequently, the traditional measures of 
prescribing combinations of drugs and of designing 
more effective and. specific “bullets” against pscudo- 
monads have been undertaken. 

Sonne and Jawetz (Appl. Microbiol., 17, 893; 1969) 
recently reported the results of their study of the 
combined action of carbenicillin and gentamicin 
on Pseudomonas aeruginosa. They hoped that this 
approach would enable them to use smaller and non- 
toxic doses of gentamicin and to prevent or delay 
emergence of carbenicillin resistance. They found 
that the bacteriostatic effect of carbenicillin was 
enhanced by additions of non-inhibitory concentra- 
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tions of gentamicin, but the most impressive effect 
was the bactericidal activity of combined drug treat- 
ments, Sonne and Jawetz indicate that the bactericidal 
action occurred at low enough concentrations to be 
attainable both in urine and in tissues, They suggested 
also that cross-resistance is unlikely to develop because 
of the different modes of action of carbenicillin (inhibi- 
tion of cell wall synthesis) and gentamicin (disturbance 
of protein synthesis) although it is necessary to be wary 
of multiple resistance transfers. 

A group at Bristol Laboratories has been equally 
concerned with pseudomonal infections. This group 
has made a systematic study of a new class of semi- 
synthetic penicillins (Price et al., Appl. Microbiol. 17, 
881; 1969). The most potent of these new sulpho- 
amino penicillins, which have a potency similar to 
earbenicillin, were about eight to sixteen times more 
effective against Pseudomonas aeruginosa than benzyl- 
penicillin, but the latter had greater potency against 
Gram-positive bacteria. The effectiveness of the 
sulphoamino penicillins was to a significant e) 
result of their high resistance to degradatior 
8-lactamase. Neither the sulphoamino penicillins nor 
the carbenicillin-gentamicin mixtures have been sub- 
jected to thorough clinical trials—indeed the former 
class of drug has not yet been assessed for its toxi- 
cological properties. These preliminary findings, how- 
ever, are encouraging. The bactericidal action of the 
combined drug treatment is particularly important 
because persons with reduced host defence are prone 
to Pseudomonas infection; in such circumstances a 
bactericidal treatment is much preferable to a bac- 
teriostatic treatment. If the interpretation of toxi- 
ecological properties of the sulphoamino penicillins is 
correct, their most effective deployment will also be as 
a component in mixed drug therapy of psendomonal 
infection. 








PROTEIN SYNTHESIS 


Chain Terminators 


from our Cell Biology Correspondent 

Tug two nonsense codons, amber (UAG) and ochre 
(UAA), have now been identified in a eukaryotic cell, 
the veast Saccharomyces cerevisiae. In the latest issue 
of the Journal of Molecular Biology (48, 71: 1969), 
Hawthorne reports that treatment of mutant strains of 
yeast which have the properties of nonsense mutants 
either with ethylmethanesulphonate or with hydroxyl- 
amine results in the conversion of one class of no se 
mutants into the other. Because these two mutagens 
promote the transition of guanine to adenine, he 
believes the mutagens are increasing the fregueney of 
the conversion of amber UAG to ochre TAA codons. 
The reverse conversion of ochre to amber is not de- 
tected, which is to be expected because neither mutagen 
is capable of the transition of adenine to guanine. The 
mutant veasts contain two classes of SD PPOs i 
mutants, one class able to suppress both amber and 
ochre mutations and the second able to suppress only 
amber or ochre. 

The third nonsense codon, UGA, has been investi- 
gated in the RNA phage f2 by Model, Webster and 
Zinder (J. Mol. Biol, 48, 177; 1069). They have 
isolated seven mutants of f2 after fluorouracil mutagene- 
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sis, and these grow only on bacterial strains containing 
the UGA suppressor and are therefore UGA mutants. 
One mutant is in the phage RNA polymerase cistron, 
the other six are mutations in the maturation protein 
cistron. So far, no UGA mutants of the phage coat 
protein have been isolated. In a cell-free protein 
synthesizing system lacking UGA suppressor (RNA, 
RNA from the UGA polymerase mutant stimulates the 
synthesis of 20 to 30 per cent of the polymerase made 
with wild type f2 RNA as messenger. The RNA 
from an amber mutant in the polymerase cistron, by 
comparison, does not stimulate synthesis of polymer- 
ase. The UGA codon is apparently leakier than the 
amber codon in vitro. 

When the cell free system is supplemented with 
extracts of UGA suppressor cells, the UGA codon is 
read, more intact polymerase is made and there is a 
corresponding decrease in the amount of polymerase 
fragments synthesized. All this, of course, indicates 
that, like UAA and UAG codons, UGA acts as a chain 
terminator, and premature termination can be pre- 
vented by a suppressor RNA which reads UGA as sense, 
inserting an amino-acid at the site of the mutation. 

The leakiness of the UGA codon suggests that strains 
lacking the UGA suppressor {RNA nevertheless con- 
tain (RNAs capable of weak base-pairing with, and low 
frequency translation of, UGA codons. Presumably 
in the cell UGA is a more efficient terminator than it 
is in cell-free systems; during isolation of the cell 
extracts, for example, the termination machinery might 
be inactivated to a greater extent than the (RNAs 
capable of reading UGA at a low frequency, and this 
would therefore magnify the leakiness, As for the 
suppressor tRNA, it probably transla the UGA 
codon as either cysteine or tryptophan, but this cannot 
be known until mutants of the UGA coat protein are 
found, 
















VIROLOGY 


Large RNA Viruses 


from a Correspondent 

Tue biology of large RNA viruses was the theme of a 
meeting held in Cambridge from July 21 to 25. The 
viruses involved—influenza, paramiyxoviruses, vesicu- 
lar stomatitis and RNA tumour viruses of avian and 
murine origin-—are all far more complicated structur- 
ally than the small RNA viruses, such as poliovirus, 
and much less is known about their replication. Several 
large RNA viruses have fragmented genomes, and the 
host cell frequently plays a crucial but obscure part in 
replication, 

In keeping with the importance of influenza as the 
most widespread and potentially most serious epidemic 
disease, approximately half the papers were concerned 
with influenza viruses. It was generally agreed that 
the genome of these viruses is in pieces, and R. D. 
Barry (University of Cambridge) drew attention to 
the very heterogeneous nature of the RNA found in 
different strains and in different particles of the same 
strain. Various reports concerning the internal RNA- 
containing protein component (RNP) indicated that 
it usually occurs as a small flexible helical structure, 
probably variable in length and with the RNA located 
externally. Both electron microscopic and physico- 
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chemical data suggest that the virus particles contain 
several pieces of RNP, but these may be joined end to 
end in a continuous linear structure within the particle. 
The RNP of the paramyxoviruses, on the other hand, 
seems to be a single, continuous helical structure 1-1 
microns long. 

There is considerable doubt about the number of 
structural proteins in influenza viruses. Estimates 
varied from three to six, although the most frequently 
reported number was four, W. G. Laver (Canberra) 
and R. G. Webster (Memphis) presented chemical and 
biophysical data which suggest that the neuraminidase 
and haemagglutinin functions of the virus reside in 
separate structural entities on the virus surface. There 
were also several reports of an arginine-rich protein of 
unknown. function. 

The events concerned in the replication and assembly 
of influenza viruses were discussed at length. It seems 
clear that during the first hour after infection, cellular 
DNA function is essential. Furthermore, I. Macpherson 
(Imperial Cancer Research Laboratories, London) 
presented data that suggest that the early function 
can be induced by pre-intection of cells with either DNA 
or RNA tumour viruses. N. J. Dimmock (Canberra) 
demonstrated the appearance of a new non-virion 
antigen in the nucleolus early in infection, and various 
reports indicated that the RNP accumulates in the 
nucleoplasm. Despite the apparent importance of the 
nucleus in the initiation of infection and the accumula- 
tion of RNP, RNA polymerase paradoxically occurs 
predominantly in the microsomal component of the 
cytoplasm. Several extremely detailed studies of this 
polymerase and its in vitro product were presented, 
and C. Scholtissek (Giessen) has used the polymerase 
product of various strains in annealing experiments 
using native virus RNA to determine the percentage 
base homology between strains of virus. Assembly 
of whole virus is completed at the cell surface, and this 
process was illustrated by some electron microscopic 
studies. Unfortunately it has not been possible to 
use this technique to trace the intracellular sites of 
synthesis of virus components or to detect their accumu- 
lation or transport. 

Relatively little was said about the structure of RNA 
tumour viruses; attention was concentrated on events 
occurring in infected cells. F. Lacour (Villejuif) 
indicated that DNA synthesis always occurs in cells 
infected with avian myeloblastosis virus. H. M. Temin 
(Madison) studied the progeny of cells transformed by 
avian and murine sarcoma viruses, and concluded that 
these cells receive the information for conversion and 
formation of virus by means of an inherited ‘‘pro-virus”, 
a piece of DNA formed after initial infection by virus, 
and integrated into the host cell genome by recombina- 
tion, M. A. Baluda (Los Angeles) demonstrated the 
presence, in infected cells, of DNA which hybridizes 
specifically with AMV-RNA, and found that there are 
at least five copies of this DNA per transformed cell. 





EVOLUTION 


Dichotomies in Mammal History 


from our Vertebrate Palaeontology Correspondent 
Tw an article on early mammal history, J. A. Lillegraven 
has combined some new information about the mam- 
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mals of the Late Cretaceous upper Edmonton Forma- 
tion of Alberta, Canada, with a stimulating discussion 
of the implications of the comparative anatomy and 
development of marsupials and placentals (Paleontol. 
Contr. Univ. Kansas, 50, 1; 1969). 

The placentals from the upper Edmonton Formation 
include members of two different orders. There are 
several species of the palaeoryetid delta-theridian 
Cimolestes. The family of deltatheridians to which this 
genus belongs underwent a large radiation—evolved 
in many directions—in the uppermost Cretaceous, and 
Lillegraven believes that it may be ancestral to all the 
Cenozoic Carnivora and also closely related, through 
the slightly later form Protungulatum, to the ancestry 
of the ungulates. The second placental order, the 
Insectivora, is represented by the leptictid Gypsonic- 
tops, which Lillegraven believes is close to the ancestry 
of the Cenozoic Insectivora, primates and rodents. He 
notes that a dichotomy between this group of placental 
orders and the carnivore-ungulate group was suggested 
long ago by Mossman on the basis of characters of the 
foctal membranes. The palaeontological evidence now 
indicates that the beginnings of these two groups were 
already distinct in mid-Upper Cretaceous times, and 
therefore that the earliest placental stock must have 
diverged from the marsupial stock in the Lower 
Cretaceous at the latest. 

Lillegraven considers that the multituberculates and 
placentals of the upper Edmonton Formation resemble 

older members of these groups from Asia. It seems 
likely that the marsupials originated in North America, 
and he suggests that the immigration of Asian placen- 
tals may have been the reason why the more provincial 
marsupials of North America came close to extinction 
near the Cretaceous—~Palaeocene boundary. 

Discussing the nature of the marsupial-placental 
dichotomy, Lillegraven notes that the current view is 
that the two lines are divergent, with neither ancestral 
to the other. This view is based chiefly on differences 
between the groups in the comparative anatomy and 
physiology of reproduction and development. Lille- 
graven, however, believes that the marsupial condition 
in these characters is merely a logical transitional 
step between the reptilian condition and the placental 
condition. For example, the differences in length of 
gestation period and consequent degree of development 
of the young at birth seem to be due simply to the 
absence, in the marsupial line, of the ability of the 
placenta to produce a chorionic gonadotropin. As a 
result, the marsupials have no method of inducing 
the corpus luteum to continue to secrete pr ogesterone. 
This secretion in turn causes the placental uterine wall 
to continue its secretory activity and thus allows the 
extension. of the period during which the uterus can 
maintain the developing egg. 

Similarly, the basie differences in the anatomy of 
the reproductive system of the two groups are that the 
ureters lie medial to the genital ducts in the marsupials 
but lateral to them in the placentals. The placental 
condition here facilitated the complete fusion of the 
Miillerian ducts to form a median vagina to cope with 
the increasingly large offspring permitted by the 
extended gestation period. The marsupial condition, 
on the other hand. is fundamentally similar to that 
found in reptiles and birds and, apart from the secon- 
dary development of a pseudovaginal passage in modern 
marsupials, could well have been the condition 
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present in the early ancestor of both placentals and 
marsupials. 

Furthermore, the early stages of embryonic develop- 
ment in the placental s differ from those in the marsu- 
pials principally in the earlier development and greater 
elaboration of the extra-embryonic membranes and in 
the more intimate type of implantati ion. Here again, 
Lillegraven believes that the placental sea is the 
more specialized and aberrant and that. if it were 
possible to study living specimens of these Biel: 
and placentals, they would be 4 assigned to the Marsu- 
pialia today. 





CELLULAR SUBUNITS 


Resuscitated Ribosomes 


from our Molecular Biology Correspondent 


For those who do not accept the molecular biologists 
tenet that the proper study of mankind is Escherichia 
coli, recent. work from several laboratories on the 
properties of mammalian ribosomes will hold much 
interest. In discussing this topic some months age, 
with reference particularly to reversible dissociation of 
subunits, I over es the important work from Wool’s 
laboratory (Proc. US Nat. Acad. Sci., 60, 569; 1968), 
which demonstrated the formation of functional ribo- 





somes from separated subunits. A further study 
(Martin et al., J. Mol. Biol., 48, 135: 1969) has now 
appeared. 


The essential burden of this work is that by exposure 
to high ionic strength, in the absence of EDTA, sub- 
units of rat muscle ribosomes a be separated and 
recombined to yield fully active BUS particles. The 
presence of a reducing agent, SR nA Teer is 
mandatory, and the temperature of the operation 
also seems to be critical: ribosomes dissociated in 
concentrated potassium chloride gave complex sedi- 
mentation patterns at 4° C, with evidence of the forma- 
tion of various aggregates, whereas at 28° C only 608 
and 408 subunits were formed, together with a small 
residuum of undissociable ribosomes, presumed to be 
carrying nascent polypeptide chains. These latter 
could be dissociated only by treatment with puromycin, 
to effect release of the polypeptide. Martin ¢f al. 
point out that seemingly complete separation of the 
subunits in a sucrose gradient may be specious, for 
examination in the analytical ultracentrifuge showed 
incomplete dissociation: evidently the disturbance of 
dissociation equilibria plays a part in determining the 
sedimentation profiles, 

When the subunits were recombined and the potas- 
sium chloride removed by dilution, or better, by 
dialysis, 80S ribosomes appeared, which were fully 
active with poly-U as messenger. It will be recall led 
that temperature was a critical factor in Traub and 
Nomura’s spectacular reconstitution of Æ. coli ribo- 
somes from their constituents: here Ineu a at 
40° C brought about correct refolding, and the effect 
of extraction of magnesium by EDTA, prev jou 
thought to be an irreversible process, could also be 
reversed by this means. To what extent these con- 
siderations will apply in 80S ribosomes is not ¢ lear, but 
the difference in behaviour noted by Martin ef al. 
between 4° and 28° C may well be a relat red phenomenon, 
It may be remarked that two recent reports indicate 
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the applicability of these methods also to reticulocyte 
ribosomes. 

In a second paper, Martin and Wool (ibid., 151) 
show that active hybrids of 60S and 40S subunits 
from different kinds of ribosome can be formed in an 
analogous manner to the various active hybrids from 
bacterial systems. Rat muscle and rat liver ribosomal 
subunits were successfully combined, and so also 
were those of rat and rabbit muscle. Ribosomes from 
these sources show a curious difference in behaviour, 
in that at 4° C the tendency of the 608 particle to form 
dimers of 908 is strikingly greater in the one than the 
other. Likewise hybrids containing the rat 608 
subunit show increased formation of 1149 dimers 
at 4° C. 

More remarkable is the hybridization of ribosomes 
from rat muscle and the protozoan, Tetrahymena 
pyriformis: the large subunit of the former with the 
small subunit of the latter gives 808 ribosomes, active 
for phenylalanine incorporation, and the inverse 
combination appears also to occur, though with less 
efficiency. Clearly the adherents of bacterial systems 
will no longer have all the fun. ` 


PHOTOPERIODISM 


Flowering Rhythms and Light 


from our Plant Physiology Correspondent 

RESEARCH into the photoperiodic control of flower 
initiation has, to a large extent, been directed towards 
understanding the mechanism by which plants respond 
to the length of the night. This is an indication of 
the time of year and therefore of the most effective 
time to flower. Flowering is initiated by a night length 
greater than a certain critical amount in short-day plants 
(SD) or by a night length less than a certain critical 
amount in long-day (LD) plants. A third group of 
plants has no particular response to day length. and 
is called day-neutral. 

Exactly how a plant can measure the length of a 
period of darkness is not known in any detail, but 
there is nothing simple about it. Takashi Hoshizaki 
and Karl Hamner of the Space Biology Laboratory, 
University of California, have recently summarized 
the results of several years’ work on the photoperiodic 
induction of flowering in the SD plant Pharbitis nil. 
Their data clearly indicate that at least three separate 
components can operate in the timing mechanism. Two 
of these are rhythmic in nature, and the third is an 
hourglass or linear timer (Photochem. Photobiol., 10, 
87; 1969). 

Pharbitis nil is extremely sensitive to photoperiodic 
induction. One dark period lasting sixteen hours is 
sufficient to induce the maximum flowering response. 
The accuracy with which the plant can measure this 
sixteen hour period is evidence for the hourglass type 
ottimer. This timer, however, is temperature sensitive. 
Below 20° C it takes longer to induce the full flowering 
response. This slower flowering response in lower 
temperatures has been used to demonstrate one of the 
rhythmic components in the response. The plants 
were grown under constant illumination for four days, 
then given a non-inductive dark treatment followed by a 
period of light. The plants were then given inductive 
dark treatments of various lengths. Flowering increased 
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with the length of the dark period, but in a stepwise 
manner, each increase being separated from the next 
by about twenty-four hours. This is clear evidence of 
an interaction between the hourglass timer and an 
endogenous circadian rhythm of flowering, initiated 
by the beginning of the light period. This has been 
called the light-on rhythm (Takimoto and Hamner, 
Plant Physiol., 39, 1024; 1964). Other experiments 
have shown that a similar circadian rhythm in flowering 
response is initiated by the end of the light period-— 
the light-off rhythm. Flowering in a short-day plant 
can be inhibited by giving the plant light during an 
inductive dark period. Maximum inhibition of flower- 
ing occurred in Pharbitis nil when the dark period was 
interrupted eight and thirty-two hours after the begin- 
ning of darkness (Takimoto and Hamner, Plant 
Physiol., 39, 1024; 1964). 

Much of what is known about circadian rhythms in 
plants has been deduced from observations of leaf 
movements. Recent results suggest that the flowering 
rhythm and the leaf movement rhythm are closely 
linked. Brest has obtained evidence in biloxi sovbean 
that, depending on the time in the eyele at which it is 
given, light may either interact with the rhythm or 
may shift the phase of the rhythm (thesis, University 
of California, 1968). This means that light may inhibit 
flowering when given at the appropriate time in an 
inductive dark period without affecting the basic 
rhythm, indicated by no change in the pattern of leaf 
movements. On the other hand, if light is given 
elsewhere in the dark period, both the flowering rhythm 
and the leaf movement rhythm may be phase-shifted, 
that is to say the clock has been reset. It is clearly 
essential that the possibility of such subtle interactions 
is taken into account in analyses of the complex and 
sophisticated experiments that modern photoperiodic 
research requires. 

G. Engelsma of Philips, Eindhoven, has proposed 
that photoperiodic induction in long-day plants may 
be analogous to some features of the synthesis of 
phenolics in gherkin seedlings (Acta Bot. Neerl., 18, 
347: 1969). Alternating light and dark periods result 
in a series of maxima in the concentration of phenyl- 
alanine deaminase (PADAse), a key enzyme in phenolic 
synthesis. These peaks of enzyme activity are quickly 
lost unless each sueceeding light period is longer than 
that before it—that is, there is an apparent loss of light 
sensitivity. Engelsma has attributed this to an 
accumulation of hydroxyeinnamic acids in the cells 
which represses PADAse synthesis. The conditions in 
which phenolic synthesis occurs are similar to those for 
induction of flowering, but the two processes do not 
seem to be causally related. Engelsma wondered, 
however, what would happen if the end product 
did not accumulate in the cell, but was transported to 
some other part of the plant, as might be the case with 
a flowering hormone. It seems possible that a single 
light treatment could cause a series of peaks in the 
concentration of the enzyme as a result of the alternat- 
ing inerease and decrease of end product inhibition. 
Such an oscillation would appear as a series of alternat- 
ing light-sensitive and light-insensitive periods, This 
could account for some aspects of the photoperiodic 
control of flowering, but it must be kept in mind that 
the keystone of the argument, the synthesis and trans- 
port of a hormone specific to flower initiation, is still 
very much a hypothetical concept. 
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~ Chemistry in Line 


by A machine language is indispensable for filing and retrieving informa- 


J. H. MORRIS 


tion about the millions of known chemical compounds. 
systems for representing structural formulae in a line notation are 


Several 


now in current use. 


Tr was a great day for chemists when the crescent moons 
and other hieroglyphies used to represent the elements 
began to be replaced by the one and two letter symbols 
with which we are now familiar. Without these symbols, 
and the use of lines to indicate the linkages between them, 
communication would have been impossible and advance 
impeded. But the shorthand of chemistry has developed 
much further. It was not long before the organic chemis 
in particular, found themselves omitting many of the 
symbols and writing long chain and cyclic formulae on the 
basis of a geometrical array of bonds: examples are the 
benzene ring and the carotenoid skeleton, Others. for- 
saking the initial letters of the elements, adopted instead 
those of the components or syllables of the full name, so 
that dimethyl sulphoxide became DMSO rather than 
CH,SOCH,. and the five sided structural description of 
tetrahydrofuran gave way to a simpler THE. 

Many would deplore such deviations from the structural 
formulae and feel that a hundred elemental symbols and 
a few subscripts are enough, They recognize, of course, 
that a specialized nomenclature becomes necessary when 
naming very complex molecules; and they would even 
encourage, for example, the biochemists’ adoption of 
initials and three-letter codes for chains of nucleotides, 











amino-acids, or monosaccharides. But there are still 
strong arguments in favour of systematic names and 


atomie symbols for “classical” chemical compounds, and 
one of the strongest of these is the requirement that any 
formula must be capable of unambiguous indexing and 
unambiguous retrieval in present day information pro- 
cessing. An indexer needs to know, for example, whet her 
to file C,H,COCH, as ethyl met l ketone, methyl ethyl 
ketone, or 4-butanone; the investigator who is searching 
the literature for this compound should not need to look 
in several places. 


Standardization and the IUPAC 

In this respect the various commissions of the Inter- 
national Union of Pure and Applied Chemistry have done 
invaluable work in standardizing nomenclature. Their 
recommendations usually titled “Tentative Rules” but 
fairly definitive for all that---ought to be welcomed by 
information scientists in that they remove the arbitrari- 
ness in chemical naming (or would do if universally put 
into effect). 
example, to decide the order of substituent groups. Even 
the complexities which abound in naming fused rings, 
where chirality is so important, may be resolved using 












There is a “sequence-rule preference”, for 








the “IUPAC 1968 Tentative Rules on Organic Stereo- 
chemistry” (LU PAC Information Bulletin, No. 35; 1969). 
A mammoth document on steroid nomenclature was 
launched in Biochim. Biophys. Acta, 164, 453; 1968, and 
has now appeared in most of the biochemical literature. 
(It is comforting to note, incidentally, that one set of 
formulae was circulated to all the publishers concerned 
to avoid errors in copying these proposals.) 

In spite of all these aids to nomenclature. however, 
there are problems: first, no one chemist or information 
scientist can hope to master and apply all the recom- 
mendations; second, the dependence of retrieval systems 
on computers makes simplification necessary one cannot 
regularly ply the machine with keywords like Sutro- 
2,3-dihydro-1,4-phthalazinedione. Naturally, TUPAC was 
anxious to develop in this area too, and G. M. Dyson, whe 
in the late 1940s had been working on a contracted chemi- 
eal notation, was able to provide a system which has since 
found enthusiastic adherents and which can claim the 
advantage of backing by an illustrious and non-profit- 
making body. 





Commercial Interest 

But it was not to be expected that TUPAC would be 
left to go it alone in a field with such coramercial potential. 
Of the many other notations which were thought out, 
that of W. J. Wiswesser has since been widely acclaimed 
and. thanks to extensive investment and publicity, now 
certainly has the largest folowing in industry and in t 














commercial information services. The Institute for 
Scientific Information in Philadelphia is tooled for 





er and its Inder Chemicus Registry System holds 
more than 200,000 notations which are accessible on 
magnetic tape and are being supplemented by 150,000 
new compounds from the current literature each year, 
with the prospect, too, of a retrospective coverage for the 















whole of the twentieth century. Hae Medica, in 
Amsterdam, has also espoused the Wiswesser Line 
Notation. 





The present relative status of the TU PAC and Wiswe 
systems seems to be quite unrelated to their mherent 
technical merits. Each takes over the best of the twa 
methods of chemical abbreviation alluded to earlier: 
many of the classical elemental symbols are pre served, or 
modified but still recognizable; at the same time imit 
are used for functional groups. ‘The result is therefore a 
mixture of the CH,SOCH, and DMSO approaches. 
The saving is substantial, even for a one-dimensional 
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formula such as H,N—CO--NH—N=<CHCH,CH,: in 
Wiswesser, for example, this is simply Z2VMNU3, where Z 
stands for a terminal amino group, V for a carbonyl 
connective group, M for NH, N for a hydrogen-free 
nitrogen, U (from unsaturated) for a double bond, and 
3 for a saturated unbranched alkyl chain of three carbon 
units. Branched and eyclie structures are brought into 
line by suitable devices--chiefly the use of punctuation, 
the ampersand, and the space. Pierie acid, for example: 


OH 
O.N K NO, 


Yi 
NO, 


becomes WNR BQ CNW ENW. The Wiswesser conven- 
tions determine that one starts with one of the ortho 
nitro (WN or NW) groups attached to the benzene ring 
(R) and proceeds to the hydroxyl (Q), then to the remain- 
ing nitro groups. B, C and E, preceded by a space, here 
denote positions in the benzene ring one, two and four 
places from the starting group. (Without a space they 
would connote boron, carbon and bromine, respectively.) 

A couple of final examples will compare the two line 
notations. Carbanilide, systematic name 1,3-diphenyl- 
urea, and traditionally drawn on blackboards as 








re 


NH—CO—NH 


is RMVMR according to Wiswesser and B6:N/,CEQ 
following Dyson/IUPAC. To represent the heterocyclic 
molecule of alloxan 





NH 


CO 
NS, 


ee a 


one has the choice of T6MVMVVVJ (Wiswesser) or 
AGBZNI3EQ2456 (TUPAC). 

The TUPAC ciphers contain certain clumsy features 
like subseripts and lower case letters which require the 
programmer to insert extra warning signals. H. F. 
Dammers and D. J. Polton have, however, proposed 
changes to remedy this (Journal of Chemical Documenta- 
fon, 8, 150; 1968, and Information Storage and Retrieval, 
5, 7; 1969). In their “internal representation’, the 
TUPAC cipher is amended to exclude characters not 
available on the keypunch. For example: 











normally encoded A6,1b4, is written A6661K4. The 


following pesticide: 





NATURE, VOL. 223, AUGUST 2, 1969 


B6,Ch310N4 : 5N/3C,Q (normal IUPAC cipher), be- 
comes B661,L3.10.N4 : 5N/3CCCCC,Q1 in the representa- 
tion of Dammers and Polton. On the whole it does seem 
that TUPAC codes—even in their original form-—are not 
quite as terse as those of Wiswesser. 


Alternative Approaches 


There comes a point, of course, where even these line 
notations become unwieldy and it has justly been pointed 
out (Nature, 219, 1113; 1969) that for long-chain peptides, 
for example, the JUPAC-IUB one letter code for amino- 
acids ig much to be preferred. The tetrapeptide Ala-Gly- 
Val-Tyr is certainly easier to handle as AGVY than as 
ZY&VMIVMYY&&VMYVQIR DQ. 

TUPAC and Wiswesser are not the only machine 
language notations. Another system in current use is 
that developed and adopted by Chemical Abstracts. 
This is a more topological approach: the molecule is 
described as a series of atom-to-atom connexions giving a 
“eonnectivity table’. The result is unambiguous and 
is said to have special advantage for dealing with millions 
rather than thousands of compounds. On the other hand, 
although the computer can retrieve any required sub- 
structure, the chemist cannot visually recognize a particu- 
lar functional group as quickly as he can in the other 
notations. Since 1965, Chemical Abstracts has encoded 
and registered all compounds entered in its indexes, 
and since 1967 those mentioned in the Journal of Organic 
Chemistry have been meluded. 

Having encoded a formula into line notation, a labora- 
tory will file it with a description of its properties and 
have it available for retrieval by computer. The labora- 
tory’s profile searching can be adapted to embrace line 
notations as part of the natural language thesaurus. 
And what is more, partial line formulae can be used to 
track down sub-structures--functional groups of special 
pharmacological interest, for example. 





Computer Notation in Britain 

How is the use of line notation developing in the UK ? 
Professor E. G. Smith, a leading American exponent. of 
the Wiswesser system, has just been in England to find 
out. At a three day course sponsored by the Well- 
come Research Laboratories he introduced the subject and 
directed tutorials for chemists and information scientists 
from various chemical and pharmaceutical concerns. He 
and other supporters of Wiswesser will no doubt be 
cheered to note the interest that ASLIB and OSTT are 
taking in this notation: OSTI has allocated £24,000 over 
two years to Oxford University to experiment with the 
use of the tapes containing Wiswesser line notation now 
available from Index Chemicus. The Association of British 
Pharmaceutical Industry is also active and might, in 
time, set up a special link with one of the commercial 
services so that various firms, nominally rivals, could 
nevertheless cooperate to achieve maximum economy in 
fulfilling their information needs. 

Multiplicity in nomenclature is not a desirable thing. 
The ehemist now has a choice of shorthand notations, and 
one in which it may prove difficult for TU PAC— itself 
an interested party--to exert the influence it would 
properly wish to have. It is perhaps time that IUPAC 
should take the initiative and revive its Commission on 
Codification, Ciphermg and Punched Card Techniques, 
if only to study methods of merging its own notation with 
Wiswesser’s, or to work out a bridging software to allow 
interchange between the two. 
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Television Producer 


de. 
u 
G 


and Scientist 


y In this article the head of the science and features department of 


R. W. REID 


British Broadcasting Corporation, 
London W14 


Tag influence of television on society in areas that matter 
is, so far, unquantified and likely to remain so for some 
time to come. Since the television services came into 
being in this country, a few studies have provided some 
information; the latest of these, “The Second Progress 
Report and Recommendations” of the Television Research 
Committee, was published earlier this year. It would not 
be unfair to say, however, that no study has presented a 
truly useful platform for attitudes for those inside or 
outside broadcasting. The potential power of television’s 
influence has recently caused considerable publie concern 
and diseussion; the subsequent effect of television news 
reports on affairs of grave national importance is one of 
several examples of this concern; the effect of televising 
violent acts on the incidence of crimes of violence is 
another. It is inevitable that, as in recent years the public 
has felt growing apprehension at the possible effects of 
scientific research and invention on society, so the mass 
media have reflected this apprehension, and so the scientist, 
particularly during the past year or so, has shown more 
awareness of the ways in which his affairs have been 
presented to the public. 

Are these presentations, now 
television sereen as documentary programmes and 
news reportage, invariably satisfactory ? Apparently 
not. Reeently, particularly among those concerned with 
medical and biological advances, whose work has an 
important ethical content, and who consider that their 
work has been misrepresented by the mass media, there 
has been marked antagonism towards people from 
television attempting to collect material for programmes. 
A professor in a leading department of zoology, on being 
approached for the first time by letter by a production 
team, wrote in reply, “I must eall the attention of TV 
and film companies to the need for a much higher standard 
of work than we have seen until now”, And after one 
programme which looked at the implications of some 
current cytological research, a professor of pathology 
whose work had been shown complained to a Nature- 
Times News Service reporter that the public had more to 
fear from the ability of mass communications media to 
distort, misrepresent and terrify than from any of the 
biological experiments shown in the programme. His 
co-worker wrote to The Times describing the film as an 
awful warning to scientists who are tempted “to come into 
the marketplace of publie relations men, mass media, 
fashion photographers and pop stars”. 





appearing on the 


Hostility of Scientists 

This sort of attitude has sometimes been well, and some- 
times not so well, founded. What is important is that 
there is a small but significant group of hostile seientists. 
So that I am not misunderstood, let me add that contrary 
attitudes are held by others in science. Many who have 
seen television in different parts of the world are prepared 
to accept that it is perhaps more than self-love that 
prompts those in television in Britain to rate its standards, 
particularly those of television science, as second to none. 

I believe the pocket of antagonism is important, 


the BBC argues that science needs television. 
medium is an important cause of the present antagonism of some 
scientists towards television coverage of their work. 


ignorance of the 


however, and most undesirable because its effects bode 
ill for television and, worse, they bode ill for the relation- 
ship between science and the publie. If the aims and 
functions of the scientist are to be properly understood 
outside science, this last link is of fundamental importance 
and needs to be maintained in good repair. Not only 
present-day attitudes depend on it: it is a basic necessity 
to the recruitment and refurbishment of scientific man- 
power; one of the causes of the present drift from. science 
and technology in education has been widely reported as 
the undesirable image which science has created for 
itself among the young. 

Sadly, a significant number of scientists do not consider 
the potential effects of the television medium to be serious 
except when they are personally alienated by it. Some, 
of course, preserve different attitudes: sufficiently so to 
want to advise the television services on how the viewing 
publics scientific appetite might þest be catered for. 
Both the BBC and the Independent Television Authority 
provide regular facilities for meetings of advisers with 
upper echelons of broadce ting staff. Twice a year the 
BBC’s Science Consultative Group gathers on BBC 
premises. Its terms of reference are broad, perhaps foo 
broad: “To serve as a regular forum for the int erchange of 
information and ideas between the BBC and the wor of 
science and technology, and more specifically te consider 
the BBC's function and policy as a communicator of 
scientific and technological information, and to comment 
upon the programmes that it broadcasts... . °°. Members 
serve for four years and the group’s present composition 
of a chairman (Dr D. ©. Martin) and nine members 
includes six Fellows of the Royal Society. The TTA has 
no corresponding committee, though scienti onts 
General Advisory Council, Educational Advisory Council 
and Adult Education Committee. 

Television in the United States also attempts to draw 
its advice from high places, and it is reassuring to see that 
President Nixon’s Adviser on Science, Lee Dubric was 
one of the fifteen members of the 1967 Carnegie Commnission 
which advocated the establishment of a Corporation for 
Public Broadcasting. 


Watchdog Role 

But admirable as such constituted 
orientated bodies might be--and they are admirabl 
it would be unwise to overestimate their value or their 
effectiveness in real programme terms. As wat chdogs or 
as nursemaids, advising, clicking tongues, pointing out un- 
charted seas to be sailed over, they have a useful function. 
Sometimes valuable ideas and suggestions for programmes 
or series of programmes emerge from these meetings. But 
the execution of these ideas and the actual application of 
the advice that is given is carried out some way down in the 
chain of command below the committee table. It is carried 
out by the man who, more than any other, is responsible 
for a programme, its impact and its effects: the producer, 
The BBC and the ITA have, of course, well oiled editorial 
machinery in the form of executive producers, programme 
editors and departmental heads which sanctions and 














PEVE 











scientifically 














456 


monitors output, but the collation of ideas, the inter- 
pretation of a subject in visual form and the decisions 
relating to emphasis and direction of a programme are 
guided by the individual producer. And it is the link 
between the working scientist and the working producer 
which is the one in most constant need of attention and, 
occasionally, repair. 

Tn these days in which television constantly bares its 
breast and its methods in self-analytical dramas, doeu- 
mentaries and comedies, it might seem to some to be 
gratuitous to mention the methods by which television 
makes its programmes and the part which the producer 
plays. 

There are, however, many in leading roles in science 
whose attitude to television would commend itself to the 
learned judge who in court asked: “What are the 
Beatles ?”. The attitude draws sympathy from the 
eclectic, and sighs from those in permanent close contact 
with wide aspects of daily life. Many scientists who 
willingly cooperate with television producers do not own 
a television set, rarely have opportunities to view, and so 
are in some ignorance of the medium. Consequently some 
have become victims of what they consider to be hidden 
traps in participation, which others less naive see as 
gaping, but easily skirted, pitfalls. 

The principal stages in the produeticn of a television 
programme are, first, a period of research in which the 
producer collects material, discusses its content with those 
familiar with the subject and attempts to assess suitable 
participants; second, a period of filming or recording of 
material and interviews; third, a period of editing in 
which his film or tape is juxtaposed in sequences which he 
considers best suits his subject; and last. a period in which 
his programme is, if necessary, viewed by advisers who 
can correct errors and offer suggestions, and by an execu- 
tive producer who has been familiar with the programme 
since its inception and who must be satisfied when questions 
of balance and taste arise. 

This is an apparently simple and straightforward 
system; however, no two programmes present the same 
problems and no simple formula ean satisfactorily deseribe 
all the processes in which the producer has to be involved. 

Two examples will perhaps help to show the range of 
methods, time and expenditure of effort. The two and a 
half hour mammoth production The Violent Universe, 
which occupied almost the whole of one evening of BBC2, 
required an altogether exceptional organizational besides 
directional skill on the part of the producer, With a 
production team of an assistant, a studio director as well 
as a heavily involved script writer, the programme was 
planned, filmed, edited and recorded in the studio in 
thirty weeks. By contrast a production team of three 
produces cach issue of the fifteen minute Television 
Doetor series in less than a week. 














Producer’s Role 

During the past few months, several scientists feel they 
have fallen foul of this system of production, or been 
maltreated in presenting their science to the public. 
There have been several sources of complaint. One is the 
proprietary power over the programme by the producer. 

A producer is rarely an expert in the subject of his 
programme. The range of subjects he must cover in his 
job in any year is toe wide and effecti ely prevents this. 
In any case, when the end product is intended for a non- 
specialist audience such a happy marriage of subject and 
interpreter is not necessarily desirable. A producer of 
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science programmes has usually had several years’ 
experience in the techniques of scientific productions and 
is usually a graduate, but not always with a science 
degree. He has had considerable experience of discussing 
scientific research at graduate and postgraduate level. 
But these are by no means the only qualifications in which 
interest has been shown to assess him for his job. He has 
to have proved his facility to make a satisfactory end 
product-—and this includes not only the ability to maintain 
truth and accuracy, to edit his material and marshal it 
into a comprehensible form, but most importantly he 
must be an artistic film-maker. When he considers a 
subject for a programme, he never does so overlightly. 
It is likely to take him up to several months to complete 
and sometimes can take him away from his home and his 
family for weeks or months at a stretch, Onee he begins a 
programme he it with the utmost 
because he knows that his end product is going to be 
judged not only by experts for aceuraey and by his peers 
for artistry, but also that it is going to be viewed widely 
and judged publicly and that a multifarious selection of 
criteria is going to be used as a basis for this judgment. 
Few scientists face the possibility of newspaper criticism 
the day after they publish, but most television producers 
do, for all the ephemeral nature of the medium. It is not 
really surprising that a producer should feel such strong 
proprietary bonds towards a programme considering the 
personal involvement he has to maintain and the re- 
sponsibilities he has to carry at every stage from con- 
ception to transiussion. 





takes SETIOUSNOSS 








John Bowman, professor of animal production at the University of 


Reading, being filmed with cows a programme in the BBC2 Horizon 


series, 
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During his initial research for programme material a 
producer often looks at those who have been willing to give 
him interviews as possible participants: indeed, this 
„might have been the chief, though often thinly disguised, 
purpose of asking for an interview. Most scientists who 
find themselves in such a situation aecept it with good 
grace, but some are not happy to be auditioned as per- 
formers akin to musie hall artists. Professional scientists 
rightly consider their time to be valuable, and sometimes 
consider this type of encounter to be wasted time. These 
meetings, however, are the only way in which the producer 
can exercise his professional judgment; it is not easy 
tactfully to reject a busy man who has been polite enough 
to give of his time. 











Rejected Contributions 

More annoying to a scientist is the situation which arises 
ary discussions, and after agreeing to be filmed and 
spending a day or more taking part in the sometimes 
tedious process of recording, he finds that the whole, or 
most, of what has been recorded is rejected in the final 
film. The situation is regrettable but unavoidable. Again 
the producer is doing what he is paid for: exercising his 
power of judgment. It is never possible to assess the 
success or otherwise of a recording until it is projected as a 
piece of film or edited in the context for which it was 
intended. Rejection is irritating not only for the partici- 
pant, it is disagreeable for the producer; it reflects on his 
powers of judgment, and it is expensive. 

But these are not the most important areas of dispute. 
The most bitterly argued controversies in which scientists 
have found themselves in reeent months have been over 
the editing of film. Unscrupulous editing—the juxta- 
position of pieces of film out of context, or the incomplete 
selection of statements given in good faith—-can give rise 
to serious misrepresentation. The general practice is 
well known and has been occurring in journalism since its 
birth. Accusations of these practices occur most fre- 
quently with controversial subjects in areas of deep public 
concern, or in matters of a deeply felt personal nature. 

How can film be mis-manipulated ? The cynie might 
well ask, how can’t it? A skilful film editor, without 
much effort, can make a man seem to say or do precisely 
the opposite of what he intended. Viewers of That Was 
The Week That Was, as they laughed at harmless examples 
of this kind of editing, must at the same time have felt 
pangs of anxiety. But what is remarkable in documentary 
film-making is the conspicuous absence of such abuse. 
The reason for this is that the integrity of those responsible 
for programme content is open to such wide public 
censure by the very nature of the medium that producers 
without integrity would not survive long in it without 
exposure. 

Differences are likely to oceur between producers and 
participants in programmes in respect of the attitudes 
struck by a programme and the way in which collected 
material is used in the context of the programmes. Few 
would deny that there is a place in television for the 
contentious programme, or the programme with a strong 
or even overtly biased opinion. A television channel 
consisting entirely of programmes made up of opinion, 
balanced in the same programme by opposite opinion, can 
be tedious as well as arguably failing to fulfil its function 
as a useful journalistic medium. Provided the channel as 
a whole provides opportunities for balance, then there are 
not too many inherent dangers. But when contentious 
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The reputation which Reithian broadcasting 
gave to the BBC as being the voice of God is a dangerous 
one. The disembodied film commentary voice is highly 
undesirable when strong views are being expressed. The 
source of these views must in my view be identified with 
their owner so that they can be judged in the proper’context. 





opinion is. 








Controversy 

Again, television would be failing in one of its functions 
if it did not enter into public controversy. The Minister 
of Technology, Mr Wedgwood Benn, has paraphrased the 
BBC’s editorial role: “The BBC has a positive duty, acting 
for the public to challenge and question all the centres of 
power that are growing up in the modern soeiety 
political, industrial and social’. But in questioning these 
centres of power, many programmes are made where most 
serious consequences might conceivably result if the views 
expressed are not balanced internally within each pro- 
gramme. Who decides on this balance? The producer 
is the first functionary in line in applying Mr Wedgwood 
Benn’s statement of duty, though his job is seldom as 
prosecutory as that description would imply, and it is 
he who first sets the pattern of balance. When he has 
arrived at his own attitudes, however, his edited film is 
by no means the final transmitted version in those cases 
where the subject: matter might give rise to publie con- 
troversy. There is a mechanism of editorial control in 
television which monitors content and in which guiding 
principles can be applied. The principle that editorial 
eontrol over content must rest with the BBC is so far 
hallowed and desirable and, as several revelations have 
recently shown, has prevented the political manipulation of 
a frighteningly powerful medium. 








Executive Producers 

There is no mystique about this method of control. 
Executive producers are chosen and paid to make 
responsible decisions about a producers programmes: 
about his sources of information, the way material has 
been collected and assembled, and the final balance or 
imbalance. These executive producers can, and do, call 
in advisers for independent opinions before the final 
decision is taken to transmit a programme. Nonotheless, 
these advisers have no editorial control, which remains 
with the producer and his executives. 

In general, the more controversial a programme is likely 
to be, the more advisers are consulted. One programme 
transmitted recently in the Horizon series which looked at 
the dangerous side effects of drugs was roundly condemned 
and roundly praised both in the national and in the medical 
press. This balance of public opinion, let me quickly add, 
was not that which was taken as indicating that the pro- 
gramme was well balanced, as was its intention. Indepen» 
dent medical advisers viewed the film before transmission 
and when there was still time for alterations. They agreed 
with the balance struck and considered it to be factually 
correct and responsible. But, because it was realized 
that the film was so deeply controversial, there was a 
viewing for those familar with the subject whose views 
were known to be partisan: that is, merabers of the 
pharmaceutical industry, as well as those who felt strongly 
that the dangers of the side effeets of certain drugs could 
not be overemphasized. The inevitable criticisris were 
carefully considered, but it was not thought desirable to 
alter the programme before transmission in the light of 
these criticisms. 
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lt must be emphasized that if, as a general principle, all 
those who take part in a programme were consulted in 
detail on how their contributions should be edited, there 
would be no end product. Television ‘programmes, like 
plays, hooks, journalism, scientific research, paintings and 


literary criticism, cannot be produced by a concourse of 


opinion; time, economic, artistic and many other reasons 
totally exclude this, Concourses of opinion seldom exist 
{sometimes on matters as apparently incontrovertible ; 
scientific fact); there comes a time when debate and adji 
ment must stop, and when the decision to publish- 
transmit--must be taken. 

A producer working with a mechanism of editorial 
control, such as BBC and ITA have, is the best association 
yet devised to make programmes. The system is not 
perfect, but a better one has yet to be invented which 
will allow documentaries of high quality to appear on the 
sereen. 






Tt would be foolish not to recommend to anyone eon- 
sidering cooperating with television, or indeed with any 
other journalistic medium, who allows a producer or 
reporter to sell himself and his abilities as a journalist, 
not to apply the maxim of caveat emptor. For scientists 
however, as a matter of principle, or as a result of what 
they consider to be unfortunate experiences, to refuse to 
cooperate with the communication media is, E think, 
misguided. Now, more than ever before, science needs 
to put its findings 10 the public; it needs to make its work 
as much as possible part of the common cultu it needs 
to have the likely consequences of this work assessed by 
those outside science who will then feel in a position to 
contribute to the decision making processes which apply 

enee in the community. 
















Television wants Science 

Equally, I believe it undesirable for scientists to insist on 
interpreting their work for the public only in the manner 
they themselves choose. If Mr Wedgwood Benn’s widely 
reported sentence, “Broadcasting is really too important 
to be left to the broadeasters”’, has any meaning out of the 
context of his speech, it is that, whoever takes over the 
esponsibility for programme content (in this case the 
scientist) also takes over the responsibilities of the producer 
and so becomes “the broadcaster”. If he carries out his 
new role well, he has to acquire the professional skill and 
experience of a producer, and devote a producers time and 
energy to his programme, He will cease to be a scientist. 
To that extent one functionary is replaced by another and 
broadcasting is back in the hands of the broadcasters, The 
only really valuable conclusion to be drawn here from the 
Minister's statement is that it would be no bad thing if 
more scientists ceased to be and became 
television producers instead. 

The scientific profession might well learn from the 
medieal profession, which without doubt has been guilty 
of wrapping round its subject a mystique supposedly 
impenetrable to those it was designed to serve. Still, 
today, in isolated quarters there is a deep suspicion of a 
television producer who dares to show over-familiar, 
even though correct, knowledge of medical terminology. 
But in general the cooperation between the medical 
profession and television is now excellent. As the most 
far-sighted saw many years ago, the result of an intelligent 
la. terest in the mechanics of medicine has benefited 
both the profession and the patient. 

Television wants science, but science needs television. 
Tt needs television because television can provide the 












scientists 
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Maarten Schmidt, the Dutch astronomer, being filmed at the 200 inch 


Palomar telescope for the BBC2 programme, The Violent Unir 





stimulation for the duologue which is so badly needed 
between those inside and those outside science. It is 
clear that the rate of scientific and technological advance is 
becoming so great that society is in danger of no longer 
being able to cope at the same rate with the harmful 
effects which accrue along with the benefits. It is a duty 
of science to communicate its progress in a way society 
ean understand, and so that society can respond and join 
in the acts that need to be performed to accommodate the 
prog : 
Hf, m spite of the vast increase in newspaper and 
television science journalism since 1945, any scientist 
doubts that the age of science is still being in- 
adequately communicated, and is in doubt as to just what 
the popular image of the research scientist is, he might do 
worse than read the columns of television erities. On 
February 14 this year, when accounts appeared of the 
work of Dr R. G. Edwards and his two colleagues who 
reported fertilization of human egg cells in vitro, the 
television eritic of The Sun elected to comment on the day's 
main news and wrote: “Include me out of this gynacen- 
logical jubilation. Three scientista made a baby intending 
to kill it. In order to kill it. I hope they rot’. Tt is a 
lack of proper information and not a surfeit of it that 
gives rise to this sort of nonsense, 

The need to provide the fullest sources of information 
so that the publie can exarnine the workings of science is 
unequivocal. And when his subject is interpreted by the 
popular communications media the seientist has a right to 
demand that it should be interpreted responsibly. But 
because the esoteric work of the specialist scientist. can, 
and frequently does, impinge on the daily life of the non- 
scientist, surely the scientist should not insist on beg the 
sole arbiter of what is, and what is not, responsible. Only 
by willing and tolerant cooperation from scientists can 
the public be allowed sufficient information with which to 
draw s full faced image of science, If a climate is created 
in which information can be presented well, the imag 
will emerge more accurately than before. Unquestionably, 
if scientists do give free access by unrestricted cooperation 
with television producers, mistakes on the part of tele- 
vision will inevitably still ruffle the surface of the relation- 
ship between television and science. But in my view it is 
better that such oecasional mistakes should be made 
than that the word science should be synonymous with 
atomic bacteriological weapons and mindless 
babykillers. 








Tre 











ge 





bombs, 


NATURE, VOL. 223, AUGUST 2, 1969 


Interstellar Grains 


by 
F. HOYLE 
N. C. WICKRAMASINGHE 


Institute of Theoretical Astronomy, 
Cambridge 


THE problem of the formation and composition of inter- 
stellar grains has assumed a rapidly increasing importance 
in recent. years, because of the likely connexion between 
grains and the infrared emission from stars, nebulae and 
galaxies. The failure to detect the expected 3-1 micron 
infrared band of solid H,O (ref. 1), together with the 
difficulty of maintaining ice near stars and the difficulty 
of condensing ice, has pointed more and more towards 
grains composed of a refractory material, or at any rate 
to grains with a refractory core. Graphite has been widely 
discussed as the most likely material of this kind, partly 
because carbon is an abundant element and partly 
because the optical constants of graphite are favourable 
for explaining features of the extinction curve of starlight. 
Support has recently been given to another interesting 
possibility for the refractory material of grains?-* and we 
begin by discussing these arguments. 

The proposed refractory material consists of siheates, 
MgsiO.. (Mg, Fe) SiO,. A broad emission feature occur- 
ring in the range 8-12 microns in the stars o Ceti, u Cephei, 
a Orionis and y Cygni is similar to an infrared band of 
these silicate materials. On the other hand, the carbon 
star R Leporis does not show this band, but shows an 
infrared excess in the waveband 8-14 microns which has 
been attributed to thermal emission by grains. The 
situation then is that in the case where graphite is most. 
likely to be formed there is no emission feature which 
characterizes graphite and that for M stars, in which it 
is more difficult to form graphite, an emission feature 
similar to that of silicate materials is actually found. 

We think this argument may well be correct, but it is 
worth noticing that laboratory data for graphite weaken 
certain aspects of it. Thus Taft and Philipp (ref. 7 and 
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Fig, 1. Refractive index n of soot measured’ for samples with varying 
graphite content. ==> = . 99-5 per cent C; ~-~~--, 98:5 per cent C; 
seien . 95 per cent C; . 87 per cent © 
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Interstellar grains may be a mixture of graphite particles formed 
in carbon stars and of silicates in oxygen-rich giants. 
physical consequences of such a grain mixture are examined. 


The astro- 


private communication of computer print-outs) find that 
pure graphite is not active in the 8-12 micron region, 
whereas Foster and Howarth? find that activity in this 
region occurs when the graphite contains hydrogen of the 
order of 1 per cent. One could argue, then, that in Æ 
Leporis, the carbon star, graphite is essentially pure, 
whereas in the less favoured stars it is not. In fact, the 
data of Foster and Howarth for the 8-10 micron range 
are strikingly similar to the astronomical observations. 
Figs. 1 and 2 (reproduced from ref. 8) show m 
values of the refractive index and the absorptive mdex 
k for samples with graphite contents varying from 995 
to 87 per cent carbon. 
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Fig. 2. Absorption index & of soot measured by Foster and Hewarth*. 


Designation of curves same as in Fig. 1 


Unfortunately, Foster and Howarth do not give data 
for A>10 microns, but we can reasonably extrapolate 
to the long-wave side of their absorption feature by 
assuming a Drude~Lorentz dispersion model to fit the 
refractive index data for }<10 microns. With m, k 
calculated from such a model for the case with 98-5 per 
cent carbon, we use 





Rra J m m? 
Qavs(A) = ~r ari (1) 
Vans(A) ). 24m? ; 





to give the absorption efficiency of small spherical particles 
of radius a, where m=n — ik. In Fig. 3 we plot s, defined 
by 
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Fig. 3. Normalized emissivity of soot with 985 per cent graphite 


content calculated from the data of Foster and Howarth’. 


This curve is to be compared with the upper most dashed 
curve of Fig. 4 (reproduced from ref. 2). The agreement. 
is at least as good as that for silicate materials. 

The argument for silicate materials would therefore 
seem to us to be reduced to a consideration of the oxygen- 
carbon ratio for the stars in question. Undoubtedly in 
conditions of appreeiable oxygen excess graphite will 
not be formed. Two of the stars mentioned, « Orionis 
and o Ceti, have, however, already been considered by 
one of us? as stars in which a small quantity of graphite 
might form. The oxygen excess in these stars appears 
to be only slight. Gilman? considers that silicon carbide 
will be formed in such cases rather than graphite. Our 
calculations on this point are incomplete because of 
uncertainties in thermochemical data for silicon carbide. 

Whatever the course of the argument in particular 
cases, there can be no doubt that refractory grains con- 
densing in cooling gas will be mainly graphite if C/O is 
appreciably greater than unity and will be chiefly com- 
posed of MgO, SiO, and Fe if C/O is appreciably less than 
unity. We arrived at this conclusion earlier’, The 
latter case must certainly oceur, and so we agree with 
the workers of the Minnesota and California groups that. 
grains composed of silicate materials exist. In our cal- 
culations we found MgO condensed first, then Fe, then 
SiO., and we thought in terms of composite grains with 
an MgO core surrounded by Fe and SiO, mantles. The 
condensation temperatures for MgO and SiO, differed 
by only about 200° C, however, which is almost close 
enough for the small binding of SiO, to MgO in MgSiO, 
crystal to play a part. Uncertainties in the thermochemi- 
cal data could also be significant when small temperature 
differences are involved. Hence we consider it possible 
that MgSiO, might eondense directly, giving a mineral 
grain rather than an MgO core and SiO, mantle. Even 
if the mineral form does not condense directly a composite 
grain condensing at minimum phase in the atmosphere 
of a star of variable luminosity could become fused at 
maximum phase, again leading to mineral formation. 
Fe would tend to be evaporated in such a reheating 
process. 

Granted that both mineral and graphite grains are 
likely to exist, the next question is, in what proportion ? 
Pure mineral grains have low conduetivity and would 
not by themselves give a satisfactory stellar extinction 
curve. On the other hand, impurities, in particular Fe, 
could provide appreciable conductivity. There could be 
situations in which the conductivity was similar to that 
of graphite, making the general features of the extinction 
curve similar to graphite. It seems more interesting, 
however, to consider a mixture of graphite with mineral 
grains of low conductivity. 

Extinction calculations were first carried out for 
MgSiO, particles (refractive index m= 1-66) of various 
radii. No single size of such dielectric particle seems able 
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to match the interstellar extinction curve in the optical 
and ultraviolet spectral regions. 

We next considered a mixture of MgSiO, grains of radii 
rsu With graphite particles of radii rg. The proportions 
of the two types of grains were described by a parameter 
æ defined so that x times as much extinction at A= 4500 A 
arose from the graphite as from the silicate. It was found 
that for rgr in the range 0-055-0-07 microns and rsn in 
the range 0-06-0-09 microns very good agreement with the 
extinction curve occurs for w x 6. The best detailed fits 
emerged for the combination of radii rgr= 0-065 microns, 
rsii= 0-07 microns. The extinction curves for this case 
normalized to Am=0 at A-!= 1-22 microns, Am=I at 
A= 2-22 microns"! are plotted in Fig. 5. The several 
curves are for the cases w= 4, 5, 6 and 8; the points are 
the observations of Nandy"! in the optical region and of 
Stecher!™ in the rocket ultraviolet. (Although our results 
are for combinations of single sizes of graphite and MgSiQ,, 
it is likely that similar results hold for size-distributions 
with appropriately chosen values of the mean radii.) 

The present fit is seen to include a hump in the extine- 
tion curve at d-1=44 microns- corresponding to an 
ultraviolet absorption feature in graphite. Although a 
second hump occurs at A~!=6 microns- its position is 
dependent on the radius of the silicate particle and is 
expected to be somewhat smeared out by a size distribu- 
tion. The best agreement in Fig. 5 is for the case x= 6— 
that is, with six times more extinction at 4500 A arising 
from the graphite component of the mixture. Because 
graphite particles of radii 0-065 microns have an extinction 
cross-section ~ 10 times that of silicate particles of radii 
0-07 microns, it would appear that comparable mass 
densities of graphite and silicates may well exist in the 
interstellar medium. 

Besides giving a good fit to the extinetion curve, such 
a mixture has several other advantages. Being wholly 
composed of refractory materials it can persist near stars, 
whereas grains with ice mantles or mantles of solid H, 
cannot. In fact it behaves very much like graphite grains 
surrounded by ice mantles—-the silicates taking the place 
of the ice mantles--and such grains have been shown by 
Van de Hulst and de Jong’ to satisfy the albedo and 
phase function requirements of the diffuse galactic light. 

Tron impurities in the silicates could produce an 
efficient magnetic alignment’! of the silicate grains. If 
these are of cylindrical shape they not only lead to a 
polarization of starlight but, as Greenberg has pointed 
out, they give a good fit to the mean wavelength depend- 
ence of the polarization'4:'*, In this connexion it may be 
noted that, according to Purcell'*, graphite grains are 
difficult to align magnetically. Large graphite grains, 
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Fig. 4. Comparison of wavelength dependence of emissivity of circum. 

stellar grains, indicated from observations (~-—~—) with silicate models 

-~, olivine; , Gaustad’s mineral mixture). (Reproduced 
from ref. 2.) 
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graphite as from the silicate. 


with radii rgr 20-1 micron, can be possibly aligned, how- 
ever, by a non-magnetic process. Graphite particles of 
these dimensions can also provide agreement with the 
mean wavelength dependence of interstellar polarization. 
We come now to the important point that grains of low 
conductivity have an unexpectedly large emissivity in 

the far infrared. With 
m? =x — 2iohje (3) 


equation (1) gives 
Qars = pi a Pe 
a nw  (2+x)2+ (2or/e)? 
For fixed wavelength à the right-hand side of equation (4) 
has a maximum with respect to the conductivity o when 


202/e 





(4) 


Yorfo=2Q+y (5) 


For x=2, 4=0-1 em, equation (5) gives o= 6x 10% s7, 
Inserting equation (5) in equation (4) gives 


(Qabs)max = TTT (6) 


This shows that provided o is appropriately chosen the 
absorption coefficient falls rather slowly as 4 increases. 
Low conductivity grains can still retam a considerable 
absorptive efficiency (and hence a considerable emissive 
efficiency) even at wavelengths of ~ 0-Lem. Thus insert- 
ing x=2, A= 0-1 em in equation (6) gives (Qabs)max = 
307a z 10%. For grains with radius a approaching 1 micron 
this is ~ 10-*, a remarkably high value for so long a wave- 
length. 

Low conductivity grains have the important property 
of remaining cool in the presence of starlight. For a par- 
ticular grain define àg by 


Qorg/e=2+x% (7) 


dg being long compared with optical wavelengths. For 


are the optical observations of Nandy"; points with error bars are the rocket ultraviolet observations of Stecher, 
=0-065 microns combined with silicate particles of radili rg = 0-07 microns. 


ence of interstellar extinction predicted for a graphite-silicate mixture with observations. 


The 


defined so that z times as much extinction at 4500 A arises from the 
k> 2-22 microns, 





the moment let o be independent of 4. Then for i£ 
have 
48x00 1 : 


ape 2 Fo Ee (8 
Qars = a (24x)2 (8) 


so that Qaps is independent of 4. Next let the starlight 
have an energy density equal to that of a thermodynamic 
radiation field of temperature Terr. Let here be the wave- 
length at the maximum of the Planck curve for tempera- 
ture Terr. Then provided derr< dg the grain takes up a 
temperature not significantly higher than Tern. For 
starlight in the galaxy this is about 3 K. The reason for 
this property is that Qaps is effectively independent of 
wavelength over the whole range from hert down to optical 
wavelengths. For Terr=3 K, ñer 02cm. The condition 
on the conductivity is o < ~+3x 10" s- 

It is possible therefore that low conductivity grains 
without graphite are not significantly affected by starlight, 
and hence take up a temperature of ~ 2-7 K determined. 
by the microwave background. It is on such grains that 
solid hydrogen is likely to form". The conductivity of 
solid hydrogen is also likely to be low, so that the same 
considerations continue to apply to a grain consisting of 
a low conductivity refractory core surrounded by an 
extensive mantle of solid hydrogen. It is a matter of 
considerable urgeney to determine o for solid hydrogen 
because mantles of solid hydrogen may well have quite 
large radii. For such grains Qays could be as high as 10-* 
in the far infrared. 

Low conductivity grains scatter starlight but they 
hardly absorb it all. On the other hand, graphite grains 
have conductivity ~ 10" s~, which makes them extremely 
effective in absorbing starlight. The high conductivity 
of graphite makes such grains less effective in the far infra- 
red, however. Thus pure graphite grains must take up a 
temperature significantly higher than low conduetivity 
grains, which makes them less suitable as nuclei for the 
condensation of solid hydrogen. 
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It is interesting that a mixture of graphite and low 
conductivity grains can serve as an effective thermalizer 
of starlight. The graphite is responsible for absorbing the 
starlight and for re-radiating far enough into the infrared 
for the low conductivity grains to take over the situation. 
The low conductivity grains redistribute the infrared 
emission of the graphite. In our view it is probable that 
the energy released by H-»-He conversion in the early 
history of the galaxies was thermalized by such a grain 
mixture, This explains the origin of the microwave 
background radiation and it removes the coincidence 
which otherwise exists between the energy density given 
by H—-He conversion and the energy density of the 
microwave background. 

The possibility of relating an issue of such great cosmo- 
logical importance to the properties of grains emphasizes 
the importance of conducting experiments in the labora- 
tory in order to remove uncertainties in our knowledge 
of their physical properties. Conductivity measurements 
are an obvious example, in particular conductivity meas- 
urements on solid hydrogen including conditions of 
radiation damage (from cosmic rays in the astrophysical 
situation). The relevant range of o, as far as the micro- 
wave background is concerned, is from 10% to 10% s41, 
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Tue distribution of water vapour in the stratosphere 
plays an essential part in the analysis of the infrared 
radiation budget of the atmosphere and in the determina- 
tion of the thermal structure of the atmosphere from 
satellite radiometric measurements. Hitherto, however, 
it has been almost impossible to obtain real time profiles of 
the stratospheric water vapour chiefly beeause of the 
difficulty of coordinating balloon hygrometer ascents!:? and 
the small number of local aircraft measurements*. By 
following satellite experimenters, we have now determined 
water vapour profiles in the stratosphere over long aircraft 
traverses from infrared radiometric observations in 
cloudless conditions by an inverse solution of the radiative 
transfer equation’, The method has previously been 
applied to balloon borne radiometer measurements® and 
to balloon radiometersonde measurements. 

Instead of looking down into the Earth's atmosphere, 
we look upwards with a broad band radiometer at the 
constant cold sky background through a KRS-5 ceiling 
port of a high-flying long-range jet aircraft. Instead of 
scanning spectrally to observe radiant emittances through 


Airborne radiometric measurements in the water vapour rotational 
band over extended flight paths indicate frequent variations of 
stratospheric water vapour apparently associated with tropo- 
spheric meteorological features. 


various atmospheric depths, we observe at three different 
zenith angles to vary the observed water vapour optical 
mass over the spectral band 17-0um to 31-0um. Our 
objective was to develop a technique for the determination 
of real/time profiles of water vapour in a cloudless strato- 
are as well as of spatial variations in them. 

The infrared radiation detector is a hyper-immersed 
thermistor bolometer radiometer. Optical filtering pro- 
vides a eut-on frequency of 17-09 ym (585 em-!). The 
transmissivity of the filter system is reduced from 42 per 
cent at cut-on frequency to 10 per cent at 31-75 um 
(815 emt), which eliminates the strong CO, absorption 
band at 15-0 um (667 em“) and puts the spectral range of 
the system in the rotational water vapour band. 

The noise equivalent irradiance rating of the basic 
radiometer was improved by eliminating the cavity 
heater circuit and allowing the large aluminium window 
port to act as a stable heat sink at approximately — 20° C, 
thus reducing the detector cavity operating temperature 
from 55° C to approximately —20° C. The solid angle 
aperture of the instrument was also increased from 2° 
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to 20° by eliminating the front IRTRAN 2 lens and 
replacing it with the optical flat. cut-on interference filter. 
The integrating time for the detector is 5 seconds. A 
gold-coated mirror system external to the aircraft hull 

enables the radiometer, looking outward normally to the 
flight path, to sean the sky from the zenith to the 
horizontal. 

The complete radiometer sy stem has a noise equivalent 
irradiance of 6-8 x 10-* W em~? against a sky background 
temperature of — 110° ©. Given an average water vapour 
optical mass of 0-0025 gem~*at flight level. . this corresponds 
to a relative sensitivity of + 0- 0004 gem? in the inference 
of the optical mass of water vapour above the aircraft. 

The downward propagating effective radiant emittance 
from atmospheric water vapour measured by the aircraft 
radiometer at a pressure level p, and from a zenith angle 
6 equal to H0, +94) is 








2 Po 
f f I ROVB.2p)) 


Hom ped 





-iliy T, Vp). pidpdy sin 9 cos 6 dË (1) 


d p 


where R(v) is the spectral responsivity of the radiometer, 
Biy,7(B)) is the Planck function at frequency v correspond- 
ing to T(ğ), the temperature a at the mean pressure p of an 
atmospheric lay jer, í é is s the transmiss vity ot epee: 





w ater vapour mass. 

The radiant effective emittance is measured by the 
radiometer once every five seconds and the values are 
averaged over two minute intervals (14 miles at aircraft 
speeds). The right hand side of equation (1) is the 
caleulated effective radiant emittance. The procedure, 
which is numerical, is to determine a water vapour 
profile above the aircraft which will bring about agreement 
between the calculated and observed radiant power. 

The atmosphere is divided into fifteen layers above the 
aircraft. We assume that the water vapour distribution 
from flight level to 0-1 mb is given’? by an equation of the 
form 

Wp= Wo, (P/Po)} (2) 


where Wp, is an assumed mixing ratio at pressure p, and 


A’ ranges between 0-0 and 3-0. Water vapour transmis- 
sivity values used are those of Howard, Burch and 
Williams’. Given observations of effective radiant. 


emittance from three or more zenith direction angles, 
the quantities 4 and Wp, can be fixed by minimizing the 
square of the difference between observ ed and calculated 
radiant powers for three (or more) angles 6. In this process, 
temperature profiles above the aircraft are obtained by 
interpolation froin the nearest sounding stations and from 
Murgatroyd’s* data above radiosonde cut-off. Numerical 
values for > and Wp, are determined by an iterative 
method. 

A typical example of a water vapour profile inferred 
from our radiometric measurements is that for a flight 
on January 15 linking Moffett Field (California), Lincoln 
(Nebraska), Medford (Oregon) and Moffett Field. The 
flight altitude from Lincoln to Medford to Moffett Field 
was a constant 39.000 feet with the tropopause at a con- 
stant 34,000 feet. Fig. Lis an overprint of the flight track 
and a weak surface stationary front on the ESSA 7 
satellite photograph of the Central and Western United 
States at 0030 UT, January 16, 1969. There are tick 
marks on the flight track every half hour from times at 
the corners of the triangular flight path. 

The following correlations with the stratospheric water 

vapour profile (Fi ig. 2) are notable, 

(1) From Lincoln, Nebraska. to Eastern W yoming 
at 0450 UT, the stra tospheric moisture remained relatively 
high averaging 40 g em-*, apparently as a consequence of 
the strong southerly flow of gulf moisture around a south- 
western Kansas low. 








Fig. 1. Overprint of flight track, January i 1969, Convair G90 on 


ESSA 7 satellite photograph, 0030 UT, January 16, 1989. 


(2) The sharp drop in precipitable water between 
6450 and 0510 UT indicates the intersection of the fight 
track and a wedge of continental arctic air in central and 
western Wyoming. a 






The drop in moisture to 80 g emv? 
is abrupt and marks obvious air mass boundaries even inte 
the stratosphere. The 200 milibar flow was from the 
north-north-west over Montana and Wyoming. 

(3) The weak frontal crossing at 0545 UT is marked 
by a very slight increase in water vapour optical mass 
probably associated with conv ergence, then followed by è 
steady decrease to Medford and beyond. 

(4) The driest portion of the flight occurred over 
northern California west of the Sierra. giving no indication 
of maritime effects at 39,000 feet. The general lack 
of clouds at about 40° N over California suggests sub- 
sidence. 

From the data obtained on this and other flights in the 
low stratosphere, it is clear that there are rather large 
real/time horizontal variations in stratospheric wate 
vapour, usually associated with overflights of air masses, 








tropopause boundaries, frontal systems and, in some 
instances, mountain barriers. When the flight path 


carries the aircraft over towering cumulus, from 3.000 to 
6,000 feet below the aircraft. the precipitable water vapour 
above the aircraft has been observed to increase by as 
much as 15 gem-?, possibly because of a barrier effect 
resulting in water vapour convergence through the flight 
level, 

We now compare our results over 30,000 flight miles 
with those of Williamson and Houghton’ and Masten- 
brook’, The former report radiometric measurements of 
stratospheric mixing ratios over England of 3x 10% g got 
up to at least 25 km, which would correspond to an optical 
mass of 5-5 gem By comparison, our flight measure- 
ments in a dry stratosphere averaged 6-0 x 10-8 g gt with ¢ 
standard deviation of 10x 10-6 gg for 900 two. RLE 
observation intervals. Mastenbrook’ s measurements above 
16km averaging 3x 10-6 g @ also compare with our 
measurements in a dry stratosphere. The measurements 
made over long flight paths suggest mean stratospheric 
mixing ratios between 3-0 and 150x 10-8 gg 
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Fig. 2. Stratospheric water vapour profile corresponding to flight track of Fig. Ordinate is precipitable water vapour above 


aireraft in microns, 


During flights of October 22 and 24. 1967, cloudless sky 
radiation observations of the zenith region at 39,000 feet 
at 20° N were made simultaneously with observations 
by a subroillimetre wave spectrometer™ covering the 
region 166 um (60 em) to 660 um (15 em). The 
submillimetre measurements of stratospheric water v apor 


for eight five-minute runs averaged l60+4 g em- 
Our near-infrared water vapour inferences averaged 


l7-0+4g¢em-?. This agreement is reassuring. 

We should also mention the usefulness of this method to 
astronomers using long-range jet aireraft as observing 
platforms. By a graphical simplification of our method, 
we have been able to provide first-estimate on-board 
measurements of water vapour to researchers observing 
solar, stellar and planetary sources, and flight plans have 
sometimes been altered to better advantage as a result. 





Abscissa is flight time Sitio dat UT, 


We have also been asked to provide information on 

stratospheric water vapour for studies of water vapour 

on the planets. 

Received March 27, 1969. 
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Radiography Measurements of Particle Packing 


by 


J. R. F. ARTHUR 
T. DUNSTAN 


Department of Civil Engineering, 
University College, London 


THERE are potential applications for precise descriptions 
of bulk particle packing in geology, soil mechanics and 
chemical engineering. Soils, fertilizers, foodstuffs, nuclear 
fuel, raw materials and industrial wastes are all frequently 
in the form of particles. 

The bulk packing of irregularly shaped particles is 
diffieult to describe, and consequently much work has been 
dene on the special case of the packing of spheres'. 
Geologists have defined particle shape in various arbitrary 
ways and then made approximate field measurements of 
particle orientation in actual deposits*. Partial indirect 
descriptions are attempted in oil bearing sandstones using 












Measurements of particle packing by radiography have been analysed 
in terms of a general geometrical model. 





directional permeabilitie Even these approaches are 
rare and quantitative deseryption of bulk packing has 
usually been restricted to porosity’. 

Radiation has already been used for measuring particle 
packing’, but the type of measurement has “been re- 
stricted, and radiography has only been used to look at 
heterogeneous packing® or continuous strains in granular 
material’, 

This article will show that radiographs suggest a general 
collective definition of geometric parameters describing 
the homogeneous bulk packing of particles of any shape. 
The question arises whether the family of parameters to be 
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described completely defines bulk packing so that any other 
parameters would be functions of them. The nature of 
the collective definition suggests that it may be complete. 


Quantitative Description 


Consider a parallel beam of rays passing through a cube 
of homogeneous granular material as shown in Fig. 1. 
The solid thickness of granular material through which 
each ray passes is of no interest when considered in 
isolation, but the distribution of these thicknesses as 
projected over the plane orthogonal to the rays is a func- 
tion of the bulk packing of the material. A distribution 
of this type will be called a “projected thickness dis- 
tribution”. 

The cube referred to may be divided into a series of 
thin layers normal to the projection direction; the pro- 
jected thickness distributions corresponding to each 
layer may then be generated separately. The process can 
be repeated for different projection directions and the 
resulting distributions then contain the parameters 
required to describe this bulk packing and may be called 
a collective definition. The number of projection direc- 
tions and associated layers required for complete definition 
may depend on the available information on particle size 
and shape. When the packing has an identifiable axis of 
symmetry, such as would be produced by deposition on 
a horizontal surface, only two projection directions may 
be needed. 

The use of projected thickness distributions from several 
thin layers avoids the variable of cube size, and is likely 
to be essential for completeness when a range of particle 
sizes is involved. Several thin layers of the order of one 
particle size are required to ensure that the packing is 
correctly represented. 

The analysis of projected thickness distributions to 
determine particular parameters offers an enormous 
choice. The parameters used as examples here were 
selected intuitively and more sensitive parameters may be 
found subsequently (time series methods of analysis may 
prove useful). 

Continuous straight line scans (Fig. 1) of a projected 
thickness distribution are convenient, and appropriate 
when bedding planes exist. Consequently, three chosen 
parameters were based on features which could be meas- 
ured from such scans: (i) the standard deviation of the 
sampled projected thickness; (ii) the mean of the modulus 
of the sampled rate of change of projected thickness (R) 
with respect to position; (iii) the mean of the lengths on 
the continuous line scans over which R does not change 
sign and the change in projected thickness exceeds a 
specified minimum. 

These three parameters will be referred to as the standard 
deviation of projected thickness, the projected thickness 
rate and the length of monotonie thickness change. 
Their complex relationship to more familiar packing 
parameters may possibly be more easily visualized 
through this simplified corresponding list: (i) directional 
distribution of voids and solids, layering, porosity; 
(i) aggregated projected particle shapes; (i1) particle 
orientation, projected. particle size. 








Radiography Measurements 


Radiography appears to be ideally suited to producing 
projected thickness distributions, but there are difficulties 
in obtaining any single value of projected thickness. 
When care is taken, however, all the factors producing 
errors operate consistently and each value goes through a 
closely similar distorting process’, so that comparative 
analysis can already be used confidently. 

The potential of the comparative approach is apparent 
from the radiographs in Fig. 2. which all represent pro- 
jected thickness distributions for bulk packings of particles. 
The thick square grid image is caused by a scattered 
radiation filter uneonnected with the packings. 
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CONTINUGUS LINE SCANS 







PROJECTION 
DIRECTION 


PROJECTED 
THICKNESS DISTRIBUTION 


Fig. 1. 


A projected thickness distribution, 


These radiographs and those used in the analyses of the 
packings of ballotini and gravel described later were all 
of cubical samples with the arrangements shown in Fig. 3. 

Radiographs of thin layers within a sample, known as 
tomographs. can be obtained by appropriate movements of 
the X-ray source and film during the exposure. Tomo- 
graphy is a well developed aspect of medical raciology?* 
and offers increased sensitivity, absence of container wall 
effects and the ability to study heterogeneous packings. 








Absorption of X-rays in Granular Material 

The interactions of X-rays and matter produce scat- 
tered radiation which travels in any direction. The 
filter of two orthogonal sets of steel plates (Figs. 2 and 3) 
eliminates most of this scattered radiation. Small 
diameter lead cylinders in line with the X-ray beam in 
front of the granular sample absorb all the direet radiation 
entering them and the film density in their images on the 
radiograph is a measurement of remaining scattered 
radiation. Consequently the radiographic effects of scatter 
radiation can be eliminated and the following equation 
developed on the assumption that all interactions involve 
the complete elimination of photons 

Teal, +1,4...+¢4et+...t¢1a ay 

where J is the total intensity of the radiation after passing 
through the absorber, and combines intensities at m 
photon energy levels in the beam. If the dash superseript 
denotes the unattenuated intensities at unit distance from. 
the X-ray source, then 

Ix 








» OXP (— Hyrby Ugsta m -1 Unaln) 


HH 
(r+ Zty)? 
$ n 
This equation provides for an absorber of thickness Uty 
i 
made up from n materials of thickness ty with different 
total absorption coefficients for each material at each 
photon energy level. 

Equation (1) illustrates the apparent difficulty in 
obtaining a true projected thickness distribution from 
radiography. The determination of individual total 
absorption coefficients such as unr in equation (1) is not 
possible with a radiographic technique which cannot 
distinguish the energy levels of photons. 

Fortunately, if the granular maternal has a constant 
total absorption coefficient for a given photon energy 
level, and the granular packing exceeds a small minimum 
thickness, equation (1) can be drastically simplified to 





r 

I= = exp (~= UT) (2) 
where U is an equivalent absorption coefficient which will 
be constant over the projected thickness range, & is the 
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Fig. 2. Radiographs representing projected thickness distributions, @, Hexagonal packing of single sized ballotini; b, single size ballotini 


poure d through water: 


water viewed normal to the pouring direction. 


e, aluminium disks poured through water viewed in the direction of pouring; d, aluminium disks poured through 
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Fig, 3. The general experimental arrangement. 
‘pe 


POURING 
DIRECTION 


| PLAN, P 


ELEVATION, El 


Fig. 4. Direction notation for the experimental work. 


distance between the X-ray source and film (Fig. 3), 
and T is the projected thickness of the granular material. 
Equation (2) can be extended in some circumstances to 
include a pore liquid with finite absorption coefficients. 


Radiographs for recording X-ray Exposures and Pro- 
jected Thickness Distributions 

The exposure E of a point on an X-ray film is the 
product of the intensity J at the point and the time over 
which it is continued. Film density D up to 2-0 or 2-5 is 
linearly related to the exposure!™, 

Equation (2) relates to direct radiation only in so far as 
the density produced by scattered radiation D, must be 
subtracted from D before a projected thickness T can be 
expressed in terms of the density. Then 


In (D D= K -UT (3) 


where (D-—- Dajal and K is a constant for any one ex- 
posure, If equation (3) for arithmetic means over any 
one projected thickness distribution is combined with the 
form of equation (3) already given, then 


1 : 
T = U [anp ~ Ds))mean ~ In(D— dD.) | + T'mean (4) 


Equation (4) is used to measure projected thickness 
distributions from radiographs; Tmean can be calculated 
from an independent porosity measurement for the whole 
sample. The experimental methods developed for 
measuring the equivalent absorption coefficient U and the 
film density caused by scattered radiation®™ are liable 
to error, but comparative measurements are unaffected 
and improvements in technique are likely®. 


AG? 


Analyses of Granular Packings 

Two packings were prepared by pouring through 
water. One was single sized ballotini (6 mr diameter); 
the other was closely graded gravel (4-8 mm to 2-5 mm). 
The directions of the scans and the projected thickness 
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Fig. 5. Regressions of lengths of monotonic thickness change. 
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distributions in relation to deposition are defined in Fig. 4. 
These definitions are used in giving values of the three 
chosen parameters for the two packings in Table 1 and 
Pip. 5 
Fig. 5. 





Table 1 
: SUD. GD of tit) Projected 
Material Run projected thiekness 
thickness (em) rate (em/em) 
Pallotini EL EU VR 0:292 
El EW HR 0-278 
P VR HR 0-286 
Gravel SL EIL VR 0-385 
El EIl HR {)-368 
P VR HR 0-334 
While Table 1 shows directional variations in the 


ballotini sample which are statistically significant at the 
5 per cent level, these variations are far smaller than those 
in the gravel sample. and Fig. 5 shows no directional 
differentiation for the ballotini contrasted against a clear 
differentiation for the gravel. Single size ballotini, which 
is capable of highly anisotropic hexagonal packing 
(Fig. 2), approaches isotropy here, while the irregular 
gravel is anisotropically packed after undergoing the 
same deposition procedure. 

Dunstan’ has shown that the analysis presented was 
capable of differentiating between four different packings 
of the same gravel which were prepared in different ways. 

Idealized models of particle packing can be described 
in the geometrical form defined. and compared with 
measurements of real packings. The method of measure- 
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ment is non-destructive, and a teehnique for taking 
geometrically undisturbed samples of granular packings 
has been developed (unpublished results of 8. JJ. 
Shamash). Use of a digital computer and automated 
measurement methods is essential, Homogeneity of the 
granular material through the packing is required. and 
present X-ray equipment may reduce sensitivity for 
packings with particles smaller than LO mm. 

We thank Professor A, H. Chilver for his encourage- 
ment and the Science Research Council for substantial 
grants. We also thank Dr C. J. Hogson, director of the 
X-ray Department at University College Hospital, and his 
staff for providing facilities and advice for preliminary 
tomography trials. 
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lon-molecule Reactions in Hydrogen Cyanide 


by 
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CYRIL PONNAMPERUMA 


National Aeronautics and Space Administration, 
Ames Research Center, 
Moffett Field, California 94035 


synthesis. 


ELescrRic discharges in a mixture of gases containing 
methane, ammonia and water have been shown to 
produce significant amounts of such biologically important 
compounds as amino-acids', Tt has been demonstrated 
in such experiments that hydrogen cyanide is the key 
intermediate. The thermal polymerization or ultraviolet 
irradiation of HCN in aqueous solution or in aqueous 
ammonia yields urea, amino-acids, peptides and the 
purine bases adenine, guanine and hypoxanthine*", 

The mechanism of the synthesis of HCN from methane 
and ammonia in electric discharges is unknown. Several 
speculative reaction mechanisms have been described 
for the synthesis of amino-acids, peptides, and purine 
bases from hydrogen cyanide itself! 8.) but only 
a few of the intermediates have been isolated. While 
more total energy is available in electric discharges for 
the formation of excited molecular species and radicals 
than for ion production, nevertheless ion-molecule 
processes are important in electrical discharges and 


* Present address: Jet Propulsion Laboratory, 4800 Oak Grove Drive, 
Pasadena, California 91103. 


When gas phase ion-molecule reactions occurring in HCN are 
studied by 
is not observed. 


ion-cyclotron resonance, extensive polymerization 


The finding has some relevance for abiogenic 





consequently may contribute to the synthesis of HCN 
and organic compounds in discharges containing CHa, 
NH, and H,O. The gas phase ion-molecule chemistry 
of HCN has therefore been studied in this laboratory 
using the novel technique of ion-eyelotron resonance 
spectroscopy. The advantage of ion-cyclotron resonance 
in this study is the ability to identify directly individual 
ion-molecule reactions occurring in a complex system 
of reacting species using the double resonance technique. 
The basic spectrometer used in this study is the Varian 
V-5900 ICR spectrometer. The spectrometer, the 
method and the application of single and double resonance 
have recently been described!*:"4, 


ICR Spectra of HCN 

The ion-eyclotron single resonance spectrum of the 
positive ions formed from HCN by electron impact 
at 50 eV and 5x 10-6 torr is shown in Fig. 1. The promi- 
nent ions observed are HCN* at m/e=27, H,CN* at 
m/e=28 and CN* at m/e=26. Nitrogen and argon 
appear as minor impurities at m/e=28 (Nj), m/e= 29 
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HONY HgCN* 
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GNet Cnt HCN 
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Fig. 1. ICR spectrum of HCN at 6 x 10 torr and 50 eV, 


(N,H*) and m/e=40 (Art). The spectrum in Fig. 1 
is similar to the high pressure mass spectrum of HCN 
at 16x 10- torr reported by Inoué and Cottin'®. The 
relative intensities of the ions in the ICR spectrum at 
5x10- torr, and in the mass spectrum at 16x 10% 
torr, are compared in Table 1. 


Table 1. SUMMARY OF OBSERVED IONIC SPECIES IN HON at 50 eV 
Relative intensities 
mje Species ICR spectrum Mass spectrum! 
&x 10" torr 1-6 * 10-7 torr 
Sg 0-56 123 
CH? 0:36 0-70 
HON** 0-08 0-002 
Ne 0-28 0-20 
0-06 0014 
0-02 ols 
O14 0-053 
612 1-22 
457 28-5 
44-6 Get 
0-70 LSL 
Ol 0-29 
basa 0-026 
Trace — 
OL 28 
0-28 O12 
ORS 0-61 
0-06 se 
ba 0-047 
aa 0-008 
aed 0-005 
rie -0005 
a 0-004 













Table 2, 1ON-MOLECULE REACTIONS IN HON AT 1-6 x 107 TORR AND 50 eV 
AFTER INOUE AND COTTIN'® 
: : Rate constant 
reaction ien imole sev) 
1, HCN? + HUN->HLCN? 4 0N 1-2 x 10°" 
2, HON+ + HON-» HON, 32x« 10 
3. CN+ 4 HCN —>C, Nt +] LOx pyt 
4, CH + HCN HCN + 23x 19-4 
4, CH? + HON—-CN à 43x 1018 
6. C4 HENC, N+ + H 13% 10° 
7. ON? + HON-OCLNS +H LSx YO 
& ANHE + HCN >ON, Ht +H EES 1008 
9, CN, + HON CN +H 16x 10% 
EPN 
From pressure and appearance potential studies, 





at 5x10- torr. The products of the tertiary 
reactions 7, 8 and 9 were not observed in ion-eyelotron 
spectra at pressures as high as 10-4 torr. 

The principal reaction oceurring in the HCN svstem 
is the reaction of parent ion with neutral to give the 
protonated species 
HCN*+ + HCN -> HLCN+ + CN- 0) 

27 28 
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The ion H,CN* constitutes by far the largest proportion 
of product ions in the spectrum. The region of the HCN 
spectrum most pertinent to abiogenic synthesis is the 
region around the HCN dimer ion at m/e=54. The 
dimer of HCN has been postulated as an important 
reactive intermediate in most proposed mechanisms 
of abiogenic synthesis of the amino-acids and purines. 
Fig. 2a shows the ICR spectrum of HCN at 5x Ur 
torr and 50 eV in the region of the HCN dimer. Besides 
the 2M-1 and 2M-2 ion products at 52 and 53, the signal 
from HC,N* at m/e=51 is apparent. A small amount 
of dimer ion also appears at m/e= 54. Double resonance 
on the ion at m/e = 53 confirms reaction 2 in Table 2. 

It is apparent from the double resonance of the 2M-1 
ion in a 1: 1 mixture of HCN and DCN that the proton 
in the product of reaction 2 comes with equal probability 
from either the ion or neutral. The double resonance 
spectra of the products at m/e = 53 and 54 for the HCN- 
DCN mixture are shown in Fig. 3. If the protons 
(deuterons) are equilibrated in the products, then the 
expected ratio of double resonance intensities between 
mje=27 (HCN*+) and 28 (DCN*) observing at m/e= 53 
(HC,N,*) is 3:1; and observ 












ing at mje = 54 (DCN.*), 
1:3. For retention of the proton from the ion, the ratios 
expected are 2:0 and 0:2 respectively; and for re- 
tention of the proton from the neutral the ratios expected 
are 1:1 and 1:1. The results clearly mdicate equi- 
libration of the protons (deuterons) im the produet. 
The ion at m/e=54 in the ICR spectrum of HON is 
probably the collision-stabilized complex (HyC,N,)°. 

The double resonance of the ion at m/e=52 shows a 
contribution from m/e=26, which appears te confirm 
reaction 3 in Table 2. The spectrum of the dimer region 
at 18 eV (Fig. 26) below the ionization potential of CN" 
at 19-4 eV! shows, however, a non-zero intensity at 
m/e=52, indicating that an ion other than C,N,° is 
contributing to the resonance. The spectrum of HONS 
at 5x 10-* torr and 50 eV in Fig. 2e identifies the second 











tt 











SO 51 52 53 34 5G 5A OAT 


TCR spectra of the HON dimer region (e) HON at 50 eV, (is 
HON! at IA eV, ie) HON at BO eV, 
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ion as H,C,N*, and also confirms the assignment of 
the product ion at m/e=51 in the HCN" spectrum as 
HO;N*. Double resonance on the ion at m/e=54 in 
the spectrum of HCN" confirms reaction 3 in Table 2, 
and double resonance on the ion at m/e = 53 in the HCN" 
spectrum indicates that H,C,N+ is formed by the reaction 








C,H,* + HCN —- H,C,N* + Ho (10) 
26 52 
Because the C,H,* ion is obscured by the CN* ion at 


mje =26 in the HCN' spectrum, its presence was con- 
firmed in the spectrum of HCN” (Fig. 4). 

The double resonance spectrum of the ion at m/e=51 
in HCN" indicates the following reactions 





CLH* + HON —-—» HC,N+ + H’ (1) 
25 51 
<C,H,*>* + HCN -=> HC,N* + H, Me) 





26 51 


Reaction 11 is exothermic by about 36 kealories/mole 
[AH (HCN) = 32 kealories/mole!?, AHs(H) = 52. kealories/ 
molet, AHr¢(C,H*)=414 kealories/mole'®, AHs(HC,N*) 
= 358 kealories/mole'*]. Reaction 12. however, is endo- 
thermic by 9 kealories/mole [AH¢(C,H,*) = 317 kealories/ 
mole]. The double resonance spectrum indicates the 
reaction to be exothermic, however. and this can be 
rationalized by postulating the formation of acetylene 
ions in excited states by reaction 13, a process which is 








exothermic by 60  kealories/fmole [AM,¢(HCN*) = 345 
kealories/mole!*]. 
HON* + HCN -<C,H.*>* + N; 13) 
27 26 
Reaction 13 was identified by double resonance using 


HCN® in order to stein) the product ion C,H. 





from the fragment ion CN*. The C,H* ion is probably 
formed by the reaction 
C.Ht + N, (14) 
26 25 


The reaction to form the C,H* ion from HOUN®* is endo- 
thermic by 90 kealories/mole. 

Two other interesting secondary products are observed 
at m/e=38 and 39: C,N* and HC,N*. The dominant 
mode of formation of C,N* is from C? via reaction 6. 
although a small double resonance peak is observed 


for CH*. confirming reaction 5. The double resonance 





Obs, m 
Re 





27 28 


m/e irradiated 


Fig, 3. Double resonance spectra of the ions at m/e = 43 and 54ina 1:1 
-PCN mixture, The ratio of intensities for coupling to m/e = 27 
and 28 are approximately 3:1 and 1:3 respectively for 53 and 54 
indicative of scrambling of protons (deuterons) in the product ion, 
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Fig. 4, Single resonance spectrum of HC 
acetylenic ions C 


“ showing the presence of the 
aih 


ee 


spectrum of HC,N* confirms reaction 4 but, in addition, 
exhibits an additional coupling with C at m/e= 12 


C+ 4+ HON — HON: 
12 39 


(15) 


Because Ce is also coupled to CYN* at m/e = 38, reaction 
15 may represent the formation of a collision-stabilized 
intermediate in a sequence 


C+ + HCN —> (HC,N+> —> C,N*+ + H 
12 39 38 


(16) 


The double oe spectra of the ions at m/e=39 
(HCN?) and 40 (DOCLN*) of the 1:1 HCN-DON mixture 
indicates that the proton (deuteron) in the product 
of reaction 4 comes with equal probability from either 
the ion or neutral. 


lon-molecule Reaction Mechanism in HCN 

Reactions 1, 2 and 13 represent three separate modes 
of reaction between the primary ion HCN*+ and neutral 
HCN. Because the dimer ion at m/e= 54 is observed, 
reactions 2 and 13 may possibly proceed through a common 
intermediate collision complex at m/e=54 which may 
dissociate in one of two separate ways: by elimination 
of a hydrogen atom, or alternatively by elimination 
of Na Although it is certain that the hydrogen atoms 
are equilibrated in the intermediate complex, this in- 
formation is insufficient to determine the structure for 
the HC,N,*+ product ion. The reaction mode in which 
molecular nitrogen is eliminated is particularly interesting. 
for excited acetylene ions are produced in this manner 
from HCN. Acetylene has been proposed as an important 
reactive intermediate in several abiogenic syntheses. 
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The reaction of CN* with HCN to give C, 





may 
proceed either directly, 
HCN: NENH + -C=EN—C=N (3) 


N=C-—-C=N* + H 


a b 





W + 


‘C= N—C=N + H- 


a 
The reaction of C,H* with HCN to give the tertiary 


product HC,N* may also proceed by either of these two 
mechanisms 


HCN: A~n tE 








or 
H 
| 
H—C=C+ HCN] HCE | “or 
NJN 
Na 


The reactions of CN* and C,H* with HCN are very un- 
usual in the sense that an even-electron ion reacts with 
an even-electron neutral to give an odd-electron radical 
ion and an odd-electron radical—a process usually 
energetically unfavourable. In faet, however, reaction 
3 is 22  kealories/mole exothermic [AH¢(C,N,*)= 
388 kealories/mole'’, AH s(CN*)=430 kcalories/mole!*], 
and reaction 11 is 36 kealories/mole exothermic. The 
product. of these reactions may have either of two possible 
structures. Structures a for both C,N,* and HC,N* result 
from electrophilic attack of CN’ or C,H* on the electron 
rich nitrogen in HCN. Structures b are more interesting 
from the standpoint of abiogenic synthesis, for cyanogen 
and cyanoacetylene are important reactive intermediates 
in the formation of purines and pyrimidines. Unfortunate- 
ly, a definitive structural assignment for C,N,* or HC,;N* 
cannot be made on the basis of present information. 

One other exothermic reaction involving the production 
of an ion radical from an even-electron ion occurs in the 
HCN system. 



















- 


a 


Wa 


CH’ + HCN—> E< | | 
l i | 


y 
| NL 


-> HCN? +H 


The proposed intermediate accounts for the observed 
proton scrambling in the product. 


Conclusions concerning Abiogenic Synthesis 


Although demonstration of the production of cyanogen, 
acetylene and cyanoacetylene may have some apparent 
relevance to abiogenic synthesis, the positive ion molecule 
chemistry of HCN at low pressure does not reflect the 
profuse chemistry observed in the discharge, irradiation 
or thermal polymerization experiments. The ICR spectrum 
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of HCN is not particularly rich, and only a small amount 
of HCN dimer is observed. None of the trimer, tetramer 
or other interesting oligimers of HCN are observed. 

The negative-ion molecule chemistry of HCN is even 
less prolific. At 10 torr, the only ion observed in the 
negative ion ICR spectrum of HCN is CN- formed by 
the pair process at 50 eV and by dissociative elec- 
tron capture at 2 eV (unpublished results of 
W.T. HL). No secondary ion products of CN- were 
observed. This result is particularly surprising, 
for the polymerization of hydrogen cyanide in 
aqueous solution is a base-catalysed reaction’ 9. 











Further ICR studies of CHy-NH, (or Na) 
mixtures and of mixtures containing Ny-CO 
and =N,-CO-H, have shown that HCN", 


CN*, HCN and CN are not produced by ion- 
molecule reaction in these systems at pressures 
to 10“ torr (unpublished results of W. T. H 
facts suggest that atmospheric ion-rmolecule reactions 
may not have played a major part in 
prebiotie synthesis of organic molecules, 

Ton production and ion-molecule reac 
tions are extremely important atmospheric 
processes, but the present results indicate 
that in the eonditions present in the upper 
atmosphere of a primordial planet-—low 
pressure and a corresponding high flux 
of ionizing radiation—-the abiogente syn- 
thesis of simple organic compounds of 
biological significance apparently does not 
occur by ton-molecule reaction. Ton 
production requires more energy than radi- 
cal formation and a much larger amount of 
energy is available in the solar spectrum at the lower 
energy, longer wavelength ultraviolet, where dissociation 
rather than ionization takes place. Various radieal 
mechanisms have been proposed for the production 
of HCN from discharges in methane-ammonia mixtures”? 
and for the production of amino-acids and purine bases 
from HCN". Unfortunately, the exact reaction pathway 
or in some cases even the radicals involved is not entirely 
clear. for the absence of a sensitive detection scheme 
has usually prevented the identification of the primary 
processes involved. 









(11) 





H—C=C—N=C- H 


a 
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Docs and rats reject liver allografts nearly as quickly as 
kidney transplants'*. Data on primates are limited; of 
four orthotopic liver allografts in rhesus monkeys given 
no immunosuppression. three animals rejected their 
grafts between seven and fifteen days, the fourth survives 
at six months (unpublished results}. In man, complicat- 
ing factors of immunosuppression and infection make 
interpretation difficult, but rejection has certainly been 
observed'*, Peacock and Terblanche! and R. Y. C. et al? 
found that porcine liver allografts may survive for con- 
siderable periods without rejection. Deaths from first- 
set liver allograft rejection in the pig have been observed 
(refs. 8 and 9 and Garnier, personal communication). 
Although we have noted microscopical signs of rejection, 
deaths have not been clearly attributed to these changes. 
In marked contrast to the liver, skin and kidney allografts 
are usually rapidly rejected by the pigl’!. and we report 
here similar preliminary findings with heart transplants. 
Orthotopic liver allografts will protect donor specific skin 
and kidney grafts from rejection while previously sensit- 
ized pigs can reject liver allografts aggressively. We 
also report here further observations of the immunosup- 
pressive mechanism of porcine liver allografts, and 
preliminary experiments in which liver extracts have been 
used in an attempt to reproduce the specific protective 
effeet of liver allografts. 








Materials 

“Large White and Landrace pigs of either sex have been 
used as donors and recipients. Recipients and donors of 
orthotopic livers weighed between 20 and 40 kg, but donors 
of accessory livers and hearts weighed 7-12 kg. The 
relationship of donor to recipient has varied. In some 
cases they have been of different breeds, in others the same 
breed but unrelated and, beeause of shortage of animals, 
transplants have often been between sibs or half sibs. 
The only drugs used were chloramphenicol 1 g, penicillin 
1 million units and heparin 2,000-3,000 units at the time 
of surgery. The animals were premedicated with atropine 
and anaesthetized with halothane. Transfusion of 
500-1,000 ml. of citrated blood from the donors has been 
given to most recipients of liver allografts. The techniques 
of orthotopic liver, kidney and skin grafting have been 
previously deseribed!3-1, 


Liver allografting experiments with pigs show that animals given 
no immunosuppression will survive for prolonged periods with 
orthotopic liver transplants. Similar animals can reject skin, kidneys 
and hearts rapidly. 
allografts protect preferentially from rejection grafts of donor 
specific skin, kidney and possibly heart. 
antigen may also protect donor specific tissue from rejection. It is 
suggested that allogeneic liver can induce immunological tolerance 
in immunologically mature pigs. 


Orthotopic and accessory heterotopic liver 


Injected soluble liver 


Accessory Liver Transplantation 

Our technique is based on that of Bengoechea-Gonzalez 
et al, The liver graft placed in the right sub-hepatiec 
space is provided with hepatic arterial inflow from the 
aorta and portal venous inflow direct from the portal 
vein. Venous outflow is via the sub-hepatic vena cava. 
Biliary drainage differs from that of Bengoechea-Gonzalez. 
To avoid complications of cholangitis, the common bile 
duct of the graft is igated and the gall bladder anastom- 
osed to that of the animal’s own liver, allowing bile to 
flow through the recipient’s intact biliary system (Fig. 1). 


Accessory Heart Transplantation 

This is similar to the technique deseribed by Mann 
et al. Y. The heart is removed from the recipient; the 
pulmonary veins and venae cavae are ligated, The 
ascending aorta is anastomosed end-to-side to the recipi- 
ent’s lower abdominal aorta and the pulmonary artery 
end-to-side to the inferior vena cava. Following removal 
of clamps, ventricular fibrillation occurred and, when this 


became coarse, direct d.c. defibrillation restored sinus 
rhythm. Intra-arterial adrenalin (up to 1 ml. of 1: 1,000 


solution) has been helpful in improving cardiac tone and 
the force of ventricular contraction. 


Preparation of Liver Extracts 

Approximately 130 g (wet weight) of liver removed from 
the prospective donor was extracted to give a crude 
membrane preparation by a rapid method currently used 
to provide starting material for human (HL-A) and mouse 
(H-2) transplantation antigen preparations’. Briefly, 
the livers were chopped coarsely, passed through a 
‘Mouli grater into 750 ml. 0-8 per cent NaCl and kept 
at 2° C for 30 min. The suspension was centrifuged at. 
1,500 r.p.m. for 10 min and the sedimented cells extracted 
in the same way a second time. The combined super- 
natants were centrifaged at 30,000 rp.m. for I h and the 
sediment. retained (‘eluate’); this was suspended in 
water at 5-10 per cent concentration and stored at 2° C 
with thymol as preservative. The vield (based on dry 
weight of tissue being one fifth of wet weight) was 19-26 
per cent. 
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Solubilization of antigen from the eluates was carried 
out as previously described for the second step in purifica- 
tion of human and mouse transplantation antigens'*-*'. 
Cell cluates were adjusted to pH 8 with 0-05 M tris buffer 
and incubated at 37° © for 2-5 h, centrifuged at 50,000 
rpan. for 2 h and the supernatants concentrated under 
reduced pressure and adjusted to 15 mg (dry weight )/nal. 
in O-M per cent tris-NaCl This unfractionated crude 
soluble material is referred to as “soluble antigen”; the 
yields were 8-12 per cent of the starting material (dry 
weights). All side fractions were also recovered by 
dialysis, concentration or dilution and adjusted to 15 
mg/ml. in 0-9 per cent saline (namely, supernatant of the 
eluate and the insoluble residue). 

















Experimental Protocols 

Group 1 were orthotopic liver allografts with vagotomy, 
gastro-duodenostomy and infusion of 500-1,000 mi. of 
donor blood (thirteen animals), Group 2 were as in group 
l, but the recipients received no donor blood (two animals). 
Group 3 were as in group 1, but in addition the recipients 
received simultaneous skin grafts from the liver donors 
(nino animals). Group 4 were as in group 3, but the skin 
grafting from the liver donor and indifferent donors was 
performed 13-14 days after liver allografting; the donor 
skin and control indifferent skin being stored at 4° C in 
gauze moistened with Hartmann’s olution {three animals). 
Group 5 were as in group 1, but im addition orthotopic 
kidney transplantation was performed (sixteen animals). 
In ten experiments the kidney was from the liver donor 
and both the recipient's kidneys were removed; in six 
experiments the kidney was from an indifferent donor 
and one of the recipient’s kidneys was left intact. In one 
of these experiments skin grafting was performed at the 
same time from the liver and kidney donors and three 
indifferent donors. 

Group 6 received auxiliary liver allografting (sixteen 
animals). In two yeriments skin grafting from the 
liver donor and indifferent donors was performed at the 
time of the liver transplantation. Group 7 received 
auxiliary heart allografting (three animals). Group 8 
received auxiliary liver and kidney allografting from the 
same donor (six animals). In three experiments skin 
grafting from the liver donor and indifferent animals was 
performed, and the liver allografts were removed after 
2h, 24 hand 14 de Group 9 received auxiliary liver 
and heart allografting from the same donor (three animals). 
Group 10, a litter of | week old pigs. were used as recipi- 
ents of allogeneic liver preparations, according to the 
schedule shown in Table 1. After 8 days skin grafting 
from the liver antigen donor and indifferent animals was 
performed. Two animals, in which skin graft survival was 
slightly prolonged and rejection modified, received kidney 
allografts at 3 months of age from the partially hepatec- 
toruzed donor of soluble antigenic fraction. Both their 
own kidneys were removed. 
































Responses to Treatment 

Group 1. In the thirteen animals surviving beyond four 
days, mononuclear cell infiltration as evidence of rejection 
was mild or minimal. A similar though usually less 
severe cell infiltration in the portal tracts and increasing 
perilobular fibrosis with age has been observed in normal 
ples. In no case was it clearly demonst rated that death 





Tale 1 


Recipient Donor 
No. Antigen preparation (half sibs) 
1 
2 Supernatant of eluate A+B 
3 Supernatant of eluate A+B 
4 Bluate Atk 
5 Insoluble residue A 
6 Tnsoluble residue A 
+T Soluble antigen A 
+8 Soluble antigen A 


+7 and S were bilaterally nephreetomized and received kidney allografts from donor pig A at 3 months of age. 


months later. 
* tntraportal 
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Fig. 1. Diagram of the technique used in access 

The aorta with coellac artery, the portal vein 

a cava of the donor are anastomosed end-t 

v ls of the recipient. ‘The supraly ie i 

are ligated. The gall bladder of the donor is anastomosed to that of the 
recipient. 








bruc 
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was caused by the allograft reaction. Intestinal obs 
tion from adhesions and herniae was the main cau 
death and occurred up to 18 months after liver allografting. 
We were not able to correlate the degree of morphological 
rejection with the relationship of donor and recipient. 
Function of the liver allografts was usually good. Some 
animals achieved an ecight-fold gain m wei and thrived. 
One sow became pregnant and delivered nine normal 
piglets (Fig. 2). Group 2. The two animals which 
received no blood transfusion did not appear to reject 
their allografts more + ely than the pigs in group hL 
One is alive and well six months after liver transplanta- 
tion. Group 3, Donor specific skin grafts applied at the 
time of liver allografting were rejected more slowly than 
controls. The first signs of rejectior 1 later 
and the process was protracted, Following rejection of 
the donor specifie skin grafts, liver allografts continued 
to survive. 

Group 4. Delay of 13-14 days of skin grafting following 
liver transplantation did not appear to alter the behaviour 






































of the recipients towards either skin or liver gr CORD 
pared with group 3. Fig. 3 shows prolonged survival of 
liver donor skin compared with indifferent graft Skin 
grafts from indifferent donors were usually re èd ir 





the second week, but in some eases the rejection process 
appeared to be modified in a similar way to the donor 
specific grafts. Group ñ. Orthotopic liver allografts 
conferred marked protection from rejection on dor 
specific renal allografts. Five animals survived more 
than two months. Of these, one died from intestinal 
obstruction after 15 months and another survives 18 
months after bilateral nephrectomy, hepatectomy and 
liver and kidney allogratting from the same donor. 
Microseopical changes of renal allograft rejection associ 
ated with uraemia did occur late in two experimer 
The liver grafts in these animals appeared to have more 





P. 


























PROTOCOL OF GROUP 10 EXPERIMENTS 


Day and type of rejection of graft 
Route” A g 


Intraportal 
Intraperitoneal « 8 
Intraperitoneal x 8 









Intraportal 
Intraperitoneal » 6 odified 
Intraportal 7 odified 





Intraperitoneal x 6 M eli fied 


They are alive and well three 


3mh at laparotumy at 7 days of age. Intraperitoneal —daily 10 md. injections from 7 days of age for 6-8 days. 
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Fig. 2, Nine normal piglets born to sow 18 


No imrmunosuppressive treatment was given, 


infiltrating cells than the livers of group 1. Indifferent 
kidney grafts were usually rejected as rapidly as controls, 
but in some cases, as with the indifferent. skin grafts, 
there appeared to be prolonged survival. The animal 
that was skin grafted rejected skin from both the liver 
and kidney donors after 29 days; gr atts from three addi- 
tional donors were rejected on days 6, 8 and 18. Because 
of the breeding policy in our her d many of the indifferent 
donors were related to either the recipient, the liver 
donor or both. Group 6. Although accessory liver 
allografts survived for long periods, there were more 
changes characteristic of rejection than had been observed 
with orthotopic liver allografts, and the accessory livers 
atrophied rather quickly. The skin grafts from the liver 
donors were slowly rejected after 24 days. Skin grafts 
from indifferent donors were rejected between 7 and 15 
days. 

Group 7. Of three auxiliary heart allografts. one was 
rejected aggressively; it became greatly enlarged, haemor- 
rhagic and oedematous, with dense mononuclear cellular 
infiltration after 7 davs (Fig. 4). The second heart allo- 
graft had a similar gross appearance to the first, but the 
main histological abnormality was myocardial necrosis, 
The third was rejected more slowly during t the third week 
after transplantation. Group 8. Auxiliary liver allo- 
grafts protected donor specifie skin and kidney allografts 
from rejection in a similar way to orthotopic liver allo- 
grafts. Removal of the auxiliary liver after 24 h and 14 
days did not result in subsequent rapid rejection of the 
kidney transplants. Severe rejection of the kidney, 
however, had occurred at 1 week and of skin at 5 days 
when an auxiliary liver was removed after 2 h. Group 9. 
Preliminary experiments suggest that an auxiliary liver 
allograft can protect a donor specific heart transplant 
from rejection and this effect continued after removal 
of the liver graft at 7 days (Fig. 5). Group 10. These 
pigs received liver extracts and were skin grafted at an 
age when they were immunologically competent!@1. The 
two animals which were given the soluble liver antigen 
fraction had slightly prolonged survival and modified 
rejection of the skin grafts from the specific donor. They 
continue to thrive 3 months after bilateral nephrectomy 
and donor specific renal allografting. 














Mechanism of Immunosuppressive Effect 


Our observations allow some deductions concer ning 
the mechanism of the immunosuppressive effect of pig 
liver allografts. Although there was evidence of a partial 
effect on some indifferent donor grafts, protection from 
rejection of donor specific tissue was more consistent and 


months after orthotopic liver allografting, 
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potent. An effect demonstrated on certain 
indifferent donor grafts may have been in 


cases where the histocompatibility anti- 
gens of the indifferent donors were similar 
to those of the recipient and/or the liver 


donor, Alternatively, liver allografts may 
confer protection by both specifie and 
non-specific mechanisms. Although small 
accessory livers had more evidence of 
rejection than a large orthotopic graft. 
specific protection of donor grafts was still 
demonstrated. Thus if the phenomenon 
depends on antigenic dose, this is sufficient 
when the liver from a 10 kg pig is trans- 
planted into a 40 kg animal. Further 
antigen in the form of donor blood, skin, 
kidney or heart in addition to the liver 
allograft did not appear to increase the 
inmunosuppressive effect of the liver on 
itself, Evidence of rejection was similar 
to that observed in liver transplants 
without any additional grafts. 








The effect is not complete. however. 
Protection from rejection was yvreatest 
towards the liver itself. least to skin. 


with kidney being intermediate. Following rejeetion 
of donor specifie skin grafted at the time of liver trans- 
plantation or later, liver allografts were not rejected. 





Fig. 3. Appearance cf skin grafts after 10 days, 24 days after orthufopic 

liver allografting, Three indifferent donor grafts on the left are rejected, 

top left corner is autograft control, Two grafts from the liver donor are 
indistingnishabk: from two control autografts (extreme right). 














Fig. 4. 


Auxiliary heart allograft at 7 days. 
tial mononuclear cell infiltrate between muscle fibres and in the endo- 


Left ventricle with substan- 


eardium, Degeneration of a few musele fibres, (Haematoxylin and 


eosin stained x 300.) 
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Nevertheless, pigs sensitized by kidney transplants 
reject subsequent liver allografts from the same and, on 
occasion, different donors?? (Fig. 6), The protective effeet 
on donor specific kidney persisted after removal of a liver 
allograft that had been in place 24 h or longer, but not ifthe 
liver had only been perfused for 2h. And the phenomenon 
does not depend on recipient hepatectomy, for accessory 
liver allografts were also protected. A delay of 1-3 weeks 
in skin grafting after liver transplantation did not change 
the immumosuppressive action of the liver towards donor 
specifie skin. Soluble liver antigen injected mto the 
peritoneal cavity or the portal vem may have an effect 
similar to a liver allograft. 

The mild or minimal rejection of pig liver allografts in 
our experiments was not obviously determined by the 
relationship of donor to recipient, for grafts between 
different breeds—-Landrace or Large White--did not 
fare worse than those between related animals. Skin and 
kidney grafts, however, between littermates usually last 
longer than between unrelated animals, but this is not 
always the case. Severe rejection of a kidney graft 
between. littermates has been observed at 4 days (Fig. 7). 
Other workers have reported rejection of pig liver allo- 
grafts although at a later stage than that observed in the 
dog and rat. The explanation may be in different sources 
of pigs used and minor technical variations. A clarifica- 
tion of histocompatibility by systematic tissue typing 














er allografts from the sarne donor. 
s. Slight mononuclear cell infiltrate 
(Haematoxylin and eosin x 300.) 





5 y heart and auxili 
Auxiliary heart biopsy: 24 da 
between cardiac muscle fibres. 





Fig. 6. 
from an indifferent donor: 
infiltrate in portal tract with similar cells in liver lobules, Mononuclear 
cells in the intima and patch medial degeneration of the hepatic artery. 


Orthotopic liver after prior sensitization with a renal allograft 
12 days. Considerable mononuclear cell 


Vacuolation of many liver cells, (Haematoxylin and eosin x 75. 





Fig. 7. Renal allograft from littermate dono 
mononuclear cell infiltrate around interlobular 
the vein, Similar cells in the interlobul 

lin and eos 







in the 
. (Haematoxve 





of our animals is planned, Of the known mechanisms of 
specifie immunosuppression, enhancement alone is an 
unlikely explanation, for the effect was apparent on skm, 
kidney and heart grafts before specifie enhancing anti- 
bodies would be expected to have been produced. Never- 
theless there is much collateral evidence that eric 
greft adaptation may occur in long tolerated grafts? and 
combination of donor antigen and specifie antibody has 
resulted in profound tmmunosuppression towards kidney 
allografts in the rat®. Tt is difficult to explain how bio- 
logical activity of hepatocytes or Kupffer cells of the 
grefted liver could produce specific INMUTOSUpPpPression, 
for the effect persists after removal of an accessory liver 
at 24 h and may be produced by a soluble liver extract 

Certain peculiarities of murine liver extracts have been 
reported which could have relevance to our results, 
Mandel ef af. found that cell free extracts of spleen 
produced specific sensitization to subsequent skin grafts, 
while similar preparations of liver were mactive. More- 
over, incubation of whole liver homogenate with achive 
splenic antigen inactivated the splenic extract. Tntaet 
liver, however, implanted subcutaneously was immnuno- 
genic. No general immunosuppressive action of liver 
homogenate was demonstrated, for animals given this 
material rejected test allografts in  first-set fashion. 
Hilgert and Kristofova®® reported similar observations. 
They found that simultaneous administration of splenic 
and liver extracts resulted in abolition of the immuno- 
genic effect of the splenic preparation. Palm and Manson** 
concluded that failure to demonstrate transplantation 
antigens in liver microsornal lipoproteins was due to æ 
non-specifie blocking factor present in the liver extracts 
but absent in similar splenic preparations. If the splenie 
and hepatie material were injected separately in the 
same animal, provided the hepatic extract was injected 
first, sensitization was prevented. If the splenic fraction 
was injected 1 h before the liver extract, the animals 
became sensitized. Kelly ef al. found that the given 
amount of antigen extract of murine liver was approxi- 
mately ten times more potent in inducing tolerance to skin 
grafts than similar preparations of spleen, kidney, heart 
and lung. 

We believe that the most likely explanation of our 
observations is that the liver releases histocompatibility 
antigens in a toleragenie form, and that these antigens 
can induce partial immunological tolerance in immuno- 
logically mature animals. Such an hypothesis would be 
consistent with all our results. If immunological tolerance 
can be produced in this way, then one might expect the 
behaviour of donor and recipient mixed lymphocyte 
cultures to change after liver allografting**. This is being 
investigated in collaboration with Dr H. Festenstein. 
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The immunological effects of pig liver allografts are 
profound. Although data in other species are limited, the 
preliminary observation in the rhesus monkey, referred 
to above, would suggest that this phenomenon may not 
be a biological freak limited to the pig. The pig has an 
unusually lymphocytic organization, the cortex and 
medulla of the lymph nodes have a reversed morphology 
to that seen in other species? and efferent lymph is 
deficient in lymphoeytes, while the blood lymphocyte 
count is high**, It is not impossible that these peculiari- 
ties have relevance to our observations, but further 
discussion on these lines would be speculative. 

This work was partially supported by a grant from the 
Medical Research Council, We thank Mrs M. Allen and 
the Department of Medical Ulustration, Addenbrooke's 
Hospital, Cambridge, for the figures and Dr R. D. Keynes 
and the staff of the Agricultural Research Council, Insti- 
tute of Animal Physiology, Babraham, for the use of their 
facilities. 
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Control of Gene Transcription in T-even Bacteriophages : 
Alterations in RNA Polymerase accompanying Phage Infection 
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LARGE changes in the concentration of certain mRNA 
species occur between the early and late periods of T4 
phage development. Between 6 and 19 min after infection, 
RNA species appear which are absent or very rare at 
6 mint; there is at least a fifty-fold increase in concentra- 
tion of these “late” mRNA species between 5 and 16 rmin?-}, 
Phage DNA replication and the function of T4 genes 33 
and 55 are all required for efficient synthesis of this late 
mRNA’. 

Recently, Bolle, Epstein and Salser (personal com- 
munication) have shown that the pattern of RNA synthe- 
sis is more complex. The concentration of certain T4 RNA 
species increases between 1:25 and 5 min after infection 
while the concentration of others decreases between 5 and 
20 min. This complexity of RNA synthesis may be 
sufficient to account for the observed temporal control of 
phage-induced protein synthesis®-?. Additional control, 
however, may be exerted at the level of mRNA function’, 
but the significance of translational control in the T4 
system is unknown, 

We have studied the synthesis of T4 RNA in viro. 
Four recent observations ilustrate the informational 
potential of such a system. First, complexes of T4 DNA 
and RNA polymerase bound to larger cellular components 
synthesize T4 mRNA in vitro from late genes®?°. Second, 

* Present address: Cold Spring Harbor Laboratory, Cold Spring Harbor: 
Long Island, New York. 


+ Present address: Institut de Biologie Moléculaire, Université de Généve, 
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The RNA polymerase in E. coli cells infected with T4 phage is not 
identical with that in uninfected E. coli. 
probably required to modify the host polymerase. 


A T4 phage protein is 


such complexes require the product of gene 55 (maturation 
defective product) to perform late RNA synthesis in vitro’. 
Third, several modifications in total E. coli RNA poly- 
merase result from T4 infection™, Although the enzyme 
in T4 infected cells is immunologically indistinguishable 
from Æ. colt polymerase, both the template response pattern 
and protein subunit structure of the two enzymes differ!, 
Fourth, RNA polymerase from T4 infected cells lacks o 
factor™. 

We have studied only a fraction of the RNA polymerase 
present in T4-infected Æ., coli: the fraction of the enzyme 
present in cellular structures which synthesize late mRNA 
in vitro. Here we describe the release and partial purifica- 
tion of RNA polymerase from these structures. This 
enzyme differs in several ways from E. coli RNA polymer- 
ase, but most strikingly in its chromatographic elution 
from DEAE-cellulose columna, and in its ability to copy 
“late” regions of T4 DNA. 


Particulate RNA Polymerase-DNA Complexes 

We prepared lysates of Æ. colt Q 13 grown in modified 
C medium! after infection with T4 for 19 min at a multi- 
plicity of eight to ten. After centrifugation for 10 min 
at 5,000g, each pellet (6x 10! cells) was resuspended in 
2 mi. of 60 per cent sucrose (w/w) containing 0-01 M tris 
pH 7-9 and 0-001 M mercaptoethanol (TME buffer). 
After 5 min at 20° C, we added 160 ug/ml. lysozyme and 
continued incubation for 10 min at 10° ©. Then four 
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volumes of TME buffer were added and the lysate centri- 
fuged for 30 min at 14,000g. In these lysates most of 
the detectable RNA polymerase activity is associated 
with particles which sediment rapidly (2000S) through 
sucrose gradients. The morphology and chemical com- 
position of these particles have been described’*, The 
particles contain an RNA polymerase-T4 DNA complex 
which is trapped within remnants of the bacterial mem- 
brane. Forty per cent of the RNA synthesized in vitro 
by the particles is late RNA, if the particles are isolated 
from Æ. coli cells which have experienced at least two of 
the normal stages of T4 development. Particles from 
bacteria infected by T4 phage unable to replicate DNA 
synthesize only 6 per cent late RNA’. Particles from 
bacteria infected by a maturation-deficient T4 phage, 
with a mutation in gene 55, synthesize 15 per cent late 
RNA (unpublished results of B.D. H.). Thus the bio- 
logical requirements for late m-RNA synthesis are the 
same for the particles as for T4-infected bacteria. 

Using a particulate RNA-DNA polymerase system 
similar to ours, Snyder and Geiduschek® have shown 
that the product of gene 55 can be separated from the 
remainder of the transcription complex. These authors 
report successful in vitro complementation of late mRNA 
synthesis by supplying gene 55 product from a high speed 
supernatant fraction from T4-infected Æ. coli®, If, as 
they claim, this fraction contains no RNA polymerase, 
the initial product of gene 55 is not a new form of RNA 
polymerase. 

Because the transcription complex we isolate contains 
RNA polymerase synthesizing late RNA, it should be 
possible to determine the role of this enzyme in the copying 
of late regions of the T4 genome. We resuspended the 
14,000g pellet in a minimal volume of TME, MgCl, 
(0-002 M) and DNase (0-018 ug/ml.) and incubated for 
30 min at 37° ©. The substrates for RNA polymerase 
reaction were added (1 umole/ml. ATP, GTP, UTP and 
0-5 umole/ml. CTP), along with 0-2 M KCl (ref. 14), and 
eontinucd incubation for 30 min at 37° ©. The extract 
was dialysed for 3 h against TME, then layered on a 7-22 
per cent sucrose gradient (containing TME) and centri- 





0 5 10 15 20 
Volume 


Fig. 1. DEAE-chromatography of RNA polymerase from (A) uninfected 
E. coli Q 13 (enzyme from 4x 10° cells); (B) T4-infected E. coli Q 13 
{1-5 x 10"! cells) harvested at 19 min after infection. Column dimen- 
sions: 1x8 cm. Volume of fractions 2 ml. Each assay contained, in 
0:5 mi, 25 amoles K-maleate, 25 pmoles KCI, 2 umoles Mgl, 0-5 umole 
ME, 250 mpmoles adenosine-5’-triphosphate (ATP), 150 mmoles 
guanosine-5'-triphosphate (GTP) and uridine-5’-triphosphate (UTP), 
50 mmoles *H-cytidine-i’-triphosphate (CTP, 40-50 eC /«mole), and 
50 ug calf thymus DNA. After 30 min at 37° C, reactions were stopped 
by adding 5 ml, 10 per cent TCA; precipitates were collected on glass 
filters, washed with 10 per cent TCA, dried, and counted by liquid 
scintillation assay. Enzyme eluted from DEAE column is completely 
dependent on added DNA, 
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Fig. 2. Two 1,200 ml. cultures of E. coli Q 18 were grown to x 10° 
cells/mL; one was infected with phage T4, and 19 min later both were 
harvested as follows: A, 800 ml, of uninfected culture was poured on to 
frozen medium; B, 800 ml. of T4-infected culture waa poured on to 
frozen medium; C, 400 ml. T4-infected plus 400 ml. uninfected. Mach 
sample was lysed, and RNA polymerase was released from DNA and 
sedimented through a 7-22 per cent sucrose gradient. The enzyme from 
each of the three gradients was analysed by DEAE cellulose chroma- 
tography (4, B, C). A fourth column was loaded with a mixture con- 
taining equal amounts of RNA polymerase activity from sample (4) 
uninfected and sample (B) infected, Chromatographic procedures 
and enzyme assay were as in Fig. 1. 


fuged for 20 h at 25,000 r.p.. ina ‘Spinco SW 35-2 rotor. 
RNA polymerase was found in a broad peak about two- 
thirds of the way down the tube. Our procedure differs 
in two ways from those usually used: (aj) we use 
DNase to release the enzyme, and (b) we select the RNA 
polymerase present in very large, membranous, DNA 
containing particles. (This fraction arnounts to a 
one-fourth of the total recoverable RNA polyme 











Chromatography of T4 RNA Polymerase 

Absorption-elution chromatography on DEAE-cellu- 
lose is commonly used in the purification of RNA poly- 
merase, Usually, E. coli RNA polymerase is eluted by 
0-24 M KCI, but not by 0-16 M KCP. 

When a DEAE-cellulose column is loaded with suc 
gradient fractions containing T4 RNA polymerase, 
washed with 0-16 M KCI TME buffer, the enzyme activity 
is eluted (Fig. 14). RNA polymerase isolated fron 
uninfected E. coli in the same way does not elute in 
0-16 M KCI buffer, but is eluted by 0-24 M KCI (Fig. 18). 
By itself, this chromatographic difference does not prove 
that there is a difference in protein structure between 
the T4 and E. coli enzymes. Even if the two enzymes 
were identical, some other substance present in the T4- 
infected extract might cause RNA polymerase to elute 
at alower KCl concentration. But several lines of ewidence 
suggest that the differences observed reflect properties of 
the RNA polymerase itself or of some closely associated 
component. 


PORE 











Mixtures of T4-infected and E. coli RNA Polymerase 

To test the possibility that RNA polymerase in T4- 
infected extracts might elute in 0-16 M KCI because of 
the interaction of some unrelated T4 component with 
DEAE, we performed appropriate mixing experiments. 
If such a substance were present in abundance in mixed 
extracts it should cause both T4 and Æ. coli polymerase 
to elute in 0-16 M KCl. But Æ. coli RNA polymerase 
present in a mixed extract elutes at the same position 
(0-24 M KCI) as £. coli polymerase in an uninfected extract 
(Fig. 2). Thus it seems that the elution position of T4 
RNA polymerase is a property of the enzyme, not a pro- 
perty of the lysate. 

Further evidence was obtained by recycling T4 RNA 
polymerase through DEAE-cellulose. Enzyme eluting 
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Fig. 3, Template response of E. coli and T4 RNA polymerase. Enzyme 
was purified as described in the text with the following modifications: 
(1) Addition of 0-002 M MgCl, to all buffers used before the DEAE step. 
(2) Following dialysis, ribosomes were removed from the extract by 
centrifugation for 3 h at 80,0007. (8) RNA polymerase was concentrated 
from the 80,000y supernatant by precipitation with 1-2 volumes saturated 
(NH),SO, or by centrifugation for 9 h at 44,000 rpm. (Spinco Tibo 
rotor), The resulting precipitate or pellet was redissolved in 15 ml. 
TME (per original 1-5 x 10% cells) for layering on the sucrose gradient. 
(4) For DRAE chromatography, the washing buffer was lowered to 
0-075 M in KCI and a gradient from 0-075 to 0-30 M KCI was used to 
elute the polymerase. Enzyme activity appeared as a single peak at 
about 0-2 M KCL (5) After (NH,),80, precipitation, the DEAE enzyme 
was dissolved in 2 ml. TME and layered on a 50 mi, 10-80 per cent 
glycerol gradient in TME 0-5 M KCI and centrifuged for 30 h at 25,000 
rpm. (Spinco SW25-2' rotor). A single sharp peak of RNA polyrmerase 
Cn 5 ml) was found halfway down the tube. Template response was 
studied using 0-6 yg of RNA polymerase protein per sample for T4 and 
OV ug per sample for E. coli polymerase. Reaction mixtures were as 
described in Fig. 1 but scaled from 0-5 ml. down to 0-2 ml. The reaction 
was stopped by addition of 0-2 ml. of a 0° C solution containing 250 ag 
of salrnon sperm DNA and 100 ng of CTP. After addition of 0-5 ml. of 
20 per cent TCA, the precipitate was washed and analysed as in Fig, 1. 
@—@, Calf thymus DNA as template: W --- W, mature T4 DNA as 
template. A, coli polymerase 0-016 M KCL. B, E. coli polymerase 
O2M EC, C, T4 polymerase 0-015 MKC D, T4 polymerase 0-2 M KCL 











in 0-16 M KCI buffer was dialysed briefly, then loaded onto 
another DEAE column which was eluted with 0-16 M 
and 0-24 M KCI buffers. On the second column, 90 per 
cent of the RNA polymerase activity was eluted by 0-16 
M KCL Thus the elution properties of T4 polymerase are 
uncharged by repeated adsorption on DEAE and subse- 
quent elution. 


T4 Polymerase and Various DNA Templates 

RNA polymerase isolated from T4-infected E. coli by 
our procedure, like that isolated by Furth and Pizer' 
and by Walter et al.", is primed efficiently by calf thymus 
DNA, but not by T4 phage DNA. Fig. 3 shows the relative 
activity of T4-infeeted and uninfected E. coli RNA poly- 
merase on these two templates. Whereas #. coli RNA 
polymerase synthesizes RNA at about the same rate on 
T4 and calf thymus DNA (Fig. 34, B), the T4 enzyme is 
very poorly stimulated (Fig. 3C, D) by mature T4 phage 
DNA. In high salt (0-2 M KCl) the T4 enzyme is virtually 
inactive on T4 DNA, 
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Early and Late Transcription 

We used competitive RNA-DNA hybridization to test 
for qualitative differences in the RNA synthesized by 
highly purified T4-infeeted and uninfected E. coli RNA 
polymerase, RNA synthesized in vitro from mature T4 
DNA by each of the enzymes was hybridized to denatured 
T4 DNA in competition with early (5 min) RNA from 
T4-infected Æ. coli and with mixed competitor containing 
RNA made in vitro by 5 and 19 min. i 

The competition results (Fig. 4) show clearl y that differ- 
ent regions of T4 DNA are transcribed by the two enzymes. 
We find, as others have!718, that less than 5 per cent of the 
RNA produced by E. coli polymerase continues to hybrid- 
ize in the presence of excess 5 min competitor. On the 
other hand, we find approximately 30 per cent of the RNA 
made by the T4 polymerase binds independently of earl v 
competitor, 

The data obtained with mi 









ced competitors also indicate 
that T4 polymerase transcribes late regions of T4 DNA 
(dotted lines, Fig. 4). When increasing amounts of 19 
min in vivo RNA are added in addition to 1-1-2 mg/ml, 
of 6 min RNA, there is a large decrease in hybridization 
below the 30 per cent plateau value obtained with 5 min 
competitor alone. This indicates that 15-20 per cent of 
the i vitro product transeribed by T4 polymerase origin- 
ates from those regions of T4 DNA which are transcribed 
only at late times. 








Anti-messenger RNA Formation 

The occurrence of competition, that is, deercased bind- 
ing of labelled RNA to DNA when an unlabelled competi- 
tor is added, does not unequivocally establish that the 
two RNAs hybridize to the same DNA sites. The same 
result may be obtained if RNA molecules in the two pre- 
parations are complementary to each other. In this 
case, hybridization is reduced by addition of compotitor 
because formation of RNA-RNA duplexes precludes 
binding of the labelled RNA to DNA. 
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Vig. 4. Competitive RNA-DNA hybridization between in vibo "H-RNA 
and unlabelled RNA from T4-infeeted Æ. coli. Each hybridization tube 
contained (in 1 ml.) 5 xg denatured T4 DNA, 2:5 ug 2-5 min “C in vivo 
T4 RNA, and 2,000 to 10,000 cpm. in vitro *H-RNA. (These are 
excess DNA conditions.) A variable amount of 5 min competitor or mixed 
competitor (5-19 min RNA) was present. After incubation for 5 hat 
67° C, hybrid formation was measured’, using dual-channel liquid 
scintillation counting to resolve hybridized *H and “C-RNAs. Measure- 
ment of remaining “C carly RNA hybridization provided an oternal 
check on the effectiveness of competition for carly sites on the DNA. 
Unlabeled RNA was isolated from T4-infected W. coli B grown at 30° C 
in modified © medium 5 and 19 min after infection. RNA extraction 
and procedures were as previously deseribed'. Synthesis of highly 
labelled in vitro RNA was at 37° © for 10 min in 0-5 ral, containing 50 pg 
T4 DNA, 0-5 umole of ATP, GTP, and UTP, 0-1 mole (100 wt) *H-CTP, 
5 wamoles MaCh, 5 moles iris pH 7-9, and KCI as indicated below and in 
Table 1. The amount of enzyme (see Fig, 3) was sufficient to incorporate 
20 mumoles of CMP in the standard assay. Reaction was stopped by 
quick freezing and RNA extracted by SDS-hot phenol’, then dialysed 








24 h against 0-5 M KCI 0-01 M tris pH 7-3, Invitro RNA: [j and W., 
T4 polymerase on T4 DNA, synthesis in 0-05 M KCl; © and @, T4 


polymerase on T4 DNA, synthesis in 0-026 M KCl; A and A, E. goli 
polymerase on T4 DNA, synthesis in 0-05 M KOL Competitor RNA: 
Cl, O, and 4,5 min unlabelled RNA; @ and A, 1-24 mg/mL of 6 min 
unlabelled RNA, additional amounts of unlabelled 19 min RNA; 
B. 2-64 mg/ml. of 5 min RNA, additional amounts of 19 min RNA, 
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Table 1, MEASUREMENT OF ANTI-MESSENGER LEVEL IN VARIOUS in vitro 


RNA PREPARATIONS 


E. coli T4 
polymerase polymerase 
on T4 DNA! on T4 DNA/ 
0-05 M KCL 0125 M KCI 

Input RNA (sp. act. 10° &p.m./ 


T4 polymerase 
on T4 DNA/ 
0-026 M KCI 


maM CMP incorporated) 12,000 2,600 1,100 400 
EpL apm, cpm (pm. 
Conditions of atingaling a b a b 
Per cent of RNase-resistant 
RNA 
Control (0° ©} OF lt 5 9 
Annealed with 5 rain in vive 
RNA 3 41 50 36 
Aunealed with 19 min in 
vico RNA 10 = 53 — 
Annealed with 5 and 10 min 
RNA 55 53 65 43 


The indicated amounts of in vitro RNA were heated for 5 min at 100° C, then 
added to the solution of unlabelled RNA in 0-38 M Nal, 0-03 M Na citrate, 
and placed in a 60° © bath for 4 h, The incubation volume was 0-25 ml. 
The concentration of unlabelled RNA during annealing was: for (a) 120 
ug/ml. 5 min RNA, 120 pg/ml, 19 min RNA, or 60 ug/ml, 5 min plus 60 pg/ml 
19 min RNA; and for (b) 1,250 ug/ml. 5 min RNA or 1,250 zgiml. 5 min plus 
350 pe/ml. 19min RNA, Digestion with pancreatic and T1 RNase was per- 
formed according to Colvill ef a2", Remaining acid insoluble RNA was TUA 
precipitated, filtered and counted. 





We therefore assayed the anti-messenger content of the 
various in vitro products by annealing with 5 and 19 min 
in vitro RNA in the absence of DNA. The extent of 
complementary RNA-RNA duplex formation was assayed 
by measuring the fraction of RNase resistant *H, which 
was made in vitro, RNA after annealing. The results 
are fragmentary (particularly because annealing was not 
carried out over a range of RNA concentrations) and the 
assay for double-stranded RNA is uncertain, but the 
differences are clearly seen (Table 1). 

The E. coli polymerase product contains very little 
anti-wRNA; what there is appears to be mostly anti-late 
mRNA. In contrast, about half the T4 polymerase pro- 
duct appears to be anti-messenger, most of it anti-early 
mRNA. Our data give no clear answer to the crucial 
question of the asymmetry of late mRNA transcription. 





T4 Gene Function and Polymerase Modification 


We have examined the physiological requirement for 
alternation of RNA polymerase by phage T4. In each 
case, RNA polymerase from the particulate fraction was 
partially purified by the usual procedure, then analysed 
by chromatography on DEAE-cellulose. If E. coli are 
infected with T4 in the presence of chloramphenicol 
(100 ug/ml.) the chromatographic pattern is similar to 
that of RNA polymerase from uninfected E. coli (Fig. 1B). 
This suggests that some T4-direeted protein synthesis is 
required to modify the chromatographic properties of the 
polymerase. 

A pattern of elution like that in Fig. LA was seen in all 
other T4-infected preparations examined, which include 
T4 (wild type) at 3, 6 or 9 min after infection, T4 amN82 
(gene 44) at 19 min, T4am BL292 (gene 55) at 19 min. 
T4 amN134 (gene 33) at 19 min. 

Our results indicate that the RNA polymerase in cells 
infected with T4 is not identical to that of uninfected cells. 
Transcription of T4 DNA by the T4-polymerase we have 
solated differs both quantitatively and qualitatively 
from transcription of the same DNA by E. coli RNA 
polymerase. 

E. coli RNA polymerase is involved in transcription 
decree the lytic eycle of T4 phage™!. Studies 
using the antibiotic rifamycin show that RNA polymerase 
in infeeted cells must contain that portion of the host. 
enzyme sensitive to that drug. because cells which are 
sensitive to rifamyein do not incorporate *"H-uridine in the 
presence of rifamycin, while rifamycin resistant mutants 
of E. coli show normal incorporation of *H-uridine and 
give typical bursts of phage*!. Also, structural studies of 
the total T4 RNA polymerase indicate that one major 
subunit is identical to that of E. coli (another subunit may 
be modified)’. 
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The T4 RNA polymerase we have described may be 
involved in two regulatory processes. It may play a part 
in turning off of early genes. One major consequence 
of the inability of the T4 RNA polymerase to utilize T4 
phage DNA efficiently would be an absolute decrease in 
the amount of RNA copied from early regions of the 
T4 chromosome. Recently, Bautz and Dunn have shown 
that RNA polymerase from T4 infected cells lacks o 
factor, This observation could well account for the low 
rate of RNA synthesis primed by T4 phage DNA with the 
polymerase from infected cells. In fact, Bautz and Dunn 
present evidence that o factor from Æ. coli polymerase re- 
stores the ability of the T4 RNA polymerase to copy mature 
T4 DNA. But, while infection of Æ. coli with T4 produces 
an RNA polymerase which shows decreased synthesis 
on mature T4 DNA, it is not clear that this relates to the 
control of RNA synthesis by T4 because RNA polymerase 
from cells infected in the presence of chloramphenicol? 
or cells treated with chloramphenicol (unpublished re- 
sults of R. J. CŒ.) also has decreased capacity to copy T4 
DNA 

T4 polymerase may have a role in regulating the 
synthesis of late T4 mRNA, The competition data show 
that T4 polymerase, unlike the Æ. coli enzyme, is able to 
copy from late genes. ‘Two features of this transeription, 





however, make it appear unlikely that the enzyme 
contains the entire apparatus of the late transcription 


switch. First, T4 polymerase transeribes mature T4 
phage DNA inefficiently (Fig. 30, D). Second, the enzyme 
is not sufficiently specific (Table 1). To account for the 
pattern of late T4 transcription seen im vivo, we must 
assume that changes in other cellular components inerease 
the efficiency and specificity of late transcription in vive. 
Any or all of the following factors may be involved: 
(a) a structural alteration in the DNA template®; (b) 
production of a macromolecular effector of T4 RNA 
polymerase, perhaps one analogous to the sigma factor 
of E. coli RNA polymerase”; (e) a change in electrolyte 
concentration in the infected cel”. 
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A promoter mutation, lambda cı7, changes the rate of reading of 
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A PROMOTER can be defined genetically as a DNA site at 
which mutation alters the inherent rate of expression of 
adjacent genes. Known promoter mutants include several 
which affect the lactose structural genes of Æ. colit, the 
i? mutation of the lactose repressor! and the e, mutation 
of bacteriophage lambda’. The most attractive hypo- 
thesis for the biochemical nature of the promoter site 
proposes that it is a DNA sequence which allows the 
enzyme RNA polymerase to initiate messenger RNA 
synthesis, and which determines the rate of RNA syn- 
thesis by affecting the interaction between enzyme and 
DNA. There are other possibilities; for example, the 
promoter could be a messenger RNA sequence which sets 
the rate of protein synthesis (and thus possibly RNA 
synthesis through coupling) by controlling the rate of 
entry of ribosomes on to the messenger. Here I show 
that the c,, mutation of lambda alters the pattern of in 
vitro transcription of DNA into RNA, thus demonstrating 
that this promoter mutation does change an initiation 
site for RNA polymerase. 

The mutant Ac,, synthesizes the products of lambda 
genes O and P in an uncontrolled manner when it infects 
a cell or is present as a prophage**, although the operon 
that contains genes O and P is normally directly 
under the control of the phage repressor’. The 6y 
mutation, a change close to the beginning of the 
operon (Fig. 1), is not an operator constitutive mutation 
because it hes outside the immunity region’. It must there- 
fore be some other change that permits the operon to 
function in the presence of the phage repressor. Such a 
change is likely to be the creation of a new promoter that 
allows constitutive transeription of messenger RNA for 
the remainder of the operon by the Æ. coli RNA poly- 
merase’, Here I show the existence and nature of this 
new promoter by showing that more RNA is transcribed 
in vitro by purified RNA polymerase from the region of 


lambda phage DNA by the RNA polymerase in vitro. 


e DNA affected by the mutation than from the equiva- 
lent region of 2° DNA. 

Fig. 1 is an approximate physical and genetic map of 
lambda which shows the presumed positions of the 
promoters and operators of the early genes of the phage, 
the position of the ¢,, mutation, and the directions of 
messenger RNA synthesis*-!", During the growth of the 
phage, mRNA for the x-O-P operon is transeribed from a 
promoter and operator located within the immunity 
region (in the region named x toward the right of Fig. 1) 
from the DNA strand named r (ref. 9). The c; mutation, 
which hes outside the immunity region in the region named y 
(it can be crossed into phage 434hy)‘, results in transcription 
of this operon even in the presence of the phage repressor 
and the absence of the product of gene N. (The N product 
appears to be required for a normal level of transcription 
of all parts of àt DNA outside the immunity region®™®.) 

The basic experiment which detects initiation by the 
z€; promoter in vitro consists of synthesizing RNA with 
wey, and àt DNA as templates in parallel incubation 
mixtures and measuring the homology of each RNA with 
selected regions of lambda DNA. With the two strands of 
lambda DNA separated and used individually for hybrid- 
ization’ ?, I have shown that the additional synthesis 
which the ¢,, mutation invokes im vitro arises from the r 
strand, as does in vivo synthesis of mRNA for the x-O-P 
region. This synthesis then has been localized to the 
right half of the r strand by hybridization to separate 
left and right DNA portions. 

Table 1 shows the pattern of in vitro transcription from 
ae, and 3+ DNA in terms of the ratio of r to l strand 
specific synthesis for each template. In a series of experi- 
ments using different ratios of template DNA and RNA 
polymerase, the product. made from the two templates 
contains different amounts of RNA made from the two 
strands. For 4¢,, DNA the ratio is approximately 1-8 to 
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An approximate genetic and physical map of bacteriophage lambda which displays the positions of the carly genes of lambda and the 
e RNA for genes ¢,,-O-P is synthesized toward the right, and from the DNA strand named r. 


RNA for 


genes N through int is transcribed toward the left, from the DNA strand named 1. The break which produces halves of lambda DNA occurs in 


the vicinity of the b: region. 


The immunity region is close to the physical centre of the right half?" 
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20, whereas for àt DNA it is between 1-4 and 1-6. A 
measure of the invariance of the difference is provided by 
the ratio of these ratios for each experiment, which varies 
only from 1-24 to 1:37. The difference in ratios suggests 
that there is an initiation site on the r strand of 4¢,, DNA 
which is absent in At DNA, and which causes synthesis 
from 4¢,, DNA to favour the r strand. 

This interpretation is strengthened by the observation 
that synthesis with a limiting concentration of template 
DNA produces a larger net synthesis of RNA from 2¢,; 
DNA than from ~+ DNA, and that this excess arises from 
the r strand. Table 2 shows such an experiment: in 
parallel reactions with 4c,, and à+ DNA, approximately 
twenty per cent more RNA is synthesized from the r 
strand of Ac; than from the r strand of Xt, while en 
identical amount of synthesis occurs from the J strand of 
each template, If the amount of DNA is limiting the 
amount of RNA synthesis is proportional to the initiation 
capacity of the template; this result therefore shows that 
ze DNA promotes more RNA synthesis per molecule 
than does 2+ DNA, and that the excess initiation occurs on 
the r strand. 


RATIO OF r TO (STRAND SPECIFIC RNA SYNTHESIS tn vitro WITH 
Że AND 2t DNA TEMPLATES 


Table 1. 


RNA Enzyme Ratio ofr to 1 Ratio of 
‘Template poly- molecules strand specific column A 

DNA merase per DNA RNA synthesis to 

ugin nam. molecule A, žen DNA B, 4 DNA column B 
30 16 4 1-9 t5 1-27 
18 16 7 19 14 1-36 
12 32 20 rë L4 129 
t; 43 120 2-0 16 1:25 


Incubation mixtures of 100 or 200 ul. contained, besides DNA and RNA 
polymerase: 0-02 M or 0-05 M tris, pH 7-9; 0-01 M Mg acetate; 0-10M KCI: 
0-0001 M ethylenediaminetetraacetate; 0-0001 M dithiothreitol or 0-01 M 
2-mercaptoethanol; 0-05 mM or 0-15 mM ATP; 0-05 mM or 0-15 mM UTP: 
O15 mM GTP: 015 mM CTP; and 25 wg/ml. bovine serum albumin. Either 
ATP or UTP was labelled with *H (Schwarz Bioresearch) to 0-4-1-0 mCi 
umole; the labelled triphosphate was present at 0-65 mM. Incubation was for 
20 min at 37°C. The molar ratio of RNA polymerase to DNA was caleulated 
assuming a molecular weight of 400,000 for RNA polymerase’ and 3 x 10° 
for lambda DNA. Phage were pelleted at 100,000g, purified in a preformed 
CsCl gradient!4, and banded to equilibrium in CsCl. DNA was extracted 
from purified phage by the roller technique™, against three changes 
of buffer saturated redistilled phenol, and dialysed into 0-01 M tris pH &-0, 
Ol M KC, and 0-0001 M ethylenediaminetetraacetate: the ratio Asgo/ Asso Of 
purified DNA was 1:83-1:92. Separated strands of lambda DNA were 
prepared from whole phage, using poly UG obtained from Miles Biochemicals 
(lot 289); remaining poly UG was removed by alkaline hydrolysis'*, and the 
separated strands were self-annealed for 4 h at 67° C in 2 x SSC (SSC is 0-15 M 
NaCl, 0-018 M Na citrate) to remove any remaining complementary con- 
taminant. E.coli RNA polymerase was purified to greater than 80 per cent 
by the glycerol gradient technique, it contained the newly discovered factor 
sigma’. RNA synthesis was terminated by chilling and dilution of the 
reaction mixture with cold 2x SSC, For most experiments this solution was 
saturated with phenol. For hybridization a 25 or 50 ul. portion was placed 
in a centrifuge tube containing the single stranded DNA in 100 or 75 al. of 
2x S8C, This was mixed, incubated 3 h at 67° C, and chilled. It was diluted 
to 05 ml. with 2 x SSC containing five sg RNase A, incubated thirty minutes 
at 87°C, and chilled. ‘Twenty-five ug of BSA was added aa carrier, and the 
RNA which survived RNase digestion was precipitated with 4 ml. of 6 per 
cent trichloroacetic acid containing 0-01 M sodium pyrophosphate. It was 
filtered on to a ‘Millipore’ filter and washed with 20 to 50 ml. of acid. The 
filter was dried and counted in toluene-liquifluor, or dissolved in Bray's 
solution’* and counted. The efficiency of hybridization with this method, 
defined as the sum of RNA hybridizing above background to each of the 
complementary strands, plus the background, divided by the total acid 
precipitable polynucleotide, is 0-8 to 10. The background is usually about 
five per cent of the acid precipitable radioactivity. The amount of DNA 
required to achieve maximum hybridization was determined separately for 
each preparation of DNA strands. A typical saturation curve is shown in 
Fig. 2. Approximately one-fourth to one-third ug of DNA provided satura- 
tion when phenol was present; when phenol was omitted, somewhat more 
DNA was required. Smaller amounts of DNA would suffice if the Incubation 
time were longer; the plateau represents not a saturation of DNA sites but 
rather the DNA concentration at which the rate of the annealing reaction is 
sufficiently fast that essentially all homologous RNA is annealed in 3 h. 


Table 2. PATTERN OF RNA SYNTHESIS WITH Ac,, AND 4* TEMPLATES UNDER 
CONDITIONS OF LIMITING DNA 
Template 
aey, DNA At DNA Difference 

Total RNA synthesis, e.p.m. 3,243 3,079 2,904 2,860 293 
c.p.m. hybridized above back- 

ground to 1 strand 958 932 957 931 1 
c.p.m. hybridized above back- 

ground to r strand 1,804 1,937 1,556 1,472 357 


The conditions of synthesis and hybridization were as in Table 1, with 
3 ugjml. template DNA and 4-8 ngiml, RNA polymerase in 200 zl, reaction 
mixtures, The values given are counts per minute for duplicate samples; 
the backgrounds subtracted from the second two rows are 206 ¢.p.m. for 
4* and 228 e.p.m. for acy, The third column is the difference between the 
average of duplicate samples in the first two columns. 
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yn and puri 
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described by Hradecna and Szybalskit*, exce 
also present during the separation; the right i 
the separation. 4b, DNA was broken into halves by shearing as deserthedt 
by Hershey and Burgi’, and the breakage was monitored by measurhig 
the sedimentation constant of the DNA. The first character of each 
designation in the figure indicates the template DNA, and the second 
character indicates the DNA strand with which hybridization is per- 
formed. Eaeh point is the average of duplicate samples. 


By contrast, with limiting polymerase and excess DNA, 
I generally observed that less RNA is synthesized from 
the (strand of 4c,,; DNA than from the / strand of 3° DNA, 
while the opposite was true of r strand transcription 
under any conditions. An example is n in the ex- 
periment to be discussed. This deficiency in ¢ strand 
specific synthesis from 2¢,, DNA might result from s 
competition by initiation sites on both DNA strands for 
the limited enzyme, in which the ¢,, promoter causes the 
26; r strand to be more favoured than the At r strand; 
more detailed experiments would be necessary to establish 
this point. 

If, in fact, the difference in r to / strand ratios between 
the RNA products of 2c,, and 4* DNA is caused by an 
additional promoter at the site of the c,, mutation, this 
difference should be accentuated if the DNA used for 
hybridization contains a deletion outside the region 
served by the e,; promoter. One such DNA is provided 
by phage ’b,, which lacks about eleven per cent of the 
DNA in the central region of the chromosome*; Fig. 2 
shows an experiment which uses the separated strands 
of xb, DNA. The ratio of àb, r strand to Ab, | strand 
specific synthesis for the Ac,, template is 1-9, whereas for 
the 4+ template it is 1-2. The ratio of these ratios is 16, 
which is significantly larger than the value of approxim- 
ately 1-3 obtained with 4” DNA strands. 

Two methods have been used to prove that the addi- 
tional synthesis from Ac,; DNA arises from the right side 
of the r strand, as the promoter model predicts. The first 
involves hybridization against the isolated left half of the 
r strand of Ab, DNA, in order to show that the excess is 
not synthesized from the left half. This fragment is 
prepared by separating the strands of the mixture of right 
and left halves which is obtained by shearing whole >be 
DNA; because only the left half of the r strand contains 
many of the pyrimidine clusters on which the strand 
separation depends", this one of the four single stranded 
fragment bands in a CsCl density gradient at a signifi- 
cantly higher density than the remaining three in the 
presence of poly UG. The RNA synthesized for the 
experiment shown in Fig. 2 was also hybridized to this 
fragment. Slightly less RNA homologous to the fragment 
is synthesized from )c,, DNA than from àt DNA, whereas 
considerably more RNA from Ac, than from 4° is homo- 
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logous to the whole Xb, r strand; the initiation site which 
provides additional synthesis from 36, DNA must 
therefore be located on the right half of the r strand. 
This conclusion is verified by hybridization with the 
separated strands of a hybrid bacteriophage, Ahsa, which 
consists approximately of the right half of lambda and 
the left half of the largely nonhomologous phage 980 (ref, 
18, and personal communication from E. Signer), At 
least the immunity region and the genes to the right of it 
are from the lambda parent, so that Ahea includes the 
region affected by the c,,; mutation. If the site which 
affects transcription in vitro is also in this region, hybridiza- 
tion to separated strands of Ahs DNA should increase the 
difference in strand ratios obtained from 2¢,, and + tem- 
plates relative to the ratios obtained with X*+ r and / 
strands. This prediction is confirmed by the results shown 
in Table 3, which displays the ratio of ahg, r to A+ Z strand 





Table 3. RATIO OF Also ¥ STRAND TO At l STRAND SPECIFIC RNA SYNTHESIS 
in vitro FROM Ày AND At DNA TEMPLATES 


Template Ratio of column A 
A, AG, DNA B, 4* DNA to column B 
1 0-88 0-50 1-76 
2 VW 0-71 1-55 
3 tO 0-67 149 
4 1-0 0-70 1:43 





The conditions of synth and hybridization were as in Table 1. The 
concentrations of template DNA and RNA polymerase for the four experi- 
ments were, respectively, in wg/ml.: 18, 1-6; 6-0, 9-6; 3-0, 48; 2-5, 82. 
¿hss Phage were prepared from the double lysogen of Ahs and Ah,, dlac 
constructed by E. Signer and described by Gilbert and Muller- HUD? who also 
describe the separation of Ahs, from Ahsa dlac, These experiments represent 
iwo independent preparations of the separated strands of Ahs. Samples of 
each reaction were simultaneously hybridized to the r strand of 2+ DNA, 
and in each case the ratios obtained with 2* DNA strands were similar to 
those in Table 1. 





Table 4. HYBRIDIZATION OF Že, AND 2° in vitro RNA TO Àt AND Ago 
DNA STRANDS 
DNA ‘Template 
strand Že DNA at DNA Differences 
Wild type l Rie 2 T7 730 30 
Wild type ¢ i 1,153 1,059 330 
Lambda hesr 526 493 206 





The raw data of exp. 8 of Table 3, given in counts per minute. The third 
column is the difference between the average of duplicate samples in the first 
two columns. Backgrounds subtracted from the first two columns were 221 
ep.m. for c and 236 cp.m. for wild type. 





specifie RNA synthesis; a comparison with Table 1 
reveals that the ratio of ratios is significantly Jarger than 
was found for wild type r strand DNA. (2h l strand DNA 
was not used to determine ratios because very little in 
vitro RNA is homologous to it.) 

Table 4 shows details of one of the experiments of Table 
3 im which a limiting concentration of template DNA was 
used; the amount of RNA homologous to wild type r 
strands is also given. Less RNA from both 1e,, and At 
templates hybridizes to Ah r strand DNA than to 2+ ¢ 
strand DNA, but the difference between 204, and At values 
is the same in each case; the identity (within experimental 
error) of 7 strand transeription from each template 
provides an internal control which assures that the syn- 
thesis reactions were equivalent. This again demonstrates 
that the excess RNA initiated from i¢,, DNA in vitro 
must arise from the right half of the r strand. 

These experiments show that 4c,, contains an initiation 
site for RNA synthesis in vitro that. is different from those 
contained in )*. Purified DNA that carries this mutation 
is read differently by purificd RNA polymerase than is 
wild type DNA. The difference seen in vitro corresponds 
to an increased synthesis from the region that contains 
the x-O-P operon, a result which supports genetic argu- 
ments that the ¢,; mutation either has modified an old 
promoter or has created a new one for this operon, 

Besides establishing the nature of ¢,;, these results 
confirm the existence of DNA sequences which set the 
rate of RNA synthesis by affecting the interaction of DNA 
and RNA polymerase. At least in this case the promoter 
mutation must function by changing the physical structure 
of DNA where it interacts with RNA polymerase. It 
seems likely that this is also true of other promoter mutants. 

How does the behaviour of the c, promoter compare in 
vitro and in vivo? In conditions of limiting template, 
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approximately 10 per cent more RNA was synthesized 
from Ac,, DNA than from ìt DNA. Because regions other 
than that affected in the mutant are transcribed in vitro, 
clearly the e,, promoter induces much more than 10 per 
cent additional synthesis from the x-O-P operon. ‘The 
hybridization to the r strand of dh, revealed that about 
60 per cent additional RNA was transcribed from the 
right half of the r strand of ic,, (while each template 
yielded the same synthesis from the / strand). A similar 
result can be deduced from the experiment with half 
strands from %b,. Thus 60 per cent is a minimum estimate 
of the excess synthesis from the x-O-P region in vitro. 
This would not be unreasonable if one argued that the 
difference between Acı, and A+ is that Aci; has a new 
promoter, about as active as the old, but that this new 
promoter is not under repressor control. Thus 3e, DNA 
in vitro would have two promoters for this region whereas 
3+ has only one. 

Tt is likely, however, that the situation is more compli- 
cated both in vitro and in vivo than this simple analysis 
s, and that the in vitro figure of 60 per cent excess 
considerable underestimate. RNA polymerase 








is a 
appears often to initiate incorrectly in vitro, despite the 


frequent correct initiation at the c promoter. For 
example, the left half of lambda DNA, which contains 
the late genes, may be transcribed at least one third to 
one fourth as well as the right half in vitro (ref. 20 and 
Fig. 2); these genes are not expressed in viro in the 
absenee of certain phage specific functions (notably gene 
Q), so that this must be erroneous transcription. Much of 
the synthesis from the right half may also be incorrect, 
The product of lambda gene N is required for efficient 
transeription in vivo of the right half of the lambda 
genome (except for the x-O-P operon of he; (ref. 6)), 
although the right half is transcribed well in vitro in the 
absence of the N product. A large fraction of this syn- 
thesis may thus be incorrect, yielding an irrelevant back- 
ground for both 2* and 4¢,, DNA. If this background 
were reduced, the effect of the c,, promoter on in vitro RNA 
synthesis might be enhanced considerably. 
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Information Analysis of Structure in Biological Collections 
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The value of various information theory models for analysis of 
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‘THe growing interest of biologists in information analysis 
seems directly related to the flexibility of the different 
information theory models in being easily applied to practi- 
cal problems in the most diverse situations, This flexibil- 
ity resides in the fact that the information theory models 
are not necessarily burdened by restrictive assumptions 

about the data, the underly ying probability distribution, 
or the properties of the sample space which characterize 
the conventional multivariate techniques. 

ĮI use “information” here in a strictly technical sense. It 
is in fact conceived as a physical, quantitatively measur- 
able, property of events related to probability in accord- 
ance with Shannon's! definition. It is a direct consequence 
of this definition that an event of low probability is 
regarded as one of high information content. Information 
in this context thus relates more closely to surprisal than 
to either knowledge or meaningfulness of the ordinary 
speech. 

The term “collection” is the same as sample or population 
depending on the problem at hand. The collection is 
described in the form of a data matrix X the r rows of 
which represent characters or attributes and ¢ columns 
correspond to individuals. A characteristic element £r; 
defines a value in the intersection of the Ath row and jth 
column of X. The values in any row or column vector X; 
can be summarized as frequencies in an s;-valued vector 
F; such that 





Pu=l 


i t42 


8 
E fu=n, py=fyjn and 


Structure in a collection of such vectors is understood 
as a set of similarity or dissimilarity relations generated 
by paired comparisons. 

Information theory models have been used in different 
connexions in biology, including analysis of species 
diversity?4, hierarchic and non-hierarchic ‘classifications? ® 
and predictions**. $, The work reported here is concerned 
with the different information theory models of cluster 
analysis and assignments. 

When no reference classes are specified a priori, the 
problem frequently amounts to cluster analysis whereby 
a collection of individuals is structured into a hierarchy 
of inclusive classes. P TRE cluster analysis, three 
agglomerative models (INF1, INF2, INF3) are under 
study. 
dissimilarity 









djk = SUP aise LP) TF e] (INFI) 
d( j,k) = L(rows;cal ane jak — Trows,columns)j — 
Iirows,;columns), (INF2) 
and 
d(jk) =I (E;F) — LF Fx) (INF3) 


These models use the following definitions of 


biological data. 


The corresponding algorithins first compute a hetero- 
geneity matrix D with elements relating the subsets of 
individuals of X in pairs in accordance with the preceding 
definitions. Each subset may contain one or more indi- 
viduals depending on how far the agglomeration has 
progressed. Regarding the definition of relatedness, in 
model INFI attention is focused on the total information 
I(F),) (refs. 4-6) which resides in the characters within the 
limits of the subset X; and Xy, and the united subset 
Xj.%. When the individual entries represent counts or 
binomial frequencies, X may be handled as a contingency 
table. A cluster analysis can then be performed by 
INF2 with the use of the mutual information J (rows; 
columns) relating the row and column classifications in 
the different subtables X;, X; and Xyj.x (refs. 7 and 8} 
Clustering by model INF3 uses the equivocation informa- 
tion separating pairs of individuals with reference to the 
joint information HF; F+) and the mutual information 
L(F;;F.) which they commonly pc a In the next 
phase of the algorithm, D is scanned for local minima and 
the corresponding pairs of subsets of X are united. The 
labels and essential oe rs of the revised subsets are 
stored in a register. Following this, a residual D is gener- 
ated by on the d(j.k) from the basie data for 
the revised subsets in the case of INF] and INF2. In 
INF3, the residual D is obtained by computing the average 
of the d(j,k) values between the different subsets’, The 
steps are iterated until the order of D is reduced to one. 
A dendrogram is then plotted from the labels and pare- 
meters stored in the register. 

Cluster seeking 1 is illustrated i in connexion with the data 
in Table 1. Tt is apparent on first inspection of the hier- 
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Fig. 1. Dendrogram generated by algorithm INF1, Vertical scale indicates 
the pooled total information of species within subsets, Reference numbers 
at base identify quadrats in Table 1, 
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Table 1. 
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TREE COUNTS IN A WISCONSIN MAPLE FOREST* 


Quadrat number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 2 21 22 23 Ba 25 
Species 

Sugar maple ï 4 3 7 © Q 4 6 8 1 1 5 8 9 9 10 10 5 6 8 8 2 2 6 4 
Basswood 0 7 4 2 1 6 2 0 O 3 8 4 1 0 0 8 0 0 80 8 4 6 8 6 LB 
Slippery elm oO 1 0 0 6 4 7 0 0O 6 & 3 1 606 80 8 0 86 o Ù 8 5 5 28 @ 
Ironwood ò 0 1 0 4 0 6 6 6 1 0 6 6 6 0 6 60 0 80 6 68 6 O0O S 
Red oak o 0 06 0 6 0 @ 06 0 6 0 0 8 1 0 0 @ 8 1 6 86 0 6 0 1 
Yellowbud oO 1 1 o 0 9 0 0 @ Q 0 0 d 6 0 0 0 a 0 6 Q Q 0 Q 6 
Butternut 1 0o 0 0 0 0 0 060 0 0 0 0 0 0 0 0 0 606 6 0 6 @ 0 6 6 
Black cherry 1 0 à o @ 0 0 8 Q Q 1 6 0 0 0 0 o G0 0 6 0 0 0 8 6 
Hackberry 0 0 ü l o 0 0 8 0 0 8 0 @ 0 G0 80 6 0 0 G0 0 0 0 60 & 
White oak ò o 0 0 0 9 6 0 0 80 0 6 0 0 0 0 0 6 80 0H GO 6 6 4 


* Data obtained by sampling on a vegetation map given by Curtis" in his plant ecology workbook, 


Random 20 foot square quadrats, 


Table 2. DISCRIMINATION INFORMATION BETWEEN THE SUBSETS OF FIG, 3 


Subsets A B 
C 20°67 546 
D 31-63 780 


archy in Figs. 1~3 that each model produces a different 
result. The different nature of the results is not at all 
surprising because each model operates on the basis of a 
different definition of heterogeneity between subsets. 

A report further describing the specific aspects of 
INF], INF2 and INF3 is in preparation. Computer 
programs of the models in the Basic language are available 
on request from this department. The programs were 
tested with the PDP-10 Time Sharing System at present 
in use at the University of Western Ontario, Computing 
Centre. 

In special circumstances the problem may amount to 
sorting of individuals between classes of known para- 
meters. The studies in this connexion were concerned 
with centroid and group assignments of individual vectors 
F;, or sets of such vectors F, to classes with parameters 
specified by a single vector H(F;) or a matrix E(F). 
Fitness in a class is measured by the discrimination 
information’: defined, in the simplest case, by 


LF E(F; Sag In Sal Ela) 


such that Efa = LE(fas). A similar expression could also 
be derived for group assignments. 

For the illustration of centroid assignments, we consider 
the general arrangement in Fig. 3. Interception of the 
hierarchy at about the 1,000 mark yields four subsets 
designated by A, B, C and D respectively. Had it been 
decided to retain only two classes of quadrats, the question 
of assigning C and D to either A or B would arise. The 
best assignment is one that minimizes the discrimination 
information between the reference class and the individual 
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Fig. 2. Dendrogram generated by algorithm INF2. Vertical scale 


indicates the mutual information between the row and column criteria 
of classification within subtables. Reference numbers at base identify 
quadrats in Table 1. 
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indicates the total equivocation information between quadrats within 
subsets. Reference numbers at base identify quadrats in Table 1. 


quadrat the affiliation of which is in question. In com- 
puting such assignments, first the zero values in Table I 
are replaced by an arbitrary small value 0-01 to prevent 
the occurrence of indeterminacies in the evaluation of the 
logarithmie expressions. After substitution of 0-01 for 
the zeros in the data, the mean vectors of A and B are 
Fay in terms of relative frequencies, by 


Pa = [0879 0-012 0-091 0-001 0-058 0-001 0-012 0-012 0-012 0-012] 
and 
Pp= [0-339 0-278 0-309 6-039 0-023 0-008 0-001 0-001 0-001 O-0011 


From the relative frequencies and the column totals of 
C (quadrat 3) and D (quadrat 11) in Table 1 it is possible 
to define E(Fe) and E(Fp) with regard to A and B. The 
values of the discrimination information can then be 
computed. These values, as given in Table 2, indicate 
that the best assignment for both C and D is to class B 
from which they are both separated by the least amount 
of information. 

I thank Dr P. Macnaughton-Smith, Mr A. L. Szilard 
and Dr T. H. Wonnacott. for discussions and Miss P. R. 
Edmunds for help in the preparation of the manuscript. 
I was supported by a grant from the National Research 
Council of Canada, 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 
Visibility of Jupiter’s Red Spot 


Tue existence of a relationship between the visibility ( F) 
of Jupiter’s red spot and the Zurich relative sunspot 
number (Rz) was claimed in a letter by Graf, Smith and 
McDevitt. Subsequently it was shown by Argyle? that 
the correlation coefficient between V and Rz was too low 
(r=0-27) to support the hypothesis put forward by 
Graf et al. The correlation analysis was then extended to 
more recent data by Solberg and Chapman®, who found an 
even lower value for r. In a recent letter Basu’ has 
attempted to reinstate the original claim of Graf ef al. 
by smoothing and partitioning the data before per- 
forming the correlation analysis. Basu states that the 
smoothed visibility function for Jupiter's red spot in the 
selected period 1894-1945 was dependent on solar activity. 
but that this dependence vanished or changed about 1947, 
and had not returned by 1965. 

The visibility of the red spot changes in an erratic way 
and no convincing physical theory has been offered to 
account for these variations. It is therefore probably not 
worthwhile to subject the existing data to closer scrutiny 
and finer statistical analysis. Moreover, it can be highly 
misleading to do so. The widely known and used statis- 
tical tests of significance are not valid when applied to 
statistical parameters computed for data that have been 
selected and modified subsequent to an earlier computation 
of the same or a related parameter. This point has been 
dealt with by Epstein® in a discussion of the statistical 
evaluation of the results of parapsychological experiments. 
He shows that unusual results can be guaranteed if the 
method of treatment of the data is not specified until 
after the data have been examined. 

In order to produce a special criterion of the significance 
of the value of r computed by Basu for his specially 
selected and treated data it would be necessary to know 
the probability distribution function of the methods con- 
templated, or contemplatable, by Basu. Obviously, 
this function is not available to the writer, and is probably 
not available to Basu either. It can be noted, however, 
that Basu smoothes the data with a five-year running 
mean and then partitions them into two parts, one of 
which (1894-1945) seems to have a length equal to nine 
half-cyecles of the predominant eleven-year periodicity. 
The other portion considered has a length of four half- 
cycles. There are forty-five different ways of selecting a 
continuous subset of length between four and nine from a 





ABS 


set of length thirteen. There are probably about eight 
plausible ways of smoothing such data. There are also 
four ways of phase-shifting one set of data with respect to 
the other (in steps of [1/4 radians) if this should appear 
advantageous. Altogether there would seem to be at 
least 45 x 8x 4= 1,440 different data treatment processes 
available to anyone who wishes to resurrect the original 
hypothesis. 

For the 1894-1945 portion of the record Basu obtained 
r=057, about four times the standard deviation for 
fifty-two points (o¢=0-14). The probability of finding a 
value of r that is four standard deviations above zero is 
0-000032. If this value is multiplied by 1,440 to reflect the 
assumption that the best of 1,440 data processing methods 
has been chosen, a new probability is obtained (0-0461) 
which corresponds to a value of o only 1-7 standard 
deviations above zero. The null hypothesis is therefore 
again tenable and little or nothing has been added to our 
knowledge of the relation between the visibility of Juptter’s 
red spot and the Zurich relative sunspot number. 

Admittedly, this criticism of Basu’s methods is highly 
subjective. Its purpose is not to demolish the hypothesis 
that phenomena on Jupiter are linked to the behaviour of 
the Sun. Astronomers have a priori reasons for expecting 
such a connexion. But the data available at present do not 
specify the nature of that relationship, and no amount of 
re-examination of inadequate data is likely to provide 
cogent evidence for that which is not apparent at first 
sight. 

EDWARD ARGYLE” 
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Vancouver 8, BC, Canada. 
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Attempt to identify Optically 
PSR 0833-45 


Tur radio source, PSR 0833-45, a pulsar which is an 
obvious candidate for optical identification because of its 
similarity to the pulsar m the Crab Nebulat and bee 
of its relatively well established coordinates’, was 
observed on the nights of February 19-20 and 20-21, 1969, 
with the 60 inch telescope on Cerro Tololo. Slightly 
improved coordinates, kindly furnished in advance of 
publication by Dr A. E. Vaughan, isolate the field to 
an area roughly one photometer-aperture (15-87) in size; 
the only star in this field is the one discussed in the current 
literature™ t. 

A pulse-counting and data-acquisition system, which 
will be described in a later publication, was used with 
a conventional, offset-guiding, single-channel photometer 
and a 1P21 photomultiplier. The recording device, a 
paper-tape punch, operating at its highest speed, per- 
mitted an integration time of 65000-0 ps with a 90-0 us 
deadtime between integrations for loading the punch- 
buffer; the integration timing and repetition were con- 
trolled by a crystal oscillator. Identifiable and recoverable 
puneh errors resulted at this high output rate, and the 
validity of the result presented here is conditional upon 
the correct recovery of a certain class of these errors, 

Two runs, each of ten minutes, on the star and then on 
an adjacent area of sky were made with no filter. Tf, in 
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analogy to the pulsar in the Crab Nebula, the optical varia- 
tions consist of narrow pulses, each of our 65 ms integra- 
tions does or does not contain a pulse, according to its 
phase with respect to the pulses. This was used as the 
basis for a simple periodogram analysis in which division. 
of the radio period into seven phase intervals yielded no 
phase interval whose power differed from the mean by 
more than one standard deviation within the range 
89204 us to 89214 us; the radio period during the time 
of the observing was approximately 89209 us (ref. 5). 

The autocorrelation function of the data was scarched 
for the beat between the radio period and the observing 
integration-time. No significant result emerged. 

In the approximation that the 1P21 photomultiplier 
with no filter has a response like the B of the UBV 
system, the star has a B magnitude of 1875+02 (a very 
crude attempt to measure the colours of the object 
suggests B-V = +0-5 and U- B= — 01). The upper limit 
for amplitude fluctuations in the periodogram-analysis, 
that is, one standard deviation, corresponds to B= 22-3 
for a time-averaged magnitude—a slight improvement 
over the previously reported upper limit?. 

We thank Dr A. E. Vaughan and his colleagues for the 
coordinates, Dr §. Demers for a Curtis Schmidt plate of 
the field, Dr J. Graham for time at the 60 inch telescope, 
and Mr F. Guzzone for help. Various internal funds of the 
University of Michigan supported construction of the 
equipment and the transportation of one of us to Chile. 
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Volcano Theory of Pulsars 


Ir has recently become clear' that at least some white 
dwarfs are likely to have convective envelopes. Neutron 
star models? are generally similar to white dwarf models, 
so it is possible that neutron stars will also have super- 
adiabatic temperature gradients in their outer layers. 
Convection in the ordinary sense cannot occur in neutron 
star envelopes, however, because these envelopes are 
solid’, How will heat be transported through a solid 
‘mantle of a neutron star which is convectively unstable ? 
It seems reasonable to expect that one or more weak 
points will develop through which liquid material from 
the core will pour out to the surface. In other words, 
energy will be transported by volcanoes. 

A neutron star volcano will differ in essential respects 
from a terrestrial volcano. The material will expand 
am volume by an enormous factor as it rises to the surface, 
and it will emerge like a hypersonic jet from a rocket 
nozzle rather than like a lava-flow. Most of the material 
will fall back onto the star, but a small fraction at the tip 
of the jet is likely to reach escape velocity. Unlike the 
mantle of the Earth which is everywhere close to the 
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melting point, the mantle of a neutron star is generally 
far below the melting point. Voleanie channels in the 
neutron star mantle are therefore difficult to form and 
are likely to be more permanent than terrestrial volcanoes 
once they are formed. The flow of material will continue 
steadily so long as a superadiabatic temperature gradient 
persists. 

I do not pretend to understand in detail how the 
hypersonic and perhaps relativistic jet gives rise to a 
directed beam of electromagnetic radiation, In this 
respect the volcano theory is as weak as other “hot 
spot” theories of the pulsar phenomenon. The voleana 
theory has the advantage of providing a large, continuous, 
source of energy independent of the rotation of the 
star. In the generation of the electromagnetic radiation, 
magnetic fields must certainly play an essential part. 

The material will pass from the core to the outside 
of the star in a time of the order of milliseconds, and will 
therefore emerge with a large proportion of free neutrons 
and other radioactive species. A substantial fraction 
of the energy transported by the voleano will be released 
in neutron decay and neutron capture reactions after 
the material has emerged. This fact may also be relevant 
to the conversion of the energy into electromagnetic 
radiation. 

The quantity of matter passing through the voleano 
must be very substantial. For example, the Crab pulsar 
is now known‘ to put out about 10° ergs s~! in the form 
of pulsed X-rays. Assuming a superadiahbatic energy 
content of 10%? ergs g-}, this implies that the amount of 
material flowing out onto the surface of the neutron star 
is at least 10° g em? s1, and probably much more. 

M. Ruderman (unpublished) has recently proposed 
that the sudden change in period of the Vela pulsar? 
is due to a major earthquake in the neutron star mantle. 
I support this interpretation. But Ruderman supposes 
that the cause of the earthquake is a readjustment of 
the mantle to a decrease in oblateness caused by the 
slowing-down of the rotation. He observes that this 
decrease in oblateness is very slow, and therefore it 
is remarkably lucky that a readjustment should oceur 
within the short time that the pulsar has been observed. 
I propose instead that the earthquake represents a sudden 
settling of the mantle under the accumulation of volcanic 
material on top of it. The quantity of volcanic material 
may well be large enough to necessitate a collapse 
of the mantle by about a centimetre at intervals of a 
few years. In this case the observed change in period 
of the Vela pulsar would not be an exceptional occurrence. 
We should expect to see sudden shortenings of the period 
of the Crab pulsar at rather more frequent intervals. 

Another prediction of the voleano theory is that sudden 
changes of pulsar periods should be accompanied by 
some kind of spectacular voleanic eruptions. We should 
expect to see some enhancement or other unusual 
behaviour of the pulsar signals at the moment when 
the change of period occurs. It is to be hoped that 
future observations will be conducted with this possi- 
bility in mind. 

Needless to say, our ignorance of neutron star seismology 
is profound, and we must be prepared to find in the 
mantles of neutron stars as rich and bewildering a variety 
of phenomena as exist in the mantle of the Earth*. 

I thank Dr F. C. Frank and Dr Malvin Ruderman 
for helpful conversations and the University of California, 
Santa Barbara. for hospitality, 
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Pulsar Slowdown Rates for 
CP 0328 and HP 1506 


Timing observations of pulsars CP 0328 and HP 1506 
have been made with the four acre, 81-5 MHz, array 
of the Mullard Radio Astronomy Observatory since 
June 1968, 

The equipment and technique used to refer the observed 
pulse arrival times to their arrival times at the solar 
system barycentre have been described before'. The 
only change has been that 1969 observations were taken 
with a erystal-controlled receiver with the accurate and 
stable 30 kHz if. bandpass needed to overcome the 
errors resulting from frequency structure and the high 
pulse dispersion of these pulsars at 81-5 MHz. 


Table 1. PARAMETERS OF THE SLOWDOWN 


Pulsar CP 0328 HP 1506 
(1950-0) 
à 1950-0) 


15h O08 m 327s 
55° 42° 50° 


öh 29m 11-08 
5P 24 87-2" 





Period April 1, 1969 


(AL seconds) 0730677766 





+10 ns 
Period change ns yr 167+ 14 
wep 3-9 + 0-8) x 1078 
È 58404) « 105 






Table 1 lists the assumed positions (A. G. Lyne, 
Herstrmoneeux Conf. on Astrometry, April 1969) used 
to derive the plots of pulsar phase which show CP 0328 
to be slowing by 60 ns yr> and HP 1506 by 167 ns yr- 
The parameters of this slowing are also listed in Table 1. 

If pulsars derive their pulsation energy from stellar 
rotation, a simple relation might be expected between 
the rate of increase of the period and the period itself*. 
The present results, in agreement with previous obser- 
vations (refs. 1, 4 and A. G. Lyne at the Herstamonceux 
Conf.), show that no such simple relation exists for 
pulsars having periods longer than about 0-25 s. It follows 
that the simple rotational models have parameters which 
vary considerably from source to souree. Such para- 
meters might, for example, be the strength of the stellar 
magnetic dipole moment, the inclination between the 
rotation axis and the magnetic axis, conditions in the 
plasma surrounding the star or the rates of possible 
variation of these parameters with time. 

A relationship between rate of change of period and 
period itself might then be found only if slowdown 
rate could be combined with the other observed quantities 
of the pulsar in a detailed source model. 

I thank H. Hesse for help and CSIRO for a research 
scholarship. 

Note added in proof. Since submitting, I have been 
informed that independently found values at Jodrell Bank 
agree with these results. 
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Interstellar Hydrogen Atoms on 
Graphite Grains 


Dutey! has recently suggested that the cause of the 
deficiency of the stellar ultraviolet flux below the Lyman-x 
line may be due to hydrogen atoms near interstellar grains 
absorbing at wavelengths shifted from 1216 A. Duley has 
calculated the shift in the Is and 2p levels of an H atom 
near a pure dielectric grain by placing the atom at the 
centre of a spherical cavity of radius R in a medium 
specified only by a dielectric constant A. For K= tll 
and Ry=2--Sa,, the resultant shift in the Lyman-« 
line is positive, and on the order of a few tenths of an 
electron volt, so that absorption would oceur at wave- 
lengths shorter than 1216 Å. 

The material of the interstellar grains is frequently 
assumed to be graphite? which in many respects behaves 
more as a metal than a dielectric. Notably, it is a good 
conductor in the plane of the crystal. We have derived” 
expressions for energy shifts in one and two-offective 
electron atoms near metals; this work will be presented 
elsewhere. 























a metal, 
by image-potential theory, and the energy shift in the ai 
level is calculated from first order perturbation theory, 
thus 


AF (al) = (nl H into Kal nl> a) 


where the region of integration is a truncated infinite 
region, outside the metal. Expressions given by equation 
(1) are cumbersome and will not be presented. In Fig. l 
we show graphs of AN(1s) and AF(2p) as fanetions of the 
atom-—metal distance. 














4 
Be 
Zo | 
z j pis 
1 i \ 
oS 
caer 
2 4 6 R 10 142 id 10 18 BO 
Atom-metal distance (da) 
Fig. 1. The shift in electron volts of the 1s and 2p levels of an H atom 


perturbed by the proximity of a metal surface, ag a funetion of atom 
metal distance in te. 


Both shifts are positive, and AF(Is)> AH(2p) for all 
atom--retal distances considered. An examination of the 
form of H’ in relation to the shape of the wave functions 
makes clear why the groundstate shift is larger. 

It seems that if an H atom is associated with a graphite 
grain which retains appreciable erystal structure, then the 
resonance line is shifted to wavelengths longer than 1216 A, 
by about 50 A for a typical atom—metal distance of Bag. 
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This is an effect opposite to that demonstrated by Duley 
for pure dielectric grains. 
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FAM on the Lower lonosphere of 
X-rays from Scorpius XR-I 


Since early 1960 we have been recording at Ahmedabad 
the field strengths of radiowaves of 164 kHz transmitted 
from Tashkent. A pronounced minimum recurred night 
after night in the months April to July, the local time of 
the minimum shifting to earlier hours as the days advanced 
from April to July. 

This suggested that the phenomenon might be due to 
increased ionization in the lower D-region of the iono- 
aphere below the reflexion level, due to a celestial X-ray 








source. Further examination showed that the time of 
2100 2200 2300 0000 0190 0200 
üg 
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Fig. 1. Field strength of Tashkent 164 kHz observed at Ahmedabad, 


Arrows Indicate transit of Sco YR-1, 
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Tashkent 164 kHz field strength at Ahmedabad (aV x 10) 
Zenith angle Scorpio X 7-1 latitude™32° N 





10 48 
30 64 
20 56 
16 4s 
30 64 
20 56 
10 4s 
9 20 21 22 23 OO OL O28 03 
LMT (82° N 71° BE) 
Vig. 2. Changes in times of minimum of Tashkent 164 kHz field strengths 


received in April to July 1961. 


the minimum nearly coineided with the transit of 
Scorpius XR-1 across 71° E, which is the one-hop reflexion 
meridian of radiowaves from Tashkent to Ahmedabad 
(Figs. 1 and 2). 

It is known from the observations of Giacconi and 
sorenstein, Sandage et al. and of NRL scientists that the 
st X-ray source in the northern hemisphere near 
is Scorpius XR-1 (x=16h 17 m and §8= — 15° 31’) 
and that it has a spectrum with maximum at 2 to 4 keV 
coming down to about 0-1 of the maximum value at 8 keV 
(G. Fritz, Spectra of Cosmie X-ray Sources, NRL Space 
Research Seminar, April 17, 1968). 

Fig. 3 plots the times of minimum field strength of 164 
kHz transmissions from Tashkent observed at Ahmedabad 
on individual days in May~June 1960-63 against the time 
of transit of Seo XR-lat 71° E. There is striking agree- 
ment between the observed times of minimum field 
strength and the times of transit of Sco XR-1. 
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Fig. 8. Times of minimum fleld strength plotted against times of transit 
of Seo XR-1. 


The Tashkent transmissions are stopped each day 
between 0100 and 0400 h LT. The vertical incidence 
critical frequency corresponding to a single-hop of 164 
kHz at oblique incidence from Tashkent to Ahmedabad 
is about 27 kHz. 
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Molecular Vibrational Overlap 
Integrals 


NicHouis! has recently suggested a method for obtaining 
vibrational integrals for diatomic molecules. If the 
overlap integrals connecting electronic states A and C 
and states B and C are known, from experiment or by 
calculation, the integrals connecting states A and B 
are given by 


Joie dk = 

x Jere) vole AR x f Gey” gale dR (1) 
summed over all vibrational levels v” of the electronic 
state C. It is our purpose to point out that this formula 
is not exactly true and to present the results of a model 
calculation designed to investigate its validity. 

Equation (1) is a particular case of a well known 
expansion theorem in quantum mechanics. The identity 
is exact only when the expansion is over the complete 
set of eigenfunctions of the Hamiltonian which deseribes 
vibrational motion in state C. This means that, in addition 
to the sum over discrete bound vibrational levels, we 
must include an integral over the vibrational continuum 
of state ©. While each individual continuum state will 
contribute only a small amount, it is by no means obvious 
that the infinite integral over all continuum states will 
be negligible. In the case where state C does not have 
any bound vibrational levels, this infinite integral con- 
tains the total amount. 

We have carried out a calculation for the model situ- 
ation illustrated in Fig. 1. The electronic states are 
described by Morse potentials 


V(R) = D {1—e-aR-RO}? + Vy (2) 
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where we take (in atomic units) 
a (A) = 073192 D(A) = OO11391 
a (B) = 0-63930 D(B) = 0009113 
with various nuclear separations RdA) RdB). States 


A and B have each six bound vibrational levels, For 
state C, the number n of bound levels is varied by teking 


aC) = (525/(2n + 0-9) 
D(C) = 0-0057939/a? 


with a constant equilibrium nuclear separation 
RAC) = 


Because V, is arbitrary for each state, vertical position 
in Fig. 1 has no significance. 


Table 1. NUMBER OF LEVELS n IN C POR 4-FIGURE AGREEMENT, POR THE 
O-O TRANSITION 
Re A) 20 20 20 20 20 35 
R) < 20 30 35 4-0 ao ad 
n 30 14 8 17 20 7 





Table 2. RATE OF CONVERGENCE AT RdAj= 20, RdBy=2i, TOR TRR 
0-0 TRANSITION 


n = 












i te 240d 
a t 
11 ; 
16 0 8337 
23 08375 
Exact RATE 


The equation for the vibrational wave functions has 
bsen solved numerically? and the overlap integrals 
computed between different levels of states A and B, 
We present results for the integral with oxov’=0 only; 
the other integrals behave in a similar manner-—for 
some, the convergence is rather slower. Por various 
RdA) and RAB) Table 1 contains the number » of 
vibrational levels which state C must have to make the 
two sides of equation (1) agree to four significant figures, 
when the integral over continuum sta! is neglected, 
Table 2 contains an example of the rate of convergence 
with increasing n. 
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Fig. 1. Potential curves used in the model calenlation. The relative 
vertical position has no significance, 
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Tt is seen that the number n of vibrational levels in 
state C required for an accurate result depends very 
much on the relative equilibriam nuclear separations 
of the three states. The convergence with increasing 
n is rapid if at least one of A and B has equilibrium 
separation slightly greater than that of C. This is because 
the classical turning points for the vibrational wave 
functions of state C are spread over a wider range of R 
on the large R side of the minimum, As the equilibrium 
separations of A and B move away from Cy in either 
direction, the convergence becomes progressively slower, 

Our conclusion is that Nicholls’s method is satisfactory 
` provided that the intermediate state C contains a reason- 
able number of bound levels. Attention must be paid 
to the relative nuclear separation of the three states. 
Transitions involving the ground state of a molecule 
are generally better studied than those between excited 
states, so it will often happen that our intermediate 








o> 

















state Ç is the ground state. In that case, because many 
excited states have equilibrium nuclear separations 


larger than for the ground state but not very much 
larger, the method can be expected to work quite well. 
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Direct Determination of Threshold 
Energies for the Reactions of 
Hydrogen Atoms with N,O and with CO, 


Ir has been realized for some time that hydrogen atoms 


produced by photolysis of the hydrogen halides or of 


certain other hydrides possess kinetic energy in excess 
of that corresponding to thermal equilibrium!-®, This 
arises because the energy of the quantum absorbed is 
larger than the minimum required to disrupt the molecule 
into stationary atoms. For example, the dissociation 
energy of HI is 296 kJ moles- (ref. 6) and its first absorp- 
tion maximum occurs at 220 nm’, corresponding to an 
energy of 539 kJ moles, As a result of conservation of 
momentum, most of the excess energy appears as trans- 
Jational energy of the hydrogen atom. Such hydrogen 
atoms are often deseribed as “hot” and their energy is 
manifested in enhanced reactivity. Their reactions with 
HEP, HS‘, halogens'4, D, and several deuterated 
hydrocarbons (or the corresponding reactions of D or T 
with H, or hydrocarbons) have been demonstrated, 
and in some eases the variation of reaction probability 
with wavelength of photolysis has been measured, 

We have found that the photolysis of gaseous hydrogen 
iodide mixed with nitrous oxide leads to the produetion 
of mixtures of hydrogen, nitrogen and nitrie oxide. 
The composition of the products is strongly dependent 
on the wavelength used, the ratio of nitrogen to hydrogen 
increasing with decreasing wavelength. Nitric oxide 
is formed only when light of wavelength below a critical 
value is used. The following reaction sequence is postu- 
lated to account for the observed products 














HI + he- H + I 


H+ N,O-N, + OH AH} = — 2683 kJ (1) 


H + N0 -> NO + NH AH? = +119 kg (2) 


H + HI- H, + 7 (3) 
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The OH and NH are ass 
to produce, ultimately, wat 

Further experiments. h 
irradiation of mixtures of 
dioxide produces mixtures 
monoxide, the latter resultir 
reaction (4) which, like (2), i. 


H + CO, CO + O 


These observations are of 
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energy. The variation of pre 
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the probability of reactions (, 
of collision of H and the sul 
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Mixtures of HI and CO, were photolysed using mono- 
chromatic light of several different wavelengths. The 
ratios of CO to H, in the products were determined either 
mass-spectrometrically or by gas-liquid chromatography. 
Plots of H,/CO against HI/CO, were linear and the 
intercepts at HI/CO,=0 yielded values of r. The initial 
kinetic energy of the hydrogen atoms relative to CO, 
molecules was calculated for each wavelength using thé 
following formula 











E=(H’'+kT~D°) —~ aeea 
et ' (m + mtn) (Meco, +My) i 
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E'(=he/)) is the energy of the photon absorbed, Di the 
dissociation energy for HI from ¢”=0 (296 kJ moles-') 
and mx is the mass of the entity X. 

Similar experiments were performed using mixtures 
of HI and. N,O. The results are presented in Fig. 1, which 
shows the probability of reaction as a function of the 
initial relative kinetic energy of H and the substrate. 
In the case of N,O, the probability refers to the sum of 
the probabilities ‘of reactions (1) and (2). A single value 
obtained in a similar way from experiments with N,O 
and HBr (Dj) = 362.5 kJ moles-!} is included and is in 
good agreement with other results. 

At wavelengths below about 300 nin, the products of 
dissociation of HI include an unknown proportion of 
excited (Pya) iodine atoms, in addition to the normal 
CP, a) atoms which are the sole product at longer wave- 
lengths. The probabilities shown in Fig. 1 for energies 
above about 100 kJ are therefore somewhat lower than 
the true values. Despite this uncertainty the results 
indicate clearly that the probability of reaction decreases 
sharply as the collisional kinetic energy is reduced, and 
extrapolation of the eurves to zero probability allows 
the estimation of the threshold energies for reactions 
(1) and (4). The values are 10646 kJ for (4) and 40 +25 
kJ for (1), the extrapolation being difficult in this case. 
The threshold energy for reaction (2) can be obtamed 
from the variation of nitric oxide production with wave- 
length. Table 1 shows that nitric oxide production 
commences at a wavelength between 250 and 270 nm, 
giving the threshold energy for (2) as 161417 kJ. 


Fable 2. NITRIC OXIDE PRODUCTION IN PHOTOLYSIS OF HI + N,O0 
Ainm) NOIN, 
0-09 + 0-02 
O10 + O02 
0-06 Or 





0-005 + 0-01 


Although these values are not particularly accurate, 
it is of interest to compare them with data from other 
sources. For process (4), the threshold energy is, within 
the experimental error, equal to the endothermicity of 
the reaction. Direet measurements of the rate of (4) are 
sparse'*7, but a recent review! concludes that the 
Arrhenius activation energy for the reverse process is 
small. The rate of (1) has been measured in flames at 
temperatures above 900 K and a value of the acti- 
vation energy of 55+6 kJ deduced. Apparently no 
direct measurements of the rate of (2) have been made. 

dn principle the results of experiments of this type 
could be used to evaluate both threshold energies and 
the dependence of reaction cross-section on collisional 
kinetic energy. Calculation of the latter requires, however, 
a knowledge of the efficiency of deactivation of H by 
the substrate, which is not currently available. Experi- 
ments in progress with added rare gases! may provide 
a solution to this problem, 
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High Temperature 


Progress in Reaction Kinetics, 8 (Pergamon, Londen, 1980) 


Activation Energies for Reactions of 
the Hydrated Electron 


INFORMATION about the activation energies of reactions 
of the hydrated electron, egy, is important for the eluei- 
dation of its reaction mechanisms and of the process 
of transfer of egg in water. 

I used the pulse radiolysis technique’! to measure 
the rate of decay of the ej, absorption at 650 mn after 
a pulse of about 50 to 100 rad, Thee perimental technique 
was the same as that used in the previous experiments! 
in which the effeets of temperature were measured. 
The rates of egg decay were measured at temperature 
intervals of 5° to 10° C from about 15° to 80° C by first 
heating and then cooling the solutions. The temperature 
during the experiments was kept coustant to within 
1” C. A correction for the effect of temperature on the 
decay of egq in water itself was applied by subtracting 
Was inverse of the half-life for the decay of ega m water, 
zit, from the inverse of the half-life for the decay of 
èra in the presence of solute, qst, This takes account of 
the effect of temperature on the dissociation of water 
and impurities. The correction was less than 10 per cent 
of ts. The activation energies were calculated from the 
slopes of the Arrhenius plots (log {(7g!—<t-!) against. 
the inverse of the absolute temperature). Table | shows 
the results. Each rate constant or activation energy 
represents the mean value of at least four independent 
measurements. The reproducibility of the rate constants 
and activation energies was within 10 per cent. 

Bromouracil, BrU (and iodouracil, IU). reacts with 
Eja to produce bromide (and iodide) ions. Two reaction 
mechanisms are possible: (a) ey reacts with BrU (and 
IU) to yield the short lived intermediate [BrUlz, (or 
[IU lza) which decomposes into the uracil radical and bromide 
(or iodide) ion; (b) dissociative electron-attachment- 
in which the uracil radical and bromide (or iodide) jon 
are produced directly. The C-—Br bond-strength is about 
20 kealories more than that of the C-—-I bondt. If dehalo- 
genation proceeds by the dissociative electron-attach- 
ment, the difference in the bond strength should result 
in a lower activation energy for the reaction of ega + TU 
than for ea + BrU. The activation energy of the BrU + 
@gq reaction is 1-7 times that of IU + egg reaction (Table 1); 

















Table 1. ACTIVATION ENERGIES OF REACTIONS OF 


WITH SOLUTES 


HYDRATED ELECTRONS 


Rate constant at 20° C 


ontant a Activation energy 
TP? Mo ge 


Solute kealories mole” 
Pyridine 

BrO“, 
Bromouracil 
Acrylamide 

SO 

HO, 

C0, 

MnO,” 
p-Bromophenol 

H’ 


Th 
p-Nitropheno! 





Tedouracil 
Nitrobenzene 
NO, 
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this suggests that the dehalogenation proceeds by dissocia- 
tive electron-attachment. 

It has been postulated that the mechanism by which 
eyq is transferred through water is likely to be different 
from normal diffusion’. The activation energy of ez, 
reactions which do not require any energy in excess of 
that for this transfer should be substantially lower than 
the activation energy for diffusion in water, that is 
3-5 kealories mole~ (ref. 7), In agreement the activation 
energies of several ez, reactions in Table 1, below TI*, 
are 1 to 2 kealories lower than the activation energy 
for diffusion in water. 

Table 1 also shows that the activation energies vary 
from 45 to 1-6, kealories mol I conclude that the 
reactions of ei, do not have a constant energy of activation 
of 35 kealories mole as previously implied’. The 
rate constants of ej, reactions are determined not only 
by the entropy of activation’ ®, but also by the enthalpy 
of activation. 
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Electron Microprobe Studies of the 
Hydration of 3CaO.SiO2 


Tue hydration of tricalcium silicate (8CaQ.8i0,) has 
been investigated with the electron microprobe in order 
to determine unequivocally the element distribution in the 
hydration products, Our earlier work using the electron 
microprobe to follow the hydration of 3CaQ.Al,0, and 
3CaO.Si0, was fruitful particularly with resp ve to 
3C0aO.Al,0, (ref. 1). The present research extends the 
study to include an examination of long period hydration 
products of 3CaOQ.810, and the application of different 
experimental techniques. 

The hydration of tricalcium silicate has attracted much 
attention, for it is one of the principal reactions taking 
place during + the hydration of portland cement. This 
compound hydrates more rapidly than 2CaQ.SiO,, and is 
believed to be responsible for much of the strength of the 
hardened cement. Some authors have sugge ‘sted, how- 
ever, that “cement gel” or “C-S-H gel” is a poorly 
crystallized analogue of the mineral tobermorite 
aCaQ). 68i0,.5H,O containing a higher Ca:Si ratio with 
erystal units of very small dimension and possessing an 
irregularity in sade ak No direct evidence has, however, 
been obtamed until recently! on the element distribution 
in the hydration products at various stages. Although the 
comparable material in typical portland cement clinker 
(alite) is relatively complex and contains additional ions 
substituted in its erystal lattice, it was expected that 
valuable information could be obtained bv investigating 
the reactions taking place in the end member phase, and 
later extending the studies to more complex materials. 

Tricalcium silicate was prepared by reacting reagent 
grade CaCO, [analysis: CI (0-004 per cent), NO, (0-004 per 
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cent), SO, (0-004 per cent), NH, (0-002 per cent), Ba (0-002 
per cent), heavy metals (o 6004 per cent), Fe {0001 per 
cent), Mg (0-010 per cent), K (0-003 per cent), Na (0-080 
per cent), Sr (0-050 per eent}} and SiO, (Cab-O-Sil) 
fanalysis: heavy metals (0-005 per cent), K (0-001 per 
cent), Na (0-001 per cent)] in stoichiometric amounts, 
adding one weight per cent reagent grade AlO, [analysis: 
Cl (0-005 per cent), SO, (0-002 per cent), heavy metals 
(0-0005 per cent}, Fe (001 per cent)| to improve crystal 
growth, and firing at 1.400° C for 4 days. 

Pastes of 8CaQ.SiO, with H,O were prepared with a 44 
to 74 um size range fraction using a 0-5 water to solids ratio 
(weight). The paste was mixed thoroughly in a mortar, 
compacted into a 5 mm inner diameter glass tube, trans- 
ferred to a rubber-stoppered plastic shell vial and sealed 
with wax. Samples were hydrated for 6, 12, 18 and 24 
weeks at room temperature (22°28 ©). The results 
deseribed here are for the 24 week samples, the most 
advanced stage of hydration. 
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The electron microprobe used was an ARL-EMN 
model”, The principal innovation in the present study 
was in the sample prey aration, uing a technique whieh 
gave the best quantitative The solid cemented 
hydration product was \ ‘enushed to separate the 
grains, and these were dispersed in a plastic medium so 
that individual grains could be examined. Fracture 
surfaces of the cemented product, as well as individual 
separated grains, were also examimed with a JEOL model 
JSM scanning electron microscope, 

Polished surfaces of the specimens mounted in the resin 
were coated with a few hundred Angstrom layer of carbon, 
and were then mounted in brass sample holders, For 
visual displays of the individual element and eleetron 
backscatter images on the cathode ray tube an accelerat- 
ing voltage of 30 kV and a sample current of usually 0-03 
uA were used. Quantitative analyses of the elements were 
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obtained by traversing the desired grain using a statie 
electron beam and measuring the X-ray intensity at 1 ym 
intervals, using an accelerating voltage of 15 kV and a 
sample current of 0-01 uA. Calibrations were made after 
each change of instrument setting by measuring suitable 
standards. 

Larger grains were usually selected for analysis; they 
were usually approximately spherical in shape, having a 
central anhydrous core, and surrounded by different types 
of hydration rim. Examples of the types of visual display 
obtained for such materials are shown in Fig. 1. On the 
left side is a large crystal consisting mostly of Ca(OH), 
surrounding a 3CaO.SiO, core. On the right side of the 
figure are shown electron backscatter images of other 
grains which show calcium silicate hydrate conforming to 
and surrounding an anhydrous 3CaO.SiO, core. The top 
aggregate is complex, but the hydration rims of the grains 
in the lower two pictures stand out clearly in contrast to 
the core because of the smaller mean atomic number per 
unit volume present in the hydration product, which is 
reflected in the less dense electron backscatter image. 

In a typical analysis the grain was selected and posi- 
tioned optically. Calibrations were first made by analysing 
standard crystals before each analysis. The intensity 
measurements of Ca Ka and Si Ka were recorded simul- 
taneously at 1 um intervals beginning from the central 
anhydrous core of the grain through the hydrate into the 
resin, After traversing the grain the instrument settings 
were changed and the eleetron backscatter and elemental 
X-ray images were usually taken. 

An example of the quantitative analysis obtained from 
grains of the type shown on the right side of Fig. 1 is 
shown in Fig. 2. The Ca intensity is essentially constant. 
in the anhydrous core, drops at the boundary between 
3CaO.Si0, and the surrounding hydrate, and then both 
Ca and Si drop at the boundary between hydrate and the 
mounting resin. The mean value for the analysis of the 
hydration rim was taken as approximately the inflexion 








point where a levelling occurs between the two effects of 


the grain-hydration rim and rim-resin boundaries. The 
standard deviation was about 2 per cent of the measured 
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Fig. 2. Quantitative data for a 3Ca0O.SiO, and its hydration rim, 
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value, and the total accuracy was limited by the accuracy 
of calibration. The calibration curve used for the analysis 
in Fig. 2 is shown in Fig. 3, Using the values for calcium, 
and silicon analysis read from Fig. 3, a calcium : silicon 
ratio of 1-7 was obtained for the material in the hydration 
rim. This molar ratio of 1-7+0-1 Ca : Si was found for 
several similar grains. 

Fig. 4 shows a distinctly different type of element distri- 
bution, corresponding to that of the grain shown on the 
left side of Fig. 1, and usually characteristic of grains much 
larger than the previous type. In general, there is a 
relatively small core of anhydrous 30aO0.SiO, followed 
by a region of Ca(OH),. An intensity of about 4,300 
counts/10 s for Ca corresponds to 54-5 weight per cent Ca, 
compared with 54:1 per cent for pure Ca(OH), This 
agreement is within the limit of experimental error. The 
calcium intensity proceeding outward from the core 
increases very slightly while the silicon intensity falls 
essentially to zero after crossing the core-Ca(OH), boun- 
dary. In this particular instance, a depletion im the 
calcium content is observed at the edge of the 3Ca0.SiO,, 
between about 7 and 11 microns, followed by an increase 
in Ca as the silicon drops to essentially zero. The other 
irregularities in the Ca and Si curves are suggested also mi 
the visual display. It appears that the Ca(OH), has 
engulfed two small calcium silicate or caleiurn silicate 
hydrate particles in the path of the traverse. 
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In conclusion, it has been determined that in 
3CaO.Si0,-H,O pastes having a 0-5 water : solid ratio 
and hydrated for 24 weeks at least two different types of 
hydrave are produced. The one surrounds and conforms 
fairly closely to an anhydrous 3CaQ.SiO, core, and has o 
Ca:Si ratio of 1-7+0-1, which is close to common estim- 
ates? of the Ca:Si ratio present in “cement gel” or 
-H gel” which is considered to be the principal 
binding component in hydrated cement. The other type 
usually are larger grains, consisting of Ca(OH), which 
apparently has nucleated around a small anhydrous 
3CaO.S8i0, core, growing outward and occasionally 
engulfing smaller calcium silicate hydrate particles. This 
is in line with the suggestion that 3CaO.810, hydration 
proceeds topotactically’ at least in part, and also that 
Ca** transport takes place in solution to deposit Ca(OH), 
around 3CaQO.SiO, nuclei. 
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Fig. 4, 


Ca and Si X-ray intensities for the grain in the left of Fig. 1, showing anhydrous 8CaQ.Sto,, CacGH)}. and 


engulfed silicate particles. 
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Infrared Absorption Spectra of x and 
8-Calcium Sulphate Hemihydrates 


Is their recent communication concerning the appli- 
cation of infrared spectroscopy to the calcium sulphate- 
water system, Bensted and Prakash’ stated that they 
obtained no spectral differences between the « and 8 
forms of the hemihydrate. I would like to report that, 
I have found differences in the spectral range 1,200 to 
1,006 cem associated with the vibrations of the tetrahedral 
SO, ion as shown in Table 1. 


Table 1. INFRARED ABSORPTION (CM) 
a-CaSO,.. H0 BAMBO,. BHO 





1,155 1,157 
1,117 1119 
1,095 1,098 
1,007 1,009 


The samples of hemihydrate, from BPB Tndusirics 
(Research and Development) Lid, were characterized 
by differential thermal analysis? ? and their infrared 
absorption spectra were recorded on Hilger and Watts 
Infrascan and Uniecam SP 100 spectrophotormeters 
using the potassium bromide disk technique’, In the 
case of the Infrascan the wavenumber scale was calibrated 
by means of a polystyrene film (supplied by Perkin 
Elmer Ltd). 

Tn addition to minor positional differences, the absorp- 
tion maxima were much sharper in the $-hemilvdrate 
than in the g form. These results indicate that the same 
structure is present in both forms of the hemihydrate 
but that the lattice of the 6-form is less strained than in 
the æ form’. This result is m accord with the conclusions 
drawn from differential thermal analysis? }. 
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Morphology of ABA Block Polymers 


MICROPHASE separation is believed to occur in many 
block copolymers. In interpreting the mechanical pro- 
perties of block copolymers of the type As By Az. where 
A, and By, are blocks having « repeat units of type A 
and y repeat units of type B respectively, it has been 
suggested that when y is much greater than æ the A, 
blocks aggregate to form spherical domains in a matrix 
composed of By blocks’, Partial support for this model 
has recently been obtained from electron microscopy 
studies carried out on copolymers in which the outer blocks 
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were polystyrene and the central block polybutadiene. 

By staining of both thin sections? and films*, a rather 
complex array of glassy polystyrene domains were 
observed randomly distributed in a rubbery matrix of 
polybutadiene. It became clear to us, however, that the 
complexity as well as the general irreproducibility of 
the reported domain morphologies were sufficient to 
preclude their use as model specimens in basic studies of 
composite materials. We therefore investigated the 
possibility of forming more regular states that are closer 
to thermodynamic equilibrium by carefully controlling 
the conditions in which microphase separation occurred. 

We have investigated two samples (designated K1101 
and 41102) of polymer of the type (styrene), (butadiene), 
(styrene)z; they had been prepared anionically using 
butyl lithium as initiator. Polymer films of varying 
thicknesses were prepared by evaporating solvent from 
solutions of the block copolymers in benzene from mereury 
surfaces. Specimens were prepared at a series of evapora- 
tion rates. The films were then studied by transmission 
electron microscopy and low angle X-ray scattering 
(Fig. 1). To obtain sufficient contrast for electron micro- 
scopy the polybutadiene blocks in the surface layers of 
film approximately 500 A thick were stained using osmium 
tetroxide vapour which forms an addition product with 
olefinie linkages, 

At slow rates of evaporation (about 24 h) the poly- 
styrene chains are able to aggregate to form spheres 
monodisperse in size and spacing. At faster rates of 
evaporation lamellae appear to predominate on micro- 
phase separation, while flash drying conditions (that is, 
extra rapid rates) yield a completely disordered though 
homogeneous mixture of domains of irregular shape and 
regions of incomplete phase separation. That regular 
lattices have not been observed previously is probably 
a result of the fact that very rapid rates were used in the 
specimen preparation, 

The inter-domain distances of 330 A for sample K1101 
and 275 A for sample 1102 agree within experimental 
error with the Bragg spacings observed by low-angle 
X-ray diffraction using a Rigaku-Denki camera (330 A 
and 250 A respectively). Such close quantitative agree- 
ment might be somewhat fortuitous because with electron 
microscopy we are examining surface phenomena whereas 
with X-ray scattering we are collecting information con- 
cerning the bulk state. 

An alternative preparative method involves compres- 
sion-moulding of the samples, Both specimens were 
moulded at 150°C for 10 min and quenched to room 
temperature. The orientation shown by the low-angle 
photographs proved to be a sensitive function of the 
flow lines developed in the mould. The spacings correlated 
well with those reported here. Extensive annealing of 
the samples did not affect their state. The flow patterns 
were detected using crossed polaroid sheets. 

Sample K1101 was characterized in dilute solution by 
separating it into a series of fractions using liquid—liquid 
phase separation followed by analysis of the fractions 
using light-scattering, gel-permeation chromatography, 
ultraviolet and infrared spectroscopy. The polymer was 
found to possess an overall weight-average molecular 
weight of 115,000 with a dispersion (Me/Ma) of 1-25, 
The chains were composed of 34 per cent cis, 34 per cent 
trans, and 6 per cent vinyl polybutadiene, and a residue 
of 26 per cent polystyrene; the compositional hetero- 
geneity was estimated to be of the order of 10 per cent. 
From these figures the weight average molecular weights 
of the butadiene and styrene blocks are estimated to be 
85,000 and 15,000 respectively. A less extensive study of 
sample 41102 showed the weight average molecular 
weight of the overall polymer to be 100,000 and those of 
the polybutadiene and styrene blocks to be 76,000 and 
12,000 respectively. 

Preliminary studies of the tensile properties of these 
materials indicate that samples with poorly established 























Fig. 1. Electron micrographs of solvent-cast block polymer films 
stained with osmium tetroxide vapour, Chain molecular weights are 
(a) 115,000 and (6) 100,000. 


domain morphologies undergo excessive creep. a 
with domain lattices still exhibit considerable 
{although much reduced) and this is likely to be associated 
with lattice imperfections of the type shown in the figures 
Slippage of polystyrene chains from the domains ia prob- 
ably only of minor importance owing to equalization of 
stress within the lattice. 
We thank the Shell Chemical Co, for supplying samples, 
PLR. Lewis 
C, Price 
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Overpotentials for Intercalation 
into Graphite 


BEFORE intercalation of other molecules between the 
carbon hexagon networks in graphite can be started, 
they must first be given a sufficient chemical or electrical 
overpotential. The excess potential needed depends in 
a sensitive way on the textural perfection of the graphite 
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used, which makes measurements of overpotential a 
valuable diagnostic test with near ideal graphites!. 

In general, graphites of the highest perfection demand 
the lowest overpotentials for intercalation of any particular 
molecular species, 

We have now found that with near ideal graphites 
this overpotential is unusually sensitive to neutron 
irradiation, compared with effects of radiation damage 
on other physical properties. Doses as low as 3x 10" 
neutrons/em? already have a marked effect, making 
intercalation more difficult. Apparently, such radiation 
damage serves to pin the dislocations, whose sweep 
through the crystallites of graphite must accompany 
intercalation in any crystal layer’, This reduction in 
one kind of chemical reactivity of graphites may also 
mfluence other ways in which graphites are attacked 
by chemical reagents. Possible technological appli- 
eations of this effect can be envisaged in certain uses 
of graphite. 

As is increasingly becoming realized, the wide diversity 
of carbons and graphites used in practice must be regarded 
as composites. Their texture comprises “crystalline” 
regions in which the C--C bonding follows the carbon 
hexagon network pattern exemplified by ideal graphite. 
These regions are linked, usually by chemical bonds, 
to “amorphous” regions in which the C-—-C bonding may 
follow any of the variety of bond skeletons also en- 
countered in smaller molecules in organic chemistry. 
Better understanding of this composite texture can 
promote more scientific uses of valuable technological 
properties of carbons and graphites. For example, 
gome forms of chemical attack involve as a major step 
erumbling away of the amorphous regions, with the less 
reactive crystalline regions separating out. In other 
forms of attack, a major step may involve the formation 
of intercalation compounds in the erystalline regions. 
The stresses due to the accompanying local swelling 
can cause break-up of the material. Factors such as radi- 
ation damage, which increase the chemical or electrical 
overpotential needed to start intercalation, are likely 
to increase resistance to this kind of chemical and electro- 
chemical attack. In its origins this effect has certain 
analogies with eross-bonding of polymers by irradiation, 
though the detailed mechanisms are quite different 
for the two consequences of radiation damage. 
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Evidence supporting Poole—Frenkel 
Controlled Dark Conduction in 
Tetracene Doped Anthracene 
Single Crystals 


D.c. dark conductivity measurements in an argon atmo- 
sphere have been made using vacuum deposited gold. 
electrodes and guard ring on anthracene single crystals 
500 um thick, cut with major faces parallel to the “ab” 
plane. Mass spectrometric and fluorescence measure- 
ments showed the only significant impurity to be tetracene 
at a concentration of about 50 p.p.m. The conduction was 
clectrode independent as previously reported’. 
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Fig. 1. Variation of activation energy with applied voltage. 
Measurements of the activation energy AF in the 
conventional semi-conduction law 
o=6, exp(— AH/2kT) (1) 


are shown in Fig. | as a function of applied electrie field. 
For fields below 8 x 104 V/m (low field region) the crystal 
current was linear with field. For fields above 8 x 104 V/m 
(high field region) the crystal current increased super- 
linearly with field. In this region the activation energy 
decreased linearly with the square root of the applied 
field (of Fig. 1). This effect has also been observed for 
photo generated carriers in anthracene’. 

From Fig. 1 and equation (1) the conductivity in the 
high field region varies with the field F as 


o =6, expC Ft — Ey/2kT} (2) 


which is characteristic of field assisted emission of the 
Poole-Frenkel or Schottky type’. The latter would 
require the conductivity to be electrode dependent whieh 
was not the case. For Poole-Frenkel emission from 
carrier trapping levels of depth Æ 


C = 2e(ed/ mever)* (3) 


e being the electronic charge, d the crystal thickness and 
goer the erystal permittivity. Substitution of d= 500 ym 
and sr=346 (ref. 4) gives C=814% 10-5 ST units; this 
compares well with the high field region slope of Fig. 1 of 
(8:8+0-9)x10-% SI units. Apart from experimental 
error this small difference could result from the trapping 
centres being screened. 

The density of conducting holes in a conventional semi- 
conductor controlled by N: acceptor levels at energy Ey 
above the ground state is given by? 


P=BIN N)? exp( ~ Er/2kT) (4) 


where 8 is the acceptor level spin degeneracy and Ng is the 
effective density of states in the ground state. Assuming 
the electron trapping levels are associated with the tetra- 
cene molecules. then Ne is about 10° m. Taking 
E,=1:70 eV, 9=2 and Ng=4x 107 m> (ref. 6) gives 
p=10"% m. Associating this with the 296° K crystal 
sistivity of 1-1 x 10% Qin, gives a mobility of 5-7 x 10- 
m?/V.s in good agreement with the hole drift mobility 
results given by Schmillen and Falter’. 

It is suggested that the extrinsic dark conductivity 
observed here involves Poole-Frenkel emission of electrons 
in equilibrium with traps associated with the impurity 
tetracene molecules. Schottky emission from electrodes 
would lead to electrode dependent effects and the value of 
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C in equation (3) would be 4-07 x 10° SI units’. Vacuum 
deposited polycrystalline anthracene films produced in 
this laboratory give results consistent with Schottky 
emission across grain boundaries, with AB =1-9 eV. 
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Effect of Reactor Irradiation on the 
Internal Surface Area of Corrosion 
Films on Zirconium Alloys 


Tue corrosion of zirconium alloys can, in certain circum- 
stances, be enhanced by reactor radiation. The parameters 
controlling the enhancement are incompletely understood 
and work is in progress in several laboratories to elucidate 
possible mechanisms. At Harwell one approach has been 
to study the effect of reactor radiation on the surface area 
of corroding specimens. The preliminary results show 
interesting trends. 
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The results are summarized in Table 1, where the 
degree of corrosion of each specimen is expressed as the 
increase in weight for unit geometric area (1 dim?) of the 
specimen. The surface area figures are given on the basis 
of specimens of the same geornetric area. The experiments 
have incorporated a range of different corrodents, pre- 
treatments, corrosion temperatures and alloys, but 
despite this variation an important general conclusion 
is immediately apparent—that irradiation consistently 
increases the surface area. Thus the surface areas of 
specimens corroded in the absence of radiation are all 
below 4 dm? whereas after irradiation values range from 
4-2 to 82. 

In the absence of radiation the surface area increases 
rapidly from ~ 1 dmt for the unoxidized metal and re- 
mains approximately constant (that is, between 1-8 and 
3-6 dm?) for oxidized samples having weight mereases 
ranging from 9 mg dm? up to 141 mg dm. There seems 
to be no change in surface area associated with the major 
transition in the corrosion kinetics which typically occurs 
at ~30 mg dm-* in this system. This is surprising, for the 
transition is commonly thought to represent a breakdown 
of the outer layers of the oxide, giving a layer of porous 
oxide which increases in thickness as corrosion proceeds 
further. The present results seem to imply that this 
interpretation is incorrect, at least for these corrodents. 

The irradiated specimens show quite different be- 
haviour. In general terms the surface area imcreascs 
steadily as the corrosion progresses and im several cases 
the ratio of surface area to weight gain is approximately 
unity. Jt is interesting that high values of surface area 
were found even for specimens which had beer 
oxidized. Most of their corrosion had taken place i : 
absenee of radiation and it appears that only a relatively 
short irradiation period is sufficient to Increase the surface 

area dramatically (though in these cases the ratio of 
surface area to weight gain was rather less than unity). 

Further work is in progress to clarify im detail the 
profound effects of radiation on the structure of the 
oxide film. Our preliminary observations are consiste 
with the suggestion? that the cnhancement of corrosion 










































Table 1 
In absence of radiation Under radiation 
Weight Surface Weight Surface 
gain area*  Pre-oxidation Corrosion conditions Aloy gain area* = Pre-oxidation Corrosion conditions Aloy 
mg dm“? dm? at 450° C mg dm dm” at 450° 
9 Vd None None Zire-2 
9 3:6 None CO. H,O/air 300° C; $6 days Zire-2 94 None 1D.0 steam 840° C, 22 dave 
16 27 None D0 steam 340° C: 22 days 4:2 None DO steam 340° C 
60 $i None H,O steam 480° C; é days 16 None COs HO/alr 300° 
66 33 None H.O steam 350° ©; 28 days 21 None cO Ofair 300° C; 
00 23 For 6 days H,O steam 300° ©; 62 days 31 None D, ateam +O, 340° € 
92 33 For 6 days H,O steam 300° C: 62 days $ 42 None DO steam + O, 340°C; 
141 LS For 6 days H,O steam 340° č: 35 days 85 23 For 6 days H,O steam + O, 300° C: 
152 82 For 6 day HH O steam + O, 300° € 
180 77 For 6 days H.O steam + Oy 300° Cl 


* For specimens of 1 dm? geometric area, 


The surface creas studied were quite small (down 10 
~l em?) and they were determined by the BET pro- 
cedure! from the adsorption of Xe? at 77° K using a 
technique based on that of Chenébault and Sehüren- 
kamper?®. 

Two zirconium alloys have been studied, Zirealoy-2 and 
Zr 2-5 per cent Nb alloy. The specimens were tubes 0-61 
em diameter, 0-635 em long and 0-05 em thick, corroded 
at temperatures in the range 300°-480° C in corrodents 
which were basically steam or moist CO, 10 per cent air 
mixture by volume’. In some instances long corrosion 
times were simulated by giving the specimens a pre- 
oxidation treatment for a short period at a higher tem- 
perature (450° C) followed by a long period at the lower 
temperature of interest (for example, 300° C) to eliminate 
any “memory” of the higher temperature treatment. 
The corrosion of specimens under radiation was carried 
out in the reactor DIDO (~3x 10% neutrons em~? g7 
>1 MeV; 108108 R h= y) im equipment already 
deseribed3. 





observed in these systems results, at least in part, from 
irradiation embrittlement of the film, which leads to 
extensive breakdown and so to an increase in internal 
surface area. 
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Boron Autoradiography with the 
Electron Microscope 


Here we report an improvement to an autoradiographic 
ae for determining the spatial distribution in a 
solid of boron present at parts per million concentrations. 
The conventional technique is based on recording damage 
tracks produced by the products of the “Binay Li 
reaction in cellulose acetobutyrate (CAB) and made 
visible in the optical microscope by etching in hot alkali 
solution, The technique using optical microscopy has a 
resolution of 1-2 microns and is sufficiently sensitive to 
show the distribution of about 0-5 p.p.m. of natural boron. 

Using the eleetron microscope the resolution is improved 
to about 0-3 micron and the technique ix more sensitive be- 
cause the tracks can be identified more readily. The same 
CAB film that records the teacks is also used to extract pre- 
cipitates from the specimen, giving a combined extraction 
replica and autoradiograph. Individual precipitate 
particles. the boren contents of which have been deter- 
mined thus, are then ready for identification by electron 
diffraction. 

The technique for solid specimens is as follows. Small. 
2x 2 mm, specimens are mounted in fully cured bakelite 
and po lished to met ceallographic standards. CAB film! is 
applied to the polished surface with the minimum of 
methyl isobutyl ketone, dried and stripped off to remove 
dust ane A second film is immediately applied and. 
when dry, the specimen and film together are heated to 
145°+ 10°C a t least 30 min (see below) and te in 
a thermal neutron flux at a temperature below 40° ©. After 
irradiation, the film. which is now a replica of the ou. 
surface. is removed and floated, specimen side downward, 
on the surface of 50 per cent KOH solution at either 
50° C or 20° C (see Table 1). The replica is then washed 
twice with distilled water and dried on filter paper. This 
CAB replica is too thick for direct examination in an 
electron microscope. When the CAB is dissolved over- 
night in acetone or methyl ethyl ketone. however, a 
sufficiently thin replica (probably of cellulose) remains. 
‘This is formed by a complex reaction at the plastic surface 
in contact with the alkali”. After rinsing with fresh solvent 
the cellulose replica is picked up on a normal E.M. grid 
and examined at 2-30,000 K. magnification at 50-100 keV. 





























ferro-boron particles 


small 
Boron can be located to within approximately 
eo micron at CA). 


Fig. 1. Typical conical tracks from three 


about 2 microns apart. 
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Contact autoradiograph) replica. from a thick specimen, Surface 
s (Å) are well resolved, sub-surface particles (8) have lower 
General grain boundary boron distribution is demonstrated. 





par è 
resolution. 


ke is stable in the electron microscope and produces good 
images of the particle tracks. Stability and e€ of 
handling are increased. however, if the etched surface of 
the CAB film is coated with 200-300 A of carbon by normal 
evaporation techniques before dissolution of the CAB. 

To examine precipitate particles away from their metal 
matrix, a polished specimen is etched to leave the required 
particles projecting from the surface. A CAB film is then 
applied and heat treated as with solid specimens. This 
replica is stripped to extract the particles and irradiated 
in contact with either POOT piece of CAB film or the 
inside surface of polythene ‘Lay-flat tubing. To date 
these materials have been found to contribute the lowest 
background; they contain about 0-3 p.p.m. boron. 

After irradiation the replica /autoradiograph is etched 
with KOH and coated with carbon using the same tech- 
niques as those for solid specimens. Most of the particles 
are retained on the autoradiograph and, later, on the 
cellulose replica from it. 

The final size and shape of the damage tracks are 
determined by the heat treatment of the CAB before KOH 
irradiation, and the temperature and time of etching. The 
etching conditions also determine the thickness of the 

Hulose replica, Tests have been made to determine how 
these variables affect the appearance of the electron 
microscope autoradiograph and to determine optimum 
conditions. For this a series of specimens were irradiated 
at 4« 108 n emo? st for tines between 30 s and 60 min. 
The autoradiographs were treated by the procedure 
already deseribed, including coating with 200-300 À of 
carbon, Table 1 gives details of the tracks developed 
under various conditions. Track sizes are shown as length 
multiplied by base diameter in microns. 

The longer heat treatment is generally preferable. but 
with Some specimens this makes it difficult to strip the 
CAB from the specimen after irradiation, A shorter heat. 
treatment may avoid this difficulty. Narrow tracks give 
the highest resolution so that when this is of primary im- 
portance. autoradiographs should be etched for about 2 h 
at 20° C. Tracks etched in this way. however, have low 
contrast in the microscope and are therefore relatively 
difficult to recognize. Htching for 6-7 min at 50° C gives 
the optimum combination of resolution, ease of recogni- 
tion and time of preparation for most applications. 
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Fig. 3. Extraction replica/autoradiograph from stainless steel contain- 

ing 40 ppm. boron. Extracted boron rich particles (4) are still fixed in 

the replica/auteradiograph. (B) shows the replica of an unextracted 
particle and therefore no tracks. 


Fig. 1 shows the tracks formed with these conditions. 
Three ferro-boron particles ~10-% g each ~2 micron 
apart are shown with their associated conical tracks. At 
Al the boron can be located to within about 0-3 micron. 
Fig. 2 shows an autoradiograph of a stainless steel con- 
taining boron rich particles in grain boundaries, With 
such a solid specimen there is a considerable loss of resolu- 
tion because of tracks which originate below the surface 
of the specimen. Because the range of alpha particles and 
lithium ions from the boron reaction in metals is 2-3 
microns, only surface particles are well resolved. 

The extraction replica technique does not suffer from 
this hmitation of the resolution, but is limited by the 
length of exposure needed to obtain tracks from the very 
small mass of boron in an individual particle. Fig. 3 
shows an extraction replica autoradiograph taken from a 
stainless steel. It contains two boron rich particles 4 
and a replica B of a particle which was not extracted. 
The two particles at A are ready for identification by 
electron diffraction. 

Recent experiments? have shown that both products of 
the boron (n,«) reaction are registered when the boron is 
completely surrounded by CAB. It is not possible with 
the present technique to distinguish between the tracks 
of the 7Li and alpha particles. For the experiments 
reported here, a neutron flux of 4x 10% n cm? s! was 
used and the longest irradiation time possible was 4 days, 

















Table 1. VARIATION IN DAMAGE TRACKS WITH CONDITIONS OF PREPARATION 


(a) Etched at 2041°C 


Heat treatment Etching time—-min 





at 145° C 60 120 480 O60 

30 min Under-etehed 

16h Under-etched ‘Tracks Over-etched 
<07x <01 L4x G4 


(b) Etched at 50 41°C 


Heat Etching see 
treatment, 2 5 6 75 10 20 
at 145°C 
30 min Under- Under- Under- Thin Tracks Tracks 
etched etched etched tracks O3xO2 OF x04 
16h Under- Tracks Tracks Tracks Tracks Tracks 
etched O3xO1L 05x02 OF O02 L2x03 2x05 


With this 
y of about 


as track fading was noticed at longer times. 
the present technique has a limit of detecti 
106 g boron in a particle. The CAB used does not 
record alpha particles below ~ 0-5 MeV or above ~ 2 MeV, 
nor does it record 8 particles, protons, gamma photons or 
neutrons. The only light elements with significant (n.a) 
reactions in a thermal neutron flux are B, Li, 8, O. For 
these the relative track forming sensitivities per atom of 
natural elements are: B 1; Li 0-05; § 10-6; O 107, Thus 
the only seriously interfering element is Li which for- 
tunately is not commonly found in metals, 

The technique can be used for the quantitative estima- 
tion of boron in very small particles, A this introduces 
special difficulties which are currently under Investigation, 
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lon Exchanger from Pearl-shaped 
Cellulose Gel 


We have described a cellulose gel which allows chromato- 
graphic separation of mixtures of high molecular weight 
substances!. It was obtained from cellulose solutions 
suspended as droplets in an organie solvent. These 
beads have a rigid structure and they ue £ liffusi m of 
very large molecules. We also pre parak? Wasi 

derivatives as possible ion exchangers for pro ; 
this purpose cellulose was reacted with |-chlora-2-divthv1- 
amino-ethane, «-chloroacetate or propane-sultone. 
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Fig. 1. Kinetics of absorption of haemoglobin by 100 me DEAK 
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Fig. 2. Chromatographic separation of soluble fraction of pig kidney (260 mg protein) in QOL N 

phosphate buffer (pH 7:55) through 1-5 x 26 cm DEAE cellulose gel exchanger with increasing 

Natl concentration. lution rate 13-15 ml/h, 4° © — Transmittance at 254 nm; 

~---, Bücher units? of LDH activity. 
Alkylation was best carried out in suspension in an be used for chromatographic separation of protein 


inert solvent. The method of Peterson and Sober? cannot 
be used here because the strong base involved would 
destroy the amorphous cellulose gel. The hydrated cellulose 
pearls (from a solution of cellulose xanthogenate containing 
5 per cent cellulose!) were dried finally in air after repeated 
suspension and decanting with acetone. 

To make the diethylaminoethyl (DEAE) derivative, 30 g 
dried gel was added to 150 ml. toluene, 17g 1-chloro-2- 
diethylaminoethane, 300 mg NaBH, and 0:5 g detergent at 
40°C. A solution of 8g NaOH in 75 ml. water was 
added dropwise with stirring over 15 min. Stirring was 
continued for 24 h at 40° ©. 

To make carboxymethyl (CM) exchanger, Na-chloro- 
acetate was used instead of DEAE-chloride. A sulpho- 
propyl (SP)-cellulose gel was made similarly using 
propane-sultone. The total capacity of both these acid 
exchangers was about 1 mequiv./g. 

To isolate the DEAE gel, the suspension was decanted, 
stirred three times with 10 volumes of ethanol and 
decanted again. A slight excess of 0-5 N HCI was added 
with ethanol, the solution decanted and the gel washed 
several times with water. Fines were washed out by a 
stream of water on a narrow sieve. The material can be 
dried by alchohol and acetone followed by storing in 
vacuo at 50°-60° C, One g dry gel (1-7 ml.) gives 6-75 ml. 
swollen exchanger gel with a total capacity of 1:5 
mequiv./g. The base form (made with 6-5 N NaQH) 
gives a curve with two inflexions on titration with 
OLN HClin 1-0 N NaCl, corresponding to two basic 
groups with pk values of 9-5 and 6-1 respectively. The 
weaker basic group (pK 6-1) seems to be ~(CH,),—N* 
(Hs): ~ CH, — CH, — N(C,H;). 

To determine the binding capacity for haemoglobin 
(Hb) the gel was treated with 0-5 N HCl and 0-5 N NaOH, 
washed with water until neutral, and equilibrated with 
0:05 N tris-HCl-buffer (pH 8-8). 100 mg (dry weight) of 
the gel was added to 10 ml. of a 2 per cent solution of 
Hb in the same buffer in a shaking vessel. The con- 
centration of Hb was followed photometrically. The 
resulting saturation curve is shown in Fig. 14. After 15 
min the final value was 122 mg Hb per 100 mg, indicating 
an Hb capacity of 1-22 g/g dry gel or 181 mg/ml. Curve B 
in Fig. 1 relates to 100 mg (dry weight) of a microgranular 
DEAE cellulose exchanger (with a total capacity of 
1 mequiv./g) binding a maximal amount of 106 mg Hb/ml. 
Both exchangers arrive at half of their maximum charge 
in less than 1-5 min, Thus equilibration is as fast in the 
cellulose gel as in the granular preparation. The amor- 
phous matrix evidently has an almost perfect porosity. 

Our gel exchanger has a high capacity for proteins, and 
it allows high flow rates. Because its volume is not 
altered by changes in pH or salt concentration, it can 





mixtures. This is demonstrated in Fig. 2, which shows the 
elution of the soluble fraction of a pig kidney homogenate. 
One part of pig kidney was homogenized in 2 parts of 
0:01 N phosphate buffer (pH 7-55) and cleared by centri- 
fugation. 15 ml. of the solution (containing 260 mg 
protein) was chromatographed on a column (1:5 x 26 em) 
of the DEAE-cellulose gel with the same buffer solution 
using an NaCl gradient (Technicon Autograd). There was 
complete separation of lactic dehydrogenase isozymes. 
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On the Terminology of 
Biosphere and Ecosphere 


Tur term biosphere was defined by J. B. Lamarck as 
the rough total of the matter of all living beings. The 
tenor of the term has greatly altered since. By biosphere, 
modern biologists mean the part of the Earth’s crust 
(lithosphere and hydrosphere) and of the lower parts of 
the Earth’s atmosphere (troposphere) where life is present, 
together with the living erganisms themselves. Accord- 
ingly, the biosphere consists of living and non-living 
components. It is the total complex of soil, water, air 
and living organisms that forms a complete ecosystem. 
Many authorities even go a step further. They define the 
biosphere as “the space of our planet that is taken up by 
living beings” or as “that part of the Earth’s crust, of 
its hydrosphere and atmosphere, that builds the environ- 
ment for life” (compare Suess). Here, the biological com- 
ponents fall into the background and the notion biosphere 
has changed from biological into geobiochemical’. 

P. Teilhard de Chardin has quite rightly pointed out* 
that by biosphere is not to be understood “the peripheral 
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surface of the globe to which life is confined, but the 
actual skin of organic substance which we see today 
enveloping the Earth”. His definition then runs parallel 
to the original definition by Lamarck. 

I think it would be useful to propose a new term, viz. 
“ecosphere”, for that part of our sphere in which there 
is life together with the living organisms it contains. In 
the same way as the “biosphere” is the rough total of all 
living organisms, the “‘ecosphere” is the rough total of all 
ecosystems (of the hydro-ecosphere, the litho-ecosphere 
and the atmo- ecosphere). 
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Inertial Guidance System in the 
Orientation of the Goldfish 
(Carassius auratus) 


WHILE investigating orientation mechanisms in fish we 
are making a detailed analysis of “spontaneous” loco- 
motor behaviour of naive animals in controlled conditions. 
Movements are monitored in a tank measuring 5-0 x 5-0 x 
0-5 m in the bottom of which is embedded a matrix of 
1,936 photoconductive cells on 10 em centres. The linear 
resolution for the smallest target (3 mm diameter) which 
ean elicit an adequate response by a photocell is 10 cm. 
The angular resolution for a fish 30 em long, the size used 
in the experiments reported here, is not less than 4°. Pro- 
visions in the cireuitry and the computer programs 
discard the effects of consecutive targets on a same photo- 
cell so that minor movements of parts of the body (tail, 
fins), which do not result in locomotion, are not computed. 
The cells are uniformly illuminated at a colour temperature 
of 2,300-2,400 K by a collimated light feld from a sus- 
pended ceiling above the tank (Fig. 1}. The electrical 
effect in a photocell of the interception of light by the 
fish forms the input of an electronic logie interface. The 
address of the photocell in the z, y matrix and the time 
of the event is then established by a computer on line. 
The latter is programmed to process information on 
various parameters of the locomotion of individual fish 
and to put out this information on a teletypewriter, as 
a visual display on a cathode ray tube and plotter and/or 
magnetic tape for additional processing. 

Beeause the character of a locomotor pattern depends 
on the frequency and angles of the turns, their sequential 
relationships, and the lengths of the intervening straight 
pathways, the computer is programmed to compute the 
values of these parameters in addition to the velocity of 
locomotion and the absolute orientation of the animal in 
relation to the tank at any given time. The duration of 
the recordings is dictated only by the requirements of the 
experiment and the conditions of the animal, but is 
always adjusted to yield many hundreds to thousands of 
data for statistical analysis and, when desirable, to allow 
for the assessment of eventual diurnal periodicities. 
Because the walls of the tank impede the free progression 
of the animal it is necessary to eliminate all events in the 
vicinity of the walls from the computations whenever 
unimpeded locomotor behaviour is studied. This is 
readily achieved by restricting the dimensions of the 
axes of the photocell matrix in the programming of the 
computer and, when necessary, modifying the statistics 
accordingly. We report here the results of an analysis of 
turning behaviour in four goldfish approximately 30 em 
long. Before being put in the monitor tank the fish had 
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Fig. 1, Schematic drawing of moniter tank. 1, Water inlet from filter: 


2, drain; 3, overflow, 


been kept in a tank measuring 71 x 239 em, in filtered 
water, and fed daily with a dry, balanced diet, 

In describing and plotting locomotor patterns during 
up to 24 h of recording, the animals did not consistently 
alternate single left and right turns but predominantly 
made a varying number of consecutive turns in one direc- 
tion followed by a varying number of consecutive turns in 
the opposite direction. Data obtained from nine fish 
were analysed to ascertain whether the direction and 
magnitude of the turns were distributed at random or 
correlated in a way which might be of adaptive significance 
in orientation behaviour. Rather than the direction, 
magnitude and sequence of mdividual turns, the net 
change in direction resulting from turning behaviour was 
considered. The data were treated as follows. All con- 
secutive turns in one direction were grouped and the 
angles of the individual turns within such a group were 
cumulated. Tt was then possible to study the total turning 
effect of a group of turns, as we have defined, rather than 
that of individual turns. 








Table 1 





No, of the 
group of Total angle 
consecutive of group No, of Cumulated Cumulated angles 
turns in Gin radians} turns in No. of {in radians) of groups 
the same Left Right group turas Left Right: 
direction 
1 O47 1 1 OF 
2 02 1 2 oy 
3 OTR 4 ü bes 
4 bd 2 8 2-08 
Elapsed time was approximately 4 min 
141 tdi 2 102-37 
142 425 3 LOT R4 
148 Sg 4 108 22 
lit 0-34 1 LOM ES 
Elapsed time was approximately 18 min 
4,783 S14 1 10,870 4,72216 
4,784 314 1 10,871 cee el 
4,785 3-42 1 10,372 4,725 58 
4,786 Old i 10,373 4,71725 


Elapsed time was approximately 11 h 


In Table I a few of the values pertaining to one fish 
are shown for three representative periods of the total 
recording time of 11 h. All the cumulated angles of groupe 
of consecutive left and consecutive right turns made 
during 1 h by one fish are represented in Fig. 2. The 
direction of the individual turns comprising the groups 
was computed directly and independently of the data 
shown. It became obvious that, in spite of the locomotor 
pattern described by the animal, involving many thous 
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Fig. 2. Camulated left (heavy tracing) and right turns recorded during 
Lh. 
sands of turns of varying magnitude, direction and 


sequence, a nearly constant relationship between left and 
night tuming was menitaiiird. Results similar to those of 
Table 1 and Fig. 2 were obtained in recordings of up te 
60 h for several fish but could not be conveniently repre- 
sented m graphs suitable for publication. The strongly 
suggested symmetry between the cumulated angles of 
left and right turns was supported by rejection of the 
hypothesis for asymmetry. 

This result and the recurrence of zero value for the 
difference between the cumulated radians of left and right 
turns shown in Fig, 2 might be explained by either one 
of two behaviour patterns. (1} When changing direction, 
the fish draws the sequence, magnitude of angle and 
direction of the turn from its repertoire at random; 
(2) the animal perceives the rotation while turning and 
maintains symmetry between cumulated left and right 
angles by means of a mechanism of angle compensation. 

To test for the occurrence of angle compensation and, 

thus, for the r rejection of the random hypothesis, the data 
were broken into time groups to which an analysis of 
variance was applied to test the hypothesis Hy: pl =0, 
where pI is the intraclass correlation coefficient!. For all 
fish the hypothesis tested was rejected. These results 
strongly suggest that the distribution of the angles is not 
random. The extent to which this distribution might be 
an artefact of the restraining effects of the walls of the 
tank was assessed by computing the # values for the data 
from reduced matrices of photocells, as pointed out earlier. 
F values obtained from experiments with square matrices 
whose sides were 30 and 60 em equidistant from the walls 
of the tank were similar to those obtained for the full 
matrix. The distribution of the cumulated angles is not 
therefore an artefact created by the presence of the 
walls. F values of most of the group sizes were consider- 
ably lower for the turns made in a matrix, the sides of 
which were 60 em away from the walls. Thus the data 
strongly indicate that the walls actually interfered with 
the non-random distribution, The capability of continuous 
compensation of angle of turn at the high level of efficiency 
demonstrated means that a direction of progression 
(orientation), once established, could be maintained by 
the fish in the absence of directional cues in the environ- 
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ment. Additional observations will have to determine 
whether angle compensation could be maintained im- 
definitely or would be limited as to the time or distance 
travelled by the animal. It may be assumed that this 
orientation mechanism would be particularly useful when 
the direction of locomotion must be maintained but 
directional cues were temporarily unavailable. If angle 
compensation of similar efficiency were established in other 
species of fish now being investigated, the mechanism 
would seem to be important as an inertial guidance system 
in Jong range orientation once the general direction of 
progression has been established by other means. Angle 
compensation requires the perception of rotation which, 
in vertebrates, is probably perceived by mechanical 
stimulation of the semicircular canals through angular 
acceleration”, This sensory mechanism is present in all 
vertebrates, and so the general occurrence of continuous 
angle compensation, particularly in migrating species, 

should be inv aR An inertial guidance system of 
this kind would solve many problems which now beset 
various theories of animal “navigation ’’*. 

We thank Dr H. O. Hartley and Dr W. B. Smith of the 
Institute of Statistics for statistical advice. This work was 
supported by a grant from the US National Science 
Foundation. 
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C1437). 


Resistance to Nephotettix impicticeps and 
Nilaparvata lugens in Varieties of Rice 


Or the many insect pests of rice, the rice green leafhopper. 
Nephotettiz, impicticeps (Motschulsky), and the brown 
planthopper, Nilaparvata lugens (Stal), are particularly 
damaging’. Light infestations reduce plant tillering, 
plant height, the number of productive tillers per plant 
and general erop vigour, and induce the pred nin of 
unfilled grains. Heavy infestations cause complete 
drying of the crop-—-a condition commonly known as 

“hopper burn’. The economic importance of these 
insects has been increased by the recent discovery that 
they are vectors of the common Asian rice viruses, 
impicticeps carries the tungro, Penyakit merah, yellow- 
orange leaf and leaf yellowing viruses while N. lugens 
transmits grassy stunt virus’. 

At present, insecticides provide the only practical 
method of controlling these pests, but recent experiments 
at the International Rice Research Institute have shown 
that some rice varieties have such strong natural resistance 
to these insects that chemieal control may be unnecessary 
on these varieties, The resistant varicties were identified 
by testing 1,000 promising varieties selected from tests 
for stem borer resistance on about 10,000 lines (the world 
rice germ plasm collection of the International Rice 
Research Institute). 

Plants were screened for leafhopper and planthopper 
resistance by exposing 15 to 20 day old seedlings growing 
in 24x 18 inch wooden flats to heavy insect populations 
inside a 12x18 foot fine mesh screen cage. Separate 
cages were used for each insect species with the population 
maintained at a level sufficient to kill more than 90 per 
cent of the plants of the susceptible check variety in 7 to 
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resistant and susceptible varieties. ©, 
10 days after infestation. Those varieties surviving these 
mass infestation trials were further evaluated for their 
true resistance by caging a known number of insects on 
individual plants. 

‘“Mudgo’ had a very hi 








2 1 degree of resistance to N. 
lugens. There were no signs of damage to this variety in 
the m reening tests long after most of the other test 
varieties had been killed. When a uniform number of 
N. lugens nymphs were caged on individual plants, those 
infesting “Mudgo’ usually died within 10 days without 
becoming adults, while those on susceptible varieties 
survived and grew in the normal way (Fig. 1). Also, 
adult insects caged on “Mudgo’ had a shorter life span and 
produced about twenty times fewer nymphs than those 
caged on ‘Pankhari 203°, Eventually, most of the nymphs 
on ‘Mudgo’ died. while those on ‘Pankhari 203° survived 
and grew normally (unpublished results), 

In experiments with N. impicticeps “Mudgo’ was found 
susceptible but “Pankhari 203° was highly resistant. The 
nymphs caged on the latter variety had a low survival and 
grew more slowly than those caged on susceptible varieties 
(Fig. 1). Another variety. the dwarf ‘“1R8, which has 
recently become popular because of its high yield potential, 
also exhibited high resistance to NV. impicticeps. “Taichung 
(Native) I? was susceptible to both N. lugens and N. 
impicticeps, In the mass screening tests, both ‘Pankhari 
203° and “LR8* suffered little damage, while most of the 
other test varieties were killed. 
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and Nephotettix vmpicticeps UB) nymphs on 60 day old plants of 
@, ‘Taichung (Native) 1; 7, “Pankhari 203°. 





The fact that a variety which was highly re 
one Insect species was susceptible to the other st 
vice versa indicates that the resistance is highly spec 


stant to 
scies and 
fic. 











Also, the level of resistance in the resistant varieties was 
so high that infestations of individual 15 day-old dings 





with 100 first nymphs caused very little damage to the 
plant (Fig. 2). 





These varieties thus constitute valuable breeding 
materials for the development of rice vari resistant 


to leafhoppers and planthoppers and excellent differentials 
for basic studies on the nature of insect resistance in host 
plants. 

Preliminary studies have revealed no 
barrier within the rice plants to prevent the ins feeding 
on them. Adult N. lugens, however, have been found to 
feed much less on ‘Mudgo’ than on ‘Pankhari 203° and 
“Taichung (Native) I plants. Although adult A. impie- 
ticeps did feed more on susceptible host (“Taichung 
(Native) 1’) than on resistant varieties (Pankhari 203° and 
IRS), the differences in the rate of feeding we 
distinct as those recorded for N. lugens. TI 
tions indicate that ‘Mudgo’ plants either lack the feeding 
stimulus for N. lugens or contain s strongly 
to N. 

lack 
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impicticeps may contain some toxic 
nutrients vital to that insect. 

Experiments now in pre 
to these two insects ean be combined in a 
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3 aused by caging 100 first instar nymphs on resistant and susceptible varieties. 
damage, 0 indicates no visible plant damage, while 6 indicates that all plants were killed, 
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that the resistance is dominant over susceptibility. 
Several F, plants of the cross ‘Mudgo’ x 'IR8’ possess a 
high level of resistance to both insects and have the good 
qualities of ‘78’, and so it seems to be possible to 
develop rice varieties with high vield potentials and 
resistance to both N. impicticeps and N. lugens. 
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isolation of Kinin-like Substances 
from Laminaria digitata 


ALTHOUGH the occurrence of endogenous cytokinins has 
been studied extensively in higher plants, reports for the 
algae are restricted to marine planktonic forms'. There 
are, however, numerous reports on the effects of various 
added growth substances, both singly and in combination, 
in culture studies with algae?!, We report here the identi- 
fication of kinin-like substances in the stipe and holdfast 
regions of the brown alga Laminaria digitata. 

Laminaria plants were collected in early April from the 
gublittoral fringe region at Aberporth, Cardiganshire. 
They were cleaned of any epiphytic material, and then 
stered in deep freeze before extraction. So far there have 
been no reports concerning the relative efficiencies of the 
various solvents as a means of extracting the endogenous 
kinins, but aqueous alcohols have been used frequently** 
and so has aqueous acetone’, In the work described 
here 70 per cent methanol was used for extraction. ‘The 
test material was thawed at room temperature, and then 
treated at high speed in 70 per cent methanol in a Warmg 
blender. The resulting mixture was then filtered through 
Whatman No. 1 paper, and the filtrate was stored in deep 





freeze. The residue was resuspended in a fresh volume of 
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Fig. 1. Radish leaf disk assay of Laminaria stipe extracts. Optical 
density of leaf disk extracts after treatment with eluates of Re fractions 
measured at 665 nm. 
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Fig. 2. Radish leaf disk assay of Laminaria holdfast extracts. Optical 


density of leaf disk extracts after treatment with eluates of Re fractions 
measured at 665 um, compared with absorption data at 265 nm. 


70 per cent methanol at 4° C, and then filtered after 20 h. 
After further washings of the residue, all filtrates and 
washings were pooled and reduced to 20 ml. using a 
Rotavapour film evaporator with a bath temperature of 
35° C. The reduced aqueous extract was partitioned with 
petroleum spirit to remove lipids and other soluble con- 
taminants, and then used for further fractionation. The 
pH of the concentrated extract was adjusted to 5-5 and it 
was then passed through a “Dowex 50” resin (H form, 
200-400 mesh. 15 inches x 1 inch) which had already been 
washed with distilled water, normal HC], normal NaOH, 
normal HCl and finally with distilled water until the 
washings showed no absorbance in the ultraviolet range. 
After passage through the columm the extract was washed 
with distilled water and then eluted with 2 N ammonia 
solution!. The amrmoniacal eluant was reduced to dry- 

35° C. The partially dried residue was 





ness in a vacuum at 35 
then dissolved in methanol, and this methanol solution 
was streak loaded onto Whatman No. 3 paper and run in 
descending front to a distance of 30 cm using propane- 
2-ol : water (4: 1 v/v) as solvent. The developed chroma- 
tograms were divided into ten equal portions correspond- 
ing to the Rr values. The ten strips were eluted in LO mi. 
of “distilled water with continuous shaking for 24 h. 

Tests for the presence of kinins in the extracts were 
carried out by bioassay (radish leaf senescence test'*) 
and by ultraviolet absorbance using a Unicam SP 800 
speetrophotometer. For the bioassay, radish plants were 
grown in controlled conditions of light, temperature and 
humidity. The first two leaves were detached and stored 
in the dark for 3-4 days at 20° ©. Disks 5 mm in diameter 
were cut from these leaves and floated in distilled water for 
8hinthe dark. These disks were washed in distilled water, 
dried on filter paper and then transferred in groups of ten 
to small Petri dishes containing the test samples from 
chromatogram strips, together with two controls and 
standards | (1 p. p: m. of kinetin). These dishes were stored 
in the dark for 2-3 days until there was a See difference 
between the condition of the controls and the kinetin 
standards. The disks were then transferred to small 
conical flasks containing 80 per cent methanol, and 
extracted for 24 h at 20°C using a ‘Cornpenstat’. The 
extracts were then cleared by centrifugation and their 
extinctions measured using a Unicam SP 600 spectro- 
photometer (665 nm). 
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Fig. 3. Absorption spectra of acid extracts of the total eluate of 

chromatograms, A from holdfast and B from stipe. Absorption spectra 

of aqueous extracts of two regions of maximal activity of substances 
from the holdfast shown in C and D. 


The results of these observations are summarized dia- 
grammatically in Figs. 1, 2 and 3. Fig. 1 shows the 
evidence for the presence of kinin-like substances in the 
stipe region of Laminaria (50 g dry weight). Delayed 
senescence of the radish leaf disks was obtained with 
extracts of Rr fractions l-4, while for the holdfast two 
regions of activity were observed corresponding to Rr 
fractions 1-3 and 5-8 (Fig. 2). Correlation with the 
absorption data at 265 nm is also shown, with absorption 
peaks occurring in the regions corresponding to the Rr 
fractions 2, 6 and 7. When the total eluate of the chroma- 
tograms was extracted with 0-1 N HCI and their absorp- 
tion spectra measured in the ultraviolet range, the extract 
from the holdfast region gave a two peak absorption 
picture (Fig. 34), whereas that from the stipe region gave 
a single peak (Fig. 38). The nature of the two peak 
absorption spectrum for the holdfast region was further 
underlined by measurements in the ultraviolet range of 
the absorptions of aqueous extracts of the two regions of 
maximal activity on the chromatogram (Fig. 3C and D). 

In the light of recent work! in which the same bioassay 
rnethods were used, the present data seem to confirm the 
occurrence of eytokinin-like substances in the two regions 
of the Laminaria thalli examined. The precise chemical 
natures of these substances require further examination, 
and it would also be interesting to carry out a monthly 
survey of their occurrence. Such data might. be correlated 
with the seasonal patterns of fast and slow growth so well 
demonstrated by the Laminaria species. Further work is 
planned on these aspects. The oeeurrence of such sub- 
stances in one of the most highly organized plant struc- 
tures in the algae suggests the need for investigations into 
their physiological roles. 

This work was supported financially by the Natural 
Environment. Research Council. 





A, HUSSAIN 
A. D. BONEY 


Department of Botany, 
University College of Wales, 
Aberystwyth. 


Received October 10, 1968; revised April 30, 1969. 


! Bentley-Mowat, J. A., and Reid, 5. M., Ann. Bol., NS, 32, 23 (1968). 

* Olszewska, M. J., Bull. Soc. Sei. et Lett. Cl HIT, Sei. Math, Nat., 9, 1 (1958). 
3 Provasoli, L., Biol, Bull., 114, 875 (1958). 

* Marrianne, P., Nature, 218, 776 (1968). 


i Zwar, J. A. Bruce, M. L, Bottomley, W. and Kefford, 
dela eat Feg., 128 (1964), 


* Letham, D. S., Reg. Nat. de la Croiss, Veg., 109 (1964), 


7 Wood, H. y, "Colloq. Intern, de Cent. de la Res. Sei. Reg. Nat. Croies. Veg., 
98 (1964). 


e Shantz, E. M., and Steward, F. C., Collog. Intern. de Cent. Nat. de la Res. 
Sei., No. 123, Reg, Nat. dela Croiss. Veg., 60 (1964). 

* Seth, A. K., and Wareing, P. F., Life Sei., 4, 2275 (1965). 

1 Loeffler, J. E, and Overbeek, J. V., Reg. Nat. de la Croiss. Veg, 77 (1964). 

n Maheshwari, 8. C., and Prakash, R., Life Sei., 6, 2453 (1967). 


S. Po Reg. Nat, 





Senescence Retardation in Dock 
Leaves by Soluble Peptone 


MEASUREMENTS of chlorophyll breakdown. in isolated leaf 
disks have shown that senescence is retarded by applica- 
tion of several different growth stirmulators', including 
cytokinins and gibberellins, which differ markedly in 
their effects on different species. Particular species (for 
example, Xanthium pennsylvanicum Wall.) respond to 
cytokinins to such a great extent that the reaction is 
considered specific for these compounds, while other species 
(for example, Rumex obtusifolius L.) are similarly much 
more responsive to gibberellins. In the case of Xanthium, 
high concentrations of sugars gave a very low response 
while other compounds were almost inactive’, In the case 
of Rumex, glucose and fructose in concentrations up to 5 
per cent were inactive’. Bioassays for cytokinins? and 
gibberellins*:* have been developed on the basis of these 
findings. 

While examining several extracts of natural products it 
was found that solutions of peptone greatly retarded 
chlorophyll loss in leaf disks from several species of 
Rumex. The response level was much greater than that 
reported previously for various organic compounds*.’. 
(Peptone (British Drug Houses, Ltd, Poole, Dorset), usdd 
as a nutrient in growth media, is prepared by enzyme 
hydrolysis of unspecified animal proteins.) 

The assay used was essentially that of Whyte and 
Luckwill? except that ten leaf disks in 1 ml. of test solution 
were used and extracted with 10 ml. of methanol, 
Responses of leaf disks from two species, R. obtusifolius L. 
and R. nivalis Hegetschw., to a range of concentrations 
of gibberellic acid, kinetin and peptone are shown in 
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Fig. 1. Retardation of chlorophyll breakdown in leaf disks of two species 


of Rumex, senescing for five days in the dark at 20° ©. a, A. obtustfolius; 

b, R. nivalis. Response was measured by the absorbance at 665 um of 

chlorophyll extracted with methanol, expressed as a percentage of 
that of control ‘disks, 





506 








Table 1. RESPONSE OF LEAF DISKS OF SPECIES OF Rumex TO THREE COM- 
POUND! 
Test compounds 
Kinetin Cibbereblic acid Peptone 
Maxi- Response Maxi- Response Maxi- Response 
: mum* levelat mum* levelat mum*  tevel at 
Species re- maxi- re- maxi- re- maxi- 
sponse muam sponse mum sponse mum 


per cent (p.pan.) percent (ppm) percent percent 





R., nepalensis Spreng. 140 5 OI 
R, obtusifolius L. 180 20 0-02 
R. palustris Sm. 170 15 0-005 
R. conglomeratus Murr, 180 10 oor 3 
R. sanguineus L. 190 30 0-05 360 
R. aeetosella L. 180 30 00l 270 
A, nivalis Hegetschw. t 180 5 OOL 240 
R. avifotius Alt 150 15 OO] 170 





Response was measured as the absorbance at 665 nm of chlorophyll 
extracted by methanol from treated disks expressed as a percentage of that 
extracted from water control disks. 


* Highest level of response by leaf disks to optimum levels of that par- 
ticular test compound, 


+ As received, Identity not confirmed because of absence of fruits. 


Fig. 1. Peptone produced a much greater maximum 
response in both species (390 and 240 per cent respectively) 
than did kinetin (180 per cent) or gibberellic acid (250 and 
160 per cent). Responses of other species of Rumex are 
shown in Table 1. 

All species gave responses of the same order to optimal 
levels of kinetin, but they could be divided into two groups 
according to their responses to gibberellic acid. Some 
gave a maximum response of more than 200 per cent of 
w ater control while others gave a maximum response of 
about 150 per cent, Similar differences in response by 
different species of a single genus have been reported for 
Nicotiana?, when the retardation of protein bicakdonn by 
kinetin was measured. This sugg 
retardation of senescence is zool either by the 
supply of eytokinins or by the supply of gibberellins and 
that the level at which either becomes limiting varies in 
different species. Peptone produces a greater response 
than either of these compounds, which indicates that the 
active factor is neither kinetin nor gibberellic acid. As 
further evidence against the latter possibility it was found 
that peptone solutions failed to stimulate hypocotyl 
growth of lettuce seedlings (cultivar ‘Arctic King’). 

Three alternative explanations are possible. Peptone 
either contains a stimulator more patent than gibberellic 
acid or kinetin, or it provides precursors for the synthesis 
of proteins, necessary for chlorophyll retentions, or it 
inhibits the breakdown of chlorophyll. Cytokinins active 
in growth tests have been found in RNA hydrolysates of 
animal? and bacterial? origin, so that the first possibility 
is feasible, if unlikely in view of the high activity of pep- 
tone towards all species of Rumex. Letham? found that 
kinetin and 6-benzyladenine are more active than other 
known cytokinins in leaf senescence bioassays, although 
this does not rule out the possibility of more active 
compounds being found. Several urea derivatives have 
also been found with senescence-retarding properties’. 
Peptone solutions which show senese cence-retarding effects 
contain high quantities of dissolved solid compared with 
those of the growth stimulators used, but it is not known 
what proportion of this is active material. Tt has been 
suggested that activity shown by peptone and similar 
¿substances in retarding senescence of entire detached 
wheat leaves is due to the presence of nickel or cobalt 
compounds which were shown to be activel!. Peptone 
may well provide a source of polypeptides for protein 

synthesis, but it is less likely that it prevents protein 
degradatién by providing a respiratory substrate’. The 
possibility that peptone solutions allow microbiological 
growth which could result in the formation of active 
compounds is unlikely in view of the absence of such 
growth at the concentrations used. At higher levels of 
peptone there is some discoloration of the leaf disks, but 
this is not evident at lower concentrations which are still 
‘effective in retardation of chlorophyll breakdown, so that 
toxic effects’ are unlikely. 

Both acid and enzyme hydrolysates of lactalbumin 
and casein had senescence-retarding effects similar 
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to those of peptone. Evidently the active material is 
present in various protein hydrolysates and may well 
be soluble nitrogenous compounds. In quite a different 
system, aleurone cells of Avena fatua, it was found that 
addition of a mixture of amino-acids produced a stimulat- 
ing effect on alpha-amylase formation in the same way 
that gibberellic acid did't, Action on the peptone-induced 
retardation of chlorophyll breakdown by specifie inhibitors 
of protein and RNA synthesis, which are now available, 
should indicate whether this is proceeding by expected 
metabolic pathways. 

This bioassay for gibberellins and cytokinins is very 
easy to carry out and is potentially very useful. although 
the plants used so far are much less sensitive to gib- 
berellins other than gibbere lic acid or to cytokinins other 
than kinetin and 6-benzyladenine. The fact that retarda- 
tion of chlorophyll breakdown can be accomplished by 
compounds which are not growth stimulators, however, 
emphasizes the need for caution in applying this assay to 
solutions of unknown composition such as plant extracts, 
until the nature of the reactions involved is better known, 
and limits its use as a bioassay. 

I thank Mr C. ©. Townsend for identifying the plants 
used. 
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Bacterial Invasion of Schistosomes 


SCREENING of filtrates from cultures of streptomycetes 
in mice diselosed that intraperitoneal injection of live 
bacteria killed an Egyptian strain of Schistosoma mansoni 
in the hepatic portal system. The antischistosomal 
effect was similar to that caused by chemotherapeutic 
agents, that is hepatic shift of the flukes from the mesen- 
terie veins, followed by their destruction 3-4 days later. 
An unusual feature of the affeeted schistosomes was the 
much deformed dilated caecum packed with large numbers 





of Klebsiella pneumoniae identical with that given 
intraperitoneally. Pure cultures of K. pneumoniae, 


injected intraperitoneally or intravenously into mice 
infected with S. mansoni, demonstrated a positive re- 
lationship between the introduction of the bacteria into 
the bloodstream, their appearance and multiplication 
in the caecum of the schistosomes and the rapid death 
of the parasites. 

These initial experiments by one of us (H. O.) are 
believed to be the first demonstration of the deliberate 
use of a microorganism as a therapeutic agent in experi- 
mental schistosomiasis. In 1940, however, Krakower 
et al.’ observed large numbers of bacteria in the caecum 
of S. mansoni in experimentally infected rats, but did 
not recognize the significance of the observation. 

Further experiments with A. pneumoniae revealed 
strain differences for virulence against the schistosomes 
and evasion of the defence mechanism of the host. All 
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virulent strains were effective when injected intravenously. 
With strain E10 the 100 per cent curative dose in mice 
was between 3x10 and 3x10’ viable organisms by 
single intravenous injection. Treatment of the infected 
mice with antibiotics shortly before or shortly after 
injection of bacteria inhibited the bacterial invasion of 
the schistosomes. Antibiotics given 2 h or more after 
injection of bacteria did not influence the course of 
multiplication within the schistosome or the lethal 
effect on the parasites. Apparently, the schistosome 
tissue provided protection against the antibiotics. Similar- 
ly, the bacteria were protected from the defence mechan- 
isms of the host in the apparent absence of any such 
mechanism specific to the schistosome. 

These experiments stimulated examination of other 
bacteria for invasiveness to schistosomes. Of twenty- 
four Gram-positive species injected intravenously, none 
was effective. All invasive strains were Gram-negative, 
Among the genera found to be invasive were: Escherichia, 
Salmonella, Klebsiella, Enterobacter, Serratia and Provi- 
dencia. In these, wide strain differences in invasiveness and 
lethality to schistosomes were present. Withsome, invasive- 
ness was lethal; others established a low-level chronic in- 
fection in the caecum, not uniformly lethal but usually 
affecting egg laying; others were ineffective. The range 
of invasive genera and species did not correlate with 
accepted biochemical classification. The degree of in- 
vasiveness among eighty serotypes of Escherichia coli could 
not be related to the serological grouping of the organisms. 

This phenomenon of invasiveness was not confined 
to one strain of S. mansoni in one strain of mouse. Similar 
lethal effects were obtained with K. pneumoniae against 
Liberian and St Lucian strains of S. mansoni in mice 
and hamsters and an Egyptian strain of S. mansoni 
in monkeys (Erythrocebus patas). Invasion and lethal 
effects were also seen in S. mattheei in mice, thus extending 
the range of action to the “haematobium” group of schisto- 
somes. So it was shown that the therapeutic effect of 
bacterial invasion involved two species of schistosome 
of differing geographic strain and occurred in three 
different hosts, including primates. 

The mode of action is not known. Clearly, the highly 
lethal strains find the caecum of the schistosome very 
suitable for explosive multiplication. Injections of 
filtered culture broth or killed bacteria of invasive strains 
were ineffective. Death of the schistosome could be due 
to local release of endotoxin, successful bacterial compe- 
tition for nutrients in the caecum or mechanical damage 
due to uninhibited multiplication of the microorganism. 

Some toxicity was apparent in mice injected with 
invasive strains of K. pneumoniae. This was not pro- 
portional to the size of the dose given and was possibly 
a consequence of secondary release of bacteria from killed 
schistosomes. No side effects occurred in treated monkeys; 
intravenous injection of 10 organisms killed sheep and 
goats, but 10° organisms were tolerated. 

Independent experiments with K. pneumoniae against 
S. mattheet in sheep and against S. mansoni in monkeys 
are in hand. 

The application of bacterial invasiveness in the treat- 
ment of human schistosomiasis is as yet problematical. 
There is an apparent relationship when schistosomiasis 
and salmonellosis are intereurrent?-!2, and so the role of 
the schistosome and the carrier state in this and other 
bacterial infections should be explored. 
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Model System for Study of 


Artificially Induced Resistance to 
Malaria 


THERE is still a pressing need for a vaccination model 
against malarial infection'. The laboratory rodent has” 
been vigorously studied for this purpose since the discovery 
of Plasmodium berghei more than 20 yr ago*. Of recent 
reports describing various methods for the induction of 
resistance to malaria?~®, none have reported good success 
utilizing non-viable blood stage plasmodial material. The 
rat has been only partially responsive to such material, 
while the mouse has remained uniformly refractory?. 

We have recently observed the induction of a high level 
of resistance against P. berghei in AJJ mice after injection 
of either solubilized or nonsolubilized blood stage plasmo- 
dial materials. This system seems to present an ideal 
model for further study of malaria vaccination. 

A/J mice were used throughout, obtained either from 
our laboratory bred stock or from Jackson Laboratories, 
Bar Harbor, Maine. P. berghei strains NK65 (ine D) or 
NYU-2 served as protective and infective materials, 
The NK65D line originated in our laboratories by mos 
quito passage through hamsters and was maintained in 
young Sprague-Dawley rats. The NYU-2 strain was 
continuously maintained in mice. 

A modified version of the method of L. E. D'A. ef al? 
was used to prepare plasmodial materials. A 20 per cent 
suspension of pooled, washed parasitized hamster ervthro- 
cytes was passed through a French pressure cell (FPC) at 
1,000 to 1,200 pounds per square inch. Isotonic saline or 
phosphate buffered saline (PBS) served as the processing 
diluent. 

The FPC effluent was freed of unbroken erythrocytes 
by centrifuging twice in Kolmer tubes at 1,100g maxi- 
mum for 5 min each time, The haemoglobin supernatant 
(preparation A) containing solubilized erythrocyte and 
plasmodial components and free parasites and parasite 
fragments was centrifuged for 10 min at 11,739 g maxi- 
mum at 4°C. The free parasite containing sediment was 
washed three times and finally resuspended in 7-10 
volumes of diluent (preparation B). 

The plasmodial fragments remaining in the haemoglobin 
supernatant were sedimented by centrifugation at 
105,650g maximum for 20 min at 4° ©. This sediment was 
surface washed and resuspended as before (preparation O). 
The final haemoglobin supernatant (preparation D) 
contained solubilized erythrocyte and plasmodial com- 
ponents. 

The respective preparations were then injected intra- 
peritoneally (IP) into their respective groups of mice as 
follows: 1-00 ml. of A; 0-15 ml. of B; O30 ml. of O; 





























1-00 ml. of D. Mice in these groups were between 
4 and 28 weeks old. These preparations were non- 


infective. Occasional infections have occurred, however, 
after injection of some lots of A or B, 
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Table 1, WEEKLY COMPOSITE ERYTHROCYTE COUNTS AND SURVIVALS OF PROTECTED AND UNPROTECTED ANIMALS 
Protected Unprotected 
Erythrocyte counts = Erythrocyte counts: 
Week after Surviving/total 10°/min? + mean deviation — Surviving/total 10t/mm* + mean deviation — 
challenge No. Per cent Surviving Not surviving No. Per cent Surviving Not surviving 
0 100 BOL + O46 817 20-42 100 829 + 065 O82 
1 100 6-314 0°62 5°23 + 0-56 100 6-22 $038 0-62 
2 95 479+ 0-84 2al + O00 2 340 + 0-60 2-88 + 0-52 
3 92 6°83 £ 0-87 78 : 1-72 £038 
4 90 6-944 0-04 73 1-58 +0:42 
5 90 6804081 59 5 1-37 +036 
6 90 7-59 + 0-97 49 79 + 1-54 PSL 40°25 
7 90 8-29 £081 45 HARE 227 1-63 + 0-20 
8 90 7-69 + 1-06 37 Galt Ls 1-42 4 0°22 
9 90 7-63 t 103 30 6-45 t183 1:55 + O44 
10 90 7-73 + 0-92 26 6-49 £223 
11 35/39 90 B11 +063 25 5764219 
12 35/39 90 25 815 4 O61 
Similar groups of control mice were either not injected transient anaemuas and parasitaemias. Their disease 


or injected with one of the following: 10ml. of FPC 
disintegrated normal hamster red blood cells prepared as 
D; 0-1 ml. of packed washed normal rat red blood cells 
kept at 45°C for 45 min or 0-I ml. of a suspension of 
material sedimented at 225,000g maximum for 15h 
from P. berghei-infected rat plasma. 

Animals from each group were challenged either 
intravenously (IV) or intraperitoneally with 10x 10° 
P. berghei-infected mouse cells. The NK65D challenge 
cells were obtained by ‘passage into mice from infected 
rat donors; the NYU~-2 from the continuously passed 
mouse line. 

Animals receiving preparations A, B and C with their 
respective controls were challenged as early as 6 weeks 
and those receiving preparation D, as well as their controls, 
14 weeks post-inoculation. 





Table 2. WEEKLY COMPOSITE PERCENTAGE PARASITIZED ERYTHROCYTES 


AND RANGES OF PROTECTED AND UNPROTECTED ANIMALS 





Weeks 
after Protected Unprotected 
chal- Surviving Not surviving Surviving Not surviving 
lenge ° Range % Range w Range % Range 
0 oQ 0 0 0 0 Q 
1 17 0-5-6 37 0-0-8-6 05-186 < 0-4-9-8 
2 24 0-270 127 87-172 3.0-37:2 55-44-00 
3 <01 0-0-0 20-4 20-4 22°6-56-3 17-4-5603 
4 02 0-31 +4-886 11-0-67-5 
5 02 O26 00-609 25-6-77-6 
6 <O1 O07 0-0-4438 301-705 
7T <OL 0-04 00-785 236-746 
8&8 0 0 00-352 19-5-69-5 
9 <01 0-0-9 00-619 46-2-79-5 
10 0 0 0-0-58-9 
l 0 0 00-127 
Ts.. 0 0 0 





Table 3, AGE, PARASITE STRAIN AND PREVIOUS TREATMENT INFLUENCE ON 


SURVIVAL OF UNPROTECTED AND PROTECTED ANIMALS 





Non- 
protected Protected 
survivors! survivors; 
total total 
(1) Age at time of challenge 
(a) Less than 5 months o/s 10/11 
(b) 5 months or more 15/65 25/28 
(2) Challenge strain of P. berghei 
(a) NYU-2 11/42 11/13 
(b) NK65D 7131 24/26 
(8) Previous treatment 
(i) Solubilized normal hamster red blood cells ING 
Xb) Normal rat red blood cells 2/8 
(e) Infected rat plasma components 3/8 
id) None 9/40 
() Preparation A. French press effluent of 
infected red blood cells 10/11 
(f) Preparation B, washed free parasites Jiag 
(4) Preparation C, sedimented plasmodial 
fragments 4/5 
ih) Preparation DÐ, solubilized infected red 
blood cells 10/11 


Composite results obtained after challenge of the 
various groups are given in Tables 2 and 3. Animals 
injected with preparations A, B, C or D experienced mild 


began to resolve by the end of the second week after 
challenge. Thirty-five out of thirty-nine totally recovered. 
The course of infection was similar in all protected groups 
independent of route of infection, challenge strain or its 
immediate origin, plasmodial preparation given, origin 
or age of the mouse at the time of protection or challenge. 

All control animals experienced profiles of severe 
persistent anaemias and parasitaemias. All mice younger 
than 5 months succumbed within 28 days. Those 5 
months or older succumbed at any time from the second 
to the eleventh week. Eighteen of seventy-three control 
animals had recovered by the end of the eleventh week. 
Recovery began slowly from the fourth week. The course 
of infection m animals in the various control groups was 
similar to and independent of that with the previous treat- 
ment. In contrast to the healthy appearance of the surviv- 
ing protected animals, all non-proteeted animals looked 
wasted at the peak of their disease. One group of unpro- 
tected mice at that time averaged 14:5 g; a similar 
protected group averaged 21-4 g. 

The A/J mouse seems to be particularly responsive to 
these protective procedures, although preliminary experi- 
ments indicate that Carworth mice will also respond with 
higher and possibly multiple doses. The protection seems 
to be induced by the presence of plasmodial components. 
The absence of protection in animals treated with the 
preparations not containing plasmodia seems to rule out 
non-specifie effeets caused by foreign materials or specific 
host contaminants. In addition, preparations such as B, 
known to have little if any host contaminants’, still 
induced protection. Also preparation D obtained homo- 
logously from infected mouse erythrocytes had protective 
properties. The method of preparation and handling of 
the non-viable protective plasmodial materials reported 
here seems crucial’. Finally, there was no evidence of 
other disease in our mice which might account for the 
results obtained. 

The special responsiveness of the A/J mouse might be 
related to its unusual and unexpected reaction to P. 
berghei infection. It seems to have a degree of age resis 
tance after 5 months. This is reflected in prolonged 
median survivals as well as in the spontaneous recovery 
of at least 25 per cent after severe protracted disease. The 
older mice have also experienced up to 80 per cent 
recoveries following severe infection induced by FPC 
free parasite preparations still contaminated with viable 
infective cells. This contrasts with the behaviour of 
younger mice. In more than 100 similarly studied, 100 per 
cent died within 4 weeks. 

This protective system with its special behavioural 
characteristics and striking responsiveness to induction 
of resistance seems to offer an excellent model for further 
understanding the mechanisms of induced protection, 
as well as opening the way for isolation and characteriza- 
tion of malarial vaccine materials. 

We thank Mrs Rosa Chang Fu and Miss Donna M. 
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Active Immunization of Children 
suffering from Acute Leukaemia in 
Acute Phase with “Live” Allogeneic 
Leukaemic Cells 


In attempting to influence immunologically the leukaemic 
process, we have assumed that the immunological system 
of the patient suffering from leukaemia and tumours is 
tolerant to the leukaemogenic agent in his own tissue (a 
leukaemic cell or virus), and thus to the oncogenic agent 
{a tumour cell). Vertical transmission of the leukaemo- 
genie profactor with the subsequent transformation to the 
active agent may be involved, as in the ease of Gross 
leukaemia in micet. It is also possible that there is specific 
suppression of the particular clones of mature lymphocytes 
which are antileukaemic or antitumorigenic in normal 
conditions. Clearly, immunological restoration can be 
achieved in patients suffering from leukaemia or tumours 
by overcoming the immunological tolerance to a leukae- 
mogenic or an oncogenic agent*-*, 

Whereas the “own” leukaemic cell cannot stimulate an 
immunological reaction in an organism, injection of 
“foreign” leukaemic cells containing original determinants 
may stimulate an immunological reaction, directed against 
both “foreign” and “own” leukaemic cells, having many 
mutual determinants. The immune plasma and lympho- 
cytes can be used for passively immunizing the donor of 
the leukaemic cells. This is precisely what we have done. 

Our subjects were twelve patients (six pairs) aged 
3-10 yr, with different forms of acute leukaemia. They 
had 40 to 89 per cent of leukaemic cells in peripheral 
blood. 

In each pair “live” leukaemic cells from patient A 
were used to immunize patient B, and leukaemic cells of 
patient B to immunize patient A. The patients were 
compatible with regard to blood group and rhesus factor. 


Table 1. 
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For the active immunization we used cells of peripheral 
blood snd leukaemic bone marrow. Leukaemie cells 
were obtained by plasmoleucophoresis in the presence of 
gelatine‘, and leukaemic bone marrow was obtaine d by 
lumbar punctures. 

Intravenous and intramuscular injections were given 
during 6 to 28 days, the patients receiving two to five 
intravenous injections of peripheral blood leukaemic cells 
at intervals of 2-4 days (5 million-4-1 miliard leukaemic 
cells in 50-70 ml. of plasma). Each patient also received 
an intramuscular injection of peripheral blood leukaernic 
cells (30 million-1 miliard suspended in 4 -7 ml of 
plasma). 

Besides intravenous and intramuscular injections of 
leukaemic blood cells, five patients received intramuscular 
injections of 2-4 ml. (8 million—145 million cells), of leukae- 
mic bone marrow. Three patients were injected once, anc 
two patients four times. 

Passive immunization was carried out 8-15 days after 
the active immunization, with plasma and leucocyt 
obtained by plasmoleucophoresis’*, Each child was 
passively immunized two to three times at intervals of 
1-4 days. Each passive immunization contained 50-70 ml. 
of plasma and 60-400 million leucocytes (Table 1). All 
children to be immunized were in a bad state; their 
lymphatic nodes, spleens and livers were enlarged and there” 
were pronounced nose-bleeding and rash. Not all the 
patients received cytostatic therapy, and prednisolone, 
which was given to the children before immunization was 
abolished, so that immunized children received hardly any 
antileukaemic therapy. 

A positive therapeutic-haematological effect was ob- 
served in eight out of twelve actively immunized patients, 
particularly in the early stages of active immunization. 
Intoxication disappeared and the size of the lymphatic 
nodes, spleens and livers was diminished. Deerease in 
the number of leukaemic cells (two to three times) m the 
peripheral blood began after the fourt h to seventh day of 
the active immunization. After that the number of 
leukaemic cells deereased progressively and by the end of 
active immunization, that is by fourteenth to twenty- 
eighth day after the first injection of the antigen, it fell from 
40-89 per cent to 0-10 per cent. 

The decrease in the number of leukaemic cells during 
passive immunization was less marked but still quite 
definite. Eighteen to thirty days after active immuniza- 
tion commenced, leukaemic cells completely disappeared 
in three children; they constituted 2-3 per cent of the 
blood of five other children. 

In three patients the cellular composition of the marrow 
started to return to normal 20-28 days after immunization 
was begun. (Leukaemic cells in the peripheral blood of 
these had disappeared.) In five other patients leukaemic 
cells in the marrow decreased by 8-45 per cent in 20-30 
days. Intracutaneous injection of the extract from 
leukaemic cells after the immunization eyele provoked a 
slow cutaneous reaction, whereas before the Hommization 
the cutaneous reaction was negative. Complete haemato- 
logical remission thus took place in three out of eight 
children immunized with allogeneic leukaemic cells (in 
two cases—in the period of the active immunization). 
In five other cases there was a definite improvement of 











ACTIVE AND PASSIVE IMMUNIZATION OF CHILDREN SUFFERING FROM ACUTE LEUKAEMIA IN THE ACUTE PHASE OF THE DISEASE 
Active immunization 


Passive immunization 









y Leukaemie Leukaemic Plasma and 
Name and age : i Phase of blood cells marrow cells Total leucocytes Total 
of patient Form of disease disease No.of No.of No.of No. of No. of No.of No.of No. of Results 

iv, in- fam, in- iv.in- im.in- injections iv.in- im.in- injections 

jections jections  jeetions jections jections jections 
K, 6 yr old Lymphoblastic T acute a 1 = = 3 g e 2 Partial remission 
B 45 yr old Haemocytoblastic T acute 2 1 ~~ -= 3 3 = 3 Partial remission 
Z, 5 yr old Myclomonoblastic T acute 2 1 — 1 4 3 we 3 Complete remission 
P, 10 yr old Lymphoblastic T acute bi 1 -~ man 3 3 ~ 3 Partial remission 
J, 3 yr old Lymphoblastic T acute 5 1 — 1 7 = -—  Comnlete remission 
T, 5 yr old Haemocytoblastic TI acute 5 1 mn j] 7 ay i Partial remiasion 
K, 10 yrold  Myeloblastie T acute 5 es — 4 9 = ? — Complete remission 
G, 19 yr old Lymphoblastic Į acute 5 on Sie 4 9 ee ee Partial remission 
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Patient J 


Per cent 


a 





Days 






Patient Z 


1 3 5 i0 i) au 25 
Days 
Fig 1, Percentage of leukaemic cells in peripheral blood (~————) of 


children with acute leukaemia after immunization with leukaemic cells. 
Solid black areas indicate undifferentiated cells. Plain arrows indicate 
immunization with leukaemic cells and arrows with curved tails indicate 
passive immunization with plasma and leucocytes. a, Till immuniza- 
tion; b, active immunization period; ¢, passive immunization period. 


haematological and elinical indices. Seven out of eight 
actively immunized children (two with complete and five 
with partial remission) received cytostaties and hormone 
therapy. One child with complete haematological re- 
Mission was not given medication. Active intramuscular 
immunization with leukaemic cells was continued (twice a 
week, 16-08 milliard allogeneic leukaemic cells each 
time). At the time of writing, remission had been con- 
tmuing for 6 months. After the immunization all the 
children were treated with antileukaemic cytostaties. 
It is interesting that the cytostatics provoked a rapid 
antieukaemic effect in these children, who had a partial 
haematological remission after application of the immuno- 
logical method described. Fig. 1 and Table 2 show the 
change in the number of leukaemic cells in the peripheral 
blood and bone marrow of children who reached haemato- 





logical remission after immunization with allogeneic 
leukaemic cells. 
This work shows that active immunization with 


leukaemic cells from other patients given to patients 
suffering from leukaemia has a clear positive influence on 


the leukaemic process of a recipient. What is the 
mechanism of this phenomenon? It seems that the 





immunological restoration which developed after the 
injection of “foreign” leukaemic cells is the determining 
factor. It might seem that the longer the period of the 
active immunization, the stronger the antileukaemic 
effect. In this connexion it is interesting that when 
complete haematological remission was achieved the 
marrow leukaemic cells, together with the peripheral 
blood leukaemic cells, were used as an antigen. The fact 
that the decrease in the number of leukaemic cells began 
on the fourth to fifth day suggests that, in the first stage, 
cell immunity is involved. Induction of interferon in the 
initial period by the agents administered should also be 
considered, 

At present we are studying cellular and humoral 
immunological changes and the level of interferon in 
patients at different stages of active immunization with 
leukaemic cells. Complete remissions in patients suffering 
from acute leukaemia were achieved by immunization with 
leukaemic cells, which indicates that the leukaemic process 
in man can be influenced immunologically. Intravenous 
immunization with “live” leukaemic cells may not only be 
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possible in the acute period but in the remission period 
also. It seems that the combined immunization with 
whole leukaemic cells and filtrates of leukaemic cells is 
most efficient. These investigations will be furthered by 
the organization of banks of leukaemic cells obtained from 
peripheral blood and marrow of every patient suffering 
from acute leukaemia. These cells could he preserved at. 
very low temperatures and cultivated according to the 
method of Moore, i 

In conclusion, in the cases of acute leukaemia, where 
there is immunological inertness, immunization with 
“live” leukaemic cells combined with administration of 














Table 2. INDICES OF PERIPHERAL BLOOD AND MARROW OF PATIENTS SUFFER- 
ING FROM ACUTE LEUKAEMIA WHO WERE IMMUNIZED WITH LIVE" ALLO- 
GENEIC LEUKAEMIC CELLS 
Patient K 
L 3 7 8 id 17 22 28 


Immunization days 
Immunization 


„, material Leukaemie blood cells Leukaemie marrow cells 

No. of injected +I 35 LO 27 145 176 8 86 
leukaemic cells x 10° x109 * 10%» 108 x10" © 108 x10% x 108 

Method of injection iv. DEL das Lv. im, im. im, im, 


Twenty-eight days after the beginning 


Before immunization of immunization 

















Haemogram Myelogram Haemogram Myelogram 
Erythroey Leukaemiec cells Erythrocytes Nondiffer, cells 
, x10° (myeloblas +1 x 108 G 
Leucoecy tes 3,700 65% Leucocytes 7,300 Myeloblasts 06 
Eosinophils ~~ Neutrophils 76 Eosinophils sing, Neutrophils 75-6 
Myelocy tes — Eosinophils 4 Myelocytes 1 Eosinophils Lo 
Metamyeloeytes 2] ymphocytes 26 6 - Lymphocytes 24 


Staff e. 


1 Reticulo-endo- 
Segment. nuch 2 
3 


thelial cells 0-6 


Reticulo-endo- 
thellal cells sing, 















Lymphocytes 38 Plasmie ceils 04 Plasmic cells 0-6 
Monocytes ~ Erythronormo- Monocytes Ervthronermo- 
Lenkaemie cells 62 blasts 0 Leukaemic ce blasts 128 
Plates _ 6.540 Megakaryouytes--- Plates 2 20 Megakaryocy tes 
Sedimentation Sedimentation "12560 





test 70 mm/h teat 2 mm/h Are actively pro- 


ducing plates 


Patient J 





















Immunization days 3 5 8 10 11 13 
A . ; Leukaemic 
immunization material Leakaemic blood cells marrow 
cells 
No. of injected leukae- 22 125 156 69 pa 
_ mie cells x 0f x 16% x 108 x 108 x e108 Ox 1 
Method of injection iv. iv. iv. iw, he. iam. itr. 
, g ame Eighteen days after the beginning of 
before immunize immunization 
Haemouram yelogramt Haemogram Mvelograns 
Erythroes Leukaemic celis Erythrocyt Nondiffer. cells 
x10  (ymphobl ; x 10° Po 
Leucocy tes 6,700 Leucoeytes 4,200 X as 3R 
Eosinophils Neutrophils 1 Zosinophits Neutrophils 44-8 
AMyelocy tes Eosinophils sing, Myelocytes sing. ine 2 
Metaniyelocytes-~- Reticulo-endo- Metamyelocy tea 6a 











Stalf e. 6 thelial cells 02 Staff c 12 Reticulo-endo- 










Segment. nuel 2 Erythronormo- Segment. nucl 54 thelial cells sing. 
Lymphocytes 45 blasta 1 Lymphocytes 27 Erythronormo- 
Monocy Megakaryoeytes-— Monoeytes 4 blasts 36-2 













Leukaer Leukaemie cells ~~ Megakaryocytes 
Plates Plasmic cells 3 1: 500 
Sedimentat i Plates 161,500 Are actively pro- 
test 35 mm/h Sedimentation ducing plates 
test 4+ mm/h 
Patient Z 
Immunization days 1 3 6 16 20 24 
Leukaemic Plasma and 
Immunization Leukaemie — blood + Leukaemic leucocytes, 
material blood leukaemic blood (passive 
cells marrow cells cells immunization) 


No, of injected 
leukaemic cells 1-5 «10° 


Method of injection ie 


14 » 10° 20 x 108 
ive, Lm. ive hive E 


Twenty-eight days after the beginning 


Before immunization of immunization 












Haemogram Myclogram Haemogram Myelogram 
Erythrocytes Leukaemic cells Erythrocytes Nondiffer. cells 
33% 108  (myelomono- a7 & 10% 78 
Leueocytes 30,800 cytes) S08 Leucocytes 4,600 Myeloblasts og 
Rosinophils — Mveloblasts 0-8 Eosinophils ~~ Neutrophils 52-8 
Myelocytes $ sutrophils 38 Myelocvtes ~= Eosinophils Tü 
Metamyelocytes--- Eosinophils Metamyeloeytes—- Basophits 0-2 


Staff e. 8 Lymphocytes 70 
Segment. nucl 36 Recticulo-endo- 





Staff e. 
Segment. nuel. 


1 Basophiis 
1 Lymphocytes 


















Lymphocytes T Reeticnlo-enda- Lymphocytes 48 thelial eels 0-4 
Monocytes ~~ thelial cells sing. Monocytes 8 Plasmic 0-2 
Leukaemic cells 87 Erythronormo- Leukaemic cells —- Erythronormo- 
Lymphoid cells 3 blasts + Plates 872,000 blasta 30-6 
Plates 82,500 Megakaryocytes-- Sedimentation Megakaryocy tes 
Sedimentation test 13 mm/h 1: 600 


Are actively pro- 


26 mm/h 
ducing plates 


test 
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immunocompetent tissue is justified. It is also expedient 
to carry out cross intravenous immunizations with “live” 
tumour cells isolated after trypsinization between two 
patients suffering from similar forms of tumour, followed 
by cross passive immunization by lymphocytes. 
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Exceptional Lymphocyte Stimulating 
Capacity of Cells from Lymphoid 
Cell Lines 


We recently reported that X-irradiated lymphoid cells 
from a Burkitt lymphoma cell line are exceptionally 
potent activators of normal human Ilymphocytes!. The 
reaction appears to resemble the much less intense lym- 
phocyte activation which occurs when lymphocytes from 
two donors are mixed in culture a the so-called mixed 
lymphocyte reaction or MLR*. Evidence suggesting that 
the intensity of the MLR is correlated with the genetic 
disparity of the cell donors (see ref. 2) has led to the view 
that the reaction is mediated solely by foreign anti- 
gens on the cell. Although little work has been done, 
lymphocytes do not appear to have an “inbuilt” reactivity 
towards all foreign cellular antigens because they are not 
activated by foreign red cells! „thyr oid cells, kidney cells? or 
X-irradiated HeLa cells'. To try to define the nature of 
the high level of activation occurring when normal human 
lymphocytes are mixed with X-irradiated lymphoma cells 
we have examined the effect. of mixing lymphocytes with 
irradiated cells from various other human lymphoid cell 
lines Ls). some of which contain a herpes-like virus 
(Table 1). Two further LCLs of lymphoma origin were 
provided by Professor M. A. Epstein‘, four initiated from 
normal human donors by Dr P. Gerber? and a number 
from normal individuals and patients with various diseases 
by Professor G. Moore*®. A marked activation occurred in 
all mixtures tested (Table 1). Experiments were designed 
to answer three questions. 

First, is the reaction a true stimulation of the peripheral 
lymphocytes by irradiated LCL cells or is it caused by 
a viral transfer or by abnormal survival of the irradiated 
LCL cells? Henle et al. have reported that transfer of 
herpes-like virus from certain LCL cells or from cells of 
patients with infectious mononucleosis can cause the pro- 


Shi 


liferation of human blood } lymphocytes after two or three 
weeks of culture?*. The activation we report here, by con- 
trast, occurs w. ithin 5 5 or 6 days and thus the timing closely 
parallels the normal MLR in which virus has never been 
implicated. Also we have failed to induce continuous 
growth of normal lymphocytes by adding X-irradiated 
cells containing virus (unpublished work) and we have 
observed as high a stimulation using cells from lines 
reported to be free of virus as with those containing it 
(Table 1). We therefore believe that herpes-like virus is 
not responsible for the activation, observed in these short- 
term experiments. 


Table 1, HIGH LEVEL OF STIMULATION OBTAINED BY MIXING PERIPHERAL 
BLOOD LYMPHOCYTES WITH X-TRRADIATED LOL CELLS 
“He Thayy 
midine 
Origin of HLY incor 
Exp, Composition of culture cell tine demon- p rated 
No, (reference) strated ? 






(D DH(10°) + Irrad. EB-2 (10°) 


DH(10%) + Irrad, EB-4 (10°) 4 
DH(108) + Irrad. EB-5 (10°) 

DH(10*) + Irrad. NHDL-1 (105) 

DH(10°) + Irrad. NHDL-2 (10°) 5 





DH(0°) + Irrad. NHDL-3 (10°) 
DH(109 + Irrad. NHDE-4 (10°) 


(2) DH(10°) + Irrad. RPMI-5287 (10°) 








Sand Moore, 


DH(10*) + Irrad, RPMI-6237 (109 G. E.. per 
DH(10") + Irrad. RPM1-7216 (10 sonal come 
DH(10°) + Irrad. RPMI-7466 (10°) munication 


(3) DH(0*%)+ BB (108) 
(4) DHG0% + NL (108) 


Human lymphocytes (2x 10® mL-Donor DH) were prepared in 20 per 
cent human serum-gelatine in Eagle's medium, LCL cells re d 
irradiation (200 KV, 125 mA; filter, aluminium, 1 mm; dose rate, 
min). Cultures (mixtures of normal and LCL cells, 0-5 ml. of each or 1 mi 
of the cells separately} were set up 3 h after irradiation and ineubated m 
3x 0-5 inch capped tubes in an atmosphere of 5 per ce nb © O, in air at 37° 
for 120 h (exps. 1 and 3), 96 h (exp. 2} or 168 h lexp. OS aCi Me tl. 
thymidine (150 mCi/mM) was added 24 h before harvesting. Radios T y 
in the trichloroacetic acid-insoluble material (DNA) was counted by a liquid 
scintillation technique! and values are means of triplicate cultures, “Inere- 
ments” are values of cultures of mixtures minus balf the sum of the control 
cultures. Cell numbers are in parenthes HLV—herpes-like virus. BR 
and NL represent peripheral lymphocytes (not irradiated) from normal 
human donors included for comparison. 














We have found no evidence that the normal peripheral 
blood cells are acting in some protecting role delaying 
death of the X-irradiated LCL cells, or as stimulatory 
agents inducing the surviving irradiated cells to sy alanis 
DNA by overcoming the metabolie block introduced | 
the irradiation’. Preliminary studies on ch iromosome 
preparations of cells in the mixed culture indicate that 
most. of the cells entering mitosis have a normal karyotype, 
whereas the EB cells have chromosome abnorrnalities!*, 
From this evidence we conclude that the reaction is a 
stimulation of normal blood lymphocytes by the X- 
irradiated LCL cells. 

Second, does the cell in this reaction act purely as a 
“earrier”’ of antigen or does it have some additional role 
in the stimulatory process? Human lymphocytes were 
not stimulated by frozen and thawed Iymphoma cells! 
To eliminate the possibility that these negative results 
were caused by the destruction of the antigens themselves, 
we prepared subcellular fractions of lymphoma cell line 
cells by a method used by Dr A. Sanderson to prepare 
transplantation antigens. The nuclear fraction did 
contain some stimulatory material (Table 2), but it is 
likely that whole cells were present in this fraction. The 
microsome preparation was inhibitory. Tt therefore seers 
that whole cells, if not viable cells, are necessary for 
maximal stimulation, 

Finally, we asked is the greater magnitude of the 
see compared with the normal MLR related in any 

way to the higher metabolic activity of the X-irradiated 
free growing lymphoid cells ? The high level of metabolic 
activity of the irradiated LCL cells could affect. the normal 
small lymphocytes either non-specifically by a proe 
of contagious activation or recruitment to the active 
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Table 2. THE EFFECT OF SUBUELLULAR PREPARATIONS FROM EB-4 CELLS 


ON NORMAL LYMPHOCYTES 

*H-Thymidine 
incorporated 
alpan.) 
(increment) 


Composition of culture 


DH (10*) + Irad. EB-4 (10°) 
DH (2 x 10°) + EB-4 “nuclear” fraction (0-2 





ml.) 


DH (2 x 109+ EB-4 “nuclear” fraction (9-02 ml.) Inhibitory 
DH (2 x 10°) + EB-4 “microsome” fraction (0-15 mi.) Inhibitory 


EB-t “nuclear” and “microsomal” fractions were prepared by incubating 
24 10° non-irradiated cells in 10 ml. distilled water at 4° C for 3 h followed 
by differential centrifugation, Figures in parentheses refer to volume of 
preparation added or to cell numbers, Incubation was for 144 h. Culture 
conditions as for Table 1 


stage*” or by an associated high rate of synthesis of 
stimulatory antigens. Freshly X-irradiated LCL cells 
are metabolically very active, as judged by glycolytic 
rate and thymidine incorporation, although this activity 
tails off by about day four!’. 

The stimulation obtained with LCL cells incubated for 
various times after irradiation to allow metabolic activity 
to decay was roughly comparable with that shown by the 
same number of freshly irradiated cells from the same 
line (Table 3). We also found that intact “dead” NHDL 
cells did have some stimulatory activity though consider- 
ably less than that of viable cells (Table 4). Some evidence 
of contagious activation was obtained when irradiated 
blast cells (from a culture stimulated with phytohaemag- 
glatinin) were added to autologous small lymphocytes but 
the effect was small. Most of the stimulation therefore 
seemed to depend on membrane antigens on the LCL 
cells rather than on their high metabolic state and direct 
cell-cell contact appeared to be necessary (this was con- 
firmed by experiments in which the two cell populations 
were separated by ‘Millipore’ membranes), 








‘fable 3. THE EFFECT OF INCUBATION AFTER IRRADIATION ON THE STIMULAT- 
ING CAPACITY OF EB-2 CELLS 

‘Time of incubation of 

EB-2 cells after irradia- 

ion and before mixing 


*H-Thymidine incorporated (d.p.m.} 
Gnerement) 


10° EB-2 10° EB-2 
72 144,332 63,338 
24 213,492 58,431 
3 202,952 43,977 


Fresh normal human peripheral lymphocytes (10%) were cultured (under 
conditions deseribed in Table 1) with EB-2 cells which had been irradiated 
at the times indicated and incubated at 37° C. The time of Incubation after 
mixing was 120 h. “Increments” as Table 1 


Table 4. EFFECT OF “DEAD”? CELLS OX HUMAN PERIPHERAL LYMPHOCYTES 


*H-Thymidine 


Composition of culture incorporated 
(dLp.m.) 
NL (2 x 109 7,052 
Irrad, EB-4 (2 x 10%) 1,684 
NL (10%) + Irrad. EB-4 (10°) 121,804 
“Dead” NHDL-4 (2 x 10 124 
“Dead” NHDL-4 (105) 145 


NL (09+ “Dead” NHDL-4 (10°) 
NE (10°) + “Dead” NHDL-4 (5 x 109 10,380 


NL peripheral lymphocytes were from a normal donor, “Dead” NHDL-4 
cells had been irradiated (5,000 r.), incubated at 37° C for 13 days and stored 
at 4° C for a further 3 days when all cells were dead as judged by dye- 
exclusion, Culture period = 120 b; cell numbers in parentheses; culture 
eonditions as for Table 1 


26,202 


We propose that two factors contribute to the stimula- 
tion: (a) A primary factor involving some form of anti- 
genic interplay between the stimulating and the respond- 
ing cells. Movernent of the plasma membrane and correct 
apposition of cell surfaces on viable cells may also be 
important. (b) A subsidiary factor involving some form 
of metabolic cooperation’? whereby the metabolically 
active LCL cells excite the resting lymphocyte. Such a 
process of recruitment has sometimes been invoked to 
reconcile the high proportion of lymphoid cells apparently 
responsive to specific antigen with the very small propor- 
tions required by a simple clonal hypothesis. 

No satisfactory theory exists to explain why lympho- 
cytes have an inbuilt capacity to react to foreign lympho- 
cytes and not to other cells of comparable antigenic 
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disparity. Neither is there a satisfactory biological ex- 
planation for the even more intense stimulation obtained 
with irradiated cultured free-growing lymphoid cells. The 
stimulation, our experiments suggest, depends on certain 
foreign antigens (transplantation antigens or tumour anti- 
gens) on the surface of the stimulating cell, but it is 
possible that there are metabolic events which influence 
the intensity of the response. 

This work was supported by the Wellcome Trust and 
the Medical Research Council, We thank Professor 
M. A. Epstein, Dr P. Gerber and Professor G, E. Moore 
for donating the lymphoid cell lines, and Mrs J. Wallin 
for technical help. 
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Cell Spreading and Cell Movement: 
an Active or a Passive Process ? 


THE mechanism of amoeboid movement in general, and 
more specifically that of tissue cells such as fibroblasts, is 
controversial and unknown. Most theories state that cell 
movement involves active changes in cell shape, brought 
about by forces generated by metabolic energy, such as 
pseudopod formation and withdrawal, but there is no 
agreement about the site and nature of the forces in- 
volved!. In marked contrast to such theories, the recent 
theory put forward by Carter? for tissue cells suggests 
that cell motility is essentially a passive phenomenon 
wherein net forces are generated by asymmetric surface 
tension type forces at the interfaces between cell, sub- 
stratum and surrounding medium. To test this theory for 
tissue cells a simple series of experiments has been 
earried out on the effeet of temperature on the spreading 
and rounding up of cells. Most tissue cells, such as fibro- 
blests, when freed from contact with other cells or other 
solid substratum and maintained in suspension, hecome 
more or less rounded. When they are allowed to settle 
on a solid surface they tend to flatten on it; the question is 
whether this is brought about by active cellular processes 
or whether it is a passive Wena eay due to surface 
tension forces as Carter suggests. If cell spreading were 
caused by passive spreading, it ought not to be signifi- 
cantly affected by lowered temperature, which does, 
however, considerably reduce active cell movement, 

The cells used were BHK (a low passage of clone 13)° at a 
concentration of 8x 10° per ml. They were obtained in 
suspension by treatment with trypsin and suspe nded in 
Eagle’s medium. Aliquots were placed in Petri dishes and 
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10 per cent calf serum was added to some of the dishes. 
They were then incubated for 24 h at 2° C and 37-5° C, 
some of the dishes being gassed with 5 per cent CO,. None 
of those at 2° C showed any spreading at all, but those in 
Eagle’s medium plus serum appeared to attach to the 
substratum while remaining very rounded and without 
any spreading. Of those at 37-5° C, only the cells that 
were gassed looked healthy after 24 h, and of these only 
those with serum spread well: those without serum be- 
came attached but only about 5 per cent showed any 
sign of spreading. The failure of the cells to spread at 2° C 
agrees with Weiss’s observation that foetal rat fibroblasts 
fail to spread at temperatures below 10° C°. To ensure 
that unspread cells were still capable of spreading, those 
with serum and gas which had been at 2° C for 24 h were 
placed at 37° C for a further 24 h, after which time they 
were well spread and looked healthy. The simplest 
explanation for the failure of cells to spread at 2° C is 
that active cell movement, such as pseudopod extension 
and withdrawal, is inhibited. It might be argued, how- 
ever, in terms of the passive theory for cell spreading, that 
the surface tension forces were, in some unknown way, 
very much reduced. If this were the case, one might 
expect that cells that had already spread would round up 
when placed at 2° C because of the reduction in spreading 
forces. Cells which had spread and which were then 
placed at 2° C for 24 h showed no sign of rounding up, 
which suggests that the forces responsible for cell spread- 
ing are not the same as those responsible for the main- 
tenance of the cells in the spread state. That is, cell 
adhesion involves forces different from those producing cell 
spreading. A similar result was obtained with cells on 
‘Millipore’ filters. A possible objection to this conclusion 
is that at. the lowered temperature the mechanical resis- 
tance to deformation is greatly increased—the cells being 
in a sense frozen—so that at the lowered temperature they 
are able neither to spread nor round up. If this were true, 
spread cells, freed from the substratum, should remain 
extended and not round up. In order to test this possi- 
bility, cells which were well spread and had been at 2° C 
for 24 h were treated with a trypsin solution (0-25 per cent 
Difeo 1: 250 in tris buffered saline) at 2° C for 15 min. 
They were then washed in medium containing serum and 
freed from the dish by pipetting. When freed, they were 
usually well extended, but most had more or less rounded 
up at the end of 15 min. Clearly the cells are capable of 
rounding up from an extended form at 2° C and this shows 
that stiffening of the cells cannot account for their failure 
either to spread or to round up at low temperatures. From 
these experiments it appears that the passive theory of 
cell spreading is not valid. Cell spreading probably involves 
active pseudopodal movement as suggested by the active 
cell movements seen in time lapse films, by our electron 
microscope studies which suggest that cell spreading is 
always associated with the appearance of pseudopods 
about 01 micron thick, and by Ingram’s’ recent observa- 
tions on cells viewed from the side, which reveal aetive 
pseudopod extension and contraction. It will be important 
to determine whether the increase in contact between cells 
which is seen in a variety of morphogenetic events is also 
an active process. 
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Movement of Fibroblasts in a Spatially 
Confined System 


CELL movement in vitro is influenced by several mechan- 
isms ineluding chemotaxis, contact guidance, contact 
inhibition and associative movement!*. In an effort to 
assess these mechanisms, the movement of chick fibro- 
blasts isolated within capillary tubes was investigated 








using the techniques of Twitty and Niu’. Cells isolated 
within capillary tubes had a unique experimental en- 





vironment, for movement was confined primarily to one 
spatial dimension, convection currents were avoided, and 
diffusion of cellular products was minimized. 

Sterile hanging drop cultures of chick heart fibroblasts 
were prepared from 7 day old chick embryo hearts cul- 
tured in 50 per cent chick embryo extract (EE,,) plus 
150 U/ml. of potassium penicillin‘. The pH was adjusted 
to 7-3. When cultures showed an adequate outgrowth 
of fibroblasts (2-3 days), the cells were washed, trypsinized 
and resuspended in EE; Then, with a combination of 
oral pipette control and mechanical manipulation, fibro- 
blasts were isolated in groups of varying numbers within 
glass capillary tubes with an inner diameter ranging from 
50 to 100 microns. The capillary tubes were sealed at one 
end, attached to a coverslip with beeswax, inverted onto 
a Maximov depression slide filled with Hanks BSS, and 
incubated at 37° C. 

Three hours elapsed so that the fibroblasts could 
resume their fusiform shape, residual cell to cell adhesions 
could be separated and any preparations containing dead 
cells could be eliminated. After incubation for 3 h 
viable cells were located and counted. During the 
next 25 h the position and movement of fibroblasts 
were documented by a combination of serial still photo- 
graphy, time lapse cinemicrophotography and direct 
observation. An air curtain incubator maintained the 
culture at 37°C during microscopie examination. The 
distances that cells moved were calculated by reference 
to the photographic magnification. 

There were two alternatives of continued behaviour of 
a group of cells depending on whether or not the fibro- 
blasts were in firm contact with each other. If the cells 
were not in firm contact when isolated, they promptly 
separated. Time lapse photography revealed that a cell 
first sent out an extension which adhered to the glass. 
After reorganization of cell shape, the cell lost its adhesion 
at the original point of attachment and contracted, thus 
drawing the cell to a new position. The fibroblast then 
remained dormant for several minutes, in a rounded shape, 
but after that it resumed its fusiform configuration, Cell 
extensions were sent out in all directions and the cell 
moved in all possible directions; but, overall, the distance 
moved away from the original explant position was greater 
than the distance moved toward it, and movement away 
was sustained for much longer times. Although two 
fibroblasts occasionally came into contact during these 
movements, the duration of contact was temporary and 
the cells soon separated. In addition, cells at the periphery 
of a cell group moved farther from the centre without any 
evidence of cell contact and with no movement toward 
another cell. 

The second alternative differed only in the departure 
of fibroblasts from the original group. Here the cells 
maintained their mutual attachments for several hours. 
Invariably, as the cells began to spread apart the end of 
one cell was in contact with the end of another, After a 
few hours, the result was a single line of cells with an 
end to end attachment to each other. Generally, the 
attachments had dispersed after 8 h in culture and there- 
after the cells behaved exactly as the unattached cells. 

Solitary fibroblasts (n= 4) exhibited a mean net move- 
ment of 9 microns (range +17 to ~18 microns) during 
the 25 h of observation. But, as the number of fibroblasts 
was increased in twenty-five subsequent experiments, the 
average distance moved during the interval of observation 
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Fig. 1. Mean distance each cell moved from point of original isolation 


plotted against the number of cells in the group. The line drawn through 

the points was obtained by a linear regression using the method of least 

squares, Distances were measured 28 h after initial isolation of fibro- 

blasts within capillary tubes containing EEs, plus 150 U/ml. of penicillin 
as the medium. 


also increased. Regardless of number, cells appeared to be 
evenly dispersed in the capillary tubes. When the average 
distance each cell moved was related to the number of 
cells in a group, the points appeared to be linear (Fig. 1). 
A linear regression, using the method of least squares, 
resulted in the equation Y = 20-86 + 20-96X. The linearity 
of the relationship indicated that the phenomenon in- 
volved some motivating force. Random movement could 
not explain the separation of two or more fibroblasts 
confined within capillary tubes, for cells at the periphery 
of a group showed a strong propensity to continue their 
movements outward. Even though they occasionally 
stopped they rarely reversed direction as single cells 
frequently did. 

The results provided a quantitative description of cell 
population behaviour in one set of experimental condi- 
tions. Nevertheless, the results could not be attributed 
solely to either contact inhibition or chemotaxis. If 
chemotaxis were the primary mechanism for dispersal, 
a vacant area would have been expected where the cells 
were initially placed because in this location a sink of 
metabolic substances would have been accumulated or, 
alternatively, depleted. This was not the case, for the 
cells were evenly dispersed in the capillary tubes, suggest- 
ing contact inhibition. If chemotaxis were responsible, 
the cells must carry with them an external microenviron- 
ment with rather sharp gradients of accumulated (or 
depleted) substances. 

Two notable findings suggested that chemotaxis was 
responsible for cell separation. When chick heart fibro- 
blasts were isolated on a hanging drop slide with free 
access to large amounts of media, the cells tended to 
remain as a group and did not separate®. Confinement of 
cells in capillary tubes would not affect the contact 
relations of cells, but it would minimize the effects of 
convection currents and diffusion on the microenviron- 
ment surrounding the cells. The other notable finding 
was that when cell groups were isolated at the open end 
of capillary tubes bathed in salt solution, the cells con- 
sistently moved inward toward the chick embryo extract. 
P resumably t this was caused by a chemotactic mechanism 
which directed cell movement toward a higher concentra- 
tion of embryo extract. Although conclusive proof of 
chemotaxis in fibroblasts was lacking, it was strongly 
suggested by the evidence presented. 
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Skin Transplantation: Orientation 
of Epithelial Cells by the Basement 
Membrane 


In spite of extensive studies of the histological changes in 
skin transplants! *. little attention has been paid to the 
behaviour of donor and host epidermis. We find that the 
epidermis in skin autografts and homografts is formed de 
novo by a proliferation of the host epidermis and an out- 
growth from the hair follicles of the graft. In each case 
the newly formed. cells migrate over the basement mem- 
brane of the grafted epidermis. We have followed these 
migratory movements in twelve full-thickness autografts 
and homografts on the scalps of four male rhesus monkeys 
(Macaca ee using a technique deseribed before”. 

Four, 6, 7 and 8 days after the operation 10 uCi of 
tritiated Sen rine CHT; specific activity 6-7 Cimimoles) 
injected intradermally into the transplanted areas. 
Biopsy specimens obtained from the grafts 1h after these 
injections were processed by haematoxylin-eosin and 
periodic acid-Schiff (PAS) staining, autoradiography tand 
electron microscopy’. 

In sections of biopsy specimens removed after 4 days, 
the epidermis of the grafts appears in some places dis- 
organized and separated from the basement membrane, 
and many of its cells have pyenotic nuclei and decreased 
eytoplasmie volume, The other parts of the transplant 
appear normal: the PAS-reactive basal membrane is 
well stained, the hair follicles and sebaceous glands retain 
their structure, and many cells in the external root sheath 
of hair follicles are labelled with “HT. 

The earliest indication of epidermal migration. 6 days 
after grafting, consists of fine sheets of flattened cells, 
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Fig. 1. 


Vertical sections of 6-day skin transplant. 
(arrow) migrates over the basement membrane (BM) and beneath the 


The new epidermis 


old epidermis, (PAS x 180.) 
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one or two layers thick, which originate in the intact 
external root sheaths of the hair follicle and at the edge of 
the host epidermis. These slender epithelial processes 
wedge their way under the old, spent epidermis, dislodge it 
and finally unite with the migrant epithelium of the 
adjacent hair follicles. Sometimes the epithelial tongues 
emerging from hair follicles meet another moving front 
originating from the spreading host epidermis. 

The epithelial cells of the advancing tips, whether 
derived from the hair follicle or from the host epidermis, 
glide over the basement membrane left in situ by the 
dislodged old epidermis (Fig. 1). The basal surfaces of 
the migrating epidermal cells establish an intimate con- 
tact with the basal lamina, and the plasma membrane of 
these cells thickens at intervals and eventually forms 
hemidesmosomes. By the seventh and eighth days the 
new epidermis in the grafts and at the edges of the trans- 
plants is considerably thicker. Our observ: ations establish 
the following points: (a) in auto and homografted skin, 
the epidermis of the grafts is displaced and replaced by a 
new epidermis deriv ed from the hair follicles and the host 
epidermis; (b) the basement membrane of the grafted 
epidermis remains ¿n situ diseng: aged from the basal layer 
of its epidermis and adheres to the dermis; the advancing 
fronts of the newly formed epidermal cells migrate over 








these basement membranes and establish hemidesmo- 
somes. 
Hay and Revel’, with electron microscopic autoradio- 


graphy, and Pierce’, with immunofluorescent techniques, 
have demonstrated in regenerating epidermis that the 
basement membrane is synthesized de novo by the epi- 
dermis itself. Our work shows that for their movement 
and physical attachment the new epidermal cells use the 
basement membrane left by the pegs epidermis, 
Finally, our observations reinforce the ala of the 
concept of “contact guidance, which suggests that the 
orientation of epidermal cells results from the orientation 
of the substratum: the basement membrane does guide 
the orientation of the streaming epidermal cells. 
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Cultivation of Rat Embryos explanted 
at 7-5 to 8-5 Days of Gestation 


Movse and rat embryos explanted at head-fold or carly 
somite stages can be grown in culture for periods of 
two or three days. We have naw used similar methods 
for younger rat embryos, explanted at 7:5-8-5 days of 
gestation. At this stage the embryos (‘egg- -eylinders ae) 
have implanted in the uterine wall (implantation in the 
rat occurs at about 65 days) and have developed an 
ectoplacental cone, but no organ rudiments have yet 
formed. 

The nutrient medium used was homologous serum with 
50 ug/ml. of streptomycin. Some preliminary trials were 
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made with hangmg drop cultures, bur 
developed in these beyond head-fold stages. 
cultures were also unsatisfactory. better results 
were obtained in circulating serum treated as follows. 

The egg evlinders were dissected out of the surrounding 
decidual tissue, and the Reichert membrane was torn 
open. Egg cylinders were then anchored, by means of the 
ectoplacental cone and Reichert membrane, to pieces 
of gauze in small tubular glass chambers through which 
serum was circulated. These chambers were square 
in cross-section (7x7 mm internal) to facilitate obser- 
vation of the embryos through the glass si Circu- 
lation was maintained as deseribed earlier!-*, the nutrient 
serum being equilibrated with 5 per cent CO, in air. 
For the first 36 h of each culture period the serum was 
circulated at a rate of about Loml./min and then at about 
10 mi/min. The serum was partially renewed after 
48 h. 

Thirty-five embryos were explanted at 84 days of 
ge station and rown in the are RUBLES: for Sed days 




























25 
mm. After 24 h most ai the Paes had deve oped 
neural folds, and by 48 h all had formed sormite-ste 
embryos with beating hearts and yolk sacs 5-25 mm 
in diameter. There was also much growth of the ecto- 
placental cone which extended over the surface of the 
embryo chamber forming a circle of outgrowth about 

2mm in diameter. The hearts continued to beat. vigorous- 
ly. and the yolk sacs to expand, until the cultures were 
terminated at 70-90 h, All the explants had undergone 
some embryonic development and about half developed 
embryos with fifteen to twenty somites and small anterior 
limb buds (Fig. 1). 

















‘ig 


516 


Ten embryos were explanted at 7-5 days of gestation 
and grown in the circulators for 4 days. At explantation 
egg cylinders were about 0-6 x 0-15 mm and all expanded 
in culture, eight forming embryos with beating hearts 
and six reaching the t ten to fifteen somite stages with 
yolk sacs more than 2-5 mm in diameter. 

Only three of the explanted embryos-——from the group 
explanted at 8-5 davs-—-developed a functioning blood 
circulation, although the yolk sac in nearly all explants 
could be seen to have a capillary network with conspicu- 
ous masses of erythrocytes. This circulatory failure 
seemed to be associated with abnormal heart development 
in most of the embryos. The two lateral heart primordia, 
instead of fusing into a single heart, developed into 
two more or less separate hearts. Often these paired 
hearts beat independently of each other. This result 
recalls the experiments of Goss’, who obtained double 
hearts in rat embryos explanted at 9-5 days, by applying 
pressure to prevent the heart primordia from uniting. 
It seems likely that a similar mechanism may have 
operated in our embryos. Jn vive the yolk sac at 9-5 
days of gestation is oval with the embryo forming at one 
end, but in our cultures it was approximately spherical 
by this stage and probably exerted abnormal mechanical 
stresses on the embryo. 

Although the frequency of abnormalities, particularly 
of heart formation, was Seale than in embryos explanted 
at later stages, there was clearly much growth and 
development of the embryo and its membranes. This 
seems to be the first time that extensive growth has been 
obtained in culture from rat embryos as young as 1-2 
days’ post-implantation, and it is interesting that rabbit 
embryos of similar stages have also recently been success- 
fully cultivated using circulating medium*. Such methods 
have many applications for mammalian experimental 
embryology, and the present studies are being continued. 

J.C. D. was supported in part by a grant from the US 
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Diminished Responsiveness to Thyroid 
Hormone in Riboflavin-deficient Rats 


THE hepatic activity of mitochondrial «-glycerophosphate 
dehydrogenase can be up to 100-fold greater in hyper- 
thyroid rats than thyroidectomized rats'. Both the 
thyroid hormones, thyroxine or triiodothyronine, or oe 
analogues, enhance enzyme activity and enhancement i 
bloeked by simultaneous administration of A i 
D and/or puromyein®?. The enhancement has been 
suggested as a test for thyroid function’, Here we report 
that both the basal activity of the enzyme and the maximal 


activity induced by triiodothyronine are dependent 
upon adequate dietary intake of riboflavin. 
Male Wistar weanling rats were divided into three 


groups. The first group was placed initially on a low 
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Fig. 1. Hepatic activity of mitochondrial e-glycerophosphate dehydro- 


genase before and 48 h after intraperitoneal injection of trilodothyro- 
nine (100 #gj/100 g body weight) to normal, hypothyroid and riboflavin- 
deficient rats. Data are means of ten te fiffeen animals with S.E. 


iodine diet for 2-4 weeks, and then received a thyroid- 
ablating dose of 300 pCi E carrier free/100 g body weight 
in a single intraperitoneal injection. The thyroid gland is 
virtually completely destroyed® and the animals become 
athyreotiec within 7 weeks after irradiation. The animals, 
after treatment with I, remained on the iodine-defi- 
cient diet, with a normal riboflavin intake. The second 
group, individually caged, was fed ad libitum a diet 
deficient in riboflavin (Nutritional Biochemicals Corpor- 
ation of Cleveland, Ohio). The third group served as 
controls and was fed ad libitum a diet specially prepared by 
Nutritional Biochemicals Corporation, which was ident ical 
in composition to the riboflavin-deficient diet except 
for the addition of 22 mg of riboflavin/kg diet. Results 
obtained with these animals were the same as those with 
rats fed ordinary Purma Chow. 

Hypothyroid, riboflavin-deficient and control animals 
were killed both before and after a single intraperitoneal 
injection of L-truodothyronine (100 pg/100 g body weight). 






Animals were studied 48 h after treatment with 1- 
triiodothyronine by which time  2-glycerophosphate 
dehydrogenase reaches maximal activity®. The Hvers 


were removed and mitochondria isolated following homo- 
genization in sucrose and differential centrifugation. 
All assays were performed on fresh liver, 

Measurements were made of mitochondrial a-glycero- 
phosphate dehydrogenase with an oxygen electrode 
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(Yellow Springs Instrument Company, Yellow Springs, 
Ohio) toa record oxygen uptake by the preparations and 
with phenazine methosulphate as the electron acceptor’. 
Enzyme activity in normal animals is increased ten- 
fold by triiodothyronine (Fig. 1)!. In hypothyroid rats, 
basal enzyme activity is reduced to less than one-fifth 
of normal; following triiodothyronine injection, activity 
is elevated some sevcnty-five-fold above basal levels, 
As others have found, the maximal activity recorded in 
hypothyroid animals treated with T, is somewhat less 
(P < 0-05) than that of normal animals similarly treated’. 

Tn animals fed a diet deficient in riboflavin for more 
than 2 months, basal hepatic enzyme activity is reduced 
substantially below normal levels (Fig. 1). These data 
extend the findings of previous reports that activities of 
flavoprotein enzymes, such as glycolic acid oxidase, 
TPN cytochrome ¢ reductase. D and L amino-acid oxidase. 
and xanthine oxidase, are reduced in riboflavin defi- 
eleneyv??®, and that reductions m aetivity occur in both 
hypothyroidism and riboflavin deficiency’? !. Mito- 
chondrial «-glycerophosphate dehydrogenase is unusuel 
among flavoprotein enzymes, however, in having lower 
hepatic activity in hypothyroid than in riboflavin-deficient 
tats. 








140 


ica 
F 


Em =-GPDH 
FAD 


eae aes 
Ww 


i 
i 
a 


Hepatic FAD cone. (ug/g) 





20 














T D 
0 10 20 30 40 50 60 





Duration of riboflavin deficiency (days) 





Relations of mitochondrial a-glycerophosphate dehydrogenase 
aetiy ty after triiodothyronine injection to hepatic levels of FAD in 
rats with progressive riboflavin deficiency. Data are means of six to 
nine animals with S.E. 


When riboflavin-deficient rats are treated with tri- 
iodothyronine, only a five-fold increase in activity occurs, 
reaching levels which only approximate those of normal 
animals without triiodothyronine. Thus the response to 
triiodothyronine is markedly diminished in deficient rats. 
Experiments to determine the effect of calorie restriction 
on enzyme activity showed that normal rats which had 
been starved for 3-5 days are not less responsive to 
triiodothyronine. 

In subsequent experiments, animals were killed at 
intervals after being fed riboflavin-deficient diets, and 
simultaneous measurements were made of mitochondrial 
a-glycerophosphate dehydrogenase activity following 
triiodothyronine stimulation ‘and of hepatic concentra - 
tions of flavin adenine dinucleotide (FAD). Compari- 
sons were made of enzyme activity: with une basal lev els of 





with E E uiee anecon, in "ahese circumstances. 
The induction of the enzyme by thyroid hormone and 
the hepatic FAD content were both decreased in deficient 
rats g. 2). The magnitude of the decrease in enzyme 
induction and in FAD concentration was remarkably 
similar. Only in animals deficient for the longest time, 








S17 


65 days, was induced enzyme activity reduced more than 
FAD concentration. The lack of further decrease in FAD 
is consistent with previous observations’ that the tissue 
concentrations of FAD in deficient animals have a lower 
limit necessary for survival. 

The decreased enzyme activity of deficient rats was not 
increased by incubation of liver extracts im vitro with 
either FAD or riboflavin (Table 1), This suggests that 
the measured activity probably represents true loss of 
apoenzyme rather than deficiency of the cofactor. Norma! 
responsiveness of deficient animals could be restored by 
giving riboflavin orally and parenterally for 4 to 6 days. 











Table 1. LACK OF BEFFECT OF FAD AND RIBOFLAVIN ADDED in vilro ON 
ACTIVITY OF HEPATIC MITOCHONDRIAL G-GLYCEROPHOBPHATE DRUYDRO- 
GENASE FROM RIBOFLAVIN-DEFICTENT RATS 


Enzyme activity 
i (myaimoles 
(0, /minime protein} 


Source of enzyme Additions 


No incubation 
No incubation 


Normal rats 
Riboflavin-deficient rats 







Riboflavin-deticient rats None f 
Riboflavin-deficient rats + Riboflavin 
Riboflavin-deficient rats + FAD 


Mitochondrial preparations in 6-6 M potassium phosphate b 
incubated at 87° C for a i h period with and without the addition ¢ 
flavin (10-* M) and FAD (2 « 10-" M). All data are means with 
experiments, All animals received L-trilodothyronine (100 s 
before death. Riboflavin-deficient rats were on the test diet for 25 days. 





Our results indicate that restriction in the supply of 


dietary riboflavin has profound effects on hepatic enzyme 
activity: both the basal levels of muitechondrial g- 
glycerophosphate dehydrogenase and particularly the 
levels induced by triiodothyronine are markedly dimin- 
ished. Flavoprotein enzymes are in general stabilized 
against inactivation by binding to their coenzymes. FN 
and FAD”. Lack of FMN and FAD may account in part 
for the reductions in enzyme activity observed both in 
hypothyroidism and in riboflavin deficiency. 

When the rate of apoenzyme synthesis in riboflavin- 
deficient animals is markedly accelerated by 
thyroid hormone, the deficiency of FMN and 
would be expected to intensify, and a greater limitation 
would thereby be imposed on the accumulation of apo- 
enzymes. We propose that the diminished response of 
liver mitochondrial «-glycerophosphate dehydrogenase 
to thyroid hormone may be related to the restricted 
supply of FAD available for stabilizing newly synthesized 
enzyme protein. 

This work was supported in part by a US Public 
Health Service grant. We thank Miss Agnes Chung for 
technical assistance. 
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Early Stages of in vitro Calcification 
of Human Aortic Tissue 


We have previously described the in vitro calcification 
of human aortie tissue with the formation of hydroxy- 
apatite’. We now wish to report the results of an investi- 
gation of the mechanism of this calcification. 

The procedure for calcification of human aortic tissue 
involves placing washed samples (0-1 g wet weight) in a 
solution (pH 7:3) containing 11 mg per cent calcium and 
5 mg per cent phosphorus (as phosphate) labelled with 
ealeium-45 and phosphorus-32!, After incubation at 

“37° C for varying lengths of time they were washed, ashed 

and assayed for caleium-45 and phosphorus-32 by the 
liquid scintillation techniques previously described). 
Control tubes containing only calcifying solution and 
stored under conditions identical to the experimental 
samples remained stable for at least three weeks, 

We have now successfully calcified tissues from forty- 
seven individuals ranging m age from 24h to 79 yr. These 
will be collectively referred i as group I. Twelve of 
the results are shown in Fi ig. In each case the curves 
show a lag period in an rimal ene of calcification, 
followed by a marked increase in the slope. There appears 
to be longer lag periods from older individuals, although 
exceptions have been seen. The values on these graphs 
were caleulated from the isotope counts. They therefore 
represent both uptake due to de novo calcification and 
exchange of the isotope for the unlabelled element 
initially present. It is possible to separate the two types 
of uptake. This is fully dealt with in our previous report’. 
We have found that the amount of calcium taken up by 
processes other than calcification represent less than 
10 per cent of the total caleium. This type of calcium 
exchange reaches a constant level within 24 h. 

Pretreatments of the aortic tissue were devised to 
study the early stages of calcification. Washed aortic tissue 
apecimens were placed in a calcifying solution which 
contained no isotopes for 48 h. They were then placed in 
caleifving solution with isotopes, allowed to caleify and 
were assayed. The results obtained with six represen- 
tative aortic tissue specimens are shown in Fig. 2 (dotted 
lines) where they are compared with the sare specimens 
without preliminary incubation (solid lines). The results 
show that tissues where calcification has been initiated 
do not exhibit a lag period. 

It has been reported that calcium uptake may be an 
early step in the calcification process for animal aortic 
tissue and rat tail tendon®*, If this is also true for human 
aortic tissue, prior exposure of the tissue to calcium alone 
before complete calcification should cause marked changes 
in the lag period. This postulate was tested as follows: 
washed aortic tissue samples were exposed to a solution 
containing all the ingredients for calcification, except 
phosphate, for 48 bh. No isotopes were added to this 
solution. The tissue samples were then removed, rinsed 
and placed in calcifying solution containing the radio- 
isotopes. They were allowed to calcify and were assayed 
as described. Seventeen aortic tissue specimens, ten 
males and seven females, were tested in this way. They 
are referred to as group IIT. Detailed comparison with 
the same tissue without pretreatment is shown in Fig. 3. 

















Table 1 


Group Pretreatment Incubation (calcification) 
No. without isotope with isotopes 
I None Complete calcifying solution with 
Ca and P 
YT Complete calcifying solution Complete calcifying solution with 


Oa and *P 
HF Incomplete calcifying solution con- 





Complete calcifying solution with 
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Fig.1. The circles (@) and crosses (x ) represent uptake of calcium and 


phosphorus respectively during calcification in vitro of aortic tissue. 


It is evident that the lag period is greatly reduced or 
completely eliminated after incubation in ealeium- 
containing solution. The reduction of the lag period 
appears to be the result of an acceleration in the rate of 
calcification. More calcification appears to take place 
during the experimental period following the pretreatment 
with calum than when the pretreatment is omitted. 

It was necessary to determine whether the calcium pre- 
treatment described caused an acceleration of subsequent 
calcification or merely an increased exchange of calcium- 
45. For this purpose, aortic tissue samples were placed in 
the pretreatment solution of group IIT for 48 h, after 
which they were again placed in a solution without 
phosphate but with calcium and caleiurn-45 present, 





SUMMARY OF EXPERIMENTS 


Results 


Pattern of calcium and phosphorus 
uptake during calcification. Fig. 1 

Disappearance of the lag phase of 
enleification. Fig. 2 

Disappearance of the lag phase of 


Control 
Not applicable 
Incubation (caleitication) of same 


tissue without pretreatment 
Incubation (calcification) of same 


taining calcium but no phosphate “Ca and #P tissue without, pretreatment _ calcification. Fig. 3 
Iv Same as for gronp IH Incomplete calcifying solution con- Group IV incubation step without No difference, Fig. 4 
taining calcium and calcium-45 pretreatment 
but no phosphate . ae 
v Incomplete calcifying solution con- Complete calcifying solution with Incubation (calcification) of same Three tissues showed no difference. 


taining phosphate but no cal- “Ca and P 


cium 


Four tissues showed an accelera- 
tion of calcification 





tissue without pretreatment 
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12. a subsequent calcification. Apparently the 
10 + i | aortic tissue can incorporate ealeium for 
g | | * : subsequent calcification. This suggests that 
a. a hot = caleium uptake may be an early step in the 
ae i ' calcification process. It is possible that 

: -calcium uptake may be mandatory for phos- 

i phate uptake. The phosphate incorporation, 
a j may involve a reaction with the inttially 
eee ) present calcium to form caleium phosphate 

5 3 z  nuelei. The results in group V, however, 

Zs “involving exposure of aortic tissue to phos- 

3 1 » phate before calcification are not always 

& 0 ao consistent with the postulate. Three samples 

= oe show no acceleration of calcification after 

g Tee } i pretreatment with phosphate, Four other 

= 20 . 4 ‘samples showed acceleration. The incon- 

& 18+ d i sistency of these results requures explanation, 

HECE: : ; Some of the samples of aortic tissue urn- 

T i4 ; " a doubtedly have been subjected to conditions 
i | š . resulting in preliminary calcification im vieo 
10 | i similar to the in vitro conditioning described 

8 . . : | for group II. Calcification of aortic tissue 
3 | yi is known to occur in many individuals. Tf, 
as the results in group UT sugge calenum 

uptake precedes phosphate uptake, some of 

the tissues may already contam calenun 

i ~ : and would be “nucleated” in the phosphate 

© 80 160 240 320 0 80 160 240 320 0 280 160 Z0 320 solution whereas others, would not. The 
Hours rate of calcification of the in vivo calcium- 

Fig. 2. The filled circles (@—@) and open circles ( O— ©) represent uptake of calcium containing tissues would thus be enhanced 
and phosphorus respectively during calcification in vitro of aortic ne. The filled squares by the phosphate treatment through a 
(a. E) and open squares (7). £) represent uptake of calcium and phosphorus redistribution of the calcium which is 


respectively into aortic tissue Which was pretreated with calcifying solution and then 


calcified. 


The results of this experiment (group IV) were compared 
with calcium incorporation into aortic tissue without 
prior treatment. No significant differences were found in 
any of the eight individuals’ tissues tested. An example 
from one of the eight is shown in Fig. 4. The other seven 
samples tested showed identical results. These results 
show that the calcium isotope is incorporated at an 
accelerated rate into calcium pretreated aortic tissue by 
actual tissue calcification and not due to ion exchange. 

The effect. of phosphate pretreatment on subsequent 
calcification was also studied. Samples were pretreated 
in a calcifying solution which was prepared without 
calcium and isotopes. After 48 h the tissues were removed 
and calcified using isotopes, ashed and assayed as pre- 
viously deseribed. The results of this experiment (group 
V) were compared for each tissue with caleificecion 
without prior phosphate treatment. Of the seven tissues 
studied in this experiment, three showed little or no 
change, whereas the phosphate pretreatment appeared 
to enhance the subsequent calcification of the other four 
tissues. 

The experiments that have been described are sum- 
marized in Table The incubation of aortic tissue in 
calcifying solution before subsequent calcification in 
the presence of isotopes (group IT) allows the early 
steps of the process to take place. The lag in the caleium 
and phosphorus uptake during calcification disappears 
as a result. This indicates that the lag period reflects 
the initial steps in the calcification. Also the amount of 
calcification is greater after the pretreatment, in com- 
parison to tissues without pretreatment. The duration 
of the lag period possibly indicates the time necessary 
for the formation of calcium phosphate nuclei. Once 
these nuclei are formed, the calcification will accelerate, 
for the nuclei can increase in size by crystal growth and, 
in addition, cause secondary nucleation’. Accordingly, 
without pretreatment there is a lag period for nucleation 
(Fig. 1 and the controls for Figs. 2 and 3). 

The results in group TIT show that ineubation of aortic 
tissue in a calcium-containing phosphate-free solution 
accelerated the calcium and phosphorus uptake on 
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Fig. 3. The filled circles (@—@)and open circles (¢ 

uptake of calcium and phosphorus respectively during | ca 

vitro of aortic tissue. The filled squares (gg. > and open squares 

represent uptake of calcium and phosphorus respectively into 

tissue which was pretreated with calcifying solution without phos- 
phate and then calcified. 
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Fig. 4. The filled circles (@—@) represent caleium uptake into aortic 

tissue during incubation in calcifying solution without phosphate. 

The open circles (© --- ©) represent calcium uptake into aortic tissue 

which was pretreated with calcifying solution without phosphate and 
then incubated in calcifying solution without phosphate. 








behave in this way. In any case, calcium pretreatment 
always reduced the lag period observed during calci- 
fication (group III) whereas phosphate pretreatment did 
this only in some cases (group V). 
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Enzymatic Release of Phosphate from 
Rat Molar Enamel by 
Phosphoprotein Phosphatase 


‘THE aetiology of dental caries has defied complete 
understanding, despite the fact that the production of 
bacterial acids at the sites of caries attack has been 
recognized since the days of Miller, some ninety years 
ago. Although alternatives to acids have at times been 
considered, they have never been convincing. 

From the investigations of Glimcher! and Veis? it is 
now clear that mineralized tissue, both embryonic and 
mature, whether bone, dentin or enamel, all share a 
common featur a phosphoprotein matrix. These 
specialized proteins, in common with casein and other 
phosphoproteins, can be phosphorylated by the enzyme(s) 
phosphoprotein kinase’. The corresponding hydrolytic 
enzyme(s) phosphoprotein phosphatase, an enzyme that 
has been extensively studied in relation to casein and 
egg yolk phosvitin, should therefore be able to remove 
phosphorus from hard tissue matrices. If phosphoprotem 
phosphatase is shown to liberate phosphorus from the 
matrix of erupted enamel, many remaining questions, 
such as the mechanism of the cariostatic potential of 
«lietary phosphates, could then be answered. 
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This study was designed to determine whether a 
phosphoprotein phosphatase could dephosphorylate the 
mineralized matrix phosphoprotein present in erupted 
dental enamel. 

Twenty-four albino rats were given daily intraperitoneal 
injections of 30 Ci P as Na,H*PO, from day 12 to 
day 19. At twenty days of age the rats were killed and 
the maxillary left first molar from each animal was 
extracted and placed immediately in distilled water to 
prevent drying. The surfaces of each tooth were then 
covered with dental inlay wax except for a small window 
on the buccal surface which was left uncovered. 

Twelve of the teeth were incubated in 2 ml. of OLM 
sodium acetate buffer, adjusted to pH 5-8 with HCI. 
The other twelve were incubated with an equal volume 
of the buffer to which phosphoprotein phosphatase? 
had been added (100 ug/ml.). We used the phosphoprotein 
phosphatase activity of commercial E. coli alkaline 
phosphatase (Worthington) at pH 5:8. The teeth were 
shaken at a constant speed’ at 37° C for 3 h. Immediately 
afterwards each tooth was transferred to a new tube 
containing the alternate solution (buffer incubated teeth 
into enzyme solution, and enzyme-treated teeth into 
buffer) and shaken in identical conditions for a further 
3h. This alternating buffer and buffer + enzyme treatment 
was continued for a period of 48 h, thus giving a series 
of eight trials in which differences between solubility 
in the buffer and buffer+enzyme for each tooth could 
be determined. 

One millilitre of the incubation solution was added to 
10 ml. of Bray's scintillation fluid® and counted in a 
Nuclear Chicago scintillation counter. The results are 
expressed as counts per minute of P released into a 
l ml. aliquot during the 3 h incubation. 

The data were analysed by the method of analysis 
of variance using the Princeton Bio-med Analysis of 
Variance Program BMDOSV. 

Analysis of the data by this method permits a simul- 
taneous examination of several factors and their inter- 
actions. The main faetor considered in this study was 
the release of mineral by one of two treatments, buffer 
or buffer+enzyme. In addition to the treatment. effect, 
the effect of adsorption of the enzyme to the tooth surface 
was examined by comparing the data for activity on 
the teeth incubated in enzyme during the first incubation 
period against the data teeth incubated in the reverse 
order. If the enzyme is strongly adsorbed to the tooth 
surface, the total amount of enzyme present at any given 
incubation will be greater for those teeth that are in- 
cubated in enzyme first, and therefore more release 
of =P would be expected at each subsequent incubation. 

Furthermore, the course of the reaction was examined 
as deeper layers of the enamel were penetrated. A series 
of eight trials over a period of forty-eight hours was 
made in this study. 

The highly significant (P < 0-001) results of the treatment 
effect are shown in Table 1. The data presented are the 
means and standard errors of the means for the ¢.p.m. 
released from the buecal enamel by buffer or buffer + 
phosphoprotein phosphatase. Phosphoprotein phospha- 
tase released 34 per cent more radioactive phosphorus 
from the enamel than did the buffer alone im the same 
conditions. 

These data indicate that the Æ. coli phosphatase 
preparation at pH 5-8 liberated more mineral from intact 
rat molar teeth than did pure buffer, There appeared 
to be no such activity at pH 9-2. 

Additionally, there was a significant order effect. 
A greater release of mineral was evident from the teeth 
placed in enzyme solution first. These data are also 
presented in Table 1. The statistically significant factor 
interactions show that this order effect is more pronounced 
for enzyme activity than for solubility m buffer. 
This effect is the result of the affinity of the enzyme 
for apatite. Enzyme adhered to the tooth surface and 
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continued to react with tooth mineral during subsequent 
incubations. 

That this enzyme was bound to the enamel surface 
and accumulated there and thus continued the destruction 
of the tissue has significance for the dental caries problem. 
The released enzyme can be accumulated at the tooth 
surface as cells lyse in the dental plaque. The binding 
of proteins and the especially strong affinity of phospho- 
proteins for hydroxyapatite have recently been studied 
by Bernardi et al?. We have found that preincubation 
of the enzyme solution with synthetic hydroxyapatite 
followed by centrifugation removes most of the enzyme 
from solution, although the activity ean be recovered 
by assaying the hydroxyapatite. Synthetic hydroxyapa- 
tite is not a substrate for the enzyme. 

Phosphoprotein phosphatase may be a participant in 
mineralized tissue destruction such as occurs in bone 
resorption and dental caries. We have used tooth enamel 
in this research rather than the other hard tissues, for 
the cellular material and other protein components that 
are so prominent in bone and dentin might tend to 
obscure the significance of these findings. 


RELEASE OF “P FROM RAT MOLAR ENAMEL BY PHOSPHOPROTEIN 
PHOSPHATASE 


Table 1, 


Mean cepam. t S.E. Per cent inerease 


Treatment effect 


Buffer alone 486413 

Buffer + enzyme 852 +16 $4 
Effect of order of treatment 

Buffer first S10 14 

Enzyme first 628419 23 


Effect related to order 
On buffer scores: 
Buffer first 
Enzyme first 
On enzyme scores: 
Buffer first 
Enzyme first 73ba14 28 


Because successive scores were obtained from the same tooth, the adsorp- 
tion of the enzyme to the tooth surface was a factor in determining the magni- 
tude of mineral release. This is reflected In the analysis with respect to 
order of incubation. 
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Examination of the teeth following the treatment period 
revealed that the effect is not due to the release of phos- 
phate from salivary proteins adsorbed to the surface or 
from embryonic remnants remaining on the surface. 
The destruction of the enamel was extensive and in some 
of the teeth penetrated completely through to the dentin. 

These results suggest that a previously unrecognized 
factor, phosphoprotein phosphatase, may be involved in 
hard tissue destruction, Phosphoprotein phosphatase has 
a strong affinity for hydroxyapatite and is capable of 
demineralizing tooth enamel. 

We thank Gary E. Schwartz for assistance with the 
statistical evaluation of the data. 
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Uptake of Calcium by Platelet 
Relaxing Factor 


In 1963 Grette? described a relaxing factor in the 14,0009 
supernatant obtained after extraction of homogenized 
platelets in salt solution. In the presence of ATP the 
apparently membrane-free solution inhibited superprecipi- 
tation of the platelet contractile protein, thrombosthenin®, 
and the inhibitory activity was abolished by addition of 
excess caleium ions. Grette’s findings were identical 
to results obtained by others on the behaviour of actomyo- 
sin in the presence of ATP and relaxing factor from skeletal 
muscle*, The relaxing factors extracted from muscle 
and platelets were thought to be soluble components of 
the respective cells’. 

Since Grette’s work, the concept of the relaxing factor 
associated with skeletal muscle has been revised’, The 
10,000 to 60,000g fraction obtained from homogenates: 
of musele consists chiefly of membranous elements, 
sarcotubular vesicles or microsomes’. Relaxing factor 
is a Cat+ and Mg*+ ion dependent ATPase bound to the 
microsomes, which pumps Catt from the surrounding 
media into the vesicular components‘. The calcium 
sequestering microsomal fraction is analogous to the 
sarcoplasmie reticulum of intact skeletal musele*, 





Fig. 1. Platelet relaxing factor. Pellet was obtained by sedimenting the 

14,000g supernate from homogenized platelets at 100,0007. Mito- 

chondria. (M), dense bodies (DB), granules (G), and other debris are 
distributed among membrane bound vacuoles. x 23,400, 


In the light of the developments in muscle physiology, it 
seemed worthwhile re-examining the nature of the platelet 
relaxing factor. Platelets were separated from two units 
of normal human blood collected in EDTA anticoszulant 
for each set of experiments. The cells were w shed, 
sedimented, homogenized and extracted as deseribed by 
Grette}. The supernatant left after initial centrifugation 
at 14,000g for 10 min was sedimented for 1 h at 100.0007 
in an ultracentrifuge. The resultant pellet was fixed 
and embedded for electron microscopy’. Examination of 
thin sections of this material revealed masses of empty 
vesicular components, granules, dense bodies, mitochon. 
dria, fibrillary material and occasional platelet ghosts 
(Fig. 1). It is unlikely that the 14,000g supernatant studied 
by Grette was free of the elements in the 14,000-- 106, 000g 
sediment described here. 

The heterogeneity of the pellet suggested it would be 
unsuitable for calelum uptake studies. In subsequent 
experiments the 14,006 -100,000g pellets were washed and 
resuspended in a small amount of extraction fluid. The 
suspension was layered on continuous 30-60 per cen! 
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sucrose density gradients and fractionated by high speed 
centrifugation®, Membrane fractions examined in the 
electron microscope consisted primarily of membrane 
bound vesicles (Fig. 2). 

The membranous particles were resuspended m the 
reaction fluid described by Grette! and examined for their 
capacity to take up calcium ions using a special dialysis 
cell, A methyl cellulose membrane divided the cell into 
compartments which could be entered separately. Grette’s 
reaction mixture was prepared with a final concentration 
of 25 mM ATP and 5x 10-° M CaCl, labelled with Ca 
(42 mCi mg Ca). A total volume of 4 ml. of the reaction 
fluid was placed in the two chambers of the dialysis unit. 
At zero time 0-15 ml. of the platelet: membrane fraction 
(protein content, 7-25 mg/ml.) suspended in reaction 
fluid without CaCl, was injected into one compart- 
ment. and samples for determination of radioactivity 
were removed at specified intervals from the other 
(Fig. 3). A Packard ‘Tri-earb’ beta-scintillation counter 
was used to measure radioactivity. 










> 








Platelet relaxing fi 
gradient cee on of Jg~100,000g superate 
at shown in Fig. 1 Membrane bands from several gradi 
ined and centrifuged at 100.0007. Most of the granules, 
hadles and mitochondria 
vacuoles 
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An average of 0-1 umole of caleium per ug of protein 
was accumulated by the relaxing factor extract in all 
experiments. The time course of calcium uptake ond 
the amount removed were similar to values of 01-02 
ywinole/mg of protein reported for the activity of sarco- 
tubular vesicles from muscle!!!) Protein contamination 
in the platelet membrane fraetion (7-11 mg/ml.) may 
explain in part the lower values for caleium accumulation 
obtained in the present study. 

The effects of ADP and amytal on calcium uptake by the 
platelet relaxing factor were of interest (Fig. 3). Coneen- 
trations selected were identical to those which inhibited 
the accumulation of caleium in the sarcotubular system!*, 
Both ADP and amytal sharply curtailed ealetum uptake 
by the platelet extract. ADP has been shown to inhibit 
both calcium uptake and sarcotubular ATPase whereas 
amytal prevents calcium accumulation without markedly 
depressing ATPase activity! !?, 

The findings of this study suggest that the platelet 
relaxing factor deseribed by Grette is a membrane associ- 
ated ATPase resembling the sareotubular r relaxing factor 
of musele. Sarcotubuler vesicles are membranous frag- 
ments derived from the sarcoplasmic reticulum which 
serves as a caleium reservoir in intact musele cells. Addi- 
tional characteristics of sarcoplasmic reticulum include 
derivation from endoplasmic reticulum‘, an internal 
lining of mucopolysaccharide with acidic groups binding 
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Fig. Calcium uptake by platelet relaxing factor system (RPS). 

Tiai experime nt reveals rapid accumulation of Ca in excess of O1 

aM/mg protein in the first few minutes followed by equilibration, Adeno- 

sine triphosphate i is essential for the reaction. Equimola concentrations 

of adenosine diphosphate of 6 mM amytal virtually eliminate calcium 

sequestration by the membrane nsion, 5 mM ATP: œ. 
25 mM ATP +5 mM amytal: S mM A EPS SmM ADP. 












metal cations at low pH", a fenestrated tortuous structure 
and proximity to contractile elements. The membranes 
of the platelet surface and canalicular system are coated 
with a thick laver of acidie mucopolysaccharide capable of 
binding metal cations at low pH'! 5. The canaheular 
system has a tortuous, fenestrated structure and is in 
intimate contact with filarnentous compone nts of the 
contractile system inside platelets*. A Caʻ*-Mg** ion 
dependent ATPase has been demonstrated by cyto- 
ehemical’® and biochemical methods!? in the exterior 
surface of the cells. It is reasonable to suggest thet the 
ecto-ATPase of intact discoid platelets is a relaxing 
factor serving as a calcium extrusion pump, and that the 
membranes of the surface and canalicular system function 
as a platelet sarcoplasmic reticulum. 

This work was supported by grants from the US Public 
Health Service, the Minnesota Heart Association, the 
Minnesota Division of the American Cancer Society, and 
the S$. E. Massengill Company, Bristol, Tennessee, 
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Hydrolysis of Acetylcholine studied 
by a Quantum Chemical Method 


ACETYLCHOLINE (ACh) is an important biological trans- 
mitter, and in the presence of cholinesterase (ChE) it 
undergoes hydrolysis. We have studied this hydrolysis 
using quantum chemical methods. 

Wilson! suggests that in the hydrolysis of ACh, cholin- 
esterase and ACh combine to form a dissociable complex, 
the Michaelis~Menton complex, as shown in Fig. 1. The 
electron—donor oxygen of a hydroxy! group of ChE enters 
into eleetrostatie connexion with a y ssitively charged 
sarbon atom of the carbonyl group of ACh. The equation 
for the hydrolysis is? 


E+ACh = BACH 




















EB’ + Ch 


5 >E + CHCOOH 

HO 
where E is cholinesterase and E’ is the enzyme acetate 
complex. Direct proof of the existence of an EACh 
complex in the form shown in Fig. 1 is lacking, but the 
pH-activity curve suggests an imidazole group? and 
serine phosphate has been recovered from hydrolysates 
of the DFP-inhibited enzymet, 






ANIONIC 
SITE 


ESTERATIC 
SITE 









CH, 
+! 

CH, R o 
CH, CH, 





Fig. 1. Diagrammatic representation of the hydrolytic mechanisms of 
AChE, 


The first and second steps take 10°! s to complete; 
the second step is rate limiting’. The time required by 
the first step has so far defied determination. Nor do 
classical methods account for the high velocity with 
which the ester breaks down. 

In view of the foregoing, we calculated the electron 
structure and energetic states not only of ACh but also 
of the complex shown in Fig. 1. 


O 






CH,—C—O-—-CH CH N(CH), 


i 


OH 


Previous attempts at calculating the electronic structure 
of ACh have been based on the Hiiekel method’, which 
can only take into account the interaction of x electrons 
and therefore cannot clarify the mechanism of fission 
of the o-type O---C bond. 

In our present work, caleulations were done by the 
method of Hoffmann’, which treats the interaction of 
all the electrons of the molecule that participate in the 
bond and so accounts for the fate of both the o and the 
x electrons, Our tables show the resultants of the o and 
nm charge densities and the bond orders. 

The calculations were conducted with an M.20 computer 
and a program designed by Kagan’. With these facilities 
the interaction of maximally fifty-two atomie orbitals 
is caleulable. ACh alone involves fifty-six and the ACh- 
enzyme complex sixty-one atomie orbitals, when only the 
OH group of the enzyme is considered. We therefore 








substituted hydrogen first for one, for two, and finally for 
three N methyl groups of ACh, and then examined in 
what direction and to what extent these substitutions 
influenced our results. 


AND THE CHARGE DENBECY 
5 EXVIRONMENT 


Table 1. 






CHANGES IN THE CRITICAL BOND ORDE 
WITH CHANGES IN THE NITROGEN 


i 
CH ped a QCH CHN R R Ra 
PLP, 
Ry Ro R P,(O*) PRG Py) PRG) Ru (M) Qa L) 
CH, CH, H 06224 05186 04789 P508? -01663 — 01609 
CH, H H 06214 05191 M4865 05000 02990 -GRATI 
H H H 66214 0-5193 04871 0-5086 -04474 0-300] 


* (0) refers to ground state values, and (1) to the first excited state, 


Table 1 shows that changes in the nitrogenous environ. 
ment do not affect the bond orders critical for hydrolysis, 
though they do considerably affect the charge of the 
nitrogen atom, and thereby the likelihood of a connexion 
with the anionic part of the receptor. 


Table 2 























a 
| @621 — 04871 í i . 
CH,—C O CH;—CH;—NH, > 
+17222 — 0-9876 
o 
| O 05193 0-5086 : A 
CH,—C ~CHy—-CH,--NH, 
+O-9188 ~ 10115 
9 
i 5112 04952 2 eee 
CH,—C 0) CHCH NH, 
+ -11245 
HO 
O 
{O O 04703. 00987 
Ge NH, 
$ ~ 12280 


Table 2 shows the calculated values of charge distri 
bution and bond order for ACh and EACh in the ground 
state and the first excited state. It further shows that 
when the molecule pas from the ground state into 
the excited state, the O—-C bond of ACh grows slightly 
stronger: from 0-4871 to 05086. No substantial dif- 
ference is apparent in the O-—C bond strength between 
EACh and ACh in the ground state; 04871 stands 
against 0-4952. This is evidence that while the ester 
bond is still strong in the ground state of the EACh 
complex, the bond order drops from 04952 to 0-0987 





















with the uptake of the first excitation energy. This 
means that the binding force between O and © has 


weakened in a measure that results in the breakdown of 
the EACh complex at the oxygen~choline bond. 

Thus the results of our calculations show that in the 
acetylcholine enzyme complex the ester is stable until the 
system enters its first excited state. The average life- 
time of an excited state is generally of the order of 10-7 s 
and the first hydrolytic step must be accomplished during 
this time or else the complex will return unchanged to its 
ground state. 

Our results appear to support Wilson's? suggestion 
that ACh is bound to cholinesterase as shown in Fig. 1, 
for, as our calculations show, it is only in the form of FAChk 
that the ACh molecule can hydrolyse at the as 
high speed. This hydrolytie mechanism, howeve 
from that of the commonly studied ester: ; rding 
to Kosower™, ester bonds generally split between the 
carbonyl carbon and the ester oxygen. The esters of 
acetic acid and amino alcohols have not yet been examined 
in this respect. Our present calculations provide evidence 
that in the case of acetylcholine it is the other bond of 
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the ester oxygen which breaks. 
our results are in progress. 


Experiments to verify 


M. FARKAS 
J. A, KREGLYAK 
Tnstitute of Experimental Medicine, 
Hungarian Academy of Se s, Budapest, 
and 
Physicochemical Institute, 
Ukrainian Academy of Sciences, Kiev. 





Received December 19, 1968; revised April 24, 1969. 


1 Wilson, I. B, Ann. NY Acad, Sei., 144, 664 (1967). 

z eric B., Bergman, P., and Nachmanson, D., J. Biol, Chem., 186, 781 
1950). 

3 Wilson, I. B., and Bergman, F., J. Biol, Chem., 186, 683 (1950). 

* Gutfreund, H., and Sturtevant, J. M., Biochem. J., 68, 656 (1956). 


t Schaffer, N. K., May, 8. C., and Summeron, W. H. I Biol. Chem., 202, 67 
(1953). 


* Wilson, I. B., and Harrison, M, A., J. Biol, Chem., 236, 2292 (1961). 
? Khromov-Borisov, N, V., and Michelson, M. J., Pharm. Rev., 18, 1051. 
Hoffmann, Re, and Lipseomb, G., J. Chem. Phys., 36, 2179 (1962). 
* Kagan, G. M., and Fandiler, I N., Teoret i Exp. Him., 3, 444 (1967). 


*® Kosower, E. M., Molecular Biochemistry, 128 (McGraw-Hill, New York, 
1962), 





New Potent Blood Sugar Lowering 
Compound 


HyrocGiycaeMic activity has not so far been reported 
in any 4-quinazolone derivatives. We have found that 
2-piperazino-3H,4-quinazolone monoacetate (1; 68/157) 
is an effeetive blood sugar lowering agent (patent pending). 


QO 


2TA 
N NH. CHCOOH 


(1; 68/157) 


This compound was synthesized by heating 2-ethylthio- 
3H,4-quinazolone with N-benzylpiperazine followed by 
debenzylation with H, over Pd/C in glacial acetic acid. 

The blood sugar lowering action of the compound was 
studied in male and female albino rats ee 115-185 g 
and rabbits weighing 1:41-1:53 kg of C.D.R.I. colony. 
Blood was collected from the animals after fasting them 
for 18 h, water being allowed ad libitum. The drug, dis- 
solved in water, was fed to the animals by a metal cannula 
in doses varying from 10 to 100 mg/kg of body weight. 
Blood was again colleeted at the second and the fourth 
hour atter feeding. Blood sugar was estimated according 
to Semogyi’s method as modified by Nelson. Results 
have been expressed as maximum per cent lowering of 
blood sugar and are given in Table 1 





Table 1, BLOOD SUGAR LOWERING BY 68/157 AND TOLBUTAMIDE 
Dose per kg Maximum % lowering of blood sugar 
Animal body weight, between 2-4 hours after (mean t SE.) 
given orally 68/157 Tolbutamide 
Albino rat 10 mg 27 £ 209 (6 
25 mg B44 64 (6) 
50 mg 4347-3 (6) 
100 mg 504-3 (10) Es 
Rabbit 100 mg 8443-1 (3) mee 


Figures in parentheses indicate number of observations, 


It is evident that, dose for dose, I is as potent as tol- 
butamide in lowering blood sugar in albino rats. It 
is also effective in lowering the blood sugar of rabbits. 
The LD,» of the compound, given intraperitoneally, in 
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albino mice is above 550 mg/kg, which is higher than nas 
LD; of tolbutamide. An LD,,> 550 is indicative of a 
comparatively safe compound. Further work is in progres 

We thank Messrs M. A. Hai and H. M. Chakravorti 
for their technical assistance and Dr B. N. Dhawan for 
conducting LD,» studies. 
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On Comparison of Interactions of a 
‘“Bitter-sensitive Protein” from 
Porcine Tongues with Human 

Taste Thresholds 


Doig, Lopiekes and I earlier reported the interactions 
of a porcine protein fraction with bitter compounds! 
Price has recently commented on the poor agreement of 
our data with, as he states, ‘characteristics which might 
be expected of ‘the bitter-receptor protein’ 7? I would 
like to make the following comments on comparisons 
drawn between porcine association constants and human 
bitter-threshold values. 

The apparent contradictions and exceptions in taste 
response among species as stated by Kare and Ficken? 
allow no such easy correlation even among members of 
the same species no less than between humans and pigs. 
It was because of such lack of agreement in the literature 
concerning threshold values that we did not mitially 
attempt any direct correlation to these in vive values. 





Table 1. COMPARISON GF HUMAN BITTER THRESHOLDS WITH DISSOCIATION 
CONSTANTS FOR BINDING BY THE PORCINE “BITTER-SENSITIVE PROTEIN’’ 


Thresholds 


Compound VE (M) Range (M) Median (M) 

Quinine HCl 3-9 x 10-3 410-4 8x 10-6 
2x 10° 

Brucine HCL 46% 10% —_ oo 

Naringin Bx 109 L-7 x 10-# 22x 104 (+) 
Box 108 1) 

Caffeine 78x 10% 1-0 x 10-5 TO x Tet Oh 
8 Me 10 a {4k 


As for the variance of our data with what might be 
characteristics of the bitter receptor—taste threshold 
values, a closer inspection of the reported values for 
humans, even if one assumes there should be a corre- 
lation with pigs, shows no such variance. In Table 1 
are the dissociation constants reported by us! (1/K) 
from the pigs together with human bitter-taste thresholds 
reported by others. One can see that no one threshold 
v 2 represents the population, but instead that there is 

rather wide range of values varying from thirty to near 
a < handred fold. No values for brucine HCI were found 
and no assurnptions should be made as to its similarity 
to brucine, There may be as great differences between 
the different forms of brucine--for example—hydrate, 
sulphate, hydrochloride, nitrate and so on—-as there are 
between quinine sulphate and quinine HCl An assump- 
tion has been made by Price® that the threshold concen- 
tration should be one hundred-fold lower than the 

sociation constant. I find no evidence to support 
this guess or any other one as to what might he 
lation between approximate threshold values 
vitro dissociation constants. But even if there was such 
evidence for a hundred-fold difference, the values in 
Table 1 for the dissociation constants compared with 
either the range or median of the threshold values do not 
differ by a hundre d-fold, 











the corre- 
and in 
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In summary, I find the non-experimental comments 
by Price® invalid arguments against the response 
of the porcine “‘bitter-sensitive protein” to bitter sub- 
stances. I would further caution the use of “characteristics 
which might be expected of receptor proteins” as definitive 
evidence pro or con until such “characteristics” are 
adequately defined. 
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Complexity and Relative Specificity 
ina Mammalian Pheromone 


BLACKTAILED deer (Odocoileus hemionus columbianus) 
of the Pacific Coast of North America sniff and lick each 
other’s scent-carrying tarsal organ in various social 
situations!*, Tarsal scent, a mixture of odoriferous com- 
pounds’, is important in individual recognition. The 
tarsal organ consists of a scent gland and a hair tuft 
carrying the scent in its centre. 

To isolate and identify the active chemical components 
in the male tarsal scent, a bioassay was developed on 
the basis of the fact that males and females normally 
sniff and lick each other's tarsal organs. 

The tarsal scent was extracted with petroleum ether 
(30°--60° C) from the hair tuft of tarsal organs excised 
from male blacktailed deer that had been shot in 
Monterey County, California, during the first week of 
August. The extract, after solvent removal, was distilled 
in a short-path apparatus at a pressure of 0-05 mm of 
mercury and a bath temperature of 80°-100° C. The 
distillate was dissolved in petroleum ether and subjected 
to gas-liquid chromatography for quantitative analysis 
and separation of fractions. 

Each scent sample was dissolved in 0-25 ml. of petroleum 
ether and sprayed with a needleless syringe 3 em above 
the tarsal tuft of a male deer. Each sample contained 
2 ug of a single compound, or 2 yg of the chief component 
in the case of fractions, or the total tarsal distillate. 

The experimental animals had been hand-reared and 
accepted the experimenters as members of the group. 
The treated animal, 5-12 months old, moved about 
freely in a group of two males and two females of the 
same age in 1967-68, and in a group of three males and 
three females in 1968-69. The treated male was brought in 
front of each of the other individuals onee by luring it with 
food. At a distance of 2 m or closer the females typically 
sniffed and licked the hock containing the artificial 
scent. They also followed the scent carrier, sniffed the 
tarsal organs of other males and females, licked their 
own muzzle, and yawned after prolonged licking. The 
frequencies of all these behaviour patterns served together 
as a measure of the activity of the fraction tested (“number 
of reactions”), In addition, the duration of licking 
(in seconds) was recorded. 

These behaviour tests were spaced 10 min apart, and 
never more than four experiments were carried out in 
a day with the same individuals. Petroleum ether was 
used as control. When fractions were tested, the total 
tarsal distillate was also used as a second control. The 
scent samples were randomly labelled by an assistant 
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Fig. 1. The responses of a female yearling to male tarsal scent fractions, 
a, Gas chromatogram of male tarsal scent distillate. The fractions used 
are la and 6 and 2a and b. Abscissa: retention time in minutes. 
L, Identified p-lactone’. The column was 1-5 m x 2-4 mm inner diameter 
with 15 per cent FFAP on ‘Chromosorb W 60/80 at 805° C. Rate of flow 
of N, was 35cm°/min. Detector: flame ionization 246° C. injector 285° C. 
b, Number of responses of a female yearling to the four fractions, 
Abscissa: C, control (petroleum ether). Ordinate: number of reactions. 
O--+- ©, Increasing completeness of tarsal scent, starting with low 
boiling components; le=1a: 1b=le+ 1b, 
scent, ®, Increasing completener 
high boiling components; 2b = 25; 2e + 2 
scent. At the top is shown the number of sing 
















who did not participate in the field tests. Thus the two 
field experimenters were unbiased when recording the 
responses of the deer. 

In both years one of the females emerged finally as 
the consistently best responding individual, and thie 
animal accounted for more than half of all reactions, 
Fig. 1 shows the responses of the most active female 
in 1967-68. The total distilled male tarsal scent released 
16-8 responses on the average in the female, while 
petroleum ether alone rele ight reactions. The values 
for the three fractions are intermediate. The principal 
result is that increasing numbers of components in the 
scent release increasingly stronger responses. ‘This is 
particularly evident when the series of fractions is started 
first with the high-boiling components (from left to right 
in Fig. 1), and then starting with the Jow-boiling 
compounds (from right to left in Fig. 1). In another series 
of tests single components were tested individually. 
Four substances of the male tarsal scent were found to 
release responses qualitatively identical with the total 
tarsal scent. Because of this complexity, it is necessary 
to identify several substances responsible for the phers- 
mone effects of any one mammalian scent. 

After the chief component of male tarsal scent had 
been identified as cis-4-hydroxydodee-6-ensie acid 
lactone®, related lactones were tested by the same tech- 
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nique in the same individuals to study the stimulus 
specificity of the responses. Unsaturated and saturated 
y and §-lactones containing ten to twelve carbon atoms 
were used. As usual, in each experiment 2 ug of material 
was dissolved in 0:25 ml, of petroleum ether. The 
results are compiled in Figs. 2 and 3. The number of 
reactions released was of the same order of magnitude 
for total tarsal scent (Sc), the unsaturated y-lactone 
isolated from deer tarsal scent2, and the same substance 
synthesized in the Unilever laboratory after isolation 
from butterfat®. There were significantly fewer responses 
(P = 0-001-0-02 ; Mann-Whitney U-test) by six deer 
to three other unsaturated lactones: cis-5-hydroxydodec- 
9-enoie acid lactone (Ch), 5-hydroxydodec-2-enoic acid 
lactone (C) and 5-hydroxydec-2-enoie acid lactone 
(Ci, massoi lactone). At this concentration, the responses 
to these unsaturated lactones did not differ significantly 
from those to three saturated lactones: y-dodecalactone 
(Cy), Y-undecalactone (Ca) and +-deealactone (Cio) 
and to petroleum ether, used as control (Co), (The four 
unsaturated lactones were obtained from the Unilever 
Research Laboratorium, Vlaardingen, Netherlands.) All 
lactones used were more than 99 per cent pure, as gas= 
liquid chromatography showed. 

When the concentrations were increased 100 times 
to 200 ug in 0-25 mi. of solvent for each odour test, the 
saturated lactones still did not release a typical reaction. 
The unsaturated lactones, however, were responded to 
as much as or even more than total tarsal scent (Fig. 3). 
Thus these unsaturated analogues of the male tarsal 
scent component are intermediate in their activity; 
a 100-fold increase in concentration is required to release 
a typically strong reaction, this amount (200 ug) being 
larger than that of any odoriferous substance in both 
tarsal organs of one deer. The double bond in a lactone 
molecule seems to be responsible for the pheromone 
effect. The size of the lactone ring and the total number 
of carbon atoms seem to be less important. Because of 
the activity of several unsaturated lactones in high 
concentrations we deal with a relative specificity, 

To man, the odours of saturated and unsaturated 
v-dodecalactone are clearly different. whereas the odours 
of the unsaturated y and 8-lactones with twelve carbon 
atoms are similar. 
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Responses of six fawns to total male tarsal scent (Se), unsaturated 
turated lactones, and petroleum ether (Co). Saturated: Cy, 
: decalactone;s Cy, y-dodecalactone. Unsatura- 
ted: Cf, 5S-hydre enoic acid lactone (massoi lactone); Cis, 
S-hydroxydodec-2-enoic id lactone: Che. eds-5-hydroxydodec-9-enoie 
d lactone cis-4-hydroxydodec-6-encic acid lactone (eft, 
synthetic (Unilever); right, isolated from tarsal scent of male black- 
tailed deer). Black bars: number of reactions; white bars: duration of 
licking In seconds. The horizontal broken line separates two groups of 
values significantly different from each other, but without significant 
differences within. At the top is shown the number of single tests. 
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Fig. 3. Responses of six fawns to 200 ug of saturated and unsaturated 
lactones, in 100-fold concentration of that of Fig. All symbols as in 
Fig. 2. Total tarsal scent (Sc) is in original concentration of 2 ug. 
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Unification of Electromagnetic 
Effects in Human Retinal Receptors 
with Three Pigment Colour Vision 


THERE is no definitive evidence for a three pigment three 
receptor theory of colour vision, because electromagnetic 
factors modify the spectral properties of photopigments. 
Here we provide an alternative interpretation of spectro- 
photometric measurements which explains the Stiles- 
Crawford IT effect. 

When a photosensitive material is exposed to light, a 
portion of the total energy is absorbed. This absorption 
depends on the relative position and orientation. of the 
electromagnetic fields and the molecules of the material. 
Enoch! observed, in the outer segments of bleaced 
cones, patterns of light (modes) which changed with the 
spectral composition of the incoming light and its angle 
of incidence. The electromagnetic fields in the retinal 
receptors are not uniform, and depend on wavelength. 

Pigment molecules are arranged in the infoldings or 
disks? of the outer segment, not necessarily uniformly®, 
and may even be in a crystalline state’. Furthermore, 
it is possible that the pigment molecules are structured 
throughout each disk in such a way that only a particular 
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Fig. 1. 
and molecular spectral property 


field pattern or field symmetry would excite them all 
simultaneously (a threshold or cooperative phenomenon 
similar to that searched for in the rods). 

Sensation is proportional to the total power P(A) 
absorbed by the photosensitive material. In a macro- 
scopic electromagnetic theory analysis, the absorbed 
energy is related to the electric field by the conduc- 
tivity of the medium: here the medium is anisotropic 
and the conductivity must be represented as a tensor 
quantity s. This leads to an expression for the energy 


absorbed. P(A) by the pigment in the outer segment 
PO) = SO) MA) (1) 
S(%) is the spectral absorption property of the pigment 


molecules independent of their physical arrangement 
and situation in the outer segment. 47(4), the electro- 
magnetic spectral property, is a complex function of 
wavelength taking account of the spatial relationship 
between the molecules and the electromagnetic fields. 
It is intimately related to the tensor property of the 
pigment, o, and the electric fields, 6,, by a complicated 
integral relation. 


Simplifying, we find 


M) = Nag(4) Pq (summing over all modes, g) (2) 
q 
malh) = fgo(a.y)- bg (vy, Aë eY, Adady (3) 
A = transverse pigment area. 
Py is the power in the gth mode, determined chiefly by 
conditions in the inner segment, and is effectively inde- 
pendent of i. 

From these equations it is clear that there is no simple 
relation between the absorbed power P(A) and the mol- 
ecular spectral property S(4). Electromagnetic effects 
are of critical importance. 

aa ere experiments®:* measure the power 
[PO) of equation 1] absorbed by the photosensitive 
material in the outer segments. Three P(i)s have been 
measured, It has been concluded from these experi- 
ments that three individual molecular substances (that 
is, three S(A)s) are present. Because, however, three 
photopigments have not been extracted from the human 
receptors, this conclusion is speculative in that it ignores 
the electromagnetic effects M(>). 

If one defines the photopigment spectral response 
to be P()), the combined effects of both the molecular 
S()) and the electromagnetic M(A), then it is acceptable 
that three pigment responses exist (not necessarily 
three S()s). 
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AI(A) can vary because of physical factors influencing 
the electromagnetic mode propagation in the outer 
segment, or because of differences in the physical proper- 
ties of the pigment, determined by the tensor quantity 


o (for example as isomers). 


Other electromagnetic theories’ have taken J4()) 
into account, but have difficulty explaining the three 


measured absorption spectra. 

We conclude from the above discussion that there is 
no definitive evidence for three molecular substances 
mediating colour vision; however, it is established 
that three receptors (pigment responses as defined above) 
do exist. 

An alternative interpretation of the spectrophote- 
metric experiments which also provides an explanation 
for the difficulty of extracting three molecular photo- 
sensitive materials follows from considering only one 
S(d) but three 31(4)s produced by three types of receptors, 
cach type maximally sensitive to a particular mode or 
combination of modes. There are a number of convincing 
mechanisms by which this could occur; one possibility 
is that the identical molecular substance is arranged 
differently in each receptor type. As a simple illustration, 
consider three receptors each sensitive to a single but 
different mode. Fig. 1 shows the M())s for PMea, BH, 
and H#,, modes, which are common? in the human recep- 
tors. These curves are calculated theoretically, based 
on idealized physiological data’’. Jn this figure the 
relative amplitudes have no particular significance, 
because the curves are normalized. We cho an SCA), 
common to all receptors, which is bell-shaped like rho- 
dopsin, and is very similar to the photopic luminosity 
curve except that the peak is shifted shghtly to the red. 
To obtain the absorption spectra of the cones, each of 
the A7(4)s is multiphed by the S(%} in Fig. 1, resulting 
in absorption peaks like those measured in the spectro- 
photometric experiments. Because of these results, we 
associate the TM mode with the red receptor and designate 
this mode R. Similarly, we designate the EH mode G 
and the HE mode B. 

This simple example, of a three cone model, accounts 
for all the usual phenomena of colour vision. 

Consider the effects of light incident on the inner 
segment. The modal composition of the light in the outer 
segment is sensitive to changes of the angle of inci- 
dencen-1, Off-normal illumination of the cones accen- 
tuates modes as in Fig. 2. The change in the modal 
power AP is plotted against the angle of incidence 9. 











9 (A= 525 mmicrons) 
0° 3° 6° 9° 
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0° 3° ° 9° 
6 (4 = 050 mmicrons) 


Fig. 2. Change in modal power, AP, with off-normal Hlumination. 
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The upper scale of 0 is for A = 525 nm (green), the lower 
scale for à = 650 nm (red). Equivalent effects occur at 
smaller angles for shorter wavelengths. 

Based on the siraple model, a shift in sensation to the 
red for increasing 0 is predicted at 2% = 650 nm. At 
525 nm, for small 0, there is again a shift in sensation to 
the red, but for large 0 the shift reverses and is to the blue. 
This phenomenon has been found in human colour 
vision! 4.15 and is known as the Stiles-Crawford H effect. 

ALLAN W. SNYDER 
Patrick A. V. HALL 
Department of Electronic and Electrical Engineering, 
University College, 
London. 
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Mechanism of Current Production 
found in Pigeon Cones but not in 
Pigeon or Rat Rods 


As an approach towards understanding the way in which 
the absorption of light by visual pigments initiates the 
excitation of rods and cones, we have altered the ionic 
composition of the fluids bathing the isolated, incubated 
retinas of pigeons and rats. To investigate the effects so 
produced we have recorded a fraction of the eleetro- 
retinogram, PHIS, for this is believed to arise from the 
receptors themselves*-*. Though there have been several 
previous studies of the effects of various ions on the 
electroretinogram (ERG), interpretation of the results 
in terms of the excitation of receptors is difficult, because 





cells other than receptors contribute to the ERG, We 
therefore isolated PIII as previously described’. The 


experimental procedure was very similar to that described 
by other workers!®™, A retina was dissected and mounted 
in a ‘Perspex’ chamber so that it formed a membrane 
between two pools of solution into which dipped Ag/AgCl 
electrodes. Responses to light of up to 0-5 mV were 
recorded. 

The clectrophysiologieal responses of dark adapted rat 
retina have been shown to be entirely due to the absorption 
of light by rhodopsin in rods", In the pigeon retina 
we observed two types of PHI response (Fig. 1). One 
resembles that of rat PITI and, like it, has a waveform 
very similar to the rod late receptor potential isolated 
in the retina of the night monkey in vivo, The response 
is prolonged well beyond the end of the stimulus and 
decays slowly. The other type of response observed in 
pigeon retina is briefer and decays rapidly at the end of 
the stimulus. It closely resembles the cone late receptor 
potential found in the Cynomolgus fovea’. Furthermore, 
this response is relatively more sensitive to light of long 
wavelength than the slow PII; both its threshold and 
saturation occur at higher light intensities, and it predomi- 
nates in the red dorsal quadrant of the pigeon retina where 
the majority of the receptors are conest®, 
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Peripheral portions of pigeon retina can be used to 
compare rod and cone responses simultaneously (Fig. 1). 
Such an experiment? shows that the rod and cone PIII 
responses have different properties. We have therefore 
used rat retina to investigate rod based responses by 
themselves and pigeon dorsal quadrant for cone based. 
responses. 


| 
| 


_| 


| =l 


Fig. 1. A, Rod and cone PIH waveforms compared: 1, submaximal rat. 
rod PHI, 5 ms flash--505 nm—app. 1 quantum absorbed/ od, voltage 
calibration 40 uV; 2, saturated rat rod PHI, 5 ms flash--505 nm--3:6- 








log units more intense than that for 1, voltage calibration 200 gV; 
submaximal cone PILL from dorsal quadrant of pigeon retina, 15 ms- 






flash—586 nm—similar intensity to that for 2 (1-7 log foot lamberts), 
voltage calibration 100 4V. B. Effects of ouabain on rods and cones in 
mixed pigeon retina: 1, responses to two flashes before ouabain treat- 
ment, flash details as for 43. First flash stimulates both rods and cones, 
while second flash produces a cone response superimposed on a saturated 
rod PII, voltage calibration 100 aV; 2, 40 s after replacement of 
“normal” medium by one identical but for the addition of 10> M 
ouabain, note the disappearance of the rod response, calibration 100 aV. 
C, Effect of Na*-ion concentration in mixed retina: 1, conditions as for 
Bi, calibration 400 aV ; 2, 2 mia after replacement of “normal” medium 
by one in which sucrose substitutes for 80 per cent of the NaCl of the 
“normal”, conductivity of this medium is approximately 3 times less than 
that of normal and this partially accounts for the increased size of the 
rod PII. Note that in spite of the decreased conductivity the cone 
PII has almost disappeared, calibration 400 &V, All records read left 
to right. All responses recorded d.e. Time calibration: 13. Arrows 
indicate onset of stimulus, 








Fig. 24 shows the results of an experiment on the cone 
PIII in which Na*-ions were replaced by tris ions to 
which cells are generally assumed to be impermeable”, 
Within 15 s of changing the Nat concentration of the 
medium, [Na*], from 116 mequiv./l. to 6 mequiv./L., 
a small response of inverted polarity was observed. 
This dwindled, vanished and reappeared in the normal 
polarity over the next 30 s. When [Nat], was reduced 
to values between 34 and 86 mequiv./L, small responses of 
normal polarity were observed which grew over the next 
minute to a constant level. Such behaviour indicates 
that a property of the cells which generate PILI alters 
following the change in medium, and therefore the response 
amplitude at the instant the solution reached the retina 
was estimated by extrapolation (Fig. 24). The extra- 
polated values were used to calculate the percentage 
change in the response following the solution change. 
When this was plotted against log [Nat], the curve 
in Fig. 2B was obtained. It can be seen that over the 
range 34-116 mequiv./I., the points fall on a straight 
line. This could be explained by assuming that, either 
in light or in dark, the PUT generator functions in the 
manner of an Nat concentration cell. When [Nat], is 
less than the Na*-ion concentration of the intracellular 
medium, [Nat], responses of inverted polarity would 
be predicted. Although these are seen for the condition, 
[Nat] = 6 mequiv./L, they soon revert to normal polarity 
(Fig. 24). To reconcile this observation with the hypo- 
thesis, it must be supposed that [Nath is rapidly 
reduced below [Nat]; that is, Na*-ions must be expelled 
from the cell by a pump working against the concentration 
gradient. A pump would also explain the increase in 
size of normal polarity responses following solution 
changes. 

































There are eleven good reaso 
why over half of the Infrare: 






Spectrophotometers in the 
world are from Perkin-Eime 


They are the Models 700, 137, 
157, 257, 457, 21, 221, 421, 
521, 621, 225. From this 

range of eleven instruments you 
can easily choose the one 

that is exactly right for you. 
The reliable low-cost 700 for 
teaching and routine work, 

the fast-scan 157 for high sample 
throughput and the 225 for its 
unequalled performance; these 
are some of the reasons for the 
universal use of Perkin-Elmer 
spectrophotometers. Together 
with a comprehensive range of 
accessories, from a new 


Perkin-Elmer Instruments : Infrared, 
Ultraviolet, Fluorescence and Atomic 


Absorption Spectrophotometers, Gas and 
Liquid Chromatographs, Spectropolarimeters, 


Elemental and Thermal Analysers, 
Mass and NMR Spectrometers. 


concept in liquid cells to such 
specialised items as 7 

and 10 metre gas cells, wire-grid 
polarisers and the ultra 

micro KBr disc equipment. 

Get details from Perkin-Elmer Ltd, 
Beaconsfield, Bucks, 

Tel: Beaconsfield 2571. 

Telex: 83257. 





PERKIN-ELMEF 











Journal of Cell Science 
Edited by A. V. GRIMSTONE & H. HARRIS 


Journal of Cell Science is devoted to the study of 
the structure and function of plant and animal 
cells ranging from the molecular structure of cell 
components to the movement and interactions of 
whole cells. Cytogenetics, morphogenesis at cellu- 
lar and subcellular levels and the organization of 
micro-organisms and viruses are within the scope 
of the journal. Papers on biochemical topics are 
published when they are relevant to an under- 
standing of cell organization. The journal also 
includes articles on new experimental techniques. 


Journal of Cell Science is now published six times 
a year. 
Annual subscription £16 net 


Quarterly Reviews of 
Biophysics 

Edited by ARNE ENGSTROM, A. EHRENBERG, 
R. D. KEYNES & R. B. ROBERTS 


Quarterly Reviews of Biophysics publishes articles 
by experts on topics of current interest in biophysics 
and molecular biology. Authors are asked to provide 
concise and readable reviews of current progress 
and problems rather than exhaustive annotated lists 
of the literature. Strict editorial control and the 
choice of expert contributors ensures that liveliness 
of style is combined with authority. 


Quarterly Reviews of Biophysics is sponsored by 
the International Union for Pure and Applied 
Biophysics and began publication in 1968. 


Annual subscription {5 net 


NATURE, AUGUST 2, 1969 





The Journal of General 
Virology 


Edited by C. KAPLAN, P. WILDY, C. J. BRADISH, 
A.J. GIBBS, ELINOR MEYNELL & D. H. WATSON 


The Journal of General Virology publishes accounts 
of original work on bacterial, plant and animal 
viruses: their structure, genetics and systematics: 
their interactions with host cells and their patho- 
logical activities. The emphasis throughout is on 
general principles. Papers on specialized aspects 
of virology, clinical and epidemiological studies 
are published only when they illuminate those 
principles. 


The Journal of General Virology began publication 
as a quarterly in 1967. In 1969, eight issues will 
be published and in 1970 the journal will appear 
monthly, 

Subscription for 1969, £14 net 


Journal of Plasma Physics 
Edited by J. P. DOUGHERTY 


Journal of Plasma Piysies publishes research into 
the behaviour and uses of ionized media. Both 
theoretical and experimental papers are published, 
including numerical investigations of theoretical 
problems. Publication began in 1967. 


Annual subscription {10 net 


———— el 


Please write for specimen copies and a list of other Cambridge journals : 


CAMBRIDGE UNIVERSITY PRESS 


P.O. Box 92, London NW.1 


NATURE, VOL. 223. AUGUST 2, 1969 


Inspection of Fig. 2B shows that for the condition, 
[Na+], = 6 mequiv./l., the points deviate significantly 
from the straight line. One possible explanation is that 
ions other than Na* contribute to the production of the 
PILE current and hence, when [Na*], is already low, the 
effects of further reductions in the concentration are not 
significant. On the other hand, it is possible that part of 
the pump is electrogenic and accounts for the deviations 
observed. 

The idea of an Na’-ion concentration cell associated 
with a pump governing the quantity, [Nat], can be 
tested by treating the retina with ouabain”, This should, 
by inactivating the pump, ultimately lead to the quan- 
tities [Nat]; and [Na*], becoming approximately equal and 
to the disappearance of the response. A change in [Na*], 
should then make the response reappear. If [Nath 
is increased, the response should be of normal polarity; 
if it is decreased, the response should be inverted. As 
[Nat]: approaches the new value of [Na*],, the responses 
should once again disappear. 


Time after solution change (s) 
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Fig. 2. A, Time course of change in cone PIII after alteration of 
“normal? medium to one in which all NaCl has been replaced by tris 
chloride. Time 0 represents the moment when the cha 






the inlet to the retinal chamber was moved. The ne 
the chamber at 58, and by 153 had completely replaced the old solution. 
The left-hand ordinate shows the peak current (Z,) as a percentage of 
the peak current immediately prior to the change (/,), The measured 
voltages are shown on the right-hand ordinate. The dashed line and 
arrow show how the extrapolation referred to in the text was made. 
B, Results of varying the Nat-ion concentration in the medium (abscissa). 
All points represent measurements on the same retina. Wither tris 
(©) or choline (@) ions were used to substitute for Nat. Appropriate 
corrections for different conductivities of the various media were made 
in estimating the current changes. With the ordinate scale on the left 
{percentage reduction of extracellular current) a straight line relation- 
ship is expected, if the voltage across the membrane of the PILI generator 


(Vm) obeys the Nernst equation, Vm=058 a`lo 





Qualitatively these expectations are fulfilled, as is 
shown in Fig. 34. A retina was first treated with ouabain 
in a medium of high Na+ concentration. When the response 
had almost disappeared, the Na* ions in the medium were 
replaced by tris and inverted responses immediately 
appeared. These declined very rapidly, but when the 
origina] medium was restored, normal polarity responses 
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reappeared. The whole sequence was then repeated with. 
the responses induced by a more prolonged stimulus. 

The treatment of the retina with ouabain does not 
alter the waveform of the responses (Fig. 4), and the 
inverted responses are indistinguishable from those of 
normal polarity of similar size. The dependence of the 
amplitude of the inverted responses on light intensity 
is very similar to that observed for normal responses ob- 
tained from unpoisoned retina (Fig. 3B). Fig. 34 shows, 
however, that following ouabain treatment there are 
certain differences between inverted responses and those 
of normal polarity: the inverted responses are much 
larger and vanish more rapidly. 
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Fig. 8. A, Changes in amplitude of cone PHI following char 
medium bathing a retina treated with ouabain. Before the 
proper the retina was soaked for 10 min in a “normal” m 
caption to Fig, 4) to which 10+ M ouabain had t ide 
at 2 min indicates that the medium was cha 

{see caption to Fig. 4), Hatching at 9 min indie ; 
“normal-ouabain’” medium. @, Results of the first run in which 
stimuli were 15 ms flashes (Wr. 70 filter: 1-7 log foot lamberts) rene 
every 3-55; A, results of a second run in which the light inter 
reduced by 0-6 log units but the duration increased 
amplitude versus log light intensity relationship for poten 
polarity (@) obtained with “normal” medium and inverted polarity 
(©) obtained with ‘“tris-ouabain’ medium. Points at the higher int 
sities (above 2-S} were obtained with white Jight, the remainder with 

light at 586 nm, 


























Tf the assumption is correct that the rate of decline 
of the response is a measure of the rate of equilibration 
of the PUT generator with its bathing medium, then 
it can be seen from Fig. 34 that the rate of equilibration 
is apparently independent of the amount of retinal 
illumination. 

Other ions can be substituted for sodium (Fig. 4). 
After “poisoning” the pump in a medium in which frie 
is substituted for Nat, the responses vanish. If Kr or 
NH+, are substituted for tris, responses of normal polarity 
are observed, which diminish and vanish over a few 
minutes. If the retina is now incubated in a solution of 
low K* or NH*, content, inverted responses appear. 
The rate of decline of the responses is similar in any one 
experiment for Nat, K+ and NH?*,, and is always faster 
for inverted responses. While Nat and K+ give larger 
inverted responses than those of normal polarity, however, 
the reverse is true for NH+,. The magnitudes and rates 
of decline of these potentials vary from experiment to 
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experiment, and are seemingly related to the degree to 
which the pigment epithelium has been separated from 
the retina. 

Lit can also be used instead of Nat to produce PHI, 
but after a time prevents the appearance of the responses. 
The effect is reversible, and because it can be shown 
in the presence of ouabain, it cannot be due merely to 
the inhibition of the sodium pump!’. 

To a first approximation, our experiments show that 
normally, either in light or in dark (we cannot tell which), 
a sodium concentration cell supplies the current for the 
cone PIT. The sodium channels of the PITT generator 
resemble those of a post junctional membrane!® rather 
than those of an axon”, in that the direction of the current 
is reversed following medium changes assumed to in- 
vert the membrane potential, the responses are graded 
(Fig. 3B) and we have found that neither saxitoxin*! 
nor tetrodotoxin™ has any effect on PHI. 
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Fig. 4. Response waveforms obtained with various modifications of 


“normal’ medium. Top row shows three stages in the preliminary 
treatment of the retina, Left-hand picture is a normal cone response 
with a rod tail produced by 15 ms flash (Wr. 70 filter; intensity 1-7 log 
foot lamberts). Centre picture was taken 20 8 after the substitution of a 
“tris-ouabain" medium. Note the large inverted cone response and the 
rod response of normal polarity, Right-hand picture aken 4-5 min 
later when all responses had been abolished. Following the preliminary 
treatment “NaCI or “KEP or “NH,CI” media were substituted and the 
left-hand pictures were obtained. Note that these all represent separate 
experiments on different retinas, When the normal pol responses 
had disappeared, the “iris” medium was restored and the right-ha and 
pictures were taken. Time calibration 500 ms, Voltage calibration top 
row: 100 uV; other rows: 40 uV., Arrows indicate onset of st S, 
“Normal” medium includes 116 mequiv, jl. Nat’, 3 meguiv./l, K* and 
61 mequiv./l, iris. “Tris-ouabain” medium includes 6 mequiv./h 3 
3 mequiv./l, Kt, 171 mequiv./l tris, and 10 M ouabain. 

medium is identical to normal but for the addition of 104 M puna 

























SKE medium inchides 6 mequiv./L Nat, 118 mequiv./l Kt, 61 
mequiv and 10¢ M ouabain, “NELE? medium includes 
6 mequ Srey ALK, 61 mequiv./L. tris, 110 mequiv./l, NA, 





The osmolarity of all media is approximately 
333 mosm. 


Although previous work? has made it seem very probable 
that the receptors generate PIII, two fractions have 
been demonstrated?. With our procedures PITT appears 
to be a unitary process. This is in spite of the faet that 
changes of various sorts were repeatedly made to the 
bathing medium and the polarity of the responses was 
frequently reversed. It is difficult to believe that the 
currents recorded are derived from a post-synaptic 
membrane: if so, either this membrane, or the electrically 
silent receptors, must be unaffected by the many different 
changes made to the medium. Otherwise, the relatively 
simple results could hardly have been obtained. 

It is useful to compare the effects of ouabain on nerve 
with its effects on cones. Following imactivation of 
the Na*-ion pump, the rate of change of the Na+ concen- 
tration of the intracellular fluid depends on the volume/ 
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surface ratio of the cell. In the case of small mammalian 
C fibres, it is still possible to obtain full sized action 
potentials 10 min after treatment with 10 M ouabain; 
thus the Na*-ion concentration of the axoplasm cannot 
have risen greatly in that time. By contrast, the cones 
maintain responses very poorly after treatment with 
10- M ouabain: the responses decline with a time con- 
stant of approximately 200 s. If the infoldings of the 
cone outer Innb are neglected, the volume/surface ratio 
is similar to that of a C fibre 6, On this assumption 
the cones must be considerably “leakier” than C fibres. 
On the other hand, if the infoldings of the cone outer 
limb are taken into account, the volume/surface ratio 
is increased by a factor of 10. | Order-of-magnitude 
calculations based on these dimensions and a figure of 
60 pmoles/em! s for the Nat influx?? show that the Na~ 
concentration of the fluid inside the cones would approach 
that of the extracellular medium within approximately 
100 s. his result agrees reasonably well with our obser- 
vations. 

Slow intermittent activity of nerve fibres results in 
significant increases in the Nat concentration of the 
axoplasm, particularly following ouabain treatment”. 
Yet we were unable to detect a difference in the rate 
at which cones equilibrated with a medium containing 
abain (Fig. 34), between conditions in which darkness 
prevailed and those in which light produced maximal 
and nearly continuous responses; that is, activity causes 
no detectable change in the Nat concentration of the 
intracellular medium. This could be explamed if the 
conductance changes (which must be appreciable) are 
localized to a much smaller fraction of the cell membrane 
than those in an axon during the propagation of an 
impulse; that is, light affects a pore in the membrane, 
compare invertebrate photoreeceptors™, 

The fact that sizable currents can be detected by 
electrodes at sume distance from the cones implies that 
such pores must be confined to one part of the cone 
surface, Recent experiments? have demonstrated that 
the cone PIHI current originates in the outer se ee 
of the receptors and decreases with illumination, This 
means that the cation selective pores, which our experi- 
ments have demonstrated, open in the dark and close 
on ilhamimation, 

The rod PITT has been shown?! to originate m the 
outer segments and it might be supposed that it is 











produced by a mechanism similar to that in cones. 
We have, however, found that there is a difference 


between rod and cone PHI responses, consistent with 
the known anatomical differences between rod and cone 
outer limbs. A few minutes after the Na* concen- 
tration of the medium bathing rods is reduced, the rod 
current, in contrast to that of the cones, may be even 
larger than before the change (for example, Fig. 1), 





especially if IN* is used to replace some of the Nae. On 
the other hand, below a eritical coneentration (about: 


10 mequiv./L) the rod response complciely disappears. 
Another difference between rod and cone PILL responses 
lies in the effect of pump poisons (Fig. 1). Immediately 
after application, ouabain slows and soon prevents the 
recovery of rod PII, so that in a mixed retina the rod 
response disappears before the cone PITT. Jn these 
ouabainized retinas the rod PHI responses cannot be 
restored or inverted by altering the medium. These 
findings suggest that the rod PHI may be the leas 
of ane electrogenic pump, and not the result of the downhill 
movement of ions across a membrane, Yet it seems 
reasonable to suppose that the fundamental processes 
of excitation are the same in both reds and cones. It 
may be that these processes are hidden in the rods by 
a barrier?! and the rod PII, measured extrace ularly, 
represents a secondary event. 
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Reduction of Transmitter Release by 
p-Tubocurarine 


D-TUBOCURARINE 1s one of the most widely used drugs in 
pharmacology, physiology and anaesthesia. It is generally 
assumed that the muscle paralysis produced by its 
administration is due to competition with aceivle holine 
(ACh), the nerve muscle transmitter, for receptor sites 
at the endplate!, There is no doubt that p-tubocurarine 
does act postsynaptically. But the question arises, is 
this its only action: Special importance has been given 
to this question recently by the report? that p-tubo- 
curarime reduces the depolarizing action of iontophoretic- 
ally applied ACh much less than it reduces the amplitude 
of the endplate potentials (e.p.p.s) produced by the 
depolarizing action of the natural transmitter, implying 
a possible presynaptic effect 

This possibility was tested? by measuring the quantal 
content of e.p.p.s in preparations paralysed by an excess 
of Mg*+ in the bathing medium in the presence and ab- 
sence of p-tubocurarine. It was established that p-tubo- 
eurarine did not affect transmitter release in these 
conditions. This conclusion was not completely convin- 
cing, however, for in the presence of paralysing con- 
sentrations of Mg’ many agents which would otherwise 
affect release cannot do sot. What is needed to settle this 
question is a method of comparing transmitter release in 
the presence and absence of this drug without the com- 
plication of any other blocking drug. 

We have used the rat diaphragm phrenic nerve pre- 
paration with the muscle fibres cut so that the resting 
potentials are below the level at which action potentials 
can be generated’, Forty stimuli at 100/s were given to 


























531 


the muscle nerve. The evoked trains of eppes were 
recorded intracellularly from muscle fibres at endplates 
(Fig. 1), bathed in Gage and Hubbard’s® solution w ith the 
(K*) reduced to 25 mM at 31°--33° ©. ‘The amplitudes of 
the first five and last twenty of the forty e.p.p.s were 
measured using a Leitz enlarger and this information, 
together with the membrane potential of the muscle fibre 
at the time of recording the train, formed the d for a 
computer program (C DC 6400). This program used 
Martin's? correetion for the large size of the epps and 
then computed the variance of the last twenty 
and from this estimated the mean quantum size (g) i “At 
least five serial estimates of q were pooled and used to 
caleulate the quantal content of the first e.p.p. in cach 
train (m) and the mean quantum content of the last twenty 
epps, which when multiplied by the 100/s st imulation 
rate gave an estimate of the rate of mobilization of 
transmitter (dm). From the quantal content of the first 
five e.p.p.s the available store of quanta (n) was calewlated 
aceording to Elimaqvist and Quastel® and this quantity 
divided by m yielded p, the fraction of the store released 
by the first impulse. 
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Fig. 1. Eppa intracellularly recorded from an endplate of 
phragm cut musele preparation following 40 stimuli at 100 
phrenic nerve. A, Control, #, 14 rin after 4 x 10° gimi. o-tubo 
added to the hathing oe C, 1 min after return to control solii 
Temperature 32 . B,C, recorded from the sume endplate. 












Fig. 1 shows typical ¢.p.p. responses to a stimulus train 
in a rat diaphragm cut muscle preparation before, durmg 
and 61 min after the end of the exposure to 4 x 10-7? giml, 








p-tubocurarine (City Chemical Co, NY, and Signi 
Chemical f . D-tubocurarine Cl, U SP). Tt will be noted 
that after 15 min exposure to the drug (Fig. LB}, the 





e.p.p. pattern is typical of normal curarized preparations. 
The first response is the lar west and later responses decline 
to a plateau level of amplitude which is much smaller 
than the amplitude of the first e.p.p. Before and after 
this exposure, however, a very different pattern was 
found (Fig. 14,0). Epp. amplitudes declined more 
slowly and the plateau ep p.s were relatively much larger. 
E.p.p.s showed a lesser variability in amplitude indicating 
a higher quantal content. 
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Table 1 shows the mean dm, m, n and p found in normal 
curarized preparations (D-tubocurarine 1x 10 g/ml. for 
at least 20 min), eut muscle preparations and curarized 
cut muscle preparations (p-tubocurarine 4 x 107 g/ml, for 
at least 20 min). As shown by the stars, m, dm and n 
were significantly larger (¢ test) in the cut muscle than in 
the curarized preparations. 

Fig. 2 shows the time course of changes m g, m, dm, p 
and n for the experiment partially illustrated in Fig. 1. 
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During the 14 min control period and the 20 min exposure 
to 4x 107 g/ml, p-tubocurarine records were taken every 
minute. Records were taken at longer intervals during 
the prolonged wash period. It will be noted that, as might 
be expected from the well known postsynaptic competition 
of p-tubocurarine with ACh, g (mV) is reduced during the 
exposure to D-tubocurarine and recovers on washing. The 
post-exposure increase was found in all our experiments. 
Its significance is unknown. 
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Fig. 2. The time course of p-tubocurarine action. 
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applied ACh’ is easily explained by the pre and post- 
synaptic actions exerted on e.p.p.s, while iontophoretically 
applied ACh is only subjected to the postsynaptic effect 
of p-tubocurarine. 

Known effects of p-tubocurarine which might account 
for its presynaptic action are many. They include a fall 
in the presynaptic membrane conductance, thus reducing 
the amplitude of presynaptic action potentials®, a competi- 
tive inhibition of choline uptake’, thus limiting ACh 
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ime l : rine All data were derived from the same endplate from trains of ¢.p.p.s evoked at 1 min 
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of bathing solution, g, Average quantum size (mV) calculated from analysis of variance of e.p.p.8 20-389 of the trains evoked in the time 
period shown by the bars. m, Bach point shows quantal content of first e.p.p. of a train. p, Each point shows fractional release for the first 


e.p.p, of a train. 
mobilization rate, 





n, Points indicate the immedia 


dm, Each point shows the mean quantal content of e,p.p.s 20-39 of a train multiplied by stimulation rate (100/8) to give 
; jely available store of quanta according to Elmavist and Quastel’, 
control average for each parameter, The timescale is the same for all parameters. Note that for dm and n the ordinate seale is to be multiphi 
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In conformity with Table 1, but at marked variance 
with expectations based on a purely postsynaptic action 
of p-tuboeurarine, m (quantum content) also fell and only 
recovered after about 60 min of washing. ‘The time course 
of this action was always much longer than the time course 
of the change in g and there was a lag period in the onset 
of the effect when compared with the effect on g. dm 
(mean quantal content of tailx stimulation rate) and n 
were reduced in parallel with the change in m and had not 
fully recovered to the control amplitude after 60 min wash- 
ing. As would be expected from the comparison of m 
and n (Fig. 2), p was increased during the exhibition of 
p-tubocurarine and this effect was slowly reversed on 
washing. Similar results to those shown in Fig. 2 (qm 
and dm) have been obtained in experiments with frog 
sartorius preparations pre-soaked in glycerol’. 

Qur results (Figs. 1 and 2) confirm previous suggestions? 

















that p-tubocurarine has both pre and postsynaptic 
actions. In particular, they explain the inerease of 
Wedensky inhibition by p-tubocurarine*, for the pre- 









synaptic effect of the drug affects most markedly quantal 
se during repetitive stimulation (Fig. 1) whereas the 
postsynaptic effect of p-tubocurarine would not be 
affected by the stimulation rate except as the stimulation 
rate affected ACh release. Again, the fact that p-tubo- 
eurarine has a greater effect on e.p.p. amplitudes than on 
the amplitude of potentials generated by iontophoretically 








synthesis, a direct effect on ACh synthesis itself and an 
inhibition of synaptic vesicle binding’? The long time 
course of p-tubocurarine action argues for an intracelhdar 
action on the nerve terminal, 

This work was supported by a grant (to J. L TL) from 
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Midbrain as a Site for the 
Motion After-effect 


FottowinG inspection of a rotating spiral, there is an 
illusion of counter-rotation when the spiral ationary. 
This motion after-effect was studied as early as 1849 by 
Plateau’, and is believed to be caused by the fatiguing or 
reduction in the maintained discharge of one set of 
directionally sensitive units in the visual system". 
Loeating the part of the human brain where these adapted 
“movement detectors’ reside, however, has been diffi- 
cult. Two facts suggest that the major component of 
the motion after-effect is not in the retina: first, the 
after-effect. transfers from one eye to another®’; and 
second, inter-ocular transfer persists even when the 
previously adapted eye is pressure-blinded’*. This 
evidence has led most workers to conclude that the 
motion after-effect is a cortical phenomenon. But, 
considering the wealth of recent electro-physiological 
data revealing directionally sensitive units in the optie 
tectum (superior colliculus) of many different mam- 
mals!"-14, the midbrain appears to be an equally plausible 
site. 

To choose between the cortex and the midbrain as 
the site of the motion after-effect. a technique is neces- 
sary which dissociates the flow of information through 
the geniculo-striate pathway from that through the 
alternate routes to the superior colliculus, pretectum or 
nuclei of the accessory optie tract. Because these inde- 
pendent retinal pathways bypass the lateral geniculate 
nucleus (LGN), a possible method of separating the 
functions of the midbrain from those of the striate cortex 
is to observe the effects of selectively modifying the 
geniculo-striate projection. 

Recent evidence suggests that the geniculo-striate 
pathway may be altered by changing convergence, the 
result being a change in the mapping of the retinae onto 
the cortex. Subjectively, the effect is a change in the 
apparent size of a fixed retinal image (micropsia}. These 
alterations in the retino-cortical projections may also 
be observed (in reverse) when the size of a lesion in the 
visual cortex is measured on a tangent screen placed at 
two different fixation distances (ref. 16 and unpublished 
results of W, R. and H.-L. Teuber). For the nearer fixa- 
tion distance. the scotoina subtends a greater visual angle. 
Thus when a portion of visual cortex is destroyed by a 
lesion, the angular extent. of the afflieted area is found to 
vary, depending on convergence. 

Consider the possibility of fatiguing a small region of 
cortical cells, producing a temporary “lesion”. Tf the 
region of fatigued cells is clearly defined. then the visual 
angle subtended by the after-effect arising from these 
fatigued cells will be altered by convergence, just as the 
size of a scotoma is altered. On the other hand. if the 
region of fatigued cells is non-cortical, then convergence 
should have no effect on the angular size of the after- 
effect. 

To test for the effects of convergence on the visual 
angle subtended by the motion after-effect. a motion 
after-effect was induced by a 20 s exposure to the spiral 
shown in Fig. 1, Wluminated at 100 foot-L and rotated 
at 25 r.p.m, Because the inner portion of the disk was 
contracting while the outer portion was expanding, a 
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border of no movement appeared roughly 15 degrees 
from the centre of the after-effeet. The boundary between 
the disk and annulus portions of the spiral consisted of a 









thin, 2 min transient in luminance, wh 4h could be seen 
on cloge inspection when the disk was rotated a bove CFF. 
With central fixation of the disk, however, this transient 


could not be resolved. We therefore believe that no 
visible retinal after-image of the disk-annulus border was 
formed by the rotating spiral. Nevertheless, an atter- 
effect confined to the region of opposing motion did appear 
for some observers, consisting of a faint ring as wide as 
1/3 deg. This ring after-effect was seen only when & 
motion after-effect was visible and could not be generated 
by spinning the spiral above CEE or at a rate near the 
movement threshold. The border of no movement was 
seen when the motion after-effect was viewed against 
a random array of black squares. each subtending 1/6 
degree on a side. Included on the array were two 1/6 
degree pins placed above and below a fixation ere The 
head of each pin contained a horizontal black stripe. 
The motion after-effect caused these striped pins to appear 
to move either in or out, depending on their location. By 
relocating the pins following each exposure, the pins 
could be positioned so that they eventually appeared to 
move neither in nor out, thus defining the boundary of 
the motion after-effe 
































ach, 





Tig. 1. Spiral used to generate a motion after-effect having a stationary 
boundary. 






Four different conditions of exposure and test were 
















used, consisting of all combinations of f and exposure 
at the 200 em and 25 em viewing distance AL measure- 
ments were actually made at 200 em, The 25 em viewing 

2 chopter 






from one viewing distance to another, 
apparent-size induced by convergence were measured wi 
the same apparatus by equating the angular separation 
between two pairs of pin-points of lights (4 min chameter), 
an at 200 em and the second sot seen at the 


with 








one set see 
viewing distance equivalent to 25 em, The ratio bets 
the 200 cm to 2 
apparent change in angular f 
in the geniculo-striate projections. 

Table 1 shows both the apparent-size and the motion 
after-effect data for seven subjects, all of whom showed 
inter-ocular transfer of the effect. The mean change in 
size of the motion after-effeet was 0-96 ™% (right eoliumn, 
Table 1). Thus there is no signifieant effect of oculomotor 
adjustments on the objective size of the motion after- 








em viewing distances was taken as 


induced by alterations 
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effect. If it were caused by a fatiguing of cortical units, 
we would have expected the mean size of the motion 
after-effect to have changed by a factor of 130x, com- 
parable with the changes in apparent-size shown in 
column 2. Clearly, the spatial extent of the motion 
after-elfect is independent of the changes in apparent- 
size. This result is contrary to the behaviour of the size 
of visual field defects arising from lesions in the visual 
cortes'®. Instead, the invariance of the spatial extent 
of the motion after-effeet with changes in convergence 
suggests that the measurements of the motion alter-effeet 
used a pathway from the retina which did not include the 
geniculo-striate system. The site of the motion after- 
effeet would then be restricted either to the retina itself 
or to the midbrain. The inter-ocular transfer of the 
effect, however, has already eliminated the retina as 
a possible site’*. Thus the most likely location for the 
motion after-effect in man would be the most prominent 
midbrain structure receiving retinal input, the superior 
colliculus. 















Table 1. CHANGES IN APPARENT-SIZE AND SIZE OF MAE 


Change in Projected diameter of movement after-eflect, deg. 





apparent- Exposure diste Mean 
Subject size ance (em): 200 200 25 oo ratio 
{200 em/ Test distance (25 em/ 
25 em) (em); 200 35 200 200 em) 
MA. 47 A] 34 
Lt. Be? By 3:3 
RG. 4-0 37 34 
L. H. 36 3-0 40 
RP. 2 31 30 
W.R. 33 33 B4 
RS. 32 34 37 
Means 
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Effects of an Imprinting Procedure on 
Regional Incorporation of Tritiated 
Lysine into Protein of Chick Brain 

In many different animals and in a variety of circum- 
stances, the rates of protein and RNA synthesis m the 
central nervous system seem to be affected by environ- 


mental stimulation!" although this re lationship i is not well 
defined. One promising situation which may help to 
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clarify the relations is found shortly after hatching in 
many precocial birds. At this stage environmental stimuli 
can exert a long term effect on social behaviour. The 
process by w hich a bird's preterence for a particular object 
becomes restricted to that object is known as ‘‘imprint- 
ing’), The situation ts admittedly complicated in that 
any effects of experience on the nervous system are 
superimposed on maturational changes that proceed in 
the absence of such experience. Nevertheless, potential 
advantages of the imprinting situation are that the pre- 
vious experience of the animal is very limited, the initial 
ges of the lcarnmg process are rapid and, in the absence 
of appropriate stimulation, the development of a pre- 
ference can be delayed. Here we describe the effects of 
visual expe rience in the imprinting situation a the in- 
corporation of tritiated lysine mto protein of different 
regions of the chick’s brain. 

Mix batches of Chunky chicks were hatched and kept ina 
dark incubator until the start of the experiment. 











8 








Because 
the readiness with which birds can be imprinted is de- 
pendent on maturational agent, half the chicks were 
drawn from the early part of the hateh and half from the 
late part. The early birds hatched 6-9 h before the peal 
period of hatching and the late birds hatched 6-9 h after- 
wards. Eighteen chicks were drawn from each of the 
batches and were equally distributed imto three groups 
(experimental, ight control, dark control). Experiments 
were begun 14-19 h after hatching. 





r 





Table 1. SUMMARY OF TREATM 
AND DARK CONTRUL GROUP 






TS OF EXPERIMENTAL, 
IMMEDIATELY BY 


LIGHT CONTROL, 
PORE RILLING 





Length of each 


condition (min) 10 pi 45 40 = 








i rimental Initial Flashing Weighand Flashing Darkin- 
oup test inject ght enbafor 
Light control Litpen Lifpen Weighand Litpen Dark in- 
group inject eubator 
Dark control Dark Dark WwW rih and Dark Darkin- Test 
group pen pen pen cubator 
Temperature 2541-5 3042 B02 3521 A eID: 





CE) 


The design of the experiment and the time of testing 
and exposure to one of the three conditions are shown in 
Table 1. In an initial test, measurements were made of 
the d with which each experimental chick approached 
a flashing light. This light had been found highly effective 
as an imprinting stimulus in other experiments’. After 
the test cach chick was exposed alone to an identical 
flashing light for 60 min at the end of which it was weighed 
and received an intracardiac injection of œl ml. Locke 
solution containing 20 uCi of Iysine-4.5-T. A few chicks 
received faulty injections and were discarded. 

Tmmediately after injection the chiek was exposed to 
the flashing light for a further 45 min. After 40 min in a 
dark incubator the time taken by the chick to approach 
the flashing light was again r recorded. It may be reasonably 
inferred from other data that they had developed a 
preference for the flashing lighte®7, and in the final 
test all except two experimental chieks approached it 
more quickly than in the initial test (sign test P < 00001). 

Treatments a: by the control groups are out- 
lined in Table 1. Each bird in the light control group was 
isolated in a pen illuminated by a single 60 W bulb hanging 
2m above it. The chicks of the dark control group were 
isolated in pens covered with black cloth. Chicks from 
all three groups were moved, weighed and injected in the 
same way. ‘This was done in the dark or under a dim 
green light. 

After the speed with which it approached the flashing 
light had been measured, each chick was decapitated. The 
brain was removed and three regions dissected out 
(midbrain, forebrain roof and forebrain base). The brain 
samples and a piece of liver tissue were placed in individual 
pots and frozen on dry ice. 

The methods of preparing 
acid insoluble 




















the samples and measuring 
radioactivity have been deseribed else- 
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where®*, Results were expressed as d.p.m./mg protein 
(specific activity). The figures were corrected to a 
standard body weight of 50g. These measures refer to 
incorporation of radioactive amino-acid into acid-insoluble 
substances, largely protein; they reflect, but do not 
accurately measure. protein synthesis per se. 

To eliminate variability between batehes, the specific 
activity of each sample of tissue in a batch was divided 
by the mean for all brain samples in that batch. The 
results are therefore standardized and expressed as per- 

centages of the overall mean. Fig. 1 gives the mean values 
and standard errors of the standardized specific activities 
(s.s.a.) for different regions of the brain after each treat- 
ment. 
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Fig. 1. Means and standard errors of standardized specific activities of 

acid precipitable protein fram the forebrain roofs, forebrain bases and 

mid-brains of differently treated chicks. Early and late hatching experi- 

mental (2, hatehed columns), light control CL) and rk control (D) 

chicks were injected with tritiated lysine. Sample sare indicated 
below each column. 
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In the early hatchers the mean value of the s.s.a. for 
the forebrain roofs of the experimental birds is significantly 
greater than for those of the two control groups (d= 2-02, 
P <0: 05). The early hatching experimental group did 
not differ statistic ally from the control groups in the other 
brain regions or in the liver; and none of the differences 
between the late hatching groups is statistically significant. 
Considering all the results, the values of the s.s.a. in the 
roof region are significantly greater than those in the 
forebrain base (sign test P <0 0001) and the values in the 
base are significantly greater than those in the mid-brain 
(sign test P< 0-0001). Tt is therefore noteworthy that the 
effects of exposure to a flashing light are only detectable in 
the region where incorporation is greatest. 

The effects of exposure to a flashing light on the in- 
corporation of an amino-acid into protein in the forebrain 
roof of early hatching chicks may, of course, be non- 
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specific. For example, the results could be due to the 
different amounts of visual stimulation. On the other 
hand, the light control group exposed to patterned visual 
stimuli did not differ from the dark control group. More- 
over, the effect on the experimental e hicks seers to depend 
on maturational age as does the imprinting process. The 
possibility that the difference between early hatching 
experimental and control chicks was caused by other 
non-specific factors such as motor activity is being 
investigated. 

We thank Mrs A. Horn for help and discussion and Mr 
A. K. Sinha for technical assistance. This work was sup- 
ported by a grant from the Agricultural Research Council 
to P. P.G. B. and one from the US Publie Health Service 
to G. H. 
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Evidence for a Function for the 
UAA Codon in vivo 


Tue three known and well characterized 
pressors' are almost certainly transfer R 
single base substitutions in their anticodons, the altered 
odon being the complement to the amber codon 
Gj. Studies on the conversion of these amber 

rs to ochre suppressors, presumed still to be 
g i ast 
ase three ochre suppressors are probably also transfer 
RNAs with altered auticodons®-*, As a result of previous 
work, we had at our disposal cells containing no suppressor 
(au~), a class 1 amber suppressor presumed to insert serine, 
and a class 1 ochre suppressor also presumed to insert 
serine. Cells containing a class 1 amber suppressor were 
derived from an su~ parent cell, probably by a single base 
change in the DNA information specify ng the anticedon 
of a seryl-transfer RNA. Cells containing a class | ochre 
suppressor were derived from cells containing a class 1 
amber suppressor by suppressor conversion’. The growth 
characteristics of su~ cells and cells containing a class 
amber sup sor are always similar, and differ from those 
for cells containing a class 1 ochre suppre The latter 
cells usually have reduced growth rates. support the 
growth of a smaller number of amber mutants of T 
phage, and give rise to reduced burst sizes of T+. TH 
effects of the presence of an ochre suppressor could re sult 
from anticodon-eodon (UUA-UAA) interactions if UAA 
codons are normally ona as chain terminators during 
translation. 


amber 
As altered by 


sup- 
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Fig. 1. -Galactosidase (a) and transacetylase activities (b) for erude 

extracts from cells containing no suppressor (@), a class 1 amber sup- 

pressor (O), or a class 1 ochre suppressor (+). The increases in OD per 

mz of protein in the extracts are plotted as a finetion of substrate- 

extract reaction times. Cell growth and assay conditions are described 
in the footnote to Table 1, 


To characterize further cells containing an ochre sup- 
pressor. we assayed the activities of 6-galactosidase and 
thiogalactoside transacetylase, two enzymes of the lactose 
(lac) operon, coded in a single messenger RNA (mRNA). 
in erude extracts from the three types of cells listed here. 
All three types of cells appear to be lact, but they do 
contain nonsense mutations in a lew gene (UAG) and a 
tyr gene (UAA). Cultures were grown, colleeted and 
assayed for enzyme activities as described in Fig. 1 and 
Table 1. Fig. la shows the increase in optical density 
(OD) at 420 mmicrons resulting from §8-galactosidase 
activity as a function of reaction time for extracts from 
induced cells containing no suppressor (WU36-10), a 
class 1 amber suppressor (WU36-10-4a), and a class 1 
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ochre suppressor (WU36-10-4a-1), and Fig. 1b shows the 
increase in OD at 412 mmicrons resulting from thio- 
galactoside transacetylase activity for the same cell 
extracts. The data in both figures show that the extracts 
from cells containing an ochre suppressor have approxi- 
mately one-half the enzyme activities in the extracts 
from the other cells. Data from several experiments are 
summarized in Tables 1, 2 and 3. In Table 1, the average 
number of enzyme units as defined by Appel et al.” per 
mg of protein is given, the number in parentheses referring 
to the number of experiments used to obtain the average. 
Four experiments have also been performed using a 
mutant of WU36-10 containing a UGA codon and a 
spontaneous revertant of this mutant containing a UGA 
suppressor. There was little, if any, difference in the 
6-galactosidase activity per mg of protein. These experi- 





Table 1. ENZYME UNITS/MG PROTEIN IN CRUDE EXTRACTS FROM OBLLS 
CONTAINING NO SUPPRESSOR, A CLASS 1 AMBER SUPPRESSOR, OR A CLASS 1 
OCHRE SUPPRESSOR 


Enzyme units/mg protein 





. WUd8- 
Enzyme Growth WU36-10 WU36-10-4a 10-4a-1 
medium (su~) (class 1 am) (class 1 o0) 
b-Galactosidase AL-GH (13)* 5,280 (10)* 5,410 (12)* 2,840 
-Galactosidase Al-G (8)* 6,470 (11)* 5,350 (10)* 3,480 
ß-Galactosidase A1-GH (4)* 79 {(3)* 70 (4)* 22 
(uninduced) 
Transacetylase  AL-GH (5 11-6 (7) 104 (4)* 55 
Transacetylase  Al-G (7)* 122 (7)* 105 ay 45 





* Number of independent, experiments. In most cases one standard 
deviation corresponds to 10-15 per cent of the number of enzyme units/mg 
protein listed In the table. 


Experimental cultures were grown in Al medium! in which glucose was 
replaced by glycerol at 10 ml./l. of growth medium (A1-G), The medium was 
supplemented with leucine and tyrosine for WU36-10, tyrosine for WU36- 
tO-da, and leucine for WU36-10-da-l at final concentrations of 20 mg/l. 
For Al-GH, the medium was further supplemented with casamino-acids at 
7 L, tryptophan and cysteine at 20 mg/L, adenosine, guanosine, uridine 
i cytidine at 50 mg/L, and thymidine at 10 mg/l. For induced enltures, 
isopropyl -p-thiogalactopyranoside (FPTG) was added at 140 mg/l. Timely 














10 ml. experimental cultures were inoculated with about 10° cells/ml, 
collected at about ġ x 10° cells/ml. by centrifagation or filtration, washed and 






resuspended in 4 ml. of 0-05 M tris, pH 7-8. Growth was followed using a 
Conlter counter. The doubling times were about 27 min for WU36-10 and 
WU36-10-4a and 50 min for WU36-10-4a-1 in A1-GH medium, as compared 
with 60-70 min for WU8e-10 and WU36-10-4a and 90-100 min for WE36- 
10-44-L in Al-G medium, 








Cells were passed through a French pressure cell, the debris sedimented 
and the sapernatant ived for enzyme activity. For alactosidase 
assays, the crude extra e diluted about five-fold in 0:05 M tris buffer, 
pit 7-8. and 0-1 ml. of this was added to 0-9 mL of assay medium’ (mereapto- 
ethanol was at 10° M and o-nitrophenyl-8-p-galactopyranoside was added 
at a concentration of 83x 10-4 M). For the transacetylase assay 0-1 ml. of 
undituted extract was added to 0-4 mi. of assay medium’. The increase in 
OD was followed by using a Beckman DU spectrophotometer sot at 420 
mmierons to measure f-galactosidase activity’ and 412 mmicrons fo measure 
thiogalactoside transacetvlase activity’.  Cuvettes were maintained at 
95° 2C, The concentration of total protein in extracts was measured 
hy the method of Lowry ef ai." using fraction ¥ of bovine seram albumin 
as a standard. 



























Table 2, RELATIVE AMOUNTS OF ENZYMES EXTRACTED FROM CELLS CON- 
NING NO SUPPRESSOR (WU36-10), CLASS 1 AM SUPPRESSOR (WU36-10-4a) 
OR A CLASS 1 OC SUPPRESSOR (WU86-10-4a-1) 





Relative engyme activities 


Enzyme Growth tper cent) 


medium Class 1 am Class 1 oe 
P-Galactosidase ALGH 103 Sad 
-Galactosidase AL-G 83 54 
Transacetylase AL-GH 90 48 
Transacetylase ALG &6 37 


The percentages are obtained from the enzyme units/mg protein shown in 
Table 1. The numbers for WU36-10 are always taken as 100 per cent, 


THE AMOUNT CF TRANSACETYLASE RELATIVE TO f-GATACTOSIDASE 

~ CELLS (WU36-10) AND THOSE CONTAINING EITHER 

R (WU36-10-4a) OR A CLASS 1 OCHRE SUPPRESSOR 
(WU86-10-4a-1) 


Table 3. 
IN CRUDE EXTRACTS OF 
A CLASS 1 AMBER SUPP 












Transacetylase/-aalactosidase 





Growth WU36-10 WU36- 10-40 WH S6-10-d4a-1 
(suv) (class 1 am) (elass 1 ot) 

A1-GH 0-0022 00019 00020 

Al-G 06-0019 00020 0:0013 


The numbers are obtained from the enzyme units/mg protein shown in 
Table 1. 
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ments, however, need to be repeated using a class 1 UGA 
suppressor converted from a class 1 ochre suppressor. 
Table 1 also shows data for 8-galactosidase activity for 
crude extracts obtained from uninduced cultures. Enzyme 
activities from Table l are expressed as percentages 
(taking the activity of su- extracts as 100 per cent) in 
Table 2, and the relative amounts of transacetylase to 
6-galactosidase are shown in Table 3 for the three cell 
types used. 

Because we believe that the class 1 ochre suppressor is a 
transfer RNA with an altered anticodon®, rather than 
another altered cell component affecting the fidelity of 
translation'?:4, we conclude that the reduced enzyme 
specifie activity is caused by the translation of UAA 
codons by the ochre suppressor transfer RNA. This 
indicates that UAA codons exist in the lac operon and 
appear to perform a role in protein synthesis, perhaps as 
ehain terminating codons. If UAA is a normal chain 
terminating codon, then amino-acid insertion in response 
to UAA codons in the lac operon could result in reduced 
enzyme activities. In addition, proteins such as nucleic 
acid polymerases, charging enzymes and ribosomal pro- 
teins altered by the same mechanism could affect transla- 
tion of all mRNAs and amplify ochre suppression, Finally. 
if a stable peptidyl-tRNA-ribosome-mRNA complex were 
formed as a result of reeognition of UAA by an ochre 
suppressor, it could prevent polypeptide release and 
thereby affect succeeding ribosomes. These ribosomes 
with incomplete peptidyl-¢RNA complexes could pile up 
behind the stable complex at the 3° end of the mRNA, 
also causing an amplification of a low efficiency of amino- 
acid insertion by the ochre suppressor transfer RNA. 

Capeechi' (see also Bretscher'*) has shown in vitro that. 
a specific release factor causes polypeptide chain termina- 
tion at the site of a UAG codon. More recently, Scolnick 
et al? have fractionated this factor into two components 
and have shown that one component stimulates the release 
of formyl methionine from an f-met-tRNA,-AUG -ribosome 
complex in the presence of either UAA or UGA codons 
and the other stimulates the same reaction in the presence 
of either UAA or UAG codons. Only the UAA codon is 
recognized by both release factor components. Because 
release factors and ochre suppressor transfer RNA both 
appear to recognize UAA codons, it is expected that they 
would act competitively. In conjunction with the frequent 
occurrence of UAA codons as normal chain terminators 
this might account for the apparent low efficiency with 
which ochre suppressors overcome chain termination’ m 
cells containing amber or ochre nonsense mutations. 

This research was supported by the US National 
Aeronautics and Space Administration. We thank Profes- 
sor E. C. Pollard and Merton Sclair for discussions and 
Mrs Helen P. Newton for help with the experiments. 
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Infrared Spectrum of an Anticodon 
Fragment of a Transfer RNA 


WE have observed the infrared spectrum of a fragment 
of a transfer RNA (RNA) in aqueous solution and 
obtained evidence for the existence of the hydrogen- 
bonded base pairs. 

The nonadecanucleotide fragment of formyl-methionine 
tRNA, URNAM?) from Escherichia coli, which contains 
the anticodon'! was obtained from a partial digest of 
the {RNA with ribonuclease T, by ‘DEAE-Sephadex’ 
column chromatography*®. The “Fraction K'* is almost 
pure (>90 per cent) nonadecanucleotide, For our 
infrared study, “Fraction K” was dialysed against 
0-001 M sodium cacodylate solution. and then lyophilized. 
About 100 pg of the product was dissolved in 1/200 ral, 
of deuterium oxide with 0-5 M NaCl+0-025 M sodium 
cacodylate (pD 7-5), and the solution was placed in a cell 
with CaF, windows (optical path length = 60 microns). 
This was mounted on a Perkin-Elmer 621 spectrophote- 
meter, and the infrared absorption rneasurement was 
made in the 1,500-1,750 em~ region at various tempera- 
tures. A scale-expander, X2, was used for the per cent 
transmission scale. The noise in the absorption measure- 
ment was smaller than 1/20 of the maximum absorption. 

The left half of Fig. 1 shows the measurement. Tho 
calculated spectra given in the right half of the figure 
were obtained from published spectra of poly(A +U), 
poly(G+C), AMP, UMP, GMP and CMP? (we thank 
Dr Thomas for showing his results before publication). 
It is now well established that the infrared absorptions 
of a nucleic acid in D,O in this spectral region are solely 
caused by the base residues. Different base residues 
give absorptions quite different from one another. In 
addition, the positions and relative intensities of the 
absorption bands depend on whether the base residue 
in question is involved in a hydrogen-bonded base pair 
or is free from such pairing. The infrared bands are not 
sensitive, however, to the vertical staking interaction 
of the base residues. Thus an infrared spectrum is a 
good method for estimating the amounts of base paired 
and free bases in a sample of nucleic acid’ *, 

A comparison of the observed and caleulated spectra 
in Fig. I indicates that the anticodon, fragment of (RNA 
has three or four GC base pairs at 35°-50° C, only two at 
63° C, only one at 76° C, and no base pair at 80° C. The 
number of the AU base pairs would be small, only one 
if any. If there were more than one AU base pair, there 
should be an appreciably strong absorption peak at 
1,670 cm~ as well as at 1,690 em~, but we failed to find an 
appreciable peak at 1,670 em. 

There is as yet no direct evidence of the existence of 
the “anticodon loop’ in a {RNA molecule, Our RNA 
fragment, however, has three or four GC pairs and no, 
or almost one, AU pair, and the proposed “anticodon 
loop” structure (Fig. 2) has four GC and one AU pairs’. 
We cannot yet eliminate the possibility that the base pairs 
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Book Reviews 


SOLVING DISPUTES 


Conflict and Communication 
The Use of Controlled Communication in International 


Relations. By John W. Burton. Pp. xvii+ 246. (Mac- 
millan; London, June 1969.) 46s. 
Irv is the essence of the scientific method that, where 


conclusions are based on experiment, such experiment 
should be capable of description in such a way that its 
validity can be tested, either by repeating the experiment 
or by testing its compatibility with other known facts or 
principles. It is only when we come to the behavioural 
sciences that we are asked to take things wholly on trust. 
We are told here that representatives” of parties to three 
international conflicts agreed to discuss their differences 
in the presence of a panel of social scientists with no 
specialized knowledge of the issues involved, and that as 
a result it became clear that this method enables inter- 
national conflicts to be transeended through the pro- 
tagonists realizing the subjectivity of their own position, 
and the desirability of finding their own peaceable solu- 
tions. 

Because we are not told which countries were involved 
or the nature of the disputes subjected to this treatment. 
(because of the necessary confidentiality of the proceed- 
ings), we have no means of Judging the claims made for 

“eontrolled communication” as a method of resolving 
international disputes. We are left with the theoretical 
approach which underlies the use of such techniques and 
which involves the assumption that all international 
disputes are based on misconceptions caused by imperfect. 
communication, and that all “coercive” methods of solving 
disputes whether through judicial action, arbitration or 
the institutions of collective security——universalist or 
partial—are harmful. Other critics of international law 
have argued that it must fall short of domestic law for 
lack of certainty and because of the difficulty of sanctions. 
Burton repudiates domestic law itself in favour of “socio- 
logical” methods of dealing with offenders and therefore 
international law as well. 

At first sight, all this might seem simply a method of 
stating the familiar arguments in favour of permissiveness 
and non-violence in pseudo-scientific language; harmless 
enough. But when one comes to the occasional illustra- 
tion of the argument which is drawn from the real world, 
one becomes aware that the drift of the book is quite 
different. The basic assumptions turn out to be those 
familiar on the extreme left; “‘anti-colonialism” (“wars 
of liberation” are all right); anti-Americanism (the 
relations between the United States and its allies are 
equated with those between the Soviet Union and the other 
members of the Warsaw Pact-——did someone mention 
Czechoslovakia ? Not Burton); in the Middle East, 
pro-Arab and anti-Israel. There is an aecount of what 
Colonel Nasser allegedly intended by the action that 
precipitated the June war which omits the central feature 
of his thinking, the intention to destroy the State of 
Israel. 

In-other words, what the West is asked to do in the name 
of theories supported by unexaminable experiments is 
to destroy its own defences and its belief in an inter- 
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national order ultimately subject to governance by law. 
If this is what “behavioural science” comes to, give me 
straightforward and overt Soviet propaganda TY 
time ! Max BreLorr 
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CHILD DELINQUENTS 


Social Class and Delinquency 
By Lynn McDonald. (Society Today and Tomorrow.) 
Pp. 240. (Faber: London, April 1969.) 55s. 


In some American surveys, using anonymously completed 
questionnaires about delinquency, middle class boys have 
confidentially reported as many infractions as have 
working class boys. It could be that the lower incidence 
of prosecutions among the middle classes is not the result 
of better conduct but is the result of the middle class 
parent’s ability to circumvent police action. This impor- 
tant book describes a British survey designed to collect 
data on social class and delinquency of both the self 
admitted and the officially recorded variety. 

Some nine hundred fourth form boys from four grammar 
and eight secondary modern schools--taken from four 
neighbourhoods of contrasting social class composition--- 
were asked to fill in a 102 item questionnaire. Most of the 
questions were concerned with how often the boy had com- 
mitted various items of misconduct or law breaking, but 
some asked for particulars of parents’ occupation amd 
education from which their social class could be ascer- 
tained. 

Dr McDonald admits the necessity to “help” the less 
literate boys to fill in the questionnaire, and also to visit 
each school more than once in order to pick up absentees. 
Even so, there was a 6 per cent loss of response caused by 
absenteeism. For most analyses, the boys were allocated 
to lower-middle, upper-working or lower- working classes 
according to the position of their father’s job on the 
Registrar General’s Classification (RG HI non-manual 
and IV non-manual were called lower-middle; RG II 
manual and TIT manual were called upper-working). 
Mother’s occupation was used where father’s was not 
recorded. The numbers of appearances at juvenile courts 
of all boys from the survey schools over a two year period 
were obtained from children’s departments. The social 
class distribution of each school population was obtamed 
from the questionnaire inquiry. 

There were increasing proportions of self admissiens in 
response to the questionnaire as social levels were descen- 
ded. This held true for all categories of offences, but was 
particularly marked for violence and damage offences. 
The court appearances also showed significantly increased 
incidence at lower social levels. Analysis showed that some 
variation was the result of neighbourhood and type of 
school, but class membership was the dominant factor in 
both self admitted and officially recorded delinquency. 
Once social class membership was allowed for, certain 
factors commonly thought to be important, such as 
broken homes, working mothers, number of siblings, club 
membership and religious affiliation, failed to show any 
significant association with delinquency admission rates 
(page 168). 

Such findings have obvious theoretical implications, 
but they need to be interpreted cautiously. Social class, 
as commonly understood, is a constellation of job, income, 
status, social attitude, education, manners, and style of 
living. The class of father’s job is a useful index, or point 
of entry, to this constellation, but the causative factors 
involved are extremely complex. Social class member- 
ship is only partly determined by the accident of birth and 
economic opportunity, the temperament and ability of 
parents, and their attitudes to child rearing. are all part 
of the constellation. Tt may be just because social class 
represents an amalgam of many causative factors that it 
has such a close correlation with delinquency. 

A null result, especially one that contradicts previous 
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findings, raises questions but hardly settles controversies. 
One suspects that broken homes, for instance, do have an 
effect, especially where the break is caused by divorce or 
desertion rather than death, and especially at middle class 
social levels, where both breaks and delinquency are 
relatively less common. But it would have needed a 
bigger sample and further analysis to investigate such 
questions. 

Dr MeDonald’s concluding discussion of the defects of 
the educational system, and the need to challenge teachers’ 
assumptions about the proportion of educational failures 
to be expected among working class children, is eminently 
sensible, but not very closely related to ber research 
results. Her experience of the unwillingness of educational 
authorities to permit investigation of important questions 
for fear of embarrassment or complaint will be appreciated 
by many other research workers. It is a problem that 
needs more open discussion, It is interesting that an 
author with such well developed egalitarian sentiments, 
and so much sympathy with the problems of the socially 
disadvantaged, should have suceeeded in producing good 
evidence that, after all, lower class boys are less well 
behaved. D. J. WEST 








CHILDREN OBSERVED 


Attachment and Loss 

Vol. 1: Attachment. By Jobn Bowlby. (The Inter- 
national Psycho-Analytical Library, No. 79.) Pp. xx + 428. 
(Hogarth: London. Published for the Institute of 
Psycho-Analysis, May 1969.) 63s. 

ExrLoriNe the nature of a child’s tie to his mother and 
the consequences for his development of disrupting it in 
childhood has become John Bowlby’s main life work. This 
volume states his views clearly and systematically. It is a 
major contribution to the study of child development. He 
reviews relevant aspects of the new science of ethology 
which he uses to order the data and presents a number of 
major revisions of psychoanalytic theory necessitated by 
new observations of young children and their mothers. 

Freuds metapsychology borrowed concepts from 
nineteenth century physics to create a model for mental 
activity based on a hypothetical psychic energy and its 
vicissitudes as it sought discharge. Bowlby’s model uses 
concepts of “behavioral stems and their control, of 
information, negative feedback, and a behavioral form 
of homeostasis” and concepts of evolution theory which 
have been useful in studying the behaviour of many other 
animals and in terms of which their similarities to human 
behaviour are evident, especially the mother—infant 
relations of those great apes which are our closest cousins. 
He takes pains to emphasize the capacity of the new 
instinet theory to include the central clinical findings of 
psychoanalysi “the role of unconscious mental pro- 
cesses, repression as a process actively keeping them 
anconscious, transference as a main determinant of 
behavior, the origin of neurosis in infantile trauma”. His 
theory is stated in a testable form and is closely tied to 
observable events. 

By taking as units of study various social behaviour 
sequenees which have evolved because they have survival 
value for the species, and which are activated and termin- 
ated by specific events and also shaped by learning, 
Bowlby elegantly avoids both the problems which arise 
from exclusive emphasis on a totally innate development 
which unfolds unrelated to environmental conditions and 
the problems of extreme behaviourism which suggests a 
totally plastic man. The pseudo-problems of a mind-body 
schism do not arise, because in his view mental events, 
including feelings, are aspects of appraisal processes 
which are constantly taking place in feedback-correeted 
behavioural systems. 

He reviews abundant evidence which supports his state- 
ment that the infant's attachment to his mother is not 
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largely the result of her satisfying his “oral drive” by 
feeding him, but arises from many component instinctive 
social behaviours which affect his mother and elicit: 
contact with her, such as looking into her eyes, erying, 
smiling, elinging, bebbling and, at older ages, distress 
when she leaves and efforts to follow her—-.o whieh his 
mother responds by picking him up, smiling at him, 
rocking hirn, looking at hin, talking to him, and playing 
with him, te their mutual delight. “Cupboard love” is not 
a regression but a deviant Ime of development, He dis- 
tinguishes progressive stages in the development of 
attachment behaviour from early infancy into the pre- 
school years. Pathological development resulting from 
loss of the mother will be diseussed in the companion 
volume to follow. 

Bowlby’s ideas have already stimulated many fruitful 
observational studies of young children, and he mdientes 
areas in need of more research. Clinical work in psycho- 
analysis will surely benefit as psychoanalysts assimilate 
these new observations and consider afresh their clinical 
observations relating to attachment behaviour. Mothers 
and those who advise them would do well to know that 
when mothering is an accurate response to the child’s 
communication, he will not be spoilt by being given too 
much. “In an ordinery family in which a mother is cering 
for her child, no harm comes to him when she gives him as 
much of her presence and attention as he seems to want. 
Thus, in regard to mothering—-as to food—-a child scems to 
be so made thet, if from the first permitted to decide, he 
can satisfactorily regulate his own ‘mtake’.” In this there 
seems to be firm agreement between child observation and 
the views of object-relations theorists such as Winnicott. 
Balint, Fairbairn and Guntrip, who relate pre-Oedipal 
psychopathology to early frustration (privation or 
deprivation) of attachment needs. 

There are over 300 references to the literature of child 
observation, ethology and psychoanalysis. 

Events of the pre-verbal period of childhood, so crucial 
for human development, we once thought to be unreach- 
able by psychoanalytic methods because of an emphasis on 
verbalization of memories. Bowlby’s view makes theoreti- 
cal sense of the clinical observation that when attention is 
paid to the transference expressions of styles of attach- 
ment behaviour and the image of the other person's 
expected responses they imply, the current residues of 
these early experiences can be brought into the dialogue. 
As Bowlby concludes, “The truth is that the least studied 
phase of human development remains the phase during 
which a child is acquiring all that makes him most 
distinetively haman. Here is still a continent to conquer”. 

LEONARD J. FRIEDMAN 












THOUGHTS ON SOCIOLOGY 


The Logic of Social Inquiry 
By Scott Greer. Pp. xii + 232. 
1969.) $5.95. 

CONTEMPORARY social scientists have to wend their way 
between the Seylla of descriptive banality and the Charyb- 
dis of policy-oriented research, The former is, perhaps, a 
peculiar danger for American social scientists, some of 
whom are rapidly destroying the subject by turning it 
into an unreflective empirical and quantified study; the 
latter is a danger to much British sociology which seeks 
to render the subject an adjunct merely of political 
administration. It is therefore important that sociologists 
and social psychologists pause to reflect on the nature of 
their activities, the possibility and potentiality of social 
science, and its philosophical underpinning. In this 
book, the American urban sociologist, Scott Greer, dis- 
cusses these things with considerable felicity. His writing 
reveals that tolerant but confident detachment for which 
Texans are noted. He approaches his subject with the 
love and familiarity of a devoted researcher. He offers 
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his readers many ideas to think about, not all of them 
popular, but all dexcrving of attention. 

Greer is not altogether impressed by empiricism. His 
thought, which owes much to the late A. N. Whitehead, 
shows him to be uneasy about the philosophical poverty 
of modern science, in spite of the rich harvest that has 
been garnered as a result of sheer empiricism. In social 
cience, however, the harvest is better when conceptual 
thought has preceded data collection than when research 
has merely relied on empirical techniques. It is discussion 
of such conceptual thought which engages his attention. 
Much of what he says is not new, but it does bear repeti- 
tion. His book is divided into four parts, treating respec- 
tively the “Scientific Position”, “Abstraction and Innova- 
tion”, “A Working Definition” and “Social Science and 
Values”. 

A book such as this is mainly written for the professional 
social scientist teaching methods of enquiry; this raises 
the question of the pedagogical function of the subject. 
We live in an age when people are more selfconscious 
about their society than they were, an age which requires 
more and more deliberate thought about social processes. 
A social science which teaches merely empirical research 
techniques, valuable and useful though these may be, 
will fail to meet the needs of the times. It is precisely the 
training of young minds to think in a disciplined but 
imaginative way about social struetures and processes 
that is important. We must apply scientific method to 
social studies without being besotted by a scientistic 
philosophy and pragmatism. As the author says: “No 
one lives by science but nobody lives without it The 
task of social science is an immense one. Properly 
developed, it ean do much, but there are some things it 
eannot do. It cannot judge on policy matters, although 
it may do much to inform such judgments. It cannot 
provide a Weltanschauung, but it can enlarge our ideas, 
deepen our understanding and enable us to avoid uttering 
silly, muddle-headed and dangerous remarks about human 
behaviour. 

The Logie of Social Inquiry contains some nice epigrams, 
a few unnecessary neologisms, for example, “fleshed”, 
“diagrammed”, “patterned’ > (verbs) and ‘‘dramatistic’’, 
and it is written in that slightly mannered style which 
some American scholars affect, but the contents are a 
useful corrective to the nonsense written about two 
cultures. Social science is a major contribution to the 
culture of modern man, although Lord Snow and some 
others seem to have overlooked its significance. 

G. Duncan MITCHELL 
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BACKWARDNESS IN READING 


Patterns of Impairment in Specific Reading Disability 

A Neuropsy chological Investigation. By Donald G. 
Doehring. Pp. xii+ 193. (Indiana University Press 
Bloomington and London, February 1969.) 51s paper. 


SEVERE backwardness in reading in children of otherwise 
normal intelligence was first described by Hinshelwood in 
1895. In accordance with the neurology of the time, he 
regarded it as analogous to alexia in the adult and attri- 
buted it to defective development of the angular gyrus 
and related areas of the left cerebral hemisphere. Although 
the dependence of what came to be called ‘congenital 
word-blindness”’ on specifie defect in cerebral structure o 
function has never been unequivocably established, 

is at least clear that there are forms of reading backw a. 
ness that arise neither from Jack of intelligence nor from 
want of opportunity to learn to read. It is to these 
conditions that the term “specific reading disability” (or 
developmental dyslexia) is commonly applied. 

In this monograph, Doehring reports a major investiga- 
tion of dyslexia which he undertook at the Indiana 
University Medical Center, under the aegis of Professor 
A. L. Drew, direetor of the Paediatric Neurology Clinic, 
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and R. M. Reitan, director of the Neurops ry 
Laboratory. He selected a “specifie reading disability 
group” of thirty-nine boys in the 10-14 year age-range 
whose reading attainment was two or more years below 
the expected school grade and with IQ on the Wechsler- 
Bellevue Performance Scale of not less than 90. These 
children were said to be entirely normal from the point 
of view of general physical hes lth, vision and he aring (as 
ordinarily ascertained), psychiatric status and education 
opportunity. Their performance on a wide variety of 
psychological tests was compared with that of a earefully 
matched control group of thirty-nine boys frorn the same 
population whose reading achievument was within the 
normal range and with no history of reading disability. 
All the retarded and more than helf the normal reeders 
were also given a formal neurological examination and 
case history information was obtained by interview. 

Test-by-test statistical comparisons seem to show clearly 
that the disability in the group of backward readers was 
not entirely restricted to reading and spelling. For 
example, performance on tests of defining words (vocabu- 
lary) or rhyming was significantly below that of the group 
of normal readers, as was also performance on certain 
tests of visual perceptual speed. (It is doubtful, however, 
whether the latter have much practical implication.) 
While the pattern of test performance did not entirely 
conform to that observed in brain-injured adults, Doe h- 
ring points out that it did resemble fairly closely that 
observed in adult cases of aphasia complicated by central 
involvement of higher visual processe Some support 
for this view was forthcoming from the findings of neuro- 
logical examination. 

Although Doehring puts forward no new theory, he 
calls attention to a number of points that may prove of 
great value in future research. One is his suggestion that 
a defect in sequential processing may be associated with, 
or even underlie, dyslexia-—a suggestion that has also 
been put forward by workers im this country. alike 
British workers, however, Doehring reports no excess of 
perinatal complications or sinistrality in his group of 
retarded readers but finds some evidence of a familial, 
presumably genetical, factor. 

This monograph makes a most useful contribution to 
our knowledge of backwardness in reading and should be 
carefully studied by all with an interest in this important 
- -though until recently grossly neglected-—field of educa- 
tional research. Although the methodology is severe and 
the deseription of tests so gompuessed: 3 "as to convey 
almost no information to those without previous know- 
ledge, the report is clearly written and its main findings 
are easily understood. It should do much to undermine 
the still widely held belief that backwardness in reading 
is a purely psychological affair that can be understood 
(and treated) without reference to brains ao genes. 

O. L. ZANGWILL 






























BLOOD MARKERS 


Genetic Markers in Human Blood 


By Eloise R. Giblett. Pp. xxvii+ 629. (Blackwell 
(Scientific) : Oxford and Edinburgh, 1969.) 84s. 


A LARGE part of our knowledge of human geneties is 
derived from work on blood, both on the plasma and on its 
formed elements. There have been books on some parts 
of this field, such as the blood groups, the immunoglobu- 
lins, and the haemoglobins; indeed, in the case of haemo- 
globins, for example, there have been monographs on 
special aspects, such as the thalassaemias and methaemo- 
globinaemias. It is therefore a big undertaking to produce 
a representative account of the genetic markers in human 
blood within one volume of some 600 pages. Perhaps 
the fact that Professor Eloise R. Giblett has succeeded in 
doing so has something to do with her having made 
herself or iginal contributions to several of these systems 
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—the haptoglobins, the transferrins, the blood groups and 
the red cell enzymes-—and that she has carried out studies 
in which she has related red cell antigens to other aspects 
of human genetics such as mosaicism and thalassaemia. 
Although some thirty genetic markers of human blood 
are reviewed, this book has succeeded in surveying them in 
a manner which will be useful both to the beginner 
and to the specialist. Where else is there a book where 
one can get a de novo introduction to the subject of 
immunoglobulins, their division into light and heavy 
chains, the genetic basis of their variability, and at the 
same time look up, for example, with which part of the 
haemoglobin molecule the haptoglobins combine ? 

There is not only an account of the genetic markers by 
themselves but the reader will also find a section which 
discusses the contributions these polymorphic systems 
have made to human biology. Mutation mechanisms are 
explained, the genetic code, deletions, unequal crossing 
over, duplication, the molecular organization of poly- 
peptide subunits and the association of oligosaccharide 
subunits with a peptide or lipid “backbone”. X chromo- 
some abnormalities and X chromosome inactivation are 
discussed as well as chimaerism and artificial mosaicism 
arising from transplants or in cell cultures. Other accounts 
similarly excellent are concerned with genetic polymor- 
phism and selection. There is also a most helpful glossary 
which ranges from explaining concepts such as allosteric 
effect in protein to mapping of chromosome meiosis and 
Van der Waals forces. 

The genetic markers in plasma include immunoglobulins 
and their allotypes—the glossary at the end makes it 
quite clear what the term allotype indieates--the trans- 
ferrins, the haptoglobins, group specifice component 
(Ge), the lipoprotein allotypes, the alkaline phosphatases, 
including that of placental origin, and the pseudocholin- 
esterases. There are also briefer accounts of some plasma 
markers, such as albumen and coeruloplasmin, where the 
exploration is only beginning. Of the formed constitu- 
ents of blood the main subjects are the blood groups, the 
haemoglobins including the abnormalities of their synthe- 
sis, the thalassaemias, and the red cell enzymes. Of 
these, the foremost is glucose-6-phosphate-dehydrogenase, 
but shorter chapters are devoted to 6-phosphogluconate- 
dehydrogenase, phosphoglucomutase and adenylate kinase. 
Each chapter is supported by a description of methods 
and by a comprehensive list of references. The possible 
molecular structure is reviewed and the genetics are 
described as well as the geographical contribution. There 
are also sections on methods; these are mostly informative 
rather than detailed, though in the case of the hapto- 
globins the description of starch gel electrophoresis, a 
technique which is common to the investigation of so 
many genetic markers of blood, may well be taken to the 
laboratory and followed there on the bench. It is notable 
that, using seventeen selected blood genetic systems in a 
random sample of western Europeans, one ean now expect, 
that the combined probability that two of these would 
show the same seventeen phenotypes is 2-8 x 10-*! 

The book is well produced with only a few misprints, 
and it contains many carefully thought out illustrations 
and tables. There is a real need for a book of this kind 
and I predict that it will be of interest to a wide cirele of 
biologists from all disciplines. H. LEHMANN 


MICROBIOLOGY 


Bacterial Metabolism 
By H. W. Doelle. Pp. xi+486. (Academie Press: New 
York and London, March 1969.) 135s. 


Bacterial Metabolism was the title of a seminal work by 
the late Marjorie Stephenson, a book which formed the 
foundation of modern microbiology, and of which, I 
am told, the 1946 edition has been reprinted in the United 
States as a classic on the subject. An author who adopts 
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Marjorie Stephenson’s title has a standard to live up to 
and it gives me no pleasure to have to report that Dr 
Doelle’s beok is a resounding failure in this respect. 
Only once before have I had to review a book so fraught 
with errors, omissions and misrepresentations—and I 
am not talking about misprints, which are in fact rather 
few. For example, the terms endothermic and endergonic 
are given as synonymous in the first chapter (on ‘“‘Thermo- 
dynamics of Biological Reactions’); in chapter two 
(“Photosynthesis and Photometabolism”’) van Niels 
unifying picture of the photosynthetic process is absurdly 
misrepresented; in chapter three (‘“Chemosynthesis— 
Anaerobic Respiration’), a discussion of sulphate 
reduction starts off with the false statement that sulphate- 
reducing bacteria are autotrophs and confounds confusion. 
from then on; chapter four (“Chemosynthesis—-Path- 
ways of Carbon Breakdown”) bogs down in metabolic 
pathways without giving the student any idea of their 
significance, then, quite inappropriately, digresses to 
many pages of detailed experimental procedures for 
enzyme assays; chapter five (“Chemosynthesis—Anaero- 
bic Respiration”) takes as the “iron bacteria’? two or- 
ganisms which were unknown when the name was coined 
and dismisses the accepted ones in a short paragraph 
at the end. But to continue this list of random examples 
out of many would be wearisome. Mistakes are human; 
omissions are excusable if the text is clear, logical and 
purposefully selective. Doelle’s book has none of these 
qualities; the absence of logical pattern is illustrated 
by the remaining chapter headings: “‘Chemosynthesis— 
Fermentation”, “Acetic Acid Bacteria’, “Lactic Acid 
Bacteria”, “Pseudomonadaceae”, “Nitrogen Metabolism 
as an Energy Souree for Anaerobic Micro-organisms 
(Clostridium)”. Regulation, permeability, mixotrophy. 
thermophily, nitrogen fixation and many other central 
topics of bacterial metabolism are hardly noticed or are 
omitted altogether; the standard of exposition is poor 
even when the material is correct; I checked a dozen 
references, found that three did not deal with the topics 
for which they were cited and noted (without, by then, 
much surprise) that I was cited as three different indi- 
viduals. Not a book that. one can recommend. 
Joun POSTGATE 


FOUNDATION BIOLOGY 


Textbook of Cytology 

By Walter V. Brown and Eldridge M. Bertke. Pp. 
x+607. (Mosby: Saint Louis, 1969. Distributed in 
Great Britain by Kimpton, London.) 126s. 


As a biochemist I start with some doubts as to my qualifi- 
cations for reviewing a book on cytology. From the 
authors’ preface to this “introductory cytology text” 
I note, however, that they consider cytology to be the 
structural foundation of biology, just as biochemistry is 
the functional foundation. They go on to say that in the 
field of cellular biology structure is function and function 
is structure. In spite of this they aim in their book to 
emphasize structure and variation and to de-emphasize 
the biochemical and physiological aspects. It seems, 
therefore, that the book has been written partly at least 
to complete the education of the biochemist. In these 
circumstances his views may have some relevance. 

The authors rightly provide a good deal of historical 
background and then consider techniques and instrumen- 
tation. There follows a thumb-nail sketch of cell chemis- 
try. This seems to me to be so superficial as to be of little 
value especially when there are so many other small 
books on the subject. After considering the nature of 
protoplasm, each of the various subcellular components 
is dealt with in turn. The final chapters deal with meta- 
phase, mitosis, meiosis, cytogenetics and cytotaxonomy, 
reproductive cells and differentiation. There is in addition 
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a useful glossary and at the end of each chapter there is a 
list of references. 

There is no doubt that this will be a useful book to 
have around, but for the biochemist I think its main value 
will be as a reference book. For students it seems less 
satisfactory, for it is written as an encyclopaedia and is 
neither critical enough nor does it indicate sufficiently 
what is yet to be discovered. Thus the student may 
fail to get the basic facts and to be excited by the subject. 
A few points may indicate what I have in mind. 

In chapter ten, ribosomes are considered and on page 
184 their biological properties are described. It is stated 
that ribosomes from one tissue (heart) can catalyse 
protein synthesis of a kind associated with another organ. 
such as the liver. In the quoted reference no such claim 
is made and indeed this important point concerning the 
universal nature of ribosomes from different tissues has 
not been settled. The piece about mitochondrial RNA 
on page 225 is very muddled and the experiments which 
demonstrate clearly that mitochondria contain ribosomal 
RNA which is typical of 708 rather than 80S ribosomes 
are not mentioned. Moreover, the idea that mitochondrial 
DNA may be required for the synthesis of ATP (page 
229) comes as something of a surprise. The chapter on 
lysosomes seems to me very dull without a deseription 
of their function in the intracellular digestive tract. 
Finally, in the chapter on differentiation, the “Jacob~ 
Monod” scheme is described, but there is no proper eon- 
sideration of the difficulty of applying these ideas to 
explain the phenomenon of differentiation. 

As a biochemist, therefore, I find this book too deserip- 
tive but it is well and profusely illustrated and it will 
certainly be useful. P. N. CAMPBELL 


TESTING DRUGS 


Proving New Drugs 

A Guide to Clinical Trials. By Ben-Zion Taber. Pp. 
xxi+182. (Geron-X: Los Altos, California, 1969.) $12. 
Tue author, who is the medical director of Syntex Labora- 
tories in Palo Alto, intends this book “for all who will 
participate in the complex field of drug investigation”, 
but it is essentially a primer for workers in medical depart- 
ments of American drug firms. After a historical intro- 
duction, here called a preface, the various stages of 
investigation through which a new drug passes are 
clearly described, but with inappropriate pomp and 
dignity. Part one of the book, on the participants in 
clinical trials, begins with a chapter on the pre-clinical 
testing that must precede the first use of a drug in man. 
The second chapter outlines the functions and qualifica- 
tions of the “monitor” (the coordinator and leader) of a 
“new drug investigation program’. There is then a short 
chapter on the statistician’s contribution, written jointly 
by the author and Sheldon Kugler, a biostatistician at 
Syntex. It is very elementary, but concise and lucid. Next, 
the investigator's concerns are discussed, including the 
search for scientific truth, ethical considerations, random- 
ization, informed consent and, writ large, the requirements 
of the Food and Drug Administration. Another chapter 
neatly pinpoints the patient’s dilemma; for example, 
“the research patient is held almost on contractual terms 
to fulfil the study requirements’. The first part ends 
with a summary of the US Food and Drug Regulations 
and how they have developed. Part two of the book 
deals with the various aspects of the clinical study. A 
good chapter on planning and design is followed by a 
fairly comprehensive one distastefully entitled “Protocol 
Package”, the “detailed written program from the 
monitor to his investigator team”. The next chapter, 
“Choosing Investigators’, gives general advice on the 
type of investigator likely to be interested in taking 
part and successful in clinical studies of drugs. There are 
further chapters on “Filing an IND” (application to the 
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FDA for investigational new drug exemption), on how to 
handle the experimental observations, and on reaching 
conclusions. The climax, or anticlimax, of the book is 
“Filing the NDA”, which tells the reader in excruciating 
but very helpful detail how to complete the latest revision 
(1967) of the FDA’s new drug application form. This is 
followed by nine “Exhibits” (appendices) reproducing 
various consent forms and application forms. 

The parts of the book that are not about the FDA are 
casy to read. Clinical investigators of drugs outside the 
pharmaceutical industry will learn from it how the other 
half lives, at least in the United States. 

A. HERXHEIMER 


MERRIFIELD’S METHOD 
Solid Phase Peptide Synthesis 


By John Morrow Stewart and Janis Dillaha Young. 
Pp. xi+103. (W. H. Freeman: San Francisco and 
Folkestone, May 1969.) 48s; $5.00. 

MERRIFIELD’S method of peptide synthesis has excited 
enormous interest in recent years. It offers moleeular 
biologists the hope of preparing artificial proteins by an 
automated process, apparently requiring less chemical 
skill than classical methods. In view of all the successes 
of the new method, culminating in the announcement 
last January of preparation of peptide material built to 
the specification of ribonuclease Æ and possessing sub- 
stantial enzymatic activity, it would be churlish to decry 
its great potential, but it must be remarked that some of 
the current hopes are exaggerated. Thus experienced 
chemists, skilled in the art of conventional peptide synthe- 
sis, have often been unable to obtain pure products using 
the new method. Nevertheless, many scientists will wish 
to use the Merrifield method, and they will find this 
volurne an immense help. 

This book is essentially a practical laboratory manual. 
Every operation, including the highly important ancillary 
preparations of protected amino-acids as starting ma ialis 
and the removal of protecting groups, is clearly described 
in detail. The process of lengthening the peptide chain 
in solid-phase synthesis and the laboratory apparatus for 
manually controlled synthesis are also covered thoroughly. 
The automatic apparatus is only referred to in outline, 
although Stewart is a pioneer in that area, presumably 
because few laboratories would attempt to construct 
it themselves and it will soon be commercially available. 
A very good feature is a list of references to suppliers of 
equipment and materials, their addresses and telephone 
numbers. 

Analytical techniques, important for control of the 
progress of the synthesis, have not been neglected and 
there is an honest treatment of the question of bomo- 
geneity of the product. A more penetrating analysis of 
this question would, however, have been advantageous. 
For example, the statement on page 1 that “all the 
reactions involved in the synthesis can be brought to 
100 per cent completion so that a homogeneous product 
can be obtained” is less than satisfactory. The concept 
of 100 per cent reaction recurs in the book, whereas a 
treatment, along the lines published by Bayer, of the 
connexion between homogeneity and average per cent 
completion of each stage in synthesis would have been 
more helpful. Perhaps I am over anxious, but I fear that 
the literature will be confused with accounts of biological 
and catalytic properties of “compounds” prepared by 
enthusiasts who have disregarded the question of purity. 
A more thorough discussion of the problem in this book 
would have mitigated this risk. The invention of solid 
phase peptide synthesis is rather like that of gunpowder; 
it may be a hberating progressive influence, or it might be 
a cause of chaos. 

Reviewers often comment on value for money, and this 
book might seem short for the price. On the contrary, 
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anyone who uses it as a laboratory manual will recover 
its cost many times over. It is packed with solid data, 
drawn from the authors’ own experience, and it is highly 
recommended as a truly valuable addition to peptide 
literature. G. W. KENNER 


SOUND STUDIES 


Ultrasonics 

Theory and Application. By G. L. Gooberman. Pp. xii+ 
210. (English Universities Press: London. January 1969.) 
45s. 

THE interest in ultrasonics has increased with its widening 
application in industry, oceanology and medicine, and the 
output of books on the subject in recent years has corre- 
spondingly multiplied. 

This latest volume is written by a physicist: operating 
m an electrical engineering department, which should 
qualify him particularly well for the authorship. The first 
fifty pages of the book are devoted to the essential physical 
aspects of the subject and, although sparse in places, 
supply an adequate background for the later chapters. 
The importance of transducers in ultrasonic work is 
recognized by the amount of space devoted to their con- 
sideration and the author’s own interest in high power 
ultrasonics is shown to advantage in chapter five. Chap- 
ters six and seven will be of particular interest. to physicists 
and chemists dealing with relaxation phenomena. One 
chapter is devoted to solids with a brief reference to such 
modern developments as spin waves, while general 
measurement techniques are briefly dealt with in another 
chapter. 

Considering that the full title of the book is “Ultra- 
sonics, Theory and Application”, it is somewhat sur- 
prising that only some dozen pages are devoted to appli- 
cations. Mention is made of Lamb waves, but Rayleigh 
surface waves are omitted somewhat surprisingly, having 
in mind their growing importance in industrial applica- 
tions. Useful lists of references are included at the end of 
each chapter although they tend to omit some of the more 
recent work. The book is quite well produced. the errors 
appear to be few and the author has provided a useful 
basic book for intending workers in the field of ultrasonics. 
R. W. B. STEPHENS 












FUNDAMENTAL DEFICIENCIES 


Fundamentals of Mathematics from an Advanced 
Viewpoint 

By E. G. Kogbetlantz. Vols. 1 and 2: Algebra and 

Analysis-—-Evolution of the Number Concept and Determ- 

inants, Equations, Logarithms. Pp. xiv +547. (Gordon 

and Breach: New York and London, 1968.) n.p. 


Tue introduction to this book, which ranges from ele- 
phants worshipping the Moon to the finite mind of man 
contemplating the infinite, promises a text of unusual 
and diverting content. In a sense one is not mistaken, 
for it includes a continual flow of delicious anecdotes. 
Unfortunately, no amount of rich historical detail can 
make up for the basic mathematical deficiencies which 
may be found. 

Considering the length and title of the book, one might 
reasonably expect a searching analysis of the concept 
of number, and yet the treatment is often vague and 
intuitive. A similar style pervades the second part on 
“Determinants, Equations and Logarithms’ and the 
text is not really advanced, just occasionally obscure. 

There are no exercises to help the reader, nor is there 
an index. The latter deficiency prevents one from tracing 
precise definitions in the text to find out exactly what 
the author is talking about. Possibly this is a calculated 
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davies because I am convinced that such precision is 
often non-existent. 

For example, the author waxes loquacious on th» 
concept of a limit and in an appendix criticizes the 
“usual definition”, but he never really defines his terms. 
Instead he gives a quasi-mystical, pseudo-philosophical 
non-definition in terms of “infinitely small numbers”. 
This idea could be explained in a suitable non-standard 
analysis framework but it proves positively misleading 
here. Precise definitions of continuity and convergence 
cannot bo given and (as the author himself states) 
satisfactory proofs are often impossible. For example, 
the so-called “Rigorous Proof of Euler's Formula” 
(appendix 6) depe implicitly on the notion of continuity 
(a concept not discussed) and also on a non-proof of 
De Moivre’s theorem given on page 220, 

The most insidious factor involved is that some non- 
proofs given may seem convincing to the unprepared 
beginner. This is because certain unstated subtle con- 
ditions cause the result to be true, although the author's 
proof applied in another case lacking these conditions 
could result im nonsense. For example, on page 398 
the author blindly gives a proof that 

lim E ~i D = X ` 
ire n? mao M 








which is equivalent to the statement linany = am implies 
eo OD 
. nr baa 
lim X mn = È am 
noo m= l mel 


Should he care to apply this to the case ama = A he will 
a n 


find that 1=0. D. O. Tatu 


ALGEBRAIC RINGS 


Rings of Operators 
By Irving Kaplansky. (Mathematics Lecture Note 
Series.) Pp. vit 151. (Benjamin: New York and Amster- 
dam, 1968.) $3.95. 


Tms book is a revision of lectures given by Irving 
Kaplansky at the University of Chicago more than ten 
years ago, based on his research into the foundations of the 
theory of von Neumann and related algebras expressed 
abstractly as operator rings. Their appearance in the 
present form is a tribute to the persistent interest in this 
field and te the work of the author. The theory is 
presented in an abstract form; indeed, it is very largely a 
tour de force in the handling of idempotent elements. It 
has roots, however, in the work of J. von Neumann on 
algebras of operators in Hilbert space and in continuous 
geometry. So, unlikely though it seems to be at first: 
reading, the material has naturel applications in theoreti- 
cal physics. 

The first chapter is on Baer rings, in which every 
annihilator ideal has an idempotent generator; these 
originated as endomorphism rings of geometric spaces. 
Even at this level of generality, the five basie sorts of 
order algebras make their appearance and are characterized 
by the behaviours of their sets of idempotents. We move 
nearer to the classical case with the introduction of 
Baer-srings, because an involution is superimposed. 
Here an equivalence, e~ f, is set up between idempotents 
e,f by supposing that e,f generate isomorphie ideals. Then 
axioms A to F are imposed on this relation. The most: 
important one, F, states that “if {e:i} are orthogonal 
projections (idempotents) with least upper bound e; 
{fi} likewise with bound f, and ef=0, ei~fi then e~f”. 
The main work of the book lies in removing the assumption 
ef=0. This result is easier to obtain in a purely infinite 
ring (no central finite idempotents), but the author needs 
additional axioms G or H m order to complete the other 
eases. All axioms hold in the classical examples. 
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Applications appear at the end of the book; a theorem 
shows that the lattice of projections of a finite (type) 
Baer-#ring with the additional axioms is a continuous 
geometry. We are shown how the abstract methods are 
used in the study of von Neumann (W*) algebras and in 
the related class of AW* algebras. This part requires a 
knowledge of the Banach algebra theory, but the rest 
needs only elementary algebra used for sophisticated 
ends. The text has numerous exercises and examples. 

A. W. GOLDIE 


Professor J. B. Speakman 


Wrru the death of John Bamber Speakman on July 5 at 
the age of 71, Britain has lost an outstanding applicd 
scientist. Educated at Leigh Grammar School and 
the University of Manchester, he spent most of his working 
life in the department of textile industries of the Univer- 
sity of Leeds. After his appointment to a lectureship in 
textile chemistry in 1924 he progressed rapidly, being 
made professor and head of the department. of textile 
industries in 1937. Under his direction the department 
acquired an international reputation, and this was largely 
due to the quality of Speakman’s own work. 

His principal concern was the structure and properties 
of wool keratin, and his papers on this subject are now 
regarded as classical by others working in this field. He 
used many novel techniques with great effectiveness. As 
early as 1927, in collaboration with J. Ewles, he used 
X-rays in a study of the fine structure of wool, and the first 
X-ray photograph of wool was shown at the British 
Association meeting held in Leeds in that year. The work 
on X-rays was subsequently taken over by the late W. T. 
Astbury, and Speakman concentrated on the more chemi- 
eal aspects of the subject. He was fascinated by the 
elasticity of wool and published many papers on factors 
affecting such properties as load-extension curves, plasti- 
city, elastic hysteresis and setting characteristics. The 
results of these investigations were correlated with those 
obtained by determining acid and alkali-combining power, 
heats of reaction, and swelling and absorption of reagents. 
From this work came new ideas on the structure of wool. 
Speakman was, for example, responsible for the concept 
of the “salt linkage’, and electrovalent linkage which 
joins peptide chains in wool, and was perhaps the first 
to recognize the importance and reactivity of the cystine 
bonds in keratin. It is significant that one of his con- 
temporaries in Manchester always referred to Speakman's 
laboratory as the “cystine chapel”. 

The ingenuity of Speakmen’‘s work based on “mechano- 

“ has been admired by all who have been 


























chemistry” 
involved in fibre science, and although to the purist such 
an approach has limitations it yielded extremely valuable 
results, forming a basis for more applied investigations. 
For example, his chemical theory of setting wool fibres 
led to the development of processes for the cold waving of 
human hair, the permanent pleating of wool fabrics and 
the production of easy-care wool materials. He also 
devoted a great deal of attention to the introduction of 
new cross-linkages into wool and to methods of modifying 
surface properties with the object of rendering wool non- 
felting. Indeed, few aspects of wool processmg were 
unaffected by the theories put forward by Speakman, and 
wool growers and wool processers owe him a great debt. 
Moreover, he did valuable work on the production and 
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properties of alginate rayon from seaweed and on the 
mineral khaki dyeing of cotton. 

He was greatly in demand as a consultant ond lecturer 
for his ability to simplify complex idees. His scientific 
work serves as a model for applied scientists, especially 
those working in universities, for it is based on sound 
fundamental ideas, many of which evolved during invest: 
gations of an applied nature. The significance of 
achievements was recognized both in Britain and over: 
and in addition to his meny honours from scientific and 
professionel orgenizations he was awarded the CBE in 
1963. 

In even a brief account of Speakmen’s work it would 
be a grave omission not to mention his outstanding skill 
as a research director, and the profound influence he has 
had on many generations of undergraduate and graduate 
students. Many owe their success to his wise guidance 
and enthusiasm. He will long be remembered not only as 
a scientist but as a man, who, in an unobtrusive way, 
helped many others, and enlivened otherwise dull meetings 
with his informali.y and eheracteristie sense of humour, 












A. W. Haslett 


MrR ARTHUR Woops Hasbert, science correspondent of 
The Times since 1953, died suddenly on a mountain holiday 
on June 20. Although he was 63, he was sparely built 
and he was such a respected and familiar figure in scientific 
circles that his death has been a great shock. 

Haslett belonged to the British tradition of scholar- 
journalist. Although he had learned to live with deadlines 
and even to value them, he was never in terror of them. 
As a result. his fondness for his subject showed plainly 
through his writing. Younger people may sometimes 
have marvelled that a daily newspaper journalist could 
have spared the time for recondite discussions of small 
points in science, but Haslett’s readers were as much in 
benefit as himself. 

Science journalism was almost non-existent when 
Haslett left Cambridge in 1928, after a distinguished 
academic career spanning natural sciences and his 
He began with the Morning Post. which went out of 
lation before the war began, and throughout the thirt 
helped to lay the foundations for the belief that it is a 
public service to inform the world at large about the 
progress of science. Haslett’s work for the Morning Post 
is to be counted with that of J. G. Crowther m the Manches- 
ter Guardian, Ritchie Calder (now Lord Ritehie-Calder) 
for the Daily Herald and later the News Chronicle, and 
J. B. S. Haldane for the Daily Worker. (Students of 
British newspapers will observe that all but two of these 
are now out of business. and that even they have changed 
their names.) 

With the collapse of his newspaper, Haslett spent the 
interval before the war began with the British Medical 
Association, chiefly in publie relations. During the war, 
he worked for the Royal Air Force as a radar officer, and 
spent a good deal of time in West Africa and Australasia 
helping to establish tracking stations. His recollections 
of this period were at once vivid and droll--he was plainly 
as much an acute observer of the conduct of the war as a 
participant. 

In the early fifties, Haslett branched out on his own, 
and for four years edited and produced a news-sheet called 
Science News which was an expression of his own wish to 
see the popularization of science made a regular activity. 
With luck and in a different market, this could have been 
a great success. During this period, Haslett also helped 
to found the Association of British Science Writers, then 
a kind of club for a somewhat embattled few but now a 
flourishing organization with close on two hundred 
members and money in the bank. 

As a science journalist, Haslett was one of the most 
painstaking people. He wanted to make sure that what 
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he wrote was the plain truth, and he had a great flair for 
making sure that it was readable as well. By now, there 
must be a whole generation of sub-editors at The Times 
with whom Haslett has argued about the meaning of a 
word or the need not to abbreviate a sentence. 

Among journalists, Haslett will be remembered by his 
willingness to help. He was unflagging in his zeal to ease 
the passage of younger people into journalism, combining 
this with a proper sense of the competitiveness of the eraft. 
But he was also a peacemaker when one was needed—the 
kind of man who could arbitrate with authority on the 
proper handling of an important piece of news-—-a task 
which he once performed with distinction in a remote 
corner of the Sahara, With all these qualities, a dry wit 
and a young man’s zest for being surprised, he will be 
much missed. 

He leaves his wife Hilda and three children, two of them 
working in Australia. 


Correspondence 


SI Units 


Sre,—I am glad Professor Temperley (Nature, 222, 806; 
1969) is protesting against the confusion of treating B 
and H as having different dimensions—but he is wrong in 
attributing this feature to SI. The adoption of SI implies 
the introduction of a “force constant”, but no essential 
change to the characters of the traditional CGS systems 
of equations; it does not imply that D=e<e,E or B= 
vrtel. In my previous letter (Nature, 222, 500; 1969) I 
gave the name “Giorgi systems” to systems of equations 
which include these relations (I specified B=p,H in 
vacuum, but meant it to be understood that the electric 
and magnetic relations went together). I also set out two 
“Giorgi systems” and two “non-Giorgi systems”. The 
prefix “SI-” to the names of the two non-Giorgi systems, 
that is, “‘SI-Gaussian” and “SI-Electric’”’, shows that these 
are the generalized versions of the traditional systems 
which are appropriate for use with SI units. 

A “force constant” is required in equations for use with 
SI units (or, more generally, an electric and a magnetic 
force constant, standing in simple theoretical relation), 
because in SI the units of charge and of pole are logically 
independent of the units for mechanical quantities. The 
rules for use of the “force constants’, introduced to 
reconcile these units, are very simple; the constants have 
no place as factors between E and D, H and B. This is 
the basis of the non-Giorgi systems. On the other hand, 
those who follow the Giorgi scheme think in terms of 
“permittivity and permeability of vacuum’. These show 
their essence as factors in passing from E to D and H to B. 
There are no simple rules for their use. The history of 
these concepts is grounded in confusion. Professor 
Temperley is right, in the name of clarity and under- 
standing, to reject them. But he should not reject ST 
because it has usually been presented in association with 
one of the undesirable Giorgi systems of equations. He 
can accept SI, and use a non-Giorgi system of equations. 

To avoid further misunderstanding, perhaps I should 
stress the point that SI-Eleetric is the system of equations 
that should be adopted as the general norm, and as the 
basis for all quantitative statements—for those who reject 
Giorgi. This implies SI units. This system is to be pre- 
ferred in general, and in particular for elementary use, 
because it eliminates ¢ from the elementary formulae. 
But conversion between the equations of SI-Electrie and 
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those of ST-Gaussian is so easy that high-level theoreticians 
will no doubt find the simplicity of the latter equations 
worthwhile. 

Yours faithfully, 


H. V. Sropes-Rosg 


Department of Extramural Studies, 
University of Birmingham. 


Proressor H. N. V. TEMPERLEY writes: 

Dr Stopes-Roe has done a public service in calling 
attention to the fact that one can use SI units without 
filing one’s blackboards with the absurd quantities se 
and po 


Improved Limit on the Absence of Dispersion of the 
Velocity of Light 


Sir,—-The correspondence from Isaak and Synge (Nature, 
223, 161; 1969) demonstrates the deplorable expanding 
gulf between the army of mathematical relativists and 
the relatively few experimentalists who still dare to 
contribute to this field. It is a brave experimentalist 
who would venture into the other camp with a whispered 
suggestion that they should occasionally look over their 
shoulders to see if they are discussing their problems in 
the language of, and within the experimentally observable 
context provided by, their more practical colleagues. 

True, the velocity of light is invariant by definition at 
any particular observer, for the units of time and distance 
are both defined in terms of the observables of wavelength 
and frequency, but it would be begging scientific suicide 
to forgo experiment and to assume for ever that the 
velocity over extended space must be the same for dif- 
ferent wavelengths after excluding the known classical 
dispersive processes, 

The referee’s comments on the use of the word “dist- 
ance” are also disturbing, for he gives it the dimensions 
of time. In limited circumstances one may take half the 
time of flight of an echo and convert this to the correct 
dimensions by assuming the invariant c. This definition 
is an excellent one, but it does not necessarily cover all 
the conditions to which the name distance may be applied, 
though it does qualify the general term in a manner which 
is necessary to describe that particular measurement. 
Surely it is up to the experimentalist to quote the condi- 
tions of his experiment in the simplest terms which leave 
no ambiguity and it is then up to the relativist to transiate 
these into his own language if his techniques are applicable 
to the context. 

Tt is not just the duty of the experimentalist to learn 
the language of the relativist but also the urgent duty of 
the relativist to lend a much more receptive ear to the 
plain language but vital comments of those who make the 
measurements and take observations for all mankind. 


Yours faithfully, 


R. ©. Jennison 
Electronies Laboratories, 
University of Kent, 
Janterbury, Kent. 


Cost of Living 


SR,—Dr Reddish’s comments (Nature, 222, 1009; 1969) 
seem to be based on evidence which is far from scientific 
and is to my mind untrue, I am Australian but lived in 
the US for a time before 1967, and I feel he is misusing 
the term “standard of living”. If Americans own bigger 
cars, this represents an improvement in their standard of 
living over ours. They are quite free to buy small ones 
and of course many do, but usually as a second car. 
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In my opinion, the same kind of criticism applies to 
his whole list. For instance, they could if they had to 
save money heat their houses to a temperature of 50° F in 
winter and rely on a fire in the living room. (Functional 
fireplaces are common in US homes—a whim rather than 
a necessity.) Few do. 

What Dr Reddish is really comparing is the amount of 
spending on each of his categories which is regarded as 
normal in the country concerned. As Americans live up 
to their income as much as we do, naturally he finds they 
“have to” spend more. 

There are other dubious points, too many to detail, but 
as an example, it is untrue to infer that all Americans pay 
entirely for their tertiary education from their own pocket, 
and below university level private schooling is far more 
widespread in Britain. 

Yours faithfully, 


G. J. B. ROBINSON 
88 Milneroft Road, 
Glasgow E3. 


University News 


Mr J. H. Peacock has been appointed to a second chair 
in the department of surgery at the University of Bristol. 


Professor F. C. Frank has been appointed to the Henry 
Overton chair of physics and to the directorship of the 
H. H. Wills Physics Laboratory at the University of 
Manchester, in succession to Professor C. F. Powell. 


Professor T. W. Glenister has been appointed to the 
chair of anatomy tenable at Charing Cross Hospital 
Medical School, University of London. 


Professor S. F. Mason, University of East Anglia, has 
been appointed to the chair of chemistry tenable at 
King’s College, University of London. 


Mr L. J. Lawler, head of production and research at the 
Centre for Educational Television Overseas, has been 
appointed director of the joint University of Manchester 
and University of Manchester Institute of Science and 
Technology Television Service. 


Mr W. B. McHutchison has been appointed to the new 
chair of dynamics and control within the department of 
mechanical engineering at the University of Strathclyde. 


Appointments 


Mr S. S. Kind, Home Office Central Research Establish- 
ment, has been appointed director of the Home Office 
(Northern) Forensic Science Laboratory in succession 
to Mr W. A. Gliddon, who has been appointed, director 
of the South-Western Laboratory at Bristol. 


Mr Norman Stone, formerly Principal Information 
Officer at the Ministry of Technology, has been appointed 
Chief Information Officer to the Metrication Board. 


Dr A. A. Robinson, director of the University of London 
Computer Centre, has been appointed director of the 
National Computing Centre in succession to Professor 
G. Black. 


Mr J. L. Orr has been appointed Counsellor (Scientific) 
at the Canadian High Commission in London. 


Announcements 


Professor R. E. Smallman, University of Birmingham, 
has been awarded a prize and medal by the administrators 
of the Sir George Beilby Memorial Fund, representing 
the Royal Institute of Chemistry, the Society for Chemical 
Industry and the Institute of Metals. The award is made 
in recognition of Professor Smallman’s work in the field 
of physical metallurgy, with particular reference to the 
studies of deformation and the defect structure of metals 
and materials. 


Sal 7 


Professor P. H. Calderbank, University of Edinburgh, 
is to visit the Pahlavi University, Shiraz, Iran, as Royal 
Society Leverhulme Visiting Professor. 

An award of £5,000 has been made by the National Coai 
Board to Mr J. H. Stone, deputy director (mining) of 
the National Coal Board’s North Nottinghamshire Arca, 
for his invention and development of the continuous 
mining system that bears his name. 


International Meetings 


August 31-September 4, Psychology and the Problems 
of Society, Washington (Public Affairs Office, American 
Psychological Association, 1200 Seventeenth Street NW, 
Washington DC 20036, USA). 

September 3-5, Product Development and Manufac- 
turing Technology, Glasgow (Conference Organizing 
Secretary, Mr F. I. Simpson, Room M310A, Department 
of Production Engineering, University of Strathclyde, 
Glasgow, Scotland). 

September 14-20, Pyridine Nucleotide-dependent De- 
hydrogenases, Konstanz (Professor Horst Sund, Fach- 
bereich Biologie, Universität Konstanz, 775 Konstanz, 
Germany). 

September 14-20, The Germ-free Animal as a Tool 
in Research, Bruges (Professor P. De Somer, Rega 
Institute, University of Louvain, Minderbroedersstraat 
10, Louvain, Belgium). 





~ 
Sabbatical Itinerants 


In the hope of providing some practical assistance in the 

‘good cause of mobility between laboratories, Nature 

advertises the needs for housing of families about to | 

take up periods of sabbatical leave. To begin with, | 
no charge will be made for advertisements like this. 
It is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 

whether they are effective. | 

| 

i 


Wanted: Furnished accommodation, 3 or 4 bed- 
rooms, convenient for access to Stevenage for 5 
months from January 1, 1970, for American pro- 
fessor, wife and children (4, 12 and 16). Please 
contact J. F. Andrews, Department of Engineering, 
Clemson University, South Carolina 29631, or m 
first instance Water Pollution Research Labera- 
tory, Elder Way, Stevenage, UK (Telephone: 
Stevenage 2444, Dr R. Wilkinson). 

Wanted: Furnished accommodation for 12 months 
from October/November 1969, within reasonable 
distance of the Institut Pasteur, rue Roux, Paris, 
for medical microbiologist, wife and two children. 
Please contact Dr Maurice Longson, Department of 
Bacteriology, University of Manchester, or telephone 
061-430 2570. 

Vacant: Furnished house in Cheshire, 8 miles from 
Manchester city centre, for 1 year from October 
1969. Three bedrooms, central heating, garage, 
garden. Please contact Dr Maurice Longson, Depart- 
ment of Bacteriology, University of Manchester, or 
telephone 061-430 2570, 


Wanted: Furnished 2 bedroom accommodation for 
3 months, January-March 1970, near UC Berkeley 
3 months April-June 1970, near UC Los Angeles, 
Please contact Dr G. L. Verschuur, NRAO, Edge- 
mont Road, Charlottesville, Virginia 22901. 


Vacant: 





Furnished 3 bedroom house, Charlottes- 


ville, Virginia, mid-December 1969 to July 1970. 
Please contact Dr G. L. Verschuur, NRAO, Edge- 
mont Road, Charlottesville, Virginia 22901. 








548 


British Diary 


Tuesday, August 5 


The Truth—-The Whole Truth and Nothing but the Truta (two-day 
discussion meeting) British Academy of Forensic Sciences, at the 
London Hospital Medical College, Ashfield Street, London, ÈT, 
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University of Liverpool, Tidal Institute and Observatory—-Report for 
1968-69, Pp. 28. (Liverpool: The University, 1969.) 37 
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Survey of Personnel Management Salaries 1968. (Information Report 1, 
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Northern Ireland: Ministry of Agriculture. Leaflet No. 95: Oats, Barley 
and Wheat. Pp. i6. Leaflet No. T09: Black Currants. Pp. & (Belfast: 
Ministry of Agriculture, 1969.) {47 

Office of Health Economics. Human Relations in General Practice, 
(Proceedings of a Symposium held at the Royal College of General Prac- 
titioners, London, September 1968.) Pp. 48. (London: Office of Health 
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The Institute of Phy: and the Physical Society. Ninth Annual Report 
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World Health Organization, Technical Report Series. No, 417: Pesticide 
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Institut Royal Météorologique de Belgique. Publications, Série B, No. 
54: Les Gouttes Atmosphériques. Par Dr L. Dufour. Pp. T8, (Ueele- 
Bruxelles: Institut Royal Météorologique de Belgique, 1968.) {246 

Council of Europe, European Nature Conservation Diploma Series No. 8: 
Krimml Waterfalls, Austria. Pp. 16. (Strasbourg: Council of Europe. 









































1969.) [246 
Annual Report of the Mauritius Institute for 1967, Pp. 15. (Port Louis: 
Government Printer, 1969.) (246 


US Department of the Interior: Water Resources Scientific Information 
Center, Selected Water Resources Abstracts, Vol. 2, No. 10, May 15, 1969, 
Pp. vie 70+ 54. (Washington, DC: Water Resources Scientific Information 
Center, Office of Water Resources Research, US Department of the Interior, 
19609.) $3. [256 

Smithsonian Year 1968-—Annual Report of the Smithsonian Institution 
for the year ended 30 June 1968. Pp. 557. (Washington, D.C.: Smithsonian 
Institution, 1069. Obtainable from US Government Printing care 
$2.75. 266 

Fonds National de ia Recherche Scientifique. Rapport d'Activité de 
Vinstitut Interuniversitaire dea Sciences Nuciéaires du Fonds de la Recherche 
Scientifique Médicale et du Fonds de la Recherche Fondamentale Collective 
1968. Pp. 140. (Bruxelles: Fonds National de la Recherche Scientifique, 
1969.) i276 

The Medical Research Programme of the World Health Organization 
1964-1968— Report y the Director-General, Pp. vi+850. (Geneva: 
World Health Organization; London: HM Stationery Office, 1960.) 27 Sw. 
france: 548.; $9. [276 

Comité International des Poids et Mesures. Comité Consultatif de Thermo- 
métrie, 8° Session—-1967 (6-14 Septembre). Pp. 122, (Sèvres, France: 
Bureau International des Poids et Mesures, 1969.) 276 

The Year Book of the International Council of Scientific Unions 1969. 



























Pp. 228. (Rome; ISCU Secretariat, 1969.) {306 
New Zealand Meteorological Service. Meteorological Observations for 
1066-—-Stations in New Zealand and Outlying Islands,inclading the Cook 





Group. Pp. 115. (Wellington: Government Printer, 1968.) 2 

World Health Organization. Monograph Series, . 68: The Teaching of 
Public Health in Enrope. By J. D, Cottrell, in collaboration with B. Lesie 
and R. Senault, Pp. 246. (Gene World Health Organization; London: 
HM Stationery Office, 1969.) 21 Sw. franes; 428.: $7. 147 

National Academy of Sciencves~-National Academy of Engineering. 
Scientific and Technical Communication: a Pressing National Problem and 
Recommendations for Its Solution. Pp. xili+ 322. (Washington, DC: 
National Academy of Sciences, 1969.) [47 

The Rockefeller Foundation. President's Five-year Review and Annual 
Report 1968. Pp. xxii+201. (New York: The Rockefeller Foundation, 
1969.) {47 


[27 



























Editorial and Publishing Offices of “NATURE” 
MACMILLAN (JOURNALS) LIMITED 
4 LITTLE ESSEX STREET LONDON, W.C.2. 
Telephone Number: 01-836 6633, Telegrams: Phusis London W.C.2 
Subscription Department 


MACMILLAN (JOURNALS) LIMITED 
BRUNEL ROAD, BASINGSTOKE, HANTS 
Telephone Number: Basingstoke 5431 
Advertisements only should be addressed to 


T. G. SCOTT & SON, LIMITED 
| CLEMENT'S INN, LONDON, W.C.2. 
Telephones 01-242 6264/01~405 4743 
Telegrams: Textualist, London, W.C.2. 
Registered as a newspaper at the General Post Office 
Copyright © Macmillan (Journals) Limited, August 2, 1969 


NATURE. AUGUST 2, 1969 XU 


FOR LABORATORY, SCHOOL METALWORK, ETC. Bane 
Screws, Nuts, Bolts, Studs, Washers, Anchor & Clinch Nuts. ! DYES FOR USE IN ALL INDUSTRIES | 


From 12BA (-0511") upwards, AUN, & 4mm. 


Ra sine World wide service: RESEARCH & PRODUCTION CHEMISTS: if you 
BERNARD F WADE. LTD are looking for dyes with specific chemical and physical 
i U s properties suitable for particular manufacturing and/or 


12 Wells Road, ILKLEY, Yorks., U.K. A Aae 
testing processes you are invited to contact 


EDWARD GURR LIMITED 











| WANTED TO PURCHASE for supplies. 
BOOKS AND PERIODICALS A We hold stocks of an enormous variety of dyes, ready for immediate 
In the fields of Science and Humanities despatch, including: 
ziy X : X Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- 
Entire libraries and smaller collections; Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue, 
| sets and runs, foreign and domestic. Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p- Ethoxy-= 
| i chrysoidin, Methyl red, Nirazine yellow, Pinacryptol green, ats. 
| ; : 
| WALTER J. JOHNSON INC, industrial Research Establishments 
i TPR; Aw » Naw Vark NY Tey are invited to make use of our professional girvices as { 
1 111 Fifth Ay AA a Nel consultants on the selection and use of dyes as research 
| ANE VERNESE 2 and production tools. 
| “tis ice: i" A E] 7 NSON ryt 7 , y 
lji British ome A ALTER J JOHNSON LT D BIOLOGISTS are invited to send for our catalogue of: 
|| Footscray High Street, Footscray, Sidcup, Kent i 
| FOOTSCRAY 0155 é \\ Y 
l Cable Address REPRINTS, DARTFORD 
i 


STAINS & REAGENTS FOR BIOLOGY 


M Acridine orange, Aquamount, Fluermount, Lipid crimson, Matamount, § 
i ‘ ee May-Grinwald, Leishman, Giemsa, Toluidine blue, Cresyl fast violet, | 
Advertisement Managers for Papanicolaou stains, Thioflavine S, Grilliant cresyi blue, Nie blus, 
Pyronin Y, Trifaigic acid, Rhodanile blue, Hapio, ete. 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, $.W.14 ‘ 
Cables: Micromlabs London SW14, Telephone: O1-876 2269 1 


EEDQ 


PEPTIDE REAGENT OF CHOICE 


Nature 


T. G. SCOTT AND SON LIMITED 
1 Clement's Inn, London WC2 
Holborn 4743 





bu a Liege de ~~ aa +% 
White crystals White crystals 
m.p. 66-67° m.p. 62-64 
5g—$5.75 N oc.H, 25g-$6.25 


a 
co.¢c.H; 5Kg-95/Kg 


EEDQ is a convenient new reagent for the preparation of peptides and amides. (O) it allows the high yield coupling (without 
racemization) of acylamino acids with amino acid esters at room temperature in benzene, ethanol, methanol, THF or other 
non-acidic solvents. With other coupling reagents, solid reaction by-products complicate isolation procedures. With EEDQ 
the by-products (quinoline, carbon dioxide, ethanol) are volatile and can be readily removed. The preparation of amides using 
EEDQ is superior to the classical carboxylic acid anhydride method. 

EEDO is a powerful, centrally active, irreversible a-adrenergic blocking agent in animals when administered by the parenteral 
ole Thus, it represents a powerful biological tool for the study of both the central and peripheral adrenergic nervous 
systems. 


References: 
(1) B, Belleau and G, Malek, #. Am. Chem, Soe, 90, 1651 (1988) 
(2) B. Belleau et a/, ibid. 90, 823 (1968) 
EEDOQ is licensed under ILS. Patent 3,489,744 





For our latest Catalog write to- 


Aldrich Chemical Company, Inc. 


CRAFTSMEN IN CHEMISTRY 


ALDRICH 
2371 NORTH 3TH STREET MILWAUKEE, WISCONSIN 53210 


terest in animal behaviour to work on primates. 
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X-RAY 
SPECTROGRAPHER 


AUSTRALIA 
DIVISION OF SOILS 


GENERAL The Division of Soils of the Commonwealth Scientific and Industrial 
Research Organization, which has its headquarters in Adelaide, South Australia, 
is concerned with research on soils including pedological, chemical, physical, 
microbiological and mineralogical studies, together with the integration of these 
in investigations of soil fertility and the relationship between plant growth and 
soil environment. The appointee will be located at the Cunningham Laboratory, 
Brisbane, Queensland. 


DUTIES The appointee will be in charge of the X-ray unit, which includes 
equipment for X-ray diffraction fluorimetric spectrography. He will be expected 
to undertake investigations both individually and as a member of a team studying 
the chemistry and mineralogy of the soils of Queensland. He will also be expected 
to co-operate in studies relating soil characteristics to plant growth. The soils 
of Queensland are formed on a wide range of rocks under very varied climatic 
conditions, and are at the threshold of more intensive agricultural development, 


QUALIFICATIONS Applicants should have a Ph.D. degree in an appropriate 
field or postgraduate research experience of equivalent standard and duration, 
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CONDITIONS The appointment, which carries with it Commonwealth 
Superannuation Fund or Provident Account privileges, will be conditional upon 
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by the 29th August, 1969. 
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The Scientific Attaché, Australian Embassy, 
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WASHINGTON, DC 20036. 
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£2.491 or £2,599 to £3,596 with initial 
placing according to qualifications and 
experience, Superannuation (F.S.S.U.). 








Further particular from The Secre- 
tary, The University, Aberdeen, with 
whom applications (2 copies) naming 
two referees should be lodged by 
August 23, 1969. 








(461) 






AGRICULTURAL RESEARCH 
COUNCIL 


INSTITUTE OF ANIMAL PHYSIOLOGY, 
BABRAHAM, CAMBRIDGE 


ASSISTANT EXPERIMENTAL OFFICER 
required for Physiology Depariment. Some ex- 
perience in chemistry essential. The work will 
include chemical microanalysis, gas chromato- 
graphy and assisting in experimental surgery. 
Minimum qualifications: G.CLE. in 5 subjects, 
including 2 scientific subjects at “A level (or 
equivalent). Candidates at age 22 (or over) 
should have H.N.C. (or equivalent). This does 
not apply to candidates already employed by 
the ARC. Salary according to age in scale 
£683 to £940 (at 22) to £1.454. Maximum start- 
ing salary at 26 (or over) £1,208 Contributory 
Superannuation Scheme, 

Applications, with full details and names of 
two referees, to the Secretary of the Institute 
quoting Reference M.H.B_I. 4452) 
OXFORD UNIVERSITY 
DEPARTMENT OF PHYSIOLOGY 





RESEARCH ASSISTANT with a degree in 
Biochemistry required to take part in work con- 
nected with neurotransmitters. 

Applications with qualifications, experience and 
names of two referees, to Dr. M. Fillenz, Uni- 
versity Laboratory of Physiology, Parks Road, 
Oxford (400) 






AGRICULTURAL RESEARCH 
COUNCIL 
INSTITUTE FOR RESEARCH ON 


ANIMAL DISEASES 
COMPTON, NR. NEWBURY, BERKS 














A vacancy exists within. the Department 
of Biochemistry for an ASSISTANT EX- 
PERIMENTAL OFFICER. The post will 
involve participation in the programme of 
research on scrapie. Candidates should 
have passed either HNC, ALMLT. or 
equivalent as a minimum qualification and 
relevant lab ory experience would be 
an advantagy. Salary in the scale £872 per 
annam at age 2t, £1208 per annum at 
age 26 rising to a ceiling of £1,454 per 
annum, with superannuation. 

Applications to che Secretary, Ret, 104, 
together with the names of two referees, 
not later than August 22, (401) 
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BEECHAM RESEARCH 
LABORATORIES 


BROCKHAM PARK, BETCHWORTH, 
SURREY 


GRADUATE 
BIOLOGIST /BIOCHEMIST 
CHEMOTHERAPY UNIT 


A vacancy exists for a young man or 
woman in the Chemotherapy Unit of the 
Department of Chemotherapentic Research 
to join a team of scientists engaged in the 
study of pharmacological properties, for 
example the distribution of antibiotics in 
various animal species, 

The successful applicant will also under- 
take metabolic studies in animals and will 
be expected to have or to attain some 
knowledge of bioassay techniques and 
chromatography, A degree in a biological 
science is necessary and applications are 
invked from those who have recently 
graduated with a good Honours degree. 

Beecham Research Laboratories is part 
of the Beecham Group and is situated in 
a pleasant area of Surrey within easy reach 
of London, The successful applicant will 
qualify for the Group's generous profit- 
sharing and non-contributory pension and 
Efe assurance schemes. There are excellent 
dining facilities and a flourishing sports and 
social chub, 

Applicants, stating briefly age, qualifica- 
tions and experience, should apply to the 
Personnel Officer, Beecham Research 
Laboratories, Brockham Park, Betchworth, 
Surrey, or iclephone BETCHWORTH 3202. 


(470 





UNIVERSITY OF MANCHESTER 


RESEARCH ASSISTANT IN MEDICAL 
BIOCHEMISTRY 

Applications for this post invited from recent 
graduates in biochemistry or allied sciences, for 
research into the connective tissues of the eye: 
leading to higher degree. Appointment for one 
year in the first instance, rentwable for a total 
of three years. Salary range £1,000 to £1,200 
per annum. 

Further particulars and application forms (re- 
turnable by August 13) from the registrar. the 
University, Manchester, M13 9PL. Quote ref.: 
LS1/69N. (357) 


SCOTTISH HORTICULTURAL 
RESEARCH INSTITUTE 


West of Scotland Unit, 
Auchincruive, Ayr. 


Assistant 


Experimental 
Officer 


An A.E.O. is required to assist with 
the strawberry breeding programme, 
which includes screening Ledings for 
disease resistance and recording fruit 
characteristics. 


Qualifications: A degree or diploma 
in horticulture or allied subject pre- 
ferably with field and/or glasshouse 
experience but applications from 
recent graduates will also be 
considered. 


Salary: £872 at age 21; rising to 
£1,208 at age 26 (maximum on entry) 
to £1,454. Superannuation. 


Further particulars may be obtained 
from the Officer in Charge, with 


whom applications, naming two 
referees and stating age, education 
and experience, should be lodged by 
August 14. 

(462) 





Biochemist required with postgraduate re- 





CSIRO 


CHEMICAL ENGINEER / 
APPLIED PHYSICIST 


AUSTRALIA 
DIVISION OF CHEMICAL ENGINEERING 


GENERAL The Division of Chemical Engineering, located at Fishermen's 
Bend, Melbourne, Victoria, is a component of the Chemical Research Laboratories 
of the Commonwealth Scientific and Industrial Research Organization, and 
undertakes fundamental studies of selected unit operations and their application 
to the chemical and process industries, in addition to general process development. 
Subjects covered include various aspects of particle mechanics; pyrometal- 
lurgical operations; rheology and mixing; chemical reaction engineering; heat 
and mass transfer operations: process design and evaluation; and process 
control and automation, Analogue and digital computing facilities are available 
The Division is due to move to new laboratories at Clayton, Victoria, adjacent 
to Monash University, later this year. 


DUTIES The appointee will be assigned initially to the Rheology and Mixing 
Group, and will be required to undertake experimental and related theoretical 
work. The successful applicant will be encouraged to work in the fields of 
batch and continuous mixing, mechanism and efficiency of mixing, the effects 
of rheological properties on mixing and assessment of mixedness, or in related 
fields according to his specific interests 


QUALIFICATIONS Applicants should have a degree in an appropriate 
discipline, such as chemical engineering, physics, material science, etc., together 
with a Ph.D. degree or postgraduate research experience of equivalent standard 
and duration, supported by satisfactory evidence of research ability. 


SALARY Depending upon qualifications and experience, the appointment will 
be made within the salary range of Research Scientist, $A5,321-$A6,693 pa. 
Salary rates for women are $A428 p.a. less than the corresponding rates for 
men. Promotion within CSIRO to a higher classification is determined by merit. 


CONDITIONS The appointment, which carries with it Commonwealth 
Superannuation Fund or Provident Account privileges, will be conditional upon 
passing a medical examination. An initial probationary period of twelve months 
may be specified. Fares paid for the appointee and his dependent family. 
Further particulars supplied on application, 


Applications (quoting Appointment No.: 608/100), and stating full name, place, 
date and year of birth, nationality, marital status, present employment, details of 
qualifications and experience, together with the names of not more than four 
persons acquainted with the applicant's academic and professional standing, 
should reach: 


Mr. R. F. Turnbull, Chief Scientific Liaison Officer, Australian Scientific 
Liaison Office, 64 Kingsway, LONDON, W.C.2, by the 26th September, 
1969. 


Applications in U.S.A. and Canada should be sent to The Scientific 
Attaché, Australian Embassy, 1601 Massachusetts Ave. NW, 
Washington DC 20036. 





UNIVERSITY OF MANCHESTER 


RESEARCH ASSOCIATE IN 
CHILD HEALTH 


UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF CHILD HEALTH 





search experience for this post in the Depart- 
ment of Child Health with new team investigat- 
ing brain growth and development. Salary 
according to experience, up to £1,585 per annum. 
Further details and application forms (return- 
able by August 8) from the Registrar, The Uni- 
versity, Manchester M13 9PL. Quote ref.: 152/ 
69/N. (358) 





research programme on normal 
muscle in tissue cukure, COpportunity for read- 
ing for a higher degree. 

Applications, together with curriculum vihar, 
should be sent to Dr. Victor Dubowitz, Depart- 
ment of Child Health, The University, Sheficid 
SIO ZTN, from whom further particulars can be 
obtained. Quote Ref, R.23/G. (435) 





AUSTRALIA 


NEW SOUTH WALES 
DEPARTMENT OF AGRICULTURE 


DIRECTOR 


Cattle Tick Research Station, 
Wollongbar (New South Wales) 


Applications are invited for the above position. 


Salary + $A8.060 per annum. 


Qualifications: Degree in Science, Agriculture or Veterinary Science essential, 


Experience: Postgraduate experience in research, preferably dealing with the 


control of ectoparasites of animals. 


Duties: Director of research programme and management of the Cattle Tick 
Research Station which was established at Wollongbar near Lismore, New 


South Wales, in 1961. 


k is excellently equipped and employs 6 gradu- 


ates and a total staff of 30. Research deals with the cattle tick exclusively 
and has been carried on in 3 sections—Ecology, Tick Fever and acaricide 


application, 


Advances have been made in all sections, including knowledge of tick 
longevity and dispersal, tick fever incidence and transmission and the 
performance of proprietary dip fluids under local conditions. 


Subject to certain conditions, the successful applicant will be eligible for: 


Æ Payment of fares to Sydney. 


* Financial assistance towards removal and establishment expenses, 


* Financial assistance towards initial accommodation expenses. 


For application form and further information, write to the Recruitment Section, 
New South Wales Government Offices, 56 Strand, London, W.C.2, where 


applications close on AUGUST 27, 1969. 
44/393 /1 (N), 


Hon. A. Landa, 
Agem General. 





Imperial College 
of Science and 
Technology 


Department of 
Chemistry 


(a) POST-DOCTORAL RESEARCH 
ASSISTANT, 2-year appointment GRC. 
sponsored research), new Mossbauer spec- 
trometer on chemisorption and solid-state 
problems down to 4° K. Salary £1,355 by 
£115, plus £60 Londen Allowance, F.S.S.U. 

(6) POSTGRADUATE STUDENTSHIP 
(approx, equivalent to SUR.C.) three years 
to Ph.D. to work on application of mass- 
spectrometric techniques to sorbate diffu- 
sion in microporous media. 

Applications, with two referees, to Dr. 
L. V. C. Rees. Imperiat College, London, 
S.W.7, (363) 


Trnanannuamananeeemanannanveeeae aaa 


When writing please quote reference 





DEPARTMENT OF 
PHYSIOLOGY 


MEDICAL RESEARCH 
COUNCIL 


RESEARCH 
ASSISTANTSHIP IN 
PHYSIOLOGY AND 

BEHAVIOUR 


The investigation is concerned with the 
analysis of cardiovascular and behavioural 
responses produced by sensory stimulation 
and by electrical stimulation in the brain. 
Candidates should have a good degree in 
Physiology, preferably in Neurophysiology 
and/or in Physiology of Blood Circulation. 
Interest in electronics is desirable, 


Salary in range £560 to £900 plus super- 
annuation, The successful candidate may 
register for a higher degree. 


Applications and inquiries 10 
Dr. A. W. Zbrozyna, 
Department of Physiology, 
The Medical School, 


Birmingham, 15. (460) 
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AUSTRALIAN NATIONAL 


UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 
DEPARTMENT OF GEOPHYSICS AND 

GEOCHEMISTRY 


Applications are invited for appointment in 
the categories of RESEARCH FELLOW, 
SENIOR RESEARCH FELLOW, FELLOW 
AND SENIOR FELLOW. The activities of the 
Department include palaeomagnetism, seismo- 
logy, geochronology, experimental and structural 
geology and some branches of petrology and 
geochemistry. Applications in these fieldy will be 
considered and several positions will be avail- 
able. One of these posts will be specifically 
committed to the electron probe microanalyser 
laboratory (see below). 

The Department is well equipped with a wide 
range of palacomagnetic and seismological ap- 
paratus, high temperature and pressure equip 
ment for rock deformation, hydrothermal and 
solid pressure media high pressure apparatus, an 
electron probe microanalyser (ARL Model EMX), 
mass spectrometers, optical sptctrographs and 
X-fay fluorescence and diffraction apparatus. 

ELECTRON PROBE MICROANALYSER 

LABORATORY 

A staf! member is required to be responsible 
for the tunning of this laboratory and to make 
use of the instrument as a major research tool. 
Adequate technical support is available for main- 
tenance and operation of the instrument. A 
background in mineralogy and petrology would 
be best suited for collaboration with other 
workers in the Department; however, the De- 
partment has an extensive meteorite collection 
and sptcialization in this field or in ore 
mineralogy and geochemistry is possible. 

The salary of a Research Fellow is determined 
in the range $A5 450 to $A7.256 and that of a 
Senior Research Fellow in the range $A7,800 to 
3A9,324. Appointment is for three years with 
a possible extension to five years. The salary 
of a Fellow is determined in the range $A6,400 
to $A8,740, and that of a Senior Fellow $48,750 
$A10,274. In these cages appointments may be 
confirmed as permanent after a period of five 
years. Superannuation is on the F.S.8.U, 
pattern with supplementary benefits. Reasonable 
travel expenses are paid and assistance with 
housing is provided. 

Further particulars are available from the Sec- 
retary-General, Association of Commonwealth 
Universities (Appis.), 36 Gordon Square, London, 
WLC, Applications close on September 15, 
1969, {449} 


AUSTRALIAN NATIONAL 
UNIVERSITY 
RESEARCH SCHOOL OF BIOLOGICAL 
SCIENCES 
RESEARCH FELLOW/ SENIOR RESEARCH 
FELLOW IN ENVIRONMENTAL BIOLOGY 

Applications are invited for appointment as 
Research Fellow or Senior Research Fellow in 
the School's Department of Environmental Bio- 
logy (Head of Department: Professor R. O. 
Statyer). The department is concerned with 
studying the effect of environmental factors on 
the physiological performance and ecological 
distribution of various species and populations. 
An area of particular interest includes environ- 
mental stress, water and ion transport in cells 
and tissues and associated biochemical energy 
transformations, 

Ik is now desired to strengthen one of the 
following areas: 

1. Photosynthesis, with special reference to Cy 
pathway metabolism or  Crassulacean acid 
metabolism. 

2. Water and fon 
stomatal physiology. 

3. Stress physiology ; the biochemical basis of 
water, or salt stress. 

Research Fellows and Senior Research Fellows 
are normally appointed for three years with pos- 
sible extension to a maximum of five years. The 
salary ranges are; Research Fellow $A$,400 to 
$A7,250; Senior Research Fellow, $47,800 to 
$A9,324. Superannuation is on the F.S.S.U. 
pattern with supplementary benefits. Reasonable 
family uavel expenses are paid, both ways in the 
case of an overseas appointment. Assistance 
with housing is provided. 

Further particulars, including method of ap- 
plication (there are no application forms) may 
be obtained from the Association of Common- 
wealth Universities (Appts), 36 Gordon Square, 
London, W.C.1, Applications close on Septem- 
ber 30, 1969 (474) 

RESEARCH ASSISTANT REQUIRED TO 
join. research team in the Paediatric Unit. The 
work is concerned with mineral metabolism and 
will inchade bone culture. Salary within the 
scale £1,215 to £1,300 per annum—-Apply Secre- 
tary, St. Mary’s Hospital Medical School, Lon- 
don, W.2. (427) 





transport phenomena, 
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AGRICULTURAL RESEARCH 
COUNCIL 


INSTITUTE FOR RESEARCH 
ON ANIMAL DISEASES 
Compton, Nr. Newbury, Berks, 


Applications are invited for a post 
as 


EXPERIMENTAL OFFICER 


in the Department of Functional 
Pathology 


The duties will involve participation 
in a programme of work on dynamic 
aspects of mineral, and trace element 
metabolism in ruminants. Experi- 
ence and understanding of radio- 
isotope methods will be an advantage. 
The department is well equipped for 
such work, and facilities include 
automatic A and y — scintillation 
spectrometers, and a low-background 
chamber suitable for the whole-body 
counting of farm animals. Candi- 
dates should possess good academic 
qualifications. 


Salary in the range £872 p.a. at age 
21 to £1,208 p.a. at age 25 (Ass. E.O.) 
or £1,590 p.a. to £2,006 p.a, (E.O.), 
with superannuation. 


Replies to the Secretary, quoting 
ref. 101, together with the names of 
two referees not later than August 22, 


1969, 
a7 


THE SCHOOL OF PHARMACY 
UNIVERSITY OF LONDON 


Lectureship in 
Pharmacology 


Applications are invited for an ap- 
pointment commencing October 1, 
1969, as a Lecturer in the Department 
of Pharmacology. Candidates should 
possess an Honours Degree in 


Pharmacology, Pharmacy with 
Pharmacology, or Physiology, and 
also a higher degree or show evidence 
of original research in an appropriate 
field. Experience in neurophysiology, 
neurochemistry or cardiovascular 
physiology would be an advantage. 
The successful candidate will be 
expected to carry out teaching and 
personal research in a field acceptable 
to the Head of the Department. 
Salary scale £1,240 per annum to 
£2,850 per annum by annual incre- 
ments plus London Allowance at £60 
per annum, membership of the 
F.S.S.U. and normal University 
terms of service, Position of entry 
on salary scale will depend on 
experience. 


Applications in the form of a letter 
accompanied by a curriculum vitae 
and the names of at least two persons 
to whom reference can be made, 
should be submitted not later than 
August 25, 1969, to The Clerk to the 
Council, The School of Pharmacy, 
University of London, 29/39 Bruns- 
wick Square, London, W.C.1 from 
whom further particulars can be 


obtained. 
(459, 








RIKER 


BURMAH OIL TRADING LIMITED 


has vacancies for 


PETROLEUM 
GEOLOGISTS 


GEOPHYSICISTS 


PETROLEUM 
ENGINEERS 





The successful applicants (who should be under 35} would probably be 
posted overseas initially but must be prepared to serve in any of the Burmah 
Group's exploration areas. They should hold a good Honours Degree and 
have had some years practical experience of oil-field development and/or 
exploration surveys. In the case of the Petroleum Engineers, graduates 
straight from University would be considered. Attractive salaries with 
overseas allowances will be offered, perquisites including the pravision of 
free furnished accommodation for the employee and his family while 
serving abroad. There is an excellent non-contributory Pension Plan. 


Applications quoting age, qualifications, experience and present levei of 
salary should be sent to: 


The Group Staff Manager, 
Burmah Oil Trading Ltd., 
Burmah House, 57 Chiswell Street, London, E.€.1. 


UNIVERSITY OF LONDON 
KING'S COLLEGE 
DEPARTMENT OF BIOCHEMISTRY 


MICROBIOLOGIST 


Required to supervise Jaboratory under- 
taking microbiological assays of anitblotics 
and sterility testing of Pharmaceutical Pro- 
ducts, Previous experience desirable. 
Salary and conditions of service are excel- 
lent. 


Applications in writing, stating age. and 
giving details of experience and qualifica- 
tions, should be addressed to : 


The Manager, 

Personne) Department, 

Riker Laboratories, 

Morley Street, 

Loughborough. 

Tel. : Loughborough 3481, ext. 28S 








VACANCY FOR A POSTDOCTORAL 
RESEARCH BIGCHEMIST 
There is a vacancy in the deparune 
postdoctoral biochemist uverested in | 
MRC. Research Group on Control © 
Biosynthesis work on aspeeta of cel 
tein synthesis concerned with the cc 
lation. The salary will be within the 
£1,200 to £1,600 per anmum, according 
qualifications and expe ce. AN suitably 
field applicants will considered, bur 
ence will be given to canxtida with 
experience in th 1 BY 
nucleic acid bi 
Applications, which should be sem to 
sor H. R. V. Arnstein, Deparunent of Bi 
istry, King’s Codlege, Strand, T 
should include a curricuhum: vit 
of two referees 
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BACTERIOLOGICAL TECHNIGIAN 


Bacteriological Technician for diagnastic 
Pharmaceutical Company required for clinical antibiotic invest 


maingenance, 


The applicant should have ALMLT. or equivalent Qua 
emmoyment in London until early 1970. when a new £2) mil WANT 
complex will be opened in the Swindon area and the determinative micr 


expanded, 


Housing and educational facilities are 





from London and surrounded by some of the most dehghiful counrry 


excellent in this fast expanding town, 78 


and determinative secucn of a well-established 


tons and culture Horary 

















side in Wiltehire. 


Relocation and removal expenses will be paid. 


Please apply to: 


B. J. Costin, Personnel Manager (Pharmacentical Division), 
Rousse! Laboratories Lide Columbus Honse, 


Wembiey Park, Middlesex. 





{421} 
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THE DISTILLERS COMPANY LIMITED & 


YEAST AND FOOD DIVISION 


EXPERIENCED MICROBIOLOGISTS 
OR BIOCHEMISTS 


required by The Distillers Company (Yeast) Limited for their new Research Laboratories now being 
completed near Stirling in Scotland. Applications for a number of positions are invited from highly 


qualified people with several years’ postgraduate research experience in microbiology, enzymology or 
allied disciplines. 


1966 


Preferred age limits are 28-35, although graduates outside this category may be considered, and only 
people of high calibre, able to show evidence of successful research accomplishments should apply. 


The new laboratories are fully equipped with modern facilities and will undertake research and 
development in microbial propagation and metabolism, with particular emphasis on yeast. It is hoped 
that facilities for collaboration with universities will be available. 


Salaries will be commensurate with the importance attached to these positions and with the experience 
of the applicants. The Company operates a generous non-contributory pension scheme. Assistance 
can be given to married men towards house purchase and removal expenses, 


Please write, giving brief personal particulars, for an application form to: Division Secretary, The 
Distillers Company Limited, Yeast and Food Division, Crown House, Morden, Surrey. 


(457) 


UNIVERSITY OF ASTON IN 
BIRMINGHAM 
DEPARTMENT OF PHARMACY 


Applications are invited for the pest of 
LECTURER in Medicinal Chemistry in the 
Department of Pharmacy. 

The candidate appointed will be expec- 
ted to have a sound knowledge of the 
application of modern analytical and 
spectroscopic techniques in the assay and 
struciure determinadon of medicinaliy 


Research Project 
Group Leader 


is required by a large British organisation to lead a small well 
qualified Biological Group and to co-ordinate research projects — 
some of which are contracted out —in applied carcinogenesis and 
cytology. These include biochemical model studies and animal 
experimentation, 


e a Goon honours degree in biology or biochemistry ~ preferably 
with an additional post graduate qualification —is a pre-requisite 
with subsequent research experience, at team leader level, which 
should include work in the molecular biology, toxicology or bio 
assay fields. 





o AGE late 20's/early 30's. Gross salary will start between £2,750 
and £3,250. Some Continental visits are involved and an ability 
to communicate effectively in French or German would be an 
asset. 


Write in confidence to us as the group’s advisers. Nothing will 
be disclosed without permission. Letters should be addressed 
to Sir Hilary Biggs. 


JOHN TYZACK & PARTNERS LTD 


10 HALLAM STREET + LONDON WIN 6DJ 





(408) 


important compounds and to lecture on 
these topics at both B.Sc, and M.Sc, level. 
In addition he would be expected to take 
an active part in the research work of the 
Department. A pharmaceutical qualifica- 
ion or experience in drug research would 
be advantageous, 

Salary scale: Lecturer, £1,585 by £115 
to £2,045 (bar) by £115 to £2,848) per 
annum. 

Further particulars and application forms 
may be obtained from the Staf Officer 
tRef, No, 705/6), The Universiiy of Aston 
in Birmingham, Gosta Green, Birminge~ 
ham 4, to whom applications should be 
forwarded within 14 days of the appear- 
ance of this advertisement, (433) 





UNIVERSITY OF 
MANCHESTER 


TEMPORARY LECTURER AND 
ASSISTANT LECTURER IN PHYSICS 


Applications invited for these three-year 
posts from candidates with research inter- 
esis in theoretical muciear physics. ‘These 
posts carry some duties in the Daresbury 
Nuclear Physics Laboratory. Salary range 
per annum: Lecturer, £1,585 to £2,850; 
Assistant Lecturer, £1,240 to £1,470. 
FSS.U, 

Particulars and application forms (re- 
turnable by August 23) from the Registrar, 
The University, Manchester M13 SPL. 
Quote ref.: 187/69/Na,. (478) 
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IMPERIAL COLLEGE 
DEPARTMENT OF GEOLOGY 


Applications are invited from post-doc- 
toral organic chem’s for the post of 
RESEARCH ASSISTANT in work çon- 
cerned with the nature of organic matter 
in sedimentary rocks and its relationship 
with petroleum. The post is for 3 years 
at a commencing salary of £1,240 plus £60 
London Allowance per annum with annual 
increments of £115, 


Applications should be addressed to Pro- 
fessor W. D. Gill to arrive not later than 
Semember 1, (446) 


MEDICAL RESEARCH COUNCIL, 
CLINICAL RESEARCH CENTRE 
ito be at Northwick Park, Harrow, Middix.) 


CHEMIST AND PHYSICIST 
RADIOISOTOPES DIVISION 


The Radioisotopes Division of the Clini- 
cal Research Centre will be concerned with 
research on the application of radioisotope 
techniques to a wide variety of clinical 
problems in collaboration with other Divi- 
sions and with various Departments of the 
new Northwick Park Hospital. 


Vacancies now exist for two appointments 
on the Scientific Sraff of the Medical Re- 
search Council for: 


(a) A suitably qualified CHEMIST with 
broad interests 10 take charge of the Radio- 
chemical Laboratory. The main functions 
of the section will be the procurement, dis- 
pensing and distribuon of radioactive 
materials to the various users. the prepara- 
don of radioactive compounds and materi- 
alg not commercially available and research 
on the development of new radiopharma~ 
ceuticals and related problems. 


ib) A PHYSICIST with relevant experi- 
ence to help with detailed specifications and 
to take charge of the installation, commis- 
sioning and operation of whole body count» 
ing facilites, as well as to Carry out re- 
search on whole body radioactivity 
measurements and their clinical applica- 
tions. 


The gradings and starting salaries of these 
posts will depend on qualifications and ex- 
perience. For further information, apply 
in the first instance to Mr. N, Veal, 
M.R.C. Clinical Research Centre, Radio- 
isotopes Division, Guy's Hospital Medical 
School, London, S.E.1. Tel.: 01-407 2841. 


(448) 


RESEARCH 
ASSISTANT 


is required for a research project in seis- 
mology organized jointly by groups in 
Cambridge University and U.K. Atomic 
Energy Authority. The project is con- 
cerned with the analysis of elastic wave 
radiation from carthquake and explosive 
sources. The post is financed from an 
N.E.R.C. grant under a 3-year contract 


beginning October 1, 1969, and is non- 
pensionable. Salary will be in the range 
£1,000 to £1,500 depending on qualifica- 
tions and experience. 


A knowledge of mathematics at gradu- 
ate level and of programming digital com- 
putcrs is essential. 


Appicavions, with details of qualifica- 
tions, etc., and the names of iwo referees, 
w Dr. J. A. Hudson, Department of 
Applied Mathematics and Theoretical 
Physics, Silver Sureet, Cambridge. (491) 











Mineralogists and 
Petrologists 


Expansion due to demands made by the Mining Industry in Austr 


ia and 


South-East Asia has resulted in several new positions in the Mineralogy- 
Petrology Section of the Australian Mineral Development Laboratories, The 
positions offer great scope for scientists interested in applied research in the 


foremost Research, Development and Service organization in Australia. 


Salaries are subject to negotiation and appointments will be made at two 


levels. 


1. SENIOR PETROLOGIST 


Experienced graduates 


2. PETROLOGIST 


inexperienced, recent graduates 


Superannuation is available and assistance with travelling and removal 


expenses will be provided. 


Applications giving details of qualifications and experience together with the 


names of 3 referees should be sent to: 


The Director, 

The Australian Mineral Development Laboratories, 
Conyngham Street, 

FREWVILLE, S.A, 5963. 


THE ADELAIDE CHILDREN’S HOSPITAL Ine. 
NORTH ADELAIDE, SOUTH AUSTRALIA, 5006 


DIRECTOR, 


Department of Biochemistry 


Applications are invited from legally qualified practitioners for the above 
position, 
Preference will be given to those applicants who have had considerable postgraduate 
experience in b emistry and hold a postgraduate qual 
The Adelaide Children's Hospital ig the main paediatric cemre in South Australia 
and is the paediatric teaching hospital for the University of Adelaide. 
The Department of Biochemistry is located in a modern airconditioned building and 
is well equipped. The number of examinations performed annually is rising rapidly 
and will this year exceed 60,000. 
The hospital has 380 beds, treats approximately 14,500 inpatients and 128,008 ont- 
patients per annum, 
The successful applicant will be head of the deparument and required to provide a 
full clinical service. Opportunity will exist for reaching and research. 
Salary; Within the range $A10,220 to $A11,420 per annum, The commencing 
rate dependent on qualifications and experience. 
A limited right of private practice within the hospital may be negotiated 
with the Board. 
Some financial assistance may be granted towards the casis of removal expense 
oe hoped that the successful applicant will be able to commence duty early in 
1970. 
Further details may be obtained from the Medical Superincenders. 
Applications should contain full personal and professional particulars, and include the 
names and addresses of three referees, and should be in the hands of the undersigned 
by noon on Friday, December 19, 1969, 











E H, D. LINES, 
(439) Secretary to the Board, 
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AUSTRALIA 


Gordon Institute of Technology 
Geelong, Victoria, 3220 


A College of Advanced Education 
Affiliated with the V.I.C. 


Applications are invited for the position of: 


HEAD OF THE 
TEXTILE COLLEGE 


The Textile College is a unit of the newly formed School of Applied Science 
(which also includes Applied Chemistry, Physics, Geology, Biology and 


Nutrition). 


The educational responsibility includes the Associateship Diplomas of 
Textile Technology and Textile Chemistry; the Postgraduate Fellowship 


Diploma in Textiles; 


and post-diploma, correspondence and evening 


certificate courses. The research responsibility is at present biased to wool 
research. The public testing responsibilities include fleece measurement for 
studbreeders, woolgrowers and wool marketing interests of the Common- 
wealth; and testing and investigations for the textile industry. 


QUALIFICATIONS: The applicant should hold a higher degree or equivalent 
qualification in science, engineering, or textile technology. 


Experience in education, research or industry in the fields of textile tech- 
nology; protein, cellulose or high polymer science; or in allied fields is 


important to the application. 


DUTIES: To administer and take part in the diverse activities of the Textile 
College, including the supervision of the considerable industrial plant and 
the scientific testing and research equipment. 


To be responsible to the Head of the Applied Science School and through 


him to the Principal of the Institute. 


To collaborate with other units of the School of Applied Science. 
SALARY: A%9,000 (approx. £4,200) at present. This salary is currently 


under review. 


Application form and more detailed information are available from the 
Principal, Box 122, Geelong, Victoria, Australia. 


CLOSING DATE—AUGUST 22ND, 1969. 


SCOTTISH 
HORTICULTURAL 
RESEARCH INSTITUTE 


Invergowric, Dundee, DD2 SDA 


An opportunity for experience in 
plant breeding work with Brussels 
sprouts and French beans exists for 
a graduate in Botany or Horticulture 
or a person with equivalent qualifi- 
cations. The appointment is in the 
Assistant Experimental Officer grade. 


Salary: £872 at 21; £1,208 at 26 
(max, entry salary) and thereafter to 
£1,454, Superannuation. 


Applications giving age, education 
and experience to the Secretary by 
August 14. 

(438) 








UNIVERSITY OF MANCHESTER 


READER OR SENIOR LECTURER OR 
LECTURER IN BIOPHYSICAL CHEMISTRY 


Applications are invited for this appountment 
in the Department of Biological C istry from 
Biochemists with particular intere in physical 
aspects of the subject. The successful candidate 
would be expected to set up a research group 
within his field and to maintain and develop the 
existing undergraduate teaching programme in 
biophysical chemistry. Salary range per annum: 
Reader or Senior Lecturer, £2.710 to £3,670; 
Lecturer, £1,585 to £2,850. F.S.S.U, 

Further particulars and application forms (res 
turnable by September 13), from the Registrar, 
The University, Manchester, M13 9PL. Quote 
ref.: 159/69/ Na. (X443) 










UNIVERSITY OF LONDON 
INSTITUTE OF LARYNGOLOGY AND 
OTOLOGY 
MICROBIOLOGIST 


There will be a vacancy from October 1, 1969, 
for Assistant Lecturer (research) on a grame 
aided tapie: * Herpes virus—relationship with 
cancer." Salary £1,240 plus £60 living allowance. 
The candidate appoinied will be expected to 
work for a higher degree. 

Curriculum vitae, with names of two referees, 
to the Secretary-Admiinistrator, Institute of 
Laryngology and Otology, 330/332 Gray's Inn 
Road, London, W.C.1, not later than August 31, 
1969. (388) 


GLASSHOUSE CROPS 
RESEARCH INSTITUTE 


Biometrician 


required for theoretical research on relation 
of crop growth to environment, Appoint- 
mem in Experimental Officer class, salary 
scale (A.E.O.) £872 (age 21), £1,208 (age 
26—-maximum starting salary) to £1,454, 
Optional contributory superannuation 
scheme, Candidates should have good 
degree (or equivalent) in scientific subject 
with substantial mathematical content, 


Further details from Secretary to Tasti- 
tute, Worthing Road, Littlehampton, Sus- 
sex, to whom applications, with full per- 
sonal particulars and names of two referees, 
must be sent before August 18. (486) 





UNIVERSITY OF CAMBRIDGE 


SCHOOL OF 
AGRICULTURE 


Applications are invited for a RE- 
SEARCH ASSISTANTSHIP financed by 
an Agricultural Research Council grant in 
PLANT GENETICS AND BREEDING io 
work in a group concerned with genetic 
improvement of Phascolus species and to 
concentrate on species hybridisation. 
Qualifications: good Honours degree in 
Botany, Agricultural Botany or allied bio- 
logical subject with special interest in 
Genetics, Three-year appointment. Salary 
will depend on whether person appoinied 
is to be registered as a Research Studeni. 


Further information fram and appiica~ 
tion wiih curriculum vitae and names and 
addresses of at least two referees to the 
Secreta School of Agriculture, Downing 
Street, Cambridge, by August 26, 1969. 

(490) 





BOROUGH POLYTECHNIC 


BOROUGH ROAD, LONDON, SE. 
(A constituent college of the proposed 


POLYTECHNIC OF THE SOUTH 
BANK. LONDON? 


LECTURER IN 
ILLUMINATING 
ENGINEERING 


Due tò expansion in the lighting courses 
offered, a vacancy exists for a Leciurer 
(Grade D) in Ubiminating Engincering to 
assist the existing staff in the teaching of 
ighting courses up to degree level io both 
electrical and environmental engineers. The 
applicant should hold a degree and should 
preferably be a corporate Member of the 
Uhuminatiog Engir ing Society, 

SALARY SCALE (currently under review) : 

1.795 wo £ 0 per annum, 
upon qualfi ms and experience, 

Further particulars of the above post a 
appHeation forms may be obtained from 
the Clerk co the Governing Body, to whom 
completed applications should be returned 
within two weeks of receipt. (492) 





























UNIVERSITY OF GLASGOW 
RESEARCH ASSISTANTSHIP 


Applications are invited for a post of 
Research Assistant for experimental re- 
search in high energy electron and photon 
physics. The applicant would join a group 


working on experiments using the 4 Gev 
electron synchrotron NINA at the Dares- 
bury Laboratory and on the development 


of spark chamber techniques. Salary 
scale: £1,240 to £1,358 per annum. 
FSS.U, Tenure 2 years on appointment, 
with possible renewal. 


Applications, stating age, academic quali- 
fications, research experience and the names 
of iwọ referees, should be submitted not 
later than August 30, 1969, tọ Professor 
J. G. Rutherglen, Department of Natural 
Philosophy, The University of Glasgow, 
Glasgow, W.2, 


ROBT. T. HUTCHESON, 
Secretary of the University Court. 


(485) 





UNIVERSITY OF BELFAST 
LECTURESHIP IN PHYSIOLOGY 
The Senate of The Queen's University of Bel- 
fast invites applications for a Lectureship in 
Physiology (joint appointment with the Northern 
Ireland Hospitals Authority) from November 1, 
1969, or such other date as may be arranged, 
The salary range (under review) is £1,575 to 
£2,730 plus provisions for supcrannuation. If 
graded as consultant the salary will rise to a 
maximum of £3,415 (under review), An ap 
poinument may be made at any point on the 
scale depending on qualifications and experience. 
Applications should be received by August 15, 
1969. Further particulars may be obtained from 
The Secretary, The Queen's University of Belfast, 
Belfast BT? INN, Northern Ireland. (404) 


RHODES UNIVERSITY 
GRAHAMSTOWN, SOUTH AFRICA 
SENIOR LECTURER/LECTURER IN THE 
DEPARTMENT OF PURE MATHEMATICS 
Applications are invited for the above-men- 
tioned post. The salary scales are: Senior Lec- 
turer. R4,350 by R150 to R4,800 by R300 to 
R5,700 per annum; Lecturer R3.300 by R150 to 
R4,800 per annum. (Note: RI =approximately 
lis. 7d. stg.) A pensionable allowance of 10 
per cent of basic salary, up to R4,350 in the 
case of Lecturers and R5,100 in the case of 
Senior Lecturers and a vacation bonus are also 
payable. Previous experience and qualifications 
may be taken into account in determining rhe 
initial salary and the person appointed will be- 
come a member of the University’s pension and 

medical aid schemes. 

Full particulars and application forms may be 
obtained from the Secretary-General, Associa- 
tion of Commonwealth Universities (Appts), 36 
Gordon Square. London, W.C.1. Applications 
close on August 31, 1969, (318) 





UNIVERSITY OF THE 
WEST INDIES 
JAMAICA 

Applications are invited for 
POST of (a) LECTURER 
LECTURER IN DEPARTMENT OF ZOO- 
LOGY. Appointment for three years. Prefer- 
ence may be given to persons with interests in 
entomology, ecology or parasitology, but per- 
sons with other interests are also invited to 
apply. Salary scales: (a) £1,550 to £2,630 per 
annum ; (b) £1,250 to £1,410 per annum, Child 

allowance. F.S.S.U. Return family passages. 
Detailed applications (six copies), naming three 
referees by August 26, 1969, by persons living in 
the Americas and Caribbean area to Registrar, 
University of the West Indies, Kingston 7, 
Jamaica, and by all others to Inter-University 
Council, 90/91 Touenham Cous Road, London 
WIP ODT. Further parceulars obtainable 

similarly. (413) 


TEMPORARY 
or (b) ASSISTANT 











MEDICAL LABORATORY TECHNICIAN 
required in Department of Medicine. Experi- 
ence in protein separation, immunology or bio- 
chemistry would be an advantage but not essen- 
tial.—-Applications, in writing stating age and 
experience giving the names of two referees, to: 









Dr. J. L. H. O'Riorda Department of Medi- 
cine, Middlesex Hos l Medical School, 
Mortimer Street, London, W.1, (426) 





UNIVERSITY OF LIVERPOOL 


DEPARTMENT OF METALLURGY 
AND MATERIALS SCIENCE 


Applications are invited for the post of 
LECTURER in the Departement of Metal- 
lurgy and Materials Science. Applicants 
with experience in the physical and 
mechanical properties of polymers will be 
preferred. 


Salary will be within the range £1,240 to 
£2,850 per annum, according to qualifica- 
tlons and experience. 


Applications, stating age, academic 
qualifications and experience, together with 
the names of three referees, should be re- 
ceived not later than September 1, 1969, 
by the Registrar, The University, P.O, 
Box 147, Liverpool L69 3BX, from whom 
further particulars may be obtained. Please 
quote Ref, RV/2802/N. (456) 





SHEFFIELD NO. 3 HOSPITAL 
MANAGEMENT COMMITTEE 


REGIONAL MEDICAL PHYSICS 
DEPARTMENT 


PRINCIPAL PHYSICIST 


Required to lead the group working in 
radiation physics in both therapeutic and 
diagnostic fields. The work will be based 
in the new Weston Park Hospital, Sheffield 
and experience of the therapeutic use of 
linear accelerators is desirable. 

Salary Scale: £2,565 to £3,400. 

Further particulars may be obtained 
from the Chief Physicist, Regional Medical 
Physics Department, 21 Claremont 
Crescent, Sheffield S10 2TA, to whom ap- 
plications, naming two referees, should be 
sent by August 23, 1969, (479) 


UNIVERSITY OF MANCHESTER 


INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
TECHNICIAN OR SENIOR TECHNICIAN 


is required in the Department of Mechanical 
Engineering (Applied Mechanics Division). The 
successful candidate will be employed on the 
development of a research rig and experimenta- 
tion upon it. He will be expected to work with 
a minimum of supervision and 10 show initia- 
tive, General machine tool and bench fitting 
experience is essential, while familiarity with 
electrical instrumentation is desirable. The post 
is tenable for three years, Age Emit 25 to 50 
years. Salary scales: Technicians, £743 to £1,047 
per annum according to qualifications and €x- 
perience (additions of £30 and £50 for approved 
qualifications); Senior Technicians, £1,026 to 
£1,281 per annum according to qualifications and 
experience (additions of £30 and £50 for ap- 
proved qualifications). Five-day, 374-hour week, 
Superannuation scheme. Canteen facilities, 
Requests for application form, quoting Refer- 
ence ME102, should be sent to the Registrar of 








the Institme, Sackville Street, Manchester M60 
10D. Completed forms to be returned by 
August & 1969, (453) 
GUY’S HOSPITAL MEDICAL 
SCHOOL 


LIBRARIAN 


Applications are invited for the post of Wills 
Librarian which will become vacant in the 
autumn, The library serves the staff and stu- 
dents of the Medical and Dental Schools and 
also has responsibilities for libraries in che School 
of Nursing and at two hospitals in the Group. 

Applications, with curriculum vitae, should be 





sent to the Secretary, Guy's Hospital Medical 
School, London Bridge, S.E.1, further details 
1463) 


will be sent on request, 


TECHNICIAN/SENIOR TECHNICIAN RE- 
quired in Experimental Sur Uni. Qualifica- 
tions AMLL.T. or equivalent with experience 
in histology —Applications to Secretary, Royal 
Postgraduate Medical School, Hammersmith Hos- 
pital, London, W.12 (SHE 2030. ext. 351), quot- 
ing Reference 3; : (464) 
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QUEEN MARY COLLEGE 
UNIVERSITY OF LONDON 


DEPARTMENT OF PLANT BIOLOGY 
AND MICROBIOLOGY 


Applications are invited for a post as a 
RESEARCH ASSISTANT to work with 
Dr. Lo A. Casselton on a poka in 
Fungal Genetics sponsored by the SRC. 
The appointment will be for two years 
from October 1, 1969. Salary scale: £940 
£1,250 per annum. 

Applicavion forms 


obtainable from the 
Registrar, Quren Mary College, Mile End 


Road, London, 
August 20. 


E.I, to be returned by 


(473) 


NEWCASTLE REGIONAL. 
HOSPITAL BOARD 


Applications are invited for uainees, up to 
four in number, in the post of basic grade bio- 
chemist in Regional Hospital Board Laboratories 
in Neweastit, Sunderkand and Middlesbrough. 
Successful candidates will be given the oppor- 
tunity of astending the course in clinical bio- 
chemistry held at the University of Neweastle 
upon Tyne, and to undertake research leading to 
a M.Sc. Applicants shouki have graduated, or 
expect to graduate by the summer of 1969 in 
chemistry, biochemistry, physiology or other 
appropriate biological sciences. The course in 


clinical biochemistry includes lectures and jec- 
ture-demonstrations. Candidates will be ex- 


pected to pay their own fees. 

Preference will be given to basic grade bjo- 
chemists outside the probation period. Salary pi 
accordance with Whitley Counc Conditions of 
Service. 

Farther particulars and application forms may 
be obtained from the Secretary, Newcastle Re- 
gional Hospital Board, Benfield Road, Newcastie 





upon Tyne. NE6 4PY, to whom applications 
should be returned not larer than August 12, 
1969. (480) 


INNER LONDON EDUCATION 
AUTHORITY 
NORWOOD TECHNICAL COLLEGE 
KNIGHT'S HILL, LONDON, 5.8.27 
SENIOR LABORATORY TECHNICIANS 
1. Depariment of Biology and Geology 
(Knights Hip. Required immediately for biò- 
logy. To take charge of twaching and research 
laboratories, and to supervise the Department's 
technicians in biology and geology. Interesis in 
photography and biochemistry, physiology or 
histology would be an advantage. 
2. In chemistry at Tower Bridge Centre, Tooley 


Street, SEI To supervise laboratories and 
staff. Knowledge of chemical instrumentation 
essential. 


36-hour week, £955 rising to £1,195; holders 
of CGLISLT. Advanced cerulea, or 
recognized equivalent £1,035 rising to £1,275, 
Both scales plus £125 London Weighting. 

Forms, returnable within 14 days, from Coj- 
lege Secretary at Knight's Hill. {470} 





UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF GEOLOGY 

TEMPORARY RESEARCH ASSISTANT in 
the Department of Ge y With special interesis 
in Rock Mechanics or related investigations in 
Structural Geology, The work will be carried 
out in the Rock Mechanics Unit. The post is 
available for one year in the first instance and 
the vacancy is due to leave of absence of a 
member of staff. 

Further particulars may be obtained from Pro- 
fessor L. R. Moore, Departmen: of Geology, The 
University, Mappin Street, Sheffield SI 37D. 
Quote Ref, Rud G. 















UNIVERSITY OF MANCHESTER 
ASSISTANT LECTURER IN 
PHARMACY 


Applications invited for this post from candi 
dates with suitable academic qualificat 
should preferably have had e 
dustrial research experience, or ching and re- 
search e in pharmaceutical and): 
medicinal Salary range per 
£1,240 to £1,470. F é 

Particulars and application forma (return 
by August 30) from the Registrar, The L 
sity, Manchester M13 SPL. Quote Ref. 
Na. 


















ACO | 
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UNIVERSITY OF DURHAM 
DEPARTMENT OF PHYSICS 


Applications are invited for the post of 
COMPUTER PROGRAMMER in the 
Theoretical Physics Section of the Depart- 
ment of Physics from October 1, 1969. 
The work will involve the construction and 
maintenance of files of data taken from 
high energy clementary: particle scattering 
experiments and the construction of pro- 


grammes in connection with a theoretical 
analysis of this data, and the machine to 
be used is the IBM 360/67 shared by the 
Universities of Durham and Newcastle 


n Tyne. 

Salary will be on the scale: £1,240 by 

£115 10 £1,470 per annum plus F.S.$.U. 
Applications (3 copies), together with the 
names of three referees, should be sent by 
August 30, 1969, to the Registrar and Sec- 
retary, Old Shire Hall, Durham, from 
whom further particulars may be obtained, 

(425) 





INSTITUTE OF MEDICAL AND 
VETERINARY SCIENCE 
ADELAIDE, SOUTH AUSTRALIA 


SEROLOGIST 


A vacancy is expected to occur soon for 
an experienced Se rologist with a degree in 
science or with a senior diploma in medi- 
cal laboratory technology to supervise the 
work and development of the serology sec- 
tion of this Institute’s Division of Bacterio- 
logy. A wide range of diagnostic sero- 
logical! tests is performed, including fluor- 
escent techniques, but no blood group 
work. 


Practical experience is essential. 
be determined within the 


10 $6,407 according 10 ex- 
Reasonable 


Salary will 
ranges $3,355 


perience and qualifications, | 
removal expenses and fares will be pro- 
vided. 

Applications. stating full name, place, 


date and year of birth, nationality, marital 
siatus, past and present employment, de- 
rails of qualifications, experience and pub- 
lished work, together with the names of 
three referees, shouki be sent by Septem- 
ber 2, 1969, to: 


The Director, 

Institute of Medical and Veterinary 
' Science, 

Box 14, Rundle Street Post Office, 
Adelaide, South Australia 5000. 


30) 


AGRICUL TURAL RESEARCH 
COUNCIL 

FOOD RESEARCH INSTITUTE 

Applications are invited for a post-doctoral 
research position in bacteriology, supporied by 
a grant from ihe Potato Marketing Board. The 
appointment, for a period of 3 years, is to study 
bacterial soft rot of potato tubers, with par- 
ticular reference to the physiological and bio- 
chemical mechanisms involved. A suitable can- 
didate would be a Bacteriologist with an interest 
or a training in plant physiology. Salary : £1,240 
to £1,355 to £1,470 per annum, 

Superannuation under the Federated Super- 
annuation System for Universities. Application 


forms and further particulars from the Secretary, 
Norwich 


Food Research Institute, Colney Lane, 


“UNIVERSITY OF EAST AFRICA 
UNIVERSITY COLLEGE, NAIROBI 


Applications are invited for SENIOR LEC- 
TURESHIP IN ELECTRONICS AND TELE- 
COMMUNICATIONS IN DEPARTMENT OF 
ELECTRICAL ENGINEERING from graduates 
in this field with research and preferably, indus- 
trial / teaching expemence. Duties include par- 
ticipating in the mounting of postgraduate 
courses. Salary scale: £K1,950 to £K2,615 per 
annum (£Ki-£1 3s, 4d. sterling). Salary sup- 
plemented in appropriate case under British Ex- 
pauiates Supplementation Scheme in range £385 
to £505 per annum (sterling). F.S.S.U. Family 
passages ; biennial overseas leave. 

Detailed applications (six copies), naming three 
referees, by August 27, 1969. to Inter-University 
Council, 90/91 Tottenham Court Road, LON- 
DON WIP ODT, from whom particulars are 
available. (442) 









UNIVERSITY OF SOUTHAMPTON 


DEPARTMENT OF ELECTRICAL 
ENGINEERING 


ELECTRICAL ENGINEERING RESEARCH 
The following appointments are now available 
for work in the above field on research projects 
sponsored by the Science Research Council. 
EXPERIMENTAL OFFICER, to take respon- 
sibility for the design, construction and prepara- 
tion of electronic measuring equipment for re- 
starch purposes. This is a senior appointment 
and candidates will be expected to have appro- 
priate experience. A university degree or profes- 
sional qualification. is required. Salary Scale: 
£1,240 to £2,045 per annum plus F.S.S.U, 


RESEARCH FELLOW (two posts), Appli- 
cants should be interested in topics within the 
field of electrical machine research. Postgradu- 
ate experience in design or research is essential. 
Salary in the region of £1,600 plus F.S.8.U. 

Applications, giving details of age, qualifica- 
tions and the names of two referees, should be 
sent to the Deputy Secretary, the University, 
Southampton SO9 SNH by August 16, 1969, 
Guoting ref.: N. (442) 


NIVERSITY OF THE 


WEST INDIES 
TRINIDAD 

Applications are invited for LECTURESHIP 
IN MICROBIOLOGY. Appointee will be 
stationed at the Trinidad Regional Virus Labora- 
tory in Port of Spain. Appointment, tenable for 
three years, is to be assumed as soon as pos- 
sible. The duties include visits to regional 
laboratories in the Eastern Caribbean territories 
which are associated with the University, the 
giving of advice to ministries, local doctors and 
technicians on problems relating to microbiology, 
and the revision and standardising of Micro- 
biology techniques applicable to the region. 
Salary scale: £2,000 to £2,960 per annum. Child 
Allowance. F.S.S.U. Return family passages. 

Detailed applications (six copies), naming three 
referees, should be sent by August 25, 1969, by 
persons living in the Americas and Caribbean 
area to Registrar, University of the West Indies, 
Kingston 7, Jamaica, and by all others to Inter- 
University Council, 90/91 Tottenham Court 
Road, London WIP ODT. Further particulars 
obtainable similarly. 414) 


CHICAGO ZOOLOGICAL SOCIETY 
SCIENTIFIC STAFF 


The Society wishes to obtain the services of 
two Zoologists interested in vertebrate behaviour 





and ecology. Minimum qualifications: Doctoral 
degree or equivalent experience. Salary: By 
negotiation, university affiliation may be 
arranged. 

For details write Dr. G. B. Rabb, Associate 
Director, Research and Education, Chicago 


Zoological Park, Brookfield, IHinois 60513. 
PETER CROWCROFT, 
Director. 
(379) 


UNIVERSITY OF BELFAST 
LECTURESHIP IN COMPUTER SCIENCE 


The Senate of The Queen’s University of Bel- 
fast invites applications for a Lectureship in 
Computer Science in the School of Physics and 
Applied Mathematics from October 1, 1969, or 
other date. The University has established both 
graduate and postgraduate curricula in computer 
science. The research of the Department is sup- 
ported by ready access to a large and expanding 
LC.L, 1907 installation, with multiple access and 
batch processing capability. Salary range for a 
Lectureship is £1,585 to £2,850 plus contributory 
pension rights under the F.S.S.U. Initial placing 
on the salary scale will depend on qualifications 
and experience. 

Applications should be received by August 25, 
1969, Further particulars may be obtained from 
the Secretary, The Queen's University of Belfast, 
Belfast BT7 INN. Northern Ireland. (488) 








BIOC. EMIST (BASIC GRADE) REQUIRED 
for drug analysis in a well equipped laboratory: 
opportunity for research work for suitable appli- 


cam. Applicants should have a degree in chem- 
istry or biochemistry: previous experience is not 
necessary. Salary and conditions of service in 
accordance with Whitley Council Scale — 
Apply to The Area Pathologist, Area Laboratory 
at West Park Hospital, Epsom, Surrey. (447) 


“JUNIOR TECHNICAL OFFICER OR TECH- 
nician required for biochemical research at 
M.R.C. Rheumatism Unit, Canadian Red Cross 
Memorial Hospital, Taplow, Maidenhead, Berks. 
Training if necessary would be given in new 
separative procedures. 

Applications, with names of two referees, to 
the Director. (417) 








NATURE, AUGUST 2. 1969 


HEAD OR. SENIOR 
TECHNICIAN 


Applicant must have wide experience in 


Pharmacological 
offers good 
conditions, 


Position 
excelent 


‘Techniques, 
opportunities with 


Apply in writing to: Research Director, 
Biorex House, Canonbury Villas, Londen, 
NL (480) 


UNIVERSITY OF READING 

DEPARTMENT OF PHYSICS 

HIGH VOLTAGE ELECTRON 
DIFFRACTION RESEARCH 
There js a vacaney for a PHYSICIST to 
undertake research in electron diffraction at 
energies up to 400 KeV. The person appointed 
should preferably have a Ph.D. or similar quali- 
fication, with experience in one of the following 
fields: electron diffraction and microscopy, X=- 
tay crystallography, high voltage technique. 

Salary in range £1,470 to £1,585 per annum. 
Applications, quoting M.55, to Assistant 
Bursar (Personnel), University of Reading, Read- 

ing Berks: quo. 


UNIVERSITY OF SYDNEY 


invites applications for a 
LECTURESHIP IN PHARMACEUTICAL 
CHEMISTRY IN THE DEPARTMENT OF 

PHARMACY 


Candidates should have research and teaching 
experience in Organic Chemistry. Preference 
will be given to a candidate who has had experi- 
ence in the more biologically orientated aspects 
of organic chemistry. The major research in- 
lerests of the department covers metabolic 
studies, structure-activity relationships, and 
natural products. The successful candidate wilt 
be expected to teach organic chemistry to under- 
graduate and honours degree students, and to 
participate in one of the above or closely related 




















areas of research, Salary: SAS.400 by $A270 
to $A7,300 per annum, 

Information about superannuation, housing 
scheme, sabbatical leave, and method of 
application from the Secr General. Associa- 
tion of Commonwealth L ties (Appi 35 
Gordon Square, London, i. Applications 
clos on October 19, 1969 (432) 








UNIVERSITY COLLEGE, DU BLIN 


ASSISTANT OR ASSISTANT LECTURER IN 
DEPARTMENT OF CHEMISTRY 


Applications are invited for two posts vacant 
from October 1, 1969. Appointment is for one 
year in the first instance. 

POST J. Applicants should have special ine 
terests in Physical Chemistry ; the selected candi- 
date will be required to lecture to undergraduates 
on chemical thermodynamics. 

POST I, Applicants with interests in Physical 
Organic Chemistry will be given preference. 

Salary scale will be as follows: Assistant, 
£1,125 by £66 to £1,521; istant Lecturer, 
£1,583 by £66 to £1,913. Family allowances and 
non-contribuiory pension are additional to 
salary. 

Applications, giving the names of twa referees 
should be sent to the undersigned by August 25, 


1969, 
THE SECRETARY, 
Department of Chemistry. 


(435) 


MIDL AND CENTRE FOR 
NEUROSURGERY AND 
NEUROLOGY 
PATHOLOGY DEPARTMENT 
HOLLY LANE, SMETHWICK, WARLEY, 
WORCS., 

Applications are invited for the post of CHIEF 
TECHNICIAN I in the biochemistry division of 
the above department. The Laboratories are 
well equipped and deal with a wide range of 
routine and specialised techniques. Whitley 
Council salary and conditions. The Laboratories 
may be visited by arrangement with the Chief 
Technican, Mr. G. Gasser (021-558 2311) 

Applications, together with the names and ad- 
dresses of two referees. to the Group Secretary, 





University College, 
Belfield, Dublin. 





West Bromwich and District Hospital Manage- 
ment Committee, Edward Street, West Brom- 
wich. (420) 
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MONASH UNIVERSITY 
MELBOURNE, AUSTRALIA 
DEPARTMENT OF GENETICS 
LECTURER OR SENIOR LECTURER IN 
GENETICS (TWO POSITIONS) 


Applications are invited for two positions as 
Lecturer or Senior Lecturer in Genetics, The 
Department of Genetics. Monash University 
(Head of Department: Professor B. W., Hollo- 
way) is currently expanding. Two appoiniments 
in microbial genetics have already been made, 
and it is now desired to extend the interesis of 
the Deparunent. H is hoped to make these 
appointments in the fields of biochemical and 
human genctics, Preliminary inquiries from 
workers in these or other aspects of genetics 
would be welcomed and can be made by letter 
directly to Professor Holloway. Professor Hollo- 
way will be briefty visiting North America and 
the United Kingdom during August and Seprem- 
ber 1969 and intending applicants may wish to 
make arrangements for interviews during this 
period. It is expected that the successful appli- 
cants will commence duty before June 1970. 

Salary ranges: Lecturer, $45,400 to $47.300 
per annum ; Senior Lecturers, $47,500 to $A8,750 
per annum with superannuation provision on the 
F.S.S.U. basis and disability cover. 

Benefits : Full travelling expenses for appoin- 
tee and family ; removal allowance ; repatriation 
after three years’ appointment if desired ; initial 
subsidised housing; availability of loans for 
home purchase ; study leave is granted at the 
rate of one term's leave for six terms’ service 
with provision for financial assistance. 

Information regarding app.ication procedure. 
conditions of appointment, ete., is available from 
the Academic Registrar, Monash University, 
Wellington Road, Clayton, Victoria 3168, or the 
Secretary-General, Association of Commonwealth 
Universities (Appts.), 36 Gordon Square, Lon- 
don, W.C. 

Closing date : October 15, 1969. 

The University reserves the right to make no 
intment or to appoint by invitation. (450) 


“RESEARCH ASSOCIATE REQUIRED TO 
work on cellular aspects of immunology. Pre- 
vious experience in immunology desirable but not 
essential. Salary according to experience and 
qualifications within the range £1,010 to £2,450 
with superannuation under F.S.S.U.—Applica- 
tions to Professor I. M. Roin, Department of 
immunology, Middlesex Hospital Medical School, 

(436) 
7 TUTE OF 
Surgery. Gray's Inn Road, London, 
Applications are invited from individuals 

with experience in electron microscopy for a 
technical post in the Electron Microscopy Unit. 
The post will probably carry a Chief I or Senior 
H grading, according to qualifications and ex- 
perience. Prospective applicants are invited to 
visit the Institute, by appointment, or to apply 
giving the usual particulars and the names of two 
referces.—-Applications, or requests for appoint- 
“ments, should be sent to the Secretary at the 
above address within two weeks of the appear- 
ance of this advertisement. (489) 


GRANTS & SCHOLARSHIPS 


UNIVERSITY OF SYDNEY 
THE HENRY BERTIE AND 
FLORENCE MABLE GRITTON POST- 
GRADUATE RESEARCH SCHOLARSHIP 

Applications are invited for the above-men- 
tioned Scholarship from graduates of any uni- 
versity within the British Commonwealth of 
nations, or from graduates of any university who 
are British subjects, The Scholarship, which is 
tenable in the University of Sydney, will be 
awarded in the first instance for one year, and 
may be renewed for a second year, and in ex- 
ceptional cases for a third year. 

The Scholar will be expected to undertake post- 
graduate research in chemistry as related to 
industry or agriculiure. He may work in any 
one of several deparunents. such as agriculture, 
animal husbandry, biochemistry, botany, chemi- 
cal engineering, chemistry, electrical engineering, 
organic chemistry, pharmacology, physical chem- 
istry and veterinary physiology. 

The Scholarship will be awarded in either the 
senior grade (in the range $42,500 to $44,150 
per annum) or the junior grade (stipend $A2,350 
per annum) in each case payable half-yearly in 
advance. An allowance for travelling expenses 
may be paid to a holder in certain circumstances 
after he has held the Scholarship for one year. 

Applications, which should include a certified 
copy of the applicant’s academic record and the 
names of two referees, close with the Registrar, 
University of Sydney, Sydney, N.S.W. 2006, 
Australia, on August 31, 1969. 

Further information and application forms may 
be obtained from H. McCredie, Registrar. 

(45) 





























FELLOWSHIPS AND 
STUDENTSHIPS 


UNIVERSITY OF STRATHCLYDE 


STUDENTSHIPS IN 
CHEMISTRY 


Applications are invited from 
students with good honours degrees 
or equivalent qualifications wishing 
to study for a Ph.D. degree in the De- 
partment of Pure and Applied Chemi- 
stry, Several grants are available 
including an SRC., “C.A.P.S." 
studentship for work with Professor 
A. M. North on the Physical Chemi- 
stry of Polymers and grants for work 
in organic chemistry on natural pro- 
ducts and on free radicals. 


Applicants should write as soon as 
posible to Dr. T. H. Soutar, Depart- 
ment of Pure and Applied Chemistry, 
University of Strathclyde, Glasgow, 
C.i, from whom further particulars 
and application forms may be 
obtained. 

(481) 


UNIVERSITY OF SURREY 
RADIATION UNIT 


Applications are invited for a RE- 
SEARCH STUDENTSHIP leading to a 
higher degree for work on the practical 
and theoretical aspects of beta-ray thick- 
ness gauging. These studies will be under- 
taken in new laboratories at Guildford in 
close collaboration with a leading industria! 
firm in the locality. 

Applicants must have (or expect ta ob- 
tain) at least an upper second class honours 
degree. 

Applicants should normaly be citizens 
of the United Kinedom and Colonies or a 
Commonwealth citizen who is, and whose 
parems are, normally resident in Great 
Britain. 

Further particulars and an application 
form may be obtained from the Director, 
Radiation Unit, University of Surrey, 
Guildford, Surrey. (423) 





UNIVERSITY OF WARWICK 


SCHOOL OF MOLECULAR 
SCIENCES 


Applications are invited for a Pos- 
doctoral Fellowship tenable for a period 
of up to two years in collaboration with 
Dr. T. J. Kemp. The investigation will be 


concerned with a flash photolysis study of 


oxidation-reduction processes in solution, 
particularly in liquid ammonia. 

Salary will be in the range £1,240 by 
£115 to £1,355 per annum. 


Applications (in duplicate), giving the 
names of two referees, should reach the 
Registrar, University of Warwick, Coven- 
try CV4 7AL, as soon as possible. (415) 





UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF CHEMISTRY 


Applications are invited from candidates with 
a first class or upper second class honours de- 
gree in chemistry or physics for a research 
studentship to investigate some physical aspects 
of metastable transitions occurring in an 
mass spectrometer. The award will be for £550 
per annum plus fees for three years and it is 
expected that the work will be submitted for the 
degree of Ph.D. The work will be carried out 
in collaboration with Dr. K. R. Jennings to 
whom applications should be sent as soon as 





possible at the Department of Chemistry, The 
University, Sheffield S3 7HF. Quote Ref. 
R.37/G. (428) 


RAVE 





UNIVERSITY OF 
SOUTHAMPTON 


DEPARTMENT OF PHYSICS 
RESEARCH STUDENTSHIPS 


Applications are invited from ist or tad 


class Honours graduates or final year 
Honours students, for two Postgraduate 
Studeniships in Atomic and Molecular 
Spectroscopy : 

(a) To participate in crossed beam ex- 
periments involving the study of inelastic 
cross-sections for electron-ion and tan-ion 
collisions, Most of this work will be gar- 
ried out at the Culham Laboratory, 

(b) To develop a high resotuden X-ray 
photoelectron spectrometer far the sumty of 
atomic and molecular systems. 

The successful candidate wih be expec. 
ted to register for a higher degree, Fur- 
ther details can be obtained from the 
Deputy Secretary, The University, South- 
ampon SOO SNH, to whom mlica ons, 
naming two referees, shouid be sent, 
ing Reference Na. 
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AUSTRALIAN NATIONAL 
UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 
RESEARCH SCHOOL OF DENTISTRY 
Applications are invited fo appoinment to a 
small namber of Post-Doc 
Research Fellowships in the Re 
Chemistry from persons with qu 
interes: noone or more of the following fields, 
Theoretical Chemistry (Professor D. P. Craig, 
Dr. R. Bramley): 
Ultraviolet spectroscopy. 
line solids. 
Broad 
scopy. 
Inorganic Chemistry (Dr. A. M 
D. A. Buckingham, Dr. ? 
Stereochemistry, symihesi 
situon ami re 
including pepti 
metal chela 








and 





; : especially of crystal- 
Electron spin reso 3 


line nuclear magnetic 





résonance spego- 


Sargeson, Dr. 














Synthesis, stercocherr and 
organometallic complexes, mpha 
sem on arsine, stibine phosphine complexes 
iridium. rhodium and ruthenium., 


Physical Organic Chemistry (Dr. A, L 
Rates, cguillbria and mechanism of 

4 in di aprotic solvents, 
ons, displace- 
calorimetric and @lesiro- 










chemical measurements, 
Organic Chemistry (Professor A. I. Birch, Mr. 
R. W., Rickards, Dr. J. K. MacLeod) : 
Structures and biosynthesis o j eoi 
including antibiotics and 
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rch Fellow is normall 
» With possible exe 
e years; the salary 
250 per annum. 

Superannuation is on the FSS, 
with supplementary benefits. 
travel expenses are paid, 
is provided, 

Further particulars may be obtained from the 
Association of Commonwealth Universities 
(Appts). 36 Gorden Square, London, WUC, 
Applications closc on September 15, 1969. 
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WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon House, Park Farm Rd., 
Folkestone, Kent, England. 
Tel: Folkestone 57421, 
Offer top prices for: 
BACK RUNS OF JOURNALS 
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WONDER ELECTRIC MORTAR 


INVALUABLE TO 









SPECTROSCOPISTS 
GEOLOGISTS 

AGRICULTURE RESEARCH 
AND ALL ANALYSIS FIELDS 














INFRA-RED 
EMISSION 


X-RAY “FASTER = 


* CHEAPER 
* SIMPLER 


* BETTER 


MIXING and GRINDING 


FORGET tendency to cake, differences in 
hardness 


IMPROVE mixing and grinding are identical 
REPRODUCIBILITY fram sample to sample 


AVOID plastic vials, caps, and ball pesties 
CONTAMINATION cannot introduce metallic impurities è 


REDUCE entire assembly easily cleaned with 
EFFORT mineral acids 


SAVE TIME 10 seconds are sufficient for most 
samples 


SAVE SPACE one vial used for weighing, mixing 
and storing 


SAVE MONEY per sample cost is 4.2 cents—less than 
the cost of an ordinary container alone 


With these new plastic and metal vials, the WIG-L-BUG is an indispensable tool in YOUR LABORATORY. 
The plastic vials are recommended for mixing powders or preparing mulls with mineral oil. For hard materials 
requiring grinding action use our metal vials, in which coarse sand can be ground to face powder consistency in 
one minute, 

The action of the Wig-L-Bug is reciprocating in the form ofa figure 8. Swung through a 6-1/2” arc at 3,200 R.P.M. 
the ball pestle thus strikes the ends of the vial some 2,000 times in ten seconds. 


Prices Available on Request 


RESCENT DENTAL MANUFACTURING. CO. {yovs, tuvois 40534 | 
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= Cell studs 


-seen in a new light 


NBCo. presents a highly sen- 
| sitive substrate group of Fluorescein 
Esters including Fluorescein Diace- 
tate, a unique substrate for the 
study of living mammalian cells, 
which was recently introduced. 

The investigators suggested 
that the cell membrane was per- 
meable to Fluorescein Diacetate 
since it is non-polar. After the 
Fluorescein Diacetate enters the 
eell, it is hydrolyzed by Esterase 
action to Fluorescein, which is non- 
polar and accumulates in the cell. 
(1) This property of Fluorescem 
accumulation (Pluerochromasia: is 
easily visualized under a micro- 
scope and ean be correlated with 
cell viability. 





Also in the new substrate group is Fluorescein 
Dibutyrate, reported for the analytical assay of 


Lipase. (2) 


FLUORESCEIN DIACETATE 
M.W.: 416.4 M.P.: 206-208" C. 


M.W.: 472.5 M.P.: 
100 gm. . 
25 gm. 
10 em. | 


FLUORESCEIN DIBUTY RATE 
LITA C. 


gm. į 
gm. 


gm. 


gm. 
gm. 
em, 





29 


3] 


FLUORESCEIN DICAPROATE 
M.W.: 528.7 M.P.: 85-86" ©. 
FLUORESCEIN DICAPRYLATE 
M.W.: 582.7 M.P.: 53-55° C. 
FLUORESCEIN DILAURATE 
M.W.: 696.9 M.P.: 66-687 C, 
FLUORESCEIN 
DIPROPIONATE 
M.W.: 444.5 M.P 60-16 C. 
10 gm.. gm. $1.90 
Fem. A G Ras gm, 2.25 
Lem... oe. BM, 2.50 
FLUORESCEIN ESTER 
KIT NO. 6 
Aconvenient kit containing all 6 
Fluorescein Esters, 1] gram each. $9.90 
To order, phone 216 662-0212 
collect (USA only). If desired, 24- 
hour delivery anywhere in continental USA; 80-hour 
delivery anywhere in the world. Send for our free 
catalog containing more than 3500 items. 
(1) B. Rotman and B. W. Papermaster, Proc. 
Natl Acad. Sei. 55, 134 (1966). 
(2) B. G. Guilbault and D. N. Kramer, Anal. 
Biochem. 14, 28 (1966). 
The literature references should not be interpret- 
ed as either endorsement or disapproval of the bio- 
chemicals by the investigator. 


CAUTION: Those of our products which are or may be drugs 
or food additives, as defined in the Federal Food, Drugs, and 
Cosmetic Act, will be shipped, and may be used or sold, for 
investigational use only in laboratory ! arch animals, or for 
tests in vitro, and are not for use in or for humans. Investiga- 
tional animals and their edible products may not be used for food. 














Nutritional 
Biochemicals 
Corporation 


26201 Miles Road » Cleveland, Ohio 44128 
Phone 216 662-0212 
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Measure UV direct... 








with the 
BLAK-RAY UV METER 


For accurate intensity measurements of 366 um 
and 254 um. Insensitive to visible light. If you 
use UV equipment you need one of these inexpen- 
sive hand meters. Ask now for full details, 
quoting ref NA. 





SHANDON SCIENTIFIC COMPANY LIMITED 


65 POUND LANE WILLESDEN LONDON NWO Tel: 01-459 8671 
P1769 








Seravac 


ENZYMES 


SERAVAC LABORATORIES (Pty.) LTD. 
Holyport Berkshire England Tel: Maidenhead 21343 


in the U.S.A, Seravac Products are obtainable from: 


GALLARD-SCHLESINGER CHEMICAL MFG. CORP. 
584 Mineola Avenue, Carle Place, LL, N.Y. 175174 
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Were planning a population explosion. 






When you build a better rat, the world beats a path to your door. 


To our door in Elbeuf, France. To our door at Wilmington, Massachusetts, 
U.S.A. So we're expanding production facilities for our COBS® rats. 


in Elbeuf, our rat production will double in early 1969. in Wilmington, we're 
just completing an expansion that will increase production substantially. 
But the important things won't change. Every animal will remain specifically 
bred for uniform response. And raised under the strictest controls. With 
pasteurized food. Sterilized bedding. Continual virus monitoring. And a 
nucleus stock maintained in germfree isolations. 

Which are the reasons you ordered Charles River rats in the first place. 


Drop us a line for our new price list and further information. Then just tell 
us how many animals you need. We can get them to you within a day. 
Charles River France S.A., B.P. 29, 76-Saint-Aubin-Les-Elbeuf, France or 
Wilmington, Massachusetts, U.S.A. 


Here we grow again. 


Charles River/9 Sss 


FRANCE S.A, $ 
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SURFACE MAIL 
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* Shorter Periods Pro-rata, 
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Please send me...... copy/copies of NATURE each week for........ months 
starting with the issue dated, o...on cece veces ccae PAaL 
for which | enclose remittance * value. a... aal c coc ccc ccc cceecece en. 

* Cheque, international Money Order or Bankers Draft on London. t 

NAME aperintis Bice iani a OM Due ocala Be tl ht TUTE EY oe etal A, diet tants 
ADDRESS epee p ha nean asia siesta neta deat nie ducts Shs a mee oes Gap ie’ 
ZIP OR POSTAL CODE 


ZIP essential for U.S.A, 


The publisher would appreciate this additional information 


BRANCH OF SCIENCE 
OR TECHNOLOGY 


ORGANIZATION assess Espa ales A a ceutias whiny sieves Miata duntaaioaieeonc. 


NATURE OF WORK 
(RESEARCH, DEVELOPMENT, TEACHING, ETC.) 


POST TO Subscription Department MACMILLAN (JOURNALS) LTD. 
Brunel Road, Basingstoke, Hampshire, England 


NATURE, AUGUST 9. 1969 


Modeling of Thinking 
and the Mind 


N.M. Amosov, Head of the Institute for Thoracic Surgery, Kiev, USSR 


A thought provoking account of the principles of information processing and modelling in 
complex living systems. The author, an eminent Soviet scholar and Lenin Prize winner, 
offers his original hypothesis concerning programmes of man’s functions and outlines 
methods of imitating them employing contemporary computers. 


192 pages £6 


Prospects for Simulation and 


Simulators of Dynamic Systems 
Edited by G. Shapiro and M. Rogers 


Eighteen papers presented at a symposium held in Baltimore and sponsored by the U.S.A.F. 
Office of Scientific Research and the Westinghouse Defence and Space Center. 
‘This is a book worthy of a place in any applied-science library and while it will appeal to 


the simulation specialist it should prove of interest to the general reader.’ 
—Electronic Engineering. 





304 pages £6 lOs 


Technical Information 
Center Administration 


Volume 3 
Edited by A. W. Elias, Drexel Institute of Technology 


Supplementing the previous volumes of TICA | and 2, this volume contains information 
on the organization, administration and management of information receiving and 
distribution centres. 


‘for librarianship students or for scientists newly involved in setting up information 
centres, the book provides a useful summary of techniques.’ — Nature. 


150 pages 75s 


Macmillan & Co Ltd 
Little Essex Street London WC2 


North American orders to: 
Spartan Books, 432 Park Avenue South, New York, N.Y.10016 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion, 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes, 
Semi-displayed £6 per single column inch. 
Minimum £3, each additional t/12th of an inch 
10s. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T.G. Scott and Son, Limited, | Clement's 
Inn, Strand, London, W.C.2. Telephone: 
woo Telegrams: Textualist, London, 





APPOINTMENTS VACANT 





AUSTRALIAN NATIONAL 
UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 
DEPARTMENT OF GEOPHYSICS AND 
GEOCHEMISTRY 


Applications are invited for appointment in 
the categories of RESEARCH FELLOW, 
SENIOR RESEARCH FELLOW, FELLOW 
AND SENIOR FELLOW. The activities of the 
Department include palacomagnetism, seismo- 
logy, geochronology, experimental and structural 
geology and some branches of petrology and 
geochenusiry. Applications in these fields will be 
considered and several positions will be avail- 
able, One of these posts will be specifically 
committed to the electron probe microanalyser 
laboratory (see below). 

The Department is well equipped with a wide 
range of palacomagnetic and seismological ap- 
paratus, high temperature and pressure equip- 
ment for rock deformation, hydrothermal and 
solid pressure media high pressure apparatus, an 
electron probe microanalyser (ARL Model EMX), 
mass spectrometers, optical spectrographs and 
X-ray fluorescence and diffraction apparatus. 


ELECTRON PROBE MICROANALYSER 
LABORATORY 


A staff member is required to be responsible 
for the running of this laboratory and to make 
use of the instrument as a major research tool. 
Adequate technical support is available for main- 
tenance and operation of the instrument. A 
background in mineralogy and petrology would 
be best suited for collaboration with other 
workers in the Department; however, the De- 
partment has an extensive meteorite collection 
and specialization in this field or in ore 
mineralogy and geochemistry is possible. 

The salary of a Research Fellow is determined 
in the range $45,400 to $A7,250 and that of a 
Senior Research Fellow in the range $A7,800 to 
$A9,324. Appointment is for three years with 
a possible extension to five years. The salary 
of a Fellow is determined in the range $46,400 
to $A8,740, and that of a Senior Fellow $A8,750 
$A10,274. In these cases appointments may be 
confirmed as permanent after a period of five 
years, Superannuation is on the F,S.8.U. 
pattern with supplementary benefits. Reasonable 
travel expenses are paid and assistance with 
housing is provided. 

Further particulars are available from the Sec- 
retary-General, Association of Commonwealth 
Universities (Appts.), 36 Gordon Square, London, 
W.C.1. Applications close on September 15, 
1969. (449) 


UNIVERSITY OF YORK 
DEPARTMENT OF BIOLOGY 


Applications are invited for a biologist to 
participate in the International Biological Pro- 
gramme Bipolar Botanical Project, studying the 
aspects of plant growth under polar conditions. 
The programme will include field work on 
Disko Island, West Greenland, and experimen- 
tal studies at York. The appointment will be 
initially for one year from October, 1969, with 
the possibility of renewal for a further two 
years. Candidates should have a good honours 
degree in Biology or equivalent qualifications. 
Salary in the region £750 to £850. There will 
be an opportunity to study for a higher degree, 

Three copies of applications, naming three 
referees, should be sent by August 31, 1969, to 
the Registrar, University of York, Heslington, 
York, YOI SDD. Please quote ref. no. 11/ 
7001. (497) 


PHARMACEUTICALS DIVISION 


EXPERIMENTAL 
BIOLOGIST 
PATHOLOGIST 


A vacancy exists in the Research Department of the Pharmaceuticals 
Division of ICI for a person to work on thrombotic disease with 
particular reference to arterial thrombi with a view to its prevention 
or treatment with drugs. Candidates may or may not be medically 
qualified but must have a very good background in biological (animal) 
sciences including some biochemistry and must have research experi- 
ence to at least Ph.D. standard. 


Conditions of service, prospects, and the assistance given to married 
men in moving home are designed to attract and retain staff of this 
high calibre, and would be discussed in detail at interview. 


Applications, giving brief details of age, qualifications and experience, 
should be sent to: 


J. Leak, 

Assistant Personnel Manager, $ 

Imperial Chemical Industries Limited, 

Pharmaceuticals Division, 

Hie QUEEN SAWARD Mereside, Alderley Park, Macclesfield, 
ee ea Cheshire, SK10 4TG. 
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BIOCHEMICAL 
RESEARCH 


The Research Division of Pfizer Limited is broadly based in the major 
scientific disciplines and has a staff in excess of 400. 











Continuing expansion of our research interests has created a vacancy for 
a graduate in the 24/28 age group with a good honours degree in bio- 
chemistry with a Ph.D. or equivalent research experience. The person 
appointed will be required to join a team working on the biochemistry 
of cardiac muscle. This position would suit a man or woman interested in 
the application of basic biochemical knowledge to the development of 
therapeutic agents acting upon the heart. He or she will work in well- 
equipped laboratories located as Sandwich on the Kent coast. A wide 
choice of residential areas is available and the property is reasonably priced. 


The starting salary will be negotiable and will take full account of age, quali- 
fications and experience and the fringe benefits include free pension and 
life assurance schemes, bonus and the payment of removal expenses, 


Applications, giving brief details of age, qualifications and current 
salary should be addressed to: 


D. W. Sells, 
Personnel Manager, Research Division, 
Pfizer Limited, Sandwich, Kent. 


(S0 


sae NATURE, AUGUST 9, 1969 








UNIVERSITY OF WATERLOO 
DEPARTMENT OF EARTH SCIENCES 





This Department will be appointing a 
CHAIRMAN to commence duties in 1970, 
Other appointments may be made at the 
same time. Applications are invited from 
candidates in the fields of groundwater 
geology, engineering geology, stratigraphy 
{with computer interests), exploration geo- 
physics, and sedimentary geochemistry, 
Outstanding applicants in other fields of 
geology will be considered. 


Salary and rank will depend on qualifi- 
cations and experience, but will be in the 
following ranges (l2smonth basis) 


Professor $17,200 up 
Associate Professor $13,500 to $17,200 
Assistant Professor $10,400 to $13,500 


Applications, including a complete cur- 
riculum vitae and the names of three 
referees, should be sent to: 


The Chairman, 

Department of Earth Sciences, 
University of Waterloo, 
Waterloo, Ontario, Canada, 

The University of Waterloo is the third 
largest university in the province with over 
9,000 students. It is located in the heart 
of south-western Ontario about 70 miles 
west of Toronto. The University has 
gained international fame for its computer 
facilities and has the largest engineering 
faculty in Canada. The recent establish- 
ment of a Division of Environmental 
Studies on the campus embracing Schools 
of Architecture and Planning and a Man- 
Environment Department will have impor- 
tant implications to this Department in the 
sphere of environmental geology, The De- 
partment is especially anxious to secure the 
services of a person with a vigorous 
modern attitude to geology and the earth 
sciences. (565) 


Flame and 
Combustion 
Research 


A Combustion Scientist is required to join a 
research group at Watson House, Fulham, London, 
working on boundary layer development in 
burner ports, laser interferometry, kinetics of 
incomplete combustion and the evolution and 
application of burner design principles. 


A successful applicant with an honours degree or 
equivalent and preferably a higher degree or 
appropriate experience would be placed on a 
scale rising initially to £2,200 or £2,450 p.a., 
while a scale rising to £2,700 p.a. is 

available for a candidate with both higher degree 
and postdoctoral experience. In all cases 
opportunities exist for further promotion. A liberal 
publication policy is operated. 

Applications should be addressed in the first 
instance to: 

The Director, Watson House, 

Peterborough Road, London S.W.6 

quoting Reference NE/4647 

and should arrive within three weeks of the 
publication of this advertisement. 





NORTHWICK PARK HOSPITAL 
AND CLINICAL RESEARCH 
CENTRE 
SENIOR H TECHNICIAN 
A Senior H Technician is required for the 
Service Subdivision of the Division of Cllnical 
Chemistry. The laboratories, which are to be 
commissioned towards the end of this year, are 
fully automated with computerized data process- 
ing. The work will entail the provision of an 
analytical service to 800 beds in the hospital 
and clinical research centre where the emphasis 
ig on the intensive investigation of disease and 
research. There will be close collaboration De- 
tween the research and service sections of the 
Division of Clinical Chemistry. Experience in 
automated biochemical techniques is essential. 
: Applicants should be Fellows of the Institute 
Gis) of Medical Laboratory Technology, with at least 
one qualification in biochemistry. The salary 
scale for the post is £1,210 to £1,850 plus £90 

London Weighting. 

Further particulars and application form (to 
be returned by September 17) from the Group 
Secretary, Northwick Park Hospital and Clinical 
Research Centre, 164 Tottenham Court Road, 
London, WIP 9LH. (352) 
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UNIVERSITY OF OXFORD 


INSTITUTE OF PSYCHIATRY 
(UNIVERSITY OF LONDON) 
DE CRESPIGNY PARK, DENMARK 
HILL, LONDON, S.E.5 


DEPARTMENT OF BIOCHEMISTRY 


TECHNICIAN for instrument mainten- 
ance and assistance with research. Duties 
will include construction of prototype 
equipment for use in the department, 
Salary on technician scale (Whitley Coun- 


Department of Zoology will shortly have a vacancy on its technical 
staff for an assistant to the Chief Technician, It is hoped to make 
the appointment to the grade of Principal Technician within the 
range £1,263-£1,599, 


The successful applicant will be expected to have considerable 
experience in general biological techniques, in the care and maintenance 
of general laboratory apparatus and in the running of teaching and 
research laboratories. He should have sound organising ability and 
be competent to undertake the training of junior personnel, especially 
in histological and general microscopical techniques. 


cil) according to experience and qualifica- 
tions. (Ref. B10) 


STUDENT /TUNIOR TECHNICIAN for 
biochemical research. The work will in- 
volve a variety of techniques inchiding 
electrophoresis and chromatography. 
Salary according to age, experience and 
qualifications on Whitley Council seales. 
(Ref. R.F.160.) 


Write for application forms, quoting ap- 
propriate reference, to the Scoretary at the 
above address, ($58) 


Assistance with temporary accommodation may be available if 
required, 


Applications should be submitted in writing. with the names of 
two referees, not later than September 3, to the Administrator, 
Department of Zoology, Parks Road, Oxford. 


($20) 
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scientific 
editor 


Agricultural Research 
Council 


INSTITUTE FOR 
RESEARCH ON 
ANIMAL DISEASES 


COMPTON, Nr. NEWBURY 
BERKS. 


There is a vacancy in the Departmene of 
Microbiology for an EXPERIMENTAL 
OFFICER or ASSISTANT EXPERIMEN- 
TAL OFFICER to rear gnotobiotic calves 
and pigtets for use in the research pro- 
gramme of the department. New laboratory 
facilities will be available for this project, 
and there will be adequate supporting staff, 
Candidates should possess ALMLT. or 
equivalent as a minimum qualification, and 
stonid have a definite interest in this 
branch of biology. Previous experience of 
gnotobiotic techniques would be an ad- 
vantage although a period of taining at 
another Laboratory can be arranged. 


Salary in the range £872 per annum at 
age 21, £1,208 per annum at 26 to £1,454 
per annum or £1,590 per annum to £2,006 
per annum. 


Applications, with the names of two 
referees, to the Secretary (Ref. 108), not 
later than September 15. G4D 





The Department of Pure and Applied Mathematics 
of 

WOLTERS-NOORDHOFF PUBLISHING 
(Publishers of scientific books and periodicals)” 


has an opening for a 


scientific editor 


Applicants will preferably have English as a mother tongue, should 
have qualifications in mathematics or the physical sciences, will be 
able to demonstrate potential creative publishing ability, and will 
be prepared to travel extensively. 


The successful applicant will be required to assist in the 
supervision of the international promotion of Wolters-Noordhoff’s 
science list and will be expected to succeed the present manager 
of this publishing department within a very short time. 


Handwritten applications, giving details of education and previous 
experience and indication of salary expected, should be addressed 


to Personeelsafdeling Wolters-Noordhoff N.V. Postbus 58 
Groningen, Holland. 


* a.o.: Compositio Mathematica, International Journal of Fracture Mechanics, journal of 


Engineering Mathematics and International Forum for Future Studies of the Hudson 
Institute. 


Wolters-Noordhoff nv 


Groningen ~ Holland 





($38) 


Officer in Charge 


MINERALOGY—Petrology Section 


A responsible and challenging position in the foremost Research, Developmem: and Service 
organization in Australia is available for an experienced geologist who will comtral the 
Mineralogy-Petralogy Section, 

The section is fully equipped and is unique in that there are comprehensive back-up 
facilities provided by chemists, metallurgists, physicists, mathematicians and ceramista. 


The organization is rapidty expanding to meet the demands of major mining develon- 
ment and presents great opportunities for a man who can direct work, carry out applied 
research and consulting in the fields of petrology, mineralogy, mineragraphy, X-ray 
crystallography, economic geology, geochemistry, geochronology and electron microscopy. 


A first-class man is required and an appropriate salary will apply. Superannuation is 
available and assistance with traveling and removal expenses will be provided, 


Applications, giving details of qualifications and experience, together with the names of 
3 referees, should be sent to: 

The Director, 

The Australian Mineral Development Laboratories, 

Conyngham Street, 

FREWVILLE, S.A. 5063. 


wee 
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Whatever else you have... 


There is a place in your lab for the 


MSE HIGH SPEED 25 
CENTRIFUGE 














IT FILLS THE GAP — between ‘general purpose’ and ‘preparative’ centrifuges 


Even before the introduction of a 6x 15 ml swing-out Where else can you find a centrifuge of such compact 
rotor developing over 110,000 x'g' the High Speed 25 form which caters for zonal centrifuging, sophisticated 
with its tremendous versatility proved invaluable density gradient techniques and up to 1,500 m! capacity 


wherever there was a need for centrifuging at high speeds with angle rotors — to list but a few of its capabilities ? 
with accurate temperature control in the O°C to -40°C Please ask for Publication 481/A which gives full details. 


range-—even at maximum speed. 


MEASURING & SCIENTIFIC EQUIPMENT LTD. 
25-28 BUCKINGHAM GATE, LONDON S.W.1. ENGLAND 
Telephone.: 01-834 7373 Telex: 22666 Cables: Emesetool, Sowest, Londen 
in USA- MSE INCORPORATED, 811 SHARON DRIVE, WESTLAKE, OHIO 44145 


in CANADA: BACH-SIMPSON LTD. P.O. BOX 2484 LONDON, ONTARIO. 
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This is the spectrophotometer for every laboratory 


By itself 


or as the basis for an automated 
spectrophotometric system 


The Unicam SP500 Series 2 Ultraviolet 
and Visible Spectrophotometer is the 
ideal instrument to meet the challenge 
of modern analysis. The basic instru- 
ment is utterly reliable, fast and very 
accurate. 

You know you can rely on the SP500 
Series 2 Spectrophotometer because it 
is based upon the well-proved optical 
system of its famous predecessor—the 
SP500 Spectrophotometer—but with 


PYE UNICAM 


Precision Instruments 


solid state electronics providing im- 
proved stability. 

Use the built-in meter to give immedi- 
ate measurement of your sample if you 
want speed. 

Use the null balance to give photo- 
metric accuracy of + 0.39 T if you 
want precision. 

And if it is automation you want, there 
is a whole range of accessories. Plug 
in the SP40 Automatic Sample Changer 





for unattended analysis of up to 50 
samples. Or programme the automatic 
interchange of sample reference cells 
with the SP505 and SP506 accessories. 
Finally, record your results with the 
SP22 logarithmic recorder which gives 
a linear reading of absorbance units. 
To find out more about the Unicam 
SP500 Spectrophotometer’s ability to 
meet the demands of your laboratory, 
write or ‘phone today for details. 


& & 


1966 1969 
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Pye Unicam Lid 
York Street Cambridge, CBI 2PX, 
Telephone (0223) 58866 Telex 81215 


England 
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PHYSICAL SCIENCES 
Tachyons~~No violation of causality--FOX, KUPER 
and LIPSON (Technion-Israel Institute of Tech- 
nology) ` ; 
Neutron stars—-Starquake effects ‘elated to pulsar 
periods—-RUDERMAN (New York) 
BL Lac — Rapid radio variations — ANDREW, 
MacLEOD, LOCKE, MEDD (National Research 
Council of Canada) and PURTON ee University, 
Toronto) 
Pulsars—Dates of birth from 
KIANG (Dunsink Observatory) 
Cosmic rays—-Solar diurnal anisotropy-—] ACKLYN 
DUGGAL and POMERANTZ = ranklin institúte. 
Pennsylvania) 
Time standards-—-Atomic clock a ed— ESSEN 
and SUTCLIFFE (NPL) i 
Geomagnetic field--Daily variation and AA 
of the magnetosphere —- SARABHAI and NAIR 
(Physical Research Laboratory, Ahmedabad) 


c hinese techies 


lonosphere-—-Observation of VLF electrostatic noise 
—MOSIER and GURNETT (Iowa) i 
Petrology—-Strontium content and the origin of 
dedolomites—SHEARMAN and SHIRMOHAMMADI 
(London) 


Palaeomagnetism — Hy persthiiie: gabro intrusion 
in Scotland---WELLS and McRAE (London) 


Crystallography—Precipitation from spinel crystal- 
line solutions—-KATZ, NICOL and ROY (Penney: 
vania State) . : 


Aerospace engineering—Analytical solution and 
physical characteristic of fluidic jet impingement— 
MICHELSON (Ilinois Institute of Technology) 


Particle detection—Evaporated silver bromide as an 
ion and particle detector —- MASTERS (Technical 
Operations Inc.) 


Physical chemistry — Solubili ity paratetei for poly- 
mers from refractive index data—LAWSON and 
INGHAM (Jet Propulsion Laboratory, Pasadena) 


Stereochemistry —- Nucleophilic attack on metal- 
olefin complexes--HARTLEY (CSIRO) g 


BIOLOGICAL SCIENCES 


Immunoglobulins—Heavy chains share N-terminal 
sequences corresponding to alotypie specificities- 
WILKINSON (Oxford) : 


Angiotensin- immynoteactive fragments of angio- 
tensin II in blood--CAIN, CATT (Monash) and COGH- 
LAN (Melbourne) 


Gastrin—Demonstrated in islets of Cee 
LOMSKY, LANGR and VORTEL (Charles Univer- 
sity, Czechoslovakia) 


Inflammation -— Anti- dadlarataey activity and 
blockage of sulphydryl groups~-ORONSKY, TRINER, 
STEINSLAND and NAHAS (Columbia) 


Anaphylaxis—-Allergy to carboxymethyl- cellulose 
after foot and mouth vaccination of cows-—-LEE- 
MANN (Zurich), DE WECK and SCHNEIDER 
(Inselspital, Bern) 

Surface antigens— Antibody. to rabbit reticülótytes 
~-SCHULMAN and NELSON (California) 


Immunology— Antigenic change in mice infected 
with LCM virus detected by transplant rejection— 
HOLTERMANN and MAJDE University of Notre 
Dame, Indiana) 3 


Page 


597 


597 


610 


611 


614 


615 


616 


617 


618 


619 


621 


623 


624 


Isozymes—-Ultracentrifuge studies of red cell phospho- 
glucomutase -—— SANT TACHIAR: A (Pavia) and 
MODIANO (Rome) . : é 


Monoamine oxidase — Multiple. forms may help 
explain patterns of therapeutic effectiveness of anti- 
depressants—-YOUDIM, COLLINS and SANDLER 
(Queen Charlotte’s Maternity Hospital, London) 





Nucleic acids-—-Preferential degradation of reticulo- 
cyte mRNA-—-WILLIAMSON, LANYON and PAUL 
(Glasgow) : 7 





Polyoma virus —- T-antigen and DNA synthesis in 
macrophages unrel lated ~MALLUCCI (London) 


Testis—-Thymidine uptake seems swiftest in the 
peripheral tubules of mouse testes—HUNTER and 
MANNING (Texas) 

Contraception—-Cyproterone acetate affects fertility 
of male rats—WHALEN and LUTTGE (California) . 


Nerve——-Model of action potentials based on lipophos- 
phoprotein--WEISS (CSIRO) . : . 


Malaria chemotherapy—Chloroquine enhances infec- 
tivity of resistant strain to vectors—RAMKARAN 
and PETERS (Liverpool) 


Fungi—Selective isolation of species of Phytophthora 
from natural soils on improved antibiotic medium—. 
TSAO and OCANA (California) 


Circadian rhythms-—Electric field effects in mice—~- 
ROBERTS (London) 


Vision—-Correlation between 





“morphological” and 


“physiological” types of visual cells in honey bee 
compound eye—GRIBAKIN (USSR eat of 
Sciences) : 


Hearing-—-Sodium localization in the spiral organ 
varies with level of sound—VINNIKOV (USSR 
Academy of Sciences) and KOICHEV o (pner Medical 
School, Sofia) ; ; ; 


Plutonium aknee Treatment by citrate in the 
(Sunderland Polytechnic) and CHAP- 
M AN (Dundee) : > 7 5 


Reproductive anatomy-—Two ee of tubules con- 
taining only Sertoli cells in patients with Klinefelter's 
syndrome —- SKAKKEBAK (University Hospital, 
Copenhagen) . g ; 





Limbs-——Electrical stimulation of leg muscles can 
evoke movement--MILNER, OU ANBURY (National 
Research Council of Canada) and BASMAJIAN 
(Queen’s University, Kingston, Ontario) . f . 


Arthritis—-Transmissible agent in human rheumatoid 
arthritic tissue-~WARRE N MARMOR, LIEBES and 
HOLLINS (California) : 


Fossil vertebrates—- Propotto. leakeyi is a fruit bat, 
not a lorisid--WALKER (Makerere) ; : 


Fossil primates—Miocene tali from Kenya may be 
from Dry aig (Proconsul) major — PULBEAM 
(Yale) . . f be a 





Page 


625 


626 


630 


632 
633 


634 


635 


636 


639 


639 


641 


642 


643 


645 


646 


G47 


648 


The titles on this page are prepared by the staff of 
Nature on the basis of the titles submitted by authors 


which appear in full on the pages indicated 


enoaan naaa ete 





a à 




















XIV 





NATURE, AUGUST 9, 1969 





This instrument, in its modern styling, still 
embodies the requirements laid down by 
Mr. Guild of the National Physical Labora- 
tory and the advice of research workers in 


various laboratories. 


** CAN BE SUPPLIED WITH A DIFFERENTIAL 
CELL COMPLETE WITH COLLIMATOR AND 
SLIT FOR MEASUREMENT OF REFRACTIVE 
INDICES OVER THE RANGE 1-26 TO 1-95. 


The interchangeable prisms, each covering a 
recommended range of refractive index, are of 
60° refracting angle and are mounted in individual 


water jackets. 





We now have capacity for aluminising certain 
types of mirrors, at short notice, 










featuring image 
storage, for the 
added dimension 
in organic and 
inorganic chemical 
analysis 


Precise chemical analysis to 
parts-per-billion made in less 
than a minute, with storage 
display for detailed waveform 
studies, Several models are 
available, with such features 
as digital readout of peak cur- 
rent (I4) and three-electrode 
operation for dynamically con- 
trolled IR compensation. 























Polarographic Systems 
Model SSP-2 

3-Electrode System ..... $3070 
Model SSP-3 Digital 

Readout System ..,.... $3510 





Plug-in units available separ- 
ately. Tektronix oscilloscopes 
available locally worldwide. 























CHEMTRIX 
polarographic systems 





Other Chemtrix Instruments 
Type 800 

Waveform Source for 
Electrochemistry .......- $875 
(Triangle and rectangular 
waveforms, variable slope with 
wide-range control) 


No. A-111 

Glassy Carbon 

Electrode ........ 0006, $19.50 
(For voltammetry in anodic re- 
gion where DME operation is 
prohibited) 


For information on these and other polarographic instruments and 
systems, contact your iocal representative, or write directly to: 


All prices f.o.b. factory. 


CHEMTRKX, INC. 


Instiumentation for Fotence 
P.O. Box 725 Beaverton, Oregon 97005 U.S.A. (503) 648-1434 








The Improved Type 


Pulfrich 
Refractometer 





Please ask for Details ‘N’. 





DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
testing processes you are invited to contact 


EDWARD GURR LIMITED 


for supplies. 

We hold stocks of an enormous variety of dyes, ready for immediate 

despatch, including: 

Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- 

Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue, 

Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p-Ethoxy~ 

chrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green, etc. 
industrial Research Establishments 


are invited to make use of our professional services as 
consultants on the selection and use of dyes as research 
and production tools. 


BIOLOGISTS are invited to send for our catalogue of: 


‘MIHICHIROMIUIE 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount, Lipid crimson, Matamount, 
May-Griinwald, Leishman, Giemsa, Toluidine blue, Cresy! fast violet, 
Papanicolaou stains, Thioflavine S, Brilliant cresy! blue, Nile blue, 
Pyronin Y, Trifalgic acid, Rhodanile blue, Haplo, ete. 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, S.W.14 
Cables: Micromlabs London SW14, Telephone: 01-876 82289 
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No Recess for Government 


Wirn the long vacation hanging over the British 
Parliament, the Prime Minister safely tucked away in 
the Scilly Isles and the British economy showing real 
if small and much delayed signs of recovery, there will 
be a temptation in the next few weeks to suppose that 
there can be a moratorium on the problems of the 
British Government. To be sure, the Minister of 
Employment and Productivity as Mrs Barbara Castle 
is called is probably in for a busy summer, now that it 
is clear that the hopes of a clearer basis for regulating 
labour relations have been frustrated, but that may be 
seen as a kind of local difficulty. Certainly it is all 
too probable that the Government and its critics will 
cheerfully forget about the outstanding problems in the 
administration of science and technology in Britain. 
There are several reasons why this will be a great 
mistake. For one thing, it is now likely that the 
autumn will see yet another reshuffling of the govern- 
ment ministers, and that the energies of most govern- 
ment politicians will be bent to the prospect of the 
next general election, most probably within a year or 
thereabouts. That is not the best atmosphere for 
making the constructive reforms of the present machin- 
ery which circumstances require. Indeed, there is a 
danger that the needs of science and technology will 
once more be submerged in heady talk about the 
prospects of prosperity through technological revolu- 
tion. 

What needs to be done? For one thing, there are 
obvious changes in the machinery for spending money 
on science and technology. The Council for Scientific 
Policy is in danger of seeming and even being mori- 
bund, at a time when there has never been a stronger 
need of machinery for evolving a strategy for the 
relationship between universities and the research 
councils. What, for example, will be done to make 
sure that the university science courses are broadened 
and the basis for university entrance liberalized ? 
What is to be done about postgraduate courses ? Are 
there enough of them ? Is it proper that an industrial- 
ized nation like Britain should still rely on under- 
graduate teaching for the training of its skilled people ? 


Getting Off the Shelf 


Iv is generally agreed that Oceanology ’69 at Brighton 
in February was a great success. The new world of 
the oceans may have dawned earlier in the United 
States, with its vast defence-oriented hydro-space 
industry, but at least Britain could pride herself that 
she was not inactive. There were bold words from 
high places, ample evidence from the universities and 


Is there nothing to be learned in Britain from the new 
thinking on the financing of university research which 
has been prominent in the United States and now in 
Canada (see page 560)? The Council for Scientific 
Policy began well, and asked a great many important 
questions with the publication of the reports of the 
committees under Swann, Jones and Dainton, but it 
seems uncommonly incapable of suggesting what should 
be done now. To be sure, it is always possible that the 
council is feeding the Department of Education and 
Science with a stream of constructive advice, but the 
minister is constitutionally not very powerful when it 
comes to persuading universities to change their ways. 
It would, in other words, be better if the responsibili- 
ties of the CSP for forward planning were transferred 
to the Science Research Council, which can operate 
more publicly, and if the ministry were instead provided 
with a single identifiable person to provide professional 
advice. 

The other great need for a reform of the existing 
machinery is in the Cabinet Office, where the Central 
Advisory Council on Seience and Technology (Sir 
Solly Zuckerman’s apparatus) has a toehold at the 
centre of power but very little influence over the 
departments which spend most money on science and 
technology—the Ministries of Defence and Technology. 
The trouble here is no doubt inseparable from the 
difficulties of operating modern governments, but it is 
continually absurd that there should be a central bady 
for developing policy which has no say worth listening 
to on how defence research should be organized. And 
what does the Central Advisory Council think about the 
success of the Ministry of Technology in diversifying 
the activities of the research establishments? What 
balance would it like to strike between the development 
of aircraft and the development of other forms of 
transport? Is telecommunications research in Britain 
properly organized and sufficient in scale? For that 
matter, what should be the balance of power between 
the Ministry of Technology and the Department of 
Education and Science on the financing of research ? 
These are all questions which need to be answered. 








industry that oceanography was being taken seriously 
and producing important results and, of course, the 
energy being put into the exploration of the continental 
shelf by the Institute of Geological Sciences is well 
known. But do British scientists have the tools for 
the job? To what extent can people with a good case 
for sea-time get it? And how quickly ? This last is 
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an important question when so much research has to 
be done within the straitjacket of the requirements of 
three year PhD students. At the outset it must be 
noted that much sea-work——inshore fishery and geologi- 
cal research, for instance—is well served by the tiny 
vessels based on Lowestoft, Aberdeen, Plymouth and 
the Clyde. The IGS can doubtless satisfy its needs 
by chartering vessels, although it probably would be 
glad if someone left it a ship or two in his will. But 
how are the rest catered for ? 

Some look after themselves very well by hiring— 
firms and universities needing instrument tests, for 
instance. This still leaves a sizable number of deep 
water oceanographers. The physical oceanographers, 
the geologists and geophysicists and the marine 
biologists of the National Institute of Oceanography 
and perhaps eight or nine universities have long-term 
interests off the continental shelf. The Hydrographic 
Department of the Navy is helpful whenever possible 
and there is a good tradition of cooperation. But it 
is one thing to have friendly sailors to take people or 
instruments for a ride, and quite a different thing to 
tell the captain where to go (literally and sometimes 
metaphorically). Among those who want to and are 
perfectly capable of running their own cruises in deep 
waters for long periods, there is quite a large number of 
scientists chasing a totally inadequate amount of ship 
time. 

The flagship, RRS Discovery, is mostly occupied 
with work for the National Institute of Oceanography 
to whom it belongs. Other scientists are taken as 
and when space permits. It has always been a mystery 
that NIO was satisfied with one vessel. An establish- 
ment as large as that could and should use half a dozen 
smaller vessels as well. The sheer size of Discovery 
must daunt many people with good ideas or small 
experiments which do not need a floating palace for 
their execution. But it has equally been a mystery 
that NIO should be so far from the sea in deepest 
Surrey, from which delivery of an avometer to Dis- 
covery at Barry is a return journey of three hundred 
miles. 


Will there he Catastrophe 


THE past few months have seen a great flourishing of 
the fashion for speculating in a somewhat gloomy way 
about the future. This weekend, for example, Mr John 
Calder, the publisher who has done much to liberalize 
the British law on obscenity, will be enlivening the 
Harrogate Festival with a symposium on the future at 
which a great many sombre tales will probably be 
told. Last week, it was the Soil Association and Dr 
Barry Commoner (see page 554) who were pointing to 
the need for urgent action so as to avoid the disasters 
of which modern technology is capable. Talk like this 
is now so often heard, and resonates so well against 
the temptation of a great many people to proclaim 
that they have always known technology to be a 
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It is fortunate that the Shackleton may shortly be 
given over to home-based research after its service 
with the British Antarctic Survey. It is urgently 
needed to supplement the John Murray, a vessel which 
for all its fine purpose seems to be working in a very 
restricted area. In 1969 it is spending as long on our 
continental shelf as it is doing deep sea work—-rumour 
has it that the 1970 programme will be even more intro- 
spective. Part of the fault may be that of the oceano- 
graphers. The willingness to think big is needed. 
The interest to go elsewhere than the north-east 
Atlantic seems to have evaporated rather as Britain’s 
political concern with a presence east of Suez has 
diminished. To be sure, oceanographers seem to be 
caught in a self-perpetuating circle-—long cruises are 
not asked for, it becomes “traditional” to work near 
home and then Jong cruises are not encouraged. 
Finally, an interest in Tristan da Cunha’s ecology or 
on the geology off Madagascar is likely to be frustrated 
~~Britain no longer rules those waves. 

It is sobering to read the ship schedules for US 
oceanographic vessels. When the same sort of elimina- 
tion process has been gone through—naval vessels, 
inshore surveys, shelf exploration and so on—there 
are two institutions of oceanography (Scripps and 
Woods Hole) with eleven vessels between them, ranging 
from 2,300 tons (slightly smaller than the Discovery) 
to 115 tons. Twelve other universities own ships, as 
does the National Science Foundation. In addition, 
the US Coast Guard has seventeen ships on station or 
tending unmanned buoys. At least fourteen university 
and institutional expeditions to foreign waters are 
planned for the second half of 1969 and berths for 
visiting scientists are available on most of these expedi- 
tions. The oceans are not exactly congested by all 
this—there is room for much more activity—but it 
seems unlikely that British ships are going to con- 
tribute very much. Perhaps universities in collabora- 
tion should own deep sea vessels. Perhaps NIO should 
go in for sea-going in a much bigger way. The promise 
of Oceanology ’69 needs a lot of hardware to reach 
achievement. 


? 


monster, that it is becoming hard to define the point 
at which a proper and urgent concern for the environ- 
ment is overtaken by self-indulgent breast-beating. It 
is like trying to tell the honest conservationists from 
animal lovers. But the problem is also important 
because it raises the question of what society can 
expect from the development of science in the years 
ahead. 

What tends most of all to be forgotten at the public 
meetings on pollution is that. science and technology 
have enormously improved society in the past century 
and even the past decade. Of this there is no doubt. 
Infant mortality has declined and is still declining, not 
merely in advanced societies but everywhere. The 
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expectation of life is rising steadily, especially in those 
places where the population is hard pressed. Sheer 
prosperity has brought great benefits and, although 
some of the changes which have followed are not 
universally welcomed, there is no reason to think that 
they are inescapably malevolent. Complaints about 
traffic congestion, for example, are as common among 
those who would like to be able to travel more freely 
by automobile as from those who consider that internal 
combustion engines are a curse. The development of 
telecommunications in the past half century has been 
an almost unmitigated blessing. People are much more 
free than in the twenties to remain alert to the outside 
world—and yet they can always turn the radio off if 
what it has to say is not to their liking. Getting away 
from the telephone has almost become a weekend 
sport, but nobody really believes that modern life 
would be possible, or any life desirable, without it. 
Brash and even uncouth though it may sometimes be 
considered to say as much, sheer prosperity has im- 
proved the quality of life. Moreover, a good deal but 
not all of the prosperity which advanced nations now 
enjoy, and to which others are aspiring, can be attri- 
buted to science and technology. They are necessary 
but not sufficient. There is nothing new or surprising in 
this plain truth—indeed, it is the basis of much late- 
Victorian optimism about the future. As things have 
turned out, it would be folly to pretend that nothing 
can ever go wrong, but it is equally wrong to take 
entirely for granted the important benefits which 
spring from science and technology and on which 
society at large has become dependent. 

But what is the value of all this supposed progress 
if it should be accompanied by catastrophe? This is 
the question underlying a good deal of the anxiety 
in the past few years about the social role of technology. 
It has been explicit since the Second World War, when 
it seemed only natural to ask realistic questions about 
the likelihood that the use of nuclear weapons 
in warfare could put back the clock for decades 
or even centuries. This is a reasonable anxiety, 
and at the same time the reason why the strategic 
concept of deterrence has built up around nuclear 
weapons. In nuclear warfare, there are only Pyrrhic 
victories. 

But is it fair to transfer these anxieties to the 
potential side-effects of other developments in tech- 
nology ? Is it proper to compare the consequences of 
the unchecked pollution of Lake Erie, or the unex- 
pected consequences of the use of DDT for the improve- 
ment of agricultural efficiency, with the consequences 
of nuclear war ? On the face of things, the comparison 
is not sensible. The effects of nuclear warfare are at 
once swift and irreparable—that is again an essential 
part of the mechanism of deterrence. And in spite of 
the horrific consequences of some imaginable assaults 
on the environment, the potential destructiveness 
of an all-out nuclear warfare transcends the worst 
nightmares. To say all this does not imply that the 
side-effects of other kinds of technology can be safely 
ignored, but it does mean that it is an error to impart 
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into discussions of technological interference with the 
environment the kind of concern which properly belongs 
to the threat of major catastrophe. Among the 
potentially damaging consequences of technology, the 
threat of nuclear war is a special case in which the 
threat amounts to at least a partial assurance that the 
prospect will not materialize. The post-war history of 
Europe shows that clearly enough. 

So what are the side-effects of technology which 
should be causes for alarm, and what priority should 
they be accorded ? It is important to remember that 
the old cliche about the two faces of technology (good 
and evil) is not strictly applicable outside the school 
debating societies. Technology is really an instrument 
of social change and, by definition, particular applica- 
tions of technology are vigorously and deliberately 
pursued for identifiable ends. By definition, again, 
the side-effects are never at the outset as explicit. but, 
in compensation, are usually less marked. Technology, 
in other words, is like a good many therapeutic drugs. 
The end is identifiable, the side-effects are less casily 
anticipated and it is sometimes resolved to put up with 
them for the sake of the benefits of the principal 
objective. Most of the side-effects of technology of 
which people complain have just this characteristic. 
Few would choose to get rid of air pollution, for 
example, by preventing the use of fuel. Aircraft noise 
is an increasing nuisance, but the quality of life as it 
is called would be severely damaged by preventing the 
flight of modern aircraft. The problem of technology, 
then, is not that of eliminating the side-effects but, 
rather, of arranging that they are tolerable. 

What, in practice, does this mean ? One of the prob- 
lems is that the benefits and the side-effects are often 
incommensurable. Another is that the direct bene- 
ficiaries of new developments in technology are usually 
a separate group from those most afflicted by the 
side-effects. Airlines benefit most obviously from using 
landing strips in metropolitan areas, and although 
the general publie also shares the advantages of lower 
costs and greater convenience, ordinary people are 
also the ones most conscious of the noise. Industrialists 
benefit most directly from the freedom to pollute rivers, 
and other people are in the process denied the freedom 
to use the same rivers for other purposes. To be sure, 
the same people benefit indirectly from the increased 
prosperity of the community, but that is no reason 
why they should willingly swim in polluted water or 
even give up swimming altogether. 

But in the broadest sense, conflicts like these are 
political conflicts. The question is how the community 
at large shall regulate the activities of small sections 
within it, recognizing as it does so that there are 
common interests as well as disagreements. 

From this point of view, the problem of how to pre- 
vent the despoliation of the environment is ancient. In 
Britain, the history of the nineteenth century abounds 
with illustrations of how the commercial interests of 
small sections of the community and the economic 
growth of the country as a whole were restrained for the 
sake of social benefits. Children were prevented from 
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working underground in collieries in much this spirit. 
In regulating the side-effects of modern technology, 
several simple lessons can be learned. For one thing, 
it is not sensible to hope to satisfy everybody. What 
is poison for one man is likely to be money for another. 
Then the community’s expectations of the environment 
are likely to change with time. In particular, the more 
prosperous communities are likely to be most solicitous 
of the environment. A proper regard for the environ- 
ment is something of a luxury, as the rubbish dumps 
on the outskirts of poverty-stricken towns will testify. 
But in circumstances like these, it is only to be expected 
that a community's regard for the environment will 
be expressed in what seems a somewhat arbitrary 
manner. Nobody should be surprised that a nuisance 
which goes unnoticed in one decade should be intoler- 
able in the next. This is what has happened with air 
pollution in many advanced societies. And it is 
inevitable that governments, with their vested interest 
in concealing awkward conflicts between sections of 
the community not politically aligned in the party 
sense, should seem complacent and even malevolent 
when it comes to caring for the environment. 

For nations like Britain and the United States, the 
implications are quite clear. To begin with, the com- 
munity must look to the law and administration for 
means of controlling the damage done to the environ- 
ment. It is something of a puzzle that governments 
should have been allowed to be as lax as they have on 
matters such as the use of food additives (where, 
to be fair, the Food and Drug Administration in the 
United States has a splendid record), the pollution of 
rivers and the introduction of new therapeutic drugs. 
Cases like these are best dealt with by means of rigorous 
bans on innovation which are lifted only when the 
commercial interests concerned have been able to 
demonstrate that no unacceptable amount of damage 
will be done. It may seem like rough justice to many 
pharmaceutical companies to ask that new drugs should 
be used, in the first instance, only where their benefits 
clearly outweigh any potential damage—in terminal 
cases, for example—but this is not an unreasonable 
requirement by the community. 

More serious problems arise where it is necessary to 
strike a balance between social benefit and social 
damage-—the building of urban motorways, for example, 
or the siting of airfields. This is where the interests 
of governments most frequently conflict with those of 
the community which they are supposed to represent. 
In designing the route for a new roadway, for example, 
a government will tend to argue that the cheapest 
route is the one which best serves the community 
interest, but its argument is reinforced by the difficulty 
of raising extra taxation to pay for more expensive 
schemes. The natural and long term corrective is 
somehow to work out schemes for compensating in 
money the people most immediately affected by 
avoidable nuisances—traffic noise is only one of many 
problems which might be dealt with in this way. 

But what if the victims of a nuisance are not easily 
identifiable? Or what if the whole community is 
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affected ? These are the eases of the use of insecticides 
or even fertilizers in agriculture. The organochlorine 
insecticides are a particular problem because of their 
longevity and ubiquity. These are circumstances in 
which the balance between advantage and potential 
damage should ideally be quantitative. In other words, 
in the fight against the pollution of lakes as a result of 
nitrates in run off water, it is important that the con- 
servationists should have clearly in mind the economic 
value of fertilizers in agriculture. By doing so, they 
will be persuaded not merely to think of schemes for 
reducing the use of fertilizers but also of schemes, 
which might in the long run be much cheaper, for 
removing nitrates from lake water in substantial 
amounts. And is it entirely beyond the bounds of 
possibility that even the persistent insecticides may be 
removed from the ecosphere as quickly as they are put 
there by exploiting the capacity of some organisms 
to concentrate them ? 

The danger in the current wave of anxiety about the 
environment is, of course, that too uncritical a convic- 
tion that all nuisances must be abated will rob the 
community of benefits which are otherwise attainable. 
The conference organized by the Soil Association last 
week was right to conclude that there is a need of 
voluntary pressure on governments, for this is a politi- 
cal matter, but it is important that pressure groups 
which emerge should be hardheaded, able to weleome 
innovation and confident that its side-effects can be 
kept within bounds by a combination of well-tried 
administrative devices and a dash of practical tech- 
nology. And this, of course, applies also to the problem 
of living with technological innovation in general. The 
record of the past century shows how technology has 
prospered and how the quality of life has in the process 
improved. There is no reason why the same should 
not happen in the decades ahead, even if this does sound 
a little like a recipe for having your cake and eating it. 


SCIENCE PCLICY 


Fabian Conference 


Last month the Fabian Society held a one-day con- 
ference on science and technology which seems to have 
conformed fairly well to the pattern of words speaking 
louder than actions. Certainly Mrs Shirley Williams, 
MP, in her closing speech, said that one of the main 
results of the conference was material for at least 
three more conferences. For those with memories 
going back to 1964, one of the most interesting features 
of the conference, reports of which are now filtering 
out, must be the way in which it evokes recollections 
of the conferences at which Mr Richard Crossman 
supervised the development of Labour Party policy 
on science. 

Ostensibly, the aim of the conference, which included 
academics, industrialists, officials and politicians on a 
non-party basis, was to discuss government policy 
towards science and technology, but a much wider 
range of topics seems to have found its way into the 
day’s work. In the first session, on science and society, 
Sir Brian Flowers argued that the distinction between 
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pure and applied science is illusory as is the concept 
of a border between long term basic research and short 
term commercial research. Given the shifting mosaic 
of scientific development, influenced as it must be by 
external forces of society, he nevertheless argued that 
there has been in the past a tendency to “put too much 
pressure” on the academics. He asked that there 
should be high priority for modernization of the pattern 
of higher education, and that the universities should 
produce biological engineers in recognition of the in- 
creasing importance of biology in the modern world. 
“The last war was a physics war”, but, if things had 
gone differently, biology could have been the dominant 
influence. Education and the need for a reform of it 
seems to have featured in most of the speeches, which 
have not been published in full by the Fabian Society. 
Mr John Maddox, emphasizing the unpredictability of 
scientific development, also asked for a radical reform 
of tertiary education—the dropping of A-levels as 
university requirements, more general undergraduate 
courses with vocational and specialized training post- 
poned to the postgraduate stage. To make the govern- 
ment machine for supporting science function more 
efficiently, he also asked for a reorganization of the 
research councils, so as to make them more clearly 
responsible for identifiable tasks. 

But does industry want generalists? One minority 
view among participants was that industrialists are 
in practice more interested in reducing the time and 
money spent in job-training among new recruits, but 
most were agreed that quality matters more than 
specialization, This led into considerations of how far 
it was up to the education system to deal with the 
specific needs of industry, and how far scientists them- 
selves were “objective-orientated”, and Dr Walter 
Marshall gave it as his opinion that there has recently 
been a change of interest among those leaving the 
universities. What was agreed as urgent was to 
involve social considerations in technological decisions, 
to counteract the unpredictability of science by trying 
to foresee the consequences of what is already known. 

Discussion in the session on industry and technology 
tended to be sceptical about the extent of Government 
involvement in industrial affairs. Once the basic 
economic directions have been laid down, the feeling 
was that it is better to let industry get on with the 
job—Sir Frank Kearton spoke of time-wasting and a 
general vagueness introduced by continual consulta- 
tions and committee meetings about details. Bodies 
with specific aims, such as the Industrial Reorganiza- 
tion Corporation, have had greater success, but this 
seems to have been because of the way they were run 
and offers no strong argument for increasing their 
number. 

Discussion of manpower and personal motivation 
seems to have stimulated more speculation from the 
contributors. To some extent, this overlapped with 
earlier discussions of education, but on the question of 
the individual’s motivation several disturbing points 
were raised and others narrowly avoided. Professor 
Marie Jahoda, for example, mentioned changes in 
attitudes to work since the war, but, on the assumption 
that basie motivations are the same both in the 
Government and on the shop floor, left it to the 
Government to interpret its policies in terms meaningful 
at the other end of the hierarchy. Nothing was said 
about the difference between having the job one wants 
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at the top, and having little choice at the bottom: it 
might not be easy to convince a roadsweeper of the 
purpose for life inherent in his career, but a role of this 
kind was actually suggested for education. Mr W. E. J. 
McCarthy, on the other hand, emphasized the diver- 
gence of aims between management and manpower, 
and the consequent unresolved difficulties, 


HEALTH SERVICE 


Costs of Disease 


Uxt last November, the Ministries of Health and 
Social Security were quite independent, so it is 
hardly surprising that the first annual report (HMSO, 
£2) of the new Department of Health and Social 
Seeurity, formed by amalgamation of the two minis- 
tries, reads as if the Stationery Office has by accident 
bound two separate reports under one cover. Descrip- 
tions of the measures the Government and the Civil 
Service have taken to coordinate the two ministries 
in more than name are being saved for the report of 
the department’s first full year. 

During the financial year 1967-68, expenditure on 
health and welfare services reached £1,490 million, 
about a ninth of all public expenditure by central 
government and local authorities. In the financial 
year just finished, it is estimated that the cost of these 





1967, but the average ingredient cost per prescription 
rose in 1968 by 8 per cent to 8s ld. These changes 
no doubt reflect the decisions of patients to buy their 
own aspirins and common household remedies instead 
of bothering the Health Service for them, but at the 
same time it looks as if doctors may be prescribing 
some preparations in larger quantities, particularly to 
patients not entitled to exemption from charges. The 
ministry claims, however, that the net effect of re. 
introducing charges has been a decrease in the rate of 
increase of cost to the health service of pharma- 
ceuticals; during the second half of 1968, the total cost. 
of drugs prescribed was only 0-6 per cent more than in 
the same period in 1967, whereas in the second half of 
1967 drug costs were 7-8 per cent up on the same 
period in 1966. 

Local authority health services cost £216-2 million in 
1967-68 and are estimated at £238-4 million in 1968-69. 
The national measles vaccination campaign launched 
in May 1968 had a marked effect on incidence of the 
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disease; in the last quarter of 1966 there were 135,000 
notified cases, but only 37,000 in the last quarter of 
1968. A survey of another childhood disease, mumps, 
is to be arranged. Fluoridation of water is still 
meeting opposition as strong as it is unfounded; only 
2 million people in England and Wales receive fluori- 
dated water. 

For the first time since 1962, there was a slight 
decrease in the size of the waiting list for hospital 
treatment but, despite the more than £90 million spent 
on hospitals, the number of beds decreased from 27,091 
to 26,846, Building schemes valued at £124 million were 
started in 1967-68, compared with £108 million in the 
previous year. Although the total number of nursing 
staff increased by 3,132 (1-2 per cent), the number of 
full time staff decreased by 0-2 per cent. The report 
says that the fall in the number of 18 year olds in the 
population accounts for the fall in the number of pupil 
nurses and with no understatement concludes ‘that 
efforts to recruit and retain nursing staff will have to 
be maintained”. 


PESTICIDES 
Swings and Roundabouts 


Tue New York Academy of Sciences has at last 
published the proceedings of the symposium held in 
May 1967 (Ann. NY Acad. Sci., 160, 1-422; 1969). 
Although it is now far from up to date, the symposium 
should be compulsory reading for students of pollution 
by pesticides, if only because it provides a compre- 
hensive review of essential background information. 
The eight sections range from discussion of the general 
ecological aspects of pollution to the biochemistry, 
pharmacology and physiology of pesticides. Many 
of the classic pieces of work on the subject are described, 
including the tale of the consequences of controlling 
gnats at Clear Lake, California—now an object lesson 
in pesticide problems. 

In September 1949, under strictly controlled condi- 
tions, Clear Lake was treated with an analogue of 
DDT, called DDD, at a concentration of one part in 
70 million. Biologists were persuaded that at this 
concentration the gnats would be destroyed but the 
fish and birds would be unharmed. For two years, no 
gnat larvae were found in the lake, but by September 
1954, a second dose, this time at a concentration of 
one part in 50 million, was needed and three years 
later a third dose at the same concentration was applied. 
Tt was not until 1960, however, that western grebes 
were found dying of tremors characteristic of poisoning 
by chlorinated hydrocarbons. The grebes contained 
up to 1,600 parts per million of DDD. Moreover, there 
was a notable decline in the nesting population of 
grebes and the fish on which they fed contained even 
higher concentrations of DDD. 

Not everyone may be concerned at the fate of the 
grebes, but the symposium describes an example of 
ecological disturbance with a direct effect on man’s 
health. In the Demerara River estuary in what was 
then British Guiana, DDT was used in the forties to 
eradicate the mosquito Anopheles darlingi. By 1948, 
this vector of malaria had been eliminated, the agricul- 
tural economy of the area had been changed and 
mechanized crop farming had replaced animal farming. 
As a result A, aquasalis, which had previously fed on 





ENVIRONMENT 


Lovers of the Land Unite 


Is the world heading for an environmental crisis if 


pollution continues unchecked? Professor Barry 
Commoner of Washington University, St Louis, has 
thought for some time that this will happen. He argued 
his case again at the conference Jast week in London 
on “The Future of Man’s Environment”, organized 
by the Soil Association. He cited examples of modern 
technology——nuclear reactors, artificial fertilizers, gaso- 
line engines and pesticides—which have “stretched the 
web of the ecosystem”. But he said there is hope of 
making “technology conform to the powerful con- 
straints of the living environment”. In the United 
States, one particularly optimistic sign of public con- 
cern about pollution is the formation in the past six 
months of student environmental groups. 

Professor Commoner’s audience of about 100 repre- 
sentatives of British societies and organizations con- 
cerned with the environment hardly needed persuading 
about the dangers of pollution. Their object, indeed, 
was to discuss ways of coordinating their work more 
effectively, and they were greatly encouraged by 
Professor Commoner’s emphasis on the importance 
of voluntary bodies working together cooperatively. 

There was therefore some surprise when it was learnt 
that such a body is already being planned by the 
standing committee of “The Countryside in 1970" 
conference. This committee has set up a voluntary 
bodies working party under the chairmanship of Lord 
Molson, chairman of the Council for the Preservation of 
Rural England, and Sir Landsborough Thomson, presi- 
dent of the Council for Nature, with the object of 
forming a “National Coordinating Committee for 
Environmental Conservation’. 

But will this committee embrace a sufficiently wide 
range of interests, and will it be effective enough ? 
Several at the meeting raised these questions, and the 
Soil Association will organize another conference to 
see how things are going in about six months time. 
One obviously relevant consideration is that the 
Zuropean Conservation Year is only a few months 
away, and time should not be lost if advantage is to be 
taken of the current interest of European governments 
in tackling environmental problems. 

If a coordinated body on environmental conservation 
is to be a successful pressure group it must have access 
to scientific information. Professor Commoner argued 
that one of the first steps should be the publication of a 
journal. Part of the difficulty in assessing the dangers 
of pollution is that too little is known. The Soil 
Association is helping in this direction in a small way 
through research on its farmland at Haughley near 
Stowmarket in Suffolk. There, the association is in 
the fortunate position of being able to compare farm- 
land that has been managed without the use of chemical 
sprays and arțificial fertilizers for many years with 
similar farmland which has received fertilizers and 
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sprays. Among the projects based on the, Haughley 
farm material are a comparative.entomological survey, 
a study of radioactive fallout in food chains under 
different methods of crop production, an investigation 
of the toxic hazards of municipal composts and a 
small animals feeding experiment involving the study 
of the differences in health of small laboratory animals 
fed on diets from different sections of the Haughley 
farms and elsewhere. The association is hoping to 
attract other projects using its land for comparative 
studies. 


GRADUATE EMPLOYMENT 


Oxford against Swann 


THE myth that three or more years at Oxford leave a 
man uninterested in—and unwanted by—industry and 
commerce is dispelled by a recent survey of the first 
jobs of Oxford men. The survey, carried out by the 
new University and Industry Committee and published 
in the Oxford University Gazette (Number 3402, Supple- 
ment 3), proves that well over half the Oxford men who 
take jobs are employed by industry and commerce and 
that the demand for arts men is increasing. 

The survey covers the years 1963-68 and reveals a 
remarkably consistent pattern of employment year 
after year. About 55 per cent of the arts graduates and 
83 per cent of the science graduates leaving Oxford with 
first degrees for jobs in Britain end up in industry and 
commerce. At first glance, this may suggest that the 
strictures of the Swann Report do not apply to Oxford, 
but less than one in three of all Oxford science graduates 
and less than one in five arts graduates go into industry. 

Of the scientists who read for higher degrees, 27 per 
cent take their first jobs in industry while 50 per cent 
stay in the universities and only a dozen of the 900 or 
so arts graduates who obtained their higher degrees 
over five years went into industry. The most signifi- 
cant change in the past six years has been a small 
increase, in 1968, in the proportion of scientists taking 
first jobs in industry—apparently at the expense of 
the proportion embarking on further academic study. 
In 1967, out of a first degree class of 631 scientists, 
precisely 252 stayed at a university and 192 went 
directly into industry. In 1968, out of a graduating 
class of 612, only 213 stayed at university and 200 went 
into industry. 

The jobs taken by first degree science graduates in 
the five years (1964-68) show that 877 went into 
industry and commerce. The Civil Service and school 
teaching come a distant second, with 40 graduates 
opting for each. The notion that there may be a lack 
of demand in industry for arts graduates is another 
myth which the survey has demolished. Offers of non- 
technical vacancies are increasing—the figure for 1968 
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was 7 per cent up on 1967 and, by May of this year, was 
already 12 per cent higher than in 1968. Recruiting has 
a changed emphasis, however. The “general manage- 
ment traineeships” of the past have been replaced by 
specific non-technical vacancies; employers increas- 
ingly want to know how candidates have worked and 
what part they take in university and college life 
rather than what subjects they read. 

The report of the appointments committee of Glas- 
gow University for 1968 makes an interesting com- 
parison with the Oxford survey. Science graduates 
with second degrees still look first to the universities 
when they start searching for jobs, but the report says 
that many “are very doubtful about their career 
prospects in the universities and are more ready than 
they have been in the past to investigate alternative 
careers”. Although the first choice is often a post- 
doctoral fellowship, the decline in the number of PhDs 
finding funds reflects the increasing scarcity of money 
for fellowships in the United States and Canada. Of 
the 283 men who graduated with first degrees in science, 
74 began academic research and training while 74 went 
into industry. The highest starting salary for a man 
with a first degree in science was £1,300 and for a 
woman £1,200. Out of the 149 men graduating with 
first degrees in engineering, agriculture and applied 
science, 81 went into industry. Scottish nationalists 
will find little comfort in the fact that the percentage of 
engineers taking employment outside Scotland in- 
creased again to 35 per cent, compared with 27 per cent 
in 1967, but emigration has not yet returned to the 
1965 level of 45 per cent. Among pure scientists, the 
proportion of honours graduates taking jobs outside 
Scotland increased (32 out of 55), but the reverse was 
true of ordinary degree graduates. 


METRICATION 


Coordinating the Change 


Tue Metrication Board has announced the names of 
the experts who will sit on its first two steering com- 
mittees, with the task of coordinating the change- 
over to metric units in industrial materials and in 
education. The Steering Committee on Industrial 
Materials and Construction, with Mr H. J. Cruikshank 
of the Metrication Board as chairman, will concentrate 
on materials. Much of the work of deciding what 
should be done in the construction industry has already 
been carried out, and the Working Party on Metrication 
of the National Consultative Council of Building and 
Civil Engineering Industries will carry on its good 
work. 

Mr Cruikshank’s colleagues on the committee will 
be Mr A. G. Dawtry, Town Clerk of Westminster; 
Mr M. D. Clarke of the British Standards Institution; 
Mr A. W. Cleeve Barr, architect; Mr G. B. Colbridge 
of the British Steel Corporation; Mr A. S. Hllett of 
Ronald Lyon Co., Ltd; Mr E. W. Greensmith of ICT; 
Mr H. C. Hine of Denny Mott and Dickson, Ltd: Mr 
K. M. Wood of Concrete, Ltd; Mr I. H. Lightman of 
the Ministry of Public Building and Works; and Mr 
J. A. Harrison of the Metrication Board. 

The Steering Committee on Education and Industrial 
Training will have a similar brief in its own sector. 
It will be responsible for finding out how the change- 
over is progressing, and how it can best be encouraged 
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in primary and secondary schools, universities and 
industrial training establishments as well as the print- 
ing and publishing industries. Again, some of the work 
is done already. The Federation of Master Printers, for 
example, has produced a booklet on going metric with 
the printing industry. 

Dr F. Lincoln Ralphs of the Metrication Board will 
chair this committee. His colleagues will be Professor 
M. L. McGlashan of the University of Exeter; Sir 
William Alexander, Secretary of the Association of 
Education Committees; Miss E. E. Biggs, HM Inspec- 
tor; Mr J. Brosgall, ‘Training Adviser of Unilever, Ltd; 
Mr Q. B. R. Feilden of the British Standards Institu- 
tion; Mr F. W. Kellaway, Principal of Letchworth 
Training College; Mr S. McClure, editor of the Times 
Educational Supplement; Miss Rosemary Part of the 
Construction Industry Training Board; Mr R. Sibson, 
HM Inspector; Dame Muriel Stewart, headmistress of 
a girls’ secondary school; and Mr M. Moss of the 
Metrication Board. While at work, both committees 
are ready to consider observations or memoranda from 
organizations or individuals concerned with the work 
for which they are responsible 





ACOUSTICS 


No More Echo 


SPLENDID sounds echo no more around the heights of 
London’s Royal Albert Hall, but go straight to each 
listener clearly and unambiguously—and just once. 
Since the installation of glass fibre ae s at the 
beginning of the year (see ‘Nature, 221, 7; 1969), audi- 
ences and performers have been e by the great 
improvement in its acoustics, and further modifications 
completed by June 14 have at last made the hall into 
a setting fit for the wide variety of music presented in 
the summer season of promenade concerts. 

Investigations by Mr Kenneth Shearer of Acoustical 
Investigation and Research Organization Ltd, had 
revealed three separate troubles There was the 
notorious echo, caused by the shape of the dome; 
the sound produced by an orchestra was too rever- 
berant; and some areas of the hall suffered particularly 
from a bad distribution of sound from the concert 
platform in front of the organ. The diffusers, hanging 
from the dome, eliminated the echo almost completely, 
and also gave a better sound perspective to the gallery 
by projecting grazing incidence reflexions from the 
orchestra beneath in the right direction. 2,000 square 
feet of glass wool arranged on top of the diffusers 
absorbed enough sound to reduce the reverberation 
time to an acceptable value. What remained was 
poor projection. of the music to the rear of the arena, 
opposite the platform. 

A reflector above the orchestra apparently did little 
but throw sound straight down again—this is invaluable 
for the players to hear what is going on, but the need 
was for a new reflector which combined this property 
with a better outward projection. This has been 
achieved with an installation which looks like a sur- 
realist distortion of the rear seat of a car but has in 
fact succeeded in lifting an acoustic image of the 
orchestra to a height from which those at the back of 

the hall can “see” it. It was made from a four foot 
segment of the mould used to build the twelve foot 
diameter diffusers. These clements were bolted together 
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side by side to form three reflectors about sixty feet: in 
length, and the resulting triple assembly was suspended 
from the roof. Because it is made from the same 
material as the diffusers, it is much lighter than the old 
wooden reflector (just over a ton instead of nearly 
two, in spite of its much greater size) and so has the 
further advantage that it can easily be winched up to 
roof level when the hall is used for conferences. 

At the same time, further diffusers were put in, 
including eleven at the opposite end to the orchestra 
purely for the purpose of capturing the sound of the 
bass drum, which from its usual place in the orchestra 
was lost to all but the back two rows. One slight 
difficulty has not yet been overcome, and this concerns 
the trombones. At the moment the “ raspberry” 
element of their sound is reflected from the front of 
the boxes, while the note itself comes direct to the 
listener, giving a slightly schizoid effect in some seats 
at the rear. It seems, however, that any alteration to 
the box fronts would entail an undesirable deadening 
of the overall sound, and this—not to mention the 
possible outery from addicts of Victoriana-—justifies 
leaving things the way they are. Perhaps the best 
thing now would be to invite designs for a trombone 
with a built-in diffuser. 





BUILDING 


Information Service Fails 


THE attempt to set up an information agency for the 
whole of the British construction industry through the 
Construction Industry Research and Information Asso- 
ciation (CIRIA) came to an end last Thursday, July 31, 
when the annual general meeting of the association 
agreed to hive off its information services to the Build- 
ing Research Station. This follows from a recommenda- 
tion on July 25 by the National Consultative Council 
of the Ministry of Publie Building and Works, which 
runs the Building Research Station and which— 
together with the Ministry of Technology-—lays out 
much of the financial support for CIRIA. Precisely 
how the Building Research Station will administer the 
service is still being decided, but it is expected that a 
start will be made early next year with a regional 
advisory service centred in Birmingham. A full seale 
service should be in operation by June next year. 
What will happen to the sixteen people at CIRIA 
involved in information work has not been settled. 
The obstacle to a transfer to the Building Research 
Station is that the salaries of the information staff at 
CIRIA are generally higher than comparable people at 
the Building Research Station, who are on Civil Service 
scales. 

The Building Research Station is already running an 
information service, chiefly to protect the staff of the 
station from interruptions to their normal work which 
enquiries had been causing. At present, the information 
section has a staff of eight, handling 13,000 enquiries 
by telephone and 7,000 by letter each year. Unless 
the enquiry requires more than half a day’s work, or a 
visit by a staff era the service is free. This week, 
the Building Research Station was uncertain how much 
the service is costing, but it seems to be considerably 
less than the £100,000 a year which CIRIA is spending 
to handle a smaller rate of enquiries, about eighty each 
week, most ofywhich are said to be rather mundane. 
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That CIRIA is not making a success of its informa- 
tion service, set up in 1967 when the association 
changed its name from the Civil Engineering Research 
Association, has been known for some time. But it is 
understood that the association will retain the wide 
range of research interests implied by its current title. 
The suggestion that the construction industry should 
pay a levy to keep the information service going, 
considered by the National Consultative Council, seems 
to have met with the advice that only those who want 
information should have to pay for it. That the 
industry is already paying a levy of 1 per cent of its 
payroll probably also had something to do with the 
decision. 

How the Building Research Station will finance the 
new information service is not yet known, but one 
possibility being considered is to run it along the lines 
of the Automobile Association, with a large number of 
subscribers who might need help paying a small annual 
fee. On the other hand, CIRIA with its 260 member 
firms and 180 local authorities feels let down by the 
industry. One reason given this week for CIRIA’s lack 
of success is that too much money has been spent devel- 
oping sophisticated information retrieval techniques, 
when what is needed is some way for advice to percolate 
to the grass roots of the industry-——the “‘back-street” 
operators employing five men or less which make up 
the majority of the 80,000 building firms in Britain. 
The Building Research Station hopes eventually to 
adopt a more aggressive policy for the information 
service, with advertising (at present the station’s 
service is not publicized) and possibly even advisers 
visiting the building firms. 





TECHNOLOGY 


Machining Stubborn Alloys 


Tue versatile International Research and Development 
Company at Newcastle upon Tyne is expanding its 
materials technology programme with a contract for 
£20,000 from the Ministry of Technology to develop a 
cheaper technique for electrochemical machining. The 
aim is to use alternating current instead of the con- 
ventional direct current. Electrochemical machining 
is chiefly used in the aircraft industry to form com- 
ponents with complicated shapes from the newer high 
strength alloys which are otherwise difficult to machine. 
It involves the removal of metal by electrolysis. The 
rate of removal, which can be up to one cubie inch 
per minute, is independent of the hardness of the 
metal but proportional to the current density. With 
direct current, something like 40,000 amps is required 
and the cost of equipment to control currents of this 
magnitude can exceed £40,000: if alternating current 
ean be used the cheaper power supplies should reduce 
these costs by about two-thirds while the operating 
costs should be much the same. Mr D. J. Brown, who 
leads the research team dealing with e.c.m. at IRD, 
hopes that this will mean that the technique will 
become competitive in industries where the high capital 
costs are at present prohibitive. 

IRD plans to divide the work into two stages—first 
it will try to define the basie problems using small 
scale experimental equipment. The technique at 
present is to pass the direct current through an clectro- 
lyte pumped through a gap betweensthe component 
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and a shaped cathode, generally copper. The current 
densities are highest opposite high spots on the 
cathode, so that the workpiece gradually assumes the 
shape of the cathode, which is moved forward to keep 
the mean gap constant. With alternating current, 
the electrode has to be inert at this stage or it would 
be eroded on the reverse half cycle, and graphite 
seems a suitable material to use. The wasted reverse 
cycle reduces the efficiency of the process, but Mr 
Brown hopes that most of the problems will be ironed 
out within the next six months and that efficiencies 
close to the theoretical maximum of 50 per cent will 
be achieved. The next step will be to build a large 
machine to study the feasibility of using the technique 
on an industrial scale, and it is hoped that this will 
be completed within a year. 


PUBLICATIONS 


Welcome New journal 


from our Geophysics Correspondent 

So many new journals appear each year that scientists 
are annoyed and librarians infuriated by the growing 
proliferation. The editorial boards may contain a 
star-spangled list of names, but often these boards 
never meet and their members are only mildly in favour 
of the new journal—and that sometimes because they 
get a free copy. The view that journals are licences 
to print money, with a compulsory library subscription 
list, is prevalent and not without justification. Tt is 
pleasing therefore to record a new arrival which is 
highly welcome. 

Journal of Geophysical Research bas by its size 
mirrored the enormous growth in the earth sciences in 
the past twenty years. The International Geophysical 
Year, the Upper Mantle Project, nuclear tests and their 
influence on the environment, rockets to the upper 
atmosphere, weather satellites, the lunar programme, 
oceanography as an economic prospect and in its 
defensive role-—all have led to an investment in the 
Earth and its environment of staggering proportions. 
Journal of Geophysical Research has dominated and 
shows every sign of doing so for years to come. Some 
figures illustrate this. In 1950 it was a quarterly, 
chiefly devoted to terrestrial magnetism and the iono- 
sphere; 550 pages appeared that vear. The figure had 
only risen to 650 by 1957, but the IGY., among other 
things. ensured that by 1959 it was a monthly and 
the number of pages per annum had quadrupled. In 
another year it was up to 4,200 pages, by 1963 it was 
coming out semi-monthly with 6,500 pages and in 1968 
it was up to 7,700 pages. By this stage subscribers 
opted for the twelve monthly issues reflecting their 
interests—outer atmosphere and inner space or inner 
atmosphere and solid earth, a sensible option which 
took some of the weight off their bookshelves. And 
plaintive editorial pleas for brevity were issued as 
pages became more tightly packed. 

Now another fission has been necessary, and meteoro- 
logy and physical oceanography have their own monthly 
issue with a three way option open to readers. The 
emergence of the new issue, maintaining the high 
standards of its parents, seems sensible. Financial 
difficulties obviously dictated it, but the division is 
reasonable. s of neighbouring 


For all that an awar 
disciplines is very desirable. it is dubious whether this 
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awareness is fostered by high powered journal articles: 
the Journal of Geophysical Research already has a 
sister—Reviews of Geophysics—which is a better vehicle 
for scholarly exposition. 

Such a booming industry is bound to have its snags. 
One is the perennial page charge problem. Fifty 
dollars a page is the current rate, which doubtless is 
no small influence in making the content almost entirely 
of American origin. There are clear signs that jour nals 
outside the United States which do not ask for page 
charges are gaining contributions from economically 
minded laboratories in the States. A second snag is 
the sheer numbers of pundits in the States, which can 
prevent speedy publication. The recent issues of the 
Journal of Geophysical Research contain few papers 
not revised after submission-—perhaps the referees 
and editors are being a bit too dutiful in the 
maintenance of very high standards. Be that as it 
may, the journal continues to grow in quality and 
quantity. What shape it will have in 1980 is anybody's 
guess. 





HIGH ALTITUDES 


Pamir Research Station 


THE announcement that a permanent high altitude re- 
search station is to be set up in the Pamir region of the 
Tadjik Soviet Republic in the Soviet Union emphasizes 
the importance being given to high altitude research 
programmes. Two of the official contributions of the 
Soviet Union to the IBP centre round human adapta- 
tion to high altitudes. There have been several annual 
expeditions to the Pamirs, the Tien-Shan region and 
the Caucasus. In 1967, one expedition placed a pre- 
fabricated research station on top of the 5,621 m Mount 
Elbrus in the Caucasus from an aircraft, and another 
involved the ascent by an international team of the 
7,134 m Lenin peak in the Pamirs. There has been a 
good deal of monitoring of circulatory and respiratory 
parameters of native highlanders and members of 
expeditions. Reports submitted to the IBP this year. 
for example, say that one in four of the inhabitants of 
the Pamirs and Tien-Shan regions living above 3,600 m 
have hypertrophied right ventricles, while at 2,000 to 
2,500 m, 5-10 per cent of the population show this 
condition. 

The effort in high altitude biology is not restricted 
to human physiology. In the Pamirs, the Tadjik 
Academy of Sciences has sponsored research into the 
physiological adaptation of vegetation to high altitudes 
and has produced ge botanical maps of 25 million 
hectares. The new Pamir High-Mountain Biological 
Institute which is to be set up will, according to M. 
Asimov, president of the Tadjik Academy, grow out of 
the facilities that the academy has already set up in 
the Pamirs. It will have, however, far more than 
regional significance. The institute has been given the 
job of coordinating all biological research on the use of 
high altitude regions throughout the Soviet Union. 
It will be specifically concerned with high altitude 
agriculture and the breeding of varieties of crop plants 
that mature rapidly and resist frost. It may even 
produce the occasional cosmonaut, for the medical 
scientist Academician Vasily Parin has claimed that 
“it is best to select cosmonauts from among people 
who were born at an altitude of 2,000 to 3,000 m above 
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sea level. Theyeuse less oxygen when doing the same 
: 3 = 
physical work as lowlanders. 


FORESTRY 


War on Wasps 


THE steam engine may be dead, but for Emmett con- 
noisseurs there is always the wasp mistblower. This is 
one possible solution to the problem of getting rid of 
wasps from tall trees, designed by Drake and Fletcher 
Ltd of Maidstone for spraying insecticides to high 
levels, and tested as part of a research programme by 
the Forestry Commission. A special “coconut outlet”, 
originally used for palm trees, injects the spray liquid 
into an air blast. Other methods investigated include. 
rotating sprinklers attached to the tops of individual 
trees, and a mobile sprinkler which reaches suitable 
heights with a telescopic mast. Only the mistblower, 
which is mounted on a tractor, seems feasible for large- 
scale applications—the respective disadvantages of 
the other two are a dearth of skilled climbers to install 
the machinery, and a time-consuming erection process 
for each operation. Balloon-based sprinklers, tethered 
by three lines to the ground, were also considered, but 
their spectator value was outweighed by difficulties of 
control, and they were not tried out. The Forestry 
Commission has, in fact, now ordered some mistblowers 
of an improved type from the same company. 








Wasp mistblower with “coconut” outlet in use. 
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Winning Friends and Influencing People 


Socar science is like economic stability or democratic 
government—-theoretically desirable but in practice 
often almost unattainable. In the past few years, 
however, the tide has been running strongly in favour 
of the social sciences and will now have been further 
strengthened by the publication of a report of the 
National Science Foundation from the Special Commis- 
sion on the Social Sciences set up a year ago by the 
National Science Board (Knowledge into Action: 
Improving the Nation’s Use of the Social Sciences, 
US Government Printing Office, 75 c). The report 
seems to have come at a good time, for there appear 
to be several interests in an urgent reappraisal of the 
relationship between the Federal Government and 
the social sciences. For the most part, however, the 
commission’s recommendations are not specific. Most 
of the report consists of exhortation, effective though 
it may be. The commission does, however, urge that 
in the current: fiscal year the National Science Founda- 
tion should set aside $10 million to help establish a 
number of “social problem research institutes” designed 
for dealing with specific social problems, and that the 
foundation should reconcile itself to a larger budget 
for this purpose in the years ahead. 

The Special Commission on the Social Sciences has 
devoted a great deal of its interest to the problem of 
how the modern state can make fuller use of the social 
seiences. It recognizes that social scientists are now 
more in demand than they used to be, both in govern- 
ment and private organizations. The commission also 
argues that the United States cannot “successfully 
solve its challenging and diverse social problems unless 
it draws on the increasing capabilities of the social 
science community”. It also points out that the social 
sciences have already helped to create a desirable 
fabric for modern society—the commission says that 
basic research in economics provides the means for 
avoiding economic ups and downs of the kind which 
characterized the 1920s or thirties even if “the history 
of economic stabilization since the end of World War 
Two has not been uniformly successful”. It goes on 
to argue that the creation of psychological testing has 
made it possible to put the right people into the right 
jobs with such success that whole institutions—for 
example, the Ivy League colleges—have been 
transformed in character. 

So why are social scientists not more frequently 
relied on? “Social scientists must share the blame 
for the failure to apply social science more broadly.” 
The commission says that there is a tendency for applied 
social science to be scorned in the academic community, 
that when social scientists have been consulted “many 
have failed to deliver’, that social scientists frequently 
retreat to the laboratory when called on to provide 
practical help even though those asking for assistance 
would often settle for less than a complete answer. 
For what it is worth, the commission mentions 
the charge that social scientists communicate only 
“jargon incomprehensible to the layman”, but says that 


laymen should take more trouble to learn the jargon. 

Other obstacles impede the full application of social 
science, however. There is, in the opinion of the com- 
mission, a lack of institutions capable of responding to 
basic work in the social sciences, while there is a danger 
that the distinction between the advice of a social 
scientist on problems of government and the role of 
policy making may be confused and a fear that social 
sciences may upset the status quo. The commission 
quotes the case of how the US Government published 
a monumental work based on the revolution which 
“describes the American negro as a dependable and 
effective soldier”, and how the official Army war college 
report called “The Use of Negro Manpower in War” 
in 1936 described negro soldiers as “docile, tractable, 
lighthearted, carefree, goodnatured, careless, shiftlese, 
irresponsible, unmoral, untruthful. ..’. 

What is to be done ? The commission asks that there 
should be a change of attitude towards the social 
sciences in the professions, the Government, business, 
labour and among the public. For one thing, it wants to 
see that students in professional schools-—law, medicine 
and education, for example—-should be exposed to 
the implications of the social sciences. Professional 
schools, the commission says, should include in their 
curriculum appropriate knowledge of the social sciences 
and, conversely, social scientists in their training 
should be exposed to the needs of the different profes- 
sions. The commission also wants to see more research 
in which professional people and social scientists work 
together. One of the more telling parts of the report 
is that in which the commission argues that engineering 
and the social sciences can do much to stimulate cach 
other—citing the development of cost benefit techniques 
as one illustration of a recent benefit. The argument 
that journalists have made insufficient use of ‘available 
social science knowledge when reporting unrest” is 
by comparison somewhat naive. 

Much of what the commission has to say about the 
role of the social scientist in the Federal Government 
echoes the report of the National Academy of Sciences 
published a year ago which called for a wider apprecia- 
tion of the way in which public problems should be 
solved or at least defined with the help of social scient- 
ists (Nature, 219, 992; 1968). 

For the public, the commission would foster a wider 
appreciation of the value of the social scientists by 
asking that the National Science Foundation should 
spend more on the improvement of social science 
curricula and that other organizations should help to 
provide grants to students wishing to study in this 
field. There is also, the argument goes, a need of 
further education, presumably supported by the 
Federal or state governments, but this, of course, is a 
long term argument. No doubt the commission has 
been sensible in putting its most immediate faith In 
the advantages of social science problem institutes. 
The proof of even this pudding is probably in the 
eating. 





560 


CANADIAN RESEARCH 


Getting the Balance Right 


Tun National Research Council of Canada, like grant 
giving bodies elsewhere, seems to be going through a 
period in which it questions the basis on which it 
provides support for the universities. The report of 
the president of the NRC for 1968-69, now published, 
says that the council is considering whether it should 
replace the present system of awarding annual grants 
by one in which investigators in the universities would 
be given three years’ money at a time. In the year just 
finished, the council spent $38-5 million on research 
grants to the universities, all but $7 million of it for 
the operation of research programmes. In addition, 
the council spent $20-8 million on the support of uni- 
versity research by means of scholarships and fellow- 
ships ($9-9 million), central research facilities ($4-9 
million), computer facilities ($3-8 million) and activities 
such as the organization of conferences and subscrip- 
tions to international bodies ($2-2 million). The 
council says that the university support programme has 
grown to the point at which its size makes the granting 
of annual money for research projects almost a physical 
impossibility. Taking a leaf out of the book of the 
National Science Board in the United States, the coun- 
cil is also discussing the possibility of “core grants” to 
universities for supporting postdoctoral fellows. For 
graduate students, the council is considering whether to 
abandon the practice of including stipends in research 
grants. 

There seems to be no prospect that there will be a 
pause in the growth of university research in Canada 
even if, as some complain, there has been too little of 
it in the past. NRC spending in the universities 
increased by an average of 28 per cent a year in the 
past decade and by 30 per cent a year in the past five 
years. A survey which has been carried out in the 
universities suggests that there should be a doubling of 
the total expenditure on university research of 1968 
by 1972, by which time the total cost of Canadian 
university research should be $250 million. By that 
time, the NRC will be responsible for roughly 42 
per cent of the total cost (providing that its own 
budgets continue to rise). By 1972, it is expected 
that there will be 8,100 full time faculty members in 
science and engineering. 

The most dramatic increase in the system is expected 
to be in the number of postdoctoral fellows, which 
is expected to increase from 1,000 in the current 
academic year to 2,600 by the year beginning in 1971. 
All this implies, to the committee which has carried 
out the forward projection, that Canada may be 
through the period in which lack of trained people was a 
brake on progress, and about to enter that in which 
government committees and others are preoccupied 
with the problem of how to find jobs for PhDs. The 
report of the president, Dr W. G. Schneider, is at pains 
to protest against the charge that too much research in 
Canada is carried out in government laboratories. In 
the current year something like $45 million, or 35 per 
cent of the total budget, was spent in this way. The 
report says that the trouble is not too much govern- 
ment research but too little elsewhere, in industry and 
commerce. The report also argues that the situation 
in Canada cannot be compared with that elsewhere, in 
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the United States and Europe, for example, not merely 
because the Canadian economy is growing quickly but 
also because Canada is well supplied with natural 
resources which are not available elsewhere. In 
practice, the research council’s laboratories are up to 
their eyes in a great diversity of industrial research 
projects--there are schemes (and patents) for micro- 
wave driers, the use of gas chromatography for monitor- 
ing mixtures of fuel and air when explosions may be 
hazardous, schemes for improving low grade coal, for 
designing buildings which are wind resistant, for 
establishing rape seed as a commercial edible crop on 
the prairies of Canada, for training blind people in 
computer programming and for stabilizing the red 
emission line of a helium—neon laser so as to provide 
a wavelength standard. The council seems much less 
perturbed than similar institutions elsewhere by the 
difficulty of making sure that its industrial cleverness is 
properly exploited. 


INSTITUTIONS 


Scheme for Medical Academy 


A MOVEMENT to set up a National Academy of Medicine, 
much along the lines of the National Academy of 
Sciences, seems to have made some headway in the 
past couple of months. By all accounts, Dr James 
Shannon, who retired a year ago as director of the 
National Institutes of Health and who has since been 
based at the National Academy of Sciences, seems to 
have been the chief instrument in planning the new 
academy. Earlier this year he told the annual meeting 
of the American College of Physicians that there is a 
chance that the new academy of medicine will be 
functioning by the summer of 1970. 

The function of the proposed academy is far from 
clear, but there can be little joy at the American 
Medical Association about the new proposal. The 
intention is that the National Academy of Medicine 
should function as a spokesman for the interests of the 
medical profession in the broadest sense and that it 
should operate as the National Academies of Science 
and Engineering have been doing by serving as a focus 
for public and government discussion. There seems 
very little doubt that a suitably organized academy 
could steal the thunder of the AMA on most of the 
issues with which the medical profession is concerned, 
at least in its academic branches. Certainly it could 
be the chief source of advice on the forward strategy 
for medica] research and could at the same time exercise 
a decisive influence on the application of medicine 
in the community through programmes such as Medi- 
care. 

The origin of the new proposal seems to have been 
the work of a committee set up by the National 
Academy of Sciences in June 1967 to consider a range 
of medical questions. The intention seems to be that 
the new academy should be one of a troika organized 
along the patterns established by the academies of 
engineering and science and working closely with them. 
Although Dr Shannon’s hope that the organization 
will be in being by 1970 may be fulfilled, it is hard 
to think that the academy of medicine will have 
established the commanding role which it seeks by 
then. 
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Mars still Mysterious 


THE quality of the first Mariner 6 close-ups of Mars to 
come off the monitors at the Jet Propulsion Laboratory 
seem to match the first releases of Orbiter pictures of 
the Moon, and there is hope that, with electronic 
processing to remove transmission noise and enhance 
surface features, the pictures will be much improved, 
Earlier this week, the indications were that the two 
probes were up to scratch, with Mariner 6 having 
produced most if not all of the expected series of 
seventy pictures, So far, at least, there seem to have 
been few surprises. Planetary scientists were prepared 
for extensive cratering by the Mariner 4 pictures four 
years ago, and the appearance of the south polar cap 
is much as expected. The ragged edge of the cap 
(Fig. 2) has already been noted from telescope observa- 
tions and is thought to be due to height differences. 
The abundance of earbon dioxide in the atmosphere 
indicates that the pole caps are probably carbon dioxide 
rather than ice, but infrared scanning has picked up 
indications of water, thought by JPL to be ice crystals 
in an ice fog. 

Fig. l is one of the close-up pictures. taken when 
Mariner 6 was at an altitude of 2,150 miles, and covers 
an area roughly 560 miles by 430 miles. So far there is 
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no indication where on Mars these heavily eroded 
craters are. With the presence of an atmosphere and 
possible erosion of surface features by dust storms, 
debate on the age and origin of the surface of Mars is 
likely to be more involved than that of the Moon. 
Now that there seems to be evidence for a molten 
interior to the seemingly dead Moon, tectonic forces 
will probably also have to be included in the discus- 
sions of Mars, and the proximity to the asteroid belt 
means that the rate of meteorite impact could be quite 
different for the two bodies. But many of the small 
meteorites which rain down on the Moon could be 
burnt up in the martian atmosphere, 

The craters in Fig. 3 are sharp, indicating compara- 
tively recent bombardment. The picture is an enlarge- 
ment from one of the Mariner 6 close-ups and the 
largest crater is about 4-5 miles across. Fig. 4 covers 
an area of 52 miles by 45 miles, showing a large crater 
15 miles in diameter. 

Although the Mariner pictures are expected to havea 
best resolution of about 900 feet when processing is com- 
plete, there is as vet no indication of linear features 
which could be the legendary canals. Current thought 
is that the canals are an artefact of the eye, which 
tends to join together separate small features which 
lie on a line, and that the small features are tectonieally 
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Mars from 2,150 miles. 
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The chief surprise so far, and ominous for any hope 
of finding life, is the absence of nitrogen in the martian 
atmosphere. Nitrogen might have been expected as a 
result of volcanic activity. But the infrared spectro- 
meter is said to have hinted at the presence of hydro- 
carbons. 


New Radar Map 


Hours before Mariner 6 began taking approach pictures 
of Mars last week, new radar measurements of the 
planet’s equatorial zone were reported by the Jet 
Propulsion Laboratory of the California Institute of 
Technology which is running the current Mariner pro- 
ject. According to the new figures, regions along the 
martian equator differ in height by as much as 8-3 
miles. The measurements were made with the Jet 
Propulsion Laboratory’s 210 foot steerable dish aerial 
at Goldstone in California, which took part in the 
Apollo 11 mission and has been tracking the two Mars 
probes, Mariner 6 and 7. In a series of radar observa- 
tions from May 7 until the day before the launch of 
Apollo 11, bracketing the time of closest approach of 
Mars on June 9, JPL investigated fifteen locations in 
a band extending from the equator to latitude 10° 
north. Because of the width of the radar beam, cach 





Fig. 2, The forty-seventh picture in the Mariner 6 approach 

sequence, showing the polar cap south of Syrtis Major. The 

ragged edge of the cap and a semicircular feature perhaps 
representing a crater are visible. 


spot covered 3,700 square miles, so that individual 
peaks and craters could not be distinguished, Instead 
the JPL work shows the general trend of altitude in 
the equatorial band—the region photographed in 
close-up by Mariner 6, for example, seems to be 
relatively flat. 

The height difference of 8-3 miles seems to be between 
the martian equatorial regions Tharsis and Amazonis. 
Other results are that two dark areas, Syrtis Major 
and Trivium Charontis, are sloping regions, Syrtis 
Major rising gently over 500 miles to the plateau Aeria 
at about 20,000 feet. Between Xanthe and Meridiani 
Sinus, the equatorial band covered by Mariner, there 
is a gentle slope downward toward the east, with a 
total height change of about a mile. 


1969 


NATURE, VOL, 223, AUGUST 9, 





Fig. 3. Part of one of the close-up sequences. The two larger 
craters are 45 miles and 3 miles in diameter. 


The chief conclusion from the radar mapping is that 
the colour of the martian surface is not a perfect in- 
dicator of height. Previously scientists have been divi- 
ded about whether the light areas represent highlands or 
lowlands, but the radar results show that light arcas 
can be either highlands or lowlands, while the dark 
areas seem to be somewhere in between. The measure- 
ments were carried out at 12-5 em, using a transmitter 
power of 450 kilowatts. The JPL points out that if 
ocean trenches on the Earth are taken into account, 
the height differences of 8-3 miles on Mars match the 
differences of 12 miles encountered on the Earth. 





Fig. 4 A close-up view covering an area of 52 miles by 
45 miles. 


Ld 


NATURE, VOL. 223, AUGUST 9, 


NEWS AND VIEWS 


1969 


563 


knowing How to Remember 


Tr is not surprising that molecular biologists are making 
such heavy weather of the design of theories to account 
for memory. The problem is plainly one of extra- 
ordinary difficulty and it would be entirely unreasonable 
to hope that it will be rapidly solved. In the past few 
years, there has been some excitement about the 
possibility that RNA may somehow provide a means 
of storing information from one year to the next and 
for the whole duration of a person’s lifetime. Indeed, 
since the importance of the nucleic acids in cell meta- 
bolism was first recognized, it has been clear that 
ringing the changes on the nucleotides in a long nucleic 
acid molecule is one of the best ways of obtaining the 
kind of storage capacity for information which it is 
supposed that human beings make use of in their 
ordinary life. But in spite of several series of experi- 
ments in which rats and other laboratory animals have 
been fed with RNA from other animals of the same 
species, and in spite of several reports that in the 
process it has been possible to transfer learning from 
one animal to another, the results are by no means 
conclusive enough to single out RNA as a repository 
of memory. Indeed, given the impermanence of RNA 
molecules in most kinds of cell metabolism this mole- 
cule is an unlikely long term store. 

The frustrations of the RNA theory have in part 
been an explanation of how interest has turned, in the 
past few years, to the notion that memory may func- 
tion along holographic principles. The way in which 
it is possible to reconstruct the three-dimensional 
image from a flat piece of photographic film, and the 
way in which the image may be reconstructed from only 
a small part of such a hologram, are altogether too 
suggestive of the way in which memory works to be 
ignored. One of the advantages of this view is that the 
storage of a single piece of information can be supposed 
to be distributed over a large part of the brain, which 
fits in nicely with the observation that damage to the 
brain can often leave memories intact. But, as several 
authors have pointed out, one problem is to account 
for the way in which the brain seems free from the 
problems of noise which beset holography. A number 
of ingenious ways in which this difficulty may be re- 
solved were suggested some weeks ago by Willshaw 
et al. (Nature, 222, 960; 1969) and there is obviously a 
lot of work to be done along these lines. 

The ingenious suggestion by J. S. Griffith and H. R. 
Mahler (page 580) is another obvious candidate to be 
reckoned with. The notion is that DNA molecules in 
neurones function as repositories of memory. This 
certainly has the advantage that it accounts more than 
adequately for the storage capacity of the human brain 
and for the permanence of memory. To avoid the 
biochemical difficulty of requiring that DNA should be 
synthesized in neurones, Griffith and Mahler suggest 





that the distinction between DNA molecules which 
store information and those which do not consists of 
the methylation of particular cistrons in the molecule. 
One valuable feature of the model is that it accounts 
for the saturation of memory, and there are ways in 
which the storage of a complete set of information in a 
DNA molecule would help to determine the arrange- 
ment of synapses. Localization is still a problem but 
the freshness of this model should be a great stimulus 
to further speculation and experiment. 


EXPERIMENTAL PSYCHOLOGY 


Autonomic Learning 


from a Correspondent 
Tue nineteenth International Congress of Psychology 
attracted some 2,000 psychologists to University Col- 
lege, London, from July 27 to August 2. 

One of the highlights of the conference occurred early 
in the week w hen N. E. Millar (Rockefeller University) 
summarized his work on learning by the autonomie 
nervous system and viscera. During the past bwo yeara, 
Miller and his co-workers have succeeded in breaking 
down some of the normal distinctions between the 
cerebro-spinal nervous system, thought to be the organ 
of sophisticated voluntary actions, and the more lowly 
involuntary autonomic nervous system. In appro- 
priate circumstances responses of glands and viscera 
can be trained. So far Miller has succeeded by reward- 
ing rats with avoidance of shock, with water when 
thirsty, or most often by reinforcing stimulation of the 
brain. In this way he has trained salivation, intestinal 
contractions, heart rate, blood pressure and urine 
formation. With each of these responses the control 
procedure was to use the same reward to train one 
group of rats to increase the response and another 
group to decrease it. 

This achievement is clearly of considerable theoretical 
and practical interest. Although there are still prob- 
lems in applying the procedure to humans because the 
best results with animals are obtained with curare, 
a beneficial medical result has already been achieved 
with a patient with chronic tachycardia. 

D. E. Broadbent (MRC Applied Psychology Research 
Unit, Cambridge) expressed the opinion that many 
very interesting fundamental problems of experimental 
psy chology have arisen out of the need to find solutions 
to applied problems. As a result of research on 
vigilance, attention and skill it is now a good deal 
more clear how equipment should be designed so that 
human operators can control processes and monitor 
complex displays of information. Experience in this 
field has been widely used in projects ranging from the 
American Apollo programme to the design of London 
Transport’s new Victoria Line. 

Research on the stages through which information 
passes in its preliminary analysis by the brain is one 
of the growing points of psychology. R. 8. Nickerson 
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(Bolt, Beranck and Newman Inc., USA) summarized 
the work involved. He described a typical experiment 
with a surprising result, carried out by Sternberg, who 
also attended the congress. A subject is required to 
remember a group of up to eight alphanumeric items. 
He is then presented with similar characters on a 
sereen, one at a time. The subject has to press one 
button if the items are in their well remembered original 
set, and another button if they are not. Reaction 
times in this task indicated that it takes longer in all 
cases to make the decision that an item is not in the 
remembered set than to discover that it is. But 
graphs of reaction time as a function of number of 
items in memory had equal slopes for both positive 
and negative cases. This indicates that subjects always 
conduct an exhaustive search through the items in 
memory before reacting. The conclusion is surprising, 
for if the presented item is in the memory the subject 
ought to be able to leave the search procedure as soon 
as the item is identified. On average this would be 
half way through the list and would be expected to 
give rise to a function for positive items which was only 
half the slope for the items not in store. ` 

This type of experiment illustrates well the current 
activities of many experimental psychologists. By 
measuring the time taken to react, or the errors made 
in various tasks in which subjects have to process 
information, they hope to begin to understand the 
organization of mechanisms subserving recognition, 
storage and decision processes. 

As a taste of things to come, psychologists are already 
becoming interested in artificial intelligence. Earl 
Hunt (University of Washington) sketched something 
of the relevance of this activity for understanding the 
brain. Technology now demands automatic systems 
which recognize patterns, learn to control complex 
plant, to sort and retrieve information and conduct 
conversations with people. Clearly the brain is still 
the most sophisticated computer we have. It is as 
important for the engineers and programmers develop- 
ing automatic systems to understand what is known 
about brain funetion as it is for psychologists not to 
miss any fundamental new advances in the develop- 
ment of intelligence in non-living systems. 


SPIN-LABELS 


Inside Membranes 


from our Molecular Biology Correspondent 
ALL manner of physical methods have been applied to 
membranes and their components in the attempt to 
define their physical state, to detect transitions in 
response to environmental changes, and to clarify 
the nature of the interactions with various biologically 
active agents. One approach which has recently 
received much attention is the spin-label technique of 
McConnell. An interesting elaboration of this method 
is described by Calvin et al. (Proc. US Nat. Acad. Sei., 
63, 1; 1969). In place of the usual small nitroxide- 
containing compound, they have introduced biradicals, 
synthesized to give the desired distance between the 
sites of the unpaired electrons. The electron spin 
resonance (ESR) spectrum of such a molecule is 
governed by the extent of interaction between the two 
unpaired spins, and this in turn will depend on their 
separation, and so on the flexibility of the chain joining 
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them. The hope then is that this flexibility will be 
controlled in some interpretable manner by the medium 
with which the label interacts. In the isolated radical, 
interaction of the unpaired spin with the adjoining 
nitrogen nucleus gives rise to three lines in the spectrum. 
In the biradical, new energy levels are created by 
electron exchange between the sites, and basic theory 
shows that this situation will give rise to five energy 
levels in all. A spectrum of five lines is indeed observed 
when the bridge between the two radicals is both short 
and flexible. As the distance is increased, the spectrum 
becomes distorted, and gives place finally to the three- 
line spectrum of two equivalent non-interacting 
radicals. The intermediate distorted state corresponds 
to slower exchange. 

When such a biradical was introduced into a nerve, 
diminished exchange was observed, and it was inferred 
that its flexing motion had become inhibited by 
attachment to the membrane. The molecule as a 
whole was not immobilized, however, as the line-widths, 
which are sensitive to the freedom of tumbling motion, 
clearly showed. In solution in both water and esters, 
the ESR spectrum betrayed a high degree of flexibility 
(five-line spectrum), and only in alcohols, near 40°, 
was the spectrum similar to that in the membrane. 
Any alteration in the environment leading to a change 
in the flexibility of the label would be expected to 
generate a transition between the three and five-line 
forms of the spectrum, and therein lies the promise of 
the method. Tt comes as a slight let-down that when 
the spectrum was followed during excitation of the 
nerve there was no detectable change. Calvin et al. 
suggest that the label enters the lipid layer of the 
membrane, which is not subject to changes during the 
generation of an action potential. 

A further study by Hubbell and MeConnell (ibid., 16) 
describes the introduction of spin-labelled steroids 
into both membranes and phospholipid vesicles. The 
radical is in a five-membered ring, rigidly attached 
to the steroid, and the ESR line shapes can therefore 
be interpreted in terms of the freedom of the entire 
molecule. From the inaccessibility of the label to a 
water-soluble reducing agent, it is concluded that it 
is in the lipid layer. The high degree of kinetic freedom 
of the steroid is taken to demonstrate the feasibility of 
transport by the movement of carriers across the lipid 
zone of the membrane. 

Phase transitions in phospholipids have been the 
subject of extensive studies, especially by Luzzati 
and his group, and transitions between lamellar forms 
have also been detected by several physical criteria. 
Steim et al. (ibid., 104) report the detection of a phase 
transition in extracted lipids of Mycoplasma membranes 
as well as in the intact cells. They have observed the 
effect by scanning calorimetry, in which the heat 
capacity of the sample is monitored as a function of 
temperature. Depending on whether the cells contain 
unsaturated or only saturated derivatives (the composi- 
tion being determined by the fatty acids supplied to 
the growth medium), the transition occurs at —20° C 
orat +40° C or higher, depending on the composition). 
The transition is thought to be from a crystalline to a 
disordered liquid-like state of the lipid, and the latter 
form makes it possible for the transport processes 
to operate. The possibility of a phase transition in a 
membrane in the physiological temperature range 
is in itself, of course, an interesting result. 
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FLORA 


Guide to Guatemala 


Tue plant in the picture is one of the rarities described 
in the latest instalment of the Flora of Guatemala 
(Fieldiana : Botany, 24; 1969), It is the shrub Ploco- 
sperma buxifolium and is rare enough to have been 
collected only a few times in this part of Central 
America. It has colourful petals, described by the 
author, Dorothy N. Gibson, as blue-violet to purplish 
magenta. In the diagram, A shows a fruiting branch, 
half natural size; B is the flower, twice natural size, 
and C shows the corolla, opened to reveal the stamens 
and pistil. 





Plocosperma buxifolium belongs to the Loganaceae, 
one of six families dealt with in this volume. The 
other families (described by Paul C. Standley and Louis 
O. Williams) are the Oleaceae, which contains many 
ornamental plants as well as the familiar olive; the 
Gentianaceae, otherwise known as the gentians; the 
Apocynaceae—well represented in Guatemala—-and the 
Asclepiadaceae, the members of which produce some 
seed pods that are used as a vegetable in Central 
America. 


PROTEIN SYNTHESIS 


More about Initiation 


from our Cell Biology Correspondent 
Tue printing strike which prevented the publication 
of the Proceedings of the US National Academy of 
Sciences for a couple of months was as much a relief 
to students of molecular biology as it was a headache 
to competitors for rapid publication. The strike, of 
course, has long since been settled, the backlog seems 
to have been worked off and things are back to normal. 
There is once again the monthly flood of progress 
reports from groups working on protein synthesis, for 
example. In the latest issue, Lucas-Lenard and Haenni 
(63, 93; 1969) report that (RNA molecules are released 
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from a growing polypeptide chain during translocation 
as the peptidyl+RNA is moved from the aminoacyl- 
tRNA acceptor site to the peptidyl site in the ribosome. 
Using acetylphenylalanyl-tRNA as an initiator, with 
the tRNA part labelled with tritium, they assayed for 
the release of the labelled tRNA during the synthesis 
of polyphenylalanine in a cell-free system programmed 
with poly-U. Release of the (RNA is apparently 
dependent on the presence of the translocation factor 
G and GTP. The tRNA is not displaced during syn- 
thesis of the peptide bond but only as the dipeptidyl- 
tRNA moves from the acceptor site to the peptidyl 
site in the ribosome. 

In the same issue of the Proceedings of the US 
National Academy of Sciences (page 99), Ochoa’s group 
reports that GTP somehow protects the sulphydryl 
groups of the initiation factor F, and allows it to remain 
active in promoting the binding of fMet-fRNA: to 
ribosomes under the influence of messenger RNA at 
initiation of protein synthesis, even in the presence of 
sulphydryl group blocking agents. The GTP forms a 
complex with F, and presumably, as a result of either 
steric hindrance or some conformational change, this 
keeps intact the crucial SH groups; beyond that, 
however, the experiments throw no light on how F, 
functions during initiation. 

Despite much effort, little is known of the process of 
chain initiation in mammalian cells, and work has been 
held back by the lack of a cell-free system that will 
continue protein synthesis for more than a few minutes. 
Fuhr, London and Grayzel (ibid., 129), however, have 
rediscovered a soluble factor which stimulates protein 
synthesis, apparently by promoting initiation, m a 
rabbit reticulocyte system making globin. The factor 
is identical with, or very similar to, that described by 
Miller and Schweet in 1968, except that it is not bound 
to ribosomes but, rather, isolated from a supernatant 
fraction. The factor restores the ability of the cell-free 
system to incorporate valine at the N terminus, and 
results of experiments to test whether it functions like 
one of the three initiation factors in E. coli are awaited 
with interest. 

In the latest issue of the Journal of Molecular 
Biology (48, 273: 1969), Rudland and Dube describe 
experiments in which they have investigated the (RNA 
binding sites of the 308 ribosomal subunit using a 
nonadecanucleotide fragment isolated from the initiator 
formylmethionine-tRNA, and comprising the anticodon 
loop with the CAU anticodon intact. This fragment 
binds to the 308 ribosome programmed with the 









initiator codons AUG and GUG in a fashion analogous 
to the intact f[Met-tRNA; but neither initiation factors 
nor GTP are required. The fragment competes with 
the intact fMet-tRNA: which indicates that they are 
both binding at the same site. But it does not compete 
for the site to which Met-tRNA „ and the other amino. 
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odon itself 





acyl {RNAs bind. Apparently the antic 
contains all the information necessary for ¢ coding the 
initiator codons. The initiation factors must somehow 
interact with some other part of the fMet-¢RNA; 
molecule and allow it, rather than any other aminoacyl- 
ERNAs, to bind to the initiator site in the ribosome. 
It seems likely that in vitro the only stable binding site 
on the 808 ribosome is that normally oceupied by the 
initiator (RNA. A stable binding site for all the other 
aminoacyl-tRNAs is probably induced by the addition 
of a 508 ribosome to the 308 initiation complex, 
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The RNA from RNA phages is, the only natural 
messenger that has so far been partially analysed, and 
none of the three possible initiation codons—-AUG, 
GUG and GUA—occur at or near the 5’ end of these 
molecules. This implies that translation does not 
begin at the very beginning of the molecule but some 
way along the polynucleotide chain, It may, however, 
be unwise to generalize from this phage RNA to other 
messengers, because Sugiura, Okamoto and Takanami 
(J. Mol. Biol., 48, 299; 1969) report that two of the 
three classes of RNA made by RNA polymerase 
transcribing a template of coliphage fd DNA begin 
with the sequences pppApUpGp-- and pppGpUpAp---. 
In other words, two of these RNAs have at their 5’ 
termini initiation codons. The third class of RNA 
molecules made in vitro have a terminal sequence 
pppGpUpUp---.. Whether or not ribosomes will initiate 
translation at the 5’ ends of these molecules synthesized 
in vitro remains to be seen, but it seems unlikely that 
it is mere coincidence that they begin with initiator 
codons, 





ANIMAL SONAR 


How to Find Fish 


A REPORT from the Stanford Research Center seems 
to have settled speculation as to whether penguins and 
fur seals use sonar to locate objects in the water. Some 
uncomplicated experiments, carried out in the elabor- 
ately constructed anechoie research tank at Stanford’s 
Biological Sonar Laboratory, have satisfied T. C. 
Poulter that these animals make use of the clicks 
produced by the collapse of tiny cavities in the water 
(Proc. California Acad. Sci., 36, 362; 1989). 

The notion that penguins use something other than 
vision to locate their food was stimulated in 1963, when 
a group of these animals displayed considerable ex- 
pertise in rapidly retrieving scattered fish in the near 
darkness of a members’ evening at the San Francisco 
Zoological Society. So four Humboldt penguins 
(Spheniscus humboldt:) were taken to the anechoic tank, 
which resembles a swimming pool with walls constructed 
go as to absorb sound and prevent echoes from the sides 
of the tank from interfering with other sounds. 

Two fish were thrown into the water and the penguins 
dived in, but, before the birds hit the water, the lights 
were turned off and more fish were scattered over the 
tank. After thirty seconds all the fish had been picked 
up and eaten. The animals revealed the same efficiency 
of retrieval when fish were scattered into the tank a 
few at a time in quick succession. Poulter considers 
that the speed with which the fish were caught in the 
dark is a sufficient proof that penguins use some kind 
of sonar for locating their food. 

Fur seals (Callorhinus ursinus) were equally adept at 
picking up fish, dead or alive, in darkness. The pos- 
sibility that live mudsuckers (Gillichthys mirabilis) 
could actively avoid the seals in the dark was eliminated 
when the fish were observed while swimming in a 
slurry of barium sulphate, which reduced their visibility 
to almost zero. An X-ray fluoroscope revealing the 
tracks made by the fish in the slurry showed that they 
made no attempt to avoid obstacles. 

The slurry of barium sulphate was also used as a 
substitute for total darkness when the seals were 
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catching the fish in the anechoic tank. With this 
arrangement, it was possible, at a predetermined time 
after the fish had been thrown into the tank, to sweep 
out the seals with a mesh screen, drain the tank and 
count the uncaught fish. This procedure revealed that 
the best rate of retrieval of live fish in these dark 
conditions was 6-4 seconds per fish per seal, compared 
with 6-46 seconds per fish per seal in daylight. (Poulter 
attributes the slightly faster performance in the dark 
to the fact that fish cannot then detect their pursuers, 
and so make no attempt to escape.) This equivalent 
efficiency of capture in dark and light is again taken as 
evidence for the use of sonar. 

In the absence of evidence that penguins and fur 
seals produce their own signals for sonar, an external 
source of sound has been sought. It has been found in 
the form of cavitation clicks produced by the collapse 
of cavities, a few millimetres in diameter, formed in 
the water as a result of a reduction in pressure caused 
by forces of turbulence. The rapid movement of 
penguins and seals causes quite enough turbulence to 
produce these cavities, and then the clicks. A sonar 
would work as follows. The sound from the clicks would 
travel out in all directions from the vicinity of the 
animal’s body and, as it passed the ear, the animal 
would register the time of departure of the outgoing 
sound. Echoes returning from the fish would tell the 
seals and penguins where the fish are located. 

Recordings made when fur seals and penguins were 
catching fish in darkness have shown that the cavitation 
clicks produced are ideally suited for echolocation. 


STRANGE STARS 


Mystery of BL Lac 


from our Astronomy Correspondent 

Tue paper from the Algonquin Radio Observatory by 
Andrew ef al. (see page 598) establishes the claim that 
the star BL Lac is as unusual in the radio spectrum as 
it is in the optical. Situated in the small northern 
hemisphere constellation Lacerta (the Lizard), between 
Andromeda and Cygnus, BL Lac at its brightest has a 
magnitude of twelve, but can be fainter than magnitude 
fifteen. That optical variability of this size is typical 
of quasars has not escaped notice, but with a maxi- 
mum magnitude of twelve it would either have to be 
the nearest quasar, or at typical quasar distances the 
most luminous object in the known universe (DuPuy 
et al., Astrophys. J. Lett., 156, L135; 1969). BL Lac 
has been known to optical astronomers since the 
1920s, and last year it was identified by Schmitt of 
Algonquin Radio Observatory as the optical counter- 
part of the radio source VRO 42.22.01 (Nature, 218, 
663: 1968), discovered in 1965, which Biraud and 
Vernon using the Nangay radio telescope found to bea 
radio variable (Nature, 219, 254; 1968). What Andrew 
et al. have done is to improve the measurements of 
radio variability, and observations at centimetre 
wavelengths since October last year until April indicate 
quasi-periodic intensity changes of about fifty per cent, 
on time scales of tens of days. 

Similar observations in the optical spectrum are 
reported by DuPuy etal. ina recent issue of Astrophysical 
Journal Letters (156, L135; 1969). Between April and 
November last year, fifteen observations with tele- 
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scopes at Kitt Peak and Mount Wilson revealed magni- 
tudes between 12 and 15-5. Pairs of observations on 
the same day and on successive days show that the 
variability can be as fast as a third of a magnitude per 
day. But in general the spacing of the measurements 
is too haphazard to pick up hints of periodicities, or 
to match the optical variability to the sparse radio 
measurements available for 1968. 

Unfortunately no lines have been picked up in the 
optical spectrum of BL Lac, which DuPuy et al. see 
as particularly ominous for the quasar theory. Quasar 
emission lines are usually prominent when the back- 
ground continuum is weak, but even when BL Lac is 
at its faintest no lines can be seen. With no lines to be 
red-shifted, there is no knowing whether or not it is 
extragalactic. 

Earlier this year Visvanathan described the optical 
continuum in some detail, and contended that most 
of it is synchrotron radiation (Astrophys. J. Lett., 155, 
L133; 1969). The possibility that the continuum is 
thermal radiation from a cool dwarf star is rejected 
because of an excess of radiation in the blue and ultra- 
violet and because of nearly ten per cent linear polar- 
ization. So far, however, nobody has ventured to 
devise a model for the emission. 


FERROELECTRICS 


Tunnelling and Scattering 


from our Solid State Physics Correspondent 


THE spontaneous electric dipole moment which is the 
mark of a ferroelectric crystal endows a solid of this 
kind with a rich collection of properties. The mechanics 
of ferroelectric transitions and of the dielectric and 
particle scattering properties of ferroelectrics have been 
the focus of a great deal of research in the past ten 
years. In the process of trying to unify some of the 
knowledge gained, W. Cochran (Advances in Physics, 
18, 157; 1969) has demonstrated that the connexion 
between the frequency dependent susceptibility and 
the coherent neutron scattering cross-section has a 
special significance for ferroelectrics, being determined 
in each case by a ferroelectric mode of vibration. 

Phonon modes of vibration are common to all ordered 
structures in which atoms vibrate about given sites in a 
lattice. Many ferroelectric crystals, however, of which 
KH,PO, is an example, are also capable of a particular 
type of excitation known as a tunnelling mode. In 
KH,PO,, there are two positions of minimum potential 
energy for each hydrogen atom, and if the states over- 
lap and the protons interact, a new wave-vector and 
temperature dependent set of modes will exist in the 
solid. These are called tunnelling modes. This 
arrangement can be thought of as analogous to a 
system with spin $. 

Making fairly straightforward assumptions, Professor 
Cochran has shown that the relations which link the 
dielectric susceptibility and the coherent neutron cross- 
section are essentially the same for tunnelling modes 
as for phonon modes. One difference, however, is 
that there are no multi-excitation contributions to the 
cross-section for tunnelling modes. To account for the 
properties of real ferroelectrics of the KH,PO, type, 
and in particular for the angular relationship of the 
hydrogen. bonds to the ferroelectric axis, it is necessary 


567 
to assume a coupling between phonon and tunnelling 
modes. Cochran shows that there are the same 
relationships of dielectric to seattering in this coupling 
model as in the purely tunnelling model. RAD 

The Ising model is known to give a fair description 
of the dynamics of a different type of ferroelectric—- 
NaNO,. Cochran points out that the results from the 
Ising model can also be arrived at as limiting cases of 
the tunnelling model. It is interesting to note that the 
form of the scattering by tunnelling modes closely 
resembles that by spin waves in a magnetic material. 
One of the chief problems in obtaining neutron scatter- 
ing data from KH,PO, is that the hydrogen atoms 
scatter incoherently. If deuterium atoms are substi- 
tuted for the hydrogen atoms, it has been suggested 
that scattering by the ferroelectric mode should be 
observable. This prophecy looks like being upheld, 
according to experimental evidence now in the pipeline. 





PALAEOMAGNETISM 


Dipole Hypothesis 


from our Geomagnetism Correspondent 

THERE seems little doubt that the principal aim of 
the early palaeomagnetists was to determine the 
nature and form of the geomagnetic field during the 
period covered by the rock record. The most obvious 
question was whether or not the Earth’s field has 
always maintained its chiefly dipolar character. When 
it subsequently became clear that palacomagnetic 
directions were consistent with the drifting of contin- 
ents, the emphasis in palacomagnetism changed towards 
the solution of geological problems which had no direct 
connexion with magnetic fields. The hypothesis that, 
when averaged over 100,000 years or so, the axis of 
the dipole field coincides with the axis of rotation then 
appeared as an assumption. As opponents of continen- 
tal drift are fond of pointing out, the validity of the 
axial dipole assumption over geological time has never 
been confirmed satisfactorily. 

The grouping of Holocene and Tertiary mean pole 
positions around the geographic pole seems to imply 
that the assumption is valid for these periods, although 
Doel] and Cox’s results from Hawaii (J. Geophys. Res. 
70, 3377; 1965), which suggest a persistent 6° offset of 
the pole during the past million years, have cast some 
doubt on this. Further tests were clearly needed, and 
have now been provided by Opdyke and Henry 
(Earth and Planet. Sct. Lett., 6, 139; 1969), who have 
access to the large collection of ocean sediment cores 
being investigated at the Lamont-Doherty Geological 
Observatory. Fifty-two of these cores, from all the 
oceans of the world and from between latitudes 55° N 
and 62° 8, were chosen for analysis. Selection was 
limited to cores which inchided the Brunhes-Matuyvama 
polarity reversal and in which the standard deviation 


















Pole position Description 


Lat. °N Long. °E 
gü 0 Geographie pole a4 
s9 211 Best fitting pole 31 
79 290 Present magnetic pole 74 
S4 313 Hawaiian pole 55 
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of the inclination values (about one hundred per core) 
about the arithmetic mean inclination of each core was 
less than 15°. Magnetic inclinations of the cores, 
all samples from which were magnetically cleaned, 
ranged from 0° to 73° 

Plots of inclination against latitude of core location 
for both the Brunhes and Matuyama core sections fitted 
the inclination—latitude variation expected for an axial 
dipole. The dipole best fitting the inclination data was 
calculated to have its northern pole at 89° N, 211° E— 
a position which compares favourably with that of 
88-4° N, 279-5° E deduced from Plio-Pleistocene con- 
tinental rocks, The deviation of 1° or so from the 
geographic pole is not significant when measurement 
„errors are taken into account. Standard deviations 
about the relevant Quaternary poles then compare 
as in the table. 

It is clear that ocean core inclination data are more 
consistent with an axial dipole than with either the 
present inclined magnetic dipole or the inclined dipole 
deduced by Doell and Cox from Hawaiian lavas. The 
evidence for the reality of a chiefly axial dipole field 
during the Brunhes and Matuyama epochs is thus 
strong. It should be remembered, however, that these 
epochs represent a very small fraction of geological 
time. Most continental drift took place before the 
beginning of the Matuyama epoch where the dipole 
hypothesis has still not been confirmed. 


EARTH’S CRUST 


Continental Margin Survey 


Aw impressive seismic experiment to obtain a profile 
of the Earth’s crust across the continental shelf and 
margin south of Ireland is planned for September. With 
six universities, the Institute of Geological Sciences 
(Edinburgh) and the UK Atomic Energy Authority 
Seismological Laboratories (Blacknest} taking part, it 
also promises to set some sort of record for geophysical 
cooperation in Britain. Apart from the limited data 
obtained from crustal surveys in the Trish Sea in 1965 
and in south-west England in 1966, very little is known 
about the crustal structure under and. around Britain. 

The plan is to fire seventy 300 pound depth charges 
from HMS Hecla, the Hydrographic Department’s 
2,800 ton survey ship, along three lines (see map). The 
first of these follows a course a few degrees south of 
west from Pembrokeshire (line 14), the second travels 
approximately south-west from Bantry Bay in Ireland 
to the western margin of the continental shelf (line 2), 
and the third (line 1B) forms a short perpendicular arm 
toline 1A. The shots, which will be exploded either on 
the sea bed or in water at a depth of 150 metres, will 
be recorded on HMS Hecla, and shot times will be 
broadcast to seismic recording stations. In case broad- 
casts are not received, HMS Hecla and each station will 
also record the seismic signal against its own time signal, 
and the latter will be calibrated against BBC Radio 2. 
Shot separation will generally be ten kilometres in 
distance and thirty minutes in time. Line 14, however, 
includes three three-kilometre/fifteen minute sections 
which will be used to measure seismic velocities in the 
various refracting layers. One of these close-group 
sections also forms an L array with line 1B. This should 
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Continental margin seismic refraction experiment, 1969. 
Shots will be fired from HMS Hecla along the three lines, 
1A, IB and 2. (O) Land seismometer stations to be operated 
by scientists from the Universities of Birmingham, Dublin, 
Durham and Leicester, University College Swansea, the 
institute of Geological Sciences (Edinburgh) and the UKAEA 
Seismological Laboratories. B, Castletown Bere, Bantry Bay; 
R, Cardinham Moor near Bodmin; L, Land's End; K 
Waterford: N, Nenagh; D, Dunsink; S, St David's; M, 
Myndd Anelog; C, Cork; P, Painscastle; V, Valencia. In 
addition sonar buoy equipment (X) will be used to measure 
seismic arrivals aboard the RV Prince Madog (University 
College Bangor) and the RRS John Murray. 


give information on the seismic velocity of the upper 
mantle and any possible horizontal anisotropy. 

The seismometer stations themselves will be set up 
at suitable distances to receive seismic waves refracted 
from each of the principal crustal boundaries and the 
Mohorovicic discontinuity. This is where the chief 
collaboration comes in. In charge of the coordination 
of the whole experiment is Dr Derek Blundell of the 
University of Birmingham. Eleven seismometer 
stations will be set up on land, the responsibility for 
these being divided between seven groups of scientists, 
each from a different institution. In addition, sonar 
buoy equipment will be used to record seismic arrivals 
aboard the RV Prince Madog; and a team of seven 
scientists led by Dr Blundell will make similar measure- 
ments aboard the RRS John Murray. When the main 
crustal experiment is complete, Dr Blundell's team will 
continue to carry out seismic, gravity and magnetic 
surveys across the Nymphe Bank, south of Ireland, to 
obtain more detailed information about the shallower 
crustal layers. 

The result of all this activity should be a greater 
understanding of the evolution of the Atlantic Ocean. 
For example, if continental drift has occurred during 
the past 150 million years with Europe and America 
spreading apart, Ireland should once have been joined 
to Newfoundland, Evidence for this juxtaposition 
may come from a comparison of the new results with 
the better known crustal structure of Newfoundland. 
The geophysical survey across the Nymphe Bank will 
attempt to trace westwards the geological structures 
found in the Cardigan Bay area which attracted the 
attention of the oi] companies. But Dr Blundell is not 
too confident of finding more sedimentary basins such 
as the one in Cardigan Bay, and is quick to point out 
that the project is primarily scientific rather than 
commercial. 


MACACA MULATTA 


MANAGEMENT OF A LABORATORY BREEDING COLONY 


by DAVID A. VALERIO, ROBERT L. MILLER, JAMES R. MAITLAND INNES, K. DIANE 
COURTNEY, ARTHUR J. PALLOTTA, and RICHARD M. GUTTMACHER, ai! ar tie Bionesies 


!Research Laboratories, A Division of Litton Industries, Bethesda, Maryland. 


This book is concerned with the establish- 
ment of simian colonies, especially for labora- 
tory breeding. It also provides information 
on the geographic range, classification, tax- 
onomy, and statistics of the free-ranging 
monkey. Topics treated in length are cage 
and building designs, husbandry, nutrition, 
physiology and reproduction, pregnancy, 
care of newborn and juvenile monkeys, and 
diseases (their prevention and treatment). 
Key references to pathological literature are 
given, 


CONTENTS: THE FREE-RANGING RHESUS 
MONKEY: Classification and Taxonomy. Geo- 
graphical Range. Ecology. Social Behavior. 
Population dynamics. References. FUNCTIONAL 


ORGANIZATION AND STAFF REQUIRE- 
MENTS: The Colony. Scientific Staff. Animal Care 
Staff. FACILITIES: Adult Conditioning Colony. 
Adult Breeding Colony. Nursery (or Infant Colony). 
Juvenile Holding Colony. Special Finish and Service 
Considerations. Support Facilities. SIMIAN 
HUSBANDRY: Adult Husbandry. Pediatric 
Husbandry. References. SIMIAN REPRODUC 
TION: The Breeding Female. The Breeding Male. 
Mating. Detection of Pregnancy. Pregnancy. 
Delivery, Birth Abnormalities. Separation of Babies 
from Mothers. Postpartum Care of Mothers, 
References. SIMIAN MEDICINE: Background 
Comments. Hematological Observations. Adult 
Medicine. Pediatric Medicine. References. SUR- 
GERY: Preoperative and Postoperative Care. 
Anesthesia. Operation Procedures. References, 
APPENDIX 1: Supplementary References. APPEN- 
DIX 2: Manufacturers and Sources of Supplies. 
SUBJECT INDEX. 


1969, 138 pp., 24 figures and illustrations, Clothbound, 70s. $7.50} 
Paperbound, 425. ($4.50) 


AN ATLAS OF COMPARATIVE 
PRIMATE HEMATOLOGY 


by HANS-JURG HUSER, Emory University, Yerkes 


Primate Center, Ailanta, Georgia 


This book covers the morphology, fine structure, 
histochemistry, and the most pertinent problems of 
general primate hematology. Hemoglobin poly- 
morphism and erythrocyte-glucose metabolism were 
studied in representative numbers of different species 
with emphasis on the biological significance of the 
findings. The normal blood values have been exam- 
ined extensively, and the importance of the various 
factors influencing peripheral blood counts has been 
systematically evaluated by computer methods using 
multiple linear regression analysis. It should be 
pointed out that this is the first methodical use in 
hematology of computer analysis for delineation of 
normal data. 


January 1970, about 325 pp. 


THE SQUIRREL MONKEY 


edited by ROBERT W, COOPER, Primate Behavior 
Laboratory, Department of Psychiatry, State University af New 
York, Downstate Medical Center, Brooklyn, New York 

and LEONARD A. ROSENBLUM, Primate Research 
Colony, Institute for Comparative Biology, Zoclogieal Society 
of San Diego, San Diego, California i ý 


Gathers together in one volume the existing data on 
the basic biological characteristics of Saimiri selurens, 
its care, treatment, and use in research. The material 
ranges from taxonomy and behavioral studies 
through husbandry and clinical management of the 
species to investigations in aerospace medicine and 
a number of basic biological sciences. The authors 
have provided an appropriate phylogenetic context 
so that laboratories with diverse interests will be 
able to evaluate work on other subjects of primato- 
logical and comparative biological research, 


1969, 451 pp., 163s. bel. ($17.80) 


METHODS OF ANIMAL EXPERIMENTATION 


Volume 3 


edited by WILLIAM I. GAY, Research Grants Branch, National Institute of General Medical Sciences, 


National Institutes of Health, Bethesda, Maryland 


There is a need for an accurate, comprehensive presentation of the many sophisticated pro- 


cedures employed today in experimentation using animals. This is the third volume of a 
series designed to fulfil this need, and it is concerned with methods of dental research, 


microsurgery, fetal surgery, use of the fish 


and the dolphin in research, physiological measure- 


ment in the infant animal, and behavioral science research. 


1969, 469 pp., 182s. ($19.50) 


Academic Press 





Nature, August 9, 1969, p. xvt 


ask for a 
demonstration 
of the new 
compact... 


DESK MODEL 


It’s a precision engineered life science re- 
corder, capable of accurately measuring 
and recording up to five physiological 
parameters simultaneously. In addition to 
four rectilinear or curvilinear recording 
channels, it features an optional servo 
channel for full chart width recording of 
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and, in addition to being compact, it is 
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Seeing is believing. Call or write for a dem- 
onstration in your lab or office ... at your 
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Viral Hepatitis and the Australia-SH Antigen 


by 
A. J. ZUCKERMAN 


Department of Bacteriology and Immunology, 
London School of Hygiene and Tropical Medicine, 
London, WCI 


THe Babylonian Talmud in the fifth century Bc referred 
to jaundice, which appears to have been common, and 
Hippocrates later described epidemic jaundice as the 
“fourth kind of jaundice”. It was McDonald in 1908 and 
again in 1918 (refs. 1 and 2) who first proposed the virus 
aetiology of hepatitis. 

Hepatitis is an acute inflammation of the liver and the 
term viral hepatitis in general excludes infection due to 
recognized viruses such as yellow fever and cytomegalo- 
virus. Viral hepatitis includes the infections usually 
described as infectious hepatitis (epidemic jaundice) caused 
by virus A, and serum hepatitis (homologous serum 
jaundice, inoculation jaundice, transfusion hepatitis) 
eaused by virus B. Both forms of hepatitis are common 
in all parts of the world. 

Epidemic jaundice as a military disease, referred to by 
the French as “‘jaunisse des camps” and by the Germans 
as “Soldatengelbsucht’’, was recognized many years ago. 


More recent examples of the military importance of 


hepatitis include the large epidemies which oecurred in 
the Japanese navy in the war with Russia (1904-1905) 
and the huge epidemics of hepatitis recorded during the 
First World War. The latter were only exceeded by the 
epidemics of infectious hepatitis during the Second World 
War when more than 5,000,000 cases occurred in the 
German armies and civilians alone? while huge outbreaks 
of hepatitis swept through the Allied forces especially in 
the Middle East‘. Hepatitis is currently proving a serious 
problem in Vietnem. The morbidity rate of infectious 
hepatitis in civilians, however, should not be under- 
estimated’. Sweden and Denmark were the first countries 
to keep statistical records of hepatitis based on notifica- 
tions, and in Denmark, for example, during 1928 to 1960, 
210,779 cases of viral hepatitis with jaundice were noti- 
fied. Even with a good system of reporting, however, it 
is difficult to assess the accuracy of notifications, for these 
tend to be notoriously variable. Furthermore, no account 
was taken of the cases of hepatitis without jaundice nor 
of subclinical infections which occur with a generally 
accepted rate of about ten cases for each patient with 
jaundice. Infectious hepatitis is most commonly spread 
by the faecal—oral route, primarily by person to person 
contact. The faecal contamination of water, food and 
milk has resulted in many large epidemics. Infectious 
hepatitis can also be transmitted in blood or blood 
products, for viraemia occurs during the incubation period 
and may persist for some months after complete clinical 
recovery’, Viraemia and excretion of the virus in the 
faeces also occur in patients with subclinical infection and 
in asymptomatic persons. 


Serum Hepatitis 

In contrast to infectious hepatitis, serum hepatitis has 
only a comparatively short history. The earliest descrip- 
tion of an outbreak of serum hepatitis is the report by 


Recent work has shed new light on an old disease. Australia antigen 
seems to be associated with small spherical particles which could 
be the agents of hepatitis. 


Lürman? of jaundice following vaccination. of shipyard 
workers with glycerinated “lymph” of human origin in 
Bremen in 1883. Later, syringe-transmitted jaung 
became frequent in clinics where multiple injections were” 
given with inadequately sterilized syringes and needles. 
which became. contaminated with the blood or serum of a 

patient or a carrier of the hepatitis virus’. Probably two: 
outbreaks finally attracted attention to serum hepatitis: 
the oceurrence of 28,585 cases of jaundice with sixty-two 
deaths among United States array personnel immunized 
in 1942 with yellow fever vaccine containing human 
serum!? and the forty-one cases of jaundice and eight 
deaths among children which followed the injection of 
measles convalescent serumit, By this time transmission 
of hepatitis by blood transfusion was also recognized, as 
well as the risk of hepatitis associated with the transfusion 
of pooled plasma and serum. Hepatitis may also be trans- 
mitted by inadequately sterilized instruments, needles, 
lancets, tattoo needles, razors, dental instruments and 
dialysis equipment contaminated with blood or serum, and. 
by tissue and organ transplants, accidental seratehes and 
cuts, to name but a few sources of potential infection. 
The problem of the transmission of both forms of viral 
hepatitis by transfusions is, of course, likely to increase 
with the ever mounting demand for the transfusion of 
blood and blood products particularly in the course of the 
more sophisticated surgical operations. Tt has already 
been established that the risk of hepatitis in a recipient of 
blood increases almost linearly with the number of trans- 
fusions up to 6 units of blood’? 3, Furthermore, it was 
roughly calculated that in 1963 in the United States 
about 1-8 million transfusions were given and i was 
estimated that the incidence of clinical hepatitie with 
jaundice was 30,000 cases with nearly 3,600 deaths. No 
account was taken of the incidence of the anieterie form 
of hepatitis, which was estimated on the basis of a small 
number of cases to be greater than 100 actual infections 
for each case of overt jaundice, although the results of a 
later prospective study suggested only a ratio of three or 
four anicteric to icteric cascs’®. In summary, virus 
hepatitis is now acknowledged to be the most important 
complication of the transfusion of blood or blood pro- 
ducts!* 

It therefore seems that scrum hepatitis is an entirely 
artificial infection, yet it would be difficult to believe that 
the survival of the serum hepatitis virus is entirely 
dependent on the needle. Recently some evidence was 
obtained that serum hepatitis may be transmitted by 
routes other than direct tissue penetration including the 
oral route’, It has been suggested! that virus B repre- 
sents the emergence of a strain derived from virus A which 
had undergone some alterations during prolonged survival 
in the host with viraemia and alimentary disease, Limited 
information is available, however, that there is homo- 
logous immunity but no immunity to the heterologous 
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agent after reinoeculation experiments m human volun- 
teers!*, and more recently no cross-immunity was found 
between classical infectious hepatitis and serum hepatitis- 
like illness in transmission experiments in children”. It 
seems, therefore, that at least two infectious agents may 
be responsible for the two clinically similar forms of viral 
hepatitis. 
It is now accepted that acute viral hepatitis is a general- 
ized infection with emphasis on inflammation of the liver. 
‘linieally the spectrum of viral hepatitis varies from the 
inapparent infection to slight malaise and gastro-intestinal 
symptoms with no hepatic damage, the anicteric form of 
the disease, clinical hepatitis with and without jaundice 
to fulminant hepatitis with coma and death. This is 
veflected in the pathology of the liver in which the lesions 
“tend to be exceedingly variable ranging from minor 
changes to total hepatic necrosis. 






perimental Approach 

‘A multitude of specifie laboratory and diagnostic tests 
for viral hepatitis had been described, but these were 
almost all subsequently proved to be either non-specific 
or they could not be reproduced. In the same way the 
search for the virus of hepatitis had been frustrating and 
futile. The lack of an apparently susceptible animal host 
to the human hepatitis agents obviously hampered pro- 
gress. The animals which had been used for attempted 
experimental transmission ranged from hamsters to 
horses, African gerbaas to Mongolian gerbils and from the 
egg of the domestic fowl to canaries and pigeons?*. Con- 
sequently the viral aetiology of hepatitis was established 
by suceessful transmission experiments in human volun- 
teers, Clearly there are many limitations to this form 
of investigation, but nevertheless the volunteer studies 
provided very valuable epidemiological information as 
well as some of the physical and chemical characteristics 
of the agents causing hepatitis. 

Resurgence of interest in subhuman primates as a 
possible experimental model for human hepatitis followed 
the reports of chimpanzee-associated hepatitis. Many 
human eases of viral hepatitis have been attributed to 
contact with subhuman primates?™?! and it is impossible 
to avoid the conclusion that some of these animals were, 
usually within several weeks of capture, responsible for 
the transrnission of human infection. It is very likely that 
infection of the animals was, in the first instance, acquired 
from man. In most of the animals, however, there is 
little evidence of systemic disease or even definite involve- 
ment of the liver and it seems that the animals merely 
act as unaffected carriers of the human hepatitis virus. 
It thus became evident that the basis for a readily 
reproducible experimental model for studying human 
hepatitis was still unattainable. A promising lead in the 
search for the elusive hepatitis virus was the work with 
marmosets, small South American monkeys. Morpho- 
logical changes in the liver preceded biochemical altera- 
tions and evidence of hepatic damage in the marmosets 
after inoculation with some sera from patients with 
hepatitis®®. Liver damage was produced regularly in 
series five times, from marmoset to marmoset, using the 
animal serum, but clinically there was apparently no 
evidence of infection in the animals. Other studies*? 
suggested that marmosets may indeed be susceptible to 
human hepatitis, but more recent work?! implied that the 
agent producing hepatitis in these animals may well be 
a vifus of marmoset origin. Nevertheless, further work 
with marmosets may prove fruitful in view of the similari- 
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ties between the anicteric form of the human infection 
and the hepatitis observed in these animals. 

The development of more sophisticated virological and 
tissue culture techniques during the past decade has 
given rise to many attempis to isolate the causal agents 
of hepatitis in cell cultures of various origins. This has 
resulted in a heterogeneous collection of viruses, which, 
for the lack of a better term, have been named “‘candidate 
hepatitis viruses”. Many of these agents have been 
identified as other microorganisms, including a strain of 
Mycoplasma and an amoeba of the genus Hartmanella. 
None of the candidate hepatitis strains, however, have 
withstood so far the criteria of the infectious agents 
responsible for hepatitis? **.*, A different approach 
aimed at the isolation of the hepatitis viruses was to grow 
differentiated human parenchymal liver cells in tissue 
culture. There have been numerous and extensive efforts 
to culture human liver cells and equally many attempts to 
establish continuous liver cell lines. Recently, techniques 
have been described for growing in tissue culture fully 
differentiated human embryo and adult liver cells?434, 
The hepatocytes have been found to be susceptible to 
various representative strains of many virus groups, but 
no evidence of replication of the hepatitis virus has been 
obtained so far®?3637, More recent studies, however, with 
known infectious clinical material that was found to 
induce hepatitis in human volunteers have yielded some 
encouraging preliminary results on one or two passages. 

Recently, the intimate association that can exist 
between several viruses and circulating leucocytes was 
pointed out?! and it was suggested that leucocyte cultures 
might prove useful for the propagation of the hepatitis 
viruses®*, Inhibition of mitosis was observed in cultures of 
leucocytes obtained from the peripheral blood of patients 
with acute infectious hepatitis, but this is not a pheno- 
menon unique to virus infection. The chromosomes of 
leucocytes of patients convalescing from infectious 
hepatitis were found to have an increased number of 
chromosomal abnormalities which were not present 
previously”, 











Australia Antigen 

Some of the most promising recent studies concern the 
Australia antigen. This antigen was first observed when 
the serum of a transfused patient with haemophilia was 
tested against the serum of an Australian aborigine and it 
was considered that the antigen was an example of an 
inherited trait4!4". The Australia antigen is detected by 
the double immunodiffusion micro-Ouchterlony technique 
using a precipitating antibody found in the blood of some 
multitransfused patients, and also by an antibody against 
the Australia antigen prepared in rabbits. 

The Australia antigen was found to occur frequently in 
the serum of apparently healthy people living in the 
tropics and South-East Asia (1-20 per cent) but only 
rarely in the normal North American and European 
communities. But the antigen was detected more fre- 
quently in the blood of multitransfused patients, in the 
serum of some patients with viral hepatitis (approximately 
20 per cent), in patients with Down’s syndrome in whom 
the incidence of hepatitis is very high (9-30 per cent), in 
some forms of leukaemia (13-18 per cent) and in some 
eases of nodular (lepromatous) leprosy (9 per cent)’. A 
possible association of the Australia antigen with viral 
hepatitis thus became apparent. The antigen was not 
found in the serum of patients suffering from various 
other liver diseases, indicating that the Australia antigen 
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does not merely represent the end product of damaged 
liver cells. Indeed, the distribution of the antigen can be 
explained on an infectious basis*®.-46, Using similar methods, 
an antigen, termed the serum hepatitis (SH) antigen, was 
detected in the blood of patients during the incubation 
period and early acute phase of post-transfusion hepatitis’. 
Samples of serum were collected before transfusion and at 
fortnightly intervals for 6 months after transfusion. The 
same antigen was also detected in ten out of twelve blood 
samples obtained from patients with serum hepatitis. In 
most patients the test became negative during con- 
valescence, although in one patient the antigen persisted 
for at least a year. The SH antigen was also detected in 
the serum of eight out of 4,844 volunteer blood donors*’. 
This antigen was not found in the sera of patients with 
infectious hepatitis. The SH antigen is now believed to 
be identical with the Australia antigen**. An association 
between the Australia antigen and post-transfusion 
hepatitis was also noted in Japan. It was found that 
some patients transfused with blood contaming the 
Australia antigen subsequently developed this antigen 
and hepatitis, other patients developed antibody to the 
Australia antigen with no evidence of hepatitis, but still 
other patients developed antibody to the antigen after 


Fig. 1. Two typical groups of spherical particles revealed by negative staining of the immune complexes present when the serum of a hepatitis 


carrier was reacted with the Australia-SH antiserum, 


Fig. 2. 
in length. 


A nother aggregate from the same preparation showing, In addition to the spherical particles, a tubular form approxima 
The spherical particles have an average diameter of 200 A while the tubule is approximately 170 A in diameter. Cros 
can be seen along the length of the tubule. (x 300,000, from ref, 53.) 
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transfusion with blood not containing the Australia 
antigen. More recently a specific acute phase antigen— 
hepatitis antigen—was described®. This antigen was 
detected in the infectious and serum varicties of hepatitis 
with the same high frequeney (80 per cent), and, further- 
more, a correlation was found between the presence of this 
factor in the blood of some of the donors and the sub- 
sequent development of hepatitis in recipients of such 
blood. The exact antigenie relationship between the 
Australia antigen, the SH antigen and the hepatitis 
antigen is yet to be accurately determined, but it would 
seem to be very close. 





Survival of Australia-SH Antigen 

There is now evidence for the persistence and survival. 
of the Australia-SH antigen for at least twenty years.” 
The antigen was found in fresh samples of serum collected 
in 1968 and 1969 from a previous blood donor, who was 
identified in 1951 as a carrier of the serum hepatitis virt 
He was at the time implicated in three cases of post- 
transfusion hepatitis, one of whom died from massive 
necrosis of the liver. Ten months after the first incident of 
infection in a recipient of his blood, a sample of serum 
from this donor was injected into five volunteers, one of 





( * 300,000, from ref. 53.) 


3000 A 
ations 





Fig. 3. Another example of both particle types present in the hepatitis serum. Spherical particles can be seen at both ends of the tubular” 
form. (x 300,000, from ref. 53.) 


Fig. 4. An unusual aspect of the tubular form of this agent is that it frequently displays ri i af adly 7 
i3 as ently plays right angles, a form supposedly al ad by k 
e (x 300, A ref 539 8 ies, ai ppo: y abhorred by nature 
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whom subsequently developed hepatitis. “The Australia- 

SH antigen was also readily detected in specimens of 

freeze-dried serum collected and pooled in 1944 from about 

1,000 apparently healthy blood donors. Samples of this 

serum pool had produced hepatitis with jaundice, after 

injection, in 50-60 per cent of human volunteers. 

Serum specimens containing the Australia antigen, 
obtained from five different patients suffering from acute 
myelogenous leukaemia, chronic reticuloendotheliosis and 
Down’s syndrome with hepatitis, were banded in a sucrose 
gradient. Particles were observed in some of the fractions 
when examined under the electron microscope**. These 
particles were not found in control sera, The results 
suggested that the Australia antigen is associated with a 
virus-like spherical structure measuring approximately 190 
to 210 Å. Elongated particles with a similar diameter 
were also found and their length varied from less than 

„500 to 2300 A. The surface appeared to consist of “sub- 
nits” measuring about 30 A in diameter. 

More recently, electron microscopic studies were made 
on the serum of the carrier of the serum hepatitis virus I 
have referred toô! and on the serum of narcotic addicts 
who contracted hepatitis by sharing syringes with persons 
who had recently recovered from hepatitis’, The sera 
gave strong lines in the immunodiffusion test with refer- 
ence Australia-SH antiserum and similar serum—antiserum 
mixtures were then examined by the electron microscope 
technique of negative staining. Distinctive antigen—anti- 
body complexes were found in these preparations (Fig. 1). 
The principal antigenie constituent was found to be a 
spherical particle, approximately 200 A in diameter. The 
aggregates also contained tubular forms with a diameter of 
170 A and spherical particles were frequently present at 
the ends of these tubules (Figs. 2, 3 and 4). The presence 
of the tubular forms, which frequently had cross-striations 
with a periodicity of approximately 30 A (Figs. 2 and 3), 
indicates that these forms could not have resulted from 
simple protein aggregation and provides added weight to 
the possibility that these structures represent the agent 
associated with serum hepatitis. 

Further support for the causal association of the 
Australia antigen with hepatitis has been obtained by 
fluorescent antibody techniques. Specific antibody to 
the Australia antigen was conjugated with fluorescein 
isothiocyanate. This conjugate reacted specifically with 
an antigen which was localized in or on the surface of 
nuclei of hepatic cells obtained by biopsy of the liver 
from four patients with viral hepatitis, all of whom 
carried the Australia antigen in their serum. No positive 
reactions were obtained in five control patients, four of 
whom had no evidence of liver disease, and whose serum 
did not contain the Australia antigen. 








The Future 


Reference has already been made to the attempts to 
transmit human hepatitis to animals. The identification 
of the Australia antigen as a virus-like structure and the 
evidence suggesting that it is an infectious agent again 
raise the possibility of infecting animals with this antigen. 
A survey of some thirty animal species for the presence of 
the Australia antigen has already been initiated and an 
antigen with apparently the same specificity as that found 
in man was detected in three species of primates, African 
green monkeys, chimpanzees and squirrel monkeys**. 

Intensive efforts are being made to cultivate this agent 
in various tissue culture systems, particularly in cultures 
of human liver cells. Once the agent can be snecessfully 
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grown in, tissue culture it should be relatively easy to study 
its physical and chemical properties and the immuno- 
logical and biological characteristics. 

I thank my colleagues, too many to mention indi- 
vidually, in the Tissue Bank of the Royal Marsden 
Hospital, in various hospitals, in regional centres of the 
National Blood Transfusion Service and in my own 
laboratory for all their help, Part of this work was 


carried out with the aid of grants from the Medical 
Research Couneil. 
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RECENTLY two groups, one at the University of California? 
and one at the Naval Research Laboratory’, have each 
obtained X-ray data in the 44 to 60 A region which they 
interpret as originating outside the galaxy. The intensity 
of the flux reported by the NRL group is more than an 
order of magnitude above the earlier UC measurement. 
In this article we analyse the factors which contribute 
to this difference and provide a possible explanation for 
the high X-ray transmission of the interstellar medium 
observed by the UC group. 

The UC datum point was obtained from measurements 
covering a substantial region of the celestial sphere from 
the galactic pole to the galactic plane. The flux intensity 
was observed to be correlated with galactic latitude, 
which was interpreted as proof that the flux was extra- 
galactic in origin. The NRL datum point was obtained 
from a measurement at a single point about 40° from the 
galactie pole (the NRL “pole” region). The NRL group 
have interpreted the flux they detected from this point as 
emission from a dense intergalactic medium. This group 
also obtained 44 to 60 A data from about five other points 
on the celestial sphere. Variations in the counting rates 
observed at these other locations have led the NRL group 
to postulate the existence of a class of soft X-ray sources 
and to conclude “that the sources may be numerous” (ref. 
2). If a class of soft X-ray sources did indeed exist, it 
might seem that a measurement at a single point in the sky, 
found to be more than a factor of ten in intensity above 
an overall background which had been observed previ- 
ously, might more reasonably be ascribed to such a source 
than to extragalactic emission. 

It is important to note, however, that it is the flux 
extrapolated outside the galaxy which is in serious dis- 
agreement between these two groups. The flux which was 
actually measured in these two experiments differs by 
only a factor of about 2:3. This difference might be the 
result of one of any number of possible experimental 
errors. It is difficult to determine if this is indeed the 
case, but we have noted at least one difference in the data 
analysed which contributes to the difference in flux levels 
noted. The NRL group computed the solid angle of their 
collimator from the relation Q= 702,, where Os is the 
half width of the collimator at the half transmission 
point. The field of view of the NRL detector so derived 
is 00213 sr (Henry, private communication), which is a 
revision of the value quoted in their original paper. We 
determined the solid angle of our collimator from the 
relation 


2m b 
Q=f T #(0,0) sin 0dod® 
0 0 


where f(8,®) is the response function of the collimator. In 
the case of a honeycomb collimator this function can be 


represented by 
f(0,®) = f(8) = 1 ~ 0/6, 


where 6, is the half width at zero transmission or 2 6,5. 
Using this function in the integral, we find 


Q= = 


4 
op = = rôi, 


3 3 
If we use this result to obtain the field of view of the NRL 


A discussion of the measurements of soft X-rays from outside the 
galaxy which have been published by groups at the University of 
California and at the Naval Research Laboratory. 


detector, we find = 0-031 sr for their collimator, This 
is 33 per cent larger than the original value quoted by 
Henry et al. and 50 per cent larger than their revised 
number. This factor alone accounts for one third of the, 
difference in observed counting rates at 44 A. 

Uncertainties in the extent of the particle background 
could well account for the remaining difference. Electrons 
with energies somewhat greater than 10 keV can pengtrs 
the thin mylar windows used and mimic low energyyphoton 
events. Neither scheme used by the NRL group to: 
account for the particle background (the use of an anti- 
coincidence counter, and the subtraction of a ‘‘residual” 
background observed when the detector doors were in 
place) would compensate for this type of background. 
Whether these electrons actually are present is conjee- 
tural, but they could in principle be scattered from the 
Van Allen belt. In fact, a cursory examination of the 
number of low energy electrons precipitated into the 
upper atmosphere as a function of latitude? leads one to 
wonder why the low energy particle background flux 
observed at temperate latitudes where the NRL instru- 
ment was flown is not substantially higher than the total 
counting rate observed. 

The UC instrument, however, was launched at a site 
which was very close te the line of minimum radiation 
intensity or “radiation equator? As a consequence, 
this experiment should have been subjected to a minimum 
of particle background. Confirmation that there was 
indeed only a small effect due to charged particles is 
provided by the fact that although approximately one- 
fourth of the entire galactic plane was scanned, very few 
counts (about 20 per cent of those observed from the pole) 
were detected from this direction of the celestial sphere, 
These counts were assumed to be part of an isotropic 
charged particle background. No additional background 
could have been present, however, unless it was aniso- 
tropic and by coincidence distributed so as to produce 
a minimum in the direction of the galactic plane. 

In view of the uncertainties inherent in the measure- 
ments carried out so far on the 44 A background flux, we 
feel that the flux measurements uncorrected for interstellar 
absorption are in agreement within the experimental 
errors, As stated previously, the chief discrepancy between 
the two flux intensities is introduced when the respective 
measurements are corrected for interstellar absorption to 
obtain a value for the flux outside the galaxy. The 
NRL group corrected their measurement at their “pole” 
region by using theoretical X-ray absorption coefficients. 
This correction increased their flux measurement by a 
factor of 47, The UC group correlated their series of 
measurements with 21 cm data on the number of hydrogen 
atoms in the line of sight. The slope of the resultant eurve 
gives an experimental value for the X-ray absorption 
coefficient which is substantially less than, the theoretical 
value. If this experimental result had been used by the 
NRL group, their flux measurement would have been 
inereased by a factor of only 1-2 to account for interstellar 
absorption. 

It has been suggested? that the slope of the absorption 
curve obtained by the UC group may be inordinately flat 
due to a contribution to the flux at lower galactic latitudes 
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by discrete X-ray sources. It is unlikely that this is the 
case, however, because almost all of the X-ray sources 
the positions of which are reasonably well established lie 
within ten degrees of the galactic plane. To produce the 
flux distribution observed by the UC group, the hypothe- 
tical soft X-ray sources would have to be distributed 
between the galactic latitudes of 20° and 60° with a peak 
number falling about midway between these two values. 
We find it difficult to devise any reasonable combination 
of source distribution and interstellar absorption, which 
could give this result, 

We are still faced with the dilemma of the discrepancy 
between the observed and caleulated X-ray absorption 
coefficients. In an attempt to understand the cause of 
the discrepancy, we have examined the effects of the 











clumpiness of the interstellar medium on this parameter. 


The X-ray transmission averaged over a large number of 
lines of sight having a similar number of clouds n; of 
type ¢, each of which has optical depth q, is 








: sia 
This is the quantity identified by Bowyer et al? with 
é TS = em ob NE) a) 


where son is the “observed” cross-section deduced from 
the correlation of the observed values of <J> with the 
observed values of the column density of hydrogen, 
<Nu>. The actual number of clouds of type i, mna will 
be distributed about a mean value m; by a Poisson distri- 
bution P(n:;) and, because these distributions are imde- 
pendent, the overall distribution of in it is TT Pini). Hence 


t 
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By comparison with equation (1), we have 


Emi A-e7t) = gon CN a> (2) 
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Now 
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where a; is the radius of the cloud and ny is the hydrogen 


density within the cloud (assumed constant). Because 
4 
Ty = y ANHA (3) 


where cn is the theoretical value of the cross-section, 


E miri (4) 
Sib i 
When equation (4) and equation (2) are combined, one 
finds 





showing that for optically thin clouds (t;<<1) con =o 
as expected. But for optically thick clouds Sob <oin, 
because some atoms which contribute to the 21 em 
profile are embedded in clouds which are already so 
opaque that their additional X-ray absorbing power is 
not effectively used. The X-rays then penetrate through 
the holes in the cloud distribution better than they would 
a uniform distribution of the same amount of material. 
If we replace the discrete spectrum of clouds (7) by 
a eontinuous spectrum of radii, with density N(ajda~ 
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ada, then the number along the line of sight is m(ajda~ 
a*-eda. Then 


Sos Jae (1 — e7 4ojda 


_ fara z(a jda 


Cih 


If all clouds have comparable densities and differ only in 
radius, then by equation (3), toca, and 





Gob free (1 ~e~ tdr o 
mee ee ie tia (6) 
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The limits of integration run from 7,, the optical depth of 
the smallest clouds, to ta that of the largest clouds. 
Because 7,<1, we set it equal to zero. This leaves us 
two parameters to specify, a and t} According to G. B. F. 
and Saslaw® and G. B. F. and Hutchins’, clouds should 
have a mass spectrum of the form N(M)dMaM-@dM with 
plö. According to Scheffler’, such a spectrum is con- 
sistent with observation. If all clouds have the same 
density, #=38—2=2-:5. The work of Van Woerden ean 
be used to estimate t} He has surveyed the various 
methods of determining cloud parameters, and he finds 
that the largest clouds have 2nya= (1 to 5-5) x 10%, corre- 
sponding to 7,=2-7 to 15. Because these values are 
fairly large, the integral involving the exponential in 
equation (5) can be evaluated in terms of F functions, 
and 





For the range of values of t, consistent with observation, 
this yields 





Don 2 

“= O15 to O51, or 0-334+0-18 

Sth 
The ratio found experimentally’ is 0-334007. We 
therefore conclude that the clampiness of the interstellar 





medium may lead to a straightforward explanation for 
the difference between the observed absorption and that 
predicted theoretically for a uniform model. 

Although the average absorption of the interstellar 
medium will seem to be lower than that expeeted on the 
basis of a uniform model, the absorption in the direction 
of a specific object will not be affected in the same manner. 
This absorption may be higher or lower than predicted. 
theoretically, depending on whether the object is viewed 
through or between optically thick clouds. Unfortunately 
data are not available on a sufficient number of point 
X-ray sources to test for this effect. It is interesting to 
note that in the case of Sco X.R-1 the distance to the object 
as estimated from the amount of soft X-ray absorption is 
widely different from the distance determined through 
the use of standard techniques’. 

There is a similar disparity between the 21 em results 
and the number densities of hydrogen atoms obtained from 
measurements of the absorption profile of the hydrogen 
Lyman- line. Considerably more data have been 
obtained in this area and such an effect has indeed been 
noted. Curiously, the Lyman-x measurements have 
always indicated a lower number density than the 21 em 
results instead of being scattered about a mean value as 
we would prediet. The most recent Lyman-x measure- 
ments from a different region of the sky differ from previ- 
ous measurements, however, in that they are in agreement 
with the 21 em results!*, It may be that the previous 
measurements were low only by chance and that future 
measurements at this wavelength will confirm the pre- 
dicted effect. 

In our view the experimental evidence for the anomal- 
ously high transmission of the interstellar medium to soft 
X-rays coupled with the theoretical analysis presented 
here strongly indicates that the lower value for the 
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Fig.}. Recent measurements of the diffuse X-ray background fux in the 
energy range from 1/4~50 keV. 


effective cross-section used by the UC group is the correct 
value. The correction made by the NRL group for inter- 
stellar absorption is then much too large, and the correc- 
tion made by the UC group is more reasonable. 

There is also considerable disagreement on the slope of 
the spectral energy at higher energies. This is pertinent 
in evaluating whether the 44 A point lies significantly 
above the higher energy flux as extrapolated to lower 
energies. In Fig. 1 we have compiled the more recent and 
extensive measurements of the background flux from 1/4 
keV to 50 keV. Unfortunately in most of these measure- 
ments a background correction has been carried out by 
subtracting the downward-looking flux from the upward- 
looking flux, giving the “true” celestial X-ray flux. This 
approach is valid if the main contribution to the back- 
ground is due to cosmic ray particles which have escaped 
detection by the background rejection devices used. 
This approach is not valid, however, if the main contribu- 
tion to the flux detected from the downward-looking 
direction is due to backscattered X-rays or if a significant 
fraction of the upward-looking flux is due to particles 
with energies of a few keV. In the former case the true 
celestial X-ray background flux will be larger than that 
quoted; in the latter case the true flux will be smaller. 
In either case a substantial systematic error may be 
present. 

Disregarding this possibility, it is apparent from the 
figure that the data of Gorenstein et al." correlate well with 
most of the other data. They find a spectral index of 
1-7+ 0-2 in the energy range from 1 to 13 keV. We have 
indicated an extrapolation of their results over the energy 
range from 1/4 keV to 50 keV by dotted lines. While the 
higher energy data fit well with the extrapolation, at 1/4 
keV it is apparent that even the lower flux measurement 
of the UC group falls above the line. Considering the un- 
certainties involved, we feel it premature to attach undue 
significance to this situation. 


575 


If it is ultimately established that the 44 A flux is not 
a simple extension of the higher energy flux, it would 
then be most likely that this flux is the product of a source 
mechanism different from that operating at higher energies. 
As Henry et al.? point out, one possibility for this souree 
mechanism would be thermal emission from a dense inter- 
galactic medium. The temperature of such a medium 
would have to be compatible with the 44 A flux measure- 
ment of the UC group or, almost equivalently, with the 
NRL measurement as corrected herein for the geometry 
factor and with proper compensation for the absorption 
of the interstellar medium. A dense intergalactic medium 
with a temperature of 8 x 10° K as suggested by the NRL 
group would be incompatible with these data. A tempera- 
ture of 1 to 3 x 10° K as suggested by C. 8. B, et al? would 
be consistent with the observed flux. 

Other source mechanisms may exist which could also 
produce an isotropic soft X-ray flux, and have been dis- 
cussed by Silk!®. Earlier Refiel!® suggested that a soft 
X-ray flux would be a result of the ultimate thermalization 
of the solar wind. Using estimates for the solar wind, 
available in 1959, Refiel concluded that a substantial flux: 
would be observed at the Earth as a result of this process. 

We have re-evaluated Refiel’s suggestion using current 
models of the solar wind, It is now generally believed! 
that the supersonic solar wind flows outward until its 
pressure is balanced by the pressure of the interstellar 
medium. At this point a standing shock front is formed 
where the solar wind protons are thermalized to a tem- 
perature of 10° to 10° K. These protons then form a 
constant pressure boundary shell between the shock 
front and the interstellar medium. Axford ef al.” eon- 
clude that the shock is formed at a distance of about 30 
au from the Sun. They estimate that the boundary 
shell extends for perhaps 19 au and that the density of 
the solar protons in this region is between 10-* and 10-1 
em, We can obtain an upper limit on the soft X-ray 
flux emanating from this region by assuming that the high 
temperature protons thermalize with ambient electrons 
to produce an ionized plasma. Using a standard formula 
for bremsstrahlung emission from an ionized gas, we 
find J,=8 x 10-3? ergs em-? s-! sr-? Hz at 44 A whieh is 
several orders of magnitude below the observed flux. 

We conclude that the interstellar medium is significantly 
more transparent to soft X-rays than theoretically pre 
dicted because of cloud structure within this medium. 
When the correct interstellar absorption is uscd, we find 
that a dense intergalactic medium with a temperature of 
8x 10° is incompatible with both the UC data and the 
NRL data. A dense intergalactic medium with a tempers- 
ture of 1 to 3x 105 K cannot now be ruled out, but con- 
sidering the relative crudeness of the existing data and the 
possibility of alternate source mechanisms, the existence 
of such a medium is not yet established. 

This research was supported in part by the US National 
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National Science Foundation. 
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Tne south preceding star of the central double in the 
Crab nebula (pulsar NP 0532 (ref. 1)) was observed for 
linear and circular optical polarization with the Catalina 
154 cm reflector at F/13. The Wollaston two-channel 
polarimeter? was used with focal-plane diaphragms 3-4--8:1 
are s in diameter. The photomultiplier tubes have 8-13 
type sensitivity, and no filter was used for the linear 
polarization so that the effective wavelength is near 0-45 
micron; filters near 0-53 micron were used for the measure- 
ments of cireular polarization. 

The output leads of the tubes were fed into a two-chan- 
nel current-to-frequency converter designed by D. J. 
Taylor? and then into a computer of average transients 
(CAT), which was swept at the appropriate geocentric 
pulsar period. The current-to-frequency converter was 
used in lieu of direct pulse counting because of consider- 
able interference from nearby radar and television instal- 
lations. During some of our measurements, the photo- 
multiplier voltage was set too high, with the result. that 
the converter saturated slightly at the main pulse peak. 
This saturation broadened the main pulse slightly and 
did not affect the total number of counts in the pulse, but 
may have caused a small error in our division of the main 
pulse into quarters (see Table 1). Most of our measure- 
ments, however, did not encounter this saturation prob- 
lem. Each count deposited in the CAT by the converter 
corresponds to about 1-5 photoelectrons, but this fact does 
not adversely affect the signal-to-noise ratio. 

Tt was found that whereas circular polarization was 
small or absent, the linear polarization was moderately 







Table 1. LINEAR POLARIZATION RESULTS 
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The linear polarization is of the order of I5 per cent and is variable, 
and the circular polarization is less than 5 per cent. 


large, but probably variable in amount end position angle, 
with a timescale of minutes. This probable 
variability of the polarization has made interpretation of 
the results difficult. 

We emphasize that measurements obtained with a two- 
channel polarimeter are valid even if the brightness of 
the object and the transparency of the sky vary during 
the series of measurements. If the polarization itself 
changes during the measurements, however, one is still 
in difficuliv. 





Variability of the Source 


Before discussing the polarization itself, it is necessary 
to review the evidence for brightness variations in NP 
0532. Comparison of various measurements of visual 
magnitude (Jan. 18, 17-7405 (ref. l); Jan. 20, 17-4 
(ref. 4); Jan. 21, 16-54 0-2 (ref. 5); Feb. 9, 16-1 (ref. 6); 
Feb. 10, 16-6 (ref. 6)) suggests variability of pulse strength 
by substantial amounts over a timescale of days. ‘The work 
of Freeman ef al.’ is equally indicative of strong variations 
over much shorter periods (a few minutes). 

As pointed out by W. J. C. et al}, there is also evidence 
for variability in pulse shape. For example, on the night 
of March 12, three runs each of about 20,000 periods 
were made at the 154 em telescope with a 1P21 photo- 
multiplier and a diaphragm of diameter 8-1 are s. Tt was 
found then, and on subsequent runs, that the imterval 
between primary and secondary peaks was remarkably 
steady (13°36 + 0-1 ms). But the ratio g of the light within 
the secondary pulse to that within the primary was quite 
variable (sce Fig. 1 for definition of g). After a careful 
analysis of the results, we obtained the following values: 
for run No. 1 (4 h 00 m UT), ¢=0-60+0-03; No. 2 
(6 h 00 m UT), q= 055 + 0-05; No. 3 (6 h 30 m UT), 
q=045+ 004. The probable errors indicated are due to 
statistical count fluctuations. Runs No. 1 and 3 are 
shown in Figs. 2a and 2b. The results also show a possible 
correlation between the strength of the secondary pulse 
and the level of the interpulse region following the main 
pulse, which seems to be significantly higher than the 
background following the secondary pulse®8, Thus we 
disagree with the conclusion of Warner et al’ that the 
pulse shape is steady. 

Variations in pulse shape are not easy to measure. If 
the observing run is too short, the statistics are bad. Tf 
too long, variations tend to be averaged out. Nonetheless, 
on the basis of all the evidence, we believe that both the 
pulse strength end shape are variable. Adequate polariza- 
tion measurements ean therefore be attempted, if at all, 
only with a two-channel polarimeter, and results other- 
wise obtained’ may not be reliable, as is also shown by 
Freeman ef al”. 


























Linear Polarization 

The linear polarization was measured on February 21 
UT (68 s diaphragm; run on each angle about 130 s), 
March 12 (8-1 s diaphragm; 130 s), and April 12 (3-4 s 
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diaphragm; 330s). Because of suspected contamination 
by television and radar signals, the February results are 
not discussed though they were of a similar nature to those 
obtained later. For each angle of the Wollaston prism 0 
(the angle of the electric vector maximum in the equatorial 
frame of reference) there were two runs, one with a Lyot 
depolarizer preceding the prism, and one without. Taking 
the two phototubes, receiving orthogonal beams, imto 
account, there were thus at each angle four measurements 
from which the polarization is determined as 


po) = 


where « is the calibration ratio of measurements made 
with the depolarizer: a= N}/Nb+go. Each N refers to 
the number of pulses counted within that portion of the 
light curve the polarization of which is being measured. 
To measure the main-pulse polarization, for example, we 
proceeded as follows. The 400 channels of the CAT were 
divided in two; the first 200 contained the data of the 
phototube at the 6 angle of the prism, the second 200 
contained those of the other tube at (0+90). Of 200 
channels containing the whole eyele, the main pulse, N, 
was judged to occupy fifty; twenty channels forward of 
the pulse peak and thirty behind. The background, Na 
was measured in thirty channels centred 7-42 ms aheed 
of the main pulse. Then at 6, Ng=N,— (50/30) No. 
Investigation of the statistical background fluctuations 
for a wide range of average background counts <n> per 
CAT bin shows that the data obey a law of the form 
<(n— <n>) = (0-75)2n>. It can then be shown that each 
polarization measurement has an uncertainty 
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Using these definitions, we obtained the data of Table 1. 
The polarization of the nebular background was always 
measured, and on the March run with the 8-1 s diaphragm 
this agreed closely with the results of Woltjer*. On April 
12, however, with the 3-4 s diaphragm, agreement with 
Woltjer was poor, probably due to small scale inhomo- 
geneities in the nebular background and to the relative 


Photon counts/channel—> 
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Fig. 1, IHustrating how variations in pulse shape were measured. If the 
integrated pulse was stored in the 400-channel integrator hown with 
the main pulse peak centred at channel 120, then the pulse strengths were 
defined as follows: main pulse strength = contents of channels 60 to 190 
minus the background in these channels; secondary pulse strength = 
contents of channels 220 to 400 minus the background in these channels. 
Background per channel = (contents of channels 11 to 40)/30, 
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Fig. 2. Three pulse profiles, each the result of superimposing some 
20,000 periods, using an 8&1 are s diameter diaphragm and a 1P2) tube 
without filter, Comparison of (a) with (b) shows variability of pulse 
shape. The ratio of secondary to main pulse strength ia 60 per cent in 
(a) and 45 per cent in (4), (0) illustrates an observation with ane of 
the channels of the polarimeter, The secondary pulse here contains 74 
per cent of the light in the main, probably Indicating that polarization 
was present. 


350 4) 






importance of dark currents because of the small dia- 
phragm. 

From the data we note: (1) the polarization at a single 
angle can be as high as 30 per cent or more; (2) the results 
do not repeat themselves from night to night or from 
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measurement to measurement during the same night; 
(3) if the polarization was constant in amount and angle, 
then measurements of p(0) at various 0 should fit on a 
cos 2(0—6,) curve. In fact the least-squares cosine fit is 
poorer than the probable errors of each individual measure- 
ment would lead one to expect (see the last column of 
Table 1). Taken together, these observations strongly 
suggest that the linear polarization of the main pulse 
is variable over a time scale of the measurement time 
(minutes). 

In a similar manner the linear polarization of the 
secondary pulse was measured, and in the same way 
variability is suggested, though not so strongly. There is 
no very evident correlation between the polarization of 
the two pulses. 

We attempted to measure the polarization within dif- 
ferent. phases of the main pulse. Because of the saturation 
in the i.f. converter already referred to, the results obtained 
(see bottom of Table 1) can only be very tentative. As 
far as they go, they do confirm a clockwise rotation of the 
polarization vector as one moves from beginning to end 
of the pulse as suggested by Warner et al.’. 


Circular Polarization 


Observations of circular polarization of the primary 
pulse were made on February 21 (diaphragm 6:8 are s) 
and March 12 (8-1 are s). A 5-08 x 5-08 em plastic quarter- 
wave plate was used (Bausch and Lomb No. 31-52-62-40). 
The quarter-wave plate was rotated over 90° between 
observations, to have one of the axes in either one of two 
position angles, @=121° or 211°, in a mounting block 
immediately preceding the Wollaston prism, which was 
kept in the 0 = 166° position. It is essential that the prism 
be at 45° to the fast and slow axes of the quarter-wave 
plate, while the actual position angle of the quarter-wave 
plate plus prism combination is of no importance. Let 
the integrated area under the pulse, not including the 
background, of the first channel at 0= 121° be denoted by 
ia and that of the second channel 7,4; at 0=211° the 
areas are 7,» and dẹ. If A=¢,8/¢,2 and B=74,>/2,", it can 
be shown that the percentage of the incident light that is 
circularly polarized is P,=100 (/A— «v Bj VA +v B). 
This method of reduction allows for different channel 
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Table 2. CIRCULAR POLARIZATION OBSERVATIONS (PER CENT) 
Feb, 21, 1969 Mar, 13, 1969 


+06 = 13-8 
-67 -27 
+98 -57 
+06 ~10 
+22 
-60 


Table 2 gives the measurements of circular polarization. 
The straight average of computations gives P,y=2+1 per 
cent (p.e.). Separate reductions for leading and trailing 
halves gave no different result. The background was also 
found to have a negligible amount of circular polarization. 

The lack of circular polarization is of great interest 
with respect to the theory of Chiu, Canuto and Fassio- 
Canuto!, which predicts complete circular polarization 
in the optical band. The recent discovery of X-ray 
pulses?! would also seem to invalidate the application of 
their theory to NP 0532, because they predict only two 
emission bands, including the radio. 

The apparently rapid variability of linear polarization 
makes interpretation difficult. These measurements need 
to be repeated with a telescope of the largest aperture 
and focal length, in order to shorten the time of the 
measurements and reduce the nebular background noise. 

We thank D. J. Taylor for his help and for the use of 
his CAT equipment, H. L. Johnson for the loan of his 
offset guider, G. Muncaster for help with the data reduc- 
tion, and the US National Science F oundation for financial 
support. 
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Moiré Effect from Random Dots 
OY The appearance of circular Moiré fringes when a random dot pattern is 
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Ir a random dot pattern (Fig. la) is superimposed on 
itself, rotated a small amount and viewed monocularly, 
concentrie circles about the point of rotation are im- 
mediately perceived (Fig. 1b). If this rotation is gradually 
increased, the circles begin to disappear, the outermost 
ones first, and an unstructured pattern of twice the initial 
density is eventually observed (Fig. Ic). 

This effect demonstrates the ability of the human visual 
system to detect local correlations in the presence of noise. 
and to combine local correlations from different regions of 
the visual field in such a manner that a simple percept is 
formed. Below, we consider briefly possible visual 
information processing schemes which may achieve this 
result. We first consider a biological model and then a 
more general mathematical representation of the system. 


superimposed on itself provides new evidence that the human visual 
process may include the computation of local autocorrelations by 
excitation of line detectors. 


It is possible that the first step in the construction of a 
circular percept is the excitation of line detectors in the 
visual cortex’, For each dot, D, in Figs. 1b and le, there 
is a corresponding dot, D’, which lies along the circumfer- 
ence of a circle centred at the point of rotation. If D and 
D’ fall in the excitatory field of the same line detector and 
if, in addition, the number of dots falling in the inhibitory 
field of this line detector is sufficiently small, we would 
expect excitation of this line detector to occur. In the 
neighbourhood of D there are other randomly distributed 
dots and we would anticipate that some other cortical 
detectors. specifie for lines lying in randomly distributed 
directions, would also be excited. If, however, we 
consider the area surrounding D, and if the rotation is not 
too great (as it is in Fig. le, for example), we would expect 
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Fig. 1. æ, A random dot pattern, constructed by spraying black paint 

from an aerosol can on white paper. b, The pattern resulting when a 

transparency of a (made with a 3M Thermo-Fax) is superimposed on 

this figure and rotated 65°. e, The pattern resulting when a trans- 
parency of a is superimposed on it and rotated 24°. 
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to find that many more line detectors which lie along the 
circle centred at the point of rotation would be excited 
than line detectors which lie in any other direction, In 
order to perceive circles the visual system must now detect 
the line segments falling along the cireumference of the 
circles centred at the point of rotation, and “disregard” 
the line segments lying in random directions, 

Some recent studies of the visual system of cats done by 
Hubel and Wiesel suggest a way in which this may be 
accomplished?*. This work indicates that cells which are 
excited by lines having the same orientation but which 
have somewhat different neighbouring and overlapping 
retinal fields are located in the same column in the visual 
cortex. When viewing Fig. 1b we would therefore expect 
many detectors to be excited in the column which is speci- 
fic for lines which lie in the area around D and along the eir- 
cumference of the circle centred at the point of cotation, 
whereas the other columns which are specifie for lines Lying 
in the area about D, but in other directions, would have 
proportionately fewer detectors excited. Ifwe now assume 
that each column in the visual cortex functions as a sum- 
mation device with a threshold (in particular, note the 
discussion of the functions of the complex cells in refs, 2 
and 3), we may detect the signals from correlated dots and 
suppress the detection of signals from noncorrelat 
support for this hypothesis, we note that if we limit the 
possible summation area by exposing only a small area, of 
Fig. 1b, we can no longer detect the correlations present. 

The preceding discussion is necessarily speculative 
because of the incomplete evidence concerning the 
functions and structure of the visual cortex, The detection 
scheme which was outlined may, however, be readily pub 
into a more general mathernatical form. We denote the 
position of the ith dot by the vector R, drawn from the 
point of rotation in Figs. 1b and le to the centre of the 
ith dot, and define GAR) to be the local autocorrelation 
function about Ry, that is the probability that there is 
another det at R:+ R. That is to say, 


G{R)= X aR- RR) 
dži, Rye Rica 



































where na? is the area in which the local antocorrelations 
are to be taken. From the definition of G:(R) it is evident 
that it may be immediately found if the positions of the 
dots in the pattern are known. If the local autocorrelation 
functions G(R) for all the dots 7 in a cetrain region are 
added together, we will find densely packed elu 
delta functions in the areas corresponding to th 
tions of correlated pairs, while delta functions correspond- 
ing to the randomly distributed dots would be found 
uniformly spread over the rest of the area m which the 
local autocorrelation was taken. An algorithm could be 
found which would detect this clumping of delta functions. 
If we knew the properties required of the detection system, 
it should be possible to construct a maximally efficient 
system by judicious choice of such paramete > the 
area ra? over which the autocorrelation is taken, the shape 
and size of the area to which the summation over g 
restricted, the density of chimped delta functions required 
before detection oceurs, and so on. This type of detection 
system relies on a large number of computations which 
could be performed in parallel, and thus is more practical 
for the eye, or analogue systems, than for digital com- 
puters. 

The possibility that the human visual system uses 
autocorrelations is rather attractive’, ‘Theoretical studies 
have indicated that pattern recogrmition (s 8 for 


































2 > ref 
discussions and references to early work) and non-local, 
content-addressable memory®? could be accomplished by 
using autocorrelation, and in psychological studies Jules 
has demonstrated the importance of local correlations in 
both monocular and binocular vision*®. We believe that 
the effect presented here provides additional experimental 
evidence that early steps of the human visual process may 
include the computation of local autocorrelations by 
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excitation of line detectors and the subsequent averaging 
of local autocorrelations by collective excitation of the 
columns in the visual cortex. 
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From a biochemical point of view. one of the most puzz- 
ling features of long term memory is its permanence. 
At least in man, memories may survive for periods little 
than the life of the organism. It does not follow 
rigorously from this that these long term memories are 
represented by biochemical alterations. but we consider 
it not unlikely that this is the case. Yet almost all cellular 
constituents are subject to turnover, even beyond the 
demands of cell division. Nerve cells do not normally 
divide in adult life and their DNA is generally considered 
to be metabolically stable but. as we shall see later, it is 
not usually regarded as a plausible candidate for the 
embodiment of the memory trace. 

In principle it is possible to maintain differences 
between cells of the same genetic constitution, as a result 
of the existence of more than one stable set of concentra- 
tions of cellular components due to the non-linear equa- 
tions controlling mRNA production, allosteric regulation 
of enzyme activity and perhaps other biochemical 
processes, A theory of memory, based on such a model, 
has been developed previously by one of the anthors®” 
and is still considered by us to be perfeetly plausible. In 
the present state of experimental ignorance, however, this 
should not prevent us from searching for other theoretical 
alternatives. Accordingly we describe in this article a 
new theory which seems to us to have an attractive 
simplicity and to afford some real possibility of experi- 
mental test. 

The idea that memory is stored in coded form in the 
nucleotide sequence of DNA, specially synthesized for 
the purpose, seems highly improbable. About the only 
argument in favour of this notion (or the corresponding 
one involving RNA) is that it would provide the very high 
memory capacity of 10-10% bits which the human 
brain has sometimes been supposed to possess’. There 
seems, however, no compelling experimental reason to 
believe that this capacity needs to be much more than 
10% bits, whieh is equivalent to the acquisition of about 
30 bits a second continuously for a hundred years? 7), 
Indeed. if one accepts a figure of this order of magnitude 
and remembers that the brain contains some 10° different 
nerve cells. one would rather argue that a memory coded 
by DNA or RNA would provide so great a potential 
pacity as to render it implausible on that ground alone. 





















Contrary to usual opinions, it is possible to have a biochemically 
plausible theory in which memory is stored in coded form in the 
DNA of nerve cells. 





The final expression of such a coded memory must be 
presumed to be through the translation of nucleotide 
sequences into amino-acid sequences in proteins, and the 
existence of such a elass of proteins would seem to provide 
an enormous difficulty for this theory. Furthermore, 
there is no evidence for the existence of any enzyme 
processes required for this kind of specific polynucleotide 
coding. 

In spite of this, DNA does have an intuitive appeal as 

the depository of learned information as well as of genetic 
information. It is the one molecule which, apart from 
possible minor effects due to genetic damage and repair. 
we can be sure is present for the whole of the lifetime of 
the organism. And once we appreciate this point, we are 
impressed with the possibility that the peculiarity that 
nerve cells possess of not dividing has been de sed so as to 
avoid disturbing the learned information which omehow 
stored in their DNA. 
The field of untrammelled speculation is, of course, 
limitless. In order to make a DNA theory of memory 
worth considering at the present time, we must show that 
it is biochemically reasonable in terms of current know- 
ledge. So we now draw attention to the experimentally 
proven existence of enzymatic processes for modifying 
the nucleotide sequence of DNA, These chiefly involve 
the methylation of bases (usually cytosine) of which there 
are many different examples of apparently universal 
occurrence! ? 16, although glucosylation has also been 
observed in the T-even coliphages. Of course, a base 
which has been modified in this way no longer belongs to 
the primary set of four, namely G, C, AandT. There may 
therefore occur certain consequen of the modification 
at the level of recognition of the DNA by enzymes or of 
its ability to combine with control elements such as 
inducers or repressors. 

This leads to the suggestion that the physical basis of 
memory could lie in the enzymatic modification of the 
DNA of nerve cells. Tt might be worth looking to see if 
there are any unusual bases specific to nerve cell DNA, but 
in the absence of evidence to that effect. a plausible 
suggestion would be that the modification consists of 
methylation (or demethylation). We would propose that 
the methylation affects the rate of protein synthesis as, for 
example, by altering the affinity of an operator region for a 
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repressor molecule or, preferably, in the manner described 
later. The DNA may then be thought of as a long tape, 
most of which contains in coded form a representation of 
the amino-acid sequences of proteins, but with short 
regions concerned only with control of the transeription 
or translation of this information. Our DNA model of 
memory involves the chemical alteration of these control 
regions. The existence of such untranslated (and untrans- 
latable) regulatory regions in certain operons of Æ. coli now 
appears well established!’"8; a formal analogy is pro- 
vided by the fact that some bacteriophage RNAs possess 
a repetitive 5’ terminal region that precedes the AUG 
codon known to provide the initiator during trans- 
lation !?-*1, 


The Ticketing of mRNA 


A very intere 





sting mechanism for the control of protein 
synthesis has been suggested by Sussman and Sussman as a 
result of their experiments on slime moulds**. Their idea 
is that at the 5’-end of an mRNA there are a number of 
repeating groups of nucleotides which are not coding for 
amino-acids but only serving a control function. Each of 
these groups is called a ticket. In the simplest version of 
this model, each time a ribosome passes along the messer- 
ger it chops off one ticket. When all the tickets have been 
removed, either the ribosomal subunits no longer attach 
or else the messenger is degraded; perhaps both these 
events take place. Thus the number of protein molecules 
synthesized per messenger is equal to the number of 
tickets on the messenger. The tickets, like the rest of the 
messenger, will have been transcribed from DNA tickets 
(more strictly anti-tickets). Thus the number of protein 
molecules to be synthesized during the lifetime of the 
messenger is already specified in the DNA as the number of 
tickets adjacent to the initiator of the appropriate cistron. 

Perhaps the simplest conceptual kind of biochemical 
theory of memory is to suppose that every time a nerve 
eell fires, the restoration of the membrane potential is 
coupled biochemically with the synthesis of a fixed 
quantity of some compound X. Assuming there is no X 
in the cell at the beginning. that X is never synthesized 
at any other time, and that X is metabolically stable. 
then the amount of X in a cell gives a direct measure of 
the number of times that the cell has fired in its lifetime. 
Such a model is probably more interesting for its sim- 
plicity than for anything else. The ticketing hypothesis, 
however. provides an intriguing way in which it could 
occur. Suppose that an extra ticket were added to the 
DNA each time the cell fired, starting at first with no 
tickets. Then the total number of tickets would be equal 
to the total number of times the cell had fired, and the 
number of protein molecules produced for each corre- 
sponding mRNA molecule would equal this number. 

The proposal in the previous paragraph involves the 
synthesis of new DNA and is therefore not very acceptable 

as it stands, for this reason at least. As we saw in the 
ae section, however. we do not need to excise or add 
nucleotides in order to alter the control over mRNA 
synthesis. W e have merely to suppose that a given 
cistron which is concerned in the memory mechanism 
has a fixed, genetically determined number, p say. of 
tickets adjacent to it. Call a ticket T and a methylated 
ticket Tm. Then suppose that the ticket T is transcribed, 
but Tm is not. We may say that the ticket is “masked” 
when it is methylated. Suppose further that at the 
beginning of life all the tickets get methylated so that we 
have the arrangement 


Tal im — — — A — — Tal oC 
where C is the cistron. We may abbreviate this to T »?C. 
Now suppose that each time the cell fires, one Tm gets 


unmasked (that is, demethylated), starting from the 
right-hand end. We then get successively 


TP? TC, TP TO, - - —, T mor T2C 








BBL 


Thus after « firings, each mRNA molecule gets issued with 
x tickets and therefore produces x protein molecules betore 
it is degraded. Obviously the system is saturated when 
=p. 

Many modifications and generalizations of this scheme 
are possible. In particular, we could have the reverse 
of the above: all tickets demethylated initially, methyl- 
ation occurring as a consequence of firing; T inactive, 
but Tm active. The central idea would be the same in 
all of them, namely a graded change of protein synthesis 
resulting from the progressive masking or unmasking of 
tickets on the DNA. (The idea is more likely to operate 
on DNA rather than RNA because of the permanence of 
DNA, but not RNA, tickets.) The examples given are 
probably the best for explaining the idea but, in view of 
the likelihood that synaptic modifications are concerned 
in memory, we discuss in the next section haw a synaptic 
modification theory could lead to a ticketing model, 





Synaptic Modification 


If we suppose that each time two cells whieh are 
synapsed together also fire simultaneously, that the 
synapse is altered in strength, it is obviously a matter of 
great importance to know how often this simultaneous 
firing actually occurs. Approaching this problem in the 
simplest way, we might argue that if one cell fires on the 
average a times per second and the other cell 8 times per 
second and if we call firing ‘simultaneous’ if they are 
within ¢ seconds of each other, the expected number of 
simultaneous firings per second is 2aSé(= 4.264). Fairly 
typical measured values**-*! of x., B are in the range of 
1-10, and if ¢& 1 ms we then find that the number N per 
100 yris N= 6x 10-6 x 108. If the strength of the synapse 
were altered always in the one direction, it would have 
to be altered by a very small amount each time, and if 
this were achieved through ticketing. an improbably large 
number of tickets would be needed. 

There are at least two simple ways around this difficulty. 
One is that the cells involved in memory may have rela- 
tively high threshold so that « and $ are much smaller. 
For example, if «=8=10-%, that is firing once every 
17 min, N=6. The other is that there may be a spon- 
taneous tendency of the synapse to revert back to 
some standard strength. If the strength is proportional 
to the number of tickets on a particular cistron, this 
number might execute a random walk (up on each joint 

















firing; down on each spontaneous alteration). The 
spontaneous movements would represent a form of 
forgetting. 


The idea has been put forward previously that the 
primary process initiating the laying down of long term 
memory may be the injection of material from one cell 
to another, across a synapse between them, following 
their joint firing., Introducing this into the present 
theory, we would suppose the transported material to be 
an enzyme (or cofactor) responsible for modifying, that 
is, demethylating or methylating. a ticket. The enzyme 
system needs to recognize the configuration Tmt and 
perhaps TmC (or TT, and TC) and demethylate Tm (or 
methylate T), but to ignore the configurations TmT m and 
TT. The transported material would be ultimately 
degraded and might last only long enough, on each 
occasion, to demethylate or methylate one ticket, 

One realization of this model would be if the post- 
synaptic cell could maintain on its soma and dendritic 
processes a number of terminal boutons from the pres 
synaptic cell proportional to the concentration of a 
eritical protein produced by its own (postsynaptic) 
ticketed messenger. The number of boutons generated 
might even be equal to the number of tickets. Then after 
each joint firing, a new bouten would appear in the fullness 
of time. 

We have now explained the general nature of the model, 
which can obviously be varied in detail in many wa 
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Its essential feature is that we have shown that it is 
possible, contrary to usual opinion, to have a biochemically 
plausible theory of memory in which the information is 
actually stored in coded form by modifying the DNA of 
the cell. Our model, like the genetic switching theory®’, 
does give a capacity of a reasonable order (* 101° A 
log, p, where à is the number of ticketed cistrons per cell 
involved in memory). 

Finally, the matter of specificity of connexion between 
nerve cells is easy to incorporate into the present model, 
in a manner similar to the previous one*’, by supposing 
that the à ticketed cistrons produce 4 different proteins 
each having specific growth-promoting ability for parti- 
cular categories of neurones. 


Experimental Tests 


One major difficulty in the experimental search for the 
physical basis of memory is the small amount of chemical 
modification per cell, or per synapse, which may occur 
during a learning experiment. In the present model, for 
example, we cannot be sure that there need be more than 
a few hundred transmethylations of bases per second 
throughout the whole brain in order to obtain sufficient 
information storage per second’, Of course, this may 
well be a gross underestimate, but it illustrates starkly 
the possible magnitude of the experimental problem. 
Nevertheless there are certain definite lines of attack on 
testing the model. Methylation requires s-adenosyl 
methionine to provide the methyl group and therefore 
lack of the essential amino-acid methionine would be 
expected to be associated with disturbances of memory. 
The number of tickets per cistron might well be in the 
hundreds and consequently the methylated bases would. 
tend to be clumped together in this way. Finally, one 
might well expect a systematic alteration with age in 
the number of methylated bases, probably showing a 
dependence on the degree of stimulation or severity of 
learning programmes to which the animal has been 
subjected. 

Some observations not inconsistent with the model have 
already been cited. In addition, the demonstrations that 
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methylation appears to be the determinant in the specific 
destruction of foreign DNA; that ribosomes contain an 
endonuclease which might qualify as the ticket-removing 
enzyme??; and that neuronal DNA does appear to be 
capable of some form of limited turnover”, all suggest 
that the kind of model just presented at least warrants 
further exploration. 
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RNA-DNA Hybrids at the Cytological Level 
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Usine RNA-DNA hybridization it is possible to detect 
and characterize certain specific DNA segments, for 
example, those specifying transfer RNA in bacteria}, 
mRNA of phages’, and ribosomal RNA of bacteria, 
insects! and amphibia‘. But it is not yet possible to assign 
the chromosomal location of a given DNA segment by 
means other than conventional eytogenctic and genetic 
analysis. Thus chromosomal] mapping of sequences detect- 
able by molecular hybridization is limited to a small 
number of genetically favourable organisms, or to rare 
viable deletion mutants!, or to comparisons between the 
sex chromosomes of some organisms*. Methods of genomic 
analysis now include the detection of families of DNA 
sequences by DNA renaturation kinetics. This approach 
has shown that much of the genome of higher organisms 


Radioactive RNA introduced into “target” cells can be induced 
to form hybrids with nuclear DNA. The location of these hybrids 
can be detected by autoradiography. 


may consist of similar sequences repeated hundreds of 
thousands of times. The significance, function and chromo- 
somal distribution of these families of DNA molecules are, 
however, not known. Clearly methods are required which 
can integrate this new molecular information within the 
established framework of conventional chromosome 
cytology. 

Given complementary RNA of sufficiently high specific 
activity, the reiterated nature and large size of many 
families of DNA sequences favour both their reactivity 
in hybridization reactions and the detectability of the 
product. RNA complementary to ribosomal cistrons can 
readily be obtained by fractionation. Other RNAs can 
in theory be prepared by synthesis on an appropriate DNA 
template in vitro. Theoretically therefore many such 
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regions come within range of autoradiograph ic detection 
if DNA~RNA hybrids can be fabricated within nuclei and 
chromosomes. We have successfully developed two 
alternative techniques for im situ hybridization with 
HeLa cells grown in monolayer culture and Xenopus 
oocyte preparations of metamorphosing tadpoles. Radio- 
active RNA can be introduced into suitably prepared 
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uridine-5-T (> 10,000 mCi/mM) in Eagle's minimum essen- 
tial medium for at least 4 days. Total (long pulse-labeled) 
RNA was prepared from these cells by cold and hot phenol 
extraction’. The extracted RNA was dissolved in 4-0 ral. 
0-3 M saline-EDTA*, pH 7-2, mixed with 5-1 g CsCl, and 
the average density of the solution adjusted to 1-70 g em. 
The sample was centrifuged in a fixed angle rotor for 48 h 





Fig. 1. 


Autoradiographs of intact previously unlabelled HeLa cells to show the distribu- 


tion of radioactive RNA after the following treatments: a, reacted with HeLa total 
RNA at 100° C and 60° C and treated with RNase (for details see text}—note presence of 
RNase-resistant RNA in the nucleus and absence in cytoplasm; b, reacted with Xenopus 
(heterologous) total RNA at 100° © and 60° C and then treated with R Nase-—note marked 
reduction in the amount of radioactive RNA consistent with reduced homology between 
DNA and heterologous RNA (see Fig. 4); c, reacted with HeLa total RNA at 100° C and 
60° C and then post-incubated in 0-1x SSC at 100°C for 10 min before treatment with 
RNase—note considerable reduction of RNase-resistant RNA consistent with dissociation 
of DNA-~RNA hybrid to release RNA which is RNase-susceptible: d, similar treatment 
to a but with RNase treatment omitted-—note considerable unspecific trapping of RNA in 
the cytoplasm; e and f, phase contrast and bright field photomicrographs of the same 
preparation of HeLa cells treated similarly to a to show intact cytoplasmic regions free of 
radioactivity and well defined nuclear autoradiograph, HeLa RNA 0-61 * 16° epn, jug 
Xenopus RNA 0-38 « 10" ep.an./ug. Both used at 50 pol mlh 2« S&C. Exposure 
6 days. Giemsa, bright feld. 


intact “target” cells where it can be hybridized to nuclear 
DNA in situ and detected autoradiographically. We have 
directly confirmed the location of amplified ribosomal 
DNA in the nuelei of oocytes of Xenopus laevis using 
labelled 28S RNA. 


Preparation of Labelled RNA 


HeLa cells and Xenopus kidney line cells were grown 
in monolayer cultures and incubated with 25 pCi/ml. 


at 20°C at 43,000 r.p.m. to pellet the RNA and float off 
contaminating DNA and protein. The RNA was shown to 
have high molecular weight by polyacrylamide gel electro- 
phoresis*. The specific activity of the RNA used was in 
excess of 50,000 e.p.m./ug. The counting efficiency of 
*H-RNA on filters was of the order of 10 per cent. 


03 M NaCl+0-08 M sodium citrate + 0-001 M 
SSC 0-15 M Natl, 0015 M Na-citrate, 





* 0-3 M saline-EDTA, 
EDTA +001 M tris HCl, pH 7-2; 
PH T2. 
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For the preparation of Xenopus ribosomal RNA, mono- 
layer cultures of Xenopus kidney cells which had been 
incubated with isotope for 5 days were chased for a 2 day 
period with five changes of medium. RNA was extracted 
and the ribosomal RNA components separated by sucrose 
gradient centrifugation’. The peak fractions at 28S and 
18S were collected and the sucrose removed by filtration 
in 1x SSC through a ‘Sephadex G-25° column. 


Treatment of Target Cells with Radioactive RNA 
after Lyophilization 


HeLa cells were grown on coverslips and, while still 
attached to the glass, were rinsed in physiological saline, 
quick frozen to ~ 70° C on dry ice and lyophilized, Radio- 
active RNA was introduced into the “target” HeLa cells 
by rehydrating previously lyophilized cells with solutions 
of RNA. Small (approx. 2x3 mm) pieces of cover- 
ships bearing the lyophilized cells were immersed in 01 ml. 
cold 2x SSC, pH 7-2, containing 50 ug RNA contained 
inal mi. tube. The tube was covercd and transferred to 
a boiling water bath for 5 min to denature the DNA, 
tooled rapidly im ice and then reineubated at 60° C for a 
further 15 min and again cooled in ice. The glass slips 
were then washed repeatedly in 0-3 M salie-EDTA, 
pH 7-2, incubated with RNase (1-0 pg/ml. 0-3 M saline 
EDTA, pH 7-2, 30°C, 15 min; Worthington RNase A) 
to remove non-hybridized RNA and washed in saline 
EDTA. After dehydration through aleohol series the slips 
were mounted on gelatine coated slides and covered with 
Kodak AR 10 stripping film. 

For biochemical demonstrations of RNA-DNA hybrids. 
cells in plastic culture dishes were treated with trypsin, 
washed twice with physiological saline to remove trypsin, 
counted and pelleted. Pellets containing 5 x 10° cells were 
rapidly frozen to ~— 70°C, lyophilized end then re- 
hydrated at 0° C in @-1 ml. RNA solution in 2x SSC as 
given here. The rehydrated cells were covered with paraffin 
oil and incubated at 100° C and 60° C. After incubation 
at 60° C, 4:5 ml. cold 0-3 M saline-EDTA, pH 7-2. was 
then added to the chilled cells which were then homogen- 
ized in the presence of pronase (200 ug/ml., Sigma) and 
SLS (0-1 per cent). To release hybrids from the cells, de- 
proteinization was allowed to proceed at 60° C for 120 min 
with repeated homogenization at 30 min intervals. The 
hybrid in the homogenate was isolated by CsCl density- 
gradient centrifugation in a fixed-angle rotor, 4-0 ml. 
of the cooled homogenate was added to St g CsCl 
in an MSE rotor No. 2410 centrifuge tube, mixed 
thoroughly and adjusted to an average density of 1-70 g 





em, After centrifugation at 43,000 rpm. for 48 h at 
20° ©, 1 g fractions were collected by piercing the tube, 


diluted with 4-0 ml. of saline-EDTA and the absorbancy 
determined at 260 mmicrons. 

Vilter-retained RNase-resistant radioactivity in the frae- 
tions was determined using procedures based on the 
methods of Nygaard and Hall? and Yankofsky and 
Spiegelman??, 1-0 ml. fractions were filtered through 
0-45 micron HAWP 25 mm ‘Millipore’ filters, which 
were then washed twice with 0-3 M saline-KDTA before 
being incubated in RNase (1-0 pg/ml., 30°C, 15 min in 
2x S8C). Incubated filters were rinsed in cold saline~ 
EDTA, dried and the radioactivity determined m a 
Nuclear-Chicago Unilax scintillation counter using toluene 
scintillation medium (2-5 p toluene, 125 g PPO, 0-75 g 
POPOP). 











Treatment of Target Cells with Radioactive RNA 
after Acetic Acid Squashing 
Ovaries from metamorphosing Xenopus tadpoles (stage 
65) were fixed in 3: I alcohol : acetic acid and tapped out 
in 45 per cent acetic acid on silicone treated slides. The 
preparation was squashed lightly under a 5x 5 mm cover- 
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slip». The squashed preparation was detached from the 
coverslip in 70 per cent alcohol, dehydrated in ethanol 
and dried in vacuo. To denature the rDNA the preparation 
was then dipped in 0-1x SSC at 100°C for 3 min and 
immediately cooled in 0-Ex SSC at 0° C, quickly de- 
hydrated in alcohol and dried as before. The dry prepara- 
tion was then placed on a drop of about. 2 ul. of radioactive 
28S RNA in 2xSSC and the edges sealed with rubber 
solution. The sealed preparation was incubated at 70° C 
for 10 min to anneal the RNA to the denatured rDNA, 
after which the coverslip was detached in 2 x SSC, washed 
and RNase treated (1-5 pg/ml., 80° C, 15 min, in 2x SSC). 
After further washing, the coverslip was mounted on a 
microscope slide with the cells uppermost and stripping 
film applied for autoradiography. l 


RNA-DNA Hybridization in situ 


After lyophilization ¿nd after being incubated as 
described, HeLa cell monolayers rehydrated with radio- 
active RNA solutions free of DNA show considerable 
retention of intranuclear RNA in RNase-resistant form 
(Fig. la). Note that cytoplasm is free of grains. Pellets 
of similarly treated cells, after lysis in detergent and suit- 
able deproteinization, yielded RNase resistant radio- 
activity on CaCl gradients at buoyant densities slightly 
higher than that of the DNA (Fig. 2). 
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Hig. 2. CsCl density gradient analysis of the RNA-DNA hybrid 

RTR] from intact HeLa cells. Procedures as described in text, 

4x10 HeLa cells were reacted with 50 ug HeLa total RNA (3x10 

epi). E 1 Absorbaney (260 mmicrons); e= 03, filter 

retained, ribonuclease-resistant radioactivity. DNA bands at a buoyant 
r density af 1-690 (arrowed). 














Denaturation of the DNA at 100°C is an absolute 
requirement for hybridization. Hybrids were not recovered 
on CsCl density gradients (Fig. 4b) when Lyophilized cells 
were incubated at 60° C without previous denaturation 
of the DNA at 100°C. Similarly, ooeyte cap nuclei (see 
here) failed to yield any significant, autoradiographic 
grains, if the tissue had not been treated at 100° C. 
Heating at 60° C may, however, be omitted after heating 
at 100° C without affecting the recovery of hybrids (Fig. 
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). This indicates that the hybrids are formed rapidly 
on cooling from 100°C. Hybrids were still recovered 
when the temperature of deproteinization was reduced 
from 60° C to 0° C (Fig. 4d). In addition, when cells were 
reacted with radioactive RNA and the incubation mix- 
ture, after extensive dilution, treated with RNase before 
deproteinization, hybrid was still recovered, with a slightly 
increased yield in relation to the controls. This combined 
evidence eliminates the possibility that hybrid was formed 
during the deproteinization step at 60° C. 

The intranuclear radioactive molecules were dissociated 
in situ and rendered RNage-sensitive by heating in 
O-1Lx SSC at 100°C, a treatment which is known to 
destroy hybrids (Fig. Ic). Likewise the DNA-associated 
radioactivity was rendered sensitive to RNase action as 
the compounds recovered from CsCl gradients were heated 
in SSC over a range of 60°-100° C. 
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Fig. 3. CsCl density gradient analysis of the hybridization of hetero- 
logous RNA to intact HeLa cells. a, Control; 5x 10° HeLa cells were 
reacted with 50 ug HeLa total RNA (1-3 x 108 c.p.m./xg); b, heterologous 
RNA; 5x10 HeLa cells were reacted with 50 ag Yenopus total RNA 
(0-33 x 10% cp.m.jug). To facilitate comparison, allowance has been 
made for the fact that the specitic radioactivity of the Yenopus RNA 
was only 25 per cent of the value for the HeLa cell RNA. In the figure, 
therefore, the Yenopus radioactivity values are increased by a factor of 
four, [T Absorbancy (260 mimicrous); HeLa H-RNA, O-—-~O; 
and Xenopus H-RNA, @---@, are values for filter-retained, ribo- 
nuclease-resistant radioactivity. 











When heterologous (total, pulse-labelled) Nenopus RNA 
waa introduced into HeLa cells in conditions identical to 
those used in homologous reactions the autoradiographic 
image was much reduced (Fig. 1b). Similarly the recover- 
able DNA-associated RNase-resistant radioactivity on 
3sC] gradients was drestically reduced compared with 
that recovered using homologous RNA (Fig. 3). Both 
results are expected on the basis of a reduced comple- 
mentarity between heterologous nucleic acid. The dearth 
of silver grains over the HeLa cell nuclei when Xenopus 
RNA is used in the reaction shows that the autoradio- 
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graphic method is measuring the specifie retention by 
hybridization of the input RNA. 

Estimations of the extent of hybrid formation on the 
basis of grain vield, assuming an autoradiographic 
efficieney of 10 per cent! and a DNA content per nucleus 
of 7x 10°" g, gave a value of the order of 1-2 per cent. 
If allowance is made for the errors arising out of the 
different methods, this corresponds reasonably satisfac- 
torily with the value of 0-4 per cent calculated for the 
hybrids recovered on CsCl from parallel experiments using 
the same sample of RNA, and supports our conclusion 
that RNase-resistant radioactivity demonstrated by autos 
radiography may be attributed to RNA-DNA hybrids 
formed in situ. The greatly decreased RNeve-resistant: 
activity recovered from CsCl gradients and in autoradio- 
graphs from heterologous reactions shows that these. 
hybrids are highly specifie (see below). 
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Fig. 4. 
ization procedure was varied. a, 
text); 
100° C (DNA denaturation) was omitted; the 
at 60° C for 15 min; <, the cells and RNA were ine 
but the stage at which they were incubated at 60° C was omi 
d, the cells and RNA were incubated at 100° C, chilled and deproteiui 












at 0° C. In each case 5 x 10* HeLa 
total RNA (0-61 x 108 epi / ug). 
Cjo O, fter-retained , 






Our studies clearly show that RNA synthesized im 
vivo anneals in hybrid form to HeLa cell nuclei in the 
conditions used. From work on isolated ehromatin it 
could be suggested that nucleohistones might not have 
fully denatured at 100° C in 2x SSC, because DNA bound 
to histones denatures some 14°C higher than does DNA 
which is not (or not tenaciously) bound to histones", If 
these biochemical studies on nucleohistone relate directly 
to the state of the DNA found in situ, our hybridization 
techniques could, in suitably chosen conditions, be 
extended to provide an interesting method for studying 
repressed and derepressed chromatm'*"* at a cytological 
level. In subsequent experiments (see here) we have used 
0-1 SSC at 100°C to denature nuclear DNA. We now 
use this procedure routinely and it is designed to eliminate 
all possible effects arising from differential melting of 
chromatin. 
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It was anticipated that renaturation of the DNA strands 
would be an important. limiting factor in hybrid formation. 
We attempted to offset this by using RNA at high con- 
centration (500 yg/ml.). Despite the high concentration of 
RNA we suspect that DNA-DNA renaturation still effec- 
tively competes with RNA-DNA hybridization to bring 
the latter reaction to a rapid and incomplete end point. 
The fact that the hybridization occurs in a matter of 
seconds supports this contention. 
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except for the nucleolar organizer region which contai 
0-012 pug of ribosomal cistronic RNA‘. 

Diploid nuelei contain two nucleolar organizers and 
hence 0-024 uag ribosomal cistronice DNA. The chromo- 
somes and non-amplified nuclei therefore provide an 
opportunity to estimate the extent of non-specific trapping 
because on the basis of their content of 288 base-comple- 
mentary DNA they should retain insignificant radio- 
activity im comparison with the caps. To make our 





Fig. 5. 


a, Pachytene nucleus of Xenopus oocyte with a conspicuo 
somal rDNA which contains sequences homologous te 289 rRN 
b, antoradiograph of a similar preparation to a after hybridizing to radioactive 
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TP RNA, 








note two nuclei with radioactive caps together with an oogonial nucleus without a cap; 
the latter, which does not contain amplified 288 rDNA, has no grains above background; 
stained with toluidine blue; e, squash preparation of late pachytene oocyte nucleus to 


show radioactive cap and non-radioactive chromosomes after hybridization with 2 
y ained toluidine bline; d, HeLa monolayer cell preparation autoradiographed af 






active RNA in nucleolar and peripheral chromatin, 
strikingly resembles that obtained when living cells Incorporate radioactive R 
cursors, Bright feld unstained, band e, Xenopus 288 rRNA 0-6 x 108 e pan Jag. 

d, Hela total RNA 0:55 x 108 e.pam, fag. 


4 days. 


There is further evidence that, despite the alacrily of 
the reaction, base-complementarity between RNA and 
DNA is the important factor in the retention of RNA 
within intact nuclei, The evidence comes from experi- 
ments in which purified 28S RNA was reacted with young 
oocytes of Xenopus (see here) which contain a mass of 
extrachromosomal DNA representing the accumulated 
amplified ribosomal cistrons’. In this cell the amplified 
PNA mass (25-30 pug) lies in the form of a cap close to 
the nuclear membrane (Fig. 5a), quite distinet from the 
chromosomes, which themselves contam a 4G amount of 
DNA, 12 yug. The cap contains a more than 1,000-fold 
amplification of the eistrons specifie for 285 and 188 
RNA and will hybridize with rRNA to approximately 
18 per cent of the total mass**. The chromosomes, on the 
other hand, contain no DNA complementary to rRNA 
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ization with isolated HeLa total RNA to show preferential localization of radio- 
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hybridization work comparable with previous cytological 
and cytochemical work, we have used the acetic acid 
squashing technique as an initial step for the hybridiza- 
tion reaction (see here), In these conditions the ovarian 
tissue disperses well and both caps and chromosomes are 
clearly distinguishable after in situ hybridization (Fig. 5e). 

In our hybridization experiments we found that, 
whereas the caps themselves retained considerable 
amounts of 28S RNA (Figs. 5b and ¢), few or no grains 
were located over the chromosomes in cap nuclei or over 
interphase nuclei without caps. Even allowing for a 
DNA mass twice that of the pre-amplifying oocyte nucleus, 
or four times that of the somatic diploid nucleus, it is 
clear that the ceap DNA is still vastly more efficient at 
hybridizing with rRNA then any other DNA found in the 
ovarian tissue. 
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The following further observations support our claim 
that the RNA-DNA hybrid formation is highly specific: 
Complementary RNA synthesized in vitro by bacterial 
RNA polymerase on rDNA? anneals specifically to the 
nuclear cap DNA, while complementary RNA made on 
unfractionated Xenopus DNA does not. Pulse-labelled 
RNA from HeLa cell (1-3 105 ¢.p.m./ug yields a dense 
autoradiograph (Fig. 1), pulse-chase labelled and purified 
285 RNA from HeLa (0-9 x 10° c.p.m./ug) after identical 
exposure to the photographic emulsion does not. Further- 
more, complementary RNA produced on Drosophila DNA 
hybridizes to a multitude of DNA bands in polytene 
salivary gland chromosomes, but Xenopus rRNA of similar 
specific activity does not (K. W. J. and F. Robertson, 
unpublished). For these reasons we conclude that the 
technique of in situ hybridization is a specific and sensitive 
method for demonstrating the cytological distribution of 
certain DNA sequences. While this manuscript was in 
preparation we heard that Dr J. Gall’s group has achieved 
essentially similar results with different techniques*?*!. 
During this work H. A. J. was supported by an SRC 
research fellowship. The work was financed in part by 
an SRC grant: to one of us (K. W. J.). 
Received Match 17; revised May 7, 1969, 
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Tue wide range of temperatures to which the Galapagos 
marine iguana (Amblyrhynchus cristatus) is exposed during 
a single daily cycle has focused attention on this lizard 
as a valuable animal for studies of reptilian thermo- 
regulation’, It is clear that behavioural factors play a 
major part both in heat acquisition and in thermal 
stabilization among reptiles’, That physiological mechan- 
isms are involved is implicd from observations on heating 
and cooling rates of Amblyrhynchus, which heats approxi- 
mately twice as rapidly as it cools’. At any given body 
temperature, heart rate was slower during cooling than 
during heating’. The same relationships were observed 
for representatives of the Agamidae, Varanidae and 
Scincidae*~*; however, the ratio of cooling to heating rate 
for Amblyrhynchus appears to be the lowest (approxi- 
mately 0-5). Thus far, the nature of the circulatory 
adjustments during heating and cooling has remained 
obscure. Here we present evidence, based on Xe 
clearance from the subcutaneous space, that cutaneous 
vasomotor responses are associated with heating and 
cooling and that such responses are primary adjustments 
determining thermal transfer between Amblyrhynchus and 
the environment. 

We used two marine iguanas, collected from Isla 
Fernandina in November 1967. Subcutaneous and rectal 
temperatures and heart rate were monitored as animals 
were heated and cooled while secured to a wooden frame. 








The Galapagos iguana has evolved a cooling and heating system 
which involves temperature sensitive cutaneous blood vessels. 
Local cutaneous vascular responses to temperature variations explain 
differences in heating and cooling rates as well as thermal stability 
in the face of extreme thermal loads in the environment. 


The animals were heated by an overhead infrared lamp 
(GE 250 W). Estimates of cutaneous blood flow were 
made by the *Xe clearance technique’. Approximately 
0-05 mCi Xe in 0-9 per cent saline (0-025 ml.) was 
injected subcutaneously and the rate of removal of the 
isotope was continuously monitored (Fig. 1). 

Our initial Xe clearance studies invelved the skin. 
area just cephalad and dorsad of the proximal portion of 
the hind limb. The washout curves obtained from this 
area were characterized by an initial slope with a faster 
time constant than the slower secondary component 
which developed about 8 to 10 min after injection. 
Subcutaneous injection in this site initially deposits the 
isotope between skeletal muscle and skin. Because of the 
possibility that we were observing clearances from both 
muscle and skin, we selected a site in the caudal half of the 
tail where muscle mass is minimal. Subcutaneous injection 
in this site gave a single exponential slope over periods of 
1 h when the animal was held at a constant temperature. 
It should be pointed out that, once the slower constant 
slope component was established in the flank area, thermal 
stimulation induced changes in slope which were qualita- 
tively similar to those reported for the tail site. We have 
not attempted to calculate the blood fiow in absolute 
units because we have no knowledge of the partition 
coefficient between skin and bloods. We interpret our 
data in terms of the half-time for disappearance of the 
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isotope from the deposition site’. Decreases in half-time 
are taken as indications of increases in blood flow. 

The possibility that temperature changes encountered 
during the course of an experiment might directly in- 
fluence the activity recorded was checked in mock experi- 
ments in which a closed syringe containing Xe was 
monitored during heating and cooling. No temperature 
sensitivity of the equipment was encountered over the 
range of temperatures used in the experiments. Heating 
and cooling of a freshly dead Iguana iguana produced no 
change in the activity level of "Xe deposited in the 
subcutaneous space of the tail; changes in slope of the 
same character as those reported below for Amblyrhynchus, 
however, could be induced by appropriate thermal stimuli 
in living Iguana iguana. 

The experiments were designed to evaluate cutaneous 
vascular responses as they relate to heating or cooling of 
the skin. Such responses might be either of a general 
reflex nature, that is, heating of one area of skin might 
elicit a generalized vasomotor response; or vasomotor 
responses might be localized to the area being heated or 
cooled. The experiments were designed in such a way as 
to separate these two categories of response. Typical 
experiments followed the following sequence: (1) The 
animal, at room temperature, was shielded from the heat 
lamp by aluminium foil except for the area under study. 
(2) Heating of the local area was instituted for variable 
periods. (3) The heat source was turned off until cooling 
to near ambient temperature was achieved. (4) The 
aluminium shielding was reversed; that is, the area under 
study was heat-shielded while the rest of the animal was 
exposed to the heat source. (5) Cooling was again 
instituted. Subcutaneous temperatures in both zones 
were monitored and the Xe activity was recorded 
throughout the experiment. 

Fig. 2 summarizes the results from the various experi- 
ments. The striking response is the marked change in 
the slope of the **Xe disappearance rate following localized 
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cutaneous heating or cooling. These changes occ 
without any detectable change in the heat-shielded sub- 
cutaneous temperatures or in the rectal temperature. 
Heart rate is also independent of the local response and is 
not noticeably affected except during general heating. 
There was a time lag of 446+ 1-05 S.D. min (measured 
from original records) following the initiation of heating 
before an increase in blood flow occurred, A time lag 
of 1734079 min occurred before vasoconstriction was 
initiated on termination of heating. During cooling, 
vasoconstriction occurred at a subcutaneous temperature 
exceeding that at which vasodilatation occurred during 
heating. Thus the vasomotor responses appear to be 
facultati initiation of a response depends on whether 
heating or cooling occurs rather than on some specific sub- 
cutaneous temperature. More generalized heating of the 
animal, while the area under study was heat-shielded, 
produced no vasomotor response in the local area, Pre- 
vious experience, monitoring Xe from the flank arca 
(see above), provides evidence that the vascular response 
does occur in heated areas other than the tail. 

The possibility that the rate of thermal input is involved 
in determining the subcutancous temperature at which the 
vascular response occurs was tested (Fig. 3). Heating rate 
was varied by moving the lamp further from or closer to 
the study area. Heating at a rate of 0-27° C/min produced 
a discernible increase in the Xe slope I4 min after 
initiation of heating. By contrast, heating at a rate of 
1-8° C/min resulted in a lag-time of only 4min. The 
temperature inerement, however, at which vasodilatation 
occurred at the slower rate wes 3-8° C while at the faster 
rate it was 7°C. Thus slower rates of heating are 
characterized by relatively long time lags to vasodilatation 
with the response occurring at smaller absolute tempera- 
ture increments. 

Fig. 4 shows an experiment which asks the question, 
Does heating the skin from inside to outside also effect a 
vasodilatation ? This question is relevant to temperature 
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ulation under a positive thermal load and during the 
assumption of an elevated basking posture (see later). In 
the experiment, one side of the tail was heat-shielded with 
an aluminium foil barrier arranged along the mid-line of 
the tail. The Xe activity was monitored from the 
unheated side while the contralateral side was heated by 
an infrared lamp. Conduction through the tail effected 
heating from within the tissue to the heat-shielded side. 
As the temperature of the unheated area rose, due to 
conduction from within the tail, the 13Xe disappearance 
rate increased, indicating vasodilatation. The experiment 
illustrates that the vascular response occurs as a result of 
thermal flux from either direction, that is, inside-out or 
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Fig. 2. Results of six heating and cooling experiments using two marine 
iguanas (four experiments using the 1-2 kg animal: two using the 1-8 ku 
animal). DT, subcutaneous temperature at the site of *Xe deposi- 
tion: PY, subcutaneous temperature at a site 12-15 cm proximal to 
the clearance area: CT, hindgut temperature; HR, heart rate; tym 
half-time for “Ne disappearance. During local heating only the clear- 
ance site was heated while the rest of the animal was shielded with 
foil. During generalized heating only the clearance site was shielded. 
Ranges are indicated by the shaded areas while the mean valuea with 
their standard errors are shown for the end of each period. * The 
results of the experiment for this animal are shown in Fig. 3. 
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outside-in, and emphasizes the point that the vascular re- 
sponse is not directional with respeet to the location of 
the heat source or the sink. 

Fig. 5 shows an experiment which examines the relation- 
ship between peripheral vasomotor state and heart rate. 
The changes in heart rate accompanying the cutaneous 
vascular responses are independent of core temperature 
because it was possible to mduce these changes without 
significant alterations in deep body temperature. 

The demonstrations that a number of lizards exhibit 
heating rates which exceed cooling rates have led to the 
conclusion that such capabilities are of ecological advant- 
age. Thus, for the marine iguana, reduction in rate of 
cooling on entering cold water extends the period during 
which body temperature is maintained nearer the: pre- 
ferred level and at which physiological processes operate 
at a higher rate of activity’. From Bartholomew and 
Lasiewski’s data? for cooling in water, it appears thet it 
requires about 35 min for a 652 g Amblyrhynchus to change 
from a core temperature of 40° © to 20° C when placed in 
20° C water. From personal observation in the Galapagos 
(E. W.) it is apparent that the animals moving on to their 
feeding grounds (sea temperature 22°C) from body 
temperatures of about 37° C reach the fecding grounds off 
shore in no longer than 10-15 minutes, Thus for an 
animal of about 650 g the body temperature would have 
fallen by approximately 10°-13° © on the outbound trip, 
leaving the animal still some 5° C warmer than the en- 
vironment. Conversely, on emerging with a body tem- 
perature of 22° C, the time to reach 37° C is reduced far 
below that expected from simple surface-volume relations. 
Although it is clear that behavioural factors such as flat 
basking posture? are involved in heat acquisition, the 
physiological basis for the differences in heating and 
cooling rates has remained obscure. Our results with 
the Xe washout technique show that cutaneous vaso 
motor responses are involved. On acquiring heat from 
the environment, peripheral vasodilatation oceurs, & 
mechanism which promotes transport of heat from peri- 
phery to core. Cooling induces the converse response, a 
mechanism reducing the rate of heat loss from core to 
periphery. These responses are local in nature and bear 
no direct relationship to either heart rate, core tempera- 
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Fig. 4. Heating and cooling experiment in which the side of the tail 
contralateral to the Xe deposit was heated. The side in which the 
me clearance was determined was shielded by an aluminium foil 
barrier, Heating in the shielded side was by conduction through the 
tail, The heated and shielded temperatures are recorded from subcut- 
aneous thermocouples. Designations as in previous figures. 


ture or temperature of the area of skin other than that 
undergoing heat flax. Thus an animal may show various 
degrees of cutaneous vasodilatation and constriction at the 
same time. For example, an animal on cool lava just after 
sunrise may be vasodilated where exposed to solar radia- 
tion while at the same time vasoconstricted where exposed 
to cool lava. Such a situation permits acquisition of heat 
from solar input and retention of the thermal load which, 
in the absence of localized vasoconstriction, would be 
transferred to the substratum. On the other hand, an 
animal returning from the feeding grounds at midday has 
essentially equilibrated with the temperature of the sea. 
On assurning a flat basking posture on hot lava and expos- 
ing the dorsal surface to solar radiation, the animal should 
be generally vasodilated. The rate of heating in such 
circumstances would be augmented by the increased heat 
conductance of the cutaneous circulation. This situation 
appears to be a natural counterpart of the heating experi- 
ments of Bartholomew and Lasiewski®. At present, we 
have no basis on which to suggest the mechanism by which 
such vascular changes occur. Experiments in which the 
185Xe@ disappearance from the dewlap of Iguana iguana was 
studied during local heating and cooling after infiltration 
of the dewlap base with ‘Xylocaine’ indicate that central 
“neural connexions are not essential for the response. 
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The association, at the same body temperature, of he 
rates of greater magnitude during heating than during cool- 
ing is the basis for the suggestion?-* that circulatory factors 
are involved in determining the differences in heating 
and cooling rates of various lizards. Our results illustrate 
that the peripheral vascular responses of Amblyrhynchus 
may be independent of heart rate. In the heating and cool- 
ing experiments of Bartholomew the animals were sub- 
jected to a uniform environment, that is, transferred from 
20° C to 40° C ambient temperature and vice versa. Thus 
we can postulate that their animals underwent generalized 
cutaneous vasodilatation and vasoconstriction, When 
cutaneous vasodilatation oceurs in man under thermal 
stress, there is an accompanying tachycardia, a com- 
pensatory reflex response to the shift in circulating blood 
volume to the periphery. It seems likely that such 
eompensatory changes in heart rate occurred in Bartholo- 
mew’s experiments and that the hysteresis of heart rate 
against body temperature seen in heating and cooling 
experiments is secondary to the peripheral vascular 
TESPONses, 
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Fig. 5. Generalized heating and cooling experiment in which peripheral 

vasodilatation and vasoconstriction are accompanied by heart rate 

changes without significant change in core temperature. Designations 
as in previous figures. 


The results illustrated in Fig, 4 are of special relevance 
for understanding the plateaning of body temperatures 
when the iguanas are exposed to an extreme thermal 
environment characterized by lava surface temperatures 
of around 60° C with a cloudless sky. When exposed to 
the Sun and on attaining a rectal temperature of 35°— 
36° C, Amblyrhynchus assumes an elevated basking posture 
in which the head is direeted toward the Sun with the long 
axis of the body parallel to the rays of the Sun. In this 
posture the forebody is elevated and the neck, rib cage and 
a good part of the abdomen are lifted from the substrate. 
It is a puzzling fact than on successive days characterized 
by lava surface temperatures of 45° C and 55° C, for 
example, the animals exhibited a maximum temperature 
of around 39-4° ©. In other words, on successive days, one 
day warmer than the other, the animals, from all external 
appearances, were doing the same thing, yet their deep 
body temperatures were the same. Some factor other 
than the postural adjustment alone must therefore be 
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berative, We believe that their thermal stability is best 
‘xplained by three associated phenomena: (1) the elevated 
basking posture which reduces solar input by redueing sur- 
face exposure; (2) the creation, through elevating the fore- 
body, of a heat sink below the animal and cooled by sea 
breezes; and (3) the shunting of the acquired thermal 
load to the heat sink through the agency of vasodilatation 
as internal conduction heats the skin adjacent to the sink. 

‘The use of postural adjustments for controlling the rate 
of acquisition of heat from the Sun and the alteration of 
body position resulting in the creation of heat sinks during 
thermal loading are of widespread phylogenetic occurrence. 
Desert locusts (Schistocerca gregaria) control thermal input 
by altering their orientation in reference to the Sun®, while 
both boobies!® and albatrosses"!, when under thermal 
stress, orient themselves with backs to the Sun, thus 
casting a shadow over their feet and legs. The Laysan 
albatross sits on its heels with the webbed feet shaded and 
held above the warmer substratum. Foot temperatures 
exceed those of the surrounding air but are lower than the 
substratum. Heat is lost from the feet by radiation and 
convection to the cooler air. Marine iguanas, when ex- 
posed to intense thermal conditions, would appear to 
minimize direct solar heating through exposing the 
minimal surface area to the rays of the Sun (like desert 
locusts) while through elevation of the fore-body, they 
create a heat sink which favours thermal transfer from the 
core in a manner not unlike albatrosses. Vasodilatation, 
induced in the ventral skin by conductive heating through 
the body, should facilitate transfer of the heat load to the 
cooler air. 

Although we have focused attention chiefly on the role 
of cutaneous vascular responses in thermoregulation in the 
tropics, we would stress the appropriateness of such 
responses in reptilian thermoregulation in the cold. 
Strelnikov™ found the body temperature of Lacerta agilis 
to be as much as 29° C above air temperature at altitudes 
around 13,000 feet in the Caucasus. From the data of 
Pearson it is clear that Liolaemus multiformis, an 
iguanid found up to 15,000 feet in Peru, exhibits a high 
degree of thermoregulation. When tethered in open Sun, 
these lizards may rapidly heat to in excess of 30° C above 
air temperature (around 0°C). On reaching approx- 
imately 34°C they remain remarkably thermostable 
although air temperature continues to rise as the day 
progresses. This situation is reminiscent of the thermal 
stability shown by Amblyrhynchus. Although no data 
exist on cutaneous vascular responses in Liolaemus 
multiformis or Lacerta agilis, we suggest that this may 
play an important part in the capacity of these species to 
extend to the cold environment of high altitudes. 
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We do not imply that thermal sensitive and localized 
vasomotor responses characterize lizards in general, 
Amblyrhynchus occupies an extreme thermal environment 
and may represent a form which has developed vasomotor 
responses of this type in the extreme. We do suggest, 
however, that for those forms which exhibit differences i 
heating and cooling rates, temperature-sensitive cutaneous 
vasomotor responses should be considered as a possible 
determinant of the rates of heating and cooling. The 
local character of the vascular response and the indepen- 
dence of the response from the direction of the thermal 
flux across the skin provide Amblyrhynchus with a 
mechanism for maintaining thermal stability when the 
animals are subjected to large thermal loads. These 
vascular responses also provide a mechanism for control- 
ling the rates of thermal flux and offer an explanation for 
the observed differences in heating and cooling rates. 

The lizards used in these experiments were obtained 
during the participation of F. W. in the Galapagos Expedi- 
tion of the Scripps Institution of Oceanography sponsored 
by a grant from the US National Science Founda- 
tion. The experimental work was supported by the US 
National Science Foundation. We thank the Government 
of Eeuador and the Charles Darwin Foundation for the 
Galapagos Islands for their cooperation while in the 
Galapagos Islands. We also thank Lt Commander 
Mario Jaramillo del Castillo, Comandante de la IL Zone 
Naval, Armada Ecuador, for the courtesies extended to 
the expedition, Ralph R. Sonnenschein and George A. 
Bartholomew for fruitful discussions concerning the work, 
and Malcolm 8. Gordon, chief scientist for the Galapagos 
Expedition, for his invaluable help in negotiating the 
export of the animals used in these experiments. K. M, is 
the recipient of a US National Institutes of Health 
predoctoral traineeship. 
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Fossil Mammal Locality on Mount Elgon, Eastern Uganda 


An important new fossil locality of Miocene age has been discovered 
near Bukwa on the north-eastern slopes of Mount Elgon. The long 
list of fossils described here by Dr Alan Walker includes mammals, 
aquatic reptiles, birds and potamid crabs. The fossils are placed in 
their geological setting by Dr P. W. G. Brock and Dr R. Macdonald. 


Lower Miocene Fossils from Mount Elgon, 
Uganda 

Miocene fossil mammal localities are known from East 

African deposits in western Kenya and eastern Ugandal®, 

Mount Elgon, situated on the Kenya~Uganda, border, has, 

until recently, only yielded fossil plant remains*.', 


Macdonald and Old’, mapping in the Bukwa area on the 
north-estern slopes of Mount Elgon, discovered a series of 
sediments within the Elgon lavas. Their discovery led 
to a Makerere University College expedition finding fossil 
mammals in 1965. Subsequently, several exploratory 
and two excavating expeditions have been made. The 
site, which hes 2-25 miles east of Bukwa, Sebei District, 
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Uganda, has proved to be rich in fossil mammalian 
remains, and has a very well preserved flora. The princi- 
pal site, designated Bukwa II, is placed in its general 
geological setting by Brock and Macdonald in this issue; 
Bukwa I was the remnant of a palaeosol lens that yielded 
Dinotherium. The new locality lies at the foot of a small 
hill, Kwongori Hill, east of the village of Lamitina, and 
the base of the main fossiliferous straturn is about 5,900 
feet above sea level. 

Detailed geological mapping of the area immediately 
adjacent to the fossil site was carried out in 1967. The 
geological suecession at Kwongori Hill is given in Table 1. 
A low, steep-sided hill of basement. gneisses is to be found 
just to the west of the main excavation site on the western 
slopes of Kwongori Hill. At least two lava flows abut 
against this basement feature (flows 2 and 3 of Brock 
and Macdonald's map), An alternating succession of 
water-lain tuffs, silts and marls is found infilling the 
depression east of the basement hill and north-east of the 
lavas. The nature of the contact between the sediments 
and the basement seems, in excavation, to rule out the 
possibility of a fault-scarp along the line of contact. The 
sediments overlap horizontally against the basement, the 
contact being steep (about 80°) in one trial trench. The 
contact between the lavas and the sediments is also very 
steep, with the sediments resting horizontally against a 
seree-slope of lava blocks. 


Table 1. GEOLOGICAL SUCCESSION AT KWONGORL HILL 


Bed Thickness 

Lava Xo. 5 of Brock and Maedonald iW 
Very coarse tuffs with occasional agglomerates and con- 

glomerates up to 6’ in thickness oun 
Thick sequence of fine grey tuffs, some massive, others flagey 50° 
Grey maris x 
Ser Fossiliferous green ostracod clay Bh! 
oa | Lava boulder bed Very variable 
me Coarse grey tuff ZY 
a3 | Finely-bedded red silts a 
eam | Rubbly grey marla 46" 
oy Agglomerate with large inclusions of tuff and some 
“aa pebbles yo 
aa Coarse grey tuff ri 
22 | Fine red maris ya 
ma Coarse grey tuff 2 9° 


Basement gneisses 


Above the alternating sequence of tuffs and marls, the 
base of a lacustrine deposit is represented by a boulder- 
bed that dips gently to the north-east away from the 
lavas. This boulder-bed consists of spheroidally weathered 
lava boulders, presumably derived from the nearby lava 
scree; the boulders decrease in size and angularity, but 
increase im frequency of occurrence, away from the lavas. 
Succeeding the boulder-bed is the principal fossiliferov 
stratum, a green ostracod clay, which varies in thickne 
from a few inches near the lava seree-slope to some 6 feet 
at its most easterly exposure. This green clay has been 
subjected to considerable distortion in the erosion gullevs 
and in places has been squeezed from beneath the over- 
lying marls. Calcium carbonate frorn the overlying marls 
and tuffs has been concentrated in lenses on the upper 
surface of the clay bed and in small fissures within the 
bed. Many of the larger fossils and some of the basal 
boulders have been coated with this calcite. Because 
only 300 cubic feet of clay has so far been excavated, and 
that mostly from the sides of erosion gulleys, the fragmen- 
tary nature of many of the fossils so far recovered is 
probably the result of squeezing of the clay bed at or near 
the present erosion surface. With larger excavations, 
more complete remains will probably be found. The clay 
is broken down readily in water and can then be passed 
through sieves. In this way, only ostracods and clay 
pass through the sieves, leaving small bones and teeth 
to be collected; fresh augite crystals and small lava and 
calcite pebbles are the only non-faunal elements collected 
by this method. 
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The clays are succeeded by a thick bed of grey m 
that grades upwards into the main sequence of caleared™ 
water-lain tuffs and agglomerates that i exposed on the 
flanks of Kwongori Hill. Land gastropods and millepedes 
are found in most of the tuffaeeous horizons and well 
exposed sedge, grass and leaf horizons occur at several 
levels in the sequence, particularly on the southern 
slopes of the hill. The sequence at Kwongori Hill is 
capped by a small outcrop of nephelinitic lava (flow 5) 
that has been dated by the potassium/argon method in 
two independent laboratories (those of Dr Armstrong of 
Yale University and Dr Miller of the University of Cam- 
bridge) at about 22 million years Br®, i 

The fauna collected from Bukwa includes mammals 
ranging in size from large proboscideans to small rodents, 
aquatic reptiles, wading birds and many invertebrates. 
Some of the genera are represented by specimens that are 
too inadequate to provide specific diagnoses, but future 
excavations deeper into the hillside should yield more 
complete remains. A provisional faunel list is given 
in Table 2. 





Table 2. PROVISIONAL FAUNAL LIST FROM THE BUKWaA 1 SITE* 


MAMMALIA 
Primates: Limnopithecus legetet Hopwool 


Myohyrar oswaldi Andrews 
Others as yet unidentified 


Insectivora: 





Hyracoidea: Megalohyrax championi Arambourg 


Meroehyrax bataeae Whitworth 


Proboscidea: Dinotherium hobleyi Andrews 


Tadeterminate mastodonts 
Perissodactyla: 
Rhinocerotilae: Chilotherium sp. nov, 
Dicerorhinus sp, 


Artiodactyla: 


Anthracetheriidac: Brachyodus aequatorialis Macinnes 


? Huoboops africanus Andrews 


Suldae: Diamantohuus africanus Stromer 


> Lustriodon jeanneli Aramboure 
Dercatherium parvum Whitworth 


Dorcatherium pigotti Whitworth 
Large tragulid (not Dorcatherium chappuiri 


Tragulidae: 


Palicom 





dae: Palaeomeryx sp. (the large species of Whitworth. 
1958)" 


Megapedetes pentadactulus Mactuness 
Others as yet unidentified 


Jodentia: 


Carnivora: Small and medium sized, indeterminate carniveres 
AVES Ciconliform birds 


Crocodylia sp, 
Trionychid and pelomedusid water tortoises 


REPTILIA 


PISCES Medium sized and tiny freshwater fish 


Invertebrate fossils include: 
Heteroeypris sp. 


Species of ? Archachutina, Burtou, Gulella, 
Helicarion, Homorus, Limicolaria, Maizania, 
Opeas, Tayloria, Thapsia from the tuffs and 
aes tuberculata (Oliv.) from the green 
clay 


OSTRACODA 


GASTROPODA 


CRUSTACRA Potamid crabs 


MYRIAPODA Fragmentary specimens of millepedes 


* All specimens are housed in the Uganda Museum, Kampala. 


The Bukwa fauna seems to be matched most closely 
by that colleetively recorded from all the Rusinga Island 
sites’. It now seems that most, if not all, of the Rusinge 
sites are in the Hiwegi Series; that is, dated at between 
17-0 and 18-5 million years Be’. In its major components, 
the Bukwa fauna clearly resembles others from sites in 
the Kavirondo Gulf of Kenya and Napak in Uganda, but 
there are one or two notable exceptions. Of particular 
importance in the fauna is a pig, Diamantohyus africanus 
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amen, that has only been recorded previously from 
South-west Africa and Baluchistan. The teleocerhine 
rhinoceros, Chilothertum, previously known in Africa by 
some isolated, fragmentary teeth, is represented by an 
almost complete right upper dentition and parts of the 
lower dentition and postcranial skeleton. This genus is 
known from the Pliocene of Europe and China and its 
presence 22 million years ago in Africa makes it seem 
likely that these short-limbed forms evolved in Africa and 
spread later to Eurasia. The Bukwa specimens should 
enable specific diagnosis to be made and have been passed 
to Dr D. A. Hooijer for study. 

Dr B. Verdeount has kindly provided the provisional 
identifications of the gastropods. Although further 
collecting will be necessary to secure formal specific 
identifications, he states that they indicate an evergreen 
rain forest environment with not less than 40 inches of 
rain per year. This view is supported by the palaeo- 
botanical evidence. 

The potamid crabs are being studied by Mr T. Williams 
of the University of Liverpool, and his preliminary con- 
clusions suggest that the fossil forms are morphologically 
closer to living African species than to living or fossil non- 
African ones. These are the first recorded potamid crabs 
from African Miocene deposits, but specimens from 
Rusinga and Fort Ternan are housed in the Centre for 
Prehistory and Palaeontology, Nairobi. The following 
note on the Bukwa flora has kindly been prepared by 
Mr A. C. Hamilton of the Department of Botany, Makerere 
University College: 

“The fossil plants at Bukwa are preserved as casts 
partly filled with calcite. Very little anatomical structure 
is present, but in some specimens details of morphology 
can be distinguished. 

“The flora consists of two assemblages. The first. of 
plants preserved in their positions of growth, is found in 
beds of fine-grained ash at several horizons. There are 
three types of monocotyledons, including an unidentified 
grass and the rhizomes and the basal portions of the 
shoots of a plant tentatively identified as Juncellus laeviga- 
tus (L.) C.B. Cl. This is a herb found in East Africa today 
growing around the margins of alkaline lakes. 

“The second assemblage, consisting of fossils for which 
there is no direct evidence of local origin, is found locally 
in several horizons of fine to medium grained ash. Fossil 
wood is abundant, but lacks internal structure. Several 
types of dicotyledonous leaves are present, of types found 
predominantly in forests. Fruits, seeds and at one horizon 
flowers and flower-buds also occur. Most of these have 
not been identified very exactly. 

“At least four types of flower have been found, but only 
two have been studied in detail. These are remarkably 
well preserved, and the structure, arrangement and 
morphology of the floral organs can be ascertained. The 
most abundant is a small zygomorphic flower which may 
belong to a species close to Bersama abyssinica Fresen., 
in the Melianthaceae. The second is an actinomorphic 
flower which contains a short staminal tube bearing 
stamens more or less arranged in two whorls. This is 
probably from a member of the Sterculiaceae and is very 
similar to flowers of some species of Cola and Pterygota. 
Bersama, Cola and Pterygota are all tree genera. pre- 
dominantly found in forests in Uganda at the present 
time.’ 

The lacustrine deposits of Bukwa IT represent the in- 
filling of a small lake within the main tuffaceous sequence. 
The lake seems to have been confined by the low basement 
rise to the west and lavas 2 and 3 to the south-west. 
Other boundaries are obscured, but it is clear that the lake 
was not large. It was, however, of long enough standing 
to support an aquatic fauna of crocodiles, water tortoises 
and suchlike. The palaeobotanical evidence, taken to- 
gether with the gastropod assemblage, strongly suggests 
that the fossils within the lacustrine deposits represent a 
faunal sample not only from the lake itself but also from 
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surrounding evergreen forest. The basic similarity 
between the faunas of nearly all the Early Miocene sites 
of East Africa and findings of Verdcourt? (who considered 
the gastropod assemblages), and C hesters’ (who deseribed 
the Rusinga flora) suggest that the major environments 
sampled were those of evergreen rain forests, gallery 
forests and freshwater lakes. There seems little support 
from the fauna and flora for Whitworth’s suggestion! of 
arid conditions with occasional flood plains and playa 
lakes alternating with savannah conditions at Rusinga. 
It would seem that almost all the known early Miocene 
fossil mammals from East Africa are part of a forest 
fauna and that, as Verdcourt suggests’, large tracts of 
unbroken rain forest covered most of East Africa in early 
Miocene times. It is also difficult to avoid the conclusion 
that the early Miocene East African faunas remained 
substantially unchanged for the period from 22-0 to 17-0 
million years BP. 

The Bukwa site has yielded one of the more eee te 
and probably one of the oldest faunas known in 3 
Africa. It should also become, when the lower lavas are 
isotopically dated, one of the best dated of all vertebrate 
localities in Africa. 

Financial support was given by the Ministry of Culture 
and Community Development, Kampala, the trustees 
of the Boise Fund, University of Oxtord, the Res 
Grants Committee, Makerere University College. Kampala, 
and Professor and Mrs D. R. Pilbeam of Yale University. 
I thank all those who have helped in any way with the 
investigation of the Bukwa site. 
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Geological Environment of the Bukwa 
Mammalian Fossil Locality, Eastern 
Uganda 


Fossis were first discovered in the Bukwa area by 
Macdonald Old (Geol. Surv., Uganda, unpublished 
report, RM/30; 1966) in 1965 during a regional geological 
survey. The ay was then investigated by Henderson 
end Walker, who found mammalian as well as a wide range 
of invertebrate and plant remains. The immediate 
environs of the mammalian fossil site were mapped in 
detail by Brock. This suramary of the geology of the area 
supplements the faunal and geological description given 
by Walker in the preceding article. 

The mammalian fossil site lies 2-25 miles east of the 
settlement of Bukwa in Sebei District (84° 47’ E, 1° 17° N} 
on the lower north-eastern slopes of Mount Elgon. This 
mountain is built up of voleanic agglomerates, tuffs and 
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lavas which rest on a basement of Pre-Cambrian gneisses 
and granitized rocks. 
sediments lying near to the junction of the volcanic and 
basement formations. 

The basement gneisses in the area are folded domin- 
antly on north-north-easterly axes. Steeply dipping 
transverse joints are well developed. These basement 
structures have to some extent controlled the pre- 
volcanic and present day topography as the main 
ridges and valleys trend north-north-east, and minor 
tributaries and topographic irregularities often follow 
the transverse joints. On the eastern side of Mount 
Elgon, including the Bukwa area, the voleanic rocks 


lie on the Kitale surface at a general elevation of 


6,000 feet. Davies! showed that this pre-volcanic surface 
drops, over an escarpment, to the western side of the 
mountain. This escarpment has been traced to the 
northern side, a few miles north of Bukwa, where the base 
of the volcanic rocks drops to well below 4,000 feet. On 
the north-west flank of the mountain and below the escarp- 
ment, Trendall* describes tectonic subsidence during the 
early part of the volcanic activity, which further lowered 
the pre-volcanic surface to a present day altitude of less 
than 3,000 feet. 

The voleanic rocks of Elgon were divided by Davies! 
into the Pre-Elgon Series and the Elgon Series on the basis 
of tectonic differences. The rocks of the former series, 
mapped by Davies to the north-east of the Bukwa area, 
have dips of up to 30°~40° and were presumably subjected 
to substantial tectonic movements before the Elgon 
Series was laid down. These tectonic movements may be 
associated with the subsidence deseribed by Trendall?. 
To date, no overall lithological differences have been 
detected between the rocks of the two volcanic series 
which are all, to a greater or lesser degree, undersaturated 
alkaline types. Agglomerates and tuffs predominate over 
lavas which include nephelinites, melanephelinites and 
phonolites. Not all were derived from a centre near to the 
present summit and crater of Mount Elgon; many sub- 
sidiary necks are present on the north-east of the mountain 
including the Bukwa area and into the basement plains 
to the north. Pockets of sediment are recorded from 
many localities at the voleanic/basement contact around 
the foot of the mountain??? and some are known to contain 
plant fossils. Sedimentary tuffaceous beds containing 
fossil wood are also not uncommon in higher horizons on 
the mountain. 

The geological map (Fig. 1) details the results of a closer 
investigation in the area immediately around the Bukwa 
fossil site (shown as Bukwa IT on the map). As seen in 
the geological cross-sections, the area at present occupied 
by the Chamangeni and Senendet Rivers formed a basin 
into which a series of tuffs, agglomerates, lava flows and 
sediments were deposited at the commencement of vol- 
canic activity. This basin will be referred to as the 
Lamitina basin (after the nearby village) and, until 
correlation can be established with similar deposits in 
neighbouring valleys, the deposits which filled it will be 
known as the Lamitina beds. The Lamitina beds are over- 
lain by lava flows and tuffs which extend beyond the 
original Lamitina basin. 

The pre-voleanic topography in the Bukwa area was 
similar to that of the present day; north-north-east 
trending ridges were separated by valleys lying 100 to 
500 feet below the ridge crests. The locations of the ridges 
and valleys, moreover, correspond closely with those of 
the present day. The Chamangeni and Senendet Rivers 
in particular appear to flow now in valleys similar to the 
pre-voleanie valleys. In general, the pre-voleanie land- 
slopes were gentle, but in three places the slopes appear to 
have been steeper than those of the present topography. 
In each case the steeper slopes are linear scarp-like fea- 
tures recognized on aerial photographs as possible fault 
scarps. A pisolithie laterite sheet underlies the volcanic 
rocks in several places. This laterite is baked where the 


The fossils occur in a pocket of 
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lava flows lie directly on it (as on the hills 1-5 to 2-5 mil 
north-east of the fossil site), and elsewhere pisoliths from 
it are incorporated into the overlying tuffs. Presumably 
the laterite originally covered most of the ridge crests 
and extended some distance downslope towards the 
valleys. 

The succession of the Lamitina beds commences with 
boulder beds. Overlying these is a mixed succession 
including silts, tuffs, agglomerates and lava flows together 
with localized lake sediments at the fossil locality. The 
boulder beds outerop along the course of the Chamangeni 
and to a lesser extent the Senendet Rivers. Boulders are 
sub-angular to rounded, up to 2 feet across and are en- 
closed in tuffaceous material cemented by carbonates and 
zeolites. The boulders are chiefly lava, but tuff, agglomer- 
ate and basement gneisses also occur. A weathered zone 
in the boulders 1-2 inches deep suggests that some may 
have been rounded by spheroidal weathering rather than 
by abrasion. The silts are well sorted, fine-bedded, buff 
to red sediments locally showing fine cross-bedding, the 
directions of which indicate a south-western source. These 
rocks are exposed, overlying the boulder beds in the lower 
part of the interfluve between the Chamangeni and Senen- 
det Rivers, and from photo mterpretation appear to 
extend for sorne distance south of the Senendet River. 
To the west (in the Chamangen! River) they grade to 
interbedded silts, tuffaceous sediments and conglomerates. 
The lowest tuff bed in this succession contains well 
preserved fossil ferns. The tuffs and agglomerates, green- 
ish grey to yellowish buff rocks, range from silty to sandy 
grade clastic and crystal tuffs, to coarser poorly sorted to 
unsorted agglomerates contaming sub-angular to rounded 
lava fragments up to 2 or 3 inches aeross and crystals of 
pyroxene, olivine and nepheline. Most have a carbonate 
cement and most show signs of water wash; the silty layers 
commonly show cross-bedding and contain fragmented 
fossil grasses and woody material. In the tuffs on the south 
side of the hill behind the mammalian fossil site (location 
B on map) undisturbed fossil grasses are abundant. The 
tuffs, which transgress basement or other volcanic rocks, 
generally dip at angles of leas than 4°. In some places, 
where they are banked against the small scarps mentioned 
earlier, the tuffs contain pisoliths of laterite and lateritized 
basement gneiss material. The lake sediments of the 
mammalian site are described fully by Walker in the 
preceding article. They lie horizontally within the tuff- 
agglomerate succession. On their western side they are 
banked against a low steep-sided ridge of basement 
gneisses. To the south-west they abut against lava flows 
(Nos. 2 and 3), and boulders from these flows occur in a 
conglomerate bed lying immediately under the sediments. 
The margins of the lake sediments to the north and east 
are not exposed and may have been removed by erosion. 

The lava flows are basic undersaturated alkaline rocks 
typical of the Elgon Series, and most contain one or more 
of the following minerals as phenocrysts: augite, olivine, 
aegirine-augite, hornblende, nepheline and melilite. Simi- 
lar minerals oceur in the groundmass. Zeolitic amygdales 
are common. The individual lava flows have been identi- 
fied in the field by differences in the amount and propor- 
tion of the phenoeryst minerals. The lavas also show 
considerable variation in the amount of amygdales or of 
fractures filled with zeolite and/or carbonate, but this 
feature is not constant throughout a single flow. Hight 
lava flows have been mapped using these criteria and by 
inspection of aerial photographs. Of these, the first three, 
and possibly the fourth, occur within the Lamitina beds. 
Flow 5 caps the Lamitina beds, and it and the younger 
flows (Nos. 6-8) extend beyond the Lamitina basin. Flows 
6-8 have not been traced directly in the field across the 
Chamangeni River. Flows presumed to be of similar 
stratigraphic position but different composition are quali- 
fied on the rnap with a letter after the flow number. Several 
thin or small flows of distinctive lava types lying immedi- 
ately to the north-west of the fossil site are grouped as 
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flow 3. Some flows cannot be traced very far either on 
the ground or on the aerial photographs and it seems likely 
that they were small tongues rather than extensive sheets. 
The lines representing the lava flows on the map indicate 
the base and not the thickness of each flow. The lava 
flows produce a distinctly stepped topography with lava 
rubble lying immediately above and on the steep faces 
of each step, although the flows themselves are rarely 
seen in place. The tuffs are commonly exposed on the 
steep face below the lavas. On the flat ground between 
steps no rocks are exposed except in deep cut valleys and 
near to the crests of the steps. 


Table 1. AGE DETERMINATIONS OF FLOWS 
Flow Location Results (million years) 


No.5 Top of hill B capping Lamitina 22-0+0-2 and 21:9+0-2 (Miller) 

= beds 20-1 1:3 (Armstrong) 

No.2 Flow against which mammalian 
fossil beds are banked 


17-4 +03 (Armstrong) 

Age determinations, using the potassium-argon method, 
have been carried out on two lava specimens (Table 1). 
Flow 5, a fresh unaltered rock, was analysed twice by 
Dr Miller at the Geochronology Laboratory in Cambridge 
and another independent determination was made by 
Dr Armstrong at Yale. The sample from flow 2 is veined 
by carbonate and zeolite and much of the nepheline 
is altered to zeolite. The altered nature of this sample 
is considered to have resulted in the anomalously younger 
age. A further sample from flow 3 is being submitted 
in the hope it will give a more accurate maximum age 
for the Lamitina beds. 

Polarity of remnant magnetism was determined in four 
lava samples using a portable fluxgate magnetometer 
(model 70, California Electronic Manufacturing Co.). 
The results (Table 2) show a reversal of the polarity be- 
tween flows 1 and 3. The specimen of flow 3 submitted 
for age determination should give a definite minimum 
age for the reversal of the polarity. 


Table 2, REMNANT MAGNETISM IN FOUR FLOWS 
Flow No. Location Polarity 
3b 14 feet above flow 2 Normal 
3a 12 feet above flow 2 Normal 
2 Adjacent to lake beds No remnant magnetism detected 
1 05 miles SSE of hil B Reversed 


The postulated geological history of the Bukwa area 
after the establishment of the Kitale Surface is summarized 
as follows. 

(1) Development of a laterite surface followed by re- 
juvenation of drainage and some dissection of the laterite; 
(2) start of volcanic activity to the south-west of Bukwa; 
(3) deposition of boulder beds in valley bottoms; (4) 
formation, possibly by tectonic activity, of the larger 
basin in which the silts were deposited; (5) commence- 
ment of deposition of tuffs, agglomerates and lava flows 
in the Lamitina basin with interludes between ash falls 
during which vegetation became established; (6) local 
damming (by tuffs ?) to produce the small lake in which 
maromalian remains concentrated in a clay horizon; 
(7) continued deposition of tuffs and agglomerates filling 
the Lamitina basin; flow 5 dated at approximately 22 
million years caps the Lamitina beds and later flows and 
tuffs extend beyond the buricd Lamitina basin; (8) 
subsequent erosion and exhumation of the deposits with 
re-establishment of the present drainage approximately 
along former courses, 

The formation of the two lakes, that is, the larger one 
filled with silts and the smaller one higher in the succes- 
sion containing the mammalian fossils, needs some com- 
ment. Although no recent faulting has been proved in 
the area, tectonic subsidence in the basement has been 
invoked to account for the tilting of the Pre-Elgon Series. 
In addition, in the three places where the voleanic rocks are 
banked up against unusually steep pre-voleanic landslopes, 
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it seems likely that we are dealing with pre-voleanie 
fault scarps. One of these scarps appears on the aerial 
photographs to be the extension of a strong lineament 
that passes in a south-south-easterly direction under the 
mammalian fossil site and the western margin of the silt 
beds. Renewed movement on this fault could have been 
responsible for the formation first of the silt lake and later 
of the smaller lake in which the mammalian fossils were 
preserved. In each case the movement on the fault 
would have involved down-sagging on the eastern side 
of the fault to produce a slight westerly tilt on the land- 
surface immediately to the east of the fault. Such a 
movement would adequately explain the abrupt change 
in depositional environment from river deposited boulder 
bars to the fine-bedded silts observed in the Chamangeni- 
Senendet interfluve. E 

We can offer no other explanation of the larger lake, but 
an alternative to faulting may be considered for tbe 
smaller lake. A small lava flow correlated with flow 2 
outerops at a similar elevation a quarter of a mile south- 
east of the fossil site and extends north-eastwards for 
nearly half a mile. It might be argued that this flow was 
responsible for the damming of the lake, but this does not 
seem likely. The dam causing the lake must have been 
to the north-east of the fossil site, because the tuffs and 
lava flows of the Lamitina beds generally dip north or 
north-east, and the pre and post-voleanic drainage is also 
generally north-eastward. No rocks are exposed to the 
north-east of the fossil site, however, which would suggest 
that no lavas are present in this area, and thus that the 
damming was caused by tuffs rather than a lava flow. 
The cause of the formation of this lake cannot be determ- 
ined with certainty without a considerable amount of 
trenching and accompanying detailed mapping. and 
even then it might be found that the vital evidence has 
already been removed by erosion. It can be concluded, 
however, that the lake could not have been very large 
and that most of the sediments have already been removed 
by erosion. Extensions of the lake beds will only be found 
along the eastern side cf the hill behind the site. The 
silts underlying flow No. 1 might also prove fossiliferous, 
but these rocks underlie flat cultivated land, and search 
for fossil sites would entail extensive pitting. Further 
sites could well exist in adjacent valleys, and photo- 
interpretation should be a useful tool for delimiting the 
areas in which the softer fine tuffs (and lake sediments) 
predominate. 

The relationship between the Lamitina beds and the 
main Elgon Series is uncertain. The beds dip at angles 
only slightly less than the overall slope of Mount Elgon. 
Thus it is possible that the Lamitina beds could belong 
fairly high in the Elgon succession. Given the age of the 
flows and the state of preservation of the mountain 
(compared with Napak, 50 miles to the north, which is 
19 million years old and much more eroded), it seems more 
likely, however, that the Lamitina beds belong low in the 
Elgon Series or even to the ‘“Pre-Elgon”’ Series. This 
question cannot be answered without much more work. 

We thank Drs Miller and Armstrong for permission to 
publish their age determination results. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Do Faster-than-Light Group Velocities 
imply Violation of Causality ? 


Discussion of the properties of hypothetical systems'-* 
in which group velocities exceed the speed of light has 
considered chiefly whether such systems would violate 
the axioms of special relativity. In particular they appear 
at first sight to violate causality. 

Feinberg', discussing Klein—Gordon particles of imagin- 
ary mass (tachyons), has an argument purporting to 
show that no causality violation is observable. His 
argument is incomplete, because the “events” which he 
considers are the emission or absorption of single tachyons. 
It seems possible to construct a more general Gedanken- 
experiment than Feinberg’s, in which a well defined 
pattern of correlated tachyons is used as a signal, and 
causality violation is observable. 

The second class of “superluminal” systems considered 
is the propagation of sound in ultradense matter. Bludman 
and Ruderman‘, in a model calculation, find a spectrum 
with two branches. For long waves (k—>0) one “optical” 
branch has =constant, and hence a group velocity 
dw/dk=0, while the second branch has w=ce;k, where cs 
can exceed unity. (We use units in which the velocity of 
light in a vacuum is L) Although this group velocity is 
k-dependent, and eventually approaches unity as k—>0, it 
seems possible to make a wave packet out of long waves 
alone, and to use this packet to transmit superluminal 
signals which violate causality. 

The situation is reminiscent of the controversy which 
raged following the publication’ of the theory of special 
relativity. It was already known that the group velocity 
of electromagnetice waves in a dispersive medium could 
exceed unity for frequencies close to a resonance, so that 
causality could apparently be violated. This violation 
was obviously spurious, because the macroscopic refractive 
index is a consequence of the scattering of electromagnetic 
waves by electrons and nuclei, while between scattering 
processes the propagation velocity is 1. The paradox was 
resolved by Sommerfeld and Brillouin®-!*, who showed 
that one must distinguish between the signal velocity and 
the group velocity, and that for electromagnetic waves the 
signal velocity always satisfies V.< 1. 

It is easy to extend the method of Sommerfeld and 
Brillouin to other wave equations to show that 


Vs s Vo (1) 


where Væ is the limiting phase velocity at infinite fre- 
quency. For both tachyons and the acoustic branch of 
the Bludman-—Ruderman spectrum, V .=1 and the signal 
velocity is <1, vindicating Feinberg’s argument a pos- 
tertori. (Paradoxically, we can make no such statement 
about the Bludman-Ruderman optical branch, because 
here V.=C,>1.) 

In the case of tachyons, the proof is trivial, for the 
characteristic curves of the Klein-Gordon equation 
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/ a Bate wink cee, 
(Q-m) p (X, 9 = (V? = 5 - m*)9(X,t)=0 (2) 


are the straight line generators of the light cone 
Xi =t (3) 
whatever the sign of m®. Hence it follows"! that if initially 
for a wave propagating in the Z direction 
ọ (X, 0) = 0 (4 >0) (4) 


then at time ¢, l 

o(X=0 (Z>!) (8) 
All signal transmission experiments can be regarded as 
particular cases of a general Gedankenexperiment, ii 
which a shutter is opened at some time f= 0, so that an 
initial wave packet with the property (4) is allowed to 
propagate. 

We should, however, remark that a tachyon wave 
packet with the property (4) cannot be built out of plane 
waves with real frequencies alone. A wave packet localized 
on one side of a shutter has decaying components and 
cannot be normalized in a time-independent manner. 
This is the way in which the non-localizability of tachyons 
manifests itself in classical wave theory, according to a 
private communication from A. Peres. A fuller account 
will be published elsewhere. 

We thank Professor A. Peres and Dr M. Gluck for 
discussions. 

R. Fox 
C. G. KUFER 
5, G. Lirsox 
Department of Physics, 
Technion~—Israel Institute of Technology, 
Haifa, 
Israel. 
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Neutron Starquakes and Pulsar Periods 


THE outer layers of neutron stars form a solid crust with 
a calculable rigidity (shear modulus) very soon, after the 
stars are born. Subsequent changes in stellar shape from: 
oblate toward spherical, as the neutron star angular 
velocity decreases, will induce stresses in the crust until 
the maximum shear strain which the solid can support is 
reached. Beyond this yield point there will be a sudden 
relaxation of the stress, and a very slight change in 
stellar shape and moment of inertia. The caleulated 
accompanying jump in angular velocity is close to that 
which has been observed in a pulsar. 

When matter is squeezed to densities up to about 
10" g em~, all of the protons present are contained in 
nuclei. (Above this density they form a quantum super- 
fluid together with the much more abundant neutrons.) 
At densities above 10° g om? the nuclei are embedded in 
a relativistic degenerate electron Fermi sea. The momenta 
of these relativistic electrons are high enough for them to 
be perturbed only slightly by the coulomb fields of the 
embedded nuclei, and they therefore act qualitatively like 
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an inert uniform negatively charged background which 
does not appreciably screen the repulsive coulomb inter- 
action between neighbouring nuclei; is quite opposite 
to the case of matter at normal densities, where the full 
charge of the nuclei is almost completely screened by the 
surrounding electron cloud. Because of this strong 
coloumb repulsion, the nuclei arrange themselves into a 
body centred cubic lattice with a calculated melting 
temperature approaching 10° K in the density regime 
10°S 610" g cm which characterizes most of the 
volume of the crust}. A neutron star, whatever its initial 
temperature, will cool below such melting temperatures 
in well under a minute by well established neutrino 
emission processes, so that the outer crust of a neutron 
star crystallizes very rapidly down to a depth correspond- 
ing to about 10“ g em soon after it is formed (except 
for an “atmosphere” with p< 108 g em). The thickness 
of the solid crust varies from about 200 m (about 2x10- 
of the stellar radius of 10 km) in the heavier neutron stars 
of about one solar mass or more, to most of the stellar 
radius for a very light one with M ~ 03 Mo. 

The crust matter has a rigidity given by the shear 
modulus u of a coulomb lattice? 


u ~ (Ze) mAP (1) 


where Ze is the characteristic nuclear charge and mz the 
numerical density of nuclei. For parameters appropriate 
to densities between 5x10" and 5x 10! g em? (Z in 
the range 50-30 and m, ~ 10% em-)!, the shear modulus is 
around 10° dyne em-*. To estimate the maximum shear 
the crust could bear before slippage or fracture, we note 
that for solids at normal densities the maximum sustain- 
able shear angle ọm is about 10- rad. For a coulomb 
lattice far below its melting temperature the maximum 
shear strength can depend only on Ze, m: and perhaps the 
fraction of defects in the crystal. But, because no dimen- 
sionless parameter can be constructed from Ze and mz, 
@m cannot depend on the lattice density or constituents. 
$m for the superdense lattice may therefore be expected 
to be essentially the same as that for normal matter 
(2x 10- for Cu, 10-2 for Al). 

The rigidity and strength of the neutron star crust 
cause a very slight deviation from the equilibrium shape 
of a rotating fluid in a neutron star the angular velocity of 
which is slowly decreasing. The deviation disappears as the 
stress relaxes in a starquake if the strain anywhere exceeds 
gm. If pulsars are indeed rotating neutron stars, as seems 
quite probable, their angular velocities when formed were 
eertainly greater than those observed at present because 
the shorter period pulsars are slowing up. The crust there- 
fore solidified at a time when centrifugal forces gave a more 
oblate shaped star than at present. The change to a more 
spherical shape causes an angular shearing strain which 
has a maximum, 9, on the stellar surface. When uR/GA p 


i, 






7R? 

SGM (oy =w?) sin?20 (2) 
where œ: is the initial angular velocity of the star when 
formed, the present one, @ the polar angle, G the 
gravitational constant and M the stellar mass, Presum- 
ably œo? Then for M~ Meo and R~ 10° cm a strain 
in excess of 10-? will develop at @= 7/4 and 37/4 during 
the slowing up if 210% s-1. (This lower limit œr is about 
five times the present angular speed of the crab pulsar 
and about ten times less than the maximum possible 
rotation rate of a neutron star. It is the angular momen- 
tum a solar type star with a rotation period of 2 years 
would have if its radius contracted from 10" em to 
106 em.) Thus neutron stars which satisfy the criterion, 
12 10° s71, should have starquakes as they slow up. 

When the starquake relaxes the stress in the crust, the 
very slight change in stellar shape caused by this stress 
disappears. If we approximate the stellar interior as 

A having a constant mass deħsity p, then the change in 

Pa, 


O 


o = 
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shape of the stellar surface caused by the erust rigidity | 
just as the maximum strain ọm is reached is given by 
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where Ri is the inner radius of the crust. The shape change 


alters the moment of inertia 7 and, because angular 
momentum is conserved, also the angular frequency 


= te D lite (4) 





Fora “thick” crust with (Ri/R)? <1, Mes Mo, R~ 108 em, 
e~ 5x 104 g em, om~ 10-7 and u~ 10° dyne em-*, 


= 





Ao 


Lar 


~ + 4x 104 (5) 


For a thin crust with the same parameters except R — Ri 
~2 x10 R 


Aw a PO ; 
eme aw oe Box O (6) 
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Because the coulomb forces which contribute the lattice 
rigidity are so small compared with the immense neutron 
star gravitational forces, the shape distortion caused by 
the crust rigidity is quite small, corresponding to a dis- 
placement of the surface of order 1 om. Just this size 
effect would, however, give the sudden increase in œ 
which has been observed? for the young short period 
pulsar PSR 0833-45 where Aw/o~ +15 10-* over a 
period of e week or less. The agreement with the calculated 
estimates of neutron-starquake effects im equations (5) 
and (6) seems suggestive. The proposed model does not, 
however, account for the remarkable fact that auch an 
uncommon event should just happen to occur durmg the 
short time, less than a year, during which this pulsar has 
been observed. 

I thank Dr E. Reiss and Professor E. Spiegel for in- 
formative conversations. The research was supported in 
part by the US National Science Foundation. 
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Rapid Radio Variations in 
BL Lac 


Tue source VRO 42.22.01 (BL Lac) has interesting and 
unusual properties at both radio and optical wavelengths. 
The radio object was first discovered during a source 
survey at 610 MHz (ref. 1). It was studied in further 
detail at centimetre wavelengths by J. M. M. and 
B. H. A.*, who delmeated the spectrum, and identified 
the source with an optical object. Schmitt? noted that the 
optical object was catalogued as BL Lac and listed as a 
variable star. But the true nature of the object is uncer- 
tain. It is a rapid optical variable and its spectrum 
shows no emission or absorption lines (unpublished work 
of T. D. Kinman, E. Harlan and E. Marosan, and of 
D. DuPuy, J. L. Schmitt, R. McClure. 8. van den Bergh 
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and R. Racine). At optical frequencies there is about 
10 per cent linear polarization’, Radio observations by 
Biraud and Veron indicated that the source was variable 
at a wavelength of 11 cm, and was circularly polarized. 

We present here an extensive set of measurements at 
4-5 and 28 em, which reveals that at these wavelengths 
the source is an exceptionally rapid variable. Because the 
nature of the spectrum suggested that VRO 42.22.01 
might be a radio variable, it was added in December 1967 
to the variable source programme at the Algonquin Radio 
Observatory. Measurements of the flux density are made 
about once a month, but it became evident that for this 
source more frequent observations were required. These 
began in October 1968. The observational technique 
has been described previously*. Briefly, each observation 
consisted of the average of four scans across the source, 
and a similar set of four scans of the planetary nebula 
NGC 7027, which was used as a standard. The flux 
density of NGC 7027 was taken as 6-30 and 6-63 flux units 
at 4:5 and 2-8 em respectively (1 flux unit=10-° W m> 
Hz). These values represent a small revision, based on 
more extensive measurements, of the values used by 
J. M. M. and B. H. A.?. 

The measured flux densities of VRO 42.22.01 are shown 
in Fig. 1. It is probable that the true nature of the 
variations is not revealed for the earlier part of the period 
shown, because of insufficient sampling. During the times 
when. the variations are more clearly delineated, they are 
exceptionally rapid. At three distinct times during a 
period of 7 months the intensity rose and fell by a factor 
of almost two. During March 1969 there was an outburst 
which had a timescale (between half intensity points) of 
about 25 days and an amplitude at +5 em of about 
3 flux units, that is, an increase of approximately 40 per 
cent, Other variable radio sources have timescales of 
several months or even years®:?; for example, one of the 
most rapidly varying quasi-stellar sources, PKS 1510-08, 
has a timescale of a few months*®*, 

Fig. 1 gives an impression of periodicity in the varia- 
tions, but the maxima are not equally spaced. It is more 
probable that VRO 42.22.01 has been undergoing a series 
of unrelated, and perhaps partially overlapping, out- 
bursts. In each instance, the emission at 4:5 em was less 
intense than at 2:8 cm during the increase and at maxi- 
mum. Also the outbursts at 4:5 em tend to be delayed 
relative to the 28 em outbursts. In the March 1969 
outburst, which is the best defined, the rate of decrease 
is slower than the rate of increase. These qualitative 
features are satisfactorily explained by a model which 
attributes the variations to the adiabatic expansion of the 
source’®, The March 1969 outburst can be explained by 
this theory if y, the exponent which describes the electron 
energy distribution, is taken as y= 1-5, and 8, the accelera- 
tion parameter, is chosen as 8=1-0. In addition, the 
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observations imply that the radius of the variable com- 
ponent is $0-02 pe. 

The Algonquin Radio Observatory is operated by the 
National Research Council of Canada as a national radio 
astronomy facility. 
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Possible Dates of Birth of Pulsars from 
Ancient Chinese Records 


Tue pulsar NP 0532 has been identified with the central 

star of the Crab Nebulat, the famous remnant of the 

“Chinese” supernova of 1054. There is thus a prime 

facie case for a systematic search through ancient Chinese 
records for similar coincidences. The following argument 

can be put forward against this undertaking. The pulsar: 
NP 0532 has by far the shortest known period and, 
further, its period is increasing*. If all pulsars begin their 
existence with about the same period and if the period: 

always increases secularly, then the much longer periods 

of the other pulsars imply that they were formed long: 
before historical times. But this argument is, df course, 

based on only one single instance, If the radio sources 

OON 6A and CTB 41 associated respectively 

with Tycho’s supernova of 1572 and Kepler's’ 

of 1604 are indeed pulsars with periods even” 
shorter than that of NP 0532, then the 

argument would be compelling, but, as things 

are, it is better to adopt a more flexible stand | 
and assume that the period of a pulsar is 

not a function of its age only and that at 

least some of the other known pulsars could 

have been formed within the last two or 

three thousand years. 

Twenty-six pulsars are known at the time 
of writing, and their best available positions | 
are collected in Table 1. For the Chinese 
observations of novae we have the invaluable - 
list by Hsi Tse-Tsung*, and its amended 
version by Xi Ze-zong and Bo Shu-ren. 
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These two lists will be referred to as “Ha” 
and “XB” respectively. My reference set 
consists of all the ninety entried in XB, plus 
some sixteen entries in Hs which are not in 
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XB, plus a few more from the catalogue of Ho Peng Yoke? 
~~to be referred to as ““Ho’’-—which are not in XB or Hs. 
Because the description of position in the Chinese annals 
is usually rather imprecise and occasionally ambiguous, I 
adopted the following procedure. Taking each pulsar in 
turn, I wrote down what I thought to be the most likely 
description of its position that an ancient Chinese astrono- 
mer would give, and then searched the set of novae for any 
matching descriptions. A detailed examination of all 
the cases will not be given here; instead I shall outline 
one case to illustrate the method as well as some of the 
inherent uncertainties. I have chosen the pulsar MP 1727 
because it led incidentally to an unexpected find which, 
like the radio sources OON 6A and CTB 41 mentioned 
earlier, may provide a crucial test of the basic assumption 
underlying the search. 


Table 1. BEST AVAILABLE POSITIONS OF KNOWN PULSARS AT MARCH 5, 1969 





Source 
Pulsar a (1950-0) 4 (1950-0) aia 
OP 0328 O3h 29m O78 + 54° 23° 28 12 6 
NP 0527 05 24 52 + 21° 61 #) dil 
NP 0582 05 31 26 +22° O1 +8 1313 
MP 0738 07 86 51l — 40° 42° 1010 
CP 0808 08 08 50 +74" 42° +6 6 6 
AP 0823 08 23 52 + 26° 48° £o° 32. 7 
PSE 0883-45 08 33 38-9 ~45° 00° 05° 415" 9 9 
CP 0834 08 34 26-6 +06° 19° 13” +807 4 2 
ALP 0835 08 35 34 ~ 40° +2° 1010 
PSR 0904+77 09 04 +77" 40° 250° 14 14 
PP 0043 09 43 +08° 0° 41 11 
CF 0950 09 50 30-76 HOS? 00’ 48” 45” 4 4 
CP 1133 11 33 2600 -16° 07° 35” +15" 4 4 
MP 1426 l4 2 85 ~ 66° 22° 10 10 
MP 1451 14 61 88 — 68° +2° 10 10 
HP 1506 15 07 50 +55° 41’ +6" 6 6 
AP 1541+09 15 41 10 +09° 38° 35° 1515 
PSR 1642-08 16 42-5 ~~ 03° 00° +20 15 15 
MP 1727 17° 27) W0 -~ 50° +2° 1010 
PSR 1749—28 17 49 488 ~ 287 08" 57” 38" 83 3 
CP 1919 19 19 37-0 +21° 477 02" +10" Tory 
PSR 1929+10 19 29 52 +107 528° 49” +157 1010 
JP 1933 19 33 10 +16° 06° £7" 8 
AP 2015 20 15 58 +28" 31° oe 12-6 
PSR 2045-16 20 45 — 476 ~ 16° 27° BO” +127 3 3 
PSR 2218+47 22 183 447° 30° £30 14 14 

Sources: 1 Nature, 217, 907 (1968). 9 Nature, 220, 840 (1968). 

2 TAU Circular 2091 (1988). 10 Nature, 280, 753 (1968). 

3 Nature, 219, 689 (1968), 11 ZAU Cireular 2123 (1968). 
4 Nature, 219, 845 (1968). 12 Nature, 221, 249 (1969). 
5 Nature, 219, 1237 (1968). 13 Nature, 221, 453 (1969). 


6 Nature, 219, 1339 (1968). 14 Nature, BRL, 816 (1969), 
7 IAU Circular 2126 (1968), 15 LAU Circular 2135 (1969). 
8 IAU Circular 2107 (1988). 


Fig. 1 shows the region 16 h 30m<«a<16h, ~ 60° < 
ès — 20°. The Chinese asterisms are copied from Ho‘ (star 
Map 3) using, however, the National Romanization 
System of Chao® because it distinguishes different tones 
(henge different words) without the use of extraneous 
merks. The pulser MP 1727 falls close to the asterism 
Chuu which, as it happens, is not mentioned in any of 
the nova observations. We should not end our search 
here, however, for an ancient Chinese astronomer could 
very well describe i. position as simply being in the 
sixth hinar mansion Woei. This lunar mansion is named 
after the prominent asterism Woei—the tail of the 
Seorpion—and includes at least Guei to the south and 
Tian-Jiang to the North (see ref. 7, plate 6). The 
practice of specifying the position of a new star simply 
by the lunar mansion in which it was situated was common, 
and in fact the Chinese (as opposed to the Kor in) record 
of Kepler’s supernova, given as No. 85 in XB, merely 
states: thatit was ‘in the division of Woei”. Fig. 1 shows 
that if this sort cf deseription applies to Kepler’s super- 
nova, it can, with greater justification, apply to MP 
1727. As well as Kepler's supernova, there are no less 
than six entries in XB which mention explicitly Woei. 
I concentrated on three entries, which mention duration 
of the observed phenomenon, and which are therefore. 
more likely to be genuine nova/supernova events. These 
are XB 26, XB 66 and XB 75. relating to cvents in 
ap 393, 1203, and 1437 respectively. 
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The description of position in XB 75 is exceptionally 
precise; it reads *.... a guest star was seen between 
the séeond and the third star of Woei, nearer to the third 
star, about half a foot away, for 14 days”. There is no 
doubt that the stars in question are u and ¢ Seorpii (in 
the NASA translation, for “great” read “guest”; for 
“E” read “Y”, and omit the word “Hsiu” which is not in 
the original) so that its identification with MP 1727 is 
quite impossible. On the other hand, the description 
fits perfectly the radio source CTB 35, No. 490 in the 
catalogue of Howard and Maran’. This radio source is 
near the northern end of the association Sco I, close to a 
nebulosity which Braes and Hovenier’ think is a super- 
nova remnant. In fact they associated the nebulosity 
with the ap 1203 event (XB 66), not realizing the very 
precise fit of the ap 1437 event (XB 75). I think we can 
now safely identify the ap 1437 event (XB 75) with the 
radio source CTB 35 and the nebulosity of Braes and 
Hovenier, It will now be of the greatest interest to 


17 h 30 m wh 16h 30m 


OPHIUCHUS 





Fig. 1. n = 60° 

zog 20°, after Ho. The asterisms Tian-Jiang, Woei and Guer are 

all part of the Lunar Mansion Woei, The width of the error-rectangle of 

MP 1727 is exaggerated. Other objects marked are the radio sources 

CTB 35, CTB 38, the association Sco I, the pulsar PSR 1749, and Kepler's 
supernova (encircled K). 


Chinese asterisms in the region 16 h 80 m sasi h, 
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‘find whether CTB 35 is a ptilsar and, if it is, what the 
period is. Na Ee 

We have now to make a choiee between XB-26 and 
XB 66. XB 26 reads “. . . there is a guest staf inside 
Woei...” (NASA translation for this entry is incomplete), 
and XB 66 reads “. . . a guest star appears in the’south- 
east in the lunar mansion Woei . . .” The word Woei 
literally means “tail”, and therefore “inside Woei” can 
naturally be taken to mean “in the space enclosed by 
the stars e, p, Čs 7, 9, 6 x, 2, v Scorpii” (see Fig. 1). This 
then rules out XB 26 and leaves the ap 1203 event 
(XB 66) to be associated with the pulsar MP 1727. Asa 
matter of interest, there is a radio source which answers 
the description “inside Woet’'—this is CTB 38 (Howard 
and Maran No. 1132). Like CTB 35, it is also accompanied 
by an HII region. 


Table 2 ; 

Plausi- 

Pulsar Period Possible Object Reference bility 

(8) date of birth seenfor Hs Ho XB rating 
CP 0328+55 0-714 ap 358 Jun. 26 ~ 23 172 — 
MP 0786—40 0-375 aD 107 Sep. 13 eee 15 96 12 
AP 0823+26 0-530 AD 881 y m m AB 
CP 0834+06 1273 AD 1430 Sep. 3 26 days 79 500 74 
CP 0950+08 0-253 aD 70 Dee. 48 days Boo 
CP 0808+75 1292 AD 369 Mar. 5months 24 174 24 
PSR 0904+77 1579 abd 369 Mar. 5 months 24 174 24 
5 0-739 AD 1179 Aug. 10 5 days 66 413 64 


1187 AD 911 Jun, — 55 8324 l 


Op bed paa DO PO hed QG bt bet GO pet pad BED 






MP 1727~50 0835 AD 1203 Jul. 28 9 days 68 419 66 
PSR 1749—28 0562 ap 837 Jun. 26 oa ~~ 201 — 
PSR 1929+10 0-227 4 BC Feb. age — 64 9 

AP 2015+28 0-557 ap 1404 Nov, 14 acd 78 490 — 
PSR 2045—16 1981 AD 1661 Dec. 13 19 days Pa seen 87, z 
PSR 2218+47 0-538 ap 220 Jan. 25 oa om 429 —- 1 
NP 0532+21 0033 AbD 1054 May 20 22 months 60 375 57 (4) 


I hope this account gives some idea of the problems. 
The search was applied to twenty-two of the twenty-six 
pulsars in Table 1; excluded are NP 0532 (identification 
already known), MP 1426 and MP 1451 (too far south), 
and PP 0943 (data uncertain). A surprisingly large pro- 
portion of pulsars examined could be identified with some 
event or other. The results are given in Table 2. Each 
identification was assigned a “plausibility rating”, with 
higher numbers denoting greater plausibility, on the 
basis of the precision of the position in the ancient record 
and whether it is a single sighting or a persistent pheno- 
menon. Table 2 shows no clear correlation between the 
pulse period and the inferred date of birth, nor between 
the period and the duration of the visible event. 

Allowing for the “optimistic” nature of the search, I 
estimate that perhaps one-third of the identifications 
are real. Even such a conservative estimate raises serious 
problems for the astrophysicists, for it implies that a 
pulsar does not last longer than ~ 10t yr, at least not as a 
pulsating source with a period of the order of a second. 
Of course, this assertion will not be valid if the basie 
assumption at the end of the opening paragraph is un- 
tenable, and on this question the detection of any periodic 
pulses from the radio sources OON 6A, CTB 41, CTB 35 
and possibly CTB 38 may prove decisive. 

I thank Professor P. A. Wayman, director of Dunsink 
Observatory, for many discussions. 

T. Kiaxe 
Dunsink Observatory, 
Castleknock, 
Co. Dublin, Eire. 
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' Solar Diurnal Anisotropy of 


Cosmic Rays 


Tue solar diurnal anisotropy of cosmic rays is attributed 
to the bulk streaming of the cosmic ray gas caused by the 
corotating interplanetary magnetic field that is “rigidly 
attached to the Sun”), By analogy with the classical 
Compton—Getting effect®, a(R), the amplitude of the daily 
variation at magnetic rigidity R is related to the ratio of 
particle speed v and the bulk streaming velocity u 


a(R) =[2+7(R)] * () 


where y is the exponent of the differential spectrum. 
Because, at the orbit of the Earth, ww450 km s7, a 
neutron monitor with mean rigidity of response about 
10 GeV and atmospheric threshold 1 GeV should observe 
an amplitude extrapolated through the atmosphere te 
free space of about 0-7 per cent. 

The rigidity dependence of the amplitude of the solar 
daily variation as observed in the equatorial plane can. be 
expressed in the form 


R< Rg) 
r (2) 
= R> Ra) 
It has become generally accepted on the basis of the 
analysis of neutron monitor data alone that 6 = 0, andthe 
free space amplitude a= g, 0-4 per cent. The diserepancy 
between this value and the prediction of equation (1) has 
been the subject of theoretical discussion’, This article 
reports some new conclusions on the modulation. para: 
meters stemming from a comprehensive analysis of mense 
urements obtained over almost an entire solar cycle with 
a variety of detectors responding to primary cosmic rays 
from 1 to 200 GeV, spanning the range of rigidities that 
are expected to be affected by this solar modulation 
process. 
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Fig. 1. Relative amplitudes and phases of the observed diurnal varia- 
tions, V, Mean vector, six neutron monitors; (W-E), west-east vector, 
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Fig. 2. Free space amplitude a, and time of maximum 9, calculated 


from the measurements as a function of upper cut-off rigidity Re, for the 
usually assumed value of f = 0 (see equation (2)). 


The observations are summarized in Fig. 1, which shows 
the 12-month running mean values of the relative ampli- 
tude and phase of the diurnal vectors as observed with the 
indicated experimental arrangements during the period 
1958-66. It is noteworthy that the changes in the 
amplitude (expressed as per cent of the amplitude in 1958), 
originally reported by 8. P. D., M. A. P. and Forbush! 
on the basis of neutron monitor and ionization chamber 
measurements, are greater for detectors having higher 
Although the steady state 


These features are a consequence of both the higher 
energy of response and the special sensitivity of the west 
minus east vector (especially at Mawson} to small changes 
in the spectral parameters of the cosmic ray anisotropy. 
Taken together, these observations reveal that changes 
in the upper cut-off Eu and in the free space amplitude «, 
rather than large changes in the value of B, must have 
occurred during the period of the observations. 

The parameters of the intensity modulation in free 
space can. be deduced from the measurements of amplitude 
and time of maximum obtained with the different detec- 
tors by calculations involving the response functions and 
asymptotic cones of acceptance appropriate to each 
detector’. Fig. 2 shows the free space amplitude a, 
and time of maximum P, corresponding to the observed 
values, plotted as a function of the limiting rigidity Ru for 
the usually assumed value of p=0. The data are averaged 
over the entire nine-year period 1958-66. 

The most probable value of Ry consistent with reason- 
able weighting of the data from different detectors is 
about 90 GeV. This is appreciably lower than the value 
of 200 GeV or more that has generally been assumed in 
analyses of the diurnal variation of the nucleonie com- 
ponent. : 

Similar plots on a yearly basis show that, over the period 
covered, Ry ranged from about 120 to 55 GeV. Further, 
the free space amplitude «x, averaged approximately 
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0-4 percent, as is seen in Fig. 2, but ranged from 0-35 
to 0-45 (our unpublished results), 

Finally, replotting Fig. 2 for different values of the 
exponent shows that the observations are compatible with 
a value of B= — 0-2, and that Ru is not significantly changed 
in this case. Although the phase is not appreciably 
affected, however, and remains at 270° as required by the 
corotation model, the free space amplitude at 1 GeV is 
raised to roughly 0-65 per cent. 
_ Thus it is clear that special caution must be exercised 
in pursuing the consequences of streaming theory, particu- 
larly with regard to the customary assumption that the 
amplitude of the diurnal modulation is independent of 
particle rigidity. In fact, the possibility of a smal] 
negative exponent is not precluded by earlier analyses 
which involved a type of dispersion analysis that did not 
permit a rigorous assessment of the experimental and 
statistical uncertainties. 

This work was supported by the US National Science 
Foundation. 
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Improvement to the National Physical 
Laboratory Atomic Clock 


Tum second of time is now defined in terms of the hyper- 
fine line of caesium-133, and is that interval which makes 
the frequency of the spectral line 9192631770 Hz (ref. 1). 
The second model of the National Physical Laboratory 
(NPL) standard described briefly in 1959 (ref. 2) has 
operated since then at a value estimated to be within one 
part in 10" of the spectral line frequency, or approximately 
l us per day. It can be used with a precision ten times 
better than this, and the main limitation to the use of the 
full precision is the possibility of a frequency shift due to 
a small phase difference between the two ends of the 
cavity resonant structure. The symmetry of the resonance 
shows that an error due to this cause does not exceed one 
part in 10%. Another way of checking the phase error is 
to reverse the cavity physically, thus reversing the effect. 
This method was used with the first NPL standard? and 
also at the National Bureau of Standards (NBS}', the 
National Research Council of Canada‘ and the Laboratoire 
Suisse de Recherches Horlogéres®. Its drawbacks are that 
it involves the physical handling, movement and refixing 
of the cavity structure, and it occupies a time of possibly 
several days, during which the comparison standard must 
remain constant. The NBS overcame the handling prob- 
lem by reversing the positions of the oven and detector, 
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ready reference catalogue of molecular 
enzymology. 


a Prospectus on request 








NATURE, AUGUST 9 


Perhaps... 


we are not the largest manufacturer of rare Organiese 
(although we supply a list af 70-100 new compounds 
each month). 


Perhaps 


we are not the largest Custom Synthesis Group— 
(although we supply hundreds of exclusive new 
compounds each year to various research groups). 


Perhaps 


we are not the largest Contract Research Group 
(although we carry out exclusive research contracts 
for Government Agencies and Private Companies). 


Perhaps 


we are not the most economical suppliers in the world 
~- although we can supply such common organics as 


Perhaps 


§-bromosalicylaldehyde at 24/- per 100g 
beta-4-hydroxypheny! propionic 


acid at 30/- per 100g 


Tri-n-buty! phosphine at 40/~ per 100g 


If you think that we could be of service in the field 
of chemistry, why not drop us a note and outline 
your needs? 


MAYBRIDGE CHEMICAL CO., LTD., 
Launceston, N. Cornwall, U.K. 

Div. of Maybridge International Enterprises Lid., 
Skibbereen, Co. Cork, Irish Republic. 


EAL OL BEET ISL EIT PENS LTE LOO ELE EE ETAT 


PERIODICALS RELEVANT TO 
MICROBIOLOGY AND IMMU- 
NOLOGY: A WORLD LIST 1968 
Gösta Tunevall, MD. 
Professor of the Karlinsk 
Institute, Stockhoim; Physician in Chief, 
Central Bacteriological Laboratory of 
Stackholm City, Secretary IAMS Decumen- 
tation Committee. 
july 1969 


Published by 
John Wiley 
& Sons Ltd 

Baffins Lane 
Chichester 

Sussex , 


edited by 
Associate 


108 pages Be 





GLASSWORKERS' 
STAIN- VIEWING 
POLARISCOPE 


Full wave retardation analyser 
for 5800 A gives most sensitive 
colour indication of strain. 
Field and sight aperture 15” 
dia. Dimensions 64” x 54° x5". 
Price: £15 10s, 6d. 

As above but without colour 
analyser showing strains against 
black field, Price: £11 11s. 0d. 


Immediate delivery 


H. S. B. MEAKIN, LTD., 25, Victoria Street, S.W.1 


SUPPLIERS OF POLAROID PLASTICS, WAVE PLATES ond GLASS Tels (4-222 6713 





Advertisement Managers for 


Nature 


T. G. SCOTT AND SON LIMITED 
1 Clement's Inn, London WC2 
Holborn 4743 





















OL. 223, AUGUST 9, 1969 


gh they then obtained more consistent results 
e left with a residual uncertainty of +3 parts 
; The residual uncertainty at the Laboratoire 
de Recherches Horlogéres was +5 parts in 1074, 
ugh at the National Research Council, Ottawa, a 
uency difference of 5 parts in 10? due to this effect 
as reproduced in two measurements to 4 parts in 1044, a 
Poydrogen maser being used as the comparison standard. 
The NPL standard has now been provided with an 
oven and detector mounted together on a movable carriage 
at each end of the beam chamber. By moving the carriages 
a distance of 5 cm across the beam direction the positions 
of the ovens and detectors are interchanged and the 
direction of the beam through the cavity resonator is 
reversed. The carriages are sealed in the vacuum chamber 
by means of bellows so that the vacuum is not disturbed 
and the beam reversal is effected in a few minutes. 
Measurements extending over several weeks have shown 
that the system operates successfully and that there is 
no deterioration in the signal as a result of the proximity 
of oven and detector. The results confirmed the presence 
of an asymmetry which had been suspected and was 
attributed to a mechanical force exerted on the cavity 
resonator when the cold trap was kept full of liquid 
nitrogen. Because of this effect the clock has been used 
without filling the cold trap, although the signal was then 
reduced, and a longer averaging time was required. 

For the present experiments the cold trap was used. 
Simultaneous frequency comparisons were made between 
the NPL standard, a commercial caesium standard (Hew- 
lett-Packard No. 134) and a rubidium gas cell standard. 
An averaging time of 2 h for each beam direction was 
chosen as a compromise between the needs to average ran- 
dom fluctuations and to reduce the effect of any systematic 
changes such as might be caused by a change of asym- 
metry. It was found that on some days the effect due to 
asymmetry varied between 0 and 10 parts in 10% but that 
the average frequeney for the two beam directions re- 
mained within +1 part in 10%, The mean value of the 
Hewlett-Packard standard in terras of the NPL standard 
throughout the period of test was —7+4 parts in 10", 
The variation is probably due to a combination of errors 
of measurement in the relatively short averaging time used, 
and variations in the two standards. The value agrees 
with that obtained from the previous operation of the 
NPL standard without liquid nitrogen and differs by only 
one part in 10" from the value of — 6x 10-2 obtained by 
reference to the standard at the NBS in the United States 
through the medium of travelling clocks. It thus appears 
that the NPL and NBS standards differ by only one part 
in 10%, 

We conclude from these experiments that the method 
of reversing the direction of the beam eliminates the 
effect of the phase asymmetry to a degree that is limited 
only by the stability of the standards. 

The movable carriages were designed by Mr P. E, 
Routledge and constructed in the West Workshop, NPL. 





L. Ess 
D. S. SUTCLIFFE 





Quantum Metrology Division, 
National Physical Laboratory, 
Teddington, 

Middlesex. 
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* Bureau International des Poids et Mesures, CR, 11e Conférence Générale 
des Poids et Mesures, Paris 1967-68, 103 (1960). 

? Essen, La, and Parry, J, V. L., Nature, 184, 1791 (1989), 

* Essen, La and Parry, J, V. La Phil. Trans, Roy. Soe., A, 250, 45 (1057). 

* Bechler, R, E, and Glaze, D, J., IEEE Trans. Instrum, and Meas., IM 18, 
48 (1966), 

t Mongali, A. Go Balley, Ro, Daams, H., and Morris, D., Afetrologia, 4, 165 
11968), 


*Kartaschoff, F., publication of the Laboratoire Suisse de 
Horlogéres, Neuchatel, 1963. 


Lecherches 


603 


Daily Variation of the Geomagnetic 
Field and the Deformation of the 
Magnetosphere 

Ir is well known that at low latitudes the horizontal 


component of the geomagnetic field has a maximam 
H max around local noon and a minimum value A 
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Fig. 1, a, Scatter plot of Wining against SH for year 1061. r= 

0-018; b, scatter plot of Hay against JH for year 1961. 
0047. x aml © respectively indicate days on which sudden 
mencement and gradual commencement storms occurred, 









Á 


604 





Fa 





tis 














Fe 





AH 3} 


Hain tv) 








Ro 





x 








1 5 9 13 17 3I 25. 
Days 
Fig. 2. 27-day recurrences during IMP-1 period of (a) solar wind 
velocity (Va km a°); {b) solar wind number density (is protons em”) 
(e) solar wind flux (Ps in units of 1-16 x 10° cm 8), (d) kinetic energy 
density (k.e. in units of 8:3 x 10°" ergs em); (2) AH at Alibag in gammasi 
CP) Hinin at Alibag in gammas and (g) daily totai of Ky (Ap). 





between 1800 and 0600 h local time. The range of the 
daily variation AH is strikingly enhanced im the region 
+3° geomagnetic latitude due to the electrojet current 
in the E-region. We have been interested in verifying 
whether at a low latitude station outside the mfluence 
of the electrojet, AH represents an increase on the day 
side over a base level at Hum or alternatively it is a de- 
crease on the night side from a b level at Hmax. In the 
former case, we should have a positive correlation between 
AH and Hymax, with poor correlation between AH and 
H min. On the other hand, in the latter case, we should 
get a negative correlation between AH and Hain and a 
poor correlation between AH and H max. 

We have studied data on individual days from the 
geomagnetic observatory at Alibag (geomagnetic latitude 
9° 30’ N and geomagnetic longitude 143” 36’ E) and find 
a good negative correlation of AH (correlation coefficient 
— 0803+ 0-018) with Hmn as can be seen from the scatter 
diagram for the year 1961 shown in Fig. la. All days in 
the year have been considered and the values correspond- 
ing to those on which there were large sudden commence- 
ment or gradual commencement geomagnetic storms 
are indicated separately. The corresponding scatter 
diagram for AH and H max is shown in Fig. 1b where the 
correlation between the two is only +0315 +0047. The 
characteristics described here are seen not only in 1961 
but in all years of the solar cycle 1954 to 1964. 

We conclude from Figs. la and b that the daily varia- 
tion of H at a low latitude station outside the effect of the 
electrojet is due to a decrease of the ambient field on the 
night side rather than an inerease during the daytime. 
Even at the geomagnetic equator at a distance of 6-6 

Ja,,radii where the effeet of the electrojet in the 
"| is negligible, satellite data from ATS 1 have 


irated!2 that the daily variation on an average day 
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corresponds to a decrease of about 30 to 40 gant 
the antisolar direction compared with the 
direction. We also note that the degree of geoi 
disturbance on individual days does ng, alter app: 1 
the relationship between AH and H,,,,. 

Because H-region currents would be largely absen! 
the night side, we suggest that the effect we observe 
connected with the convective drift currents in the mag 
netosphere within the pseudo-trapping region, and the 
asymmetric part of the ring currents in the stable trapping 
region, The decrease of the field at the surface of the Earth 
along the antisolar direction with respect to the sub-solar 
direction due to the compression of the magnetosphere 
according to the Mead-Williams model* would amount 
to only a few gammas and this effect is about an order of 
magnitude smaller than what is observed. Drift currents 
in the stable trapping region would influence Hinax as 
well as the daily mean value of H. 

The relationships of AH and Hmn with solar wind para- 
meters measured by the MIT plasma probet superposed 
for three solar rotations are shown in Fig. 2. The kinetic 
energy density of the solar plasma is best related to AH. 
Indeed, for the individual 27-day values, the correlation 
coefficient between (AH)? and kinetie energy density 
is 0-770+0-077 and the regression equation is 

ke. density = (20+ 11) x 10-18 + (3-65 + 0-45) x 10-7 x 

(AH) ergs cem 

Alfven® examined the problem of a plasma drifting in 
crossed E and B fields near a magnetic dipole. The models 
of Axford and Hines? and Dungey’ provide mechanisms 
to promote the drift currents. Freeman® has summarized 
experimental evidence supporting drift currents. We 
propose that our observations relating the kinetic energy 
density of the solar wind with (AH)* through a simple 
relationship connect the convective drifts to the currents 
in the pseudo and stable trapping regions. Based on the 
ll yr variation of AH during internationally quiet days 
we have computed the annual mean kinetic energy 
density of solar plasma from 1954 to 1964, as shown in 
Table 1. The relationship established by us needs further 
Table 1. MEAN KINETIC ENERGY DENSITY OF THE SOLAR PLASMA, BASED 

ON THE 11yr VARIATION OF 4H DURING INTERNATIONALLY QUIET DAYS: 

k.e, density in units 




















Year of 1071 ergs omr” 
1954 Bi+13 
1055 97tl 
1956 174+ 20 
1957 253 + 28 
1068 253 + 28 
1050 215424 
1960 179421 
1961 128 +16 
1962 101414 
1963 8413 
1964 7813 


confirmation using interplanetary solar wind data over 
an extended period, 

We believe that experimental evidence presented here 
indicates that the effects of ring currents can be measured 
on the surface of the Earth at low latitude stations on 
almost all days and that these dominate over the iono- 
spheric dynamo currents which have been proposed before. 
Moreover, through variations of the geomagnetic field, 
the Earth can be used as a plasma probe in the solar wind. 

We thank the director of the Colaba and Alibag Observa- 
tories of India Meteorological Department and H. 8. 
Bridge and the plasma group at MIT, Cambridge, for 
the basic data. We also thank the Department of Atomic 
Energy for support. 

V. SARABHAI 

K. N. Narr T 
Physical Research Laboratory, 
Ahmedabad 9, India. 
Received February 25; revised April 18, 1969, 
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lonospheric Observation of VLF 
Electrostatic Noise related to 
Harmonics of the Proton Gyrofrequency 


Banps of very-low-frequency (VLE) electrostatice noise 
related to harmonics of the proton gyrofrequency have 
been observed in the ionosphere with the Javelin 8-46 
sounding rocket. The rocket payload, which was launched 
from Fort Churchill, Canada, at 0518 : 48 UT on May 25, 
1968 (2318:48 local time, 701° invariant latitude), 
carried a VLE electric and magnetic field experiment 
consisting of eight antennas and six receivers and an 
electrostatic analyser for the measurement of electron 
and proton fluxes in the energy range from 5 eV to 50,000 
eV. Two -axis electric dipole antennas were used, each 
consisting of two conducting spheres and having centre-to- 
centre separations of 3-16 m and 42 em. The two w-axis 
antennas were commutated, the short antenna being 
switched in place of the long antenna for 8 s in every 32 s; 
m these circumstances the characteristic wavelengths of 
the electric fields could be inferred. The payload reached 
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a peak altitude of 801 kim at 512 s after launch, and 
impacted 511 kr from the launch site after a fight lasting 
962 s. 

Fig. 1 shows the wide-band data from the 
receiver in the form of a frequency-time spectrogram 
from 262 to 290 s after launch, with the observed noise 
bands oceurring from 271-5 to 2742 s and again from 
279-8 to 281-6 s after launch. The upper and lower cut-off 
frequencies (defined as the frequencies at which the noise 
intensity is reduced by about 10 dB from the adjacent 
noise band) of each attenuation band have been measured 
from the spectrograms and are given in Tables 1 and 2, 
The error limits reflect the estimated uncertainty in 
determining the eut-off frequencies from the spectrograms. 
Also given in Tables 1 and 2 are the corresponding proton 
gyrofrequency harmonies, computed from an ex sion 
for the geomagnetic field at the payload. Comparing the 
observed cut-off frequencies with the harmonies of the 
proton gvrofrequency, as given in Tables 1 and 2, 
see that the proton gyrofrequeney harmonies are gene 
within the attenuation bands of the observed eris 
as shown in Fig. 2, 

The noise intensities from the long and short electris 
antennas are very nearly equal (about 1-0 mV potential 
difference between the antenna elements), strongly sug- 
gesting that the wavelength of the observed noise is short 
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Taide 1. FREQUENCIES OF ATTENUATION BANDS OBBERVED AT 7,4 
AND FREQUENCIES OF CORRESPONDING PROTON GYROFREGUENCY HARM 








(for = 8043 HEE] PER CENT} 
Band-edge frequency (Hz) Harmonic of p 
Boone U ipper gyrofreque 
3,448 + 2 
4173+ 33 
4,883 + 30 





5,356 + 40 
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The relation between the emission and attenuation bands and the harmonies of the proton gyrolrequency. 
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compared with the antenna length (3-16 m). This wave- 
length is consistent with the characteristic length expected 
for gvrofrequeney harmonic interactions, on the order of 
the mean gyroradius, or about 2 m for thermal protons 
in the ionosphere. No comparable noise was observed 
with magnetic loop antennas flown on the same payload, 
indicating that the noise is electrostatic to within the 
sensitivity of the magnetic receiver (about 3x 10-4 
gammas in the frequency range from 650 Hz to 10 kHz). 


Table 2. FREQUENCIES OF ATTENUATION BANDS OBSERVED AT 7',-+280 8 
AND FREQUENCIES OF CORRESPONDING PROTON GYROPREQUENOY HARMONICS 
(fop = 890-2 Ha t1 PER CENT) 


Band-edge frequency (H2) Harmonie of proton 





Lower Upper gyrofrequency (Ha) 
S27 +42 Jy 690 +7 
1,560 £13 2fap 1,380 + 14 
į 2,000 +35 p= 2 071 Ox 21 
2,047 + 87 2,800 + 87 Afp = 2, 760 + 2! 


* Could not be determinsd from data. 


Effects at gyrofrequency harmonics are well known for 
a hot plasma in a static magnetic field’. Radiation at 
harmonies of the electron and ion gyrofrequency from 
laboratory plasmas has been reported and studied by 
several investigators*-*, The effects observed at harmonics 
of the proton gyrofrequency during this flight are believed 
to be the first confirmed observation of ion gyrofrequency 
harmonic effecta in the ionosphere. A theoretical dis- 
cussion of these data is in preparation and will be pub- 
lished with a detailed summary of the Javelin 8-46 
flight. 

We thank Mr R. D. Anderson and Mr J. R. Cessna for 
technical assistance in the design and construction of 
the payload, and Mr N. Peterson and Mr V. Laurie at 
the Sounding Rockets Branch of Goddard Space Flight 
Center for assistance and advice. This research was 
supported by the US National Aeronautics and Space 
Administration, and by the US Office of Naval Research. 
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Distribution of Strontium in 
Dedolomites from the French Jura 


STRONTIUM is a major trace element in limestones and 
dolomites, in which it appears to be housed in the lattices 
of the carbonate minerals. With relatively few except 
strontium ranges from 10,000 to 1,000 p.p.m. in Recent 
marine carbonate sediments, from 1,000 to 100 p.p.m. 
in limestones and from 200 to 60 ppm. in dolomites. 
Evidently the strontium content of sedimentary carbonate 
rocks generally decreases with diagenetic evolution. The 
diagenetic series does not end with dolomites, however. 
but contmues into the dedolomites-—-recks in which 
dolomite has been replaced by ealeite-—but there is so far 
no information about the distribution of strontium in 
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dedolomites occur in association’, These loca 
sisted of exposures along the mountainside road 
the villages of Rossillon and Armix (Ain), a 
excavated road cutting near Virieu le Grand i 
sections along the gorge of the River Rhône neat 
Balme (Savoie), 
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Vig. 1 


Thin sections were cut from each specimen and treated 
with acidified alizarm red S to help with the identitica- 
tion of caleite and dolomite. The remainder of each 
specimen was powdered and analysed (Pig. 1). Strontium 
was assayed by X-ray fluorescence spectrometry. using 
the SrKa line. The equipment gave a lower limit of detec- 
tion of 5 ppan., Ratios of cale ite to dolomite were de- 
termined from X-ray diffraction data, using a calibration, 
curve obtained by mixing pure samples of calcite and 
dolomite in various proportions and recording the 1014 
peak for both minerals. Acid insoluble residues were 
nowhere greater than 2-9 weight per cent. and their 
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ion to the total content of strontium was.shown 
gligible. 

htium in the pure calcite rocks ranges from 5 to 
“p.m, with two samples having values of 500 and 
pm. Strontium in the pure dolomite has thus a more 
Rtvicted range from 110 to 200 p.p.m. By itself, the 
istribution in Fig. 1 is not particularly enlightening but, 
if these geochemical data are related to diagenetic history, 
significant relationships become apparent, for in some of 
the rocks part or all of the calcite is material which has 
replaced dolomite. 






in {ppn} 


Strox 


Percentage of dolomite 


Fig. 2 


Petrographie study of the thin sections makes it pos- 
sible to identify the rock types. The normal limestones 
include skeletal and pellet limestones, oolites and calcite 
siltstones, and their strontium contents range from 70 to 
630 p.p.m., with the majority lying between 160 and 380 
ppm. The dolomites also have strontium contents which 
lie within the normal range. Strontium in the partially 
dolomitized samples ranges between that in the normal 
limestones and dolomites, which suggests a decrease in 
strontium with increase in the proportion of dolomite. 

There seems to be two types of dedolomitized rocks—— 
those in which the dolomite is replaced by a mosaic of 
more coarsely crystalline calcite and those in which each 
dolomite rhomb is replaced by a mosaic of more finely 
grained calcite. Rocks of the first type were formerly 
fine grained pure dolomite. The porosity of the un- 
altered dolomites may characteristically be as much as 
15 per cent, and in several specimens each of these pore 
spaces has been in-filled by a single crystal of calcite. 
Dedolomitization appears to have involved the enlarge- 
ment of the calcite crystals at the expense of the dolomite 
rhombs. The series includes rocks in which corroded 
relies of dolomite rhombs float within coarsely crystalline 
calcite. In the partially dedolomitized rocks, the strontium 
content decreases with the extent of the replacement of 
dolomite until, in the coarsely crystalline limestones, 
strontium has fallen to less than 5 p.p.m. (Fig. 2). The 
almost linear decrease in tenor of strontium suggests that 
the late diagenetic calcite is virtually devoid of strontium. 

In the second type of dedolomite, each dolomite rhomb 
is replaced by a mosaic of more finely grained calcite 
erystals, Replacement is commonly initiated at the cores 


BO? 


of the dolomite rhombohedra and proceeds outwards. 
Most of these specimens are rocks which had formerly 
been only partially dolomitized. Those which have 2 
completely dedolomitized are now pure calcite rocks, 
consisting partly of calcite from the original limestone and 
partly of calcite after dolomite. The partially dedolomit:- 
ized rocks have three components——calcite of the original 
limestone, unreplaced dolomite and caleite after dolomite. 
Strontium in the partially dedolomitized and fully de- 
dolomitized varieties ranges from 95 to 180 p.p.m., and 
spreads over the lower part of the field of normal limestone 
(Fig. 3). The range of values agrees with the suggestion 
that the dolomite has been replaced by a caleite of very 
low strontium content. l 
The following conclusions seem valid: (1) dolomite 
was replaced by a calcite which carried less than 5 ppan. 
strontium; (2) the tenor of strontium in the dedolomites 
ranges from that of normal limestones almost to the lower 
limits of detection and depends on the relative proportions 
of original limestone, dolomite and caleite after dolomite. 
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Fig. 3 


Many lines of evidence’ suggest that dedolomitiaation: 
is a near-surface process probably promoted by ground 
water, The oceurrence of dedolomites immediately 
beneath an unconformity® also suggests that they are 
fossil occurrences generated at the earlier subaerial surface. 
In one of the exposures in the French Jura, that along the 
mountainside road between the villages of Bossillon ancl 
Armix, dedolomites are directly associated with solution 
fissures where beds of finely grained dolomite pass } f 
into coarsely erystalline calcite againsb the walls of the 
fissures. De Groot? considered leaching to be an essential 
prerequisite for dedolomitization, serving to remove mag- 
nesium ions from the system, and the virtually complete 
loss of strontium in the course of dedolomiutization is more 
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readily accounted for by leaching than by reaction within 
a closed system. 
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Palaeomagnetism of the Hypersthene- 
Gabbro Intrusion, Ardnamurchan, 
Scotland 


Tue hypersthene-gabbro of Centre II, Ardnamurchan, is 
an arcuate intrusion of Eocene age with an annular width 
of about 0-5 mile and a diameter of outer circumference of 
5 miles’. It has funnel shaped layering the dip of which 
steepens systematically towards the centre from as low 
as 8° at the south margin to more than 60° near the 
younger ring Intrusions forming the inner margins’. 
The classie model used to explain the genesis of layered 
gabbroic intrusions is that of Skaergaard*4 where the 
layering is caused chiefly by the settling of erystals 
through a convecting magma. Layers formed in this 
way have a strong tendency to be saucer shaped with 
dips low at the periphery and flattening towards the 
centre. Hypotheses to account for funnel shaped layering 
can be separated into two principal groups: (1) dips 
are a primary feature formed during magmatic crystalliza- 
tion and consolidation®*; (2) dips are a secondary feature 
produced by post-consolidation tilting (ref. 6 and unpub- 
lished work of R. R. Skelhorn and R. W. D. Elwell). 

Studies on the Sudbury’ and Bushveld’ intrusions have 
shown that palaeomagnetic data can very usefully supple- 
ment geological evidence in deciding the structural 
evolution of the intrusions and their layering. In the 
present case, if the attitudes of the layering result from 
post-cooling tilting, then thermal remanent magnetic 
directions should vary systematically in planes normal to 
the axes of rotation of such tilt. 

To see whether this is the case, specimens were collected 
from four radial traverses (Fig. 1), each comprising between 
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10,000 four and seven sites and with 
cores from each site. Natural 
magnetism (NRM) was me 
an astatie magnetometer. Cc 
fidence (zo) of NRM for individua 
ranged from 2° to 64° and values of un 
10° for thirteen of the twenty-one sita 
Alternating field demagnetization wad 
done progressively by 50 oersted incre- 
ments to 300 oersted. The stable direc- 
tions thus obtained were then taken to 
be those of thermal remanent magnetism 
(TRM). Intrasite x of TRM ranged 
from 1° to 21°, with only two sites giving 
values exceeding 10°, 

Although the NRM results are quite 
widely seattered, demagnetization causes 
the directions to converge until they 
become clustered around the reverse 
Eocene magnetic direction for the region, 
as determined by Khan’. The TRM 
results are fairly tightly clustered and no significant 
differences that might be related to steepness of layering 
can be discerned in the nature of the scatter for the four 
traverses. Relative uniformity of the TRM directions 
from different sectors of the intrusion demonstrates that. 
there has not been any significant amount. of tilting of 
layering below the Curie temperature, determined as 
about 570° ©. 

This constitutes a major step in determining the origin 
of funnel shaped layering and its significance in relation 
to the emplacement and petrogenesis of the gabbros 
which show this feature. Palacomagnetic evidence cannot 
eliminate the possibility of hot tilting and therefore does 
not discriminate completely between the two groups of 
hypotheses. But it obviously favours the first group and 
sets critical limits to the degree of speculation possible 
from the geological evidence. 

Further work is in progress to evaluate the significance 
of NRM variation and, to relate the magnetic properties 
to details of the petrology and phase mineralogy. The 
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Fig. 1. Qutline map of hypersthene-gabbro showing layering and 
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s are also being applied to other layered gabbros 

ottish Tertiary province. 
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New Topotaxy in Precipitation 
from Spinel 


Ix all previous studies of the topotaxy of solid state pre- 
cipitation from spinel erystalline solutions’, «-Al,Os or 
a-Fe,O, has been the exsolved phase. In each case, the 
(0001) plane of the precipitate was aligned parallel to the 
(111) plane of the spinel crystalline solution matrix. This 
orientation results in parallel alignment of the closest- 
packed oxygen planes of the two structures. G. K. and 
R. R’, and G. K.’, were the first to show that a structure 
other than the corundum structure can be precipitated 
from spinel crystalline solutions. The phase relations and 
stability fields of the pseudo-binary system MgAl,O,- 
Ga,O, were investigated as a preliminary step towards the 
study of the topotaxy and mechanism of exselution in 
spinel-gallia crystalline solutions. It was shown that the 
phase precipitated was the monoclinic® 6-Ga.O, structure. 

Successful crystal growth of a spinel-gallia crystalline 
solution has been achieved using the Bridgman method. 
The starting materials (reagent grade nitrates of mag- 
nesium, aluminium and gallium), in aqueous solution in 
the desired proportions, were coprecipitated as a gel by 
the addition of ammonium hydroxide as described by 
R. R.’ The gel was dried and calcined at 800° © for 24 h. 
Only the spinel spacings, with the expected broadened 
lines due to the small crystallite size, were observed in 
the X-ray diffraction pattern at this stage. The calcined 
mixture was then sealed in a Pt 60 per cent-Rh 40 per 
cent tube and heated to 1,850° © in a molybdenum-in- 
hydrogen furnace for 30 min, cooled slowly to 1,600° C 
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Fig. 1. Rotation photograph of spinel crystal as grown from crystalline 


solution, [110] axis, Ni-filtered CuK radiation. 
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Rotation photograph of spinel solution crystal after exrolution, 
[110]sp axis, Ni-filtered CuK radiation. 








Fig. 2. 


and quenched in water to prevent any exsolution. This 
technique considerably reduced any loss of gallia at the 
high temperatures. 

Fig. 1 is a rotation photograph of a crystal of MgAl,Q,- 
Ga,O, containing 65 mole per cent gallium oxide, ; 
Ni-filtered CuK radiation. The spinel [110] zone « 
the rotation axis. The specimen is a strain-free single 
crystal. The lattice constant, calculated from the (1H) 
periodicity, was 8-14 A. This value agrees very well with 
that determined previously’ for a erystalline solution. 
containing 65 mole per cent gallium oxide. 

Fig. 2 is a rotation photograph of the same crystal after 
heat treatment for 2 weeks at 1,200° ©. The erystal was 
air-cooled rather than water quenched to minimize any 
fracture from more rapid cooling. It is believed that the 
cooling time was short enough not to alter the state of 
the erystal below the temperature of heat treatment. 
No change was observed in the external morphology of 
the crystal. Tt can be seen in Fig. 2 that a new phase has 
been formed, which is orientated topotaxially relative to 
spinel. This is evidenced by the presence of (1) reflexions 
in the equatorial layer line not due to spinel but lying im 
the same plane of the reciprocal lattice; and (2) a layer 
line parallel to, but having a slightly larger periodiei 
than one-half of the spinel duo period of 5-76 A 
approximately 2-88 A. This layer periodicity correspon 
to the b-axis of 6-Ga,0, of 3-04 A (ref. 8) and is s 
coincident with the second layer line of spinel. Tha : 
(110) direction of spinel has become the b-axis of 8-gallia. 

Evaluation of the equatorial layer line and upper layer 
lines from Weissenberg photographs g the following 
dimensional relationships between the exsolved §-Ga,0, 
crystalline solution and the matrix spinel crystalline 
solution 

















daro) (5°76 A) = 2bgai (5-92 A) 
Basp (24:42 A) ~ Zega sinp (23-44 A) 
dato (6°76 A) ~ agai (5-66 A) 


Using the dimensional relationship with the relative 
orientation of precipitate and matrix, it can be shown that 


‘ a : s 
six rectangular spinel units of a x WE superimpose on four 
y 
8-Ga,O, as shown in Fig. 3. In the third diveetion, 


perpendicular to the projection plane, 
daroa © bgm 


The volume for the six spinel units is 


Fesp = 6X & X ee Ky aa Bago 
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Equivalent transformation volumes of spinel crystalline solution 
and &-gallia crystalline solution. 


For the transformation volume calculation of the $-galha 
phase, the third direction includes twice the b-axis dimen- 
sion resulting in eight $-gallia unit cells as follows 
Vea = 4x a x 2b x esing 
The common volume of the transformation is 
1618 As 
1570 As 
— 3-0 per cent 





3 spinel crystalline solution cells = 
8 $-gallia crystalline solution cells = 


AV = 


It now remains to be seen whether the oxygen count for 
the equivalent transformation volume remains unchanged. 
Brindley has treated the constancy of oxygen in equiva- 
lent transformation volumes of topotactic reactions at 
some length. 








spinel crystalline solution: 3 x 8 x O, = 96 
4-gallia erystalline solution: 8 x 4 x O, = 96 


This indicates that only slight, if any, rearrangements 
of the oxygen framework have oceurred. This supports 
the topotactic nature of the precipitation whereby the 
oxygen network remains essentially unchanged while the 
smaller cations migrate during the reaction to form a new 
unit cell or periodicity. 

Using the topotactic data, a superimposed geometric 
projection of the unit cells of the precipitate and matrix 
was constructed by the method of Kachi, Momiyama and 
Shimizu't, The (013) plane in §-Ga,O, was found to be 
parallel to the spinel close-packed oxygen layers or the 
(111) plane. From a model of 6-Ga,O, constructed using 
the atomic coordinates found by Geller? with the cell 
dimensions determined in this study, the close-packed 
oxygen layers were indeed found to lie parallel to the 
(013) plane. Furthermore, the stacking sequence along 
the [013] direction is a cubie close-packed one. There was 
excellent agreement between the separation of the close- 
packed oxygen planes in the exsolved 3-Ga,0, crystalline 
solution and the host spmel crystalline solution along their 
respective close-packed directions. Hence it is possible 
to describe the topotactic relationship between precipitate 
and matrix as 





{ll l)sp || (018)ga1 
(1LGIsy || [100] cat 
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The intermediate motastable monoclinic phase 
by previous investigators? during the precipitati) 
spinel of «-Al,O, (where the cations occupy octe 
sites of a nearly hexagonal close-packing of oxygd 
not required in the precipitation of the B-Ga,O, struct! 
Tn this instance both precipitate and matrix have approm 
mately eubie close-packed oxygen arrangements. 

We thank Dr $. Kachi for his help. The work was 
supported by a grant from the US Air Force Scientific 
Research, Solid State Seience Division. 
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Fluidic Jet Impingement—Analytical 
Solution and Novel Physical 
Characteristic 


Tue chief obstacle to the solution of liquid jet problems 
is the fact that free surface locations are not known a 
priori. So total force at an impingement surface can be 
related to gross flow quantities, but pressure and velocity 
variations in the impingement zone are not deducil ple 
theoretically. Inspection of the integral equations expres 
ing the standard conservation conditions of fluid mechanics 
has furnished, by an inductive argument, an acceptable 
asymptotic formula for splash thickness resulting from 
oblique impingement of a circular jet on a flat surface. 
A novel physical feature is the occurrence of a dry zone 
when the impingement angle is less than 1/3. 
Elementary textbooks commonly discuss the flat (that 
is, two-dimensional) liquid jet to show how mass and 
momentum conservation conditions suffice to determine 
the force and the limiting thicknesses of forward and rear- 
ward-jet splash zones. The three-dimensional counterpart 
flows are left untouched, even in the most advanced 
treatises. Lamb, for example, indicates that tł 
difficulties “have only been overcome in a few ideal cases 
of motion in two dimensions’, while Russian applied 
fluid dynamicist Ginzburg states that three-dimensional 
jet effec “ean be evaluated only by experimental 




















means”? The same view is expressed by Gurevich in a 
recent work’. The present contribution, analytically 


simple, is seen as a first step in the analysis of three- 
dimensional oblique impingement of liquid jets. 

A circular liquid jet of area A strikes a flat surface. 
Gravity, friction and surface tension being ignored, 
Bernoulli’s theorem is applicable and shows that the flow 
speed q is constant wherever streamline curvature is 
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e. In the case of normal impingement a= 7/2. 
be normal to the plane is 

F= pA (1) 
e thickness of the deflected jet flow along the plane, at 
istance r from central impingement point O, is given 
by symmetry as 


alr) = = (2) 
Quer 
Equation (1) expresses momentum conservation, while 
(2) is a statement of continuity im an incompressible 
fluid, o being constant. 

When the jet axis is not normal to the plane, «< 7/2 
and axial symmetry is replaced by plane symmetry. 
Cartesian coordinates œ and y in the flat boundary surface 
are introduced with origin at O, æ counted positive in the 
direction of forward-moving flow in the symmetry plane, 
y perpendicular to x. An azimuth angle 8 in the zy 
plane is defined by the equations 

w = r cosh y = r sinb 
and the thickness of the deflected jet at any place can be 
written a(r,B;a); in this notation the expression (2) 
becomes a(7,8 37/2), 

Momentum flux consideration normal to the x,y plane 
shows that the force exerted between jet and wall is 


F = og Asna (3) 
independent of the form of the deflected jet given by 
a(r,8:%). For the determination of this quantity, the 
continuity condition analogous to (2) gives 
22 
far.Sia)rd3= A (4) 
0 

and momentum arguments provide two additional rela- 


tionships. 

There is no force in the x-direction, and the net outward 
flux of g-momentum through a suitably chosen control 
volurne is zero, so that 


in 
J eqga(r.8;4) 7 d8 geos8 = Apg? cosx (5) 
9 
The momentum balance in the y-direction likewise gives 
Za 
f o galr, B;x)r dB g sing = 0 (6) 


expressing the symmetry already mentioned. The four 
equations (3), (4), (5) and (6) represent all of the conditions 
imposed by the conservation laws, and any meaningful 
solution a(7.8;%) must satisfy these equations. The a 
four equations are not sufficient to determine alr Bz) 
uniquely, however. A solution seen by inspection which 
reduces to (2) in the limit «== 7/2 is 


A 
ar Bia) = one (1+ 2 cos8 cosa) (7) 


at 


The function given by (7) can be regarded as the leading 
terms of a Fourier cosine series, neglect of higher har- 
monies being justified by consideration of surface tension 
effects, for example. 

p values in the interval (1/2, 37/2) identify fluid particles 
the w-momenta of which are reversed by impingement, the 
entire region representing backflow. It is seen from equa- 
tion (7) that the thickness of the backflow jet is smaller 
than in the region of forward-deflected flow. The same is 
true for flat jets, but a peculiar feature of the present 
three-dimensional jet is seen as æ decreases to the value 

7/3, when the thickness of the jet approaches zero as 8 
äpproačhes m, that is, along the negative a-axis. For still 
smaller values of the impingement angle a, the thickness a 


reaches zero at values of B< x, forming a wedge- -shaped 
zone that increases in size as a>0, when a limiting “dry 
zone” wedge angle 7/3 is attained. (Note that the avoid- 

ance of negative values of a(7,8;«) depends on retaming 
harmonics not written in equation (7).) The cecurrence of 
a dry zone contrasts with the case of the flat jet for which 
the thiekness of the backflow region decreases steadily with 
a, as sin? @/2, reaching zero only when «= 0, 

The physical interpretation is that the lateral flow 
deflexion occurring in the three-dimensional jet flow 
furnishes an alternative relief for the overpressurea in the 
vicinity of the central impingement point O, reducing 
the requirement for rearward splash at sufficiently small 
impingement angles. 
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Evaporated Silver Bromide as an lon 
and Particle Detector 


A GELATINE emulsion of silver bromide grains is the 
universal detector for most radiations and is described by 
a vast literature’. It is, however, possible to produce 
radiation-sensitive thin films (0-2-0-6 microns) of pure 
silver bromide by vacuum evaporation®-?. The applies- 
tions of such thin films to particle beara detection are 
discussed here. 

In the familiar emulsion, the sensitometric curve of 
average density versus exposure and the granularity are 
both predictable by a statistical model which depends on 
available knowledge of grain size distribution and number 
of grains made developable per impacting particle. This 
is possible because (1) the grains are small and numerous 
enough spatially to “resolve” the Poisson distributed 
fluctuations of the radiation and to allow the application 
of binomial statisties of the grains to the spatial density 
fluctuations; (2) the developed and undeveloped grain 
sizes are related, and the probability of developing an 
unexposed grain (fog) even in the vicinity of exposed 
grains (infectious development) is usually small. 

An equivalent model does not exist for a thin continuous 
film of AgBr. Although electron micrographs show 
bounded contiguous regions or domains’, there is no 
evidence that these domains are physically isolated. 
During exposure, the diffusion of photoelectrons and. 
photoholes into unexposed regions is therefore a oom- 
sideration. Furthermore, enhancement of development 
activity in regions of high latent image density may 
cause unexposed adjacent domains to undergo develop- 
ment. In such a grainless system one cannot relate the 
observed granularity to the statisties of a distribution of 
grains nor would one expect the microscopic character of 
developed density to be influenced by the statistics of the 
exposure. 

Because these AgBr films are unsensitized they have 
negligible sensitivity to light of wavelength longer than 
0-5 microns and are not useful for rnost common optical 
photographie recording applications. In beams exeeeding 
1 kV, however, the particles are at least two orders of 
magnitude more energetic than visible hght photons--- 
sufficient to render a struck emulsion grain developable. 
Because the AgBr evaporated layer presents a bare eon- 
tinuous surface free of gelatine, it is of interest as a particle 
detector, especially for particles such as large organic 
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Fig, 1. 
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Comparison of signal/noise at threshold of detection in the mass spectra of an organic mixture, mass 


92-93. The exposure on the left was made with a conventional plate and the one on the right was made with 
an evaporated AgBr plate. 


ions and low energy electrons that have a small penetrating 
range in gelatine’, 

The surface of evaporated AgBr has been studied by 
electron microscopy and X-ray diffraction. The former 
shows that a continuous surface of 0-3 micron domains 
occurs when a film thickness of 0-15 microns is attained. 
In the growth and agglomeration of crystallites, the 
dominant orientation is found to change from (111) 
(100) (ref. 2), the latter predominating in the thickness 
range of 0-15-0-5 microns. 

Vapour deposition of AgBr causes decomposition in the 
melt which produces gaseous bromine, Bromine reduces 
detection sensitivity if it is absorbed in the evaporated 
layer. Outgassing the surface at 150° to 200° C restores 
senaitivity, however. The increased surface energy result- 
ing from this heating roughly doubles the size of the 
tal domains, 

If evaporated AgBr samples are illuminated uniformly, 
the resulting free silver formation may be studied from a 
series of partially developed samples’. We find the con- 
tiguous domain structure prone to infectious development. 
The technique used for controlling unbounded silver 
formation is the use of an “internal” developer containing 
an AgBr solvent. Although the solvent component may 
dissolve some surface latent image, it adds depth to the 
domain boundaries. The reduction to free silver is mitially 
in the domain boundaries (where development activity is 
apparently greatest), and infection is primarily by fila- 
mentary silver growth along domain boundaries which, 
however, may cause the development of adjacent unex- 
posed domains. When development nears completion, 
the filamentary silver seems to grow into the domain 
regions, indicating a loss of any correlation between the 
silver image and the pre-development domain structure. 

The maximum obtainable opaque silver coverage pro- 
duced by particle beam exposure is approximately 99 
per cent, or density 2, which is quite high considering 
that the AgBr deposit is a single sub-micron layer. The 
exposure range from the threshold of detection to satura- 
tion is typically one order of ae ces generating 
a steep sensitometric curve of y>2. Factors contributing 
to this relatively small latitude are the presence of only 
one registration layer and the tendency for regions of 
heavy exposure to be overdeveloped. Greater latitude 
can be obtained by underdevelopment or by increasing 








the solvent component of the developer. The latter sup- 
presses overdevelopment by simultaneously removing 
unreduced AgBr, but this causes a subsequent reduction 
in maximum density. 

As in lenses, the resolution or bandwidth of film Js 
often stated in terms of an MTF (modulation transfer 
function). The MTF may be obtained as the normalized 
modulus of the Fourier transform of a “spread” function, 
which is the film's response to a spatial impulse such as 
an edge or point exposure. (Though impractical in the case 
of particle exposures, the MTF may also be generated 
directly as the contrast. ratio resulting from a sine wave 
exposure ef varying spatial frequency.) While valid for 
optical systems the MTF is questionable in the case of 
photographic film, and particularly evaporated AgBr, 
because of the non-linear development process whereby 
the spread function’s shape is not generally mdependent 
of the magnitude of the impulse. evaporated AgBr 
suffers the additional vulnerability of exposure dependent 
non-linear image spreading during exposure. Also the 
MTF analysis does not usually include the contribution 
to signal degradation by statistical density fluctuations. 
Such noise can be filtered, for exa mple, by the averaging 
effect of scanning a long edge image by a long densita- 
meter slit, or mathematical methods. The resulting 
MTF may therefore indicate a bandwidth whieh is effec- 
tively exaggerated, This is likely to be true for evaporated 
AgBr where in the case of electron beam recording, for 
example, granularity is greater than m conventional 
films. 

Because of these limitations, estimates of evaporated 
AgBr resolution obtained directly from test targets of 
appropriate contrast and configuration are more mean- 
ingful than an MTF ealeulation. As an example, from an 
edge produced by electron beam exposure separating 
regions with a densi y difference of 0-5 units the half 
width of the image of the edge indicates the ability of 
evaporated AgBr to resolve at approximately 5 microns 
with an improvement in resolution expected for a smaller 
density difference. This resolution value, Se to 
roughly 200 I/mm, falls short of what might ideally be 
expected from a sub-micron thick layer because of the 
spreading effects already mentioned. 

Detectivity in an exposure area A is noise (granulari 
dependent. Symbolically S=g(D)/Ao(D,A), where S 
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ity to detect small differences in signal, ogis the 
rd deviation from average density D due to random 
y fluctuations and g is the slope of the film’s sensito- 
ne curve, The Smax usually occurs at a moderate expo- 
© value between the knee and toe of the sensitometric 
urve. For optimum detection of a weak signal, then, the film 
must be “biased” by a much stronger uniform background 
flux ensuring the condition § =S max on aregion of the film 
including 4. Biasing may be impractical in cases where 
information is carried by neighbouring weak and strong 
signals, as in mass spectrometry. 

In these cases, weak signal detection is limited by fog 
level. For a granular emulsion, the number of developed 
grains per unit area produced by a weak particle beam 
divided by the number of fog grains per unit area approxi- 
mates the signal-to-noise ratio. Although the same 
criterion applies for evaporated AgBr (with the stipulation 
that silver filaments are not developed AgBr grains, but 
result from spreading phenomena associated with exposure 
and development) important differences between the 
granular emulsion and evaporated AgBr film exist. 

These differences become apparent when an emulsion 
designed for particle detection and evaporated AgBr are 
both exposed to about 107 particles/em?. Such an expo- 
sure produces a developed grain count on the emulsion of 
about 5x above fog—allowing a count of individual 
struck grains using a medium power microscope. In an 
experiment where 15 kV electrons strike the emulsion, 
better than half the electrons register. In a similar 
exposure of evaporated AgBr film, the registration effici- 
ency seems to be much lower. That is, even though the 
AgBr layer is continuous, there are larger but fewer 
isolated silver specks. (A meaningful estimate of registra- 
tion is precluded by the lack of silver speck isolation.) 
Although registration appears less efficient, the fog level 
of evaporated AgBr is very low. If therefore the loss of 
registration on evaporated AgBr can be compensated for 
by prior knowledge of the exposure configuration, then a 
signal/noise advantage may exist over emulsion films that 
generally have a much greater fog level. (For example, 
prior knowledge allows recognition of a weak spectral 
line from a few isolated colinear silver specks against a 
clear background). Such a signal/noise advantage is 
shown in Fig. 1 where an ion emulsion plate and an 
evaporated AgBr plate are subjected to thesame electronic- 
ally measured ion exposure. If, in this comparison, the 
exposure level is reduced (not shown), the weak line image 
on the evaporated AgBr surface can still be detected by 
optical microscopy but is lost on the conventional emulsion 
plate. 

Thus in threshold detection using very low fog-evapor- 
ated AgBr, the readout system rather than fog may be 
the principal noise source, In normal densitometer 
conditions, a very weak exposure on evaporated AgBr is 
likely to be below densitometer noise and therefore not 
detectable. On the other hand, such a low density: 
image consisting of a few Ag specks may be found against 
an extremely low background fog level by visual observa- 
tion through a microscope, 

A heavy exposure on film is invariably accompanied 
hy flare, presumably due to registration of the low level 
part of a radiation pattern not detectable in normal 
exposures. In such conditions, reversal phenomena 
caused by excessive bromine (positive hole) concentration 
in the process of latent image formation are often 
observed?*, In the gelatine emulsion, bromination effects 
are suppressed by two mechanisms not normally available 
in evaporated AgBr film, First, the dispersion of the 
sensitive material as small isolated grains creates a large 
surface/volume ratio favourable to bromine release at 
the grain surface. Second, the gelatine behaves as a 
bromine acceptor, enhancing the escape of bromine atoms 
and preventing their spread to neighbouring grains. 
Evaporated AgBr, on the other hand, with its continuous 
binder-free layer of relatively low surface/volume ratio, 
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Fig. 2. Edge trace of erased band surrounding a heavy exposure. 


is vulnerable to recombination. The following observa- 
tions are consistent with recombination assumptions: 
dramatic density reduction within the region of exposure 
for exposures above saturation, and the erasing and 
desensitizing of regions surrounding a heavy exposure, 
These observations are illustrated by the trace of a heavy 
electron beam edge exposure (Fig. 2). The exposure region 
(left) has reversed to 1/4 maximum density and a bleached 
band exists to the right, in the flare of the adjacent 
shadow region. If before development this edge is re- 
exposed with a normal exposure (that by itself would 
produce maximum density) only the flare region is 
effected, its density increasing to D2. The reversal 
region and the bleached band are unaffected, indicating 
that the bleached band is also a desensitized band. 

In particular, these erased and desensitized bands, 
the width of which increases with exposure, strongly 
suggest bromination by highly mobile positive holes 
generated within the heavy exposure region in numbers 
too great to preclude diffusion to surrounding areas. The 
diffusion argument is also supported in Fig. 2 by evidence 
of a gradient in the number density of the diffusing species; 
that is, a reduction of the positive hole concentration due 
to diffusion into the flare region would allow @ local 
density inerease on the heavy exposure side of the edge. 
This is shown by the density peak in Fig. 2. Further 
study is required to establish that the erased banda are 
clear cut evidence supporting the bromination theory of | 
reversal, Their desensitization to a re-exposure virtually 
eliminates development as the origin of the phenomenon, 
however. 

We conclude that evaporated AgBr film exhibits 
striking phenomena relevant to both the study of latent 
image formation and recombination effec 
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Estimation of Solubility Parameters 
from Refractive Index Data 


THe solubility parameter, 5, of a polymer or compound 
is a measure of intermolecular forees and is useful for the 
studies of many polymer characteristics, particularly glass 
transition temperatures', solubilities and diffusion or 
transport properties.? It is therefore highly desirable to 
have a convenient method for q age estimating è values 
of polymers. It was suggested by Hildebrand and Scott, 
and later by Scatchard, that solubility parameters could 
be caleulated from optical data such as refractive index 
measurements?*, In this article we report some semi- 
empirical correlations between solubility parameters and 
refractive indices for a series of model compounds and 
polymers. This work refers only to hydrocarbon and other 
organic materials; further work would be r mane to 
determine if an extension to inorganic polymers is possible. 
The potential energy of a mole of mate rial (E) is 


E = Ny (1) 











where N is Avogadro’s number and the potential energy 
of a molecule is v. The cohesive-energy density is thus 
numerically equal to the negative potential energy of one 
cubic centimetre of the material, (~#/V), where V is the 
molar volume., It is convenient when solute~solvent 
systems are to be studied to define the square root of the 
cohesive-energy density as the solubility parameter (6). 


fae om BP Ve Ny V (2) 


The vaporization of a material can be imagined as a pro- 
cess involving the transport of all molecules from their 
equilibrium distance, where they have an equilibrium 
cohesive-energy density, to an effectively infinite distance 
relative to each other, so that the potential energy of each 
molecule is reduced to zero. The heat of vaporization 
per mole (AHy) is thus the term used to compensate both 
for the potential energy per mole {Æ} and for the volume 
work, which for a vapour phase obeying ideal gas laws is 
RYT (where R is the molar gas constant and T is the 
absolute temperature), that is, AHv=-H+RT. Ib 
follows that the cohesive-energy density can then be 
obtained from the heat of vaporization {AHw) and the 
molar volume (173 








., AHv-RT 
òlm ea mi (3) 
F 

This is only true for material that can be vaporized, but 
in the case of polymers other means can be used to reliably 
evaluate ~#/V. In 1910, P. Walden derived an empirical 
relationship which relates the latent heat of vaporization 
to refractive index (n), This relationship is 





310 pw -dł 








where LH is the latent heat of vaporization in calaries/g 


and Af is the molecular weight of the material being 


Table 2. 
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vaporized. This then can be rewritten so that 





AHe~ io C 
aa NP 





Then, -by substitution in S (3) 


(6) 





By inspection of some data for many model compounds, 
it was obvious that each chemical class has a numerical 
term somewhat different from 310. Using these eom- 
pounds, a series of constants (C) were calculated from 





(7) 

Equation (6) can then be changed to a more general form 
RT g) 

v] (5) 


In ‘Table | are given average values of C for seven different 
chemical classes using fifty-seven model compounds. 
Although there is a large range of values of C, which 
depends primarily on the type of compound, the average 
value for all fifty-seven compounds is 305, which is 
remarkably close to that of 310 obtained by Walden. 
Table 1. 


VALUES OF © FOR DIFFERENT CHEMICAL TYPES 


; C, calculated No. of 
Chemical type from materialis of Coraments and source 
equation (7) each type of data 
Normal aliphatic 254-1421 10 This ineludes four alkenes, refs. 
hydrocarbons 7,8, 13 
Branched aliphatic 230-9403 6 Straight chain with methyl 
hydrocarbons groups, refs. 7, 8, 19 
Aliphatic ethers Q7e24 28-0 4 Refs, 7, 8, 13 








Aliphatic caters 5 é Refs. 7, 8, 15 
Normal aliphatic 205-1465 4 Refs. 7, 11 
fluorecarbons 

Chiorocarbons BB0-8 LETI i2 Three methane derivatives and 
the chlorocthanes and ehlero- 
ethenes, refs. 7, 12 

Aromatics 287-64 10-4 1S aromatic fluorocarbons, 

» eyeloalkanes, and three 





eyeluatkenes, refa, 7, 5, 13 

The simplest correlation of refractive index and the 
solubility parameter is that obtained by a least square 
curve fit of the § of selected organic compounds and the 
Lorentz-Lorenz function’. By use of eighteen com- 
pounds a straight line fit was obtained which passed 
through the origin and had a slope of 303. The corre- 
sponding linear equation is 









3~ 30-3 / (9) 
In equation (8), the RT term is of the order of ~ 600 
calories and small when compared with the AH» term 


(<10 per cent). Thus the second term can be dropped 


to give 


(10) 





SOLUBILITY PARAMETERS (6) ESTIMATED PROM REFRACTIVE INDEX DATA 





Refractive é*, C, ót, å, caloriesjem”, Literature 

Polymer index calories/cm* value used caloriesjem? values and references, 
Poly(ethylene) 9-06 2541 $ &7~8-10 (ref, 10) 
Polytisobutylene) G04 230-9 780-805 (ref, 7) 
Natural rubber 9-20 2300 "00-835 (ref, 10) 
Poly({butadiene) O15 230-9 "60 (ref, 10) 
Poly(styrene) 10-29 287-6 “70 (ref, 10) 
Poly(methyl! acrylate) 304-5 ~10-4 (ref. 7) 
Poly(ethyl acrylate) 804-5 —~O-70 (ref. 7 
Poly{propyl acrylate) B045 0-805 (ref, 7) 
Poly(buty! acrylate) 8:39 804-5 0-9 10 (ret. 7) 
Poly(vinylidene chloride) 107 330-8 12-2 (ref, 7) 
Poty(tetraflucroethylenc) 652 205-1 ref, 10) 
Nitroso rubber 506 205-1 (ref, 9) 





* Oaleulated from equation (9). 





+ Calculated from equation (10), ‘The value of é for poly(propyl acrylate) was obtained from the calculated molar refractivity ¢ livided by the specific volume", 
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ns (9) and (10) permit estimation of solubility 
eters from refractive indices. ae 
imates are shown in Table 2 for several polymers. 
fan be seen that solubility parameters from equation 
‘do not agree very well with the literature values, but 
at equation (10) gives very reasonable values of 3. 
Because the second term of equation (8) is subtractive, a 
refined form of equation (10) could include a negative 
constant of the order of a few tenths of a calorie/em®; 
however, the effect would be to increase the deviation 
from other 8 values for a few polymers. A relatively 
arbitrary value of C was used for the acrylates, 305, 
the average of the values of Table 1, primarily because 
the value determined from aliphatic esters did not result 
in as good agreement. The solubility parameters from 
equation (10) are written +0-6, and generally much 
closer to the literature values except for nitroso rubber 
and poly(vinylidine chloride); however, the literature 
values for these two polymers are probably less reliable 
than the others. It can be concluded that equation (10) 
can be used to obtain satisfactory values of solubility 
parameters from the refractive index for most polymers 
if a reasonable estimate of C is available. 

This work represents one phase of research performed 
by the Jet Propulsion Laboratory, California Institute 
of Technology, for the US National Aeronautics and Space 
Administration. 
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Stereochemistry of Nucleophilic Attack 
on Olefins coordinated to Platinum(!!) 
and Palladium(II) 


THERE is an interesting difference between the stereo- 
chemistry of nucleophilic attack on chelating diolefins 
and mono-olefins coordinated to platmum(II) or palla- 
dium(I1), because the former give frans-addition of nucleo- 
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philes across the double bond (reaction (1) J4, whereas the 
kinetic results for the oxidative hydrolysis of mono 
olefins coordinated to palladium(I]) are only consistent 
with c¢s-addition®*, Although at 25° C di-olefin comple 
of palladium(IT) give trans-addition of methoxide ion tí 
the double-bond and no reduction to the metal’, at higher 
temperatures reduction to palladium metal is observed 
and vinyl ethers—the normal oxidative-addition products? 
-—are isolated’, Thus for di-olefin complexes, trans-addition 
is favoured at low temperatures, but for mono-olefin 
complexes cis-addition is favoured. In the oxidative 
acetylation of mono-olefins coordinated to palladium {IT} 
both cis and trans-addition mechanisms oceur simul 
taneously’, 








CH,O 


It has been suggested" that evs-addition to rmono-olefins 
occurs at lower temperatures than trans-addition because 
mono-olefins are free to rotate about the motal-olefin 
bond. This rotation would enable the oxidative hydro 
lysis to occur by a mechanism such as reaction (2) in whieh 
the two carbon atoms and the oxygen atom in (1) are co- 
planar. Such rotation would, however, present the 
z*2p antibonding olefin orbitals to the nucleophile. The 
observation that for the formation of a stable olefin- 
platinum(IT) bond the z-bond from metal to olefin is 
more important than the o-bond from olefin to metal™ 
implies that there will be a considerable build-up of nega- 
tive charge in the olefin *2p antibonding olefin orbitals. 
An incoming nucleophile would therefore be expected to 
approach the double bond between the carbon atoms 
rather than around the end, making the coplanar model 
for the nucleophilic attack of coordinated monc-olefins 
unlikely. 

Attack by the nucleophile at the centre of the double 
bond could only take place when the axis of the double 
bond was perpendicular to the plane containing the 
palladium and ehlorine atoms. Such an attack, which 
could occur cis or trans relative to the position of the 
metal, would in the case of ethylene give exactly the same 
products as an attack which occurred when the two carbon 
atoms and the oxygen atom in l were coplanar. In the 
case of higher terminal olefins, however, coplanar nucleo- 
philic attack“ would lead to the formation of aldehydes 
but not of ketones, because rotation of the olefin about 
the metal-olefin bond in such a direction as to place 
the substituent on the double bond in close proximity 
to the hydroxy! group would be sterically hindered. The 
alternative rotation, which would place the unsubstituted, 
end of the olefin in close proximity to the hydroxyl group, 
would be sterically possible. By contrast, attack by the 
nucleophile at the centre of the double bond when the 
axis of the double bond is perpendicular to the plane 
containing the palladium and chlorine atorns could lead 
—from steric considerations alone—to the formation of 
either aldehydes or ketones. The inductive effect of the 
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alkyl substituent. in the terminel olefin, however, polar- 
izes the olefinic double bond in such a way that C-1 has 
a slightly greater local electron density than C-2 so that 
a nucleophile will preferentially attack C-2. On electronic 
and steric grounds, therefore, nucleophilic attack on amono- 
olefin that oceurs when the olefin is perpendicular to the 
aquare plane should lead to the formation of ketones but 
not aldehydes. The observation that terminal olefins react 
to give methylketones in generally grester than 90 per 
cent yield? strongly favours occurrence of the nucleophilic 
attack at the centre of the double bond when the axis of 
the double bond is perpendicular to the square plane. 
The energy barrier to rotation of the olefin about the 
metal-olefin bond (10-15 kealories/mole, ref. 14) provides 
further evidence against the coplanar arrangement, for 
attack in the coplanar arrangement would involve an 
extra 10-15 kealories/mole activation energy relative to 
attack in the perpendicular arrangement. 

If the nucleophile attacks the mono-olefin when the 
olefinic double bond is perpendicular to the plane con- 
taining the metal end helogen atoms, i is not clear why 
the nucleophilie attack of dioletin complexes, where the 
double bonds are rigidly fixed in this orientation, oecurs 
by a different stereochemical route. Two reasons can be 
advanced. First, it has beon suggested that in the diolefin 
complexes steric hindrance by the olefin prevents cis- 
addition oceurring?. Second, no platinum(H) or palla- 
dium (I) complexes eontaining both a chelating diolefin 
and a water or methanol ligand, which are ntiel 
precursors for the cis-addition mechanism, have been 
reported, although 10 per cent of the mono-olefin complex 
dichloroaquo(ethylene)platinum(I1) exists im ihe cis- 
configuration. 

We conchide that, although rotation of mono-clefins 
about the metal-olefin bond does occur! +t, this rotation 
does not account for the difference between the addition 
of nucleophiles to mono-olefin and chelating diolefin 
complexes because nucleophiles attack the region of 
lowest electron density which hes between the carbon 
atoms of the double bond. The region of high electron 
density around the =*2p antibonding orbitals is respon- 
sible for the electrophilic attack by bromine of olefins 
coordinated to platinum(I1) (paper presented by M. A, 
Bennett, Symposium on Metal-Olefin and neallyl Com- 
plexes, Sheffield, April 1967). A mechanism for the nucleo- 
philie attack of coordinated olefins which occurs when the 
olefin is perpendicular to the square-plane successfully 
accounts for the experi ntal observation that x-olefins 
coordinated to palladium(I]) are hydrolysed to methyl- 
ketones, whereas a coplanar mechanism predicts that such 
olefins would be hydrolysed to aldehydes. 
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a-Chains of Immunoglobulin A from 
Rabbits of Different Allotype: 
Composition and N-Terminal Sequence 


Srupies of the three chief classes of immunoglobulins in 
the rabbit, IgG, IgA and IgM, have shown that they all 
possess the basic four chain structure proposed by Porter’ 
of two light and two heavy chains, and that while the light 
chains are common to all three cla the heavy chains, 
y, x and p respectively, are class specific, and differ con- 
siderably as judged by peptide mapping’ *. Despite these 
differences in the heavy chains the allotypie specificities 
at the a locus, Aal, Aa? and Aad (ref. 4), are present not 
only on the y-ehain but also on the x and y-chains’~’. 
These specificities have been shown to be on the Fd frag- 
ment of y-chain® and eppear to eorrclate with the N- 
terminal sequence of that cham’. In the hight of these 
findings it seemed reasonable to expect that similar 
structures would be present in the N-terminal sequence of 
both « and u-chains, and I have attempted to show this by 
determining the N-terminal sequence of o-ehain from 
rabbits homozygous for the allotypes Aal and Aa3. 

IgA was prepared from three different samples of 
rabbit colostrum, one of which was of unknown allotype 
while the others were pooled from rabbits homozygous for 
Aal and Aa3; the yields were in each case of the 
order as those reported by Cebra and Robbins’. 
complete reduction of IgA in 6 M guanidine-HCl and 
alkylation with iodoacetic acid, the -chain was isolated 



































by chromatography on ‘Sephadex G-200° in 4 M guanidine 


a l per cent 


“em at 


HCL (ref. 3) 
280 mmicrons), determined in COL N HCL was IL3. In 
marked contrast to reduced and carboxymethylated 
y-ehbain, the x-chain is soluble in water at neutral pH at 
concentrations of 10 mg/ral. 


The extinetion coefficient (F 


AMINO-ACED COMPOSITION OF -CHAIN FROM RABRITS OF DIFFERENT 
ALLOTY PES 


Table 1. 


; : Allotype 
Amino-acid Aal Aad 8A (alag) 
(moles of amino-acid’mole e-chain) 


192 

7a 
16-6 
44-9 
49-0 
50-4 
JSR 
46 
dtd 
srr 
45-8 

Wp 
16-2 
480 
14-0 
15d 
lied 
18-8 








aes 
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<i 


Total B26 B26 


Duplicate analyses were performed on samples hydrolysed for 24 and 72h. 
The results were calculated on the basis of a molecular weight of 64,000 (ref, 3) 
and a carbohydrate content of LO per cont. 

* Values extrapolated to zero time. 

+72 h values only. 

+ Estimated spectrophotometrically, 


Amino-acid analysis and estimation of the tryptophan 
content of the allotype «-chains were done as deseribed 
previously" (Table 1). In caleulating the results the 
molecular weight was taken as 64,000 (ref. 3) and a 
carbohydrate content of 10 per cent assumed. The 
analyses of the two g-chains are very similar with several 
important exceptions, the major differences being in the 
amounts of arginine, threonine, glutamic acid, alanine. 
isoleucine and phenylalanine; these parallel to a con- 
siderable extent the allotype related differences found in 
the amino-acid composition of y-chain'!, the Fd fragment 
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in? and the N-terminal CNBr fragment of 
J, Tn comparison with the composition of 
n the most striking differences are the high 
ent of S-carboxymethyleysteine, which was expected 
asidering the polymeric structure of IgA, and the low 
rontent of methionine. 

No free amino terminal group could be found on pooled 
a-chein using the dansyl method for proteins. Conse- 
quently the presence of blocked N- terminal groups in 
pooled and allotype «-chain was investigated by pronase 
digestion using the method described previously for 
y-chain'*. Peptide material from the pronase digests that 
was unretarded by ‘Dowex 50° (x2; H* form) was 
fractionated by chromatography on ‘Sephadex G@-50° 
followed by high voltage paper electrophoresis at pH 3-5. 
Apart from a considerable amount of glycopeptide 
material, which was eluted at the front of the ‘Sephadex’ 
column, a number of peptides containing no free a-amino 
group were isolated and were shown by their mobility 
and amino-acid composition to be the same as those 
isolated from y-chain®. Aal «-chain contained the peptides 

-5 


PCA-Ser-} al Glu-Ghi-Ser, PCA-Ser- a al -Glu and PCA-Ser 


¿s was found for Aal y-chain; Aad ae contained the 


















peptides PCA-Ser-Leu-Glu-Glu-Ser, PCA-Ser-Leu-Glu, 
PCA-Glu-Giln and PCA-Ser, as was the case with Aa3 
+-chain, while pooled «-chain contained all these peptid 


In addition all three digests of a-chain contained a peptide 
of composition (Glu, Sera). Incubation of this peptide with 
carboxypeptidase A released serine and gave rise to 
PCA-Ser, thus its sequence must be PCA-Ser-Ser; how- 
ever, Incubation with pronase in conditions which cleaved 
PCA-Ser-Val-Glu to PCA-Ser and Val-Glu™ gave rise to 
no PCA-Ser and it seems doubtful if the PCA-Ser found in 
digests of either « or y-chain arises from this sequence. 








N-TERMINAL PRONASE PEPTIDES ISOLATED FROM 
RABBIT @ AND y-CHAINS 


Table 2. AMOUNTS OF 





a-Chain 3-Chain* 
Allotype Aal Aas Aaj Aas 
Peptide (moles peptide/mole heavy chain} 

PCA-Ser-Val-Gin 055 =- 0-56 
PC A-Ser-Leu-Gla Olt i 43 Odd 
PCA-Glo-Gin me i ~~ 
PUA-Ser-Ser Old 

Total 0383 070 

* Values for y-chain taken from ref. 9, 


Using the same assumptions about the genesis of the 
N-terminal peptides that were made previously for the 
y-chain®, the molar yield of each of the N-terminal 
sequences has been calculated for the allotype «-chain 
preparations (Table 2); the results from the pooled x-chain 
were similar and showed it to be è mixture of Aal and 
Aa3, with Aal predominating. In Table 2 the -chain 
results are compared with those previously reported for 
y-chain®; apart from the sequence PCA-Ser-Ser, the 
distribution of the sequences in Aal and Aa’ -chains is 
very close to that found for Aal and Aa3 y-chains. The 
puzzling feature is the finding of PCA- Ser-S r, which was 
not present in any y-chain preparation, but which is 
present in equal amounts in all three -chain preparations. 
Considering the similarity of this sequence to the others, it. 
seems unlikely that this is the result of a contaminant of 
the a-chain and it may be that it represents a minor 
subelass which is not present in y-chain to any appreciable 
extent. 

Although the data presented here on the correlation of 
structure in the N-terminal part of the «-chain with 
allotype are fragmentary, the similarity of N-terminal 
sequence between a and y-chain and the similar trend in 
differences in amino-acid composition suggest that the 
tructures are responsible for the a locus allotypic 
specificities in beth « and y-chains, and it is to be expected 
that similar allotype related sequence variations will be 
found in the u chains. 
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Immunoreactive Fragments of 
Angiotensin Il in Blood 


We have previously suggested that immunologically 
reactive fragments of angiotensin H may arise in xd 
during the metabolism of the octapeptide by angiotensin- 
ases and that such an occurrence could compromise the 
measurement of blood angiotensin I by radioimmuno- 
assay'. This proposal regarding the presence of angiotensin 
lI fragments in blood has now been investigated by pa 
chromatography of ethanolic blood extracts and radio- 
immunoassay of eluates from serial sections along the 
chromatograms to detect. immunoreactive angiotensin IT 
fragments. The octapeptide angiotensin TI was the 
predominant peptide detected in arterial blood sample 
from six human subjects and nine sheep, being 85 and 96 
per cent of the total immunoreactivity respectively. In 
contrast to this finding in arterial blood, angiotensin TT 
was a minor component in the chromatographie pattern of 
extracts of venous blood from six human subjects, com- 
prising only 28 per cent of the total immunoreactivit 
major immunoreactive component present in venous ble 
possessed the mobility of the (3-8) hexapeptide of angio- 
tensin II. These results indicate that radioimmunoassay 
of angiotensin IT in ethanolic arterial blood extracts gives 
values which are close to the amount of the oo ide 
actually present. The seme radioimmun 
however, substantially over-estimate the true leve 
octapeptide present in venous blood because oi in 
ference by the immunoreactive metabolites of angiotensin. 
The arterio-venous difference of the chr omatographically 
isolated angiotensin TT measured by the radionnmuno- 
assay is consistent with bioassay observations that 
approximately two-thirds of the circulating a 
is extracted and metabolized across tissue v 
“asurement of the total immunoreactive angio ensi 
content of venous blood by radioimmunoassay of angio- 
tenisi a shows moder ately good correlation m t 
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however, be performed on arterial blood samples in order 
to obtain a true estimate of the concentration at which the 
octapeptide is presented to its target tissues. 
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Immunohistochemical Demonstration 
of Gastrin in Mammalian Islets 
of Langerhans 


Tue relationship between the gastric secretagogue 
extracted from Zollinger-Ellison tumours! and the antral 
hormone gastrin’? was clarified by Gregory et al.4, who 
found the amino-acid constitution of the gastric secreta- 
gogue contained in Zollinger~Elhson tumours to be 
identical to that of human gastrin. Previous attempts to 
extract the gastric secretagogue from normal hog pancreas? 
and from normal human and animal pancreas’ were, 
however, unsuccessful. We have now demonstrated the 
presence of gastrin in some cells of normal mammalian 
islets of Langerhans by the indirect immunofluorescent 
technique. In addition, the fluoreseent cells found in 
normal human pancreatic islets were found to correspond 
to the D cells discovered by Bloom*, which were recently 
identified?-?* with the argyrophil A, cells of Hellerstroém 
and Hellman". 

Gastrins I and IT were isolated from hog antral mucosa 
by the method of Gregory and Tracy*. The antigen 
emulsion was prepared by a modification of the procedure 
described by Assan et al. 2 for eliciting glucagon antibodies: 
2 mg of gastrin I and 2 mg of gastrin JI were dissolved in 
l mi. of 0:02 M ammonium bicarbonate solution; the 
solution was mixed with 1-5 ml. of a 25 per cent solution of 
polyvinyl pyrrolidone; and, after Incubation for 1 h at 4° 
©, the mixture was emulsified with 2:5 ml. of Bayol F- 
Arlacel A (8:5: L5 by volume). Killed and dried tubercle 
bacilli (1 mg) were added in the first three immunizations 











Fig. 1. Fluorescence photomicrograph of a human islet stained by the 

indirect immunofluorescent technique against gastrin. The fluorescent 

cells are seen both at the periphery and in the inner portion of the islet. 
{ x 450.) 
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Fig. 2. The same section and islet as in Fig. 1 after refixation in Bouin's 

fluid and staining with the Hellerstrém-Hellman modification of the 

Davenport silver impregnation technique. The gastrin-containing cells 
are seen to be identical with the silver-impregnated cells. (x 450.) 


in one Danish female albino rabbit. The freshly prepared 
antigen emulsion was injected subcutaneously and the 
injections were repeated at monthly intervals. After 7 
months the rabbit was bled by cardiac puncture and the 
antiserum was kept frozen at —20° C until use. The 
presence of gastrin antibody in the antiserum was estab- 
lished by passive haemagglutination using tanned sheep 
erythrocytes coated with gastrin I. Fluorescein-conjugated 
hog anti-rabbit globulin and the other antisera used in 
specificity controls were purchased from the Institute of 
Sera and Vaccines, Prague. 

Normal pancreatic tissue was obtained from the follow- 
ing species: man (autopsy specimens from persons without 
clinical evidence of pancreatic, gastrointestinal or endo- 
crine disorders), pig, panther, rabbit, elbino rat and 
guinea-pig. Sections of formalin-fixed, paraffin-embedded 
pancreatic tissue, 4 microns thick, were cut in a microtome 
and stained by the indirect immunofluorescent technique 
against gastrin using the rabbit antigastrin antiserum and 
the fluorescein-conjugated hog anti-rabbit globulin. The 
sections were then mounted in buffered glycerin and photo- 
graphed with a fluorescence microscope. The immuno- 
histochemical staining for gastrin produced a yellow-green 
fluorescence in some cells of the pancreatic islets in all 
species examined (Fig. 1). The gastrin-containing islet 
cells were distributed both in the periphery and in the 
inner portions of the islets and the antigastrin fluorescence 
was easily distinguishable from a faint background 
fluorescence of the remaining islet cells and of the sur- 
rounding acinar cells. The specificity of the antigastrin 
fluorescence of some of the islet cells was confirmed by a 





Table 1, SPECIFICITY CONTROLS OF ANTIGASTRIN FLUORESCENCE IN D CELLS 
OF THE ISLETS OF LANGERHANS IN MAN 
Fluorescence 
Antisera applied to tissue sections of D cells 
Rabbit antigastrin antiserum + fluorescein-conjugated hog 


anti-rabbit globulin 
Autofluorescence of D cells in untreated sections 
Rabbit antigastrin antiserum alone 








Hluorescein-conjugated hog anti-rabbit globulin alone Negative 
Non-immune rabbit serum + fluorescein-conjugated hog anti- 

rabbit globulin Negative 
Rabbit anti-(human albumin) antiserum + fluorescein-conjuga- 

ted hog anti-rabbit globulin Negative 
Rabbit antigastrin antiserum + unconjugated hog anti-rabbit 

globulin Negative 
Rabbit antigastrin antiserum + unconjugated hog anti-rabbit 

globulin + fluorescein-conjugated hog anti-rabbit globulin Faint 








Rabbit antigastrin ant 
IgM globulin) antis 
rabbit globulin 

Rabbit antigastrin antiserum after previous incubation with 
gastrin I + fluorescein-conjugated hog anti-rabbit globulin 

Rabbit antigastrin antiserum after previous incubation with 


um + unconjugated hog anti-human 
um + flnore -conjugated hog anti- 





Positive 





Negative 


crystalline * ‘insulin-free’’ glucagon” + fluorescein-conjugated 

hog anti-rabbit globulin Positive 
Rabbit antigastrin antiserum after previous incubation with 

crystalline “glucagon-free” insulin” + fluorescein-conjugated 

hog anti-rabbit globulin Positive 


* Kindly supplied by Dr Walter N 
Indiana. 


. Shaw, EH Lily and Co., Indianapolis 
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seificity controls (Table 1). In order to identify 
ype responsible for the antigastrin fluorescence, 
e sections of normal human pancreas were subse- 
ly washed im distilled water, refixed in Bouin's 
and stained with the Hellerstrém--Hellman modifi- 
tion? of the Davenport silver impregnation technique 
r with the Mallory-Heidenhain azan stain. The gastrin- 
containing cells showed a definite argyrophilia (Fig. 2) 
and they were stained pale blue with azan. These results 
support the identification of gastrin- -containing cells with 
the D cells. Thus, in addition to the gastrin-containmg 
mucosal epithelial cells of antral pyloric glands", the 
D cells of normal human pancreatic islets may be regarded 
as the site of origin of gastrin in man, A further study of 
the cellular location of gastrin in the islets of other animal 
species will be reported later. 

We thank Professor R. A. Gregory for advice regarding 
the, isolation of gastrins from hog antral mucosa, and Mrs 
J. Šedová, Mrs A. Kodytkova, and Miss R. Rohoznicka for 
technical assistance. 
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Effect of Sulphydry! Binding Compounds 
on the Inflammatory Process 


THe mechanism of action of numerous substances used 
as anti-inflammatory agents is not completely under- 
stood!®, Recently it has been shown that potent blockers 
of protein synthesis such as actinomycin and puromycin 
are effective inhibitors of the inflammatory response”, In 
addition, it has been shown that hydrocortisone acetate 
might exert at least some of its anti-inflammatory action 
by interfering with a basic process of protein synthesis®)+. 
In the experiments reported here we tested the possible 
anti-inflammatory effeet of compounds which are known 
to bind oe (SH) groups, because these groups are 
essential for the transfer reactions involved in the synthesis 
of proteins®-?, In addition, the anti-inflammatory activity 
of some commonly used drugs was tested in the presence 
of a compound carrying a sulphydryl group. 

We used the cotton sponge implant technique for 
granuloma production as the experimental model of 
inflammation®. The inflammatory response is elicited by 
the subeutaneous implantation of weighed sterilized cotton 
sponges (35 + 1 mg) into the dorsum of male Sherman rats 
weighing 220+ 20 g. The weight of the resultant granulo- 
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matous tissue was used to measure the extent of the 
inflammatory process because changes in weight parallel 
the changes in the DNA, RNA, collagen and total protein 
content®, Before implantation, the cotton sponges were 
impregnated with the drug to be studied. In certain 
experiments the drugs were administered by both intra- 
peritoneal injection and sponge impregnation. The follow- 
ing compounds were used: N-ethylmaleimide (Calbio- 
chem); ethacrynic acid (Merek, Sharp and Dohme); 
indomethacin {t Indocin’ , Merck, Sharp and Dohme); hydro- 
cortisone hemisuceinate (‘Solumedrol’, Upjohn); acetyl 
salicylate (Merek, Sharp and Dohme); ethionine sned 
the amino-acids DL-cysteine and L-alanine (Calbiochem). 
The solutions were adjusted to pH 7 and the identical 
solvents were used in controls. 
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Effects of local administration of ethacrynic ach] (A) and 
ethyimaleimide (B) on granuloma dry weight. 


Fig. 1. 

To implant the cotton sponges, the rats were anaosthet- 
ized with ether and a transverse skin incision made in the 
dorsum. A channel was dissected bilaterally by displacing 
the subcutaneous fascia and the sponge was then inserted 
anterolaterally, Wound clips were used to close the 
incision. Two thousand units of Combiotic (Pfizer and 
Co.) was injected intramuscularly at the time of im- 
plantation. After 24 h, the granulomas were excised and 
immediately weighed. Dry weights were determined after 
the tissues had been dried in an ov en, af 80°C, to a 
constant weight. The original weight of the sponge was 
always subtracted from both wet and dry weights. The 
results were statistically analysed by means of Student's 
£ test. 

Local administration of either ethaerynic acid or N- 
ethylmaleimide over a range of concentrations caused a 
proportional inhibition of granuloma formation. as 
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measured by the decrease in dry tissue weight. A decrease 
of approximately 45 per cent im granuloma dry weight 
was observed with | rag of ethacrynic acid or 750 ug of 
N-ethylmaleimide. Further increase in the dosages did 
not cause a further decrease in granuloma weight (Fig. 
LA and B). When ethacrynie acid or N-ethylmaleimide 
was administered locally in combination with ¢ i 
HCl, granuloma formation was not $ gnificantly decreased 
compared with controls (Fig. 24 and B). Fig. 3 shows that 














acetylsalicylate (15 mg) and indomethacin (400 yg) effec- 
tively suppressed the inflammatory process when locally 
administered; when combined with cysteine the anti- 
inflammatory activity of these drugs w ignificantly 
decreased (Fig. 4). In addition, locally applied cysteine 
decreased the antiinflammatory effect of indomethacin 
administered intraperitoneally (Fig. 3). Hydrocortisone 
hemisuecinate (400 wg) also suppressed granuloma forma- 
tion. Simultaneous administration of cysteine, however, 
did not alter the effects of hydrocortisone hemisuccinate 
on granuloma formation, © 


















‘ysteine or alanine alone and 
given locally had almost no effect on granuloma production 
(Fig. 4). Ethionine (15 mg), an adenosine triphosphate- 
trapping agent known to inhibit protein synthesis by a 
mechanism other than that of binding SH groups", also 
inhibited granuloma formation. This inhibition was not 
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reversed when ethionine was combined with ' 
(Pig. 4). 

Both ethacrynic acid and N-ethylmaleimide bind 
groups!-8_ Our experiments show that these compow 
are also active in suppressing the inflammatory proce! 
The ability of cysteine, an SH group donating agent, t 
reverse the anti-inflammatory activity of ethacrynic acid 
and N-ethylmaleimide implies that it is the SH group 
binding property of these drugs that is responsible for 
their anti-inflammatory effects. It also seems that the 
suppression of the inflammatory response by acetyl- 
salicylate and indomethacin could be related, at least in 
part, to their effects on BH groups, because concurrent, 
administration of an SH group donating compound can 
partially reverse their anti-inflammatory activity. These 
observations also indicate that substances carrying exposed 
SH groups may be important in the production of granula- 
tion tissue. The fact that eysteine does not diminish the 
activity of hydrocortisone hemisuccinate could mean that 
this compound does not influence SH groups but rather 
alters another mechanism of the inflammatory proces 
The observed anti-infammatory activity of ethionine 
probably related to its ability to block protein synthesis 
by inhibiting the supply of ATP®™, and so it is expected 
that an SH group donating compound would be unable to 
reverse the anti-inflammatory effect of ethionine. This 
observation further supports our present conclusion that 
the reversal by eysteine of the anti-inflammatory activity 
of ethaerynic acid and N-ethylmaleimide is related to the 
availability of sulphydryl groups. It should be noted, 
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however, that the precise role of these groups in the 
inflammatory process remains to be clarified. 
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Hypersensitivity to CarboxymethyI- 
cellulose as a Cause of Anaphylactic 
Reactions to Drugs in Cattle 


Is 1967, one of us (W. L.) received numerous reports 
from veterinary surgeons of anaphylactic shock or general- 
ized urticaria occurring in cows a few minutes after 
injection of therapeutic doses of various drugs, but 
mostly of penicillin preparations. Such reactions have 
been encountered in Switzerland (and America!) before, 
but the incidence increased markedly in the months 
following a vaccination campaign against foot and mouth 
disease during the winter 1966-67. 

Although details of the composition of the foot and 
mouth disease vaccines could not be obtained from the 
manufacturers, in some cases it appeared that relatively 
high concentrations of antibiotics (especially penicillin) 
had been involved at some stage in the preparation of 
the vaccine. Accordingly, it was possible that penicilloyl- 
protein conjugates formed during the preparation could 
be contaminating the final product and be responsible for 
the sensitization of cows to penicillin, explaining thereby 
the dramatic increase in allergie reactions to injections 
of penicillin in vaccinated cows. Such a sensitization to 
penicillin in man following the administration of polio- 
myelitis vaccine has been reported?. 

We therefore examined the sera of cows that had pre- 
sented acute allergic reactions to penicillin or penicillin- 
streptomycin preparations for anti-penicillin antibodies. 
No anti-penicillin antibodies could be detected in such sera, 
although bovine erythrocytes were found to bind peni- 
cillin efficiently enough to agglutinate specifically 
in the presence of anti-penicillin antibodies from other 
species’. We then investigated a batch of foot and mouth 
disease vaccine that was suspected of having induced 
penicillin hypersensitivity in cows, for the presence of 
penicilloyl-protein conjugates and for its capacity to 
induce penicilloyl specific hypersensitivity in guinea-pigs. 
Incubation of the vaccine with a strong rabbit anti- 
penicilloyl serum did not reduce the haemagglutination 
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titre of the serum, proving the absence of detectable 
penicilloyl conjugates in the vaccine. Eight guinea-pigs 
were injected intradermally five times every second day 
with 1] ml. of vaccine and bled at ious intervals from 
day 14 to 34. Their sera were investigated for anti- 
penicilloyl antibodies by passive haemagglutination and 
passive cutaneous anaphylaxis according to previously 
described techniques**. The tests were consistently 
negative. 

We then performed skin tests in a few cows which had 
experienced anaphylactic reactions after injection of 
penicillin or penicillin-streptomycin, and also in nom- 
vaccinated calves and vaceinated cows which had shown 
no reactions to penicillin injections. For intradermal skin 
tests, we used commercial penicillin preparations, fresh 
solutions of bulk benzylpenicillin, and also penicilloyl- 
polylysine and various chromatographic fractions of bulk 
penicillin which had been shown to elicit allergie reactions 
in penicillin sensitive humans*. To our surprise, skin tests 
performed with bulk benzylpenicillin or penicillin degra- 
dation products (Table 1) were practically negative, 
whereas commercial penicillin preparations elicited strong 
urticarial reactions in allergic cows. It thus became 
evident that the reactions were not to the penicillin 
molecule itself or to one of its degradation products, but 
to an allergen present in commercial penicillin prepara- 
tions. 






























Table 1. SKIN TESTS IN ALDERGIC (A, B) AND NON-ALLERGIC (C, D) cows 
Humans 
Intradermal (0-1 mi.) Cow allergie to 
A B © D penkkiin 
Penicilin G-procaine commer- 
cial, brand “a” Ahead + = ~ OP popoh 
Penicillin G-streptomyein tom- 
_ mercial, brand “a” pale of Š a OF bee 
Penicillin G aqueous 
Commercial, brand “a” + + -~ = OE hob 
Commercial, brand “b” + = —~ me S 
Benzylpenicillin, chemical grade ~ ~ este a 
Chromatographic fractions of 
benzylpenicillin®: 
1. (“Protein impurities’) ~ es zs a Ce) 
2. (“Penicilin polymer”) na s gx. ss a 
3. (Penicilloie acid) = = ~ ~ bet 
4. (Penicillin, penicillenie 
acid) = ~ = BRR 
6. (Oxazolone) (+) = ~ ~ + 
Ta = = = ~ + 





3 
Penicilloyl-polylysine ~- s SA i $ 


An inquiry by penicillin manufacturers revealed that 
carboxymethyl-cellulose (CMC) is frequently added to 
commercial penicillin preparations in order to stabilize 
suspensions or to facilitate dissolution of crystalline 
penicillins. Intradermal skin tests with CMC in allergic 
cows elicited strong local urticarial reactions at doses as 
low as Lug. Samples of CMC of various degrees of viscos- 
ity and produced by two different manufacturers were 
about equally effective in eliciting reactions (Table 2), 
but were unreactive in non-allergic cows. In allergic 
animals, the reaction to the intradermal injection was a 
marked swelling of 5 to 10 cm diameter, the epidermis 
rising 1 to 2 cm above its normal level. The reaction could 
be made more readily visible by previous intravenous 
injection of about 20 ml. of 2 per cent Evans blue. At 











Table 2. SKIN TESTS IN ALLERGIC (A, B) AND NON-ALLERGEO (C, D) cows 


Cow 
Intradermal (0-1 mi.) A B £ D 
CMC “a” 50 ug fb a i s ~ 
CMC “a” 10 ug 5 
CMC “a” 1 ug ~ 
CME “bY 50 ug ~ cs 
CMO “er 50 pg oo 









MC “a” 

NaCl diluent 
Benzylpenicillin 
Benzyipenicillin 





SRN Se Repo 





1 


> 


pe 
Penicilloy!-polylysine 


DO we 


20,000 units 
2,000 units 
50 pm 








Intradermal injections were performed 10 min after intravenous injection 
of 20 ml. 2 per cent Evans blue. Urticarial weal diameters were graded: 
e+ ++, 100 mm; + + +, 50-100 mm; + +, 20-50 mm: +, 6-20 mm, 
Brands of CMC were as follows: “a”, Hercules CMC-7HP: “b”, Heregles 
OMC-TLE; “e”, Exelmans, “da”, Methocel MC 15, 
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the site of the reaction, increase in capillary permeability 
led to blueing within 5 min of the intradermal injection 
of CMC. Similar control experiments performed in non- 
allergic animals yielded merely a small blue streak along 
the path of the injection needle. Histological examination 
of the skin reactions at various times showed oedema 
and a marked eosinophilic infiltration of the dermis, 
findings that are compatible with the histology of acute 
cutaneous anaphylactic reactions such as are observed in 
other animals, for instance, the guinea-pig. 

Preliminary attempts to transfer the skin hypersensitiv- 
ity towards CMC by intradermal injection of allergic 
bovine serum into guinea-pigs or goats were unsuccessful. 
Although there is no reason to believe a priori that skin- 
sensitizing antibodies from the cow should also behave 
as heterocytotropic (skin-sensitizing) antibodies for the 
guinea-pig, passive transfer of skin reactions between 
cows and goats has been recently reported (personal 
eommunication by D. Hammer). We have also been 
unable to transfer CMC skin sensitivity to non-allergic 
calves. A similar failure to transfer skin hypersensitivity 
to protein antigens in cattle has been reported recently, 
success being achieved only when specifically purified anti- 
bodies were used (personal communication by D. Ham- 
mer). It is therefore possible that the passive transfer 
of skin hypersensitivity is more difficult in cows than in 
other species, possibly because of competition of specific 
antibodies and other skin-fixing serum proteins for tissue- 
fixing sites. The allergic nature of the hypersensitivity 
of cows to CMC was confirmed by the sometimes fatal 
systemic anaphylactic reactions which were elicited in 
some vaccinated cows by the intravenous injection of as 
little as 10 mg CMC. In such cows a massive ocdema 
of the lungs together with eosinophilia was observed. 
On the other hand, the intravenous injection of CMC was 
tolerated without apparent damage by non-vaccinated 
calves. No precipitation was observed in Ouchterlony 
plates with sera of allergic or non-allergic cows using 
various CMC preparations. 

The finding that CMC may be the cause of anaphylactic 
reactions in an animal is disquieting. CMC is used nowa- 
days in an enormous variety of materials such as paints, 
industrial products and foods. Its use in a large number 
of drug formulations is especially significant. CMC has, 
however, always been considered to be well tolerated 
and this seems to be the first report of allergic reactions 
to CMC. CMC has been administered to rats for months 
without apparent damage? and no deleterious effects 
seem to have been reported in man. On the other hand, 
an immune response to CMC in mice has recently been 
reported’. Finally, we note that CMC has been used to- 
gether with protein antigens as an adjuvant’. 

We have investigated the immunogenicity of various 
samples of CMC from various origins in guinea-pigs. The 
animals were injected intradermally with a total of 5 
mg CMC (0-1 ml. in saline every second day); they were 
boosted and bled at repeated intervals for periods up to 
3 months. Intradermal skin tests with amounts between 
5 mg and 100 ug CMC were performed at various times 
and the increase in skin thickness was measured with a 
caliper® at 4 and 24 h. Some of the results are presented 
in Table 3 and indicate that a few guinea-pigs do appear 
to develop skin hypersensitivity to CMC. The immuno- 
genic CMC preparation was, however, rather viscous and 
caused noticeable inflammatory reactions even in controls. 
Sensitization was detected by a positive passive cutancous 
anaphylaxis reaction in a few instances. It would there- 
fore seem that CMC is a weak immunogen in guinea-pigs. 

The question arises whether the immunogenicity of CMC 
is due to the carbohydrate component alone or possibly 
to some protein impurities. Nitrogen analyses!’ on samples 
containing up to 10 mg CMC were entirely negative, 
although in the conditions used as little as 2 pg nitrogen 
would have been easily detected. The CMC preparations 
tested therefore contained less than 0-02 per cent nitrogen. 
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Because sizable skin reactions were elicited in allergic 
cows by doses of CMC in the microgram range, it seems 
very unlikely that these reactions could have been due 
entirely to protein impurities. Furthermore, equivalent 
reactions were elicited by similar amounts of CMC posses- 
sing various degrees of viscosity and from different manu- 
facturers (Table 2); these are unlikely to contain similar 
amounts of common protein impurities, 


Table 3. IMMUNIZATION OF GUINEA-PIGS WITH VARIOUS SAMPLES OF 
OM-CELLULOSE 
g Passive 
Immunizing cutaneous Systemic 24-h skin reaction}  Fmmuno- 
CMC anaphyl- anaphyl-  Firstinj. Fifthinj. diffusion 

preparation axis* axis t 
CMC Exelmans 2/12 2/12 1082012 1904060 0/12 
CMC-7LF Hercules 0/8 0/8 0104015 O804015 0/8 
CMC-7HF Hercules 0/8 4/8§ O82+024 1164071 0/8 


Immunization by five intradermal injections of 1 mg CMC on days 0, 2, 4, 8 
and 10; bleeding on day 28; boost with 1 mg on day 73; bleeding on day 77. 
_* Passive cutaneous anaphylaxis elicited with 10 mg CMC intravenously ; 
sites prepared 24 h before with sera diluted 1/5. 
+ Systemic anaphylaxis elicited with 10 mg CMC. 
t Skin reaction evaluated from the increase in skin thickness in mm. 
§ Shock in control animals also, 


Patients sensitized to penicillin do not seem to be 
hypersensitive to CMC. Skin tests in more than thirty 
patients hypersensitive to penicillin and tested with CMC 
at concentrations up to 10 mg per ml. were entirely 
negative. On the other hand, CMC does reaet with 
penicillin; it binds penicilloyl groups and forms conju- 
gates, which may be involved in the elicitation of allergie 
reactions to commercial penicillin preparations in patients 
sensitized to penicillin (A. L. de W. and C. H. 8., unpub- 
lished results). The results show, however, that our 
allergic cows are primarily hypersensitive to CMC itself 
and not to a conjugate of penicillin and CMC, 

Several questions remain. The immunological relation- 
ship between vaccination against foot and mouth disease 
and the apparently higher incidence of sensitization to 
CMC as observed in Switzerland has not yet been ex- 
plained. (We merely observed a striking merease in the 
number of reported anaphylactic reactions to drugs 
(especially penicillin) following wide scale vaccination 
and this is, of course, no proof that vaccination by itself 
induces hypersensitivity to CMC.) Guinea-pigs repeatedly 
injected with the vaccine have not developed hyper- 
sensitivity to CMC, as judged by immunodiffusion and 
passive cutaneous anaphylaxis. So far, we have not been 
able to test a large number of cows in order to ascertain 
whether hypersensitivity to CMC is the only factor respon- 
sible for the allergic reactions observed. Nevertheless, 
the fact that hypersensitivity to CMC may develop in 
cows to such a high degree as to cause anaphylactic 
reactions on injection of the minute amounts of CMC 
contained in commercial drugs (some formulations con- 
tain up to 4 mg CMC per ml.) certainly deserves further 
investigation. CMC has not been reported as being 
immunogenic in man and it seems to be only weakly 
immunogenic in rodents. Its apparently strong immuno- 
genicity in cattle could possibly be related to species 
differences in the capacity to metabolize CMC. Studies 
on immunogenic synthetic polypeptides seem to indicate 
a striking relationship between the ability of a compound 
to be metabolized and its capacity to induce an immune 
response, 
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Antibody to Rabbit Reticulocytes 


Tue functional differences between reticulocytes and 
erythrocytes suggest that there may be antigenic differ- 
ences on their surfaces. If there were antigen(s) only on 
immature erythroid cells, they could be useful markers in 
studies of erythroid development. We have found 
guinea-pig antibody which reacts specifically with rabbit 
reticuloeytes but not with erythrocytes, leucocytes, 
platelets, dextran, albumin or transferrin. 

The reticulocytes were obtained from phlebotomized 
rabbits, purified on dextran gradients! and washed five 
times with thirty volumes of salinc and then injected 
intraperitoneally into guinea-pigs (approximately 10° 
cells in 0-10 ml. of saline). Each course of immunization 
consisted of nine such injections over a 3 week period 
when, after 5 days of rest, about 10 ml. of blood was 
collected for serum by cardiac puncture. 

Leucocytes were isolated in 0-12 M glucose medium 199 
(ref. 2) at about 18 h after the intraperitoneal injection of 
50 ml. of brain-heart infusion broth in hypertonic sodium 
chloride. Platelets were separated by differential centri- 
fugation from fresh blood collected in saline containing 
0-005 M EDTA. Washed leucocytes and platelets were 
suspended to about 10° per ml. in saline containing 1 per 
cent Evans blue for passive cutaneous anaphylaxis (PCA) 
assays. 

Absorptions of sera with erythrocytes, leucocytes or 
platelets were made by mixing 7-5 ml. of a 1/10 or 1/15 
dilution of antiserum containing 0-01 M EDTA with 
about 0-5 ml. of packed cells. After mixing at 0° C for 
15 min the cells were removed by high speed centrifuga- 
tion. The buffers used for isolation of cells and for testing 
antisera have been described elsewhere’. 

Agglutination assays were done in the presence of 0-01M 
EDTA to prevent immune lysis or Cl-dependent mixed 
agglutination’. The measurements were made with the 
microtitre apparatus in which cells, at 10° per ml., were 
mixed with equal parts of two-fold dilutions of serum. The 
mixtures were shaken for 15 min at 37° C, allowed to 
settle at room temperature, and the patterns of agglutina- 
tion were recorded after 45 to 60 min. 

For the PCA assays‘ samples of 0-1 ml. of two-fold 
dilutions of serum were injected intracutaneously in 
guinea-pigs weighing about 200 g. After 4 h, 1 ml. con- 
taining about 10° cells in 1 per cent Evans blue in saline 
was injected intravenously. The animals were killed after 
30-60 min and the size of the blue spot was measured on 
the inside of the skin. 

Table 1 shows the agglutination titres of some first, 
second and third course antisera. The antisera, after three 
absorptions with erythrocytes, had lost agglutinating 
activity against erythrocytes, but considerable reactivity 
against reticulocytes remained. In all experiments assays 
for agglutination and for PCA were negative with sera 
from several unimmunized guinea-pigs. On the other 
hand, reactivity was lost when antisera were absorbed 
with reticulocytes. 
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Table 1. EFFECT OF ABSORPTION OF ANTISERA WITH BRYTHROUYTES. ON 
AGGLUTINATING ACTIVITY AGAINST ERYTHROCYTES AND RETICOLOCYTES 
Days after Number of Dilution of antiserum resulting in 
initial absorptions with about 50 per cent agglutination 
injection erythrocytes Erythrocytes Reticulocy tes 

27 0 960 960 

1 120 240 

2 45 180 

a <30 120 

61 0 60 740 

1 G0 180 

2 80 180 

3 < 30 1830 

s5 0 740 #0 

1 45 TRO 

2 < 80 180 

3 <80 120 

147* 0 1,280 160 

1 "320 80 

2 30 RO 

K < 80 60 

< 30 80 


* Absorbed twice with leucocytes following third absorption with erythro- 
cytes. 
Table 2. LACK OF INFLUBNOR OF DEXTRAN ON AGGLUTINATION OF RETICU- 
LOCYTES AND ERYTHROCYTES 
(a) Effect of treatment of erythrocytes with dextran on agglutination of 
erythrocytes by absorbed antiseram 
Dilution of antiserum resulting in about 


Antiserum 60 per cent agglutination 
No. of absorptions Erythrocytes 
with erythrocytes Erythrocytes treated with dextran 
ü 740 740 
2 <80 < 80 
3 <30 < 30 


(b) Agglutination by antiserum pretreated with dextran for 30 min at 30° C 


vg Dextran added Erythrocytes Retieulocy tes 
0 < 30 180 
10 <30 189 
50 <30 180 
100 < 30 180 


Although the reticuloeytes used for the immunization 
and for the assays had been exposed to dextran, dextran- 
treated erythrocytes were not agglutinated with erythro- 
cyte absorbed antiserum (Table 2a). Furthermore, as 
shown, preincubation of erythrocyte-absorbed antiserum 
with dextran had no effect on the agglutination of retieu- 
locytes (Table 2b). Thus the activity of the erythrocyte- 
absorbed antisera is not directed against dextran absorbed 
to the surface of reticulocytes. 

Preincubation of a number of erythrocyte-absorbed 
antisera with rabbit serum, rabbit transferrin and bovine 
serum albumin (to which the reticulocytes had been 
exposed) did not inhibit agglutinating activity against 
reticulocytes. In addition, precipitin reactions in tubes 
and in gel diffusion plates were negative with these 
antigens. 


Table 3, PASSIVE CUTANEOUS ANAPHYLAXIS WITH ANTISERUM ABSORBED 


THREE TIMES WITH ERYTHROCYTES 
Diameter in mm with different cells as antigen 


Dilution of Reticalocyte 
antiserum Erythrocytes Reticulocytes ghosts 
10 0 Wl mM 8 8 14 
50 0 8 6 3 8 6 
250 0 4 8 1 3 3 
1,250 0 1 0 O 1 0 


* Essentially identical values were obtained with the antiserum absorbed 
twice with leucocytes, 

Additional evidence for the specificity of the antisera 
was obtained by assaying some by PCA, a method which 
proved to be at least three times as sensitive as agglutina- 
tion. Table 3 shows that an erythrocyte-absorbed. anti- 
serum was negative with erythrocytes as antigen but 
positive with reticulocytes and reticulocyte ghosts at an 
antiserum dilution of 250. Many antisera were tested by 
PCA using rabbit serum, rabbit transferrm, dextran, 
bovine serum albumin, rabbit leucocytes and rabbit 
platelets as the challenging antigen. All of these tests were 
negative, supporting the conclusion that the antisera were 
specifically reactive with reticulocytes. 

The fact that rabbit transferrin did not inhibit reticulo- 
cyte agglutination or show any reactivity with the 
antisera was particularly critical, because Coombs serum 
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selectively agglutinates reticulocytes and this agglutinat- 
ing activity is inhibited by transferrin’. There does not 
seem to be any relationship between the reaction reported 
here and the ‘reticuloeyte HL-A antigens which are also 
present on leucocytes though absent on erythrocytes®, 

Our results indicate that guinea-pigs immunized with 
partially purified rabbit reticulocytes produced anti- 
bodies that were reactive with both rabbit erythrocytes 
and reticulocytes. When these antisera were absorbed 
with erythrocytes until no agglutinating or PCA activity 
could be detected, considerable activity against reticulo- 
cytes remained. Preliminary experiments using these 
antisera and others obtained against mouse reticulocytes 
show that the antisera also react specifically with the more 
immature erythroid cells of bone marrow. 
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Rejection of Skin Grafts from Mice 
chronically infected with Lymphocytic 
Choriomeningitis Virus by non-infected 
Syngeneic Recipients 


THE interaction of lymphocytic choriomeningitis (LCM) 
virus with mouse tissues has been discussed recently}, 
The fulminating disease, which occurs in adult. mice after 
intracerebral inoculation with LCM virus, can be amelior- 
ated by several treatments known to impair the immune 
response of the host, such as X-rays*, amethopterin’, 
thymectomy? and anti-lymphocyte serum’, The patho- 
logy of the disease! supports the current view that an 
immune reaction by the host against the virus or a virus 
product, located in or on infected cells, plays an essential 
part in its pathogenesis. A similar mechanism may be 
important in the chronie autoimmune-like disease in 
virus carrier mice?>. Further elucidation of this disease 
mechanism depends on understanding the nature of the 
immune response and its target. A question of con- 
siderable interest is what the consequences might be for 
virus infected cells in the event of an immune response 
against the virus or a virus product. Here we report pre- 
liminary experiments involving transplantation of cells 
from virus carrier mice to syngeneic non-infected recipients 
which suggest that tissues of mice chronically infected with 
LCM virus undergo an antigenic change which can be 
detected by transplant rejection. 

We used inbred mice of the strain SWR/Jax, 8-10 
weeks old. Chronie LCM virus carrier animals were 
established by intraperitoneal inoculation of young mice 
less than 24 h old with 10? LD,, doses of the CA 1371 
strain of the virus. Skin grafting was carried out essen- 
tially as described by Brown!!. The skin of the experi- 

mental animals was lifted up in a mid-dorsal longitudinal 
fold and two circular grafts were rernoved by means of a 
steel punch, 9 mm in diameter. If the mice were to serve 
as graft recipients, the resulting two dorsolateral wounds 
served as graft beds without further preparation. Each 
recipient received an autograft and an isograft. 
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Table 1. RESULTS OF GRAFTING OF SKIN FROM LOM VIRUS INFECTED OR 
NON-INFECTED DONORS TO NON-INFECTED RECIPIENTS* 
Tsografts Autografts 
Noninfected isograft donors 14/14 14/14 
Infected iscgraft donors 0/13 4/13 
* Denominator: number of grafts; numerator: namber of successful 


grafts. 


The mice each received two grafts: an autograft and an isograft from either 
an infected or a non-infected donor, All the recipient mice were non-infected, 
The pattern of successful and rejected grafts was clearly established on the 
fourteenth day after transplantation and did not change within the following 
18 weeks of observation. 








The results of experiments involving transplantation of 
skin from infected or non-infected donors to non-infected 

recipients are summarized in Table 1. They show that 
transplantation of skin from infected donors resulted con- 
sistently in rejection of the grafts. The rejection was 
clearly evident on the tenth day after grafting, and 
progr essed rapidly to necrosis of the graft by the fourteenth 





day. In a number of cases, the autografts of animals 
receiving infected isografts were also rejected. Isografts 





between non-infected animals were uniformly successful. 
No sign of rejection was noted during 18 weeks after 
grafting. 

The exact nature of the mechanism of graft rejection 
is unknown, but it is likely to be an immune phenomenon. 
Support for this view has been provided by the results of 
rechallenge with infected grafts of recipients that pre- 
viously had rejected infected grafts. When inspected on 
the sixth day after grafting, these animals showed evidence 
of accelerated rejection of the infected skin characteristic 
of second set graft rejection. Control recipients that 
previously had received non-infeeted grafts did not differ 
from recipients that previously had not been grafted in 
their pattern of rejection of infected grafts. A likely 
explanation of the observed rejection of autografts by 
animals receiving infected jee pratts might be cross- 
infection of the autograft from the infe ted isograft, the 
two grafts being located no more than 10-15 mm apart. 

Our results suggest that LCM virus produces an anti- 
genie change in tissues of chronically as well as acutely 
infected mice detectable by tissue transplantation. 
Recent electron microscopic investigations of L virus 
infected cells have shown that the virus lodges in micro- 
villi of the cytoplasmic membrane. Such a location of the 
virus could account for the apparent histoincompatibility 
between skin of infeeted donors and non-infected syn- 
geneic recipients. Histoincompatibility of a possibly 
similar nature has been reported by Breyere and Williams! 
between mice infected with a leukaemia virus and their 
syngeneic non-infected counterparts. 

We thank Miss Suzanne M. Walter for 
assistance. 
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Ultracentrifuge Studies of Red Cell 
Phosphoglucomutase 


Tue red cell phosphoglucomutase electrophoretic pattern 
depends on two independent autosomal loci, PGM, and 
PGM, (refs. 1 and 2). The first one is polymorphic in all 
the races’, the second only among Negroes*4. A number 
of rare variants of both the PGM, and PGM, genes have 
also been described’, The genetics of phosphoglucomutase 
has been comprehensively reviewed’. A set of at least two 
electrophoretic bands are associated with each PGM, or 
PGM, allele. 

The present work has been performed in order to 
compare the molecular weights as measured by ultra- 
centrifugation in sucrose gradients of different bands 
associated with the same allele; or with different alleles 
of the same locus (the PGM) or with different PGM genes 
(PGM, and PGM,). The results are shown in Figs. 1 and 
2. In all the gradients an approximately linear dependence 
was found between the distances of migration of the 
markers and their sedimentation coefficicnts by assuming 
values of 78 and 4:315 for LDH’ and Hb’ respectively. 

In all cases only one component with PGM activity 
appeared just in front of the Hb peak. Its sedimentation 
constant was independent from the total PGM activity 
and the same for all the three PGM, phenotypes. The 
mean of the values obtained from six experiments was 
4-68. 

The corresponding estimate of the PGM molecular 
weight, assuming the molecular weight of the Hb equal 


to 64,450 (ref. 10), is, according to Schachman’s formula’? 
(which applies for globuler molecules), 
Sub oe He molecular weight et ew nine 
spam = N A 





This value is very near to those reported by Joshi'? for 
the phosphoglucomutases of several species ranging from 
bacteria to yeast, flounder and rabbit. At first sight the 
electrophoretic findings confirm the quantitative data, 
because all the fractions with clectrophoretically demon- 
strable PGM activity do show the whole PGM pattern 
(see Fig. 1). 

On closer observation, however, there appeared a 
tendency of the PGM, bands to be more intense than the 
PGM, in the first ultracentrifuge fractions with PGM 
activity (the heavier ones) and the converse could be 
observed for the lighter fractions. 

To clarify this point the resolving power of the analysis 
has been increased by subdividing the ultracentrifuged 
solution in much smaller fractions (about 50 ul.) which 
could be analysed only for their electrophoretic behaviour. 
In this way the PG M bands did indeed show a sedimenta- 
tion constant. definitely, even if slightly, higher than that 
of the PGM, bands (see Fig. 2). These data do not allow 
more than a semiquantitative comparison of the sedi- 
mentation properties of the PGM, and PGM, enzymes, 
but are sufficient to show that they are slightly different. 

On the other hand, not even with this 
method did any difference appear between 
the bands determined by the PGM: allele, 
by the PGM? allele, nor between the bends 
determined by the PGM, gene. 

Preliminary gel filtration studies by 
Monn! and by Harris!* arrived at essen- 
tially the same results. 

Joshi also observed that the PGM of 
different organs from animals of several 
species could in all the cases be resolved 
by ‘CM-Sephadex’ chromatography into 
two components having the same molecu- 
lar weight. There are several possible 


mechanisms by which proteins determ- no a 
ined by a , single allele at a particular locus 
may show more than one electrophoretic Fig. 2 
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Fig. 1. Sucrose gradient sedin fon froma PGA, 
1 phenotype haemolysate. è p 5 represent the PGM (@-—~@), 
the LDH { x — '—— x) activities and the Hb concentrati } 
{the two latter proteins have been added as markers). Each € 
was prepared according to Huisman’ by chromatogra pling ‘eae a 
CMC column a stromata-ree haemolveate dialysed against Na 
phosphate buffer pH 6-6. The Hb-free eMuent aie 
fraction) was then concentrated 
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in 01 M hie HCL, pHi 7 A ESTE 
with the following composition: 0-22 a 


fraction; 15 vi. of LDH (LDH--H Boehringer in 2 M ammonium salt) 
and 15 «i. of the same unchromatographed ha: 
stratified on the gradient. 
37,000g; 0°C; 
about 0-30 ml. 


srolysate, were then 
Ultracentrifugation conditions were 20 h, 
SIF89L rotor of the Spinco 2-50 model. Fractions of 
were collected dropwise from the bethor of 

ivi nM, ef al, 








he tube, 
anpublished) and 
re determined at 4100 A. 





ity. The Hb concentrations w 

The sum of the PGM activities ranged from 90 to 110 per cent of the 
expected one. The PGM electrophoretic pattern of each fraction was 
also determined by a micromethod derived from Hopkinson (A. 8. 8 
et al., unpublished). 








component (for a detailed discussion see Harris and 
Epstein"). 

The present evidence rules out one of these possibilities: 
that is, that the different bands determined by the same 
PGM, or PGM, allele are oligomers or polymers of the 
same polypeptidie chain. The same conclusion has been 
reached by Harris!’ for the isozymic bands of acid phos- 
phatase found in the homozygotes. 

All the other possibilities are neither proved nor dis- 
proved by the present data. 

In these experiments the protein (or proteins) respon- 


sible for the oxidation or for the maintenance in the 








13 15 1 19 





Fraction No. 


POM, 1 phenotype on fractions of 50 ui. See legend of Fig. 1. 
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oxidized form of tetrazolium dyes in the presence of 
phenazine and light is clearly localized in the second half 
of the PGM peak (see Figs. 1 and 2). Its molecular weight 
appears therefore to be a little lower than that of haemo- 
globin. This finding is in good agreement with preliminary 
gel filtration results of Brewer, who also studied this pro- 
tein in great detail and found a genetical variant of it, 
segregating in a family as an autosomal gene”. 

We acknowledge the criticisms of Drs A. Falaschi, 
A. Motulsky and A. Yoshida, and we thank Mr Mario 
Negri for his technical assistance. This work was carried 
out under a EURATOM-CNR-CNEN contract. 
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Multiple Forms of Rat Brain 
Monoamine Oxidase 


THe enzyme monoamine oxidase (monoamine : O, oxido- 
reductase (deaminating), EC 1.4.3.4) (MAO) is likely 
to be concerned in the metabolism of known or suspected 
central nervous system transmitters such as noradren- 
aline, dopamine and 5-hydroxytryptamine. In the therapy 
of depressive disease, drugs are used which are able to 
inhibit MAO and it is thought that they owe their bene- 
ficial effect to this ability and to the resulting accumu- 
lation of amines. It is found, however, that some com- 
pounds belonging to this group are considerably more 
effective therapeutically than others’? and no fully 
satisfactory explanation has been offered. We now offer 
an approach which we think in better accord with the 
characteristics of MAO. 

It appears’ that multiple forms of MAO exist. 
Solubilized rat and human mitochondrial MAO prep- 
arations have been separated electrophoretically into 
several bands with distinct physico-chemical character- 
isties’~’. Although Tipton and Spires’? suggested that 
pig brain MAO is likely to be a single enzyme, Johnson’? 
gathered evidence for at least two MAO variants in rat 
brain. We now present experimental findings describing 
the physical separation and properties of four forms 
of MAO from rat brain. If multiple forms of MAO were 
also present in human brain, this might explain the 
varying ability of different MAO inhibitors to combat 
depression; should it be possible to correlate the thera- 
peutie effect of these compounds with their inhibitory 
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action on a particular enzyme fraction, the substrate 
preferences of that fraction might even provide a pointer 
to the amine disturbance present in the illness. 

Freshly obtained rat brains were homogenized in 
0:3 M sucrose. Mitochondria were prepared by the method 
of Hawkins'*. After being washed in sucrose solution, 
they were suspended in tris-HCl (0-05 M, pH 8-6) con- 
taining 1-5 per cent ‘Triton X-100' and benzylamine 
(10-8 M) to protect the enzyme from inactivation’. The 
suspension was subjected to sonication (2-3 h, 0°-5° C, 
20 kHz) and the resulting solution fractionated with 
ammonium sulphate. The precipitate at 30-55 per cent 
saturation was collected by centrifugation at 12,0009, 
dissolved in tris-HC] and stored at 4° CŒ. The enzyme 
preparation retained full activity for at least two weeks. 
Further purification was achieved by column chromato- 
graphy on ‘Sephadex G-200'; enzymatic activity was 
eluted as a single sharp peak. A molecular weight of 
230,000 was obtained by the gel filtration method of 
Andrews", in contrast with the value of 110,000 found by 
Tipton! for pig brain MAO. 

Polyacrylamide dise electrophoresis was carried out 
by a modification of a previous method’. Tris-HCl 
(0-05 M, pH %1) was used and, after solubilized enzyme 
had been introduced at the cathode, current was applied 
for 1-2 h; the gels were then stained’? for MAO activity 
(Fig. 1). 

Two bands migrated towards the anode, one to the 
cathode and one remained at the origin; the latter may 
represent a polymerized form of the enzyme which is 
unable to enter the gel. The bands have been denominated 
MAO,-, (Fig. 1). These findings agree to some extent 
with those of Kim and D’Iorio*. 

After the position of the bands of activity had been 
noted, gel slices corresponding to each were obtained 
with a razor, homogenized in phosphate buffer (0-05 M, 
pH 7-4) and centrifuged at 5,000g for 10 min. The 
supernatant, which contained most of the enzyme 
activity, was stored at 4° C before investigation. 
MAO activity was measured using kynuramine,”? 
“C-tyramine, “C-tryptamine and 1C-benzylamine?? as 


+ - 
MAO, 


En a 














ne x T 


Fig. 1. Multiple forms of solubilized rat brain mitochondrial mono- 
amine oxidase (MAO) separated on 5 per cent polyacrylamide gal electro- 
phoresis. MAO, migrated from anode to cathode and MAO, from 
cathode to anode. 200 ul. of enzyme preparation in 0-05 tris-H@) buffer, 
pH 9-1, was mixed with ‘Sephadex G-200 and introduced on to the gel. 
Electrophoresis was continued at room temperature for 1-2 hat 6 mA 
per tube. The gels were developed for monoamine oxidase activity with a 
solution containing 4 mg nitro bine tetrazolium, 1 mg sodium sulphate 
and 4 mg tryptamine-HCl in 5 ml. of 0-1 M phosphate buffer, pH 7-4. 
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Table 1, SUBSTRATE SPECIFICITY OF RAT BRAIN MONOAMINE OXIDASES 
Substrate MAO, MAO, MAO, MAO, 
Tyramine 5999+327 3089412 1858+015 0104+002 
Tryptamine T69£073 491113 1-18 + 0-82 7-86 + 0-66 
Kynuramine 32240905 7241-21 3-93 +035 4240-85 
Benzylamine 8335+031 3704049 01964004 0 


The results are expressed as mumole of deaminated product formed per 
10 min per mg protein. Protein determinations were carried out using the 
method of Lowry et al.**. 


substrates. The relative rates of oxidation of each by 
the four different bands of activity are shown in Table 1. 
Tyramine was the best substrate for MAO,-,. It 
was deaminated more readily by MAO, than by the 
other bands. MAO, was most active towards trypt- 
amine and kynuramine but was virtually inactive to- 
wards tyramine and benzylamine. MAO, was relatively 
more active towards kynuramine and benzylamine. 
MAO, had the least activity towards tryptamine and 
benzylamine but deaminated kynuramine to about the 
same extent as MAQ,. These results point to the bands 
possessing somewhat different properties from those 
observed previously for rat and human liver MAO var- 
iants*? or bovine kidney whole enzyme** where kynur- 
amine was more readily oxidized than tyramine, trypt- 
amine or benzylamine. 

Thermal stability characteristics of the four bands 
at 50° C in phosphate buffer (0-05 M, pH 7-4) are shown 
in Fig. 2. Fall in activity was linear over a period of at 
least 40 min. MAO, and MAO, lost only about 30 per cent 
of their activity after a 40 min exposure to this tempera- 
ture whereas the activities of MAO, and MAO, dropped 
by about 75 per cent. 

The activity of each band at different pH values was 
determined using kynuramine as substrate (Fig. 3). 
MAO,- showed optimal activity at pH 8-3 and MAO, 
at pH 7-4; these results are in contrast with the dif- 
fering optima noted during our investigation of rat and 
human liver enzymes’. 

Michaelis constants (Km) for MAO,., were determined 
graphically using kynuramine as substrate (Fig. 4). 
They were 2:40 x 10-5 M, 3-84 x 10-5 M, 8-33 x 10-5 M and 
4:50 x 10-5 M respectively. The affinity of MAO, for 
kynuramine was thus greater than that of the other 
bands; MAO, showed the least affinity towards kynur- 
amine. 

The effect of pargyline, an irreversible non-hydrazine 
MAO inhibitor? of M & B 9302, a fairly similar compound 
which gives rise to an unusual biphasic MAO inhibition 
curve using rat brain homogenate, and of harmaline, a 
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Fig. 2. Thermal inactivation of rat brain mitochondrial monoamine 
oxidase variants (MAO,-,) at 50° C using kynuramine as substrate. 
Activity is expressed as percentage of control value. 
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Fig. 3. wH-activity curves of rat brain mitochondrial monoamine 

oxidase variants (MAO,-,). Reactions were carried out in phosphate 

buffer for pH values of 6-0-7-4 and borate buffer for pH values of 80-01. 
The substrate was kynuramine, 10“ M, 
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Fig. 4. Kinetics of kynuramine oxidation by the individual bands of 
monoamine oxidase, showing reciprocal plot of (V) against substrate 
eoncentration (8). 


competitive inhibitor’, on the activity of the four bands 
was noted using kynuramine as substrate (Table 2). 
MAO, and MAO, were considerably more resistant to 
both pargyline and M & B 9302 than the other bands, 
Marked differences were also observed with harmaline; 
the Kı value of MAO, was about ten times smaller than 
values obtained for the other bands. 

Johnson interpreted the biphasic curve of inhi- 
bition he obtained with M & B 9302 as an indication 
that it discriminates between two different forms of MAO 
in the rat brain; this view is confirmed directly by the 
present results. The data obtained with harmaline, which 
agree with our earlier findings on harmaline-sensitive 
human and rat liver MAO bands’, also fit in with other 


Table 2. EFFECT OF INHIBITORS ON ACTIVITY OF RAT BRAIN BANDS M AD yrs 
RK (M) 

Inhibitor MAO, MAO, MAO, MAG, 
Pargyline 1-85 x 10-8 5-86 x 10+ 2-60 x Lir* DBI 
M & B9302 3-10 x 10-7 5-60 x 10-8 1-25 « U 5-80 « igt 
Harmaline 1:20 «104 150x 10-4 1-65 x 10-4 140» 10-* 


All inhibitors were preincubated with the enayme for 16 min before the 
introduction of substrate (kynuramine, 10+ M). Ki values were determined 
graphically**, 
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experimental observations: its administration to animals 
causes a rise of one endogenous brain amine substrate, 
§-hydroxytryptamine, without any corresponding rise 
m two others, dopamine and noradrenaline’. One 
explanation of this finding is that the MAO variant 
normally responsible for 5-hydroxytryptamine inacti- 
vation is preferentially inhibited by harmaline. Gorkin 
and his colleagues** have reported that in certain cir- 
cumstances the 8-carboline group of inhibitors, to which 
harmaline belongs, can prevent the deamination of 
5-hydroxytryptamine by mitochondrial MAO at a lower 
concentration then when tryamine or tryptamine is 
used as substrate. The substrate preferences of MAO, 
with special reference to 5-hydroxytryptamine, will 
obviously repay careful scrutiny. 

MAO is an insoluble enzyme located in the outer 
membrane of the mitochondrion?! Complete mitochon- 
drial disruption by: the solubilization procedure and gel 
electrophoresis used may be sufficient to produce certain 
artefacts which manifest as the observed bands of MAO 
activity. On the basis of the following criteria, we are 
inclined to reject this possibility. First, re-electrophoresis 
of individual bands does not cause further breakdown 
into enzymatically active bands. Second, neither length 
of storage at 4° C nor period of ultrasonic disintegration 
has any qualitative effect on the electrophoretically 
separated bands, nor do they change their relative con- 
centration. Third, bands obtained from rat brain on 
different occasions always possess similar properties. 
Solubilized enzyme activity is eluted as a single sharp 
peak from a ‘Sephadex G-200’ column, indicating that 
the bands have the same molecular size. Fourth, because 
the partially purified 30-55 per cent ammonium sulphate 
precipitate is readily soluble in aqueous media without 
the use of detergents, any explanation based on incomplete 
solubilization’ appears unlikely. Kim and D'Iorio? obtained 
identical results when solubilization was achieved with 
either sonication or a non-ionic detergent, “Lubrol’. 

We believe that the multiple forms of MAO we have 
described here and previously’? are genuine constit- 
uents of mitochondria; because of their similarity, they 
are not easily resolved by other standard purification 
methods such as chromatography on ‘Sephadex G@-200° 
or DEAE-cellulose. 

Whether they are separate enzymes or different mol- 
ecular forms of the same enzyme is still unclear. Others? 
have noted that antibodies to three different MAO 
fractions of solubilized beef liver MAO cross-react with 
each other, pointing to their close antigenic relationship; 
they suggest that the observed phenomena may represent 
different degrees of aggregation of the same enzyme. 
It is nevertheless possible that the in vitro substrate 
preferences of these enzyme bands reflect. their in vivo 
function and that their inhibitor characteristics, if 
these findings in the rat hold true for man also, will prove 
to be the key to more specific therapy in human depres- 
sive illness. 
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Preferential Degradation of 
“‘Messenger RNA ”’ in Reticulocytes by 
Ribonuclease Treatment and Sonication 
of Polysomes 


In searching for an identifiable messenger RNA from 
animal cells, interest has centred on a component of 
reticulocyte polysomal RNA with a sedimentation value 
of 8-105 (refs. 1-3) (called 95 RNA here), which has 
properties expected of a globin messenger. Here we 
present evidence supporting the idea that this RNA is a 
messenger. 

Reticulocytes were prepared from mouse (Porton strain) 
and rabbit blood after phenylhydrazine injection; poly- 
somes were isolated by standard methods‘ and suspended 
in TKM buffer (0-05 M KCI, 0-0015 M MgCl, 0-001 M 
tris, pH. 7-6) at a concentration of 2-3 mg/ml. 

Polysomes completely disaggregated to monosomes 
when treated with pancreatic ribonuclease (Worthington 
Biochemical Corporation) at a concentration of about 
0-01 ug/ml. for 5-15 min at 37°C (Fig, 1). Sonieation of 





4 sos b 







Pimmjerons 


Fig. 1. Effect of RNase on monse reticulocyte polysomes: polysomes 

3 mg/ml. a, Control, 0° C, no additions; b, 0-013 ug/ml. ribonuclease, 

37°C, 5 min. Centrifugation $0 min, 39,006 r.p.m., 3x5 SW rotor, 

4° C, 5-20 per cent sucrose gradient in TKM, read at 260 mmicrons 
by upward displacement through flow cell in ‘Unicam S P800, 
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Fig. 2. Effect of sonication on mouse reticulocyte polysomes: poly- 
somes, 2-9 mg/ml. a, Control; b, sonicated 5 8; ¢, sonicated 6x5 8 
Sonication at 0° ©. Centrifugation as in Fig, 1. 











Fig. 3. Effect of sonication and RNase on mouse reticulocyte polysoamal 
RNA. a, RNA isolated from poelysomes completely disaggregated to 


monosomes by 6 x 5 8 sonication. Centrifugation 180 min, 36,000 r.p.m., 

3x5 SW rotor, 4° C, 5-20 per cent sucrose gradient in TKM. b, RNA 

isolated from Solyaomies completely disaggregated by RNase, polysomes 
2-1 mg/ml., 0-02 ug/ml. RNase, 37° C, 5 min, centrifuged as in a. 






the polysome preparation for 30 s (six bursts of 5 s with 
cooling, at 1:9 mA with an MSE sonicator, 60 W) also 
caused complete breakdown to monosomes (Fig. 2). 

The RNA was isolated by the cold phenol : m-cresol ; 4- 
aminosalicylate method? from both sonicated and RNase- 
treated preparations, dissolved in 0-04 M tris, 0-02 M 
sodium acetate, 0-002 M EDTA, pH 7-8, and centrifuged 
on 5-20 per cent sucrose gradients. In neither case was 
there any measurable effect on the gross sedimentation 
pattern of the RNA nor on the ratio of 285: 18S RNA 
(Fig. 3). If either RNase treatment or sonication was 
prolonged, the 18S ribosomal peak diminished relative to 
the 28S peak and material appeared in the low molecular 
weight region. Mouse and rabbit polysomes behaved 
similarly. 

RNA was also fractionated on 2-4 per cent or 3 per cent 
ales atten gels’. All gels were scanned with a 
Chromoscan recording densitometer (Joyce—Loebl, New- 
castle) and then stained with toluidine blue®. We con- 
sistently found, for both mouse and rabbit polysomal 
RNA, two bands, 9S and 128, migrating between the 








18S and 5S ribosomal RNA components (Fig. 4a). These 
are also visible in the densitometer scans (Fig. 5a). 
Occasionally a trace of RNA running in the “7S” position 


was detected; if ribosomal RNA degradation oceurred, 
several bands appeared between the 12S and 188 com- 
ponents. 

The 9S component was eliminated by both RNase 
treatment (Fig. 4) and sonication (Fig. 5). Abolition of 
the 95 component after sonication was shown only in 


629 


rabbit polysomes. Besides 98 and 128 RNAs, several 
other minor RNA components are consistently found, 
including three between the 18S and 288 ribosomal 
RNAs and at least two heavier than 28S RNA, These are 
not likely to be ribosomal or mRNA precursors, because 
the cells are anucleate; their function is unexplained, 
The 128 RNA is reduced in amount after sonication or 
RNase treatment, but not eliminated (Fig. 4). 

It is possible to detect a ribonucleoprotem peak oj 
approximately 145 after treatment of rabbit ae po 
polysomes with a half volume of 0-1 M EDTA, pH 7 
followed by centrifugation on a 15-30 per cent sucrose 
gradient”. The rapid labelling of this peak by “P in vive, 
the fact that it contains a highly labelled 98 RNA com- 
ponent, and its sensitivity in polysomes to ribonuclease 
degradation have led to the suggestion that it contains 
the haemoglobin messenger. We have confirmed the 
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Fig. 5. Effect of sonication on 
polysomes. Densitometer traces of 2 2 4 "per cent gait 
a, RNA from control polysormes, 4 mg/ml; b, RNA f 
sonicated 5s; ¢, polysomes sonicated Ox 8 
gel, 75 min, 5° e 
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Effect of RNase on EDT A-released mRNP peak. Rabbit reticulocyte polysomes, 
a, Control; b, incubated 37°C, 15 min, no additions; ¢, as for b + RNase, 
Centrifugation 240 min, 39,000 r.p.m., 8x 5 SW rotor, 4° C, 15-30 per cent 


gradient in TKM minus MgCl. 


abolition of the 148 peak in unlabelled reticulocyte poly- 
somes treated with low levels of RNase (Fig. 6) and have 
found that the same result is obtained after sonication 
(Fig. 7). 

After this work was completed, Laycock and Hunt? 
reported the synthesis of globin-like material in an Æ. coli 
cell-free protein synthesis system after the addition of 
“8S” RNA isolated from rabbit reticulocytes, and Labrie® 
reported preliminary attempts to determine the nucleotide 
sequence of “108” RNA, also from rabbit reticulocytes. 
Labrie identifies the “108” RNA as haemoglobin mes- 
senger using criteria similar to those outlined before, as 
well as the characteristics of the fingerprint from a T-1 
ribonuclease digest. The experiments reported here offer 
further proof that RNA found at a position approximating 
to 8-108 and here called “9S” is the haemoglobin mes- 
senger. 

We have consistently found, as did Laycock and Hunt’, 
two species of RNA between the 5S and 1858 ribosomal 
species, migrating at approximately “9S” and “128”, 
Labrie reports the occurrence of a multiplicity of bands 
in this region. In experiments using a zonal rotor to 
prepare mg amounts of these minor RNA components 
from mouse and rabbit reticulocyte polysomes, we 
have again found that “9S” and “12S” (corresponding to 
Laycock and Hunt’s “8S” and “148”? and probably to 
Labrie’s “108” and “15S”) are the major components, 
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Fig. 7. Effect of sonication on EDTA-released mRNP peak. Rabbit 

reticulocyte polysomes, 4 mg/ml a, RNA from control polysomes; 

b, polysomes sonicated 5s: e. polysomes sonicated 6x5 8s, Centrifuga- 
tion as in Pig. 6. 


although in more concentrated (7-5 per cent) polyacryl- 
amide gels the 9S” component splits into two major bands 
and one minor band, all very close together (G. L., R. W.. 
Morrison and J. P., unpublished results). It is pos- 
sible that the two major bands are messengers for 
the « and ß globin chains; these would be expected to 
differ by fifteen nucleotides, and should be resolved in 
our experimental conditions. 

We thank Miss Theresa Flanigan for technical assist- 
ance. This work was supported by grants from the 
Medical Research Council and the British Empire Cancer 
Campaign for Research. 
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T-Antigen and DNA Synthesis in 
Macrophages infected with Polyoma Virus 


CELLS infected with polyoma virus may undergo a cyto- 
cidal interaction or a moderate one in which a fraction of 
the population is transformed. In either case a new comple- 
ment fixing antigen!, known as T-antigen?, appears in the 
nucleus of the infected cells and cellular DNA synthesis 
is stimulated?-*. A requirement for DNA stimulation 
is that cells are not actively dividing’. It has been 
suggested that a correlation exists between appearance 
of T-antigen and stimulation of host DNA synthesis'. 
The use of cells which are incapable of synthesizing 
DNA would facilitate study of this relationship because 
in the available systems mitotic activity and DNA 
synthesis of contact-inhibited cells are only temporarily 
and partially repressed. The experiments reported here 
show that polyoma virus induces an abortive infection 
in peritoneal macrophages. a system in a steady state 
situation®, and that synthesis of T-antigen and DNA 
appears as two unrelated processes. 

Macrophages were derived from C57 black and from 
NIH albino mice without previous peritoneal stimu- 
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Hours after infection 
Fig. 1. Ordinate on the left represents rate of DNA synthesis by Py-infected macrophages (@—@) and 
mock infected controls (O - - - ©) as radioactivity measured in the acid precipitable fraction after 6 h 


pulses with *H-thymidine. 


Ordinate on the right representa appearance of fluorescent nuclear staining 


specific for T-antigen (A -—A ) as percentage of positive cells at each 12 h interval after infection. 


lation, and cultured’, Polyoma virus (S.E. wild type) 
was used at an input multiplicity of 100 plaque forming 
units per cell. Controls were inoculated with supernatants 
from uninfected cultures after freezing and thawing; 
DNA synthesis was measured by exposing Petri dishes 
containing 5x 10° cells to *H-methyl-thymidine (5-0 
Ci/mM, 10 uCi/ml.) for 6b at 6 h intervals and measuring 
the radioactivity of the acid insoluble fractions of a 
fixed amount of the cell lysate adsorbed on ‘Millipore’ 
filters. In other experiments cells on coverslips were 
labelled for 4 h at 24 h intervals, fixed and counted in 
a liquid scintillation counter. The number of cells per 
coverslip was estimated. In some experiments DNA was 
extracted from pools of lysates showing high thymidine 
incorporation and examined (by courtesy of Dr D. 
Axelrod) on a hydroxyapatite column, using “C-polyoma 
DNA as control. Immunofluorescent staining was per- 
formed using the indirect method. Polyoma virus 
transformed hamster cells were used as controls. Acridine- 
orange staining was performed according to the method 
of Armstrong and Hopper". 

Macrophages from both types of mice tested over a 
period of several days after polyoma infection showed 
that no new virus was synthesized and that no viral 
antigen was detectable in the nuclei of the infected 
cells. Fig. 1 shows appearance of T-antigen and synthesis 
of DNA. Both types of macrophages started synthesizing 
DNA at a very rapid rate some 50 h after infection; 
however, it was only in the C57 cells that T-antigen 
could be detected. T-antigen appeared 36 h after infection. 
Fifty per cent of the cells were positive at 48 h, 100 per 
cent at 72 h. No nuclear staining was seen in controls. 
Fig. 2 shows the behaviour of T-antigen and DNA 
synthesis over a period of 7 days. T-antigen remained 
present in all the C57 nuclei. No differences in the intensity 
of the staining were detectable, but the rate of thymidine 
incorporation declined gradually after the third day, 
although it remained at levels above that of the controls. 
Histological examination showed no mitotic figures, 
but starting from the third day and with a maximum 
at the fifth all the infected cells appeared larger and 
their nuclei were about twice the diameter of the corre- 
sponding controls (Fig. 3). 

Beeause interferon suppresses the formation of T- 
antigen in cells infected with SV, virus! without affecting 
cell DNA synthesis!* I investigated the occurrence of 
interferon in NIH infected macrophages using MHV-3 
as challenge virus’. Table 1 shows that MHV-3 grew 


equally well whether the cultures had been pre-treated 
with polyoma or not. Yet the yield of MHV-3 was 
reduced when NIH macrophages were exposed to 14 
units of mouse interferon. Supernatants from polyoma 
infected NIH cultures failed to reduce the yield of MHV-3 
in C57 macrophages, while the challenge virus was again 
shown to be sensitive to the action of interferon. ' 

Polyoma virus induces host DNA synthesis and mitosis 
in muscle cultures, a system where DNA synthesis 
is repressed!*1*, Unlike musele fibres, which ‘have the 
capacity to regenerate, mouse peritoneal macrophages 
have reached an irreversible state of differentiation’. 
Two chief phenomena appear during the abortive infection 
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Days after infection 
Fig. 2. Synthesis of DNA measured as *H-thymidine uptake by cells on 
coverslips pulsed for 4 h at daily intervals over a period of one week with 
parallel daily staining for T-antigen. Symbols as in Fig. 1. 


Fig. 3. C57 macrophages (A) five days after infection with Py virus; 

(B) uninfected controls. Acridine orange. (x 640.) Note the “enlarge- 

ment of the infected nuclei and the more numerous and dense masses of 
chromatin, 


induced by polyoma virus in these cells: (1) marked 
stimulation of DNA synthesis not followed by mitosis 
in both strains; (2) production of T-antigen only detectable 
in C57. Because the infection is not of the productive 
type, it could be assumed that synthesis of host DNA 
was induced, This was confirmed by the showing that. 
the DNA examined on hydroxyapatite columns was 
of cellular and not viral origin (D. Axelrod, personal 
communication). It is interesting that in the NTH strain, 





Table 1, GROWTH OF MOUSE HEPATITIS VIRUS (MHV-3), INOCULUM 10° TCI Dsg 
PER 10° CELLS (a), OVER A PERIOD OF 20 H I TURES OF MOUSE MACRO- 






PHAGES EXPOSED TO POLYOMA VIRUS (b), SUPERNATANTS FROM POLYOMA 
INFECTED MACROPHAGES AND CONTROLS, AND TO INTERFERON (C) 


Hours between 











Strain Pre-treatment pre-treatment and Titre log 10 
challenge with MHV-3 TCID 50/mi, 

NIH None 0 63. 
None 48 59 
Polyoma 48 T 
0 4-5 
i 43 43 
S57 None 0 65 
Supernatant contra] 0 63 
Supernatant polyorna-NTH 0 61 
Interferon ü 51 


(a) After virus adsorption for 1 h at room temperature the cultures were 
washed three times and incubated at 34° C with fresh medium, 

(4) Adsorption carried out for 2 h at 37° C (multiplicity 100), The cultures 
wore then washed twice and incubated in the presence of rabbit anti-polyoma 
serum, or rabbit serum (controls) until challenged with MHYV-3. 

{e) 15 units/ml. left overnight. 
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T-antigen is not detectable, This is an example where a 
different physiological state of the cells at the moment 
of infection cannot be responsible for the expression of 
a viral function? 1, 

My results suggest that there is no correlation between 
T-antigen. production and activation of host DNA 
synthesis. In fact, the DNA curves suggest that it is 
unlikely that a relationship exists, unless one assumes 
that the T-antigen in the NIH macrophages is below the 
threshold of sensitivity of the fluorescent antibody method 
and that synthesis of DNA is an all or none response. 

Part of this work was carried out at the Laboratory 
of Biology of Viruses, National Institutes of Health, 
Bethesda, partly during the tenure of an Eleanor Roose- 
velt cancer fellowship of the American Cancer Society 
awarded by the International Union against Cancer, and 
partly while a visiting scientist. J thank Dr N. P. Salzman 
for support and interest, Dr K. K. Takemoto for guidance 
in the immunofluorescent studies and Dr K. Habel for 
suggestions, I also thank Mr M. R. Young for the prepara- 
tion of the photomicrographs and Miss Isabel Eadie for 
technical assistance. This work was supported in part 
by a grant from the Wellcome ‘Trust. 
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Peripheral Localization of DNA 
Synthesis in the Seminiferous Epithelium 


Ware using autoradiography to study DNA synthesis 
and cell cycles of spermatogenesis, we have noted a 
consistent preferential localization of tritiated thymidine 
in spermatogonia of the peripheral seminiferous tubules 
of the testis, and a significantly lower thymidine uptake 
in the tubules of interior regions. 

One dozen adult male CD-1 mice were administered 
l uCi of tritiated thymidine per gram body weight, 72 
h before death. The testes were then removed, fixed in 
Bouin’s solution and sectioned, Slides were coated with 
Kodak NUTB-2 liquid emulsion, exposed 10 days, devel- 
oped, stained with haematoxylin and examined!:?. 

Analysis of autoradiographs included determination 
of the percentage of seminiferous tubule cross-sections 
labelled. A labelled tubule was one in which two or more 
nuclei of the seminiferous epithelium had at least five 
grains per nucleus. A heavily labelled nucleus had more 
than twenty grains; a medium labelled nucleus had ten 
to twenty grains; and a lightly labelled nucleus had 
five to nine grains. Each labelled tubule was differen- 
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Table 1. SUMMARY OF °H-TdR UPTAKE BY NUOLEL OF SEMINIFEROUS TUBULES* 
Differential nuclear grain densities per tubule cross-section. 


Average percentage of tubules 
cross-sectional *H-TaR labelled 
Peripheral tubules Central tubules 


51 37 10 16 


Average number of labelled nuclei per 
cross-section 


* Average from twelve animals. 


tially scored in terms of total numbers of heavily, medium 
and lightly labelled nuclei per tubule cross-section. 
Peripheral tubules were complete cross-sections adjacent 
to the tunica albuginea, while central tubules were all 
median cross-sections within two cross-sectional areas 
of the tunica. 

Approximately half of the peripherally and 37 per cent of 
the centrally located tubules were labelled. Grain density 
of spermatogonia and primary spermatocytes of peripheral 
tubules was significantly higher than that of central 
tubules. Peripheral tubules also had a higher average 
number of labelled nuclei per cross-section than did 
central sections. Central tubules exhibited no heavily 
labelled nuclei in contrast to peripheral tubules (Table 1). 

The location of the testes in the scrotum usually allows 
them to remain at a lower than body temperature’. 
Waites measured the temperature of testes in rams and 
observed that subcutaneous scrotal temperature is about 
1° C below that of the central tissue‘. Further experi- 
mental studies are necessary to indicate whether similar 
temperature differences exist in mice and are related to 
differences in the rates of DNA synthesis indicated by the 
varying grain densities in the regions described. 

This study was supported by the University of Texas, 
University Research Institute. We thank Eddie Guido 
and Robert Marc for their help. 
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Contraceptive Properties of the 
Anti-androgen Cyproterone Acetate 


REVERSIBLE sterility has been demonstrated using a 
variety of chemical compounds!. The most popular and 
effective ehemicals used as contraceptives in human 
populations have been the anti-ovulatory hormones and 
the spermacidal vaginal foams and jellies used by 
women!#, During the last two decades the possibility 
of a chemical contraceptive for males has received in- 
creasing attention’. The inhibition of either spermato- 
genesis or sperm motility has been the apparent mechan- 
ism of action for most of the compounds reportedly tried 
in laboratory animals'. The bulk of these compounds 
are, however, alkylating agents which effectively block 
spermatogenic meiosis and/or mitosis by an apparently 
non-specific interference with DNA replication’. Thus 
they have not been used in studies with humans due to 
their inherent carcinogenic and mutagenic potentiali, 
Another group of compounds the contraceptive potentials 
of which have hitherto received only academic interest! 
are the anti-androgens. To be a practical contraceptive 
agent an anti-androgen, or any other compound, should 
not reduce libido or sex drive, nor should it interfere 
with the external sexual organs, nor should it produce 
irreversible effects. The synthetic steroidal anti-androgen 
cyproterone acetate (6-chloro-17-hydroxy-14,2«-methyl- 
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enepregna-4,6-diene-3,20-dione acetate) (CA) appears to 
possess these characteristics. CA does not inhibit the 
normal display of sexual behaviour, nor does it alter the 
histological characteristics of the glans penis’, In an 
apparently competitive manner*.’, however, CA is capable 
of blocking many of the stimulatory effects of both endo- 
genous and exogenous androgens including the mainten- 
ance of weight and normal histology of the seminal vesicles 
and the ventral prostate®*, Furthermore, in hypophysec- 
tomized male rats CA can prevent the completion of 
spermatogenesis, otherwise maintained by exogenous 
androgen therapy*. These findings, which imdicate that 
CA can have a strong inhibitory action on some of the 
internal accessory sex organs, and an apparent lack of 
effect on the penis and on sexual behaviour, led us to 
conjecture that this anti-androgen might serve as an 
effective contraceptive agent when administered to intact 
male rats. 

Seven adult male Sprague-Dawley rats were chosen 
from a group of sexually experienced animals, All were 
housed in a single large group cage with food and water 
present at all times. These seven males were chosen 
because of their persistent mating behaviour. Two days 
following a series of mating sessions each male was placed 
with a naturally oestrus female rat and allowed to mate 
until two ejaculations had occurred. Three days later 
each male was placed with a second sexually receptive 
female and again allowed to achieve two ejaculations. 
Thus each male was allowed the opportunity to impreg- 
nate two females. As indicated in Fig. 1, all of the males 
impregnated at least one of these two females (per cent 
by male—Fig. 1) and five of the seven males impregnated 
both females. Thus twelve of the fourteen females tested 
were found to be pregnant (per cent of females—Fig. 1) 
as indicated by the delivery of live young approximately 
23 days after the impregnation tests. 

Daily subcutaneous injections of 10 mg cyproterone 
acetate dissolved in 0-2 ml. of a benzyl-benzoate : peanut 
oil carrier (50:50, v/v) were administered to the seven 
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Fig. 1. Effects of the antiandrogen cyproterone acetate (CA) on 


fertility of male rats. The solid bar Indicates the percentage of males 
achieving at least one successful impregnation following matings with 
two females. The striped bar indicates the percentage of the total 
number of females which became pregnant. Four series of impregnation 
teats are represented. The first was conducted 10 days before the 
start of CA treatment of the males. The second and third were conducted 
16 and 48 days after the start. of CA therapy. The final teste were 
conducted 45 days after the cessation of CA therapy. 
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males beginning approximately 10 days after the com- 
pletion of the first series of impregnation tests. Numerous 
mating tests were conducted throughout the period of 
CA administration using females in artificial oestrus to 
ensure that the CA had no effects on sexual behaviour. 
After approximately sixteen daily injections of CA 
(range = 15-22) each male was again allowed to mate with 
two naturally oestrus females. These tests were again 
spaced three days apart. In contrast to the first series of 
impregnation tests, only five of the seven males were able 
to impregnate at least one female, and, of these five, only 
one male was able to impregnate both females. Thus 
only six of the fourteen females were found to be pregnant. 
This impregnation rate represents a statistically significant 
reduction in impregnations from the first test series 
(42 = 5-6, P< 0-02), 

Daily CA treatment was continued and a third impreg- 
nation test series was conducted after approximately 
forty-eight daily injections of CA (range=47-50). The 
males were again allowed to achieve two ejaculations with 
each of two females, No female became pregnant. When 
compared with the impregnation tests conducted before 
the start of CA therapy, or those conducted after sixteen 
daily injections of CA, both the number of males achieving 
at least one successful impregnation and the total number 
of females becoming pregnant were significantly reduced 
(P <0-01). 

Following these tests, CA treatment was stopped and a 
fourth series of impregnation tests was conducted approxi- 
mately 45 days after the cessation of the CA therapy 
(range = 36-50). On these tests all of the males impreg- 
nated at least one of the two females and three of the 
males impregnated both of the females. Thus ten of the 
fourteen females were found to be pregnant. The females 
used in this last series of impregnation tests were the same 
females which failed to become pregnant during the 
impregnation tests following 48 days of CA therapy. Thus 
the apparent sterility detected after 48 days of CA 
therapy cannot solely be due to an unexpected infertility 
among the test females. When compared with these 

_earlier tests there was a significant increase in both 
the number of males achieving at least one success- 
ful impregnation and the total number of females 
being impregnated following the 45 day recovery period 
(P< 0-001). There were no significant differences 
between the post-treatment tests and the tests conducted 
before the start of the CA therapy. Thus it seems that 
the highly significant inhibitory effects of long term CA 
therapy on fertility are reversed within approximately 
45 days after the cessation of CA therapy. Confirming 
earlier reports’® CA in no way diminished the vigour of 
the mating behaviour displayed by the males in this 
study. 

Nearly all previously reported male anti-fertility agents 
act either via the suppression of mitosis and/or meiosis 
during spermatogenesis, or by the destruction of maturing 
sperm stored in the epididymis and/or vas deferens**, 
While CA may act via the inhibition of spermatogenesis, 
the time course of the induction of sterility observed in the 
present study argues against this hypothesis. If CA acted 
only by an immediate and complete halt of spermatogene- 
sis the partial sterility observed after 16 days of CA 
therapy would have been unlikely’. A more plausible 
explanation of the reversible sterility produced by CA 
therapy is that this anti-androgen somehow creates a 
hostile environment for the storage of sperm. This unusual 
environment could have been the result of an alteration 
in the seminal fluid chemistry indirectly created by the 
CA induced atrophy of the seminal vesicles and the ventral 
prostate. The exact mechanism of CA induced reversible 
sterility remains an open question, however, and it is 
eurrently being further investigated in this laboratory. 

This work was supported by a grant from the National 
Institute of Child Health and Development to R. E. W. 
and an NDEA Title IV fellowship to W. G. L. The eypro- 
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Action Potential Model based on a 
Lipophosphoprotein 

Licurt scattering and birefringence changes! support recent 
“conformational” theories of nerve activity?, and Tasaki 
has shown that an action potential requires only the 
presence of univalent ions within the nerve axon and of 
divalent ions externally?; this recalls initiation of action 
potentials in poly-acrylic acid membranes by dilatory 
(alkali), followed by contractile (acid) stimuli? Nerve 
membrane movements might therefore be swelling changes 
arising from divalent-monovalent ion-exchange. Heald 
has isolated from nervous tissue a lipophosphatidylserine 
peptide which he suggested could function as cation- 
exchange membrane sitest. Here I use Heald’s suggestion 
to show how the properties to be expected of such a lipo 
protein, or related polymers, can account for action 
potentials in nerve. 

The polypeptide backbone of the phosphatidylserine 
units is postulated to form a helical “spring” within the 
membrane. Lipid, covalently attached to each phos- 
phoserine residue, forms a bilayer with a second layer of 
lipid attached by salt-links to the supporting membrane. 
Osmosis, and electrostatic repulsive forces between 
diesterphosphate anions, tend to expand the “spring” 
into a sodium selective configuration against elastic 
retractile forces arising from greater ordering of the 
extended bilipid hydrocarbons, which behave like rubber. 
“Spring” elasticity depends on the rotational freedom of 
its hydrocarbon segments. The “spring” can exist in a 
second configuration where unhydrated potassium ions are 
solvated by keto (or ether) oxygen atoms of the peptide 
and lipids. 

The selectivity mechanism is supported by the sodium 
selectivity of di(2-ethylhexyl)phosphate in kerosene, and 
the marked potassium selectivity resulting from adding 
oil-soluble phenols which solvate the potassium ions". 
Potassium is also preferentially chelated by oxygen atoms 
in some peptides*? and polyethers". 

The “springs” are contracted in the resting model 
membrane with calcium ions bound to outer sites and 
potassium ions held at inner sites. Excitation current 
displaces the calcium, the “springs” expand and become 
sodium selective. They recontract, assisted by the 
elastic retractile forces, and inflowing sodium current 
carries with it calcium ions which accumulate and raise 
the ionic strength of the boundary layer. The model 
resembles that of Tasaki?, and depends on a dilation- 
contraction equilibrium regulated by divalent-monovalent 
ion-exchange, which is assisted by ion-selectivity changes 
arising from different conformations of the “springs” and 
by “spring” elasticity. Entropy changes in the bilipids 
could account for the diphasic liberation of heat in action 
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potentials’, and for stabilization of the contracted mem- 
brane on heating™ (as in rubber). Adsorption of inner 
salts by some lipid salt-links weakens the supporting 
lipid? and reduces “spring” tension; the magnitude of 
such interactions therefore influences ion-selectivity. 

Other interactions between the bilipid hydrocarbons and 
small amounts of swelling solvents (“general anaesthetics’’) 
increase hydrocarbon mobility and “spring” tension, and 
so stabilize the potassium conformation; much higher 
concentrations dissolve the hydrocarbons (“lysis”). Hence 
lysins stabilize membranes at low concentrations". 
Substantial concentrations of local anaesthetics!*, and 
calcium or magnesium ions, prevent excitation by cross- 
linking contracted “springs”. Displacement of calcium by 
local anaesthetics therefore inhibits, but removal with 
EDTA excites. The biological activity of DDT, and 
some cyclopropane insecticides, correlates with a molecular 
shape’ suggesting formation of molecular wedges which 
prevent closure of expanded sodium-‘‘spring”’ cavities. 
Heating, caleium ions and anaesthetics favour “spring” 
contraction and so oppose DDT. Such antagonism 
therefore reflects differmg interaction energies and result- 
ant changes in contracted or expanded “spring” stabilities, 
and does not provide unequivocal evidence for two 
separate channels!’. 

The model predicts that the concentration at which 
one agonist just opposes an antagonist will vary with 
membrane elasticity, which may be varied experimentally 
by changing temperature, or by dilution, or changing the 
composition, of axoplasm. 

Further details, and extension of the model to a sodium 
pump involving ATP-energized, thioester cross-linking, 
will be presented elsewhere’. 

D. E. Weiss 
CSIRO Division of Applied Chemistry, 
Melbourne, Australia. 
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Infectivity of Chloroquine Resistant 
Plasmodium berghei to Anopheles 
stephensi enhanced by Chloroquine 


Deve resistance is an increasing problem in parts of 
South America and South-East Asia where numerous 
strains of the malignant tertian malaria parasite, Plas- 
modium falciparum, are refractory to chloroquine and 
other widely used antimalarials'. The rapidity with which 
new chloroquine-resistant strains are being recognized 
suggests that they may have, as well as drug resistance, 
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Table 1. SCHIZONTOCIDAL ACTION OF CHLOROQUINE PHOSPHATE FN SENSITIVE 
PARENT (L/9) AND RESISTANT (151/B2) LINES oF P. b. berghei NKOS 


Pre-2 per cent period in days + 





Line Drag dose standard error of means (4) 
(mg/kg) High inoculum Low inoculum 

151/B2 Control 40°10 
(resistant) 1 440-10 
10 Gt 023 
100 “Ot O06 
Lig Sontrol OS 
(sensitive) 1 “1G 
10 "19 
100 -19 





Bioassay was carried out according to Warhurst and Folwell’, Mean 
pre-2 per cent periods (days) were compared when each line was infected 
with high (10° infected red cells) or low (104 infected red cells) inoowla per 
mouse, 


some biological advantage over the accompanying sensi- 
tive faleiparum parasites either in the vertebrate host 
(man) or the invertebrate host (certain species of Anopheles 
mosquitoes). 

Malaria parasites of rodents provide a convenient model 
in which to study such problems, and numerous drug 
resistant strains have now been deseribed (reviewed in 
ref. 2). Diggens and Gregory’ referred to a laboratory 
adapted stram of P. berghei berghei NK65, in which the 
asexual erythrocytic parasites have become refraetory 
to the schizontocidal action of chloroquine without ex- 
posure to this compound. The chloroquine response 
resembles that of the innately refractory subspecies, P. b. 
yoelit', but both NK65 lines follow an equally rapid 
course in the untreated mouse. We have assessed the 
response to chloroquine diphosphate of asexual forms of 
the parent line (L/9) and of the laboratory adapted line 
(151/B2) by the bioassay method of Warhurst and Fol- 
well’, From the data obtained (Table 1) it ean be caleu 
lated that the 151/B2 line is some sixteen times as resistant 
to chloroquine as the L/9 line (at the single dose of 100 
mg/kg). 

During experiments on the gametocytocidal action of 
drugs it was observed that chloroquine, which is generally 
accepted to have no action on the mature gametocytes of 
malaria parasites*, seemed to enhance the infectivity of 
the 151/B2 line to A. stephensi. To confirm this, the 
experiment was repeated as follows. E'perythrozoon-frec 
mice (CFW strain) were infected with either the L/9 
or 151/B2 lines by imtraperitoneal inoculation of 167 
infected donor red cells, the day of infeetion being desig- 
nated as D 0. The animals were kept in standardized 
environmental and dietary conditions and parasites were 
examined in thin blood films made daily from tail blood. 
On D +3 a single subcutaneous dose (from 0-1 to 100 mg/ 
kg) of chloroquine phosphate was administered to pairs 
of mice, two animals receiving the same dose for each 
parasite line. Four control mice (two for each parasite 
line) received an injection of normal saline. Twelve hours 
after treatment, the mice were anaesthetized with sodium 
pentobarbitone (60 mg/kg intraperitoneally). Twenty-five 
female A. stephensi were allowed to feed for 30 min on 
each pair of mice. Unfed mosquitoes were then removed 
and the rest were held in the insectary at 20° + 2° C and 
85 + 10 per cent relative humidity for 7 days, During this 
time they were provided freely with 10 per cent suerose 
solution. Blood films were made fror each mouse before 
treatment and at the commencement of the feed 12 h 
later. On the seventh day after the blood meal ten mos- 
quitoes were dissected from each batch and oocysts were 
counted on their midguts. The mean count from each 
group was calculated and converted to a percentage of 
the mean count of control groups fed on untreated mice, 
The data obtained are recorded in Table 2. 

There was a statistically significant difference in the 
number of oocysts that developed in A. stephensi that had 
fed on mice which were infected with the resistant 151 [B2 
line and which were treated with 1 or 10 mg/kg of chloro. 
quine phosphate, when compared with the counts in 
mosquitoes fed on saline-injected control animals infected 





636 


300 + 


200 J 
151/B2 





tou control 
L/9 





Oocyst count as percentage of controls 





0 





Caga: T g 
1 10 10 
Chloroquine phosphate (mg/kg) 


Fig. 1. The effect of chloroquine phosphate given to P. berghei-infected 
mice on the numbers of oocysts developing in A. stephensi fed on the 
mice 12 h later. Line 151/B2 is a resistant line developed from the 
chloroquine-sensitive parent L/9 line of P. berghei NK65. The control 
counts and tter in 151/h° and L/9 are virtually identical. The 
scatter is indicated by shading over and above 100 per cent. Bars 
indicate the extent of the standard error in treated groups. 








with the same line. No significant difference was found in 
mosquitoes fed on mice that received 0-1 mg/kg chloro- 
quine. There was no significant difference between the 
oocyst counts m anophelines that fed on mice which were 
infected with the sensitive L/9 line and which were treated 
with 0-1, 1 or 10 mg/kg, nor was there any difference be- 
tween the oocyst counts of batches that fed on the controls 
when those infected with the two strains were compared 
(Fig. 1). No data are presented from this experiment for 
the groups given 100 mg/kg of chloroquine, because insuffi- 
cient mosquitoes survived, but in repeat experiments no 
significant difference in oocyst counts was found between 
control and treated groups with either parasite line at this 
dose. 

The number of gametocytes present at the time of 
feeding is clearly an important factor in the ensuing 
mosquito infection, and so gametocytes were counted in 
the blood of each mouse at the time of dosing with chloro- 
quine and at the commencement of feeding. Table 3 
makes it clear that there were no significant differences 


Table 2. OOCYST COUNTS OF MOSQUITOES FED ON UNTREATED AND CHLORO- 
QUINE TREATED MICE (ABSOLUTE COUNTS AND PERCENTAGE OF CONTROL 
COUNTS WITHIN EACH LINE) 


151/B2 resistant Lj} sensitive 


Drug Oocyst counts on D +7 Oocyst counts on D +7 
dose Mean + S.E. Per cent of Mean t S.E. Per cent np 
Qng/kg) control + S.E. control + S.E. 
Control 204-2 + 22-9 100 411-2 193-7 + 22:3 100 +115 
Ol 2423 + 26-0 118-65 + 12-7 208-4 + 21-2 107-6 + 10-9 
1 517-1 + 87-8 253-23 + 43-0 216-4 + 30-0 1117+155 
10 392-4 + 36-0 192-16 + 52-9 174-3 + 23-8 90-0 +123 
Table 3. INDIVIDUAL GAMETOCYTE COUNTS IN DONOR MICE AT TIMES OF 


DOSING AND THE COMMENCEMENT OF FERDING 
151/B2 line resistant 1/9 line sensitive 


Time Drug dose (mg/kg) Time Drug dose (mg/kg) 
Control 01 16 10 Control @1 1:0 10 
g \ 040 0:40 080 0-30 $ La 010 020 030 
040 0:20 0:50 0-50 0300 020 010 010 
Dosing ~ Dosing > 
3 | O10 020 010 610 y | 0-10 O10 030 
0-20 020 0-15 0-20 0 010 010 0 
4 \ O50 O40 0-50 0°30 g ) 020 050 0-90 030 
1050 0-60 040 0-50 | 050 0:30 O10 040 
Feeding > Feeding > 
3 | 030 020 610 0-10 8 1010 030 020 030 
030 020 020 010 1930 010 010 6-10 


Two mice were used in each group. Counts are expressed as gametocytes/ 
100 erythrocytes based on counts in fifty fields each containing approximately 
250 erythrocytes. 
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between the total numbers or the sex ratio of the gameto- 
eytes from any group. There was an overall increase in 
gametocytes after treatment that is apparent also in the 
untreated controls, and this is accounted for by the normal 
evolution of the infection in the mice during the 12 h 
interval. 

Table 2 shows that chloroquine has no gametocytocidal 
action against P. berghei irrespective of whether the 
asexual erythrocytic forms of the parasites are sensitive 
or resistant to the drug. (This seems to be the first pub- 
lished record of this aspect of chloroquine in relation to 
rodent malaria although its schizontocidal properties have 
long been known.) On the contrary it is clear that the 
infectivity of the gametocytes of the resistant 151/B2 
line to A. stephensi is actually enhanced in the sense that 
more of thern produce oocysts in the mosquito midguts. 
This effect is not apparent when mice receive the small 
dose of 0-1 mg/kg of chloroquine. It is maximum when 
1-0 mg/kg is administered, still present with 10 mg/kg and 
apparently absent with 100 mg/kg. Table 1 shows that 
there is a direct dose-activity relationship when the 
schizontocidal action is considered and a significant action 
is only observed with doses of 10 mg/kg and more in either 
line. A dose of 1 mg/kg may therefore be considered a 
relatively small dose in terms of schizontocidal effect. 
In our experience, sodium pentobarbitone has no action 
on any stage of rodent malaria parasites. 

We cannot yet explain this phenomenon although there 
are various possible hypotheses. Until these have been 
tested experimentally it seems inadvisable to discuss 
them. If these observations are applied to naturally 
occurring chloroquine-resistant strains of P. falciparum it 
is easy to envisage how, with the general use of chloro- 
quine alone for the treatment of acute falerparum malaria, 
resistant strains are spread. 

It should be relatively simple to carry out experiments 
in human volunteers, along the lines that we have followed, 
to see whether this phenomenon of infectivity enhance- 
ment is also applicable to chloroquine-resistant strains of 
P. falciparum. If this should prove to be the case the use 
of an effective gametocytocide like primaquine is indicated. 
This drug has been shown to retain its effectiveness even 
against multiple resistant strains of this parasite’. 

These studies were supported in part by the US Army 
Research and Development Command. 
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Selective Isolation of Species of 
Phytophthora from Natural Soils 
on an Improved Antibiotic Medium 


Drrect isolation from soil on many of the common agar: 
media used for isolating soil fungi has long been unsuccess-- 
ful for species of Phytophthora, one of the most destructive 
fungal pathogens. Until recently!-®, the most successful’ 
methods for isolating these species from soil involved 
susceptible plant hosts or fruit traps*-*. The selective 
antibiotic media developed a few years ago—the 3P 
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The LKB UV Analyzer, 

the Uvicord is completely compatible with the UltroRac. 
The Uvicord detector unit is here shown incorporated, 
with the UltroRac, in a separation system. 


(CKB) IN THE SERVICE OF SCIENCE 


AKB INSTRUMENTS LTD. © LKB HOUSE @232 ADDINGTON ROAD @ $. CROYDON, SURREY. CRZ BYD @ TEL: 01-657-0288 


“SALES AND SERVICE THROUGHOUT THE WORLD: 
“STOCKHOLM, WASHINGTON, THE HAGUE, COPENHAGEN, ROME, VIENNA 





A Fraction Larger 




























‘Yes, our Fraction Collector, The UltroRac, is 
a fraction larger than some others on the mar- 
ket, but we do not consider this a disadvan- 
tage and neither do our customers who only 
speak of the ADVANTAGES of owning an 
LKB UltroRac. The UltroRac gives users 
reliable collection, ease of operation, easily 
varied test-tube capacity and freedom of 
choice in the method of collection. Any num- 
ber of test-tube racks can be removed from 
the collecting platform without interrupting 
the collecting process. 


Write or phone LKB today for a fully illus- 
trated brochure on this QUALITY instru- 
ment and the many others in the LKB Labo- 
ratory Instruments Line. 
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è Space Saving 

®@ Coldroom Use 

è Standard Test Tubes 

è Removable electronic unit 
@ 200 test-tube capacity 

è Time, drop and volume 

@ Stainless steel support rods 
®@ Polypropylene racks 

@ Provision for event marking 
è Power outlet for flow pump 
è Electronic counting system 
è Positive flow control 






What happens when a grad student closes his 
textbook and starts an experiment on the accelerator? 
Checks the vacuum system. Then the electronic 
instrumentation, Pours liquid nitrogen. Reads digital 
printouts. Strings wires. (Oh! the wires.) Checks con- 


? 


nectors, What has this got to do with nuclear theory 7 
Plenty. It's the doing of physics, which is essential 
to the knowing of physics. This graduate student 
will confirm for himself the basic discoveries that 
built modern physics. And he will earn the right 

to move up to larger accelerators where further 
original work is waiting. 


Big physicists 
from little accelerators grow 





Van de Graaff accelerators are ideal for training 
because even the least expensive ones (0.4 and 

2 MeV) produce particles at precisely controllable 
energies: protons, deuterons, alpha particles, 
electrons, neutrons, and photons. The largest 
Van de Graaffs extend nuclear structure investi- 
gation to the binding energies of the heaviest 


4 


elements, 


Think acorns, 


HIGH VOLTAGE ENGINEERING 
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medium? and the PV medium!*—are satisfactory for 
isolating Phytophthora from infected plant tissues. The 
antifungal polyene antibiotic pimaricin, used at 100 
p.p.m. (ugfnl.) in both media, inhibits the growth of 
almost all fungi except the pythiaceous members (Pythium 
and Phytophthora species)*. But neither of these media 
has been effective for isolating Phytophthora from infested 
soils. Reasons for this difference in recovery between the 
use of infected tissue and infested soil were unknown 
for several years. It was later discovered*:$1™ that 
spores and mycelia of many species of Phytophthora have 
a differential sensitivity to pimaricin, At 100 p.p.m., the 
concentration used in both the 3P and PV media, pimari- 
cin did not inhibit: mycelial growth but strongly or com- 
pletely inhibited the germination of the resistant 
chlamydospores, sporangia and zoospores of many 
species tested. It was partially inhibitory to these spores 
at 25 p.p.m., but was non-inhibitory at 12 p.p.m. or less. 
Most species of Phytophthora do not exist in soil as mycelia, 
but chiefly as non-mycelial propagules (for example, 
chlamydospores), and so it became apparent why Phyto- 
phthora could not be recovered from soil whenever selective 
media containing pimaricin at 100 p.p.m. were used, It 
also explained the recovery of P. megasperma variety 
sojae from soil by Haas! on a modified 3P medium contain- 
ing only 2 p.p.m. of pimaricin. 

On the basis of these findings an improved selective 
antibiotie medium was developed by modifying Tsao and 
Menyonga’s PV medium! in the following way. A eorn- 
meal agar (Difco, 17 g/l.) was supplemented with pimari- 
cin, vancomycin, and pentachloronitrobenzene (PCNB) 
at 10, 200 and 100 p.p.m., respectively (henceforth called 
the PVP medium). Parts of this work have been 
briefly reported already+. The chemicals were first dis- 
solved or suspended in sterile distilled water as a concen- 
trated stock which was added in an appropriate proportion 
to the molten cornmeal agar at 45°-48° C before pouring 
the plates. The pimaricin used was either the water soluble 
sodium salt (Royal Netherlands Fermentation Indus- 
tries, 820 ug/mg) or the water insoluble parent compound 
(‘Myprozine’, American Cyanamid Co., 935 ug/mg). 
Vancomycin HCl (‘Vancosin’, 1,000 u/mg) was obtained 
from Eli Lilly and Co. PCNB was ‘Terraclor’ (75 per 
cent pure, wettable powder) of Olin Mathieson. All 
concentrations were based on active ingredients. When 
the water insoluble preparation of pimaricin was used, 
the antibiotic was first dissolved in a small amount of 
dimethylsulphoxide (DMSO) before adding to water 
containing the other antimicrobial agents. The final 
DMSO concentration in the medium was 0-5 per cent or 
less, which was non-toxie to all organisms studied. The 
final pH of the medium was usually 6-0. 

The PVP medium allowed direct isolation from soil of 
several of the species of Phytophthora tested and was 
applicable also for the quantitative estimation of their 
populations in the soil. It has been used successfully 
with either rhizosphere or non-rhizosphere soil containing 
Phytophthora capsici, P. cinnamomi, P. citrophthora or 
P. parasitica when used in combination with either the 
conventional soil dilution plate method, Warcup’s soil- 
plate method", or a ‘direct inoculation” method (consist- 
ing of sprinkling a known amount, usually 20-50 mg, of 
soil onto the solidified agar surface). Results of four soil 
dilution plate tests with eight rhizosphere soils obtained 
from diseased orange or lemon trees, or seedlings, grown 
in field soils naturally infested with P. parasitica are 
shown in Table 1. The soil dilution used in most experi- 
ments was 1: 200 on the dry weight basis. One ml. of 
soil suspension was added to each plate before 15-16 ml. 
of agar medium was poured at about 43° C. There were 
generally ten replicate plates per treatment. After 
incubating the plates in the dark at 25° C, colony counts 
were made in 2 days or less, and again at 3-4 days. Colonies 
of Phytophthora were recognized by their macroscopic 
characteristics, by microscopic examination, and when 
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Table 1. DIRECT ISOLATION OF Phytophthora parasitica FROM RATZOSPHERS 
SOILS OF DISEASED CITRUS PLANTS ON THREE AGAR MEDIA WITH TRE SOIL: 
DILUTION PLATE METHOD 


No, of P. parasitic propagules/g soll ros 
covered on cornmeal agar medium containiig 


Test Soil sample* Nonet Pia Y Pt Py VPS 
I 1 ü 0 i4 
If 2 y om 2,100 
fae 3 vs 39 

4 D oe 8,760 
5 0 11,820 
Iv 6 0 0 21880 
T 0 a 1,080 
8 p 0 680 


* All were rhizosphere soils from roots of citrus trees or seedlings grown. by 
naturally infested soils. Soils were separated from the roots by either 
washing (soils 1, 3, 4 and 5) or mechanical scraping (soiis 2, 6, 7 and 8). Soll 
dilutions used were 1 : 200; except with soil 1, 1:50, Results were averages of 
5-10 replicate plates. 

+ Water instead of antibiotic stock was added to the cornmeal agar, All 
plates were covered with innumerable fungi, bacteria and actinomycotes, 

+ Pry VP contained 100 ppm, of pimaricin. PVP contained TO ppm. 
of pimaricin, Concentrations of vancomycin (200 ppn) and 7 £2.00 
ppm.) were the same in both media. PiooVP plates were relativ free of 
soil microorganisms but also devoid of Phytophthora colonies. 





necessary by subculturing on fresh PVP medium before 
transferring to appropriate agar media, As Table 4 
shows, numbers of recoverable propagules of P. parasitica 
from these naturally infested soils ranged from 14 to 
11,320/g soil (dry weight basis) when the Pu YP medium 
was used. As expeeted, the medium containing 100 
ppm. of pimariein did not yield any colonies of Phyto- 
phthora; nor did the control medium without antibioties. 

Direct isolation of P. capsici and P. parasitica from 
heavily infested soils has been achieved even by plating 
a mass of soil (3-5 mm in diameter) direetly onto the 
PVP medium surface. Although this method yields 
only qualitative data, results were often comparable with 
or better than Campbell's apple technique’, which permits 
the growth of fast growing species of Mucorales as well. 
The PVP medium was superior to the 3P mediurn* 
or the PV medium’ for isolation of Phytophthora, not 
only from soil, but also from roots, bark or other diseased 
tissues in advanced stages of disease. Newly infected 
plant tissues usually contain viable mycelium. Heavily 
deteriorated and dehydrated tissues, containing resistant 
spores (for example, chlamydospores) but little or no viable 
mycelium, often yielded less or no Phytophthora on the 
3P and PV media, both of which contain pimaricin in a 
concentration inhibitory to germination of Phytophthora 
spores. 

Although not as potent as at 100 p.p.m., pimaricin at 
10 p.p.m. still allowed an effective control, by preventing 
or delaying the emergence of most non-pythiaceous soil 
fungi in the plates. Incorporation of PCNB at 100 p.p.m., 
which is non-toxic te Phytophthora, further enhanced 
the control of undesired fungi. Vancomycin in a con- 
centration of 200 p.p.m. effectively controlled virtually 
all soil actinomycetes and suppressed most soil bacteria 
during the first 4-5 days, allowing the development of 
Phytophthora colonies on the isolation medium. Fig. 1 
shows the appearance of the soil dilution plates from 
experiments where naturally infested non-rhizosphere 
soils were plated in the P VP medium, Even at a low 
soil dilution of 1 ; 200, relatively few undesired fungi 
and bacteria developed on these plates. These organisms 
interfered little with the detection or isolation of the well 
developed Phytophthora colonies. Fig. 2 shows the 
recovery of Phytophthora from a rhizosphere soil, involving 
both the soil dilution plate and the direet inoculation 
methods. 

Pimaricin is sensitive to light, as are most polyene 
antibiotics'*. It is important that the isolation plates be 
incubated in the dark to prevent loss of potency due to 
photo-inactivation. Prolonged storage of the medium, 
even in the dark and at a low temperature, will result in 
loss of antibiotic activity. Medium used for quantitative 
studies should therefore be freshly prepared. If soils 
used for isolation of Phytophthora were highly infested 
with species of Pythium, detection of Phytophthora on 
the medium was often difficult, for Pythium spp. generally 
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grow more rapidly than most species of Phytophthora. 
Unexpectedly, but since confirmed by Vaartaja'®, some 
species of Mortierella were tolerant to pimaricin and they 
too developed occasionally on the P,,VP medium. 

The differential sensitivity of spores and mycelia to 
pimaricin was evident in seven species of Phytophthora 
(P. cactorum, P. citrophthora, P. cinnamomi, P. eryptogea, 
P. palmivora, P. parasitica and P. parasitica var, nico- 
tianae) and two species of Pythium (P. irregulare and P. 
ultimum) tested’, Details of this work will be given 
elsewhere, Because resistant spore propagules of all 
these nine pythiaceous fungi were sensitive in varying 
degrees to 100 p.p.m. of pimaricin, but not to 10 ppm., 
the P,,VP medium seems to be suitable for isolation of 
these and perhaps other pythiaceous species. Ft is likely, 
nevertheless, that certain other untested species of 
Phytophthora will still be sensitive to 10 p.p.m. of pimari- 
cin. For the isolation of these organisms, the medium 
can bə slightly modified. 















Fig. 1. Repr ive soil dHution plates (1:200 dilution) containing 
non-rhizosphore soils from two different citrus orchards, showing colonlea 
of Phytophthora parasitica (arrows) developing on the P,,VP medium 
4 days after plating. The population densities of the fungus in the two 
soils were estimated at 320 and 120 propagules/g of soil, respectively. Other 
colonies on the medium were chiefly bacteria and species of Mortierella. 
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Fig, 2. Selective isolation of Phytophthora parasitica on the PuyP 
medium from rhizosphere soil of lime seedlings grown in a naturally 
infested soil, The soil dilution plate method (1 : 200 dilution) was used 
for the plates in the left row and the direct inoculation method (100 mg 
of soil sprinkled cn each plate) in the right row. Averages of 10-5 and 
46-2 Phytophthora colonies/plate developed in the two respective rows. 
Photographs were taken 3 days after plating. Dark specks on the ph 
in the right row are large soll particles each surrounded by a bact 
layer. The areas away from m soil particles were relatively fre 
bacteria, 















Many fungi do not grow saprophytically in soil but 
exist in soil as resistant spores, and their mycelia and spores 
may have a differential sensitivity to toxicants, Evalua- 
tion of antimicrobial agents as candidate ingredients in 
the development of selective media for the isolation of 
soil fungi should therefore involve not only inhibition of 
mycelial growth as the criterion in the primary screening 
tests®1*, but also inhibition of spore germination. 
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Effect of Electric Fields on Mice 


Ir has recently been postulated! that mice are sensitive to 
electric fields occurring in the Earth’s atmosphere and 
may obtain “time cues” from the daily variations in this 
field, and further suggested that the field may be respon- 
sible for the 24 h rhythm exhibited by certain polar- 
dwelling animals. I find this untenable for the following 
reagons. 

The electrical current passing through a high and low 
resistance connected in series is practically independent of 
the value of the smaller resistance. Similarly, because the 
electrical conductivity of air (about 1074 Q~ m=) is 
much smaller than that of the earth (10-§ to 10° Q~ m~?) 
(ref. 2) and of any animal situated on it, the current 
through the animal is determined by the leakage current 
through. the air (and not at all by the conductivity of the 
animal). If the animal is assumed to be hemispherical, the 
effect of the protuberance above the surface plane is to 
increase the current density flowing through it to about 
three times the undisturbed value’. This is about 107" A 
m-? when the geoelectric field is 100 V m= (ref. 2). Most 
of the electrical energy dissipated in the animal will appear 
in the high resistance skin layers. Taking values of 
10? Q m-? and 10-? m? as extreme upper limits for the skin 
resistance and area for a mouse, the total energy dissi- 
pated is (3 x 10-#4)? 10? 10-23, or 10- W, This is an upper 
limit to the energy available from the field, and a more 
realistic estimate would be very much lower than this. 

Such a low energy flux is unlikely to produce any 
significant stimulus in the animal; for comparison, the 
minimum energy flux required to stimulate the human eye 
is about 10-?8 W (ref. 4) and the minimum energy required 
to induce the electric field response (galvanotaxis) in the 
unicellular protozoan Paramecium is 10-14 W (unpublished 
results of A. M. R.). It does not seem necessary to 
invoke a geoelectric response to explain the 24 h perio- 
dicity of reindeer in Alaska’; apart from a diurnal tem- 
perature variation of about 0-5° C at these latitudes, the 
altitude of the Sun in the sky during the Arctic summer 
varies considerably (being as much as 40° at latitude 70°) 
during the 24h day. Both these stimuli are more energeti- 
cally favourable than the postulated geoelectric effect. 
Interpretation, involving the measurement of spon- 
taneous activity in mice’, also seems questionable. The 
animals were most active during those periods of the day 
when their cage was charged to +500 V with respect to 
earth. This, however, can hardly be regarded as con- 
elusive evidence for a direct electric-field interaction. The 
mice may have been responding to noise generated by the 
electrical equipment, or to corona discharges from the 
cage, which the mice (but not the experimenter) could 
hear. The electric field may have changed the relative 
concentrations of negative and positive ions inside the 
cage, and several investigators have claimed to have 
shown a clear relationship between ion density and spon- 
taneous activity in animals*. Some examination of these 
possibilities is surely necessary if an unequivocal con- 
clusion is to be drawn from the experimental results. 

To summarize, it seems unlikely, on theoretical grounds, 
that any organisms are at all sensitive to atmospheric 
electric fields. 
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Cellular Basis of Colour Vision 
in the Honey Bee 


AFTER exposure to light, the rhabdomeres'* and oyto- 
plasmic components** of the visual cells of invertebrates 
undergo structural changes. These changes are important, 
for they contribute to an understanding of the mechanism. 
of perception of polarized light in arthropods”, as well as to 
an understanding of colour discrimination. in insects. 

The retinula of the compound eye of the honey bee 
consists of eight (occasionally nine) visual cells*-* which 
can be classified into three types according to their fine 
structure’. The arrangernent of these cells within the 
retinula is shown in Figs. 1 and 2a. 

Colour vision in the honeybee is trichromatic®", and 
the visual cells of different spectral sensitivity form a 
morphological basis for colour vision. The sonsitivity 
maxima of different receptors are those at 530, 430 and 
340 nm. Although Autrum and Zwehl" found another 
type of visual cell with Amax = 460 nm, they failed to find 
more than two cells of this type, so it does nob seem 
reasonable to consider the two cells as a fourth type of 
receptor. 

I have been trying to establish whether there is a 
connexion between the “morphological” types of visual 
cells and the “physiological” ones. Light of a certain 
wavelength and high intensity was used routinely to 
illuminate the ventral region of the compound eye (the 
twentieth-thirtieth horizontal row of ommatidia counting 
from the edge of the eye), the Amax of the light having 
been chosen in such a way as to stimulate the appropriate 
receptors! (an ordinary selective adaptation technique). 
Fixation of the compound eye for electron microscopy 
was carried out in the dark at 4° C for 2h. To prevent 
undesirable adaptation to the dark in the course of 
fixation, the honey bee-—while adapted to the light-——was 
gradually cooled to the standard temperature of fixation. 
Fine structural changes of the rhabdomere provided the 
best. criterion for evaluating the cell response after 
illumination with light of a certain wavelength. 

Exposure to light of a wavelength greater than 480 nm 
(green—yellow) brought about marked changes in the 
rhabdomeres of the type II and type ITI cella, their 
rhabdomerie microvilli swelling and increasing in diameter 
when adapted to light. With high intensity illumination 
a number of large vacuoles appeared in the region where 
microvilli came off the cell. An extreme response— 
disintegration of the microvilli of the type II and type IHI 
eells—ig shown in Fig. 2b (no changes occurred in this 
light in the microvilli of the type I cells). Similar changes 
occurred in the neighbouring ommatidia all around the 
section and in all regions of the retinula. 








Fig. 1. Diagram of a rhabdom of honey bee compound eve, adapted 
to the dark. I, II and ITI represent the three types of visual cells, 
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Fig. 2. 
types of visual cells, 


Exposure to ultraviolet light produced some different 
changes in the fine structure of the rhabdomeres (of the 
type I cells only) as shown in Fig. 2e. In the first stage 
of the response the microvilli became shorter at their 
basal ends, as a result of which the cell cytoplasm pro- 
truded into the rhabdom region. In the second stage the 
microvil li deflected from their normal direction, “going 
away” from the optic axis of the retmula. Third, the 
cytoplasm of both of the type I cells closed up at the 
centre of the rhabdom; the microvilli were greatly 
reduced, and the long axes of the rest deflected up to 90° 
from their normal direction, 

There was no characteristic change of the fine structure 
of the rhabdomeres after exposure to blue light, Amax = 
420 nm. The characteristic response could, however, be 
found in those ommatidia which are farther removed from 
the ventral edge of the compound eve {the fortieth- 
fiftieth row of ommatidia)—two of four type IL eels 
showed swelling of their microvilli (Fig. 2d). Because the 
souree of light was not focused on this region of the eye, 
the illumination was probably not sufficient to cause the 
maximal response, characterized by the formation of 
vacuoles. It is of interest that the specific changes of the 
microvilli of these two type II cells, which occurred after 
exposure to blue light, were similar to those caused by 
green-yellow light, but different from the changes cause d 
by ultraviolet light. 

Thus the morphological peculiarities of the visual cells 
of the honey bee refleet their different spectral sensitivi- 








Electron micrographs of honey bee rhabdoms in different light conditions (see text for details). 
a, Adapted to the dark; b, 42480 nm (green—yellow); 


d 


F, H and IE represent the three 
C, Amas = 365 nm (ultraviolet); d, ?max=420 um (blue), 


ties, although the correlation is not complete. In the 

ventral region of the compound eye it proves that a type I 
cell is the ultraviolet receptor (receptor-340) anda type Hor 
type HI cell is a green-sensitive receptor (receptor-530). 
Nearer the centre of the compound eye the pair of type H 
cells having their microvilli parallel to those of the type I 
cells are the bluc-sensitive pair of receptors (receptors-430). 

Taking into account some additional data on the fine struc- 
ture of the dorsal part of the eye, one can see that recep- 
tors-340 contribute 25 per cent of the total number of 
visual cells of the compound eye; receptors-5380 contri- 
bute more than 50 per cent; and receptors-430 contribute 
less than 25 per cent. 

The sensitivity maximum of the eye at 530 nm when 
adapted to the dark ean be explained by the predominance 
of receptors-530 over the receptors of the other types. 
Indeed, in eleetrophysiological experiments the visual 
cells of the Seaman nin are frequently yen by the 
microelectrode whereas receptors-430 are rarely pierced™. 
Furthermore, using an eloctroretinogram, Goldsmith 
failed to find the receptor-430 system in the eye of 
the honey beet, for receptors-4380 seem to be m a 
minority. 

Receptors -340 are of interest because (1) they have the 
greatest area of photoreceptor membrane; (2) their 
axons have the greatest cross-sectional area (three times 
as large as those of other receptors); (3) the pairs of 
rece ptors-340 are situated either in parallel or almost 
perpendicularly in the neighbouring ommatidia; and (4) 
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no noticeable swelling of the rhabdomeric microvilli was 
observed during exposure to ultraviolet light. 

It seems then that, first, as shown by electron micros- 
copy, there are three types of visual cells in the retinula 
of the honey bee compound eye. Second, there is a certain 
correlation, between the “morphological” and ‘‘physio- 
logical” types of visual cells. Third, any retinula consists 
of visual cells of different spectral sensitivity (two recep- 
tors-340, four or six receptors-530 and none or two re- 
ceptors-430). Fourth, the mechanism of perception of 
visual light (Amax = 420 nm) does not seem to be identical 
to that responsible for perception of ultraviolet light. 
Finally, the polarization plane position does not appear to 
be detected by a single ommatidium, for there is only one 
direction of the microvilli of reeeptors-340 within a single 
ommatidium. 

I thank Professor Ya. A. Vinnikov for encouragement. 
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Sodium Localization in the Spiral Organ 
during Relative Quiet and after 
Exposure to Sound 


Usine the electron microscope and the technique of 
Komnick!, we have studied localization of sodium in the 
spiral organ during relative quiet (five animals) and after 
exposure to sound (five animals). 

Guinea-pigs were exposed to 5,000 Hz, 95 dB for 30 min, 
and rats to 5,000 Hz, 95 dB for 30 min. During relative 
quiet, granules of reaction produets-—NaSb(OH),— 
measuring about 200-300 A were found chiefly in the 
membranous structures of the receptor and supporting 
cells (Fig. 1). The reaction was most pronounced in the 
stereocilia of receptor cells, although reaction products 
were distributed more or less uniformly over the whole 
stereocilium plasmic membrane. Reaction products were 
also deposited, as smal] granules, on the mitochondrial 
cristae membranes, in the nuclear and nucleolar chromatin 
and—in very small amounts—on the plasmic membrane 
of the nerve endings. They were finer in the dark endings, 
and larger and more numerous in the light endings. 
Deposits were more abundant in the supporting cells, 
particularly Hensen's cells, than in the organelles and 
cell membranes. 

Exposure to sound led to a sharp inerease in the number 
of granules, which were deposited chiefly on the stereocilia 
membranes of the receptor cells (Fig. 2). In the guinea- 
pigs exposure to high frequency sound (8,000 Hz, 95 dB) 
resulted in increased deposition of granules in the receptor 
cells of the spiral organ at the level of the third—fourth 
turn of the cochlea. Exposure to low frequency sound 
(200-250 Hz, 95 dB) led to an increased number of granules 
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Outer hair cell of the spiral organ of rat at the middie turn 
t. Sodium technique by Konmick’, 
stereocilium showing NaSb(OH), 
cel; ©, cuticle: Af, dto- 


Fig. 1. 
of the cochlea during relative quie 
No staining, OHC, Outer hair cell, 
granules; P, phalanges of Deuters's 
chondrium. 





oe 





in the receptor cells of all turns, the increase bemg more 
marked in the upper turn. 

Similar changes were observed in rats within the middle 
and, partly, the upper turns of the cochlea after exposure 
to mean frequencies of 5,000 Hz, 95 dB. Within the same 
cochlea, then, we had both experimental and contro! 
material. Furthermore, within the turns which responded 
there were individual receptor cells, the deposits in which 
were smaller than in contro! material. The supporting 
cells remained intact after exposure to sound. 

We observed that stereocilia bent during o) 





yosure to 








sound, caused by vibrations of the basilar membrane and 
by shearing displacement of the tectorial membrane”, 


According to the mechano-electrical theory of hearing", 
bending is accompanied by cell depolarization and bio- 
potential generation. Another theory, however, suggests 
that bending is accompanied by a series of eytochemical-— 
basically enzymatie—processes*. For example, tho s 0 
cilia of receptor cells show activity of acid and alkaline 
phosphatase, phosphorylase and acetylcholinesterase* as 
well as adenosine-3-phosphatase®. 

Tt follows from the eytochemical theory that the mter- 
action of acetylcholinesterase (localized in the stereocilia} 
with acetylcholine (presumably excreted by the neighbour- 
ing supporting cells and then binding to a specifie protein) 
underlies the mechanochemical processes which result in 
excitation of the receptor cells of the spiral organ. The 
sharp increase in the amount of reaction products, which 
indicated sodium localization in the stereoeila membrane 
during exposure to sound, can be explained in terms of 
this theory. 

Acetyleholine increases sharply the permeability of 
synaptic membranes, causing subsequent alteration of ion 
composition and cell depolarization®. We believe that the 
dramatic increase in the quantity of reaction products im 
the stereocilia of receptor cells during exposure to sound 
is indicative of an increase of the permeability of their 
membranes for sodium ions; this is presumably due to 
the ‘cholinergic enzyme-substrate interaction. A trigger 
mechanism is thus provided for the excitation of the 
receptor cells of the spiral organ. But increased membrane 
permeability and diffusion of sodium ions from the endo- 
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Fig. 2. Outer hair cell of the spiral organ at the middle turn of the 
cochlea after exposure to sound (5,000 Hz, 95 dB, 30 min). Sodium 
technique by Konmick’. Sharp increase in number of NaSb(OH), 
granules within stereocilia and plasmic membrane covering the apical 
region of the cell. No staining, N, Nucleus; VE, nerve ending. 


lymph, in which sodium is present in small amounts’, are 
accompanied by increased deposition on the stereocillum 
membrane. Reciprocal relations of Nat with K+ and other 
ions could be invoked to explain this, but further work is 
needed to substantiate this assumption. 

Our results thus favour the concept that the potentials 
of the receptor cells of the spiral organ are due to complex 
chemical processes associated with peculiar features of 
their cytochemical organization. 
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Use of Citrate in mobilizing 
Plutonium in Rat 


Puivtonium in the blood plasma of man and rat is believed 
to be associated readily as a chelate with the 6-globulin 
transferrin':?, but studies with citrate ions have shown 
that when the plasma citrate concentration exceeds 10 
mg per 100 ml., plutonium citrate is formed in preference 
to the plutonium—transferrin complex®. Artificial loading 
of blood with tri-sodium citrate to above 10 mg/100 ml. 
ig possible in the intact animal with little toxic reaction, 
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as has been shown for man’. We report the results of an 
experiment designed to evaluate the use of citrate in the 
treatment of acute plutonium poisoning with a view to 
extrapolating the data to humans. 

Adult female Wistar rats, approximately 200 g body 
weight, were each given an intraperitoneal injection of 
0-2 ml. of a solution containing 17x10 ug of "Pu 
isotopically raixed with 0-4 10- ug of Pu in 0-1 M 
citrate at pH 7. The predominant plutonium species 
was tetravalent. The animals were divided into groups 
of which one group served as a control. Other groups 
received an intraperitoneal injection of 730 mg citrate 
per kg of body weight either before, simultaneously with 
or after plutonium injection. This was given as a 1 ml. 
of an 18 per cent solution of tri-sodium citrate (134 mg 
to each rat), the maximum amount safely tolerated in our 
experience. The animals were housed in metabolic cages, 
urine and faeces being assayed separately by measuring 
the 100 keV X-rays from *7Pu, 

The influence of citrate on the cumulative excretion in 
urine and faeces over a 24 day period is shown in Table 1. 
The maximum effectiveness was obtained when citrate 
was given simultaneously with the plutonium and followed 
by a second injection after 90 min (group VI). Effective- 
ness falls off if citrate therapy is delayed, but it is of some 
value up to 24 h after plutonium (group VI). Citrate 
injected 30 min before plutonium is of no value (group TT), 
presumably because of the rapid transfer, metabolism 
and exeretion of citrate. 

Table 2 shows the excretion of Pu in urine and faeces 
expressed as ratios of the control group. Preferential 
excretion in urine is apparent in the citrate-treated group 
in the initial 2 day period following citrate and it is inter- 
esting to note increased excretion in both urine and faeces 
occurred throughout the 24 days of the experiment (see 
also Table 1). 

In order to determine the influence of citrate on the 
distribution of plutonium in tissues in the immediate post- 
injection period, another experiment was performed. 
Two groups of rats, three per group, were given plutonium 
as in the previous experiment and one group received 
citrate simultaneously with plutonium. Both groups 
were killed after 3 h and dissected tissues were analysed 
for **Pu. The amounts found in each tissue expressed 
as a percentage of the injected dose are recorded in 











Table 1. INFLUENCE OF CITRATE ON EXCRETION OF PLUTONIUM IN RAT 


No. of Days after injection of plutonium 
System animals l 2 4 L 21 24 
Control I 12 21 48 8-0 114 191 228 24-3 
£026 067 072 098 21 254 290 
80 min before II 10 2-2 56 85 115 192 227 245 
plutonium £015 0:35 052 173 247 170 3-10 
Simultaneous Hit 10 6-8 87 121 170 304 3768 307 
with pluton- +072 069 148 214 310 482 3-72 
ium 
Simultaneous IV 10 112 180 170 218 358 395 44-0 
with followed t085 092 21 189 4:2 319 49 
by a second 
injection at 
90 min 
80 min after V 9 70 GO 125 160 268 320 868 
plutonium +080 O77 186 115 189 288 299 
24 h after pu- VI 9 67 87 106 160 2+2 300 33-0 
tonium +052 069 129 142 28 246 248 
72 h after pu- VII 9 I8 50O 76 105 190 246 257 
tonium +023 O47 068 164 1:34 312 207 


Mean values showing cumulative excretion in combined urine and faeces 
are expressed as per cent of initial injection dose, together with the standard 
error. 

Each animal received 1-7 x 10-8 ug Pau (TV) and O4 x 1073 pg Po (TV) in 
citrate. 


Table 2. DISTRIBUTION OF EXCRETED PLUTONIUM BETWEEN URINE AND 
FAECES 


Period (days) 


Urine ratio 





Excretion of Pu is expressed as ratios of amounts from citrate treated 
animals to amounts from controls together with standard error at periods 
following administration of the ™"Pu. 
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Table 3, DISTRIBUTION OF ™’Pu IN RAT TISSUES, INFLUENCE OF CITRATE 
AFTER 3 H 


Per cent of injected plutonium 


Origin Control Citrate-treated 

Swab from peritoneal cavity 20- 28 
Liver T4 47d 
Kidney 2-0 o? 
Urine (excreted in 3 h) 57 12 3 
Skin 59 25 
Intestine and contents 51 ob 8 
Long bones, skull, ribs, vertebral column, tall 25:7 22:5 
Remainder of carcass 27-9 11-0 

Recovery 100-9 100-0 


Each figure represents the mean of three rats per group. 


Table 3. In this 3 h period there is a more rapid transfer 
of plutonium from the peritoneal cavity, an enhaneed 
urinary excretion and a marked retention in liver in the 
citrate-treated group compared with the control group. 
There is, however, no difference in the amount of pluton- 
ium transferred to bone. : 

In conclusion, citrate appears to be effective in en- 
hancing the renal excretion of soluble plutonium from rat 
if given soon after the plutonium. The mechanism, 
in the few hours following isotope and citrate, involves 
increased transfer from peritoneal cavity and concentra- 
tion of a possible plutonium citrate complex in liver. 
Plutonium is subsequently released for excretion and trans- 
location, but we have no data on skeletal or liver burden 
after 3h. It is unfortunate that the amount of plutonium 
deposited in bone does not appear to be influenced by 
citrate in the first 3 h, but results after 24 days show that 
citrate does cause increased excretion of plutonium so 
that the total body burden must be reduced. i 

We thank Mr R. Todd and Mr R. Logan for preparing 
the *7Pu and the subsequent counting of this isotope. 
Mr T. H. Bates for technical assistance, and Dr G. W. 
Dolphin for helpful criticisms. 
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Two Types of Tubules containing 
only Sertoli Celis in Adults with 
Klinefelter’s Syndrome 


Tae tubules in the adult testis are characteristically 
totally hyalinized in Klinefelter’s syndrome. But non- 
hyalinized tubules are often found in biopsies of reasonable 
size. Spermatogenesis may occasionally be present, 
but most tubules only contain Sertoli cells!. I have now 
found two types of non-hyalinized tubules without sperma- 
togenesis in adult Klinefelter testis. I consider this to be 
general for this syndrome. 

I examined thirty-seven testicular biopsies from 
thirty-five patients with Klinefelter’s syndrome, aged 
15-66. All were sex chromatin positive with a 47,X X Y 
constitution and no evidence of mosaicism. All had asper- 
mia and small testes. Biopsies averaging about 2 mm in 
diameter were fixed in Stieve’s solution (except in cases 
23 left and 24 left, where Cleland’s fixative was used). 
One 4 or 5 micron section from each biopsy was studied 
and all non-hyalinized tubules were classified as described 
in Table 1. No distinction was made between longitudin- 
ally and transversely cut tubules. Two different types of 
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Fig. 1. 


ig a, Type A tubule (x 600); b, type B tubule with cells spread 
diffusely throughout the tubule ( x 600); e, type B with cells arranged 
along the tubular wall ( x 600). 


aspermatogenous tubules were found and classified as 
A and B. 

Type A. All cells of type A tubules (Figs. la and 2a) 
were classical Sertoli cells. Nuclei were ovoid, with a 
characteristic nucleolus on a background of uniformly 
pale grey granular chromatin. J found no larger chromatin 
bodies. A fold could sometimes be seen on the nuclear 
membrane. In cross-sections, cells were arranged along 
the tubular wall and there was often a lumen. Tt was 
impossible to delineate the cytoplasmic territory of a 
single cell. 

The nuclei of most cells of type B tubules (Figs. 16, le 
and 2b) were ovoid, although some were almost spherical. 
There were smaller and larger chromatin bodies as well 
as fine chromatin granulation. Quite large chromatin 
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Fig. 2. a, Cells in a type A tubule (x 960); b, cells in a type B tubule 

{x 960); e, germinal cells and Sertoli cells in a tubule with spermato- 

genesis (x $60), Ser, Sertoli ce Sg, spermatogonia; Set, spermato- 
cytes, 








masses were often attached to the nuclear membrane. 
One or two nucleoli were seen, sometimes with chromatin 
attached, Cell limits could not be defined. There were 
often more cells in type B than in type A tubules, and 
these were spread throughout the tubules (Figs. 1b and 
2b) without any obvious arrangement, and most of them 
without a lumen. The term hyperplasia might almost be 
applied to the cell content in some of the type B tubules, 
but in a few biopsies cells were arranged along the tubular 
wall (Fig. Ic). This arrangement is in some respects 
similar to that in prepuberal tubules. These tubules 
were usually slightly narrower than type A tubules. 
Sclerosis of the tubular wall was minimal or absent in 
both types of tubule. 

Tubules with spermatogenesis were found in some 
patients (Fig. 2¢). Morphologically neither germ cells 
nor Sertoli cells had any special characteristics and the 
Sertoli cells resembled those in the aspermatogenous 
type A tubules (compare Figs. 2a and 2c). 

Preserved tubules were found in thirty-two biopsies 
(Table 2). Type B tubules were found in twenty-six 
and type A in twenty-four biopsies. Ten biopsies had 
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tubules with spermatogenesis. All except one of these 
also contained both types 4 and B tubules. Non-hyalin- 
ized tubules are usually found in or near areas of Leydig 
cell hyperplasia®!°, but in this respect no difference 
could be found between types A and B. There was a 
tendency for the two groups to be isolated in certain areas, 
although they were sometimes found together, 

In all cases non-hyalinized tubules without spermato- 
genesis, which were suitable for analysis, could be classified 
as either type A or type B. Although cells in type A 
tubules were typical Sertoli cells, the cell content of type 
B tubules bore no clearcut similarity to either germ cells 
or adult Sertoli cells. Because they were the only tubular 
contents, they may be an atypical form of either Sertoli 
or spermatogenous cells. They are unlikely to be atypical 
germ cells. If the cells were germinal elements, they 
ought to be dividing, but this was not the case in type B 
tubules. It is more likely that the cells in type B belong 
to the line from which the Sertoli cells differentiate, 
Reasons for this suggestion are that (1) they are morpho- 
logically rather similar to the infantile sustentacular 
cells. although chromatin bodies in general were larger 
than the chromatin in infantile cells; (2) in a few type B 
tubules the arrangement of the cells was similar to that 
of the sustentacular cells in prepuberal tubules; and (3) 
no divisions were seen. Thus it is possible that type B 
tubules have a hyperplasia of sustentacular cells which 
failed to differentiate normally during puberty. 

It remains to be seen whether the mechanism of Leydig 
cell hyperplasia in Klinefelter’s syndrome! is related to the 
possible hyperplasia of sustentacular cells in type B 
tubules. 

I have found no reference to previous work describing 
two types of tubules containing only Sertoli cells in Kline- 
felter’s syndrome. Grumbach eż al. described tubules 
with undifferentiated cells in patients with various testicu- 
lar disorders, but these were also found oceasionally in 
normal adult testis. These cannot be identical with type 


Table 1, PRESERVED TUBULES FOUND IN ONE SECTION OF A BIOPSY 


Tubules without 





Case (No.) Age (yr) ‘Tubules with spermatogenesis 
spermatogenesis A B 
t 0 0 12 
2 0 0 24 
3 0 Q 0 
4 0 0 0 
5 0 0 0 
6 0 3 0 
T 4 17 va 
8 0 28 0 
Q 0 12 5 
10 0 8 14 
1l 0 2 0 
12 21 151 29 
13 5 5 13 
14 G 0 9 
15 OG 8 il 
16 0 (8) 24 
17 0 3 2 
18 0 0 6 
19 32 4 24 
20 7 12 23 
21 4 T 9 
22 0 6 5 
23 Right 7 6 26 
23 Lett 0 1 12 
24 Right 8 66 9 
24 Left 0 31 10 
25 0 0 0 
26 (i 4 1 
27 0 0 2 
23 Q ü 1 
29 0 Q 0 
30 ü 83 1 
3I 5 61 0 
32 3 T4 29 
33 0 2 0 
34 0 27 ($ 
35 0 0 2 
Total 96 621 310 
Table 2, DISTRIBUTION OF BIOPSIES WITH TYPE A OR TYPE B TUBULES 
OR BOTH 
A B Aand B Total 
Biopsies also containing tubules 
with spermatogenesis 1 if) 9 10 
Biopsies lacking spermatogenesis 5 8 9 22 
Total 6 8 18 32 
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B tubules, which are not hypoplastic and not normally 
found in adults. 

The methods described here have been used to examine 
testicular tissue from ninety patients with aspermia or 
oligospermia due to various testicular disorders, but with 
a normal 46,X Y chromosome complement. No tubules 
were found to contain cells similar to those in type B 
tubules (unpublished results of J. Philip and myself). 

Freland found two types of tubules during a study of 
the sex chromatin of patients with Klinefelter’s syn- 
drome". In some cases Sertoli cells were sex chromatin 
positive and in others they were negative. Further work 
may show whether these findings are related to the observa- 
tions described here. 

I thank Dr Svend G. Johnsen for biospies and useful 
discussion; Dr Henning Pedersen for biopsies; Dr A. 
Froland and Dr J. Philip for carrying out chromosome 
analyses and Professor G. Teilum for useful discussions 
and for reading the manuscript of this communication. 
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Force, Pain and Electrode Size in the 
Electrical Stimulation of Leg Muscles 


Ix patients with paralysed limbs, the existing musculature 
might be used as the motor drive if suitably programmed 
stimuli were applied directly to the muscles or to the 
motor nerves. Our particular concern is with this problem 
and with the development of devices to make possible 
the locomotion of patients with totally paralysed lower 
limbs. 

This communication deals with the effects of surface 
stimulation on normal human beings. The relationships 
between isometric force, pain and surface area of elec- 
trodes have been studied for stimuli which elicit tetanic 
contractions. Pain studies of various kinds have been 
performed in the past, and one study on the upper 
extremities! covered the stimulating waveforms usually 
encountered in practice. We have used electrodes of 
various areas, and stimuli consisting of square wave volt- 
age pulses of 50 Hz, 0-2 ms wide and going negative at 
the stimulus site. These pulses were applied in trains 
lasting for 1 s with an intervening rest period also of 1 s. 
This regimen corresponds roughly to the periods of activity 
of the various muscle groups in an average walking cycle?. 

Tibialis anterior and gastrocnemius muscles were studied 
in some detail and the quadriceps group gave particularly 
interesting results. In each case electrodes with surface 
areas of 1, 2, 4 and 8 square inches were successively 
applied over the motor point of the selected muscle. The 
12 square inch anodal electrode was placed over the distal 
end of the stimulated muscle. All the electrodes used were 
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made from a fine stainless steel mesh the interstices of 
which were filled with ‘Redux’ electrode paste which was 
also rubbed into the skin at the sites of application. 

For practically isometric contractions, the muscle forces 
generated by gastrocnemius and tibialis anterior were 
transduced using a strain-gauge attached to a wooden 
sole plate to which the foot was firmly strapped. The 
sole plate was attached to a rigid frame so that the axis of 
rotation closely coincided with the axis of the ankle joint, 
and the force was measured 6-5 inches from the axis of 
rotation, at a point corresponding approximately to the 
ball of the foot. Force, stimulus voltage and current were 
measured simultaneously. 

Stimulus levels were increased over a period of a few 
minutes until the subject indicated that he could just 
tolerate the level for 3-5 min and then the necessary 
readings were taken. Eleven male subjects were tested 
and in all cases the chief determinant of pain seemed to 
be the total peak current, independent of electrode size. 
Peak currents of 40 to 105 mA were supplied and peak 
voltages were in the range 15 to 40 V. 

For the tibialis anterior there was usually an electrode 
size at which a maximum force of 1-5 to 4-2 kg occurred, 
For the gastroenemius the same effect was noted for more 
than half the subjects tested, while for the rest a rather 
larger electrode might have produced larger forces. 
Maximum forces elicited from gastrocnemius varied from 
2-1 to 13-7 kg. 

There is a limitation on the greatest electrode area that 
can be used, particularly in the case of the tibialis anterior, 
when the antagonist muscle group can be stimulated 
simultaneously by the field spread of stimulating current. 
It is dificult to compare precisely the various forces 
produced by electrostimulation with those obtained when 
the subject volitionally tried to isolate and drive the same 
muscle groups. But it seems reasonable to conclude 
tentatively that electrical stimulation can maximally 
evoke about 40 per cent of the maximum volitional force, 
The dependence of pain on peak current alone, for the 
electrode sizes used, may be explained by the fact that to 
cover a larger area of skin is to embrace more pain sensors 
which can be stimulated at low current densities. It is 
worth noting that most subjects preferred stimulating 
electrodes of at least 2 square inches. 

Pilot experiments carried out on the quadriceps group 
revealed that in three of the four subjects tested it was 
possible consistently to generate substantial forces leg 
weight plus more than 10 kg) at the ankle with the leg 
lying horizontally, and with the knee joint at 90° when 
using two carefully placed stimulating electrodes, When 
active, each electrode was about 30 V negative with respect 
to the indifferent electrode and it seemed to be necessary 
to maintain a small difference in potential between the 
two active electrodes. 

The musculature near the iliotibial band contracted 
together with the quadriceps per se, and it seemed that, 
by the combined influence of some mechanical restraint 
and the applied potentials, the electric field around the 
motor point of the quadriceps ensured consistent and 
stable responses to electrostimnulation. 
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Congenital Transmission in Mice of an 
Active Agent from Human 
Rheumatoid Arthritis 


RuEvmMatToIp arthritis is the major cause of crippling 
today. The aetiology is unknown! , but the theory of a 
slow growing virus has attracted great interest! and has 
led to our experiments. A transmissible acute and chronic 
polyarthritis has been consistently induced in mice and 
their litters with injections of synovial tissues obtained 
from rheumatoid arthritis patients. After 14 months of 
breeding and injection of 2,300 newborn mice, we find 
the disease can remain latent in females for a year and 
that it can be congenitally transmitted through at least 
three generations. There is a remarkable resemblance 
between rheumatoid arthritis and the disease produced in 
the experimental mice. 

Recently, we obtained human synovial and granulation 
tissues from severely damaged joints of sixteen patients 
with advanced chronic rheumatoid arthritis for this pre- 
liminary study’. Pooled surgical specimens from four to 
six patients were dissected free of fat and homogenized 
to a cell-free slurry with a minimum of sterile saline 
which, when filtered through gauze, would pass through a 
25-gauge needle. Twenty-one pools were prepared in as 
sterile conditions as possible and stored at — 15°C. The 
standard dose for newborn mice was 0-025 ml., contain- 
ing about 100 mg wet weight of the human material. 

Beginning with twenty-six normal young Swiss Webster 
mice within 7 to 10 days of term, a number of inbred 
families were established. Initially, we used various doses 
of slurry and routes of injection; midterm intraperitoneal 
injections of fairly large amounts of slurry (0-2 ml. with 
twenty-eight mice); direct injections of 0-1 ml. into the 
embryo sites after surgical exposure (four mice); and 
injection of newborn mice with 0-025 ml. intraperitoneally, 
intracerebrally, or in the hip joint area. This pilot study 
showed that the site of injection was not important. The 
procedure was simplified to a single intraperitoneal injec- 
tion of 0-025 ml. of the slurry in newborn mice. The 
presence of pathology in the inbred litters of these mice 
showed the presence of the active agent in the slurry. 


Table 1, INCIDENCE OF PATHOLOGY IN FIVE GENERATIONS OF INTERBRED 
SWISS WEBSTER MICE 
Ratio of pathology Per cent Controls 
Genera- Mice Mice not Total ratio of total Saline in- 
tion injected injected of pathology pathology jected mice 
1 93/150 93/150 62-0 0/54 
2 134/365 115/220 249/585 42-0 0/237 
3 87/830 314/583 401/913 43-9 0/106 
4 — 253/491 253/491 614 0/78 
5 — 102/184 102/184 55-4 0/31 


Newborn litters with pathology were not injected and all injections ceased 
in the fourth and fifth generations, 


Injections were given through the second and third 
generations, except where the litters were obviously 
pathological, and no injections were given in the fourth 
and fifth generations to test subsequent transmission of 
the active agent (Table 1). For controls, we used slurries 
from three torn, normal, human knee joint capsules and 
two bone cysts (pooled). These control mice did not 
develop lesions but grew normally (Table 2). 
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The paws and tail of the newborn were consistently 
swollen and scarlet in colour. These swollen areas varied 
in extent and location, although they were commonly 
associated with paw pads and scent glands, the areas 
around the small bones of the tail, as sheath-like scarlet 
extensions along the shafts of the phalanges, and in the 
periarticular areas of other bones. The pathology lasted 
several days to 1 week and then usually subsided. The 
swelling and redness may return at ages of 1, 2 or 6 months, 
and deformities sometimes develop. A few mice in each 
litter later developed stiffness in gait, deformity of paws, 
clawlike contractures, humped backs, bent tails, ampu- 
tated digits or wasted extremities similar to abnormalities 
observed in chronic arthritis. 

Histological studies of these extremities during the 
acute phase revealed considerable oedema and vascular 
engorgement in the joint capsule*.® and around the small 
bones and along the shafts of the phalanges. Injury to 
muscle cells, connective tissues and particularly the endo- 
thelial cells of the blood vessels was found in the most 
acutely involved areas. The ligamentous attachments and 
the capsular structures as well as the blood vessels showed 
capillary engorgement with the same endothelial cell 
injury. The cartilage, bone and synovial joint surfaces 
were unaffected in the acute phase. 

In a 9 month old mouse with stiffness and wasting of 
the extremities and moderate clawlike contractures, there 
was striking atrophy and scarring in the muscles of the 
foot. Near the capsule of the affected joint, connective 
tissue cells either were shrunken with long dense fibrils 
extending along the fascial planes or they were enmeshed 
in amorphous collagen-like material, in which the small 
dense connective tissue nuclei were sparsely distributed. 
The synovium was thickened from three to five cell layers 
where the capsular structures seemed to have proliferated 
into the joint space. Damage to the endothelium and 
an increase in macrophages and mononuclear cells were 
readily seen in the capsular structures, particularly when 
erystal-fast violet stain was used to identify the large 
granular macrophages. Although the structures were 
small, with little room for the reaction, the acute and 
chronic changes showed the same cellular components and 
changes commonly found in the lesions in human rheuma- 
toid arthritis®™®?, 

The continued or vertical congenital transmission of 
the lesions through the fourth and fifth generations which 
did not receive injection indicated the latency and perhaps 
enhancement of an active agent. This was verified by the 
rebreeding of affected females at 6 to 12 months after their 
initial injection at birth (Table 3). The number of new- 
borns showing pathology in any litter varied from 15 to 
75 per cent, and in later generations some were as high as 
100 per cent. The unaffected female born in litters with 
pathological siblings may fail to transmit the lesion to her 
litter, which suggests that the agent had not established 
itself. The number of chronic lesions and deformities 
seemed to increase with age. Similar pathology resulted. 
whether the site of injection in the newborn was the 
brain, the peritoneal cavity or the hip area. Males and 
females seemed to be equally affected. 

The remarkable consistency and uniformity of the 
development of an acute and chronic polyarthritis in the 


Table 2. CONTROL SERIES 
Injected Uninjected 
Exp. No. Type of slurry First generation Second generation Third generation Results 
Ratio Per cent Ratio Per cent Ratio Per cent 
Controls 

(i) Normal human knee joint capsule 0/10 0 Normal—negative 
(2) Normal human knee Joint capsule 0/9 0 Normal—negative 
(3) Normal human knee joint capsule 0/9 0 Normal-—negative 
(4) Normal human bone cysts (two patients) 0/8 0 Normal—negative 
(3) Physiological saline injections 0/54 0 0/237 0 0/106 0 Normal-——negative 
(6) No treatment controls 0/6 0 0/17 0 1/71 0 Normal--negative 


No abnormalities were produced in the control mice by the injection of slurry made from normal human knee joint capsule removed during surgical 


repair or from two bone cyst excisions or physiological saline. 


Non-treated mice remained normal, 
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Table 3. INCIDENCE OF PATHOLOGY IN NON-INJECTED LITTERS OF SWISS 
WEBSTER MICE BORN TO AFFECTED FEMALES. THE FEMALE RECEIVED INJEC- 
TION OF HUMAN RHEUMATOID ARTHRITIS TISSUE AT BIRTH 


Age of mothers at parturition 
2 months 3 months 7 
No. i in 


in No. in _ No, in P 
litter with Total No. litter with Total No. litter with Total No. 


pathology in litter pathology in litter pathology in litter 
1 12 3 3 8 8 
0 15 8 9 8 8 
11 15 4 27 9 9 
3 4 7 17 18 18 
3 8 2 2 7 7 
8 13 19 26 7 7 
6 6 5 8 3 6 
12 12 0 7 3 9 
5 8 0 10 16 17 
19 26 
6 24 
4 16 
Totals 78 129 48 109 T7 79 
Per cent = 
pathology 60-47 44°04. QT? 


litters of Swiss Webster mice following a single injection 
at the birth of their mothers, and the latency and con- 
genital transmission, demonstrate the presence of an 
active transmissible agent or factor in human rheumatoid 
arthritis tissue. 


STAFFORD L. WARREN 
LEONARD MARMOR 
Dororay M. LIEBES 
Rovian L. HOLLINS 


Department of Surgery/Orthopedics, 
UCLA School of Medicine, 
Los Angeles, California 90024. 
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True Affinities of Propotto leakeyi 
Simpson 1967 


REVIEWING the Miocene Lorisidae of Kenya and Uganda, 
Simpson! established the new monotypic genus Propetto, 
which he considered was the only member of the assemb- 
lage that could be placed with certainty in one of the two 
recognized lorisid sub-families. He states, ‘‘Propotto is 
doubtless a lorisine if the (sub-familial) distinction is valid 
for the Miocene”. 

Through the kindness of Dr L. S. B. Leakey, I have 
been able to examine Simpson’s holotype and the two 
other specimens that comprise the hypodigm. Propotto, 
far from being a lorisid, is clearly a fruit bat, referable to 
the family Pteropidae. On the basis of the important 
features this genus can be definitely removed from the 
Lorisidae. The holotype (a right mandibular ramus) has a 
root for a minute, peg-like, lower second premolar just 
behind a root for the true canine. The mandibular dental 
formula, is thus probably the same as in both the Lorisidae 
and Pteropidae but with Pg small and peg-like and with a 
true “caniniform” canine, as in the fruit bats. This is 
quite distinet from the lorisid condition in which there is a 
caniniform Pg (with a correspondingly large root) and a 
canine that is procumbent and is the lateral tooth of the 
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Fig, 1. Lateral and anterior views of the type mandible of Propotto 
leakeyi (Coryndon Mem, Mus, 421A). The broken roots of the canine and 
Py are indicated. 


grooming comb. The condition of the mandibular dern- 
tition, as it is now understood, is consistent with this 
species being a medium-sized pteropid that was not as 
fully developed in the spreading out and the decuspidation 
of the cheek teeth as most modern forms. 

The molars are much more degenerate, as Simpson 
noted, than in Perodicticus, where they are still unequive- 
cally cuspidate. They are extremely low-crowned with 
central basins surrounded by small, low, rounded cusps. 
M3 is reduced in size and is circular in outline. The 
occlusal surfaces of the cheek-teeth face slightly pos- 
teriorly and the teeth are not crowned, being spaced 
generously (but not as widely spaced as m living ptero- 
pids) along the ramus. The body of the ramus despens 
anteriorly to gain maximum depth at the level of the 
eanine root as in some pteropids but more usually in 
microchiropterans. There is a remnant of a flange-like 
buttress at the symphysis that is found in the mandible of 
pteropids but not in lorisids. From the one specimen that 
shows part of the ascending ramus, the masseteric depres- 
sion was probably deeply excavated as in some of the 
smaller pteropids and most microchiropterans, bub not as 
in lorisids. 

The taxonomic position and a revised diagnosis are 
shown in Table 1, 


Table 1, TAXONOMY OF Propotte 


Order: Chiroptera Blumenbach, 1779 
Family: Pteropidae Gray, 1821 
Sub-family: incertae sedis 

Genus: Propotto Simpson, 1967 
Type species: P, leakeyi Simpson, 1967 


Known distribution: Lower or Lower-Middle Miocene of West Kenya 
(Songhor and Rusinga Is.). 


A revised generic diagnosis is: pteropids of medium-size 
with degenerate cheek-teeth not quite as decuspidate as in 
living forms. Mandibular dental formula (? 2). 1.3.8. 
Canine large, directed slightly laterally as judged by the 
direction of the root. Pg small, peg-like; other premolars 
not strongly cuspidate with occlusal surfaces facing 
posteriorly. Molars rounded, very low-crowned and with 
central basin surrounded by small blunt cusps, bub not 
grooved along the tooth length. Mg very reduced, circular 
in outline. Mandible deepening anteriorly and buttressed, 
low at the symphysis by an inferior transverse torus con- 
tinuous with the lower border of the mandible. Type 
details as given by Simpson. A specific diagnosis is: only 
known species; measurements given by Simpson, 1967. 

The only other fossil pteropids known are of Archaeop- 
teropus transiens Meschinelli, 1902, from the Middle 
Oligocene of Italy?. Archaeopteropus is apparently much 
smaller than Propotto and has much more cuspidate 
molars. But for the postcranial skeleton, the Ttalian 
form might be placed in Microchiroptera. Propotto leakeyi 
is the earliest known pteropid with a dentition unequive- 
cally adapted for a frugivorous diet. 

The removal of Propotto from considerations of the 
evolution of the Lorisidae leaves us, once again, with the 
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problem of the differentiation of the early lorisid stock. 
As Simpson has shown, there seems to be no single 
cranial or dental criterion by which the Lorisinae can be 
distinguished from the Galaginae when dealing with these 
fossil forms. It now seems that the Miocene lorisids were 
represented by two genera (Komba Simpson, 1967, with 
two species, and Progalago MacInnes, 1948, with three 
species), and that they still possessed the primitive 
Galago-like morphological habit, both cranially and post- 
eranially (posteranial remains of the Miocene Lorisidae 
of East Africa are new known*). There is a little evidence 
to suggest that Progalago has more lorisine characters and. 
Komba more galagine characters, but these aspects can, 
perhaps, be over emphasized. It may be, as karyological* 
and immunochemical’ evidence suggests, that the two 
sub-families do not represent a single basic split of the 
early lorisid stock, but that species with the lorisine 
morphological habit were evolved several times from the 
more primitive Galago-like, early lorisids. Some species of 
Galago may be more closely related to some lorises than 
they are to other Galago species. With our present state 
of knowledge it seems that the major division or divisions 
of the Lorisidae into the two sub-families probably took 
place in Africa during or just after the Miocene. 

I thank Professor G. G. Simpson for reading this com- 
munication. He has asked me to state that he agrees with 
my interpretation. 

ALAN WALKER 
Department of Anatomy, 
Makerere University College, 
Kampala, Uganda. 
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Possible Identity of Miocene 
Tali from Kenya 


Day and Wood have very elegantly shown that three 
hominoid tali from the early Miocene of Kenya are fune- 
tionally similar to these from the living pronograde 
quadrupedal African apes, Pan and Gorilla, and unlike 
modern bipedal mant. Two of the tali (CMH 145 from 
Songhor and CMH 147 from Rusinga) were described first 
by MacInnes? and later more fully by Le Gros Clark and 
Leakey’; Le Gros Clark subsequently described a second 
talus from Rusingat. I have some tentative suggestions 
concerning their identification. 

In the early 1950s three medium sized pongid species to 
which these tali might belong were known from the East 
African Miocene: Proconsul nyanzae, P. major and 
Sivapithecus africanus’. Simons and I subsequently trans- 
ferred all three species to Dryopithecus®, the last to 
D. siwwalensis. Alternatively Leakey has reclassified 
“S, africanus” as “Kenyapithecus africanus”, a species he 
believes to be a hominid ancestral to the late Miocene 
hominid “K. wickeri™’. I have argued elsewhere’, as have 
others’, that “K. wickert” is a Ramapithecus, and that 
“K. africanus” is a Dryopithecus probably not ancestral to 
Ramapithecus. 

Le Gros Clark and Leakey stated initially? that the tali 
belonged most probably in Dryopithecus (Proconsul) 
nyanzae, although they did point out that these bones 
might just possibly belong to the very rare “S. africanus”. 
The possibility that they might represent D. (P.) major, 
also rare, was not considered. In 1952, Le Gros Clark 
stated definitely that the tali belonged in D. (P.) nyanzae4. 
Since 1952, many more specimens of D. (P.) major have 
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been discovered or recognized®", and the possibility that 
the three tali are not all D. (P.) nyanzae should now be 
considered. 

The canonical analysis! showed that the Miocene tali 
are close to Pan and Gorilla. One striking feature of the 
canonical plots, however, is that the three bones do not, 
form a homogeneous cluster. The two from Rusinga fall 
close together, lying some 2 standard deviations from the 
mean of Pan on plots of both variates I and II, and IT and 
Til. They le outside the 2 standard deviation areas of 
Gorilla. In contrast, the Songhor talus lies well away from 
the Rusinga specimens, 2 standard deviation units or more 
away on both plots. The Songhor and Rusinga samples 
are farther apart than are the means of Pan and Gorilla 
{and also more disparate in these terms than the hominid 
tali from Olduvai and Kromdraai which are assigned to two 
separate species by almost all students"). In the plot of 
variates I and II, the Senghor talus lies within the 2 
standard deviation range of Gorilla and on the edge of 
that range for Pan; in the plot of II and TII the Songhor 
specimen is closer to the Gorilla mean while the Rusinga 
sample is closer to that of Pan. 

Although the samples are minimal, it seems quite likely 
therefore that these three tali are drawn from two species, 
one represented at Songhor and another at Rusinga. 
CMH 145 from Songhor and CMH 147 from Rusinga were 
illustrated comparatively by Le Gros Clark and Leakey®, 
and a careful examination of the plates reveals morpho- 
logical contrasts between the two (including some features 
not utilized in the canonical analysis). 

What of the identity of these two species ? By far the 
most abundant medium sized primate recovered from 
Rusinga is D. (P.) nyanzae***., and the Rusinga tali can 
be assigned with some confidence to that species, as 
Le Gros Clark suggested?. 

D. (P.) major, only poorly known from Rusinga, is well 
represented at Songhor. This species was on average 
larger than D. (P.) nyanzae, although the two overlap in 
size. I have suggested that several so-called D. (P.) 
nyanzae from Songhor and elsewhere are females of 
D. (P.) major, and that this species may well be the most 
common large primate in the Songhor deposits, A 
phylogenetic relationship between D. (P.) major and 
Gorilla has also been proposed following a detailed analysis 
of dental, mandibular and facial morphology®:!*. Walker 
and Rose, in describing a D. (P.) major lumbar vertebra 
from Moroto in Uganda, state that there are no vertebral 
features which would rule D. (P.) major out of Gorilla 
ancestry!?, Because the Songhor talus seems not to be 
D (P) nyanzae it is probably D. (P.) major, and its close 
similarity to Gorilla rather than to Pan then provides 
additional supporting evidence in favour of an evolu- 
tionary relationship between D. (P.) major and Gorilla. 
Whether or not such a relationship is eventually proven, 
Day and Wood’s analysis shows that large pongids with 
several resemblances to the living African apes had 
differentiated in Africa during the early Miocene. 
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Book Reviews 


EUROPEAN ECONOMICS 


The Unbound Prometheus 

Technological Change and Industrial Development in 
Western Europe from 1750 to the Present. By David 8. 
Landes. Pp. ix+566. (Cambridge University Press: 
London, July, 1969.) 258; $2.95. 


Proressor Lanpss has set himself an ambitious task in 
surveying the course of technological change and industrial 
development over the past two centuries. In effect, he has 
virtually written an economic history of Western Europe, 
though attention is chiefly focused on Britain, France and 
Germany with emphasis on their industrial development. 
He has assembled an enormous amount of factual informa- 
tion relating to the industrial progress of these countries 
and technological aspects are discussed within the wider 
aspect of economie growth. He analyses in some detail 
the factors responsible for differential rates of develop- 
ment between countries over the same period of 
time. The book will certainly be consulted widely by 
those interested in the industrial heritage of Western 
Europe. 

But, and perhaps inevitably in a book of this sort, the 
writer lays himself open to criticisms. These are both 
of a general and specific natwre and do not arise solely on 
matters of interpretation which conflict with those of this 
reviewer, though there are plenty of the latter. For 
example, Landes stresses, and probably quite rightly, the 
importance of technological change in modern industrial 
development. But I feel he never really defines explicitly 
what he means by this concept, nor does he attempt to 
measure precisely its contribution to growth. Thus the 
main burden of proof lies in the detailed (sometimes too 
detailed) descriptive accounts of technical developments 
in the main industries, the sheer weight of which allows 
them to assume overwhelming importance. In other 
words, he eschews modern growth analysis and relies on 
argument by example and illustration. This is all very 
well, but it is not easy to form a clear idea of the role of 
technology without it. Admittedly, firm analysis is not 
easy for the earlier period because of the severe data 
limitations, but for the past hundred years the statistical 
problem is less insuperable. In fact, as Landes shows, 
there is a considerable volume of statistical data not 
all of which is always put to good use. Some of it is 
presented in a rather indigestible form while some of the 
figures are so shaky and meaningless as to be not worth 
quoting. 

This criticism should not detract from the fact that the 
author has brought together much useful material on 
technology and industrial development which is not 
easily accessible. But the fact remains that it could have 
been put to better use given a more rigorous analytical 
framework. Undoubtedly Landes is at his best when 
dealing with the micro-technological aspects of industrial 
development. When he moves on to a broader canvas 
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his arguments are less convincing and, even allowing. for 
possible differences of interpretation, often give rise to 
some very doubtful premises. The following are some 
of the more obvious points on which issue must be taken: 
“In Britain, the Industrial Revolution had been built on 
the cotton manufacture” (page 174); the suggestion that 
the cotton industry showed more vitality and adaptability 
than any other established British industry between 1870- 
1914 (page 215); the implication that British growth 
rates turn up after 1900 (page 234); and that Britain 
would certainly have been spared her balance of payments 
crises after 1945 had exports grown faster (page 512). 

Again, there are the more debatable points which I 
accept are open to wider interpretation than those 
quoted above. The impact of changes in legal institutions 
in the middle of the nineteenth century is surely exag- 
gerated and it is not made clear how they affected the 
cycle, if at all (incidentally there is no mention of Juglar 
cycles). Was France’s industrial growth markedly slower 
than that of Britain in the early stages of development ? 
Was the divorce between science and industry so sharp 
in the Industrial Revolution? Finally, the contrast 
between German and British enterprise in the late nine- 
teenth century is perhaps plugged a little too hard. After 
all, British enterprise showed up in a different light in 
comparison with the French. 

Insufficient attention has been given to matters of 
detail in the final preparation of the book. There are a 
number of misprints and incomplete cross-references. 
Some of the footnotes are misleading. For example, 
the reference to the efficiency of capital in the cotton 
industry (page 146, note 1) is not very clear and it should 
be noted that in real terms the capital-output ratio was 
stable between 1834 and 1886. Opportunity should also 
have been taken to revise certain points in the first part of 
the text which was originally published in volume six of 
the Cambridge Economic History of Europe in 1965. Thus 
we are left with a very curious reference to Habakkuk’s 
book on American and British Technology on page 355, 
while on page 191 we are told that the national income 
estimates for Britain start from 1870 (n fact they now 
go back to 1855). There are, too, a number of instances 
where Landes has not made use of the most up to date 
statistical series. 

In spite of these criticisms, the book remains stimulating 
and controversial, not least for its debatable arguments 
some of which lack supporting evidence. It will certainky 
rank as an important contribution to economic history, 
Perhaps in a later edition Landes will remove some of the 
rougher edges to the satisfaction of a critical reviewer. 

DEREK H. ALDOROFT 


SPIRIT OF CHINA 


Within the Four Seas 

The Dialogue of East and West. By Joseph Needham. 
Pp. 228. (Allen and Unwin: London, June 1969.) 40s. 
Ix barely two decades, a new world power with immense 
resources has arisen, strong enough to assert itself first 
on the Indian north-east frontier and now in Eastern 
Siberia. However non-aggressive China’s intentions may 
be, the world will have to reckon with a country that is 
likely to advance as quickly as Japan but with ten times 
the strength. As regards China's internal progr the 
professional “China watchers’ have been consistently 
wrong. Two years ago, I was called up urgently by the 
BBC, who had set aside the advertised Home Service 
programme for a special programme on China because 
(according to their information) Mao was going to be out 
of office by the end of the week. Needless to say, this 
notion appeared utterly ridiculous to anyone who had 
recently been in China. It could only arise out of com- 
plete ignorance, not only of the political issues involved, 
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but above all of the Chinese way of thinking and of handling 
matters. ne ae 

This failure to understand Chinese affairs has nothing 
to do with oriental inscrutability. We are about as 
inscrutable to them as they are to us, which doesn’t make 
things easier. Unfortunately, Westerners tend to forget 
that China is not just another country but another 
civilization which has grown up for four thousand years 
parallel with our own and essentially independent of it. 
Any attempt to understand the Chinese must fail unless we 
are willing to learn something about their world. 

Hardly anyone is better qualified to teach us than Dr 
Joseph Needham, whose long years of study in China 
have ranged far beyond his chosen field of Chinese science. 
For the better part of two thousand years, China has 
been governed by a civil service of scholars, and in his 
latest book the author talks about the heritage of the 
country as a scholar and poet very much in the traditional 
Chinese manner. Within the Four Seas is a collection of 
twenty-two essays, addresses and poems written and 
published separately between 1942 and 1967. They cover a 
wide range of subjects from distant historical events to 
the Vietnam war and from religion to science. Neverthe- 
less they are held together by Needham’s sensitive style 
and his profound analysis. 

Of the essays, that on “The Past in China’s Present” is 
the longest and runs for almost sixty pages. In it, the 
author presents a beautifully clear and concise account of 
the essential developments of Chinese society on which 
its present aspects are founded. In particular, the 
immensely important role of the mandarinate in the 
shaping of China’s history is explained. In its own interest 
the civil service of scholar officials prevented the growth 
of capitalism, and its central organization inhibited the 
rise of city states which might have been the cradle of a 
scientific renaissance. We also learn about the part 
played by the famous secret societies which have 
flourished throughout China’s history. They were the 
only means of forcing a change of government in a country 
the basic concepts of administration of which left no room 
for political parties. 

These are just a few of the issues dealt with in one of 
the essays. They are certainly worth re-reading, and not 
only because they provide valuable factual information. 
Through his measured and scholarly approach, and espe- 
cially by including the poems, the author has succeeded 
in conveying, almost imperceptibly, something even 
more important: a subtle glimpse of the spirit of China. 

Those who expect startling political disclosures or the 
latest account of the cultural revolution will be dis- 
» appointed. The cultural revolution is not even mentioned 
and the chronological table given at the end of the book 
ends in 1949. Even so, the book can be warmly recom- 
miended to everybody who is interested in China, and 
that should include the columnists all over the Western 
world who have made contemporary China their subject. 
It will go a long way towards teaching the “China 
watchers” wisdom. K. MENDELSSOHN 


STRUCTURE OF STARS 


Principles of Stellar Structure 
By John P. Cox, in collaboration with R. Thomas Giuli. 


Vol. 1: Physical Principles. Pp. xx+1-568. 360s. 
Vol. 2: Applications to Stars. Pp. 569-1327. 420s. 
(Gordon and Breach: London, November 1968.) 750s 


for the pair. 


Tue subject of stellar structure (including stellar evolu- 
tion) is one which has developed rapidly in the past 
decade. While the fundamental principles of stellar 
structure and evolution were laid down in the 1930s, the 
development of numerical techniques of the 1950s was 
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required before a broad view of the subject could be 
obtamed. The advent of high speed digital computing 
added immeasurably to this broad view. Current research 
is now dealing (by comparison with the preceding 
studies) with more minor aspects of stellar evolution. 
These problems require immense computing resources 
and expertise, and their elucidation will not only yield a 
great deal im connexion with stellar structure but may 
also have important repercussions for our understanding 
of cosmology. 

Many of the standard texts on stellar structure relate 
to the theory of stellar structure as it was in the late 
1950s and early 1960s. It is therefore particularly 
exciting to see a text on stellar structure which includes 
so much modern work. This book is very comprehensive 
and provides a first class insight into modern views of 
stellar structure. The volumes are arranged so that the 
first volume treats the basic physics which is required in 
stellar structure. Volume one is concerned with establish- 
ing a good understanding of thermal equilibrium, radiation 
theory including its absorption by stellar material, 
thermodynamics, convection, and sources of stellar 
energy. Many of these topics are absent from modern 
courses In physics and these problems are discussed in 
the volume in a workmanlike and thorough way. Volume 
two is concerned with the application of these physical 
principles to stars. This vohume opens with the Vogt- 
Russell theorem, some of the early simple stellar models 
and a brief treatment of stellar atmospheres before 
proceeding to consider more modern work. It is parti- 
cularly interesting to note a chapter on semi-degenerate 
equations of state in view of the importance of such 
configurations for stellar cores. White dwarfs and 
pulsating stars are also discussed and there is an extensive 
section on stellar evolution. Volume two also has an 
interesting updating supplement—a useful idea in a book 
which necessarily needed so long to prepare. 

There is a relaxed style of writing in both volumes, 
and volume one in particular benefits from this. I 
recommend this volume unreservedly to a wide reader- 
ship frorn undergraduate students (to whom it is well 
suited except in one important respect) to research 
workers, and Cox has done astrophysics a service. Volume 
two, on the other hand, suffers a little from the relaxed 
style—it often tantalizes the reader with what might 
have been, Of course, in a subject such as this, separate 
volumes could be written on each of the chapter headings 
and one wonders what has been gained by going just a 
little beyond more compact treatments if one considers 
only undergraduate studies. I feel many undergraduates 
confronted with volume two would find the trees obstruct- 
ing the wood in many places and might abandon the book 
before they realized what a useful guide to the modern 
literature it was, Volume two is really for post- 
graduate students and research workers. While I feel 
this volume is not so suecessful as volume one, both are 
a remarkable tribute to the authors and an outstanding 
contribution to the reference works of current astro- 
physics. I feel these volumes will remain a standard 
text for many years. 

While paying compliments to authors it is always nice, 
however, to pay compliments to publishers. In this 
instance, while noting that these books are well produced, 
I am compelled to remark that the price is ridiculous 
(to be at one’s most charitable). Clearly the publishers 
only wish to interest the 500 or so astronomical libraries 
who like to keep fully up to date. In these times, many 
libraries will buy only one copy where at least a dupli- 
cate set would be more generally useful, and many 
smaller institutions just will not use their library grant 
in this cavalier way. Most individuals (particularly 
postgraduate students whom it would most benefit) just 
will not buy it. It is therefore a thousand pities that 
the book may only become a work of reference and not 
a useful and well thumbed text. D. McNatiy 
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AERIAL DESIGN 


Arrays of Cylindrical Dipoles 

By Ronald W. P. King, Richard B. Mack and Sheldon 
S. Sandler. Pp. xiii+494. (Cambridge University Press: 
London, November 1968.) 130s; $19-50. 

Ir is important to realize that some of the common 
assumptions made in practical aerial design have doubtful 
validity. For instance, the radiation pattern of a para- 
boloid or horn aerial may be obtained by assuming a 
field distribution across an aperture and applying simple 
diffraction theory. In general, the form of the assumed 
field (particularly at the edges of the aperture) is in- 
consistent with Maxwell’s equations; nevertheless a good 
approximation is generally obtained provided the 
dimensions of the aperture are sufficiently large compared 
with the wavelength. Another example is that of arrays 
of dipoles, when it is conventional to assume a current 
distribution from which both radiation patterns and 
driving point impedance are evaluated. An example of 
this latter is the isolated thin dipole, for which it is con- 
ventional to assume a sinusoidal current distribution of 
constant phase. Because in this case the electric field is 
found to have a tangential component at the surface of 
the dipole it cannot strictly apply to a dipole driven by a 
single lumped generator. While it is possible to formulate 
the radiation problem in a general way (imposing suitable 
boundary conditions) the solution may be extremely 
complicated for practical acrial configurations. 

The work under review describes approximate methods 
developed by Professor King and his colleagues for the 
treatment of arrays of cylindrical rod aerials in which the 
general integral equation, relating the vector potential 
and the current distribution, is solved approximately. 
The method yields trigonometrie formulae representing 
the currents in arbitrarily driven elements in an array, 
which take into account also the mutual interactions; 
the leading term is, of course, the simple sinusoid which is 
normally assumed. 

The theory is shown to give good agreement with 
experiment for simple configurations (half and full wave 
dipoles, two element arrays) and is extended to multi- 
element circular and curtain arrays, Yagi and log-periodic 
aerials and three dimensional arrays including staggered 
and co-linear elements. Examples of computer pro- 
grammes and calculations are given for representative 
cases. 

While this work will be of most value to those eon- 
cerned with the fundamentals of aerials, it should also be 
near to the desk of all concerned with practical aerial 
design, if only to remind them of the limitations of the 
procedures they normally use. T. R. KAISER 


SMALL PARTICLES 


Interactions of Photons and Leptons with Matter 

By R. R. Roy and Robert D. Reed. Pp. xi+319. 
uae Press: New York and London, January 1969.) 
1358 4d. 


One useful assessment of a book is to determine how it 
measures against the intentions of the authors as avowed 
in their preface. The authors correctly discerned the 
need for a treatment, within a single volume, of photon 
and lepton interactions with matter. This is no inanition, 
as they choose to call it, because there is no lack of nourish- 
ment in the general literature for this topic. When they 
next discount, in advance, their own text by saying that 
it “posits no claim to oechide this hiatus”, I felt that 
they should either simply fill the gap or leave it alone. 
Fortunately, they have gone a long way towards filling it. 

There are many experimental data and theoretical 
analyses concerning the electromagnetic interactions of 
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electrons and positrons with matter. The first three 
chapters deal adequately with single scattering by 
electrons and nuclei, through a sage choice of material 
backed up by detailed reference lists. Some topics, such 
as sum rules for electron scattering by nuclei, have not 
been taken as far as published work antedating 1966 would 
allow. This is regrettable because the interpretation of 
some high energy experiments using complex nuclear 
targets is aided by knowledge of the response function of 
the target. 

The next two chapters deal with multiple scattering 
and the ionization energy loss of electrons and positrons, 
Again, the treatment is sound and easily extended by 
use of the references to the literature at large. A novice 
might be confused by the juxtaposition of items dealing 
with very different energy ranges of the incident particles, 
but a lot has been compressed into these pages and the 
effort of concentration is well repaid. 

There follows a chapter neatly transferring attention 
from electrons to photons by a discussion of the brems- 
strahlung process. This is succeeded by five chapters 
detailing the interactions of photons with matter under 
the headings of photoelectric effect, Compton effect, pair 
production, triplet production and total photon absorp- 
tion. The aim of the authors to give a readable account, 
pointing out the salient features of their subject, is 
fulfilled here. 

The final chapter treats muon and neutrino interactions 
in a somewhat cursory fashion and apparently to justify 
the word lepton in the title of the book. The appetite 
of the reader is merely whetted and it is to be hoped that 
the authors will be persuaded to expand this chapter 
into the book the topie richly deserves. 

This book creditably achieves most of its purposes. 
There is a dilemma always to be faced by the author of a 
unifying text as to what to mclude and what to reject after 
critical analysis. A little more of the latter would have 
been appropriate so that experimental data now super- 
seded or even suspect are not further superannuated. Every 
minute, however, devoted to the study of this book will 
be rewarded for the tyro and expert alike. 

G. R. Bisnor 


COOKBOOK OF STATISTICS 


Practical Statistics for Chemical Research 

By John D. Hinchen. Pp. vii +116. (Methuen: London, 
March 1969.) 36s cloth; 18s paper. 

Tus short book is, in the author’s words, designed to ~ 
provide a “cookbook” approach to the application. of 
statistical methods to practical industrial situations. «It 
is regrettably true that many of those who make use of; 
statistical calculations in practical work have no curiosity 
about the real basis of the numbers which they take from 
tables and use as criteria for determining significance. 
This book is a manual for such incurious experimenters 
and industrial workers. 

The cookbook approach is emphasized by informality 
in expression, some of which becomes tedious through 
repetition. Every time the author introduces a caleula- 
tion based on range in place of standard deviation he 
refers to it as a ‘quick and dirty” method. After reading 
this expression many times, one wishes for something long 
and clean. 

There seems little justification, in these days of auto- 
matic squaring and programmable calculations, for 
putting so much emphasis on the use of range as a measure 
of the dispersion of a set of results. Tt is sometimes a 
completely misleading criterion and the probability basis 
of range comparisons is much more complicated and 
obscure than that for the traditional comparisons based on 
variance and standard error. In the book, the author 
discusses both “instant” and more detailed methods and 
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gives useful sets of worked examples. These examples are 
perhaps the most valuable part of the book. They are 
clearly and logically set out and will certainly prove a 
useful guide to those wishing to have a cookbook outline 
of statistical methods. It would be wise, however, to 
take care in using the sections described as “instant” 
and “short and dirty”. 

The book outlines practical calculations of standard 
deviation, variance ratio, t-tests, correlation, factorial 
designs, analysis of variance and data transformations. 
Chapter six, on experimental design, is particularly clear 
and interesting. There is a glossary of statistical terms 
and abridged statistical tables are included. 

L. SAUNDERS 


GENE CONTROL 


Gene Activity in Early Development 
By Eric H. Davidson. Pp. xi+375. (Academic Press: 
New York and London, February 1969.) 116s 8d. 


Tue subject of this book is of considerable interest at the 
present time. This is partly because work in the past 
ten years has shown that greater natural fluctuations in 
gene activity take place in early development than at 
other stages of life, and partly because the extent to which 
changes in gene activity are responsible for cell differentia- 
tion can be very profitably explored in situations where 
cells undergo differentiation but little if any growth; 
this happens in the early development of most animal 
eggs, but in very few other circumstances. 

The experimental analysis of early animal development 
is not itself a new subject. A fundamental principle of 
development, the existence of a relationship between 
unequally distributed materials in an egg and the nature 
of subsequent cell differentiation in an embryo, was 
established over 40 years ago. The analysis of how these 
regions of egg cytoplasm exert their effect on development, 
however, has been severely restricted, until recently, by 
the lack of any criteria, other than cytological, by which 
to recognize changes in nuclear or gene activity. Within 
the last ten years current methods of molecular and cell 
biology have permitted the direct identification of gene 
products. This book provides an excellent summary of 
the extent to which recent work of this kind has so far 
helped to elucidate the events that take place during 
animal development and the mechanism of the processes 
involved. 

The book is divided into four sections. The first 
describes changes in the synthesis and use of gene products 
from fertilization through early development. Section 
two concerns the localization of cytoplasmic materials 
and their relationship to cell differentiation. Section 
three describes in detail the changes in nuclear expression 
which accompany the growth of the oocyte and the 
formation of the egg. Lastly, section four discusses at 
length the variable life of messenger RNA molecules and 
compares gene regulation in bacteria and animal cells. 
The book is very largely concerned with amphibian and 
sea urchin embryos, an emphasis which is justified by the 
relative sparsity of information on the molecular basis of 
early development in plants and other animals. 

In addition to summarizing the results obtained with 
molecular hybridization and other modern techniques, 
considerable space is very appropriately devoted to much 
older descriptive and experimental work on a variety of 
animal embryos not so far subjected to biochemical 
ax The approach adopted has been to assemble 
and coordinate a wide variety of results and to keep to a 
minimum any discussion of the validity of the original 
authors’ conclusions. Thus readers who wonder about 
the mechanism of gene control in early animal develop- 
ment will find their speculations largely unimpinged upon 
by views of the author. For this reason the book will 
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have special appeal to research workers and advanced 
students, who will find an invaluable guide to important 
experiments in the field and will appreciate 650 references 
extending to the beginning of 1968. Among the special 
merits of the work are the inclusion of frequent summaries 
at the ends of sections and a full appreciation of the earlier 
work which has laid the foundation of embryology and 
much of which is so easily overlooked with the advent of 
new methods of analysis. J. B. GURDON 


MAMMALIAN REPRODUCTION 


Traité de Zoologie 

Anatomie, Systématique, Biologie. Publié sous la 
direction de Pierre-P. Grassé. Tome XVI: Mammifères. 
Fasc. VI: Mamelles, Appareil Génital, Gamétogenése, 
Fécondation, Gestation. Pp. 1028+1 plate. (Masson 
et Cie: Paris, 1969.) 280 francs. 


Tais is a new and valuable addition to a famous series. 
The book deals exhaustively with the mammary glands 
and genital organs, efficiently with gametogenesis and 
fertilization, briefly with gestation—-and surprisingly (in 
view of its title) with chromosomes and chromosomal 
evolution. 

Treatment of mammary glands and genital organs 
occupies three-quarters of this weighty volume; it is 
mostly the work of Albert Raynard, but includes a 
chapter on the ovary by Robert Courrier. The mammary 
glands are dealt with comparatively, from the aspects of 
morphology and development, together with the cytology 
and histochemistry (but not ultrastructure) of milk 
secretion. (Lactation is not considered.) Anomalies and 
induced changes are also discussed. The bibliography of 
about 150 references is divided according to the arrange- 
ments of subject matter, which is convenient, but it is 
notable that only five references are in the 1960s. The 
chapter on the genital organs is a treatise in itself-—-487 
pages—about half of it on anatomy and histology, 
and the remainder on embryonic development and its 
anomalies, in monotremes, marsupials and placental 
mammals. (Freemartinism is described, but not cell 
mosaicism.) The material is clearly and systematically 
set out, and lavishly illustrated with more than 400 line 
drawings and half-tones. The morphology section must 
represent the fullest deseription yet published on this 
subject. 

Courrier’s account. of the ovary relates to ovarian and 
follicular development, ovulation, and corpus luteum 
formation, to the endocrine background of these events, 
and Shenae in the genital tracts. He discusses briefly 
the ovotestis, the senile ovary, androgen production by 
the ovary, anal progestogens, and pheromones and the 
Whitten and Bruce “effects”, but there is no word on 
luteolysins, The bibliography is strange: it lists only 
three of the many references in the text, but thirty-odd 
other works bearmg on the subject. 

The remainder of the book is largely occupied by 
chapters on gametogenesis, maturation and fertilization 
by Charles Thibault, and on gestation by Courrier. 
Thibault’s chapters are clearly set out in the modern 
idiom with well organized, critically appraised information. 
Subjects receiving attention include the rate of passage and 
resorption of spermatozoa in the epididymis, capacitation 
and decapacitation, and the distribution and longevity of 
gametes in the female tract. Tabulation and illustration 
of data are very adequate and helpful. Extensive biblo- 
graphies are appended to each chapter. 

Sourrier’s second chapter, “Gestation in Placental 
Mammals”, is shert (29 p ). It is concerned with the 
role of hormones in embryo transport and implantation 
and in pregnancy and parturition. There are brief 
sections on delayed implantation and on extra-uterine 
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pregnancies (including the work of Mayer, Glenister, 
Kirby, and others) but nothing on placental structure and 
function, foetal development, and the like. The biblio- 
graphy contains useful references on gestation, but barely 
half a dozen text and list references correspond. 
Finally, there is the contribution on “Chromosomes and 
Chromosomal Evolution in Mammals”, by Robert Matthey. 


*» It is a revised version of an account that appeared in 


volume twelve (1954) and deals expertly with sex 
chromosomes, the sex chromatin and the Lyon hypothesis 
(half a page), chromosomal evolution (with lists of diploid 
numbers) and chromosomal polymorphism. For sources 
of data before 1958, the reader is offered six key references, 
but none for the numerous more recent text citations. 

In spite of its shortcomings, this is an impressive 
publication and cannot fail to be accepted as the standard 
reference in most of the fields that it covers. 

C. R. AUSTIN 


FROM GRASS TO MEAT 


A Practical Guide to the Study of the Productivity of 
Large Herbivores 

(International Biological Programme Handbook No. 7.) 

Edited by Frank B. Golley and Helmut K. Buechner. Pp. 

xii +308. (Blackwell (Scientific): Oxford and Edinburgh, 

1968.) 40s. 


Tuis book should be read by scientists before embarking 
on studies of the productivity of large herbivores. It is 
of most value in giving direction to the work of research 
teams and is less suitable for use in the field. 

A wide range of interests are covered which are roughly 
divided into energy flow and its components, and manage- 
ment for secondary production. The latter deals with 
animal husbandry and handling, physiology, reproduction 
and nutrition. There is also a paper on epizootiology 
and a section on habitat manipulation involving a number 
of papers. 

Throughout the book there is a wealth of information 
and advice on techniques which should help reduce un- 
necessary and wasteful effort. A great deal of common 
sense is written, but the quality of the papers is varied 
so that some appear directed at the student level while 
others are fairly technical. 

This handbook on methodology was conceived at an 
IBP symposium in Aberdeen and Cambridge in 1965, 
but was not published until almost three years later. As 
a result it suffers from not keeping abreast with more 
recent work. Nevertheless, there is little excuse for the 
absence of reference to some important contributions, 
such as the work of D. R. M. Stewart on the diet of un- 
gulates by faecal analyses or the brief reference to the 
work of R. M. Laws on population dynamics of large 
herbivores. Both of these workers attended the original 
meeting. 

Some of the papers are presented without fully appre- 
ciating that they are not necessarily vectors for the descrip- 
tion of original work, but are intended primarily to advise 
on the best methods to use. Thus, a brief study of an 
elephant population in Uganda is used to illustrate 
secondary productivity and energy relationships when 
more thorough studies have been made on other popula- 
tions. 

In other cases an author has written on a subject in 
which he has secondary interests. Harthoorn gives a 
comprehensive paper on the chemical restraint of herbi- 
vores, in which he makes the use of drugs sound delight- 
fully easy, but his paper on animal husbandry is vague 
and disappointing in comparison. i 

In contrast to this situation, the section on habitat 
manipulation requires consolidation. There are eleven 
papers averaging four to five pages in length with a certain 
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amount of overlap in each. Important topies such as 
controlled burning and grazing are considered in a couple 
of pages each. 

In spite of these criticisms, however, T found some com- 
prehensive sections on aerial census techniques, in which 
systematic and random methods are compared; quantity 
and quality of diet; reproduction, in which a population 
of sheep is taken as an example; anatomical and micro- 
biological studies of digestive tracts; immobilization, 
which is covered by two papers, and epizootiology. 

At the end, Petrides provides some helpful conversion, 
factors for productivity measurements. 

In conclusion, this is a useful book but of uneven 
quality. It gives the impression that it has suffered from 
unequal effort spent on the various sections and from the 
change in editorship during its gestation. 

CHRISTOPHER R. Fretp 


WHITE ANT BIOLOGY 


Biology of Termites 

Vol. 1. Edited by Kumar Krishna and Francis M. Weesner. 
Pp. xiii +598. (Academie Press: New York and London, 
April, 1969.) 298s. 

Tur price and weight of this book at once imply multiple 
authorship. There are indeed fifteen contributors, each 
an active Investigator in the field, who contribute among 
them seventeen chapters each with forty to a 
hundred or more references. This first volume contains 
general or comparative accounts of external and internal 
anatomy, behaviour, food exchanges within the colony, 
water relations, culture techniques, biochemistry, the 
spread of termite species by man, and the relations 
between termites and fungi and between termites and 
termite guests. Volume two is to deal with “the taxonomy 
and general biology of the termites of the different 
zoogeographical regions’. It seems a pity that no space 
was found in the first volume for a general account of 
the importance of termites as primary consumers, for 
there is surely much to be said here that applies to all 
regions. Unfortunately, the introductory chapter (by 
Krishna) does not deal with these generalities about 
termites but, after outlining a classification of Isoptera 
which is not used by several of the authors, it passes into 
a history of termite research. Some other chapters have 
the same failing. While a history of termite research may 
sometimes be illuminating, this is not always so, and the 
subject of the book is biology, not history. 

The individual chapters are all good, but as in most 
books of this form there are gaps and overlaps between 
them. The earlier chapters on anatomy mostly treat 
function as well as structure, though the reader who 
wonders how soldier termites use their strangely con- 
torted mandibles (chapter two) has to wait till chapter ten 
(on polymorphism) for an answer. Perhaps the biggest 
overlap is in the realm of behaviour. Stuart and Nutting 
both deal with flight and pairing but from rather different 
viewpoints, and with a stimulating degree of disagreement 
over the stimuli maintaining tandem behaviour. Phero- 
mones and responses to them appear in Moore's chapter on 
biochemistry, and again the overlap with Stuart's treat- 
ment of them is beneficial. 

The complex matter of caste determination is covered 
in two chapters. The first, by Miller, deals very clearly 
with the situation in lower termites, leaning heavily on 
Kalotermes. Noirot’s chapter follows caste formation in 
Termitidae in which a stable worker caste occurs. The 
following five chapters—on culture methods (Becker), 
feeding relationships (McMahan), biochemical studies 
(Moore), water relations (Collins) and species introduced 
by man (Gay)—-go well outside a narrow interpretation of 
their topic. The last two chapters may, however, be the 
most interesting to the non-specialist. Sands’s review of 
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the important relationship between termites and fungi 
covers its behavioural, nutritional and evolutionary 
aspects. The final chapter, by Kistner, on the biology 
and phylogeny of termitophile staphylinids, looks sympa- 
thetically, though critically, at explanations of the behav- 
ioural basis of this relationship. 

The book has a good index and is well, though not 
exceptionally well, illustrated. Its informative and 
stimulating treatment of termite biology will rightly earn 
it a place in zoological libraries. J. H. Supp 


Dr C. L. Smith 


CYRIL (CHARLES) Lene Smira, who died on July 11, aged 
65, was educated at Lincoln City School and went to 
Cambridge with a scholarship at Sidney Sussex College. 
He studied both physical and biological sciences and began 
his research career under Rutherford at the Cavendish 
Laboratory. During the early years of the Second World 
War Smith did pioneer work on ground and airborne radar 
and was later awarded an MBE for this work. In 1944 he 
returned to the Cavendish Laboratory and worked on 
plastic flow of metals and single crystals. 

In 1949 he joined the university department of radio- 
therapeutics at Cambridge, as a colleague of Professor J. 8. 
Mitchell, and worked actively in this field until his death. 
After an early interest in the effect of radiation on enzymes, 
Smith became well known for his work on the development 
of techniques for microbeam irradiation of small parts of 
single cells. His experiments with the microbeam were 
primarily concerned with the mechanism of mitosis and 
DNA synthesis in mammalian cells, During this period 
he worked in the biophysics division at Yale University for 
a year as Higgins Research Fellow. He was for a time 
director of studies in physics at St Catharine’s College. 
Cambridge, and in 1960 was elected to a fellowship at St 
John’s College. 

In addition to his research work, Smith was Secretary 
of the University Committee on Precautions in the use of 
Radioactive Materials, a member of the Government 
Managing Sub-Committee on Monitoring of Fall Out in 
Food, ete., Treasurer of the International Congress of 
Radiation Research (1962), and Joint Organizing Chair- 
man of a NATO Summer School on Microbeam and 
Partial Cell Irradiation (1967). He will be particularly 
remembered by his younger research colleagues for his 
encouragement and efforts to ensure their full participa- 
tion. 


University News 


Professor M. G. Smith, University of California, has 
been appointed to the chair of anthropology tenable at 
University College, University of London. 


The title of professor of geography has been conferred 
on Dr T. J. Chandler in respect of his post at University 
College, University of London. 


The title of professor of theoretical physics has been 
conferred on Dr E. H. Hutten in respect of his post at 
Royal Holloway College, University of London. 


The title of professor of experimental pathology has been 
conferred on Dr D. A. Willoughby in respect of his post 
at St Bartholomew’s Hospital Medical School, 
University of London. 
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Appointments 


Dr P. L. Bender, Astrophysics Division of the National 
Bureau of Standards and Department of Physics and 
Astrophysics in the University of Colorado, has been 
elected chairman of the Joint Institute for Laboratory 
Astrophysics. The Joint Institute was established in 
1962 as a collaborative effort of the University of Colorado 
and the National Bureau of Standards. 


Announcements 


The council of the Royal Geographical Society has 
awarded a special gold Moon Medal to Mr Neil Arm- 
strong, leader of the Apollo 11 expedition. 


Erratum: In the article “Natural Calcium Oxalate with 
Heavy Carbon” by J. Hoefs (Nature, 223, 396; 1969), 
“between 20 per cent and 30 per cent” should be changed 
to “between 20 and 30 parts per thousand” in line 31 
of the text. 


International Meetings 


September 2-5, Bird Hazards to Aircraft, Ontario 
(Mr M. K. Ward, Conference Secretary, National Research 
Council of Canada, Ottawa, Ontario, Canada). 


September 2-6, Seventh International Pigment Cell 
Conference, Seattle (Dr V. Riley, Conference Chairman, 
Pacific Northwest Research Foundation, 1102 Columbia 
Street, Seattle, Washington 98104, USA). 


September 3-11, 37th Session of the International 
Statistical Institute, London (Secretary, Organizing 
Committee, 37th Session of the ISI, Conference Centre, 
43 Charles Street, London W1). 


September 9-10, Technological Forecasting-—-Some 
Techniques, Birmingham (C. Hearn Buck, Design and 
Innovation Group, University of Aston in Birmingham, 
Birmingham 4, UK). 


September 15-17, Advances in Polymer Blends and 
Reinforcements, Loughborough (R. H. Craven, the 
Institution of the Rubber Industry, 4 Kensington Palace 
Gardens, London W8). 


September 15-17, 6th World Orchid Conference, 
Sydney (Dr Keith Kirkland, Wentworth Hotel, Sydney, 
Australia). 


September 15-17, Psychology of Sport, Lausanne (Dr 
E. de Winter, Société Francaise de Psychologie des 
Sports, 185 Avenue Victor-Hugo, Paris, France). 


September 16-18, Industrial Applications of Dynamic 
Modelling, Durham (Manager, Conference Department, 
Institution of Electrical Engineers, Savoy Place, London 
WC2). 


September 19-20, Materials in Leisure and Sport, 
Worcester (Mr M. G. Bader, Department of Metallurgy 
and Materials Technology, University of Surrey, Guild- 
ford, Surrey, UK). 


September 22-23, The Use of Cyclotrons in Chemistry, 
Metallurgy and Biology, Oxford (F. K. Pyne, Con- 
ference Secretary, Atomic Energy Establishment, Har- 
well, Didcot, Berkshire, UK). 


September 22-24, Condensation and Ice Nuclei, Vienna 
(Dr H. K. Weickmann, c/o Atmospheric Physics and 
Chemistry Laboratory, ESSA, Department of Commerce, 
Boulder, Colorado 80302, USA). 
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September 22-25, Comparative Leukaemia Research, 
New Jersey (Dr R. M. Dutcher, c/o Section of Viral 
Oncology, School of Veterinary Medicine, University of 
Pennsylvania, New Bolton Centre RDI, Rennet Square, 
Pa 19348, USA). 


September 22-28, Alcohol and Traffic Safety, Freiburg 
(Dr A. Bakie, c/o Veterinary Faculty, Belgrade, Yugo- 
slavia). 


September 23-25, Tribology in Iron and Steelworks, 
London (The Iron and Steel Institute, 4 Grosvenor 
Gardens, London SW1). 


September 23-25, Sucrose Conference, London (Mrs A. 
Shergold, c/o Institute of Biology, 41 Queen’s Gate, 
London SW7). 


September 24-27, Theory of Machines and Mechan- 
isms, Poland (Professor J. Oderfeld, Organizing Com- 
mittee, Al. Niepodleglosci 222, Warsaw 10, Poland). 


September 25-27, European Society of Cardiovascular 
Surgery Congress, Buenos Aires (Dr Georges Arnulf, 
Secretary General, 6 Place des Jacobins, Lyon, France). 


October 8, Toxicological Problems of Industry, Man- 
chester (British Industrial Biological Research Associa- 
tion, Woodmansterne Road, Carshalton, Surrey, UK). 


October 17-19, Annual Meeting of the Society for 
Social Responsibility in Science, Connecticut (Society 
for Social Responsibility in Science, 221 Rock Hill Road, 
Bala-Cynwyd, Pennsylvania 19004, USA). 


October 19-22, 19th Chemical Engineering Conference 
and 3rd Symposium on Catalysis, Alberta (Canadian 
Society for Chemical Engineering, 151 Slater Street, 
Ottawa 4, Ontario, Canada). 


October 27-28, Fire Research and Airbreathing Com- 
bustion, California (Secretary, Western States Section, 
The Combustion Institute, 16902 Bollinger Drive, Pacific 
Palisades, California 90272, USA). 


November 13, Application of Reverse Osmosis, Edin- 
burgh (Arthur D. Little Research Institute, Inveresk 
Gate, Near Edinburgh, Scotland). 


December 1-2, Third Annual Meeting of the American 
Society of Nephrology, Washington (Steven K. Herlitz, 
American Society of Nephrology, 850 Third Avenue, New 
York, NY 10022, USA). 


December 1-3, Blood Oxygenation, Cincinnati (Pro- 
fessor D. Hershey, Department of Chemical Engineering, 
University of Cincinnati, Cincinnati, Ohio 45220, USA). 


December 2-5, Vacuum and Cold, Grenoble (Société 
Francaise des Ingénieurs et Techniciens du Vide, 147 
Ter A, Boulevard de Strasbourg, 94 Nogent-sur-Marne, 
France). : 


December 3-5, International Wire and Cable Sym- 
posium, Atlantic City (J. Spergel, US Army Electronics 
Command, Amsel-K]-EE, Fort Monmouth, New Jersey 
07703, USA). i 


December 7-9, Educational Hypnosis, Tel Aviv (A. 
Drori, Institute of Educational Hypnosis, 260 Ha-Yarkou 
Street, Tel Aviv, Israel). 


G 


December 7-12, Global Impacts of Applied Micro- 
biology, Bombay (Professor ©. K. Deshpande, Secretary 
General, c/o Topiwala Medical College, Bombay 8, India). 


December 8-11, Computer Management, Munich (AG 


Headquarters, No. 6 Stadhouderskade, Amsterdam, 
Netherlands). 
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December 8-12, Operating Metallurgy, Detroit (J. V, 
Richard, Secretary, Metallurgical Society of AIME, 346 
East 47th Street, New York, NY 10017, USA}. 


December 9-12, International Symposium of Institute 
of Electrical and Electronics Engineers, Austin 
(Group of Antennas and Propagation, IEEE, 345 East 
47th Street, New York, NY 10017, USA). 


December 10-12, Reliability Electronics, London (‘The 
Institution of Electrical Engineers, Savoy Place, London 
WC2). 


December 11-12, Magneto-Optical Effects, London 
(Secretary, The Faraday Society, 6 Gray’s Inn Square, 
Gray's Inn, London WC1). 


December 17-19, Meeting of the American Physical 
Society, Los Angeles (Professor W. Whaling, California 
Institute of Technology, 1201 East California Street, 
Pasadena, California 91109, USA). 


January 6-8, Trace Fossils, Liverpool (T. P. Crimes, 
Department of Geology, The University of Liverpool, 
Brownlow Street, PO Box 147, Liverpool L69 3BX, UK). 


January 6-8, Seventh Annual Solid State Physics 
Conference, Manchester (Meetings Officer, the Institute 
of Physics and the Physical Society, 47 Belgrave Square, 
London SW1). 


January 7-9, Polymer Chain Flexibility, Essex (Dro- 
fessor M. Gordon, Departrnent of Chemistry, University 
of Essex, Wivenhoe Park, Colchester, Essex, UK). 


January 27, Cost Estimating and Management Deci- 
sions, London (The Institution of Mechanical Engineers, 
1 Birdeage Walk, London SW1). 


Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Noture 
advertises the needs for housing of families about to 
take up periods of sabbatical leave, To begin with, 
no charge will be made for advertisements like this. 
It is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


Vacant: Furnished 15th/17th century house in 
Lewes, Sussex. 8 minutes from Sussex University, 
1 hour from London (Victoria). 4 bedrooms, central 
heating, car and garage, garden. Available end of 
September to January. Please contact Dr A. R. 
Jolly, The Old Brewery House, Southover High 
Street, Lewes, Sussex. 


Vacant: 3 bedroomed semi-detached furnished 
house in Bromley for 15 months from September 
1969. Full central heating, garden and garage; 20 
minutes on train to Charing Cross. Contact Dr A. J. 
Bellingham, 15 Leamington Close, Bromley, Kent. 
Telephone 01-857 8468. 


Wanted: For biochemist and wife, from late 
September 1969, an inexpensive furnished flat 
within a short distance of Avenue de la Belle 
Gabrielle, Nogent-sur-Marne, 94, France. Please 
contact Dr J. Smith, Department of Biochemistry, 
South Parks Road, Oxford OX1 3QU, England. 
Telephone 59214/5. 
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Monday, August 18 


Physiology of Digestion and Metabolism in the Ruminant (six-day 
symposium) at Cambridge University. 


Reports and Publications 


inot included in the monthly Books Supplement) 
Great Britain and Ireland 


The Committee of Vice-Chancellors and Principals of the Universities of 
the United Kingdom. A Compendium of University Entrance Requirements 
for First Degree Courses in the United Kingdom in 1970-71 (excluding degree 
Courses for External Students). Pp, 240. (London: Association of Com: 
monwealth Universities, 1960.) 17s. 6d, 77 

Clean Air Year Book 1969-1970, Pp, 148. 
for Clean Air, 1969.) 

University of Oxford. Oriental, Slavonic, Bast European, and African 
Studies. (Supplement No. 10 to the University Gazette, Vol. 99, June 1969.) 


t 
(London: National Society 


Pp. 19. (Oxford: The University, 1969.) 5s. 77 
The Remuneration of University Teachers 1967-1968. Pp. 51, (London: 
Association of University Teachers, 1969.) 158. 77 


Ministry of Transport, Road Research Laboratory., 
The Cost and Benefit of Anti-Locking Brakes on 
Wilkins. Pp.7. (Crowthorne, Berkshire: Road R 
Gratis. 77 

PEP Broadsheet 518: Renewal of British Government. Pp. vi+ 655-682. 
(London: Political and Economic Planning, 1969. Obtuinable from Research 
Publications, 11 Nelson Road, London, SE10,) 10s. 87 

Computers, Planning and Personnel Management. By Enid Mumford. 
Pp. 55. (London: Institute of Personnel Management, 1989.) 15s. 87 

The Nuffield Foundation. Report for the year 1968. Pp. xii+139. 
{London: The Nuffield Foundation, 1969.) 97 

Proceedings of the British Ceramic Society, No. 15: Clays and other 


RRL Report LR 261: 
otor Cycles. By H. A. 
search Laboratory, 1969.) 









Colloidal Systems. Pp, 141. (Stoke-on-Trent: British Ceramic Society, 
1969,) 426, 97 
Northern Ireland: Ministry of Agriculture. Leaflet No. 13: Brucellosis. 


Pp. 8. Leaflet No. 43: Beef Cuts and Where They Come From. Pp. 11. 
Leaflet No. 45: The Management and Feeding of Boars, Sows and Young 


Pigs, Pp. 16. Leaflet No. 136: Courses of Study in Agriculture. Pp. 14. 
Leaflet No. 141: Metabolic Disorders of Cattle and Sheep. Pp. 8. (Belfast: 
Ministry of Agriculture, 1969.) (107 

Republic of Ireland. Sea and Inland Fisheries Report for 1967. Pp. 64. 


(Dublin: Department of Agriculture and Fisheries, 1969. Available from 
Government Publications Sale Office.) 4s, {117 
Bulletin of Special Courses in Higher Technology, Management Studies 
and Commerce, 1969/1970. Part 1: Autumn Term. Pp. 117, (London: 
London and Home Counties Regional Advisory Council for Technological 
Education, 1969.) 10s. 147 
Sclentific Instrument Manufacturers’ Association of Great Britain. 52nd 
Annual Report 1968-69, and Report of the Trustees of the Bowen Trust. 
Pp, 16. Statistics of the Industry-—Appendix to the SIMA Annual Report 
1968/1969. Pp. 8. (London: SIMA, 1969.) 147 
Ambassade de France, Service de Presse et d'Information. The Marseilles- 
Fos Metropolitan Area. Pp, 26. (London: Ambassade de France, Service de 
Presse et d'Information, 1969.) 147 
Scottish Horticultural Research Institute. 15th Annual Report for the 
year 1968. Pp. 862. (invergowrie, by Dundee: Scottish Horticultural 
Research Institute, 1969.) 147 
_ Ministry of Agriculture, Fisheries and Food. Agricultural and Food 
Statistics: a Guide to Official Sources. (Studies of Otticial Statistica.) Pp. 
¥+119. (London: HM Stationery Office, 1969.) 12s. 6d. net. 147 
Oundle School Natural History Society. Report for 1968. Pp. 79. A 
Check List of the Birds of Oundle. By C. J. Bibby, G. H. ©. Smith and D., J, 
Steventon, Pp. 28. (Oundle, Peterborough: Oundle School Natural 
History Society, 1969.) (147 
_. Building Research Station, Current Paper 11/69: Information Systems 
Relating to the Construction Industry, By A. Gilchrist and Kathleen Gaster, 
Pp. 65. (Garston, Watford: Building Research Station, 1969.) 147 
Timber Research and Development Association. Annual Report for 1968, 
Pp. 40. (High Wycombe: Timber Research and Development eae is 
is 157 
The Abundance of Animals. By Professor T. R. E. Southwood. (Inaugural 
Lecture, 8 October, 1968). Pp. 1-16. 9s. 6d. Aerials, Optics and Electronics, 
By Professor John Brown (Inaugural Lecture, 26 November 1968.) Pp. 
17-80. 3s. 6d. (London: Imperial College of Science and Technology, 
1969.) 157 
Council for National Academic Awards, Compendium of Degree Courses 
1969, Pp.67. (London: Council for National Academic Awards, 1969.) [167 





HOW TO BUY NATURE 
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Other Countries 


India; Council of Scientific and Industrial Research. Annual Report of 
the Regional Research Laboratory, Hyderabad, 1067-68. Pp. xx +1385. 
(Hyderabad: Regional Research Laboratory, 1969.) {77 

Netherlands Organization for the Advancement of Pure Research (W0). 
Current Research in the Netherlanda—Biological and Medical Sciences 1968. 
Pp. 691. (The Hague: Netherlands Organization for the Advancement of 
Pure Research, ZWO, 1069.) {77 

National Museums of Canada. Bulletin No, 229 (Anthropological Series 
85): The Bennett Site. By J. V. Wright and J. E, Anderson. Pp. vili+143 
(6 plates). (Ottawa: Queen's Printer, 1969.) $2.25. [87 

Canada: Department of Energy, Mines and Resources, Geological Survey 
of Canada. Bulletin 167: Magnetization Directions in the Muskox Intrusion 
and Associated Dykes and Lavas, By W. A. Robertson. Pp. 51, $1.50. 
Paper 68-40: Huronian Rocks and Uraniferons Conglomerates. By $. M, 
Roscoe. Pp. ix +205 (5 plates), $3.50. Map 1223A: Lac Cambrien, West 
Halt, Québec, Map 1-1969: Geological Survey of Canada Field Parties, 
1969. (Ottawa: Queen's Printer, 1969.) 87 

Journal of Low Temperature Physics, Vol. 1, No. 1, February 1969. Pp. 
1-64. Subscription price: Vol. 1 (six issues), $24. Price for individual sub- 
scribers certifying that the journal is for their personal use, $14. Outside 
US and Canada add $2.70 for handling and mailing. (New York: Plenum 
Publishing Corporation, 1969.) [87 

Institutt for Atomenergi, Kjeller Research Establishment, Kjeller Report 
No. 136: Measurement of Thermal Spectral Indices in Reactor Cells near 
Plane Absorbers. By S. W. Wennemo-Hanasen, Pp. 22 +22 figures, (Kjeller, 
ae Institutt for Atomenergi, Kjeller Research ane 
1969. 87 

The Western Australian Museum, Annual Report 1966-67. Pp. 79. 
Annual Report 1967-68. Pp. 68. (Perth: Western Australian Museum, 
1968 and 1969.) {97 

Australia: Commonwealth Scientific and Industrial Research Organiza- 
tion. Annual Report of the Division of Animal Genetics, 1967-68. Pp. 33. 
ar Commonwealth Scientific and Industrial Research Organization, 

o ve 

Government of Madras. Report of the Government Analyst and the 
Chief Water Analyst for the year 1962-63, Pp. 13. (Madras: Government 
of Madras, 1968.) {97 





India: Couneil of Scientific and Industrial Research. Third Annual 
Report of the National Institute of Oceanography, 1967-68. Pp. 35. (New 
Delhi: National Institute of Oceanography, 1968.) {107 

American Geographical Society. Antarctic Map Folio Series. Folio 10: 


Primary Productivity and Benthic Marine Algae of the Antarctic and 
Subantarctic. By E. Balech etal, Pp. 12415 plates. Folio 11: Distribution 
of Selected Groups of Marine Invertebrates in Waters South of 35° S Latitude. 
By A. W. H. Bé etal. Pp. 444+ 29 plates. (New York: American Geographical 
Society. 1969.) Folio 10, $6: Folio 11, $10. {107 
orld Health Organization. Technical Report Series, No, 422: Early 
Detection of Cancer—Report of a WHO Expert Committee. Pp. 35. 
(Geneva: World Health Organization, London: HM Stationery Office, 
1969.) 3 Sw. franca; ös., $1. {117 

United States National Museum Bulletin No. 271: The Families and 
Genera of Marine Gammaridean Amphipoda. By J. Laurens Barnard. Pp. 
vi+ 535. (Washington, D.C.: Smithsonian Institution Press, 1969. For sale 
by US Government Printing Office.) $3.25. {147 

Institutt for Atomenergi, Kjeller, Kjeller Report No. 185: “Ramona I” 
a Fortran Code for Transient Analysis of Boiling Water Reactors and Boiling 









Loops. By P, Bakstad and K. O. Solberg. Pp. 65. (Kjeller, Norway: 
Institutt for Atomenergi, Kjeller Research Establishment, 1068.) [147 
Field Museum of Natural History, Fieldiana: Anthropology. Vol. 68: 


The Social Context of Art in Northern New Ireland. By Philip H. Lewis. 
Pp, iv+186. (Chicago: Field Museum of Natural History, 1969.) {147 

Bulletin of the Boris Kidric Institute of Nuclear Sciences. Vol. 10, No. 1: 
Determination of Material Buckling in the Helena Natural Uranium- 
Graphite Subcritical Assembly, By © Dabrowski, M, Ivkovic, A. Mikulska, 
O. Sotic and Z. Zdravhovic. Vol. 19, No. 2: Experimental Determination of 
Resonance Absorption Cross Section for Zircaloy-a and Zirconium, By A. 
Kocoe and V. Markovic. Vol. 19. No. 3: Calculation of the Multigroup Space- 
Dependent Reactor Transfer function Using the Spatial Kigenfunction Expan- 
sion Method. By D. Obradovic. Vol. 19, No. 4: Effective Neutron Tempera- 
ture Measurement in a Well Moderated Reactor by the Rea ity Coefficient 
Method. By N. Raisic and T. Kline. Vol. 19, No. 5: Spectral Properties of a 
Multigroup Transport Operator with Delayed Neutrons in Plane Geometry, 
By J. Mika, D. Obradovic and R. Stankiewicz. Pp. 1-45. (Vinca, Yugo- 
slavia: Boris Kidric Institute of Nuclear Sciences, 1968), {147 

Australia: Commonwealth Scientific and Industrial Research Organiza- 
tion. Annual Report of the Division of Chemical Physics 1967/1968, Pp. 57. 











Annual Report of the Division of Applied Mineralogy 1967/1068. Pp. 48. 
Annual Report of the Division of Animal Physiology 1967/1068. Pp. 96. 


(Sydney: Commonwealth Scientific and Industrial Research Organization, 
1989.) 47 

Association of Pacific Coast Geographers. Yearbook, Vol. 80, 1968. 
Pp. 184. Yearbook, Vol. 31, 1989. Pp, 156. (Corvallis, Oregon: Oregon 
State University Press, 1969.), $3 each volume. {147 





erectus 


Editorial and Publishing Offices of “NATURE” 
MACMILLAN (JOURNALS) LIMITED 
4 LITTLE ESSEX STREET LONDON, W.C.2. 
Telephone Number: 01-936 6633. Telegrams: Phusis London W.C.2 
Subscription Department 
MACMILLAN (JOURNALS) LIMITED 


BRUNEL ROAD, BASINGSTOKE, HANTS 
Telephone Number: Basingstoke 5431 


Advertisements only should be addressed to 


T. G. SCOTT & SON, LIMITED 
| CLEMENT'S INN, LONDON, W.C.2. 
Telephones 01-242 6264/01-405 4743 
Telegrams: Texcualist, London, W.C.2. 
Registered as a newspaper at the General Post Office 
Copyright © Macmillan (Journals) Limited, August 9, 1969 





ACLU GUL 


Multichannel Analyzers 


We've Just 
Multiplied 
Your Analysis 
Capability 


New 900 Series Analyzers were conceived with the 
purpose of helping you work faster, easier and with 
greater precision in every area of research. Critical 
analyzer functions have been automated or superim- 
posed to reduce experiment time and operating effort 
.. optional or accessory functions have been built in, 
eliminating the inconvenience of extra modules and 
add-ons .. . operational specifications are unsur- 
passed. The result is an analyzer system that starts 
where other “third generation” analyzers stop. 


Here are some of its features: 
W@W EXCLUSIVE! No Dead Time — Unique circuitry cor- 
rects for dead time losses 


W EXCLUSIVE! 100 MHz ADC plus 2usec memory cycle 
time make this the fastest pulse height analyzer 
available 





WM EXCLUSIVE! Simultaneous Data Accumulation and 
Readout 

W EXCLUSIVE! “Automatic” mode provides storage, 
stripping, transfer and readout 

W EXCLUSIVE! One-pass Spectrum Stripping —Built- 
in automatic spectrum stripper completely elimi- 
nates repetitive, tedious button punching 

W EXCLUSIVE! Store, Display and Read Out any Sub- 

group 

EXCLUSIVE! Built-in, true dual input multi-scaling 

Expandable Memory (10° capacity/channe!)-—-Equip 

your new analyzer with any of five memory sizes 

from 1024 to 16,384 channels. Memory can be field- 

expanded anytime 

W Dual Parameter capability by addition of second 
ADC 


For complete specifications write for Bulletin 9002 


PACKARD INSTRUMENT COMPANY 


2200 WARRENVILLE ROAD « DOWNERS GROVE, ILLINOIS 60575 


PACKARD INSTRUMENT INTERNATIONAL S.A. 
TALSTRASSE 39 * B001 ZURICH, SWITZERLAND 


d 
SUBSIDIARIES OF AMBAC INDUSTRIES, ING. 


Packard 














NATIONAL INSTITUTE OF AGRICULTURAL BOTANY, CAMBRIDGE 


DIRECTOR 


Council of the Institute invites applications from scientists with suitable experience in agriculture, research 
and administration for the post of Director of the National Institute of Agricultural Botany which will 
become vacant in 1970 upon the retirement of the present Director, F, R. Horne, C.B.E., M.A, NDA, 
F.L.Biol, 


The Institutes main activities in seed and crop improvement are: 


1. Performance testing of crop varieties for yield, resistance to diseases, quality and other characteristics; 
and the preparation of Recommended Variety Lists. 


2. Identification and classification of new varieties. 
3, Seed production and certification. 
4. Testing of seeds for germination, purity and diseases. 


The Institute is an independent foundation under the Charitable Trusts Acts and funds are provided through 
the Ministry of Agriculture, Fisheries and Food by means of grant-in-aid. 


Staff of the Institute are not Civil Servants but salary scales and conditions of service are based upon those 
of the Civil Service. Superannuation is with the Federated Superannuation System for Universities. 
The successful applicant should be free to take up appointment on Ist October, 1970. 


Further particulars may be obtained from the present Chairman of the Council 
Sir Harold Sanders, M.A., Ph.D., 
Orchard Close, THEALE, Berkshire. 


to whom applications should be submitted by 10th October, 1969. 


21) 


MASSEY UNIVERSITY 
PALMERSTON NORTH, NEW ZEALAND 
SENIOR LECTURER /LECTURER IN 
AGRONOMY 
Applications are invited from qualified persons 
for she above position, The appointee will be 
responsible for undergraduate and postgraduate 
teaching in agronomy with emphasis on plant 
ecology. At the carly undergraduate level ihe 
appointee will be required to combine with other 
members of the Department in providing the 
more basie training in agricultural botany and in 
an advanced course in ecology at the fourth year 





AGRICULTURAL 
SCIENTIST 


The recently formed and vigorously expanding Agricultural Division level, At the postgraduate level the appoinice 
of BP Chemicals Limited has created a new post at its headquarters will be required to supervise studies in pasture 
at Wallington. near Croydon. Surrey, for an Agricultural Scientist, and crop ecology, Opportunities and facilities 

The successful candidaie will help to provide technical advice on for personal: research in these and related fields 
the whole of the Division's new range of agricultural chemicals, and A Lecter: SNZ IO ENE 
will be given scope to develop and promote further products in this SNZ200) : Senior Lecturer, SN Z4 700 10 SNZS.300 
field. . f ` K (by $NZ200), thereafter in the range up to 

Applicants should hold a degree, preferably with a Ph.D., in agri- 5NZ6,600, (As University salaries are at pres 
culture. Experience in research work on arable crops and a good sent under review, the above figures could be 
knowledge of agricultural chemicals would be an advantage, y pes EN aa eee adios Hae 

A non-contributory pension scheme is in operation, and assistance Gnarls lorelher Wih ANE. Peteril Conanin 
with removal expenses will be given, A me TA of appointment, may be obtained from ihe 

Please write briefly, quoting Ref. No. 973N, and giving concise Secretary-General, Association of Commonwealth 
details of qualifications, experience, positions held, age and present Universities (Appts.), 36 Gordon Square, Lon- 
salary, t0: don, W.C. Applications close on October 1, 

Dr. A. D. Drysdale, 1969, (556) 


BP Chemicals Limited, . R sor alec tetera perpen Beate Gly in 
Coane ewe UNIVERSITY OF BRISTOL 


Manor Road, Applications are invited for Systems Program- 
Wallington, Surrey. mers to work on a three-year project involving 


the linking of System 4/50 machines located at 
Cardiff, Bath, and Exeter to a 4/75 at Bristol. 
The project, which is supported by the Ministry 
af Technology, will be based at Bristol, although 
visits to other installations will be necessary 


La 
during part of the time, The salary attached to 
l these posts will be on the scale £1,240 by £115 
Cc to £2,390, 


Applications, together with the names of two 
persons to whom reference can be made, should 
be sent before August 31 to Professor M. H. 
Rogers, School of Mathematics. University of 
Bristol, University Walk. Bristol BSS ITW, from 
whom further particulars can be obtained. 

(548) 
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Return to R&D 
-in Britain 


Are you a British scientist or engineer thinking of returning to work in research and 
development in Britain? You may find what you are looking for, without going home 
first, in the Scientific Civil Service, the United Kingdom Atomic Energy Authority, or 
the Central Electricity Generating Board. And your family fares back to this job 
may be paid. 








The work is mainly applied, in that it has a practical end in view, but fundamental 
research is frequently involved. There are likely to be openings in most branches of 
the physical and engineering sciences, especially in mathematics and computing. 


Career Appointments 

are on offer mainly at the starting point of Scientific Officer and Senior Scientific 
Officer (or their equivalents), for which candidates will most likely be between the 
ages of 23 and 31. 


Research Fellowships 
are prestige awards, offered to scientists and engineers of exceptional ability, usually 
for 2-3 years. Fellowships may lead to career appointments. 


A Selection Board composed of practising research scientists and engineers, 
drawn from R. & D. establishments in the three organisations, will be in:— 


U.S.A. (NEW YORK AND 


CANADA (OTTAWA): BAN FROHCISGON 


interviews beginning in mid-January 
1970. Last Day for the receipt of 
applications: 5th December 1969. 


lf you are in Canada 

please write to: 

Mr. H. G. Sturman, 

Senior UKAEA Representative 
in Canada, 

P.O. Box No, 1245, 

Deep River, Ontario. 


interviews beginning in mid-March 
1970. Last Day for the receipt of 
applications: 9th January 1970. 


If you are in the U.S.A, 
please write to: 

Dr. J. M. Lock, Director, 
United Kingdom 
Scientific Mission, 
British Embassy, 
Washington, D.C. 20008. 


Issued jointly by the Civil Service Commission. the U.K. Atomic Energy Authority 
and the Central Electricity Generating Board. 





(Se) 








Wellcome 


Recent graduates 
in biochemistry 


Our General Biological and Diabetes Research 
Laboratories are engaged in research on diabetes, obesity 
and phytohaemagglutinin. The Laboratories are 
well-equipped and a high proportion of the staff are 
graduates or the equivalent. 


We are looking for three graduate biochemists for sections 
working in the establishment of assay procedures for 
potential therapeutic agents and the study of the mode 

of action of these substances. Reporting to Section 
Heads they will each have responsibility for the work of 
laboratory assistants. 


Although one or two years relevant experience is 
desirable we will seriously consider candidates who have 
graduated this year. 


We are part of an expanding international group and offer 
early responsibility and good opportunities for career 
advancement. 


Highly competitive salaries are offered together with an 
excellent range of benefits including assistance with 
re-location expenses where appropriate. 


Please write quoting ref. J .221, to the 
Personnel Manager, 

BURROUGHS WELLCOME & CO., 
Dartford. Kent. (Tel: Dartford 23488.) 


GRADUATE 





UNIVERSITY OF NEW ENGLAND 
ARMIDALE, NEW SOUTH WALES 


Applications are invited for the undermen- 

tioned positions : 
LECTURER IN PHYSICS 

Applicants should have qualifications in Solid 
State Physics, Chemical Physics or related fields, 
Preference will be given to applicants with ex- 
perimental or a combination of experimental and 
theoretical interests. 


LECTURER IN PSYCHOLOGY 


Applicants should be qualified to conduct the 
introductory course in General Psychology and 
to offer courses at the higher undergraduate and 
graduate levels from one or more of she fields 
of General Psychology and/or Mathematical 
Psychology. Duties will include preparation and 
supervision of laboratory courses for both Arts 
and Science students; the organisation of sem- 
inars; atrangement of tutorials; the supervision 
of postgraduate students and some routine de- 
partmental administrative duties. 


GENERAL CONDITIONS 

Salaries: Senior Lecturer, $A7,600 by $4230 
to $A8,750 per annum; Lecturer, $45,400 by 
SA270 to $A7,020 by $A280 to $A7,300 per 
annum. Conditions include provision for travel 
and removal expenses, superannuation, assistance 
in buying or building a bome and study leave, 
Study leave grants are available and credit may 
be granted for existing study leave entitlement, 

Further particulars and information as to the 
method of application may be obmined from 
the Secretary-General, Association of Common- 
wealth Universities (Appts), 36 Gordon Square, 
London, W.C.1, Applications close in Australia 
and London on August 29, 1969. (517) 


SCOTTISH MARINE BIOLOGICAL 
ASSOCIATION 
OCEANOGRAPHIC LABORATORY 
EDINBURGH 
ASSISTANT EXPERIMENTAL OFFICERS 


Applications are invited for the following posts 
in research surveys of the North Atlantic Ocean 
and the North Sea: 

Electronics (Post X.O.1}: man to ass in the 
design, construction and maintenance of sensors 
and recording equipment for use at sea. Previ- 
ous experience in electronics is essential and c 
didates must be prepared to work at sea, This 
is an interesting job in a new and developing 
programme, 

Biology (Post X.0.2) : man to assist in a study 
of the plankton in relation to the herring fisheries 
off the east and west coasts of Scotland, involv- 
ing identification and counting of plankton organ- 
isms, data processing, work at sea in research 
ships and fishing vessels, 

Biology (Post X-0.3): man or woman to assist 
in the Continuous Plankton Recorder team, iden- 
fication and counting of plankton, data process- 
ing, assistance to Scientific Officers, 

Qualifications : for candidates under 22 the 

minimum is §.C.E, or G.C.E. with five subjects 
including two scientific/mathematical at Higher 
cr A level. Other candidates must have uni- 
versity degree, HNC. or equivalent. 
Salary: on scale £683 (age 18) to £1,208 (age 
26, maximum starting pay) to £1,454. Exception- 
ally well-qualified candidates may be considered 
for appointment as Experimental Officer (scale 
£1,590 to £2,006), 

Requests for application forms (quoting the 
Post number) to the Director, Oceanographic 
Laboratory, 78 Craighall Road, Edinburgh EHG 
4RO. (581) 


~ AGRICULTURAL RESEARCH 
COUNCIL 




















BIOCHEMISTS 


FOOD RESEARCH INSTITUTE 
CHEMISTRY DIVISION 
aP r AY Sigi ime oi 
Seravac Laboratories, a world leader in the specialized preparation of enzymes ue cae oe aprum enal oma on 
and biochemicals, have vacancies in their Maidenhead Laboratories for graduate vice for the Institute and for development of new 
biochemists, automated analytical methods. 


Applicants should have a B.Sc. (Biochemistry) degree or equivalent and Ref.: 68/12: Assistant Experimental Officer to 


r . i r assist in the isolation, purification and charac» 
experience in protein chemistry or enzymology would be an advantage. terization of avian muscle proteins. 


Minimum qualifications: Under age 22: 
GCE. in five subjects including English Langue 
age and Mathematics at QO” level and two 
scientific subjects at A" level. At age 22 or 
aver! a pass degree or HUN .C. in an appropriate 
subject. 

Salary: On a scale according to age from 
£683 per annum at age 18 to a maximum of 
£1,454 per annum, Starting salary at age 26 
or over is £1,208 per annum. 

Application forms available from the Secretary. 
Food. Research Institute, Colney Lane, Norwich, 
NOR 70F, quoting appropriate scar ete 

Cree. 


The company operates a Pension Scheme and offers pleasant working conditions 
in laboratories situated in country surroundings within easy reach of London. 
Salaries by arrangement. 


Please write, or telephone Maidenhead 21343, for an interview. 


SERAVAC LABORATORIES (PTY) LTD 


Moneyrow Green, Holyport, Maidenhead, Berkshire. 
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The $ GeV Electron Synchrotron NINA, housed at Daresbury Laboratory in north-west Cheshire is being 
used for research in high energy physics by University and resident groups. 


SYNCHROTRON OPERATIONS 


An Operations Manager is required to be responsible for the day-to-day running of the Synchrotron. 
After initial training he will gradually become responsible for all aspects of its operation and general 
planning of maintenance, 


This will involve close liaison with the engineers responsible for the plant and with experimental physicists. 


NINA contains large electro-magnets, high power modulators and R.F. amplifier, control electronics, a 
computer, high vacuum and water cooling systems, Experience in at least some of these fields, or in planning 
and controlling the operation of complex plant is necessary. Applicants must possess Corporate 
Membership of a Senior Engineering Institution. An appointment will be made in the grade of 

Engineer II (Reference number DL/328/T). 


Also required is an Assistant to the Operations Manager, to be particularly concerned with Documentation 
and Planning. The documentation includes technical manuals, operating instructions and engineering 
drawings. This will involve liaison with contract technical writers, physicists and engineers. The planning 
will eventually cover co-ordination of all maintenance and new installation work, using a planned 
maintenance system and a small planning and records office. 


An appointment will be made in the grade of either Engineer HI or Experimental Officer. Some relevant 
experience is essential. Applicants for Engineer III should normally possess Corporate Membership of an 
appropriate senior Engineering Institution but will be considered if they possess Associate Membership 

or an appropriate Honours Degree or Diploma in Technology. Applicants for Experimental Officer 

must possess a degree or H.N.C. or equivalent in an appropriate subject. (Reference DL/329/T.) 


Starting salaries will be assessed according to age, qualifications and experience on the following scales. 


Engineer II ~~ £2,225-£2,925 These salary scales are effective from 
Engineer HI ~~ £1,325~£2,225 ist January, 1970, 
Experimental Officer--£1,590-£2,006. 


There is a non-contributory superannuation scheme. Advice and assistance to obtain house loans is 
available, i 


Write for application form quoting appropriate reference number to: 


Personnel Officer, 
Science Research Council, 


Science D ARESBURY NUCIE AR Daresbury Nuclear Physics 
Laboratory, 
Research PHYSICS LABOR ATORY Daresbury, Nr. Warrington. 


Council 
Closing date: 20th August, 1969 «rp 





UNIVERSITY OF 


REGIONAL BLOOD 
STRATHCLYDE 


TRANSFUSION SERVICE 
(SOUTH-EAST SCOTLAND) 


BLOOD PRODUCTS UNIT 


Vacancies exist for PROBATIONARY 
OR BASIC GRADE GRADUATES IN 
BIOCHEMISTRY or other appropriate 
discipline. Duties are primarily concerned 
with the production of plasma proteins 
fractions for clinical use. Previous exper. 
ence in protein Chemistry an advantage 
but not essential. Salary and conditions 
applicable to Hospital Biochemtists (Pro~ 
fessional and Technical Counci “A "h 
Allowance made for previous experience, 


An t i a Locu s t DEPARTMENT OF BIOLOGY 


R h RESEARCH 
eseare ASSISTANT 


Centre Applications are invited for the above 
post tenable for three years from gradu- 
ates with some familiarity with biochemi- 

has a vacancy in the ASSISTANT EX- cal, embryological and/or immunological 

PERIMENTAL OFFICER /EXPERIMEN- memiods, 

TAL OFFICER grade (AEO. for a The work is concerned with the analysis 

graduate, male or female, to work on of genetically determined pathological con- 

research and the processing of routine ditions in laboratory animals. 

data. Candidates should possess a degree 

in Geomaphy or Bioloey and pe wiling to | | Slam see £1,000 v3 £75 to £1150, per 

work abroad for Hmited periods. s 2 cs > 
cations and experience, 

The final date for receipt of application 

forms, obtainable from the Establishment Letters of application (quoting R25/69), 

Officer, Anti-Locust Research Centre (Min- stating names of SHA a ENS be 

tat Overse pme: sent as soon as possible to Dr. È. M. Pan- 

Ho Tan tke ONON, aR teoari, panies on Biology, Uawer: 

AOSE, ights Lane, k sity of Strathclyde, Geo Street, as~ 

Monday, August 18, 1969. ($42) zow. Cl ha 


Applications, giving age, details of ox. 
perience, qualifications and the names of 
two referees to: The Regional Directer, 
Blood Transfusion Centre, Royal Infirmary, 
Edinburgh 3, from whom further particu. 
lars can be obtained. (S73) 








WEES MANacemMent SELECTION 


Please state briefly, in writing, how each 
requirement is met. Nothing will be disclosed, unless 
you give permission after a confidential interview. 





General Sales Manager 


U.K. and Continent 
laboratory materials 


Flow Laboratories Ltd. markets tissue cultures, media, sera, viral 
diagnostic reagents and laboratory equipment in the U.K. and 
overseas. From start up in 1966 sales have doubled annually 
and the company has passed the break even point. 


To exploit this continuing rapid growth—-over 60% of which 
is derived from exports—the Sales Manager will develop an 
effective distribution and selling organization, concentrated initially 
on European markets, and work closely with the Managing 
Director in formulating marketing policies, 


The position calls for a specialist salesman, probably a graduate 
aged 26 to 35, who has had at least three years’ progressive 
experience selling in the scientific field: instruments or relevant 
biological products to drug houses or university or hospital 
laboratories. Other requirements are fluency in English, German 
and French and willingness to travel widely in Europe and 
eventually further afield. Location by agreement ; initial salary 
up to £3,000 ; pension scheme and relocation expenses if neces- 
sary. Please write to A. W. B. Thomson quoting U. 16031. 


MANAGEMENT SELECTION LIMITED 
14 ST. VINCENT PLACE GLASGOW Cl 


UNIVERSITY OF CAMBRIDGE 


University Demonstratorship in 
the Department of Botany 


The Appointments Committee of the Faculty Board of Biology A 
hope soon to be able to appoint a University Demonstrator in the 
Department of Botany from October 1, 1969, or as soon as possible 
thereafter. Applications are invited from candidates with teaching 
and research interests in plant (including fungal) genetics, cytogenetics, 
cytology or experimental plant taxonomy. The appointment will be 
subject to the Statutes and Ordinances of the University, and will be 
for three years in the first instance, with the possibility of reappoint- 
ment for two years, The maximum tenure of a University Demon- 
stratorship is five years. 


The pensionable scale of stipends for a University Demonstrator 
is £1,355 a year, rising by annual increments of £115 to £1,815 a year, 
or, if the person appointed is ordinarily resident in College, £1,255 a 
year, rising by annual increments of £115 to £1,715 a year. 


Applications, together with the names and addresses of not more 
than three referees should be sent to the Secretary of the Appoint- 
ments Committee of the Faculty of Biology A, Department of Zoo- 
logy, Downing Street, Cambridge, so as to reach him not later than 


September 20, 1969, 
(569) 
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THE 
UNIVERSITY OF 
LEEDS 


DEPARTMENT OF PATHOLOGY | 
RESEARCH 
ELECTROPHYSIOLOGIST 


Applications are invited from suitably 
qualified 


SCIENCE GRADUATES 


for the above post, Salary Scale, 
£1,240 by £115 to £1,815 (or £1,595 
by £145 to £2,320 if medically 


qualified), with initial placement 
according to experience. The bolder 
of the post with be required to work in 
the Experimental Neurocytology Unit. 
under the direction of Professor C. E. 
Lumsden, on nerve conduction and t 
muscle function studies in experimental 
neuromyopathies ; and also to help 
with electrical studies on isolated 
cells. Opportunity can be provided 
for the holder of the post to work 
for a Ph.D. of the University in an 
approved field from the research 
project. 

Applications, stating age, degree and 
relevant research experience, should be 
sent to Professor C. E. Lumsden, 
School of Medicine, Leeds 2, by 
August 23, 1969, from whom further 
information may be obtained, ($49) 





INFORMATION SCIENTIST 


Borax Consolidated Limited require an 
Information Scientist for the Information 
Department at its Research Centre in 
Chessington, Surrey.  Applicams should 
have a degree (or eguivalent qualification) 
in chemistry or a related science, 


Previous experience in information work 
is essential and a reading knowledge of 
foreign languages, especially French, Ger- 
man, or Russian, will be of definite advan- 
tage. The duties will include Hrerature 
searching and abstracting, preparation of 
abstracts, bulletins and Nierature surveys 
and answering inquiries, 


The post carries a good salary, according 
to qualifications and experience. The Com- 
pany operates a non-contributory pension 
and life assurance scheme. 


Please write, giving brief details of quali- 
fications and experience, 16 : 


Personnel Manager, 
Borax House, 
Carlisle Place, 
Landon, SWL 


(584) 





NORTHWICK PARK HOSPITAL 
AND CLINICAL RESEARCH 
CENTRE 
GRADUATE BIOCHEMISTS 
Biochemists (basic grade) required for whe 
Division of Clinical Chemistry at Northwick 
Park Hospital where commissioning of new 
laboratories will begin in December, 1969, The 
laboratories will be extensively automated with 
first and second generation equipment and data 
processed by computers. The work will entail 
the provision of an analytical service to 800 
beds in the bospital and clinical research centre 
where the emphasis is on the intensive investi- 
gation of disease and research. There will be 
close collaboration between the research and ser- 
vice sections of the Division of Clinical Chem- 

istry. 

Qualifications: A degree from a British Uni- 
versity in chemistry or biochemistry or Grad. 
R.LC. Experience in a hospital or industry al- 
though an advantage is not essential. 

The salary scale for this post is £960 to £1.355 
during the probationary period for new entrants 
and £1,165 to £1,845 post-probationary plus 
London Weighting of £90 per annum. 

Further particulars and application forms (to 
be returned by August 28) from the Group 
Secretary, 164 Tottenham Court Road, London, 
WLP OLH. ($04) 
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NEW ZEALAND 


Agriculture Department 


Applications are invited for the undermen-~ 
tioned vacancy: 


VACANCY B 13/2/122/2845 
SCIENTIST (FERTILIZERS) 


INVERMAY AGRICULTURAL RESEARCH 
CENTRE 


Salary. Payable up to $NZ6,060 per annum 
according to qualifications and experience, 
Further promotion available to $NZ7,300 per 
annum on merit. 

Qualifications desired. Ph.D., M.Agr.Se., or 

Duties. Study the effect of lime and pH on 
pasture production and availability of soil nutri- 
ems, investigate major and trace clement inter- 
action on several soils, and participate in a 
programme of work involving rates, times and 
frequencies of application of phosphatic and 
nitrogenous fertilizers. 

An unfurnished house is available at an 
assessed rental. 

Passages. Fares for appointee and his wife 
amd family, if married. will be paid. 

Incidental expenses. Up to £35 for a single 
man and £100 for a married man can be claimed 
to cover the cost of taking personal effects to 
New Zealand. 


Application forms and general information are 
available from the High Commissioner for New 
Zealand, New Zealand House, Haymarket, Lon- 
don, $.W.1, with whom applications will close 
on September 17, 1969. Please quote reference 
B o13/2/122/2845 when inquiring. (378) 


NEW ZEALAND 


DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH 


Applications are invited for the undermen- 
tioned vacancies i 
VACANCY B 13/18/89/1873 
SCIENTISTS 
GEOPHYSICISTS (3) 
LOCATION, WELLINGTON 


For work on a wide range of regional and 
esperimental surveys in New Zealand and the 
South-west Pacific. Regional gravity and mag- 
netic surveys, geothermal, engineering amd seismic 
investigations are carried out in a region with 
all the "active margin’ characteristics of 
seismicity, volcanism, major faulting, deep sedi- 
mentation and mountain building. 


UPPER ATMOSPHERE PHYSICISTS 63) 
LOCATION, CHRISTCHURCH 


For work on the ionosphere, geomagnetic Aeld 
and the interaction between lower and upper 
atmospheres. New Zealand maintains a well- 
equipped line of observations ranging from egua- 
torial to Antarctic latiuides. Research in upper 
atmosphere physics is also flourishing in New 
Zealand universities with which excellent rela- 
tionships are maintained, 

Salary up to NZ$5,430 depending upon qualifi- 
cations and experience. 

Passages: Fares for appointee and his wife 
and family, if married, will be paid. 

Incidental expenses: Up to £35 for a single 
man and £100 for a married man can be claimed 
to cover the cost of taking personal effects to 
New Zealand. 

Application forms and general information are 
available from the High Commissioner for New 
Zealand, New Zealand House, Haymarket, Lon- 
don, S.W.1, with whom applications will close 
se quote Reference 
(469) 














SELF-ENSTRUCTIONAL PROGRAMMES 

Applications are invited for the post of full- 
or part-time SENIOR RESEARCH ASSOCIATE 
or RESEARCH ASSOCIATE to be concerned, 
over a period of two years, with the develop- 
ment of a programme of self-instruction in basic 
electricity for biologists or physiologists. This 
programme will be part of the Inter-University 
Biology Teaching Project. sponsored by the 
Nuffield Foundation. Applicants should have a 
qualification in biology or medicine, or be physi- 
cists with biological experience ; some knowledge 
of clectrophysiclogy desirable, Tuition in the 
techniques of programmed learning available. 
Salary scale: Senior Research Associate, £1,585 
to £2,275 plus F.SS.U.; Research Associate, 
£1,000 to £1,470 plus F.SS.U, 

Applications (2), naming two referees, by 
August 23 to Assistant Registrar (S), P.O. Box 
363, Birmingham 15. from whom farther par- 
diculars are available, quoting N.Z.2. (539) 





Mineralogists and 
Petrologists 


Expansion due to demands made by the Mining Industry in Australia and 
South-East Asia has resulted in several new positions in the Mineralogy« 
Petrology Section of the Australian Mineral Development Laboratories. The 
positions offer great scope for scientists interested in applied research in the 
foremost Research, Development and Service organization in Australia. 


The section is fully equipped and works in the field of petrology, mineralogy, 


Mineragraphy, electron-probe microanalysis, electron microscopy and geo» 
chronology ; it is unique in the comprehensive back-up facilities provided by 
the chemists, metallurgists, physicists and mathematicians of other sections. 


palaries are subject to negotiation and appointments will be made at two 
evels, 


1. SENIOR PETROLOGIST 


Experienced graduates 


2. PETROLOGIST 


Inexperienced, recent graduates 


Superannuation is available and assistance with travelling and removal 
expenses will be provided. 


Applications giving details of qualifications and experience together with the 
names of 3 referees should be sent to: 


The Director, 

The Australian Mineral Development Laboratories, 
Conyngham Street, 

FREWVILLE, S.A. 5063, 





CANADA 


” CHALK RIVER 
NUCLEAR LABORATORIES 


require 


RESEARCH CHEMISTS 


for Physical Chemistry Branch 


To participate in a research programme involving the isotopic 
exchange of hydrogen in both homogeneous and heterogeneous sys- 
tems with a view to developing advanced heavy water separation 
methods. 


A Ph.D. degree is required, preferably with post-doctorate training. 
Experience in reaction kinetics, isotopic exchange or catalytic behaviour 
is desirable. The emphasis is on a person who is a self-starter, capable 
of independent fundamental research and publication in the scientific 
literature. 

Salary commensurate with experience ; good fringe benefits. 
Pleasant living conditions and good educational and recreational 
facilities in the town of Deep River, located in a resort area on the 
Ottawa River 125 miles from Ottawa. 

Please state all pertinent qualifications in first letter to: 


FILE 7A, 
ATOMIC ENERGY OF CANADA LIMITED, 


Chalk River, Ontario, 
(562) 





Will take active part in new curriculum 
developments in undergraduate teaching 
and in residency training. 

For information contact Dean's Office, 
College of Medicine, University of Sas- 
katchewan, Saskatoon Campus, Saskatoon, 
Saskatchewan, Canada. (361) 





DEPARTMENT HEAD-~ 





The Company 
wishes to make 
the following 
Appointments 


Specialist Information Officer 


To provide a technical information service to the Chemicals Division of our 
Research and Technical Development Department. Duties will cover an 
awareness service from a study of current literature and reports; the 
preparation of literature surveys and bibliographies; the indexing of 
research reports and the handling of technical enquiries. Candidates should 
have a degree in Chemistry and should preferably have prior experience in 
petroleum chemicals and a reading ability in one or more foreign ianguages. 
itis unlikely that anyone under 24 years will have the preferred background 
experience. 


The post is at our Research Centre at Sunbury-on-Thames, Middlesex. 
Reference RCS/CE69/9 NE, Recruiting Officer J. C. Pepperell. 


Technical Information Officer 


To work in the Occupational Health Unit organising and providing a 
specialist service for gathering, storing, retrieving and supplying technical 
information. To review the information facilities of the Unit in relation to 
current and future needs. Candidates, aged 25-30 should hold a Degree in 
Biology (or be a graduate whose studies have included an element of 
applied biology) and should preferably have prior industrial experience. 
Membership of the Institute of Information Scientists, or experience as a 
Technical Information Officer is desirable. 


The post is at our Research Centre at Sunbury-on- Thames, Middlesex, 
Reference R.10896/9 NE, Recruiting Officer A. R. Heal. 


Assistant Librarian 


To work in the modern, attractive library at our Research Centre, Sunbury- 
on-Thames, Middlesex. The library employs a staff of 6 and serves graduate 
and technical staff employed in Research and Development work in the 
petroleum industry. Applications are invited from Scientists trained in 
information work or from professional librarians experienced in scientific 
and technical work. 


Reference ACS/LB69/9 NE, Recruiting Ctficer J. C. Pepperell. 


The Company operates a progressive salary scheme and extensive fringe 
benefits are available including a non-contributory Pension Scheme, 
membership of a luncheon club (cost 1/~ per day), and sporting/social 
facilities. Removal costs may be paid in approved cases. 


Write, giving brief details of age, qualifications and experience to 
the appropriate Recruiting Officer, The British Petroleum 
Company Limited, External Recruitment, Britannic House, Moor 
Lane, London, E.C.2. 





HOSPITAL BIOCHEMIST 


PHARMACOLOGY (BASIC GRADE) 
UNIVERSITY OF EERI EE ye 
SASKATCHEWAN ceada for adorant APOTE nelad 


steroid and other estimations, supervision 
of technical staff, amd research into new 


methods, Previous experience desirable. 


Applications to: Professor of Chemical 
Pathology, Westminster Medical School. 
LONDON, S W.L (878) 


UNITED LEEDS HOSPITALS 


THE GENERAL INFIRMARY AT 
LEEDS 


PHARMACEUTICAL ANALYST 


required in the Quality Control Labora- 
tories situated in the Group Pharmaceutical 


Department. Previous experience desir- 
able. Candidates with an interest in Bio- 
pharmaceutics or Pharmacology would be 
particularly appropriate for this appoint- 
ment, 

Further details and application forms 
may be obtained from the Group Pharma- 
cist, The General Infirmary, Leeds, 1. 

(546) 





CHEMISTRY DEPARTMENT 
WESTFIELD COLLEGE 


Applications are invited from recently 
graduated Chemists for several posts as 
RESEARCH ASSISTANT in the Organic 
Section of this department. Assistants are 
required for work on Optical Rotatary 
Dispersion and Circular Dichroism or on 
Steroid Synthesis, Assistants will be 
encouraged to register for the M.Phil. or 
the P.H. Degree. Salary approximately 
equivalent to an SRS., Studentship, 

Applications, giving the names of two 
referees, shoukl be addressed to: Pros 
fessor W. Klyne, Westfield College, Lon- 
don, NOW.4, as soon as possible, (557) 





UNIVERSITY OF 
MANCHESTER 


TEMPORARY LECTURER AND 
ASSISTANT LECTURER IN PHYSICS 


Applications invited for these three-year 
posts from candidates with research inter- 
esis in theoretical nuclear physics, These 
posts carry some duties in the Daresbury 
Nuclear Physics Laboratory. Salary range 
per annum: Lecturer, £1,585 to £2,850; 
Assistant Leourer, ERMO to £1,470. 
FS.S8.U. 

Particulars and application forms Cre- 
tursable by Augus 23) from the Registrar, 
The University, Manchester MII YPL. 
Quote ref.: 187/69/Na. (478) 


QUEEN MARY COLLEGE 
UNIVERSITY OF LONDON 


DEPARTMENT OF PHYSICS 


Applications are invited for the post of 
TEMPORARY LECTURER IN THEO- 
RETICAL PHYSICS, This is a one-year 
appoinument from October 1, 1969, Salary 
according to age and qualifications, within 
the scale: £1,240 by £115 10 £2,045 Char) 
by £115 to £2,850 per annum plus £60 
London Allowance. 

Application forms, obtainable from the 
Registrar, Queen Mary College, Mile End 
Road, London, E.l, to be returned by 
August 20. (498) 





SENIOR TECHNICIAN I 


Applications are invited for research post 
in connection with werk on the structure 
of embryonic tumours in culture, Whitley 
Council salary and conditions. 

Applications to Chief Technician, De- 
partment of Morbid Anatomy, Hospital for 
Sick Children, Great Ormond Sireet, stating 
age, qualifications and experience and 
names of two referees. (535) 








AHMADU BELLO UNIVERSITY 
ZARIA, NIGERIA 
FACULTY OF AGRICULTURE/INSTITUTE 
FOR AGRICULTURAL RESEARCH 


Applications are invited for the following ap- 
pointments ; 


(a) RESEARCH FELLOWSHIP IN PLANT 
PATHOLOGY. 


(b) LECTURESHIP/RESEARCH FELLOW- 
SHIP IN ENTOMOLOGY. 


{c) SENIOR RESEARCH FELLOWSHIP/ 
RESEARCH FELLOWSHIP IN AGRICUL- 
TURAL ENGINEERING (2 posts). 

(d SENIOR RESEARCH FELLOWSHIP/ 
PRINCIPAL RESEARCH FELLOWSHIP IN 
DEPARTMENT OF SOLL SCIENCE. 

Salary scales: Principal Research Fellow, 
£N2,750 per annum. Senior Research Fellow, 
£N2,275 to £N2,575 per annum. Research 
Fellow/Lecturer, £N1,200 to £N2,175 per annum 
(ENI=£1 3s. 4d. sterling). Salary supplemented 
in range £240 to £550 per annum (sterling) and 
education allowances and children’s holiday visit 
passages payable in appropriate cases under 
British Expatriates Supplementation Scheme. 
Family passages; various allowances, superan- 
nuation ; biennial overseas leave. 

Detailed applications (six copies), naming three 
referees by August 30, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
WIP ODT, from whom particulars are available. 


SHEFFIELD NO. 3 HOSPITAL 
MANAGEMENT COMMITTEE 


REGIONAL MEDICAL PHYSICS 
DEPARTMENT 


PHYSICIST 


Applications are invited for a post of 
PHYSICIST in the Regional Medical 
Physics Department of the Sheffield 
Regional Hospital Board. Candidates 
should possess a good honours degree in 
Physics. Experience with radioisotope 
diagnostic techniques is an advantage but 
the post is suitable for new graduates, The 
post is in the basic grade—salary scale £980 
io £1,845 with starting salary depending on 
qualifications and experience. 


Further particulars may be obtained from 
the Chief Physicist, Regional Medical 
Physics Department, Zi Claremont 
Crescent, Sheffield S10 ZTA, to whom 
applications, naming two referees, should 
be sent. (860) 


UNIVERSITY OF SYDNEY 


LECTURESHIP IN ELECTRICAL 
ENGINEERING 


Applications are invited for the above- 
mentioned post. A first degree in Electrical 
Engineering, and a wide experience of solid 
state devices and the design of electronic and 
communication systems, are essential qualifica- 
tions. It is very desirable that an applicant 
should have a higher degree and should also 
have some research publications in either elec- 
tonics or communications. Experience in in- 
dustry would be a decided advantage. Experi- 
ence in teaching electronics at university level is 
required, as the applicant will be expected to 
give lectures and to supervise laboratory and 
tutorial classes for undergraduate courses. He 
will also be expected to take part in the post- 
graduate teaching and research activities of the 
School of Electrical Engineering. Salary: 
$A5.400 by $4270 to $A7,300 per annum. 

Information about superannuation, housing 
scheme, sabbatical leave, etc., and method of 
application from the Secretary-General, Associa- 
tion of Commonwealth Universities (Appts), 36 
Gordon Square, London, W.C.1. Applications 
glose on August 22, 1969. (499) 


UNIVERSITY OF BRISTOL. DEPART- 
ment of Physiology. Applications are invited 
for the post of Programmer/Statistician. The 
appointment is for one year only and involves 
processing physiological data collected during the 
Trans-Antarctic Expedition. The project is 
sponsored by the Office of Aerospace Research, 
US.A.F. Applicants should be graduates (male 
or female) and have had experience in using 
large Statistical packages. Salary in the range 
£1,585 to £2,045.—Applications should be sent 
before August 31 to Dr. A. F. Rogers, Depart- 
ment of Physiology, The Medical School, Uni- 
versity Walk, Bristol, BS8 1TD, from whom 
further particulars can be obtained. (495) 


CSIRO 


AUSTRALIA 


HEMIPTERIST 


DIVISION OF ENTOMOLOGY 


GENERAL Applications are invited for appointment as Research Scientist 
{Curator of Hemiptera) with the Division of Entomology, located at Canberra, 
A.C.T. of the Commonwealth Scientific and Industrial Research Organization. 
The Division of Entomology is the main centre in Australia for basic research 
on insects and is also actively engaged on many problems of economic 
importance; the professional staff numbers about 100. The Division's 
research programme ranges over the field of entomological research with 
particular emphasis at the present time in the fields of population dynamics 
and ecology, physiology and biochemistry, taxonomy, and biological control. 


DUTIES The appointee will be required to undertake the curation and 
supplementation of the collection of Hemiptera forming part of the Australian 
National Insect Collection, which is housed in the Division's Museum and 
is the most important collection of Australian insects in existence. Most of 
of his time will be available for taxonomic research on groups of his choice 
within the Order. 


QUALIFICATIONS Applicants should have a Ph.D. degree in entomology 
or zoology or postgraduate research experience of equivalent standard and 
duration, supported by satisfactory evidence of research ability. Training 
and experience in taxonomic research and experience in the techniques of 
museum curatorship would be desirable. Special knowledge of the 
Hemiptera would be an advantage. 


SALARY Depending upon qualifications and experience, the appointment 
will be made within the salary range of Research Scientist, $45,321- 
$A6,693 p.a., or Senior Research Scientist, $A6,963~$A8,045 p.a. Salary 
rates for women are $A428 p.a. less than the corresponding rates for men. 
Promotion within CSIRO to a higher classification is determined by merit. 


CONDITIONS The appointment which carries with it Commonwealth 
Superannuation Fund or Provident Account privileges, will be conditional 
upon passing a medical examination. An initial probationary period of 
tweive months may be specified. Fares paid for the appointee and his 
dependent family. Further particulars supplied on application. 


Applications (quoting Appointment No.: 180/507), and stating full name, 
place, date and year of birth, nationality, marital status, present employment, 
details of qualifications and experience, together with the names of not more 
than four persons acquainted with applicant's academic and professional 
standing, should reach: 


Mr. R. F. Turnbull, Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 

64 Kingsway, LONDON, W.C.2, 

by the 26th September, 1969. 


Applications in U.S.A. and Canada should be sent to The Scientific 
Attaché, Australian Embassy, 1601 Massachusetts Ave. NW, 
WASHINGTON DC 20036. 


(513) 






UNIVERSITY OF WALES 





UNIVERSITY OF LIVERPOOL 





UNIVERSITY COLLEGE OF SWANSEA 
DEPARTMENT OF CHEMISTRY 


Applications are invited from suitably 
qualified persons for the post of RE- 
SEARCH DEMONSTRATORSHIP tenable 
in the Department of Chemistry. Candi- 
dates should have research interests in 
Organic Chemistry, 

The appointment, which is tenable from 
October 1969, will be for one year in the 
first instance, but is renewable. Salary in 
the range £1,010 to £1,065 per annum to- 
gether with F.S.S.U. benefits. 

Further particulars, quoting Reference 
No. B6, may be obtained from the Regis- 
war, University College of Swansea, Single- 
ton Park, Swansea, Glam. SA2 8PP. to 
whom applications should be sent by Satur- 
day, September 6, 1969. (359) 






DEPARTMENT OF ORGANIC 
CHEMISTRY 


Applications are invited for a POST- 
DOCTORAL RESEARCH ASSISTANT- 
SHIP. The successful candidate will in 
vestigate the spin states of carbenes pro- 
duced by thermal and photochemical de- 
composition of diazoalkanes in solution. 
Previous experience in the field of physical 
organic chemistry is desirable. 

The appointment would be for two 
years, commencing on October 1, 1969. A 
later starting date might be arranged iW 
necessary, The starting sakwy wil be 
£1,240 per annum with F.S.8.0). 

Applications, together with the name and 
address of a referee, should be sent ae 
soon as possible to the Registrar, The Eini- 
versity, P.O. Box 147, Liverpool, L6% JBA. 
Quote ref. RV/2805/N. GAT) 
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AUSTRALIA 


Gordon Institute of Technology 
Geelong, Victoria, 3220 


A College of Advanced Education 
Affiliated with the V.I.C. 


Applications are invited for the position of: 


HEAD OF THE 
TEXTILE COLLEGE 


The Textile College is a unit of the newly formed School of Applied Science 
(which also includes Applied Chemistry, Physics, Geology, Biology and 
Nutrition). 


The educational responsibility includes the Associateship Diplomas of 
Textile Technology and Textile Chemistry; the Postgraduate Fellowship 
Diploma in Textiles; and post-diploma, correspondence and evening 
certificate courses, The research responsibility is at present biased to wool 
research. The public testing responsibilities include fleece measurement for 
studbreeders, woolgrowers and wool marketing interests of the Common- 
wealth; and testing and investigations for the textile industry. 


QUALIFICATIONS: The applicant should hold a higher degree or equivalent 
qualification in science, engineering, or textile technology. 


Experience in education, research or industry in the fields of textile tech- 
nology; protein, cellulose or high polymer science; or in allied fields is 
important to the application. 


DUTIES: To administer and take part in the diverse activities of the Textile 
College, including the supervision of the considerable industrial plant and 
the scientific testing and research equipment. 


To be responsible to the Head of the Applied Science School and through 
him to the Principal of the Institute. 


To collaborate with other units of the School of Applied Science. 


SALARY: A$9,000 (approx. £4,200) at present. This salary is currently 
under review. 


Application form and more detailed information are available from the 
Principal, Box 122, Geelong, Victoria, Australia. 


CLOSING DATE— FRIDAY, SEPTEMBER 19TH, 1969. 
(484) 





UNIVERSITY OF 


NEWCASTLE UPON TYNE rn 
ELECTROCHEMISTRY RESEARCH IMPERIAL COLLEGE 


LABORATORY DEPARTMENT OF GEOLOGY 
RESEARCH ASSOCIATE 
Applications for this position are invited from 
chemists with a Ph.D, degree or equivalent re- 
search experience preferably in the fields of 
electrochemistry or organometallic chemistry. The 
successful applicant will carry out a fundamental 
investigation into the interaction between metal 
electrodes and organic radicals generated at their 
surfaces in sohuion-phase electrolytic reactions. 
A small group is presently engaged here in a 
_ study of wider aspects of electrosynthesis, The Applications should be addressed to Pro- 
appointment is financed by the Science Research fessor W. D. Gill to arrive not later than 
Council for two years, preferably commencing September 1. (446) 
October 1, 1969, at a salary of £1,240 per annum 
by £115 plus F.S.S.0. 
Applications, giving the names of two referees, 


Applications are invited from post-doc- 
toral organic chemists for the post of 
RESEARCH ASSISTANT in work con- 
cerned with the nature of organic matter 


in sedimentary rocks and its relationship 
with petroleum. The post ig for 3 years 
at a commencing salary of £1,240 plus £60 
London Allowance per annum with annual 
increments of £115, 


should be sent to Professor H. R. Thirsk, Elec- T ~ 

trochemistry Research Laboratories, School of UNIVERSITY OF LONDON 
Chemistry, University of Newcastle upon Tyne, INSTITUTE OF LARYNGOLOGY AND 
Newcastle upon Tyne NEI 7RU. (507) OTOLOGY 








UNIVERSITY OF BRISTOL. DEPART- MICROBIOLOGIST 

ment of Bacteriology. Microbiologist, preferably There will be a vacancy from October 1, 1969, 
with a first or good second class honours de- for Assistant Lecturer (research) on a grame 
gree, is required to work on aspects of growth aided topic: * Herpes virus—relationship with 
and variation in micro-organisms using single cancer.” Salary £1,240 plus £60 living allowance, 
cell techniques. The project will be financed The candidate appointed will be expected to 
by the Ministry of Defence and appointment work for a higher degree. 

will be as Research Assistant (£850 per annum). Curriculum vitae, with names of two referees, 
—Applications, with the names of two referees, to the Secretary-Administrator, Institute of 
to the Professor of Bacteriology, the Medical Laryngology and Otology, 330/332 Gray's Ian 
School, University Walk, Bristol, BS8 ITD. Road, London, W.C.1, not later than August 31, 

(496) 1969, (388) 
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tec ONEEN EE EE hen 


THE 
UNIVERSITY OF 
LEEDS 


WELLCOME MARINE 
LABORATORY 


RESEARCH ASSISTANT 


required for a study of pollution and 
sand meiofauna. Applicants should 
be graduates. Candidates should 
preferably hold a current driving 
licence, 

SALARY SCALES: £825 by £50 to 
£925, 

Applications, giving two referees, 
should be sent to Dr. J. S. Gray, 
Wellcome Marine Laboratory, Robin 
Hood's Bay, Yorkshire. (544) 








UNIVERSIDAD DE. ‘LOS ANDES 
MERIDA VENEZUELA 
PROFESSORS IN BOTANY AND ZOOLOGY 
There are vacancies for botany and zoology in 
the Department of Biology. The candidates for 
the senior posts should be able to organize re- 
search groups in the specialities as well as to 
programme basic and advanced courses. Salaries 
are in the range of Bs.4,000 to Bs.4,500 (US $1 = 
Bs.4.50) monthly, depending on qualifications. 
Candidates should have a working knowledge of 
Spanish and be able to assume their duties not 

later than January 1970. 

Further particulars and information can be 
obtained from Centro de Ciencias, U-L.A., 
Mérida, Venezuela, to whom applications should 
alse sent, 5 ae 


NORT HWICK PARK ‘HOSPITAL 
AND CLINICAL RESEARCH 
CENTRE 
CHIEF TECHNICIAN GRADE I 


A Chief Technician Grade Y is required for 
the histopathology section of the Clinical Patho- 
logy Laboratories at the new District General 
Hospital at Northwick Park, Harrow, Middiesex. 
Applicants for the post should possess the 
FILMAT. The salary for this post is £1,655 
per annum rising to £1,980 per annum plus £9) 
London Weighting. 

Further pardculars and application form Gre- 
turnable by Septembr 17) from the Group Sec- 
retary, 164 Tottenham Court Road, London, 
WIP 9LH. (583) 


STATE UNIVERSITY OF LEYDEN 
THE NETHERLANDS 

The Faculty of Medicine announces the ex- 
pected retirement of the present Professor of 
Anthropogenctics and therefore invites applica- 
tions for the appoinument of Ordinary Professor 
of Anthropogenetics. The Faculty is thinking of 
a clinical minded anthropogenetic, 

Toquiries and applications should be sent-—-not 
later than September 15, 1969— to the office of 
the Faculty of Medicine, c/o Laboratory of 
Physiology, Wassenaarseweg 62, Leyden, The 
Netherlands. (543) 


UNIVERSITY OF GUEL PH 
BIOCHEMICAL GENETICIST 


Duties include responsibility for an under- 
graduate course in biochemical genetics, assisting 
in other genetics courses, research and the guid- 
ance of graduate students. No restrictions on 
research organism. Rank and salary are depen- 
dent upon qualifications and experience-~mini- 
mum salary for Assistant Professor is $10,300. 
Genetics at Guelph currently involves 26 faculty 
and includes a broad programme of basic and 
applied research. 

Applications, including curriculum vitae and 3 
references, should be directed to Dr. C, M. 
Swittzer, Chairman, Botany Department, Uni- 
yersity of Guelph, Guelph, Ontario, io 


RESEARCH LABORATORY TECHNICIAN 
required in the Department of Genetics, Leicester 
University. Experience in Microbiology an ad- 
vantage, Appointment to commence from Sep- 
tember, 1969. Salary £773 to £1,077 plus qualifi- 
cation allowances. (324) 
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UNIVERSITY OF 
NOTTINGHAM 
DEPARTMENT OF APPLIED 
BIOCHEMISTRY AND NUTRITION 


PHYSICIST 


Applications are invited from physicists 
or those who have a training in the physi- 
cal sciences for a research studentship 
{£600 per annum) directed to develop and 
apply techniques for measuring the visco- 
elastic properties of foodstuffs. There is a 
widespread need in the food industry for 
personnel with these qualifications and ex- 
perience. At the practical level the pro- 
ject will involve utilizing the physical tech- 
nigues to analyse the rheological charac- 
teristics of the potato aad correlating these 
with susceptibility to mechanical damage. 
The project is financed by the Potato 
Marketing Board and the successful appli- 
cant will be eligible to submit for a higher 
degree, 

Applications, containing full details of 
training and names of two referees, should 
be sent to the Secretary, School of Agricul- 
ture, Sutton Bonington, Loughborough, 
Leics, 84) 








UNIVERSITY OF NEW ENGLAND 
ARMIDALE, NEW SOUTH WALES 
SENIOR RESEARCH FELLOW IN TROPICAL 
CROP AGRONOMY 
Applications are invited for the above- 
mentioned position. The appointee will be 
responsible for planning and executing, in co- 
operation with other university staff, a pro- 
gramme of crop earch on the Ord irrigation 
area, The work be carried out on the land 
of a large consortium and will be directed at 
providing information which will allow assess- 
ment of the economics of large scale cropping. 
particularly grain sorghum and maize. Post- 
graduate students will be associated with the pro- 
ject. The initial appointment will be for three 
years, with a very good possibility of extension 
and/or appointment to the staff of the con- 

sortium, 

Free housing will be provided and there will 
be ample provision for travel between the Ord 
and the University. Basic salary will be within 
the range of $A7,600 by $A230 Increments to 
SA8,750. 

Further particulars and information as to the 
method of application may be obtained from 
the Secretary-General, Association of Common- 
wealth Universities (Appts), 36 Gordon Square, 
London, W.C.1. Applications close in Australia 
amd London on August 29, 1969. (518) 











AUSTRALIA 


LECTURER IN CHEMICAL ENGINEERING 

The University invites applications for the 
position of Lecturer in the Department of 
Chemical Engineering. Applicants shoukl possess 
a higher degree in Chemical Engineering or a 
related discipline, coupled with academic re- 
search, of professional engineering experience ; 
or an Honours degree with considerable experi- 
ence in the Process industries. The successful 
applicant will be responsible for the course 
work, including the development of new courses 
at undergraduate and graduate levels in a major 
area of chemical engineering, the particular area 
selected depending on his interests and experi- 
ence. He will be expected to initiate and foster 
research programmes. 

The salary will be within the range $A5.400 to 
$A7,300 per annum. The University provides 
Superannuation similar to F.S8.8.U., housing 
assistance, study leave and travel grants for 
pirma nent appointees of Lecturer status and 
above, 

Additional information and application forms 
will be supplied upon request to the Secretary- 
General, Association of Commonwealth Univer- 
sities (Appts), 36 Gordon Square, London, 
W.C.1. Applications close in London and Bris- 
bane on August 31, 1969. ($19) 


THE GUEST HOSPITAL 
DUDLEY 
Applications are invited for the post of 
Senior Grade Biochemist for the Group 
Biochemistry Laboratory which serves the hospi- 
tals of the Dudley and Stourbridge area (popula- 
tion 330,000). Well equipped laboratory. New 
District, General Hospital in planning stage. Fur- 
ther information may be obtained from the Con- 
sultant Chemical Pathologist at the Guest Hos- 
pital—Applications, giving qualifications and 
experience, together with the names and ad- 
dresses of two referees to the Hospital Secre- 
tary. (505) 


PHARMACEUTICALS DIVISION 


PHYSIOLOGIST/ 
PHARMACOLOGIST 


A vacancy exists in the Research Department of the Pharmaceuticals 
Division of LCA. for a physiologist with wide general interests, but 
particular interest in renal physiology, who has a leaning to pharma- 
cology, or for a pharmacologist with an exceptionally good background 
in physiology. Candidates must have research experience to at least 


Ph.D. standard. 


Conditions of service, prospects, and the assistance given to married 
men in moving home are designed to attract and retain staff of this 
high calibre, and would be discussed in detail at interview. 


Applications, giving brief details of age, qualifications and experience, 


should be sent to: 


J. Leak, 


THE QUEEN'S 
AWARD TO 
INDUSTRY 
1966 1967 
1968 1969 


Assistant Personnel Manager, 
Imperial Chemical Industries Limited, 
Pharmaceuticals Division, 


Mereside, Alderley Park, Macciesfield, 
Cheshire, SK10 4TG. 





ROYAL EASTERN COUNTIES’ 
HOSPITAL 
COLCHESTER, ESSEX 


Applications are invited from suitably 

qualified persons, for the post of 

BIOCHEMIST (Non-Medical) 

at the above Hospital (1,750 beds) which 
admits subnormal patients of both sexes 
and all grades and ages. Whole-time ap- 
pointment, which will be subject to 
Whitey Council conditions. Fully staffed 
and equipped laboratory. Experience with 
subnormal patients preferred, Salary, 
Basic Grade, on the scale £960 to £1,845, 
or the Senior Grade, on the scale £2,040 
to £2,515. 

Apply, giving age, qualifications, experi- 
ence, and with names of two referees, to 
the Group Secretary, at Abbeygate House, 
Colchester. (574) 





UNIVERSITY OF WALES 
UNIVERSITY COLLEGE OF SWANSEA 
DEPARTMENT OF GEOGRAPHY 


Applications are invited for the post of 
TEMPORARY LECTURER IN GEO- 
GRAPHY for which preference will be 
given to candidates with a specialist in- 
terest in Physical Geography. The ap- 
pointment will be temabie for one year 
from October 1, 1969. The salary will be 
within the range £1,240 to £2,850 per 
annum, plus F.S.S.U, benefits. 

Farther particulars, quoting Reference 
Number B6, may be obtained from the 
Registrar, University College of Swansea, 
Singleton Park, Swansea SA2 8PP, to whom 
applications should be sent by Saturday, 
August 31, 1969. (558) 



















ST. THOMAS’S HOSPITAL 
MEDICAL SCHOOL 
LONDON, S.E.1 


An HONOURS GRADUATE iW 
CHEMISTRY is wanted for a research 
project on the metabolism of mibol 
steroids. The work involves the use of 
gas chromaimgraphy and radioactive: igo. 
topes. The project will last for there years 
and the successful applicant will be ox» 
pected to register for the degree oiik. D. 
in Biochemistry. Salary: £1,040 ping 
SS. 


Applications, citing one referee, should 
be submitted as soon as possible to Pro» 
fessor F. T. G. Prony, Department of 
Chemical Pathology. (838) 











ST. THOMAS’S HOSPITAL 
MEDICAL SCHOOL 
LONDON, $.E.1 


An HONOURS GRADUATE IN BIO- 
CHEMISTRY is wanted for a research 
project. on the biosynthesis and metabolism 
of androgenic steroids. The project wilh: 
last for three years and the successiul ape 
plicamt will be expected to register for the 
degree of Ph.D. Salary: £1,240 pius 
F SSU, 


Applications, citing one referee, should 
be submitted as soon as possible to. Pros 
fessor F. T. G. Prosty, Department. of 
Chemical Pathology. (apy 
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COMMONWEALTH OF AUSTRALIA 
DEPARTMENT OF HEALTH 


The Commonwealth Department of Health has established a 
National Biological Standards Laboratory whose functions 
are to establish Australian standards for biological and other 
therapeutic agents and to ensure that therapeutic agents used 
in Australia for human and veterinary use are safe, pure and 


potent. 


CHIEF ENDOCRINOLOGIST 


A person suitably trained and experienced in the field of Endocrinology is 
aud to carry out work directed towards the preparation of draft stan- 
dards (minimum requirements) for Endocrine and allied products. 


The occupant will be responsible for assays performed by staff engaged 
in testing Endocrine Products and initiate or carry out research into 


methods. of assay. 


He will be required to collaborate from time to time 


in studies directed towards establishing International reference standards 


substances. 


Salary: 


$7,797 to $8,351. 
Qualifications : 


Appropriate degree or diploma. 


Postgraduate degree or 


equivalent desirable with a demonstrated capacity to 
carry out independent research work. 


Facilities : 
Situation : The laboratory 

Capital Territory. 
Superannuation : 


A completely equipped laboratory with animal house 
facilities available. 
is situated 


in Canberra, Australian 


The appointment will be conditional upon a satisfac- 


tory medical examination and the appointee will be 
required to contribute to the Commonwealth Super- 


annuation Fund. 
Applications : 


Applications, stating full name, date and place of birth, 


marital status, full particulars regarding academic and 
professional record and the names and addresses of 
three professional referees, should be forwarded to: 


The Director General of Health, 


Department of Health, 


BY August 30, 1969. 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF BOTANY 


Vacancy for a graduate RESEARCH ASSIS- 
TANT to Dr. D. B. Ide for research on frost 
resistance and recovery from ice damage in crop 
plants, Work involves some travel, the use of 
electronic instruments and the Stereoscan elece 
iron microscope. Knowledge of agricultural 
practice desirable of water relations in cells and 
tissues essential. Appointment for one year in 
first instance. Salary scale: £840 to £900, 

Applications (3), naming two referees, by 
August 18, quoting N.B.3, to Assistant Regis- 
trar (S), P.O. Box 363, Birmingham 15. (510) 


~ UNIVERSITY OF EDINBURGH 
DEPARTMENT OF AGRICULTURE 


Applications are invited for the post of 
DEMONSTRATOR in Agricultural Zoology. 
Applicants should hold an Honours Degree in 
Zoology or Agricultural Zoology. The appoint- 
ment will be for a period of one year from 
October 1, 1969. Salary Scale: £1,060 to £1,445 
per annum. 

Applications (hree copies), stating age, qualifi- 
cations and experience, together with the names 
of two referees, should be sent to The Secretary 


tothe University, Old College, South Bridge, 
Balen EH8 9YL.” Please quote reference 
1074/5 3. ys _ (882) 





UNIVERSITY OF CAMBRIDGE, SCHOOL 
of Agriculture. Applications invited for the post 
“Of Assistant in Research; in the application of 
computer science t biometry, Candidates 
“would hold an appropriate honours degree ex- 

Mirience Of statistical analyses js desirable but 
‘tocssential, Salary £1,125 by £115 10 £1,585, 
sintment is for periods not exceeding five 
“sat a time. Commencing salary according 
gë, qualifications and experience. Pension- 
‘under the F.8.8.0, A contribution may be 
\towards the removal expenses of the suc- 
‘candidate, i 

‘er information from, and applications in 
‘Wo, Secretary, School of Agriculture, 
(Street, Cambridge, giving the names 

‘exes of not more than three referees, 

Ww Seprember 13, 1969. (568) 


CANBERRA, A.C.T., 


(372) 


“METALS ABSTRACTS” 


The new international abstracting service 
for metallurgy is still expanding and offers 
permanent positions as SENIOR EDI- 
TORIAL ASSISTANTS. The work con- 


sists of editing and checking abstracts for 


publication. A science degree, preferably 
in metallurgy, physics or chemistry, is 
necessary and a working knowledge of a 
foreign language would be an advantage. 


education, 
to Dr. T 
The Institute 
London, 
($85) 


Applications, stating age, 
qualifications and experience, 
Graff, “ Metals Abstracts,” 
of Metals, 17 Belgrave Square, 
S.W.. 





UNIVERSITY OF DURHAM 
DEPARTMENT OF BOTANY 


Applications are invited from graduates with 
First or Upper Second Class Honours in Botany 
for the post of STUDENT RESEARCH 
ASSISTANT to work on the vegetational history 
of Teesdale. The appointment is for three years 
commencing on October 1, 1969. The person 
appointed may register for a higher degree. 
Salary £800. 

Further particulars from the Registrar and Sec- 
retary, Old Shire Hall, Durham, to whom appli- 
cations should be sent by August 22, 1969. 





JUNIOR IN 
Biochemistry Section to assist in research on 
human metabolic errors involving use of amino 
acid analyser. Two “A” Jevels (inc. chemis- 
try) or Inter..M.L.T. or LST. an advantage. 
Holiday arrangements honoured—-Apply in 
writing to the Secretary, Paediatric Research 
Unit, Guy's Hospital Medical School, London 
Bridge, S.E.1. (509) 





XCHNICIAN REQUIRED 





UNIVERSITY COLLEGE LONDON 


BIOLOGIST required by DEPARTMENT OF 
CHEMISTRY toerun tissue culture laboratory 
concerted with. proteins affecting behaviour of 
animal cells in culture. Preference to appli- 
cants with first degree in Zoology and some ex- 
perience of tissue culture. Salary according to 
qualifications and experience. 

Applications as soon as possible to Professor 
C. A. Vernon, Departmen, of Chemistry, 
UC.L., Gower Street, W.C.E (503) 


“JUNIOR TECHNICIAN / TECHNICIAN FOR 
the Department of Zoology and Comparative 
Physiology. Salary in ranges £377 to £637 per 
annum and £743 to £1,047 per annum, accord- 
ing to age and experience, plus London Weight- 
ing £125 per annum and possible £30 or £50 per 
annum qualification supplement, Five-day week. 
Four/five weeks annual leave, Pension Scheme. 
-~Leners only to Registrar (Z/JT/D, Queen 
Mary College, Mile End Road, E.1, stating which 
post applied for, age, past and present work, 
any qualifications _ 60 

APPLICATIONS ARE “INVITED "FROM 
Honours Graduates for research post. Work 
will be concerned with a study of solid tumours 
in children by tissue and organ culture tech- 
niques, and will be principally concerned with 
neuroblastoma.  Biochemist (Whitley + Council 
scale). Applications to Professor Clairedux, 
Departement of Morbid Anatomy, Hospital for 
Sick Children, Great Ormond Street, W.C.1. 

(536) 


GRANTS & SCHOLARSHIPS 

















WELSH NATIONAL SCHOOL 
MEDICINE 
(University of Wales) 


DEPARTMENT OF OBSTETRICS 
AND GYNAECOLOGY 


RESEARCH SCHOLARSHIP 


A Research Scholarship is available for 
a Graduate in Biochemistry or Chemistry. 
The proposed study is “ Plasma Ovarian 
Steroid Estimations.” The work is suitable 
for the submission of a thesis for a higher 
degree, 


OF 


The Scholarship is for £650 per annum 
for up to two years, and is normally tax 
free. The University fees of the scholar 
will also be paid. 


Applications as soon as possible to Pro- 
fessor A. C. Turnbull, Professor of Obste- 
trics and Gynaecology, Maternity Hospital, 
Glossope Terrace, Cardiff, 


(420) 


UNIVE RSITY OF CAPE TOWN 
JAGGER SCHOLARSHIP 


Applications are invited for a J. W. Jagger 
Scholarship, open to male graduates from the 
United Kingdom wishing to register at the Uni- 
versity of Cape Town, in any faculty, for a 
postgraduate degree of at least the Master's 
level. Preference will be given to students €x- 
pressing the wish to take up permanent residence 
in South Africa. The Scholarship shall be ten- 
able in the first instance for ane year but may 
be renewed for a further year subject to satis- 
factory progress. The value of the award is 
R2,000 plus R200 for travelling expenses. 

Application forms are available from the Regis- 
war, University of Cape Town, Private Bag, 
Rondebosch, Cape Town, South Africa, to 
whom they should be returned by August 30, 
1969. (500) 





FOR SALE AND WANTED 





WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon House, Park Farm Rd, 
Folkestone, Kent, England. 


Tel: Folkestone 57421, 
Offer top prices for: 
BACK RUNS OF JOURNALS 


IN SCIENCE AND THE HUMANITIES: 
a 


Wanted and for Sale 
Scientific and Technical Reviews 


SANTO VANASIA, 58 Via M. Macchi, 


20124 MILANO XH 
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FELLOWSHIPS AND 
STUDENTSHIPS 


THE 
UNIVERSITY OF 
LEEDS 


ASTBURY DEPARTMENT OF 
BIOPHYSICS 


Applications are invited for a 
RESEARCH STUDENTSHIP 


for work on structural and ultra- 
structural aspects of animal tissues and 
fibrous protein secredons. Candidates 
should possess an honours degree in 
Zoology. Biology or a suitable degree 
in a “combined studies scheme and 
shoukd wish to register for a higher 
degree, 

Applications, together with curriculum 
Vitae (three copies), and names of 
two referees, should be sent to The 
Registrar and Secretary, The Univer- 
sity, Leeds LS2 HT. Please quote 
reference number 28/1], Closing date 
August 30, 1969. (345) 


UNIVERSITY OF READING 

RESEARCH STUDENTSHIP IN TRIBOLOGY 

A Research Studentship is available for a 
metallurgist or metal physicist to study the wear 
of Light metals and all at elevated tempera- 
tures. The Studenishin is available for hree 
years at £800 per annum plus fees. Candidates 
should hold a good honours degree; the work 
will be sallable for submission for a higher 
degree. 

Apply in writing, quoting M56. to Assistant 
Bursar (Personnel), University of Reading. Read- 
ing, Berks. Cm 

















UNIVERSITY OF SOUTHAMPTON 
POSTDOCTORAL FELLOWSHIP IN 
PHOTOELECTRON PY 

Applications are invited qualified 
physical chemists ar chemical s for the 

* post to join a group acti engaged in 

dolet and M-ray photoelectron Poeet oco 

A strong background in quantum ct ry 

in particular, molecular arbiial caleu 

ry £1,240 or 385 de pending on 

ence plus FSSU 

Applications Stating the names of two 

referees, and quoting ref. N, should be sent to 

the Deputy Secretary, The University, Highfield, 

Seuthampion SO9 SNH. from whom further 

details may also be obtained. 1576) 



























UNIVERSITY COLLEGE OF 
WALES 

ABERYSTWYTH 
DEPARTMENTS OF BOTANY AND 

BIOCHEMISTRY 
Applications are invited for a POSTDOC- 
TORAL FELLOWSHIP, tenable from October, 
1969, under a grant from the Agricultural Ree 
search Council, to work on the isolation of 
factors controling tuberization in the potato 
pant. Candidates should be graduates in chem- 
istry, biochemistry or botany. and should have 
postgraduate experience, preferably in nucleic 
acid or steroid chemistry. Salary £1,250 with 
ESSU. superannuation. Further details may 
be obtained from Professor P. F. Wareing, De- 

partment of Botany, 

Applications should be submitted to the Rog: 
war quoting reference number PDPO, 632 











s€ HOOL OF AGRICUL TUR SAM- 
bridge, offers three-year Studentship financed by 
a charitable trust from October 1969 for research 
in either a crop or animal husbandry ropie 

ing to a research degree. Qualifications : a 
Honours degree in agricuure. agricultural 
science or an appropriate Natural Science sub- 
ject, University fees and a maintenance grant 
will be paid at equivalent of S.R C. r 
ther information from, and appli in 
writing, giving full personal particulars and 
names and addresses of at least two referees, to 
the Secretary, School of Agriculture, Downing 
Street, Cambridge, by August 26, 1989, (487) 















UNIVERSITY 


OF DUBLIN 
Trinity College 





RESEARCH STUDENT 
IN BOTANY 


Applications are invited for work 
towards a Ph.D. degree on the investi- 
gation and development of assess- 
ment methods for butt-rot of conifers 
caused by Fomes annosus in Irish 
plantations. 

A grant of £600 per annum, with travel 
anaes will be avail able from 
October 1, 1969, and will be renewed 
for a iunther two years after a satis- 
factory first year. 

Candidates should send particulars of 
their academic career, together with 
the names of two referees, toie 


The Assistant Secretary (Staff), 
Trinity College, 





Dublin 2 
by August 31, 1969. (530) 


THE 


UNIVERSITY OF 
LEEDS 


HOLDSWORTH SCHOOL OF 
APPLIED SCIENCE 


DEPARTMENT OF CERAMICS 
RESEARCH STUDENTSHIP 


Inviied from physi- 
DF } chemists, metallurgists 
and “oth with suitable background 
to investigate the rate determining 
factors in the nitriding of silicon 
This project forms part af 
h programme already 
ed in the Departmeat and the 
student wih have the benefit af 
working as a member of a small team, 
The work wil involve modern physical 
techniques with considerable emphasis 
placed on an Electron Srereoscan 
study of microstructure. Th 
appointment offers the opportuni 
study for a higher degree, Remus 
dion wi be according ta SRC. 
Studentship awards. 








r$ 






























Applications, stating d: of birth. 
educ nd qualifications. togerhe 
with the names of three i 
should be sent as soon as pos bie to 
The Secretary, The Department of 
Ceramics. The University, Leeds LS2 
SIT (from whom further particulars 
may be obtained). ($50) 



















UNIVERSITY OF HULL 


BIOLOGICAL APPLICATIONS 
OF LASERS 


Applications are invited for a Research 
Studentship for work on the biological ap- 
plication of tasers supervised jointly by the 
Department of Apphed Physi and the 
D riment of Zoology. The work will 
invert the development of a suitabe laser 
and its use in the study of biological sys- 
tems. Applicadons will be considered 
from candida with an honours degree 
in either the physical or biological sciences. 

Candidates should write in the first in- 
Stance, giving the names of two referees, 
to Professor S. A. Ramsden, Department 
of Applied Physics, The Uni , of Hull 
from whom further i 
tained, 



































| UNIVERSITY OF WARWICK 


SCHOOL OF MOLECULAR 
SCIENCES 















Applications are invited for 
doctoral Fellowship tenable for period 
of up to two years in collaborat with 
Or. T. J. Kemp. The investigation wih be 
concerned with a flash photolysis study of 


oxidation-reduction processes in solution, 
particularly in Houid ammonia. 

Salary will be in the range £1.240 by 
£115 to £1,355 per annum, 


Applications (in duplicate), giving the 
names of two referees, should reach the 
Registrar, University of Warwick, Coven- 
uy CV4 7AL, as soon as possible. (415) 


| Se end ame te eee ener eT 


POST-DOCTOR AL 
electrochemi 
ings in wor 
i n and conductance 

a wrie to: Pr 
ment of Chemi 
Lexington, Kenta 











electrode 
sudies, For 
os H. H. Bauer, 

University of Kentucky, 
40506, i364) 











LECTURES AND COURSES 


UNIVERSITY OF SURREY 


DEPARTMENT OF CHEMICAL 
PHYSICS 


MLSC. IN 
X-RAY CRYSTALLOGRAPHY 


A postgraduate coarse in M-tay Crystel- 
lography, leading to the examinations for 
the degree of M.Sc. is beki in thts De- 
parimem, The entrance qualfigatiin is 
cher a first degree in the physical 
sciences, or the Grad. RLE. or the Grad. 
inet, P. 

A detadied account of the theory of the 
main branches of X-ray Crystallography is 
presented, and supplemented by a scheme 


of practical work and by a study moket. | 





AddRional lectures on computing methods 
are available. The next course begim in 
October, 1969. 

Both fulltime and day-release studeas 
are actammodated, he  day-release 
scheme requires attendance on one fall day 
per week. 
course has been approved By the 
e Research Council for che tenare 
ts Advanced Course Studentships. 

Full details and application forma may 
be obtained from Professor V. S. Giiiiths, 
Depariment of Chemical Physics, Univer- 
sity of Surrey, Guildford, Surrey. Tel: 
Guildford (OGUI) 71281. (X9 












A NORTH ATLANTIC TREATY ORGANI- 
z d Study Jn 9 
on Livestock. will be hele at 
Canada, fre July 14 to 
Tasi ute will © of lectures 
in depth and detail by eminent 
NATO countries, tend- 












2: 
of Pest 
Lethbrid 


























by apple 
“For further d 
Khan, Research $ 
Beesley, Liverpool School a T 
Pembroke Place, Liverpool, 

September 7, 1965. (563) 


IMMUNOLOGY  COURSE.—THE WOLF. 
son Bioanalytical Centre of the University of 
Surrey, together with the Association of Clinical 
Biochemists, offers a workshop course on age 
of immunology during September 29 te Oomber 
2 ae in London. Workers in ateas besides 
biochemistry fay find ic helpful, The 
excluding residence Costa. Wirite to 
, Reid at the University Annexe, 14 Faleon, 
London, SWIL SPP BS 





R oad, 





MISCELLANEOUS 


SCIENTIFIC AND ‘TECHNICAL 
writing, Service. Confidentlal,—fulia Pran, 
30 Craven Sireen Strand London, W.C. 
home O(-839 PRAL 
START YOUR 
experience in as 









WIFHOUT 





OWN BUSP 

nclation with and y 
of an international company. Capital required“ 
£600 to £1,000.—~Apply in wri 
national Publishers, 184 West 
Ciasgow, C2 
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It guarantees absolute filtration of deionized 
water, other aqueous solutions, and air down 

to less than half a micron with faster flow rates 
.. less down time . . easy-change convenience 

. . low installation cost . . exceptionally long life! 


The Pleated Membrane Cartridge is a one- 
piece, reusable filtering unit of tough, three- 
ply construction: a protective pre-filter, an 
Acropor® nylon-reinforced membrane filter, 
and a polyester support screen. A stainless 
steel core gives the filter column strength, 
and structurally-bonded epoxy end caps pro- 
vide an absolute seal. An outer polypropylene 
retainer prevents back pressure in the system 
from distorting the pleated configuration of 
the membrane. 


O ABSOLUTE FILTRATION 
MICRON RATINGS: 0.45y, 0.8y, 1.2p, 3.0p. 


O HOUSINGS IN STAINLESS STEEL 
AND CLEAR PLASTIC 


APPLICATIONS 

Deionised water — make-up water 
Removal of particles from bottle 
washing machines 

On line filtration in the Beer, Soft drinks 
and Pharmaceutical Industries 
Filtration of Aerospace fluids 

Filtration of Air and Gas Systems 
Solvents 





kkk k HH 


HAWKSLEY | GELMAN 





ALL WAYS AHEAD Write for full details and complete range of 


Membrane Filters to 


HAWKSLEY & SONS LTD 


12 Peter Road Lancing Sussex England 
Tel: Lancing 2815/6 Cables: Diffract Lancing 
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IMMUNOANALYSIS 


















Complete line 
of 

Immunochemical 

Reagents 














Complete 
Immunoelectrophoresis 
Kit includes 

immunodiffusion 
camera for 
permanent records 









Precision 
Cut 
Immunodiffusion 


£ O 


(Ouchterlony 
Technique) 











Contains everything 
necessary for the 
investigator to 
perform complete 


1.E.P. studies except 
antigen and Custom and 
antiserum Conjugated 


Antisera 








Write for catalog and prices 
KALLESTAD LABORATORIES, INC. 


macmillan (Journals) Limited 


August 16, 1969 
f' x 


Foot and«iouth 
and weather 


Egyptian Miocene 
monkey 


Galactic nuclei and 
quasars 


Control of protein 
synthesis 


Australian earth- 
quake fault 


Stability of 
messenger RNA 


Toxicity ofinterfero1 
inducers 
Vol 223 No 5207 


4/-UK 60c USA 





the freeze dryer 
you are 
looking for... 








or something in between— w 


—like the brand new EF1 manifold dryer. In any case your first 
move is to ask for a copy of the new Edwards Freeze Dryers 
Summary. It gives brief details of all 15 standard models. The 
reference number is 10675. 


Edwards Edwards High Vacuum (Plant) Limited Ame 


LLL Manor Royal, Crawley, Sussex, England l 
Telephone Crawley 28844 Telex 871 23 Edhivac Crawley 
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Why does this bottle of M.A. Medium sell 


for about $6.00 when the chemicals in it are 


only worth a small fraction of that cost? 





Because of the UNSEEN QUALITIES contained in each bottle of Microbiological 


Associates’ Medium. 


If you can’t answer yes to the 
following questions, you're not 
getting your money's worth. 


1. Is your distilled water stand- 
ardized routinely to insure it is 
essentially free of electrolytes 
and pyrogens? 


2. Are you assured that the 
buffering capacity is within stand- 
ard limits of the prescribed 
formulation? 


3.Has your medium been steril- 
ity tested over a 21 day period; 
has it been sub-cultured in four 


different kinds of bacteriologica! 
media? 


4. Do you KNOW that your 
amino acids conform to the 
proper specifications and include 
the proper isomers and exclude 
any evidence of spontaneous 
decomposition? 


5. Has your media been shown 
to be non-toxic and optimal for 
cell growth? 


6. Is your media of such uni- 
form quality that you don’t have 
to sacrifice some of it for testing? 


if you use M.A. Media, you will 
unhesitatingly answer “YES" to 
all of these questions . and 
assure yourself that you're using 
the very best media available. 
And, if you have a specific me- 
dium requirement, why not get 
in touch with us? 


THE OLDEST AND LARGEST 
COMPANY OF ITS KIND IN 
THE WORLD 


MICROBIOLOGICAL ASSOCIATES 


Bethesda, Mea. 20014 (3011 858.9400 
Albany, Catt. JAFO (428) $26.6288 


4733 Bethesda Ave 
503 San Pablo Ave. 


iv 


Tubing for 
Peristaltic Pumps 
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Silicone Rubber, over 30 standard sizes from 0.5mm i.d., elastic, excellent resistance 
to many chemicals, sterilizable either by steam at 120°C. or by dry heat at 180°C., 


SILESCOL 


TRANSLUCENT will not deteriorate either in storage or in tropical climate. 


Black Huorinated synthetic rubber, resistant to concentrated sulphuric acid 98% 
VINESCOL 93 phosphoric acid 80%, petrol, crude oil, perchloroethylene, etc. Will withstand 
temperatures up to 200°C. 


Translucent plastic in various sizes 
ESCOPLASTIC MS with good resistance to many chemicals. 





Esco (Rubber) Ltd 


Walsingham House, 35 Seething Lane, London ECS 


| THE LUCKHAM 
snepeet  ROLAMIX 
DELIVERY for the smooth blending of 


liquids and powders 


POLY Ile POLY C 
the interferon inducer 


The double-stranded synthetic homopolynucleotide complex 
found highly active in microgram amounts in inducing inter- 
feron, production and host resistance jn vivo and in vitro. 





es 


The Luckham 
Rolamix RM/54 





Ref: Field, A. K, etal. Proc. Nat. Acad. Sci., USA 68, 1004(1967) 
POLY 1 + POLY C (MILES) 
25 mg. $ 50 








Designed specially for the smooth blending at all 
times of fluids and powders. The unique rocking 
action coupled with a gentle rolling action will solve 
many problems. Tubes or bottles from @ in. dia. 
to 6 in. dia. can be placed on the rollers and removed 


without stopping the machine. 


Further information in new product bulletin. 


EEN 
MiLes 
CATA 


RESEARCH PRODUCTS DIVISION 


MILES. LABORATORIES, INC. 
Elkhart, Indiana 46514 U.S.A, 


full details freely available from :— 


5 LUCKHAM LTD. 
* LUCKHAM 


NSUWdIND AYOLVHORV] 


Victoria Gardens, Burgess Hill, Sussex. 
tel: Burgess Hil 5348 (3 lines) 
telex: 87323-FS1 Brighton. Code-Luckham. 
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Subscription Rates 


DIRECT POSTAL SUBSCRIPTION RATES 
*12 MONTHS (52 issues, 4 indexes) 


AIRFREIGHT 
United States... unuau ces $48 
Canada oii. ccs enr enue env e cans $§2 


SURFACE MAIL 
Elsewhere overseas, U.K. and Eire........ £14.0.0 


* Shorter Periods Pro-rata. 


ORDER FORM 


ZIPSOR POSTAL COD Be ioc EE EE EEN saa on T A AE pales ne tear gs HERG Leeda bedee 
ZIP essential for U.S.A. 


The publisher would appreciate this additional information 


BRANCH OF SCIENCE 
OR TECHNOLOGY ue ors eun dia ean lei A a aN EO ETERA A tel a See onaaee E 


ORGANIZATION cenon ince oaie a a a a a a cae a LAREUN 


NATURE OF WORK 
(RESEARCH, DEVELOPMENT, TEACHING, ETC.) 000... c ecco ccc rev eebenaseuveetccetuvers 


POST TO Subscription Department MACMILLAN (JOURNALS) LTD. 
Brunel Read, Basingstoke, Hampshire, England 
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Character Readers and 


Pattern Recognition 


Edited by V. A. Kovalevsky, Institute of Cybernetics, Kiev, U.S.S.R. 


A selection of nineteen articles on recent research and developments in pattern recognition 
and automatic character reading carried out at the Institute of Cybernetics in Kiev. 
Descriptions of up-to-date Soviet equipment in this field are included. 


276 pages £6 


Game Playing with Computers 


Donald D. Spencer 


This volume presents more than 70 games, puzzles and mathematical recreations which 
may be programmed for a digital computer. Over 25 complete programmes are 
presented, many of which have never before appeared in book form. 


442 pages £6 10s 


H. P. Luhn—Pioneer and 
Prophet of Information 
Processing 


Edited by Claire Schultz 


‘This book is a fitting tribute to a pioneer in the field. To read these papers, whether for the 
first or second time, is to encounter an inventive and imaginative mind, lucid, modest, with 

a firm grasp of problems faced by documentation, and a simple practical approach to their 
solution. — Journal of Documentation. 


‘The editor and contributors to this anthology of his papers and reports have performed a 
notable service to their profession, as well as honouring their friend and colleague.’ 

—Times Literary Supplement. 
320 pages £9 7s 6d 


Progress in Biomedical 


+ + 
Engineering 
Edited by Lawrence J. Fogel and Frederick W. George 


Twenty-nine papers presenting recent advances in engineering techniques producing highly 
sophisticated machinery for physiological diagnosis and therapy in the field of medicine. 


220 pages 96s 


Macmillan & Co Ltd 
Little Essex Street London WC2 


North American orders to: Spartan Books, 432 Park Avenue South, New York, N.Y. 10016 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right co refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes, 
Semi-displayed £6 per single column inch, 
Minimum £3, each additional 1/12th of an inch 
lOs. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 
ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
Inn, Strand, London, W.C.2, Telephone: 
Wee Telegrams: Textualist, London, 
W.C.2. 








APPOINTMENTS VACANT 





AUSTRALIAN NATIONAL 
UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 
DEPARTMENT OF GEOPHYSICS AND 
GEOCHEMISTRY 


Applications are invited for appointment in 
the categories of RESEARCH FELLOW, 
SENIOR RESEARCH FELLOW, FELLOW 
AND SENIOR FELLOW. The activities of the 
Department imclude palaeomagnetism,  seismo- 
logy, geochronology, experimental and structural 
geology and some branches of petrology and 
geochemistry. Applications in these fields will be 
considered and several positions will be avail- 
able. One of these posts will be specifically 
committed to the electron probe microanalyser 
laboratory (see below). 

The Department is well equipped with a wide 
range of palacomagnetic and seismological ap- 
paratus, high temperature and pressure equip- 
ment for rock deformation, hydrothermal and 
solid pressure media high pressure apparatus, an 
electron probe microanalyser (ARL Model EMX), 
mass spectrometers, optical spectrographs and 
X-ray fluorescence and diffraction apparatus. 


ELECTRON PROBE MICROANALYSER 
LABORATORY 


A staff member is required to be responsible 
for the running of this laboratory and to make 
use of the instrument as a major research tool. 
Adequate technical support is available for main- 
tenance and operation of the instrument. A 
background in mineralogy and petrology would 
be best suited for collaboration with other 
workers in the Department; however, the De- 
pariment has an extensive meteorite collection 
and specialization in this field or in ore 
mineralogy and geochemistry is possible. 

The salary of a Research Fellow is determined 
im the range $A5,400 to $A7,250 and that of a 
Senior Research Fellow in the range $A7.800 to 
$A9,324. Appointment is for three years with 
a possible extension to five years. The salary 
of a Fellow is determined in the range $A6,400 
to $A8,740, and that of a Senior Fellow $A8,750 
3A10,274. In these cases appointments may be 
confirmed as permanent after a period of five 
years. Superannuation is on the F.S.$.U. 
pattern with supplementary benefits, Reasonable 
travel expenses are paid and assistance with 
housing is provided. 

Further particulars are available from the Sec- 
retary-General, Association of Commonwealth 
Universities (Appts.), 36 Gordon Square, London, 
W.C.1. Applications close on September 15, 
1969, (449) 





UNIVERSITY OF IBADAN 
NIGERIA 

Applications are invited for posts of (a) PRO- 
FESSOR and (b) SENIOR LECTURER IN DE- 
PARTMENT OF VETERINARY ANATOMY 
AND PHYSIOLOGY in the Faculty of Agricul- 
ture, Forestry and Veterinary Science. Salary 
scales (a) £N3,000 per annum; (b) £N2.275 to 
EN2,575 per annum (£Nis=£1 3s. 4d. sterling). 
Salary scales supplemented in range £455 to £600 
per annum sterling (upward revision pending) 
and education allowances and children’s holiday 
visit passages payable in appropriate cases under 
British Expatriates Supplementation Scheme. 
F.S.S.U. Family passages; various allowances ; 
regular overseas leave. 

Detailed applications (six copies), naming three 
referees by September t6, 1969, to Inter-Univer- 
sity Council, 90/91 Tottenham Court Road, 
LONDON WIP ODT, from whom particulars 
are available. (636) 














CSIRO 


FELLOWSHIP IN 
PHYSICAL 
MICROMETEOROLOGY 


AUSTRALIA 
DIVISION OF METEOROLOGICAL PHYSICS 


GENERAL The Division of Meteorological Physics of the Commonwealth 
Scientific and Industrial Research Organization, located at Aspendale, Victoria, 
is undertaking a varied programme of research involving the interpretation in 
physical terms of meteorological phenomena. 


DUTIES The appointee will be required to join in studies of the detailed physical 
processes in the air around plants and plant communities, their relation with 
heat and moisture balance, etc., and the consequent modelling of plant behaviour 
as a function of controlling atmospheric, plant, and soil parameters. 


QUALIFICATIONS Applicants should have a Ph.D. degree or postgraduate 
research experience of equivalent standard and duration, supported by satis- 
factory evidence of research ability. Postgraduate experience in the application 
of physics and/or applied mathematics to problems in micrometeorolagy and 
ecology would also be necessary. 


SALARY Depending upon qualifications and experience, the appointment 
will be made within the salary range of Research Scientist, $A5,321~—$A6.693 pe, 
or Senior Research Scientist, $46,963~$A8,045 p.a. Salary rates for women 
are $A428 p.a, less than the corresponding rates for men. Promotion within 
CSIRO to a higher classification is determined by merit. 


CONDITIONS The appointment will be initially for a fixed term of three years, 
after which, if mutually desired, either an extension of tenure or appointment 
for an indefinite period will be considered. The appointment will be conditional 
upon passing a medical examination. Further details supplied on application. 
Applications (quoting Appointment No: 420/243), and stating full name, 
place, date and year of birth, nationality, marital status, present employment, 
details of qualifications and experience, together with the names of not more 
than four persons acquainted with the applicant's academic and professional 
standing, should reach -— 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64 Kingsway, LONDON, W.C.2. 

by the 12th September, 1969. 


Applications in U.S.A. and Canada should be sent to The Scientific 
Attaché, Australian Embassy, 1601 Massachusetts Ave. NAW, 
WASHINGTON DC 20036. 

(616) 





UNITED CAMBRIDGE HOSPITALS 


PROJECT LEADER 
Computer Study Team 


Salary Scale: £2,625-£3,255 per annum 


Project Aim—to develop a real-time, multi-access computer system to imprave 
the efficiency of patient care in Cambridge. 

The preliminary study was done jointly with the Charing Cross Group of Hospitals, 
engaged on a similar project, and direct collaboration on common areas will 
continue. 

The Project Leader will be responsible to a Management Body for the work of 
the Team in detailed systems study, specification, programming, and (from 
1972) commissioning the computer. He will have an expert, managing and 
educative role. 

Application forms and further information from the House Governor, 
Addenbrooke's Hospital, Trumpington Street, Cambridge. Closing 
date for applications 2nd September, 1969. (890) 





For further Classified advertisements see page xxvi 
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EXPERIMENTS IN PHYSIOLOGY AND BIOCHEMISTRY VOLUME 2 


Edited by G. A. KERKUT 
August 1969, xvi+410 ppe, 120s. 


This is a selection of animal experiments outlining principles, chemical and methodic details, 
calculated samples, conclusions, disposal and ideas for further study, with a special note on current 
“ik regulations. It will be a valuable source of information on technique, procedure, and equipment 
for experienced researchers as well as students and laboratory technicians. 
CONTENTS: J. A. M. Hinke. The construction of pNa and pK microelectrodes for the measurement of axa and ax in 
muscle fibres. S. A, Middler and C. R. Kleeman: Methods of uretal catheterization and hypaphysectomy of the toad. H. L. 
Gillary: Stimulation of an insect taste receptor, F. V. McCann: The insect heart as a model for clectrophysiolagical studies. 
M. Overturf and R. L. Dryer: Experiments in the biochemistry of animal lipids. D. Mendel and R. Baker: Measurement of 
blood flow in the intestine and skeletal muscle of the rat. Y. Washizu; Membrane potentials and tension in guinea pig ureter. 
H. Gainer: Multiple innervation of fish skeletal muscle, J. del Castille and T. Morales: Electraphysiological experiments in 
Ascaris lumbricoides. J. E. Heath and P. A. Adams: Temperature regulation and heat production in insects, S. Vogel: Low 
speed wind tunnels for biological investigations, C. A. Marsden and G. A. Kerkut: The cellular localization of monoamines 
in invertebrates using the Edwards--Pearse tissue freeze dryer, A. K. Tebécis and J. W. Phillis: The pharmacology of the 
isolated toad spinal cord. Subject index. 


ADVANCES IN HIGH PRESSURE RESEARCH VOLUME 5 


Edited by R. S. BRADLEY 
September 1969, x-+ 390 pp., 120s. 


This is the third volume of a series covering current studies in the field of high pressure research. 
Each volume, written at an advanced level, includes experimental findings as well as reviews of 
current work. Each will be of interest to all researchers in this rapidly expanding field and to 
chemists, high pressure physicists, and chemical engineers. 

CONTENTS: High Pressure Méssbauer Studies. Magneticuily Ordered Materials at High Pressures. The Effects of 


Hydrostatic Pressure on Ferroelectric Properties. Electrical Conductivity and Electroni: Transitions at High Pressure. 
Adsorption of Gases at High Pressures. Author Index. Subject index. 





ADVANGES IN HIGH PRESSURE RESEARCH VOLUME 2 


Edited by R. S. BRADLEY 
August 1969, x+ 280 pp., 80s. 


This volume concentrates on ultra-high and moderately high pressures. It includes a detailed review 
of structural investigations of oxides and chalcogenides, including extensive coverage of the literature 
on the subject, and a discussion of high pressure work at very low temperatures. 

CONTENTS: The Behaviour of Some Groups of Chaleogenides under Very-High-Pressure Conditions, Some Aspects of High 


Pressures at Low Temperatures. The Effect of Pressure on the Electrical Conductivity a Aqueous Solutions. Pressure Coefi- 
cients of Electrode Processes. Author Index, Subject Index. 


Volume 1 
1966, x +396 pp., 100s. 


ELECTROCHEMICAL TECHNIQUES FOR INORGANIC CHEMISTS 


J. B. HEADRIDGE 

August 1969, vilit+ 126 pp., 35s. 

This monograph shows how direct potentiometry, polarography and voltammetry, chronopotentio- 
metry, controlled potential electrolysis and coulometry can be used by inorganic chemists in the 
study of chemical reactions and structures. It enables the undergraduate or post-graduate student 
or researcher in inorganic chemistry to understand and use the various electrochemical techniques 
quickly without an extensive knowledge of electrochemistry. 


CONTENTS: Imroduction. Direct Potentiometry, Polarography and Voltammetry. The Kinetics of Electron Transfer 
Reactions at an Electrode. Cyclic Voltammetry, Chranopotentiometry, and other Techniques for Verifying Reversibility. 
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This is a pattern you could 


easily follow- 


—with Philips X-ray diffraction 
equipment. Simple to operate, giving 
rapid and extremely accurate results, 
Philips X-ray diffraction techniques 
are used throughout industry to 
answer many problems of materials 
analysis. Each instrument from Philips’ 
unrivalled range of diffractometers is 
designed to achieve shorter measuring 
times, increased sensitivity and greater 





Precision Instruments 


intensities. And, coupled wita the 
outstanding new 3kW generators, 
even greater precision is possible. 
That's why Philips’ equipment is an 
important tool of quality control in 
many industries such as cement, 
ceramics, paint and steel. It is also 
why you should contact us for advice 
on bow X-ray diffraction can be put 
to work in your industry. 
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GT-Va features 
greatest distal tip- 
flexion angie of 200°, 
giving best coverage. 
Thinnest tube of 
8.5mm for easiest 


Olympus Gastro Cameras and Fiberscopes are the most 
advanced aids for specialists and genera! practitioners 
for the early detection of cancer. Therefore they are a 
must for routine diagnosis and check-up of the stomach. 
This procedure is made possible by the ultra precision 
mechanical flexion action of the distal end of the tube 
just above the distal tip. The bending section can be 
set to bend upward or downward by turning the angle 
lever. The highly flexible tubes are easily inserted for 
minimal patient discomfort. 

Precision optics in the cameras of GT-Va and GTF-A give 
sharp, detailed, rapid-sequence color photography inside 
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GTF-A combines 
an integral 
fiberscope for 
direct observation 
(55° viewing angle 
and 12,5xeyepiece 


insertion. magnification) ¢ and 12.5xẹeyepiece f 
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examination possible camera distal tip flexion i 
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precision length of metal he 
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Affected areas diameter of 4 
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the stomach with 32-exposure cassettes, High resolution 
lenses feature a wide 80° angle of view, and aperture 
ted for depth of field from 20 to 100mm. 

Gastro Fiberscope GFB for biopsy permits e handling 
and guidance of biopsy forceps to diseased parts for tak- 
ing tissue samples in a very short time. The fiber bundle, 
developed by Olympus, is colorless, has a high transmis- 
sion factor and superb resolving power. Olympus medi- 
cal camera ( Model FIT) can be attached atthe top, These 
invaluable instruments are currently used in leading hos- 
pitals, clinics and universities throughout the world. 
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NATURE 
Keep Feet off Mars 


Iv begins to seem as if the great successes of the Mariner 
spacecraft, hard on the heels of Apollo 11, will set off 
a clamour to go to Mars. This, certainly, is the objec- 
tive which the National Aeronautics and Space Admini- 
stration is advertising. The argument seems to be that 
a journey to Mars in 1982, although difficult (see page 
661), would be feasible and would provide the kind of 
coherence for the development of space technology 
which has been the hallmark of the Apollo programme. 
At the highest level, it provides a goal to which men 
can work. At the lowest, it is a means of making sure 
that Congress will not take excessive bites from the 
annual budget. And there is at least a chance that 
the issue could be decided in the next few days. The 
task force under Vice-President Agnew is due to hand 
in its report by September 1, and it is entirely possible 
that the group will be at once courageous enough and 
foolhardy enough to seek to put its stamp on the decade 
ahead as President Kennedy did on the sixties, with his 
declaration that people must go to the Moon. This, 
therefore, is a time to ask yet again why the decision is 
important and which of the several alternative strate- 
gies for the next few years the United States should 
now pursue, 

The starting point is, as it should have been in 
1961, the simple question of what space exploration is 
for. The question is not a jibe, and the answer is 
neither easy nor simple. Enough has happened in 
the past few years to show that the only simple answers 
are to the question what space exploration is not for. 
Thus it is not, like Roosevelt’s public works pro- 
grammes, a means of stimulating a flagging economy; 
economic regulators need to work on a shorter time 
scale, and there has to be some way of turning them 
off when they have done their work. Nor is it fair to 
claim that space exploration is a means of stimulating 
industrial innovation. It is true, of course, that the 
Apollo programme has forced a great many companies 
to make technological contortions that would have 
been unthinkable in other circumstances, but nobody 
would pretend that this industrial spin-off (as the saying 
goes) is worth the expenditure of between $4,000 and 
$5,000 million a year which NASA’s operations have 
been costing. 

The space programme has not been a particularly 
valuable benefactor of the universities. NASA has 
done a great deal of good, especially at institutions such 
as Rice University in Houston, but events have shown 
that it is a somewhat fickle spender on university sup- 
port for the simple reason that largesse of this kind is 
bound to be a marginal activity within a budget which 
is very much at the merey of Congress. Indeed, 


NASA spending in the universities has declined steadil y 
for the past five years, from a peak of $128 million to 
about $90 million in the current fiscal year. Roughly 
ten per cent of the money goes on sustaining grants 
for long term research projects which range from a 
study of X-ray diffraction in liquid metals to the 
“sloshing of rotating liquids due to axial vibrations of 
large amplitudes”, and there is even a research project 
for identifying the legal implications and sa feguards 
applicable to attempts to control climate from outer 
space. The bulk of the research money, however, 
is linked with the practical tasks which NASA has 
set itself, and ranges from basic astrophysics to techni- 
cal development (NASA also spends large sums of 
money in using the universities as contractors—MIT 
has managed the development of the Apollo guidance 
systems, for example, and Caltech has the Jet Pro- 
pulsion Laboratory on its books). All this is worthy 
work, and for many university departments it is 
crucial support, but in seale and character, what NASA 
does for the universities is neither decisive nor indis- 
pensable. 

But what about the scientific attainments of the past 
ten years? And is not the enterprise one great scienti- 
fic investigation? That is how the Apollo programme 
has often been presented in public (see Nature, 998, 435: 
1969). There is very little doubt that the most valuable 
achievement so far has been the building up of a com- 
plex of entirely terrestrial laboratories at which some 
splendid work is being carried out. Tt is probably 
true that there would be better value for money if 
NASA were to spend part of the $500 million allocated 
to research and space applications (half of it for basic 
research in the physical sciences) on institutes attached 
to universities, but that is not a realistic alternative. 
So far as the flight of Apollo 11 is concerned, it is fair 
to say that it was tantalizing to see so many investiga- 
tions left for the next visit to answer, probably in 
October, even if the object was simply to test the 
system. 

This is where the latest pronouncement on the sub- 
ject from the Space Science Board of the National 
Academy of Sciences should be especially influential 
in the weeks ahead (see page 661). One of the ironies 
of the situation is that the chairman of the board 
(though not of the committee which prepared the 
report) is none other than Dr H. H., Hess, who has 
caused some consternation in Houston in the past fow 
days by handing in his resignation as one of the 
administration’s senior scientists. (It may also seem 
to some people ironica] that NASA is planning to spend 
$100,000 this year in supporting the work of the Space 
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Science Board.) In reality, the committee on the outer 
planets has made an eloquent case for a thorough 
study of matters such as the chemical composition of 
the atmospheres of Jupiter and Saturn. These, after 
all, probably consist of matter very much like that of 
which the Solar System as a whole was made 4,500 
million years ago. The abundance of helium may be 
especially significant. Lf the objective is to test alter- 
native theories of how the solar system came into 
being, a few chemical analyses in the outer atmospheres 
of these planets are likely to be more valuable than 
costly visits to the Moon or even Mars. In other words, 
it seems that even within the terms of reference of the 
Space Science Board, automatic visits to Jupiter and 
Saturn should be more valuable than landing on Mars. 

It is only fair to say that the Space Science Board 
has asked for many of the schemes which NASA has 
already been planning. Thus the budget for the new 
fiscal year includes funds for launching two rockets 
towards Jupiter in 1972 and 1978 respectively (with the 
chance of obtaining at least a close view of the planet 
and a measurement of its magnetic field two years later, 
when the journey is complete). There are also schemes 
for a spacecraft which will orbit Mars in 1971 and 
another to land in 1973, a series of smaller instruments 
(carrying 25 pounds of equipment each) which will be 
put in orbits around Venus in 1972 and the following 
years, and, finally, an ambitious Mariner flight taking 
in both Venus and Mercury in 1973. In many ways, 
this programme of experiment may seem small beer 
to the Space Science Board, but the plan does at least 
have the advantage of being feasible. The interesting 
question, which neither the Space Science Board nor 
the House Committee on Science and Astronautics has 
faced, is whether the money could be spent with better 
effect on more conventional astronomy. 

Money is not all that matters. of course, and it is 
worth spelling out one of the chief reasons why NASA 
and the scientific community have frequently seemed 
at loggerheads in the past ten years. On several 
occasions, the prospectuses for many of the space 
experiments—the biosatellites, for example—have been 
half-baked. Specifically, they have not been designed 
to test clearly stated hypotheses but, rather, to satisfy 
a kind of curiosity. And even where there has been 
careful planning, the scientists participating have 
found themselves having to make frequently unwork- 
able compromises with the exigencies of spaceflight— 
the need to save mass and to accommodate several 
experiments in a single space probe. The result is that 
much of the information gathered by the more 
ambitious ventures often seems to cast only a fitful 
light on half a dozen ill-related problems. On the flight 
of Apollo 11, for example, it could easily have been 
better to make sure that one of the two pieces of 
scientific apparatus left behind would function superbly 
than to have tried to harvest two prizes at the same 
time. To behave otherwise somehow runs counter to 
the spirit of the best academic sciences, where the 
accumulation of knowledge is valued as much for the 
neatness with which it fits in with what is known 
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already as for the drama it creates. The process is 
necessarily painstaking and even slow, but experience 
has shown that it is powerful. This is where, in the 
months ahead, NASA most needs to repair its bridges 
with the scientific community. 

What are the implications for Mars? The truth is 
that there is at this stage no case at all for a commit- 
ment to a landing on Mars by 1982 or even by 2082. 
The reason is simply that nobody can know, at this 
point in time, just what question would be resolved by 
such a journey. It would always be possible to 
measure the composition of the thin atmosphere, of 
course, but the chances are that there will be plenty 
of such measurements by ten years from now. 
This is why even the interests of academic science 
require that NASA’s chief effort in the years ahead 
should lie in technology, not visits to outlandish places 
by strangely clad figures in silver. For there is a great 
need of perfecting some of the techniques which have 
been tried out in the past few years, in a fairly rudi- 
mentary fashion, to the harvesting of scientific data. 
Evidently it would be a great help if reliable means of 
landing instruments on the planets or even the Moon 
could be used for comparatively routine measurements. 
Remotely controlled telescopes of various kinds are 
important, even if NASA is able to implement its plan 
for an orbiting workshop early in the seventies. Then 
the Intelsat III satellite now silent over the Atlantic 
is a reminder that much remains to be done in familiar 
fields. But, above all, there is a need for much more 
manoeuvrable rocket systems than those now in service. 
As things stand, it may seem something of a marvel 
that Mars could be reached by the eighties, but before 
many years are gone it will seem intolerable that 
automatic spacecraft have to spend two years on the 
journey to Jupiter. All of this implies that the nuclear 
rocket engine should be high on the list of what NASA 
will set out to do in the years ahead. 

Then why should Dr Thomas Paine, who is a sensible 
man, be pushing hard for Mars ? The simplest explana- 
tion is that he would like to see some kind of guarantee 
of the annual NASA budget in the years ahead. The 
question is whether the prize is worth the price. The 
most serious difficulty is that what seems to be a source 
of stability turns out to be a strait-jacket. In other 
words, a commitment to the Mars programme would 
probably seem irksome before the seventies were up. 

The moral is plain. One way and another, NASA has 
established a claim on public money in the United 
States, and a budget more or less the same as it has for 
the present year is no less than it deserves, Tt is, 
however, important for everybody's sake that the 
money should be voted year by year, as opportunities 
arise. At this stage, it is probably more important that 
NASA should work out machinery for devising hard- 
headed programmes of observation than that it should 
respond directly to what the National Academy is 
asking for the outer planets. For the immediate future, 
it should also be intensely occupied with the means of 
providing greater flexibility and reliability for all 
kinds of operations. 
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Foot and Mouth and Wet 


THE catastrophic epidemic of foot and mouth disease 

‘which began at Oswestry in October 1967 had one 
favourable result—it provided the stimulus for an 
analysis of the role of weather in the spread of foot and 
mouth disease (see page 712, this issue), The outstand- 
ing feature of the early days of the epidemic was the 
way in which the disease spread downwind from 
Oswestry into Cheshire. The evidence that L. P. Smith 
of the Meteorological Office and M. E. Hugh-Jones of 
the Central Veterinary Laboratory have accumulated 
from analysis of prevailing weather and spread of the 
disease during four separate outbreaks leaves little 
room for doubt that wind and rain play the chief 
part in dispersing foot and mouth disease virus. 

Like any other particle less than a few microns 
across, foot and mouth virus particles no doubt readily 
become airborne and are presumably carried downwind. 
Although experiments with foot and mouth virus itself 
are, for obvious reasons, impossible, airborne particles 
only a few microns in size are usually deposited only 
slowly from dry air, although rain greatly increases the 
rate of deposition. Indeed, P. Goldsmith of the 
Meteorological Office has evidence that particles less 
than a micron in size can penetrate clouds and actually 
act as nuclei for the formation of rain drops, thereby 
hastening their own deposition. As far as foot and 
mouth disease is concerned, a plausible explanation of 
dispersal of the virus is that it becomes airborne, 
travels downwind and is precipitated by rain, thereby 
contaminating the grass which uninfected cows are 
eating. 

The evidence which Smith and Hugh-Jones have 
produced in support of this scheme is admittedly cir- 
cumstantial but none the less compelling. The correla- 
tion between spread of the disease in four outbreaks 
analysed—Chester (1952), Oswestry (1961), North- 


Neologonumismatology 


Passion for the abstract has inflicted some brutal 
wounds on the English tongue. The fervid ransacking 
of dead languages has already spawned enough neo- 
logisms for a pedant to talk Greek under the mask of 
English. If the noise of the fireworks is giving him a 
headache, he may attribute his cephalalgia to the 
cacophony of the pyrotechnics. Unfortunately the 
otiose pomposity that would be laughed to ridicule in 
speech has come to be almost the hallmark of certain 
kinds of written language including, dare it be said, 
much of what passes for scientific communication. 
Scientists, to be sure, have a greater need than others 
to adopt new words, but it is a deplorable lack of 
imagination that sends them scurrying to Latin and 
Greek to coin their ugly isms and ologies. The nuclear 
physicists stole a bold march by turning to Finnegans 
Wake for the term to describe the fractionally charged 
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umberland (1966) and Hampshire (1967)—is too close 
to be coincidence. During all four episodes, the spread 
of the disease was more or less downwind of the 
primary outbreak. An increase in the rate of new 
outbreaks correlated with the onset of wet weather, 
and 91-4 per cent of all secondary infections occurred 
in the seetor of the compass defined by the prevailing 
wind and rain. Only 8-6 per cent of secondary out- 
breaks could not have been spread by meteorological 
factors including the few cases in which infected stock 
or contaminated vehicles are known to have been 
moved from the site of infection. 

Analysis of the pattern of outbreaks during the 
1967-68 epidemic also supports the idea that rain at 
night, when ultraviolet inactivation of the virus is 
minimal, is more important than rain during the day. 
Indeed, it seems likely that a period of wet, windy 
weather at a time when the primary outbreak is at its 
most infectious can change a seemingly small outbreak 
into an epidemic on the scale of 1967-68. Until the 
ninth day, indeed, the 1967-68 epidemic seemed less 
threatening than any of the four other episodes 
analysed; the turning point came on days 10-14, 
when continuous wet weather coincided with a high 
infectious rating. In an attempt to introduce a quanti- 
tative index, Smith and Hugh-Jones have assumed 
an infection rating of 1 on day one to 20 on day 
twenty. When this rating is multiplied by the hours 
of rain between six in the evening and six in the 
morning for the first twenty days of the epidemic, 
the index is 1,752. The corresponding indices for the 
1952 and 1961 outbreaks in the same area are only 
191 and 138. Purists may insist that only experiments 
can prove that wet winds transmit foot and mouth 
disease, but it seems that the weather plays a more im- 
portant part than anyone had previously credited. 


sub-atomic particle. The etymology of “quark” has 
attracted attention in several articles (in whieh, how- 
ever, there is a regrettable tendency to insert into 
“Finnegans” the apostrophe that Joyce was at pains 
to exclude), 

Where quarks have led, the editor of Biological 
Jonservation has sadly failed to follow. In the fourth 
issue of this important new journal, he has commended 
the suggestion of a contributor, L. K. Shaposhnikev, 
that the science of nature conservation, should hence. 
forth be known as “sosiecology”. The etymology, from 
swsev meaning “to save”, has been certified correct 
by the Regius Professor of Greek at Oxford. The 
kindest hope one can wish this new infant, despite the 
endorsement of its godfather, is a speedy and painless 
extinction. For one thing, it is unpronounceable. The 
best the unwilling tongue can produce is a sound 
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resembling “sociology” with an interpolated hiccough. 
But that quibble aside, what useful purpose could the 
new word serve? Is simple “conservation” so hack- 
neyed, or ill-used, or undefined that a new word must 
supplant it ? Mr Shaposhnikov, whose native tongue, 
it should be remarked, is not English but Russian, 
gives no justification for his parenthood. There is a 
relatively new science, he says, “which studies the 
dynamics of natural complexes (biogeocoenoses) in 
connexion with human activity’. A new science, the 
argument presumably goes, must have a new name, and 
by Mr Shaposhnikov’s fiat, nature is not to be conserved 
but sosiecologized. If there are any men among the 
sixty-four consulting editors of Biological Conservation 
(or is it to become Biosostecology ?), let them stand 
forth and protest against this absurd violation of the 
English tongue. 

To take the issue at its face value, it is by no means 
obvious that the tree of knowledge should be allowed to 
proliferate like the Hydra with a new name for every 
budding branch. What, apart from ridicule, would 
there be to prevent people studying circadian rhythms 
in radishes from calling themselves raphanidochrono- 
logists ? And even if a new name is justified, why turn 
to the dead hand of Latin or Greek for a christening ? 
The major battle that conservationists have to fight is 
one of propaganda, but is “sosiecology” the banner 
under which they wish to fight? “Conservation” is 
a slogan in itself, as are “pollution”, “desecration”, 
“extinction” and the other coinage of the subject. 
“Sosiecology”’ is a counterfeit invention that will debase 
the currency it is meant to hallmark. 

There is more to the matter than that. “Sosi- 
ecology” epitomizes the kind of neologism that sub- 
tracts from artieulacy. Not only is it ugly and ill- 
defined, but it belongs to the mindless substratum of 
abstract. words which, rather like a computer language 
or the protein components of a bacteriophage, assemble 
themselves spontaneously without any need for further 
thought. A paper recently submitted to Nature con- 
tained the awe-inspiring phrase “coincidental with the 
transition from the foetal to the new-born stage”. What 
the author’s computer meant to say was, of course, 
simply “at birth”, but the point is that such a contor- 
tion of thought, the product of a century’s tradition of 
sloppy and tendentious expression in scientific writing, 
is the very opposite of what language is for. “Sosi- 
ecology” falls in the mainstream of this tradition, and 
conservationists, if they are wise, will wish it the way 
of DDT. 





OXFORD DEGREE 


Human Biology United 


As the boundaries between branches of science become 
more obscure, it is increasingly plain that the tradi- 
tional definitions of subject areas in British university 
curricula serve only as straitjackets, hindering the 
development of inter-disciplinary fields. These ana- 
chronistic and artificial demarcations are nowhere 
more troublesome than at the boundaries between 
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some branches of biology, psychology and the social 
sciences, and the University of Oxford has now boldly 
decided to do away with them by creating a new 
honours school in human. sciences. On July 23 (Oxford 
Gazette, No. 3404, 1969), the General Board of the 
Faculties accepted the proposal of an inter-faculty 
committee, representing the Boards of Biology and 
Agricultural Sciences, Medicine, Social Studies, 
Anthropology and Geography and Psychology, to 
establish the new school this autumn. The first 
students will be admitted in 1970. 

The syllabus for the new courses has been designed 
to draw almost exclusively on existing lecture and 
practical courses. culling the relevant elements from 
genetics, ethology, ecology, psychology and the like. 
In spite of the inevitable dispersion of the students 
among existing faculties, the enthusiasts have con- 
vinced the General Board that the course can be 
welded into a coherent whole. But the board also 
notes that “to some extent the future coherence of the 
course will depend on their being able to transmit 
these convictions to their successors”. 

What will the forty or so candidates be taught once 
the school is under way? The preliminary year is to 
comprise general biology, genetics and evolution, 
sociology and social anthropology, and geography and 
ethology. The honours students will then have two 
years of six compulsory subjects ranging from animal 
behaviour to human ecology, as well as two selected 
from a long list ranging from urban geography to 
personality psychology. The ambitious aim of all this 
is to produce for the first time in Britain a basic first 
degree education in the inter-related aspects of the 
social and natural sciences. 

Although the board is satisfied that enough existing 
university staff are able and willing to provide the 
courses, it makes no secret of the opposition to the 
new school put up by no less than fourteen of the 
colleges who—faced with problems of finding tutors— 
have said they do not welcome it. Indeed, only two 
colleges have positively welcomed the proposal. As a 
result, tutorial work will be supervised by a standing 
committee of the university with the task of helping 
out in colleges unable to find tutors. It will certainly 
be a considerable loss if this encouraging experiment is 
allowed to founder because of opposition from the 
colleges. 

If the university congregation gives the final stamp 
of approval in the early autumn, the new school will 
be a remarkable personal achievement for a small 
group of dons—Professors J. W. 8. Pringle, E. B. 
Ford and N. Tinbergen and Drs A. H. Halsey and 
G. A. Harrison and their associates. For the past 
several years they have insisted that, despite the im- 
pression of diffuseness—and Oxford is notoriously given 
to extreme specialization—a human. sciences course 
need no more sacrifice depth for breadth than such 
time-honoured combinations as politics-philosophy— 
economics and philosophy—physiology~psychology. 
Indeed PPE and PPP students, as well as biologists, 
are likely to provide the chief recruiting ground for 
the new course. The chief proponents of the course 
say that they have encountered students in their own 
special subjects, which range from genetics to sociology, 
whose real interest is the scientific study of man. The 
new course is tailored for them, an attempt to satisfy 
them directly rather than fob them off with three 
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years of zoology, genetics or conventional sociology 
but without a thorough grounding in the biological 
sciences. All the new course will demand is evidence 
of numeracy—statistics is a compulsory part of the 
preliminary year—but, apart from that, it will be open 
to sixth-formers of all kinds and may even attract 
the occasional medical student. 


COMMUNICATIONS SATELLITES 


Wiru the growth of telecommunications based on 
geostationary orbits, there is growing concern that 
satellites may become so closely crowded together that 
they interfere with each other. This is certain to be 
one of the preoccupations of the conference of the 
International Telecommunications Union, fixed for 
1971, at which the regulations for international broad- 
casting will be revised, especially so as to accommodate 
the needs of communications satellites. An article in 
the current issue of the Proceedings of the Institution 
of Electrical Engineers (166, 1304; 1969) by J. K. S. 
Jowett and A. J. Jefferis consists of a calculation of the 
capacity of the equatorial orbit to accumulate geo- 
stationary communications satellites. Their chief 
conclusion is that the capacity of the equatorial orbit, 
with prenent arrangements, is probably limited to 
about 2,000 telephone circuits for each degree of the 
orbit. For practical purposes, this amounts to roughly 
one satellite in each four degrees of the orbit, w hich in 
turn implies that it may take very little further 
development before parts of the equatorial orbit—over 
the Atlantic and America, for example—may be over- 
crowded. The arguments of Jowett and Jefferis may 
be especially significant as pointers to the British posi- 
tion in the ITU conference, for the authors are with 
the Telecommunications Development Department of 
the Post Office. 

In the long run, much of the interest which Jowett 
and Jefferis have made lies in the way they have been 
able to show how the capacity of the geostationary 
orbit depends on the characteristics of the system as a 
whole, ground stations as well as satellites. One of the 
fixed points in the calculation is that the bandwidth 
available for the upward and downward paths is the 
500 MHz each way at present allocated for the opera- 
tions of the Intelsat consortium. The capacity of a 
satellite for telephone conversations, assumed to be 
dependent on pulse code modulation, seems to increase 
quite rapidly with the size of the ground station dish 
up to a diameter of 15 metres, when some 3,000 high 
quality circuits per satellite should be obtainable 
within the 500 MHz bandwidth. By the same test, 
some fifteen television channels of high quality should 
be available. Another way of putting this is to say 
that within the present restrictions to a 500 MHz band- 
width for satellite communication, and at high stand- 
ards of broadcasting, the number of television channels 
in a 10 degree stretch of the equatorial orbit ranges 
from thirty-five with ground station dishes 10 metres 
across to sixty channels with 20 metre dishes. The 
calculations also show that the telephone capacity of 
the equatorial orbit could be increased by some forty 
per cent by increasing the extent of allowable inter- 
ference between neighbouring satellites or, what comes 
to the same thing, putting them more closely together. 
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The most immediate implication of this calculation 
is to emphasize that there is a natural limit to the 
capacity of the geostationary orbit. How then can 
communications satellite systems continue unchecked 
in their expansion? Technically, there would 
clearly be great advantages in satellites with highly 
directional antennae—a devel opment which should also 
economize in operating power. In the long run, how- 
ever, the greatest gains are likely to be made in an 
increase of the amount of bandwidth available for civil 
purposes, and this no doubt will be one of the tussles 
between civil and military departments of government 
between now and the ITU conference in 1971. It also 
seems clear, however, that the need for liaison between 
the operators of equatorial satellites is overwhelming, 
and it would not be surprising if the TTU did not find 
itself having to lay down the law about the ways in 
which nations use communications satellites for purely 
domestic purposes. The conference will plainly be a 
diplomatic as well as a technical affair. 


SPACE 


jupiter Probes Urged 


A WELL-TIMED shot in the debate on the future direc- 
tion of the United States space programme was fired 
last week in a report by the Space Science Board of the 
National Academy of Sciences. In The Outer Solar 
System, a Program for Exploration, the board complains 
of the meagre proportion of the space budget set 
aside for planetary research, at present about two per 
cent. According to the board, “current funding for 
planetary exploration is totally inadequate to take 
advantage of the opportunities available’. This is an 
echo, almost word for word, of a statement in a similar 
report prepared by the board a year ago— Planetary 
Exploration, 1968-1975. This year’s version, however, 
is limited to the planets beyond Mars while the earlier 
report dealt chiefly with the inner planets, 

On the face of things, the academy board is thus 
opposed to the view of Dr Thomas Paine, acting 
administrator of NASA, who has been saymg that 
he would like to embark on a manned landing on Mars 
in the 1980s. Dr Paine is talking of a nuclear powered 
vehicle to carry six astronauts for a ninety day stay in 
Mars orbit, together with a landing module to ferry 
three of them to the surface for up to thirty days, 
With the Nerva engine now being developed at Jackals 
Flats, an expedition to Mars would be assembled in 
Earth orbit and would spend nearly two years on the 
round trip. A suitable launch date, according to Dr 
Paine, would be November 12, 1981, which would 
allow the returning spacecraft to benefit from the 
gravitational field of Venus. The cost estimated by 
Dr Paine would be roughly that of the Apollo project-— 
$24 thousand million. 

The Space Science Board has clearly taken a different 
line, considering that unmanned probes are at presenti 
the best way ‘of exploring the planets. The chief 
recommendations in the study by the Space Science 
Board are that NASA should prepare a long-term 
plan for the exploration of the outer solar "system and 
that a substantially increased fraction of its budget 
should be devoted to planetary exploration. A series 
of specific projects, in what purports to be an order 
of scientific significance, include a Jupiter deep-entry 
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probe and flyby (1974), a Jupiter orbiter mission (1976), 
a Jupiter-Saturn-Pluto mission (1977), a J upiter— 
Uranus~Neptune mission (1979) and a Jupiter-Uranus 
entry-probe mission (early 1980s). Several of the mis- 
sions are based on the “grand tour” concept, which 
makes use of the gravitational field of the planets to 
direct spacecraft to the outer reaches of the solar 
system. The board stresses that opportunities for 
grand tours as favourable as occur in the late 1970s 
will not recur until the second half of the twenty-second 
century, although there will be less favourable oppor- 
tunities for such exploits between 1989 and 1996. 
Two further missions which the board says need further 
consideration are to dock with an asteroid to determine 
its chemical composition and to determine the physical 
and chemical properties of a comet. 

Tn the opinion of the board, most of the technology 
needed to accomplish its chief recommendations is 
already available, and the Titan IID-Centaur com- 
bination is sufficiently powerful to be the launcher. 
But the report urges NASA to develop a lightweight 
probe which can descend into the hostile atmospheres 
of the larger planets and also to develop new spacecraft 
designs including one which will not become magnetized 
after passing through the magnetic field of Jupiter. 

If anything, the report lacks conviction by failing 
to put a cost on any of the projects recommended. 
And one fear is that the manned spaceflight lobby will 
point out that it is too early to talk about the outer 
planets when the exploration of the adjacent planets 
Mars and Venus has only just begun. 

The report comes at a time when there is increasing 
concern among scientists about the priorities of the 
United States space programme, and while a presiden- 
tial task force is examining future space policy. Under 
the chairmanship of Vice-President Agnew, the task 
force includes Dr Thomas Paine, Dr Lee DuBridge, 
Defense Secretary Mr Melvin Laird, and Secretary of 
State Mr William Rogers, and is having to consider a 
spectrum of possible national goals. As well as the 
Mars expedition which Dr Paine is expected to recom- 
mend and the call by the Academy board for more 
unmanned probes, NASA has put forward plans for 
space stations in Earth orbit to accommodate upwards 
of 100 scientists and astronauts and for an orbiting 
base for lunar exploration. So far only the programme 
as far as Apollo 20 has been approved by Congress and 
partially funded. Clearly the task force is not going 
to be able to please everyone. 


HIGH ENERGY PHYSICS 


No Bounds at CERN 


Is spite of increased expenditure on the intersecting 
storage rings and the preparatory studies for the 
2300 GeV accelerator, the CERN laboratories at Geneva 
are spending more than ever before on basic pro- 
grammes of research which have nothing to do with 
either of the machines, according to the CERN annual 
report for 1968. Some of the largest strides forward 
in the past twelve months have been in areas that 
only impinge obliquely on the mainstream of basic 
nuclear research, particularly in instrumentation and 
computer techniques. 

A new type of wire spark chamber has been built 
at CERN which obviates the need for triggermg by 
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scintillation counters and which therefore increases the 
repetition rate from the cramping few hundred events 
per second of conventional chambers. In the new 
chambers, each wire is itself a proportional counter 
and the separation between wires is between two and 
three millimetres. There is no paralysing spark between. 
wires, but merely a feeble pulse which can be amplified 
to taste. Costs still make it hard to use these new 
chambers to replace the huge wire chambers, but their 
use in critical places is a great boost to efficiency. 
Streamer chambers also came into their own at 
CERN during 1968. These have the advantage that, 
like bubble chambers, they can record complex events 
involving many particles by the independent develop- 
ment of breakdown processes (known as streamers) in 
the chamber. A streamer chamber was used in an 
abortive search for a quark, which would produce 
about a ninth the number of avalanches as a normal 
charged particle. Another innovation last year was the 
suecessful building of an ultrasonic bubble chamber, 
which overcomes one of the chief failings of the 
standard bubble chamber—its very short sensitive time. 
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Expenditure at CERN since inception (in millions of Swiss 
francs). The dominant vertical bars represent the basic 
expenditure of CERN, with the increases due to rising 
costs represented by lighter shading at the top. The lower 
bars represent expenditure on the intersecting storage rings 
and the 300 GeV machine, with the cost of planning and 
development indicated by solid black shading. 


The continuing refinement of measurements on the 
electromagnetic interaction is a continuing feature of 
the research at CERN. Accurate measurements of the 
magnetic moment of the mu meson were carried out 
last year, and the experiments are being extended to 
reach an accuracy where the strong interaction should 
start to show up against the otherwise pure electro- 
magnetic interaction, even for mu mesons. Progress 
has also been made in finding a theoretical framework 
for the coupling of strongly interacting hadrons with 
photons. The most fundamental form of this coupling 
is through vector mesons such as the rho, omega and 
phi. . 

A new type of target has been developed at CERN 
which performs the important task of aligning the spins 
of protons that pass through it. The present targets 
of lanthanum magnesium nitrate in a magnetic field 
can be made to align some of the spins of free protons, 
but a new target using butyl alcohol instead of LMN 
has been found to perform more satisfactorily. 
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RAILWAY TRANSPORT 


Cut-price Fast Trains 


Barris Rail’s answer to the aircraft has been on show 
for the past month at the Design Centre in London. 
Potential passengers have been inspecting a full-scale 
model interior of the Advanced Passenger Train which 
should be coming into service on inter-city journeys 
during the 1970s, and which embodies several new 
features that will make possible a greatly increased 
operating efficiency and speeds 50 per cent faster than 
the current limits. A speed of 150 miles per hour may 
not exactly rival the Concorde, but is respectable 
enough when compared with the amiable trundles to 
which travellers were resigned not so long ago, and 
should provide journey times that actually undercut 
those of air travel unless transit times from city centre 
to airport decrease considerably. 

This latest attempt to escape from the Victorian 
image of steam and pistons has emerged from the 
work of experienced aircraft engineers in conjunction 
with the staff of the British Rail Technical Centre at 
Derby. Not much information about the underlying 
technical advances is available at the London exhibi- 
tion, but there have been articles in the Railway 
Gazette during the past few years which illuminate 
the situation. The most prized of the innovations is 
a new kind of suspension which is reckoned to have 
great export potential. The most spectacular, on the 
other hand, is a hydraulically powered mechanism 
which can tilt the bodywork of the train up to 9° in 






order to get round bends faster. This in turn has 
required a redesigned er ection of the body which 


loses as little width as possible at seat level (see Fig. 1). 
The whole body shape is carefully chosen to reduce 
aerodynamic drag, which varies as the cube of the 
speed and so absorbs considerable power at high speeds. 





TILT POINT 


AAIL LEVEL 


COACH IN MAXIMUM TILT POSITION 


Fig. |. How the new body shape compares with a conven- 
tional railway coach: 9° tilting is possible within the allowed 
space limits. (From Railway Gazette.) 
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The wheel and bogie structure is also rather different 
from that of conventional trains. Coaches are linked 
by a single bogie which, in conjunction with the 
suspension, makes each coach behave like a two-axled 
vehicle at high speeds—this has the advantage of 
reducing the frictional wear on the wheels at curves 
in the track. The wheels themselves have a different 
profile from older designs, approximating to the shape 
produced when the tyres of normal wheels become 
worn, which paradoxically improves the conditions of 
contact between wheel and rail. 

Much of the time-saving capacity of the advanced 
passenger train comes from rapid acceleration and 
braking. Where lines are not electrified, the best 
power-to-weight ratio can be obtained with a gas 
turbine engine, for which a contract has been awarded 
to Leyland Gas Turbines, Ltd. The engines will be 
incorporated in the front and rear coaches of the train, 
and the other coaches will be trailers, although it will 
be possible to add further power cars if they are 
required for a particular route. Hydrodynamic brakes 
will enable the train to stop from 150 miles per hour 
in a shorter distance than present-day trains need to 
come to a halt from 100 miles per hour. For the final 
slowing-down from a low speed, they will be supple- 
mented by disk brakes. 

When a test train has been built, it will be sent for 
trial runs on a stretch of disused track between Melton 
Mowbray and Nottingham which is being brought up 
to normal main line standards for this purpose. 
Individual carriages will undergo more intensive test 
ing in a new Test Hall to be built at Derby by Taylor 
Woodrow Construction (Midlands), Ltd. Little ap- 
parently needs to be done to the present state of the 
British Rail main lines in preparation for the new 
train’s arrival, and it is anticipated that trains will 
reach Newcastle from London in 160 minutes, com- 
pared with the present schedules of 230 minute 
although a programme of relatively minor track works. 
would further reduce this figure. It may thus be that 
British Rail have solved the problem of raising maxi- 
mum speeds without the drastic expense of totally 
rebuilding the whole rail system—£400 million for the 
Tokyo~Osaka line in Japan, for example. 
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COMMUNICATIONS SYSTEMS 


Goonhilly Looks Eust 


TELECOMMUNICATIONS have gone a long way since the 
first transatlantic television pictures were picked up at 
Goonhilly in July 1962. One tangible sign of this was 
the opening of the GPO Space Communication Station 
at Goonhilly on August 6 by the Postmaster General, 
Mr John Stonehouse. Mr Stonehouse also inaugurated 
the direct television link between Britain and Japan, 
which uses the Intelsat III satellite over the Indian 
Ocean, on exile duty after the performance over the 
Pacific proved less than satisfactory. Naturally there 
was nothing in what Mr Stonehouse had to say that 
indicated the degree of anxiety which must now 
afflict the international carriers. With the failure of 
the Intelsat ITT launching last month, there is now only 
one space satellite to replace that now out of action 
over the Atlantic. 

The renovation of the Goonhilly station has been 
quite drastic. The original terminal, known as Goon- 
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hilly 1, has been electronically renovated, and shares 
duty with Goonhilly 2, The old Atlantic aerial now 
faces east and the new aerial serves the busier Atlantic 
side. The Goonhilly 2 terminal has a dish of 27-5 m 
in diameter and facilities to carry up to 400 telephone 
circuits and a television programme between Europe, 
North America, Africa and the Middle East. The web 
of countries which can communicate directly with 
Goonhilly will soon be extended to include Kenya, 
Bahrain and Hong Kong, where terminals are now 
under construction. 

One novel feature of the restyled Goonhilly 1 
terminal is the low loss elliptical waveguide which 
takes the signals from the central control building to 
the aerial site, a distance of 525 m. The use of a 
transmitter system with such a long waveguide makes 
it possible to concentrate the maximum amount of 
equipment in one place and to switch between the two 
aerials direct from the central building. 

There have also been developments in the Soviet 
Union, which has been operating its own space com- 
munications system independently of Intelsat. The 
Molniya-1 satellite system has been beaming radio and 
television signals across the Soviet Union for about 
four years, and Professor Vladimir Minashin, head of 
the Space Communications Department of the Soviet 
Ministry of Communications, announced last week the 
linking of regular colour television broadcasts to the 
satellite network later this year. The distribution of 
populations in the Soviet Union is particularly suited 
to the use of communications satellites, which appar- 
ently relay newsprint and weather charts as well as 
television and radio programmes. Professor Minashin 
also announced the building of a station for the Orbita 
system in Ulan Bator, Mongolia. This is the first 
station of Soviet design to be built outside the Soviet 
Union. 


ARCHAEOLOGICAL EXCAVATIONS 


Ministry as Rescuer 


Busrsess at the ancient monuments division of the 
Ministry of Public Building and Works is booming 
too quickly for comfort. For the past half dozen years, 
the annual catalogue of rescue excavations mounted 
by the ministry at sites threatened with imminent 
destruction has grown fatter. This year is no exception 
and the catalogue for 1968 also has a new title, Archaeo- 
logical Excavations 1968, a new price (7s, HMSO), and 
for the first time a glossy cover, which smacks above all 
else of putting a brave face on things. Like second sons 
of second sons, the ministry’s archaeologists and those 
contracted to do specific excavations are expected to 
work with small budgets backed up by a conservation 
laboratory hopelessly overwhelmed by the amount of 
material dug up at the 91 sites excavated during the 
year. During 1968, according to the report, all the 
available resources were needed to meet the demand for 
excavating sites threatened with immediate destruction, 
which meant, of course, that numerous field monu- 
ments had to be left to the gradual erosion of ploughing 
and other agricultural activities. 

Even the sites that are selected for excavation some- 
times present problems beyond the resources of the 
ministry. One of the great ironies of the situation is 
that the larger the site, the less able the ministry is to 
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Remains of a Roman timber bridge across the River Nene 
at Aldwincle in Northamptonshire. 


deal with it. “The heavy demand already placed on 
the ministry’s services has given rise to problems of 
organization and staffing, particularly with regard 
to the excavation of larger sites where camps have had 
to be arranged to house the necessary labour and 
volunteers. Though it will be possible to continue to 
organize these operations through excavation commit- 
tees the ministry itself has not staff available to mount 
camps of the requisite size and order.” Given all the 
difficulties under which the archaeologists are forced 
to work, it would be churlish to be anything but grate- 
ful for the amount of material they rescue. But it is 
time that landowners and the Government accepted 
their responsibility for ensuring that archacological 
sites are not neglected and that excavations are 
adequately financed. 


NOBEL PRIZE 


Chance for the Economists 


Now that the Swedish Central Bank, to mark its 
tercentenary last year, has put up the money for a 
Nobel Prize for Economic Sciences, only the engineers 
are left in the cold. Why Alfred Nobel left engineering 
off his prize list at the turn of the century—a time when 
the public reputation of engineering was probably at 
its peak-—is something of a mystery. Certainly engin- 
eers had then and for that matter still have as great a 
claim to be honoured by Nobel prizes as any of their 
contemporaries in other fields. Perhaps Saab or Volvo 
or some other Swedish engineering company will come 
to the rescue. Meanwhile, from this autumn onwards 
the world’s economists will be able to join the intriguing 
game of spotting the prize-winners. 

Already the economists’ papers are speculating on 
the names on the short list for the first prize, worth 
£28,000 to the winner like all the other Nobel prizes. 
The Swedish economic weekly Veckans Afferer suggests 
that the field has been narrowed down to nine or ten 
from an original entry of about 200. It is strongly 
tipping Professors N. Kaldor and J. E. Mead of Britain, 
Professors M. Friedman and P. A. Samuelson of the 
United States, the Russian mathematician Professor 
L. V. Kantorovitch and Professor F. Parroux of 
France. Such detailed speculation contrasts with 
the surprise and secrecy that surround the awards to 
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natural scientists. The next few weeks will show 
whether it is more than an intelligent reading of the form 
book, and the next few years should show whether the 
prospect of a Nebel prize produces among economists 
the healthy competition or, as others would have it, 
bitter jealousies that are not uncommon among, for 
example, the molecular biologists who think they are 
in the running. 


INFORMATION 


More Reading for Geologists 


AN information service for geologists, GeoServices, has 
recently expanded its operations with the addition of 
two new current awareness publications—-Geotitles 
Weekly and the bimonthly Geoscience Documentation— 
to add to Geocom Bulletin which has been published 
since January 1968. All three are published by Lea 
Associates, which claims that for the first time geolo- 
rists, g geophy sicists and all those with interests in the 
Earth sciences have been offered a comprehensive 
information service. For speed, the service uses 
computer typesetting and indexing. 

Geotitles Weekly lists in English the classified titles 
of all new geoscience publications. Publications 
scanned include the usual sources such as journals, 
trade magazines, books, theses, patents and standards 
and even conference announcements, trade literature, 
scientific papers accepted for publication and in the 
press, and broadcasts. There are weekly indexes of 
source publications and authors, and regular cumula- 
tive indexes are planned. Searching is carried out in 
London and by correspondents in different parts of the 
world, and it is claimed that the time lag between the 
date of publication of a paper in, for example, a weekly 
journal and its listing in Geotitles Weekly is between 
10 and 14 days. All the titles are arranged by what is 
called a UDC-linkable GeoServices Decimal Classifica- 
tion (which might take some time to master), and they 
are available on library catalogue cards. 

The first issue of Geoscience Documentation consists 
of a world list of about 2,000 current geoscience serial 
publications, “Geoserials 1969”. Details of frequency, 
publisher and changes of title are given, and there is 
also a list of titles no longer published. New serials 
will be listed in future issues of Geoscience Documenta- 
tion, as will analyses of geoscience literature, biblio- 
graphic news, information handling and the like. The 
monthly Geocom Bulletin concentrates on news of 
research methodology and exploration, with emphasis 
on mathematical and computer studies. 

With its worldwide coverage of geoscience literature 
of all types (it is particularly : strong on East European 
literature) the publishers of GeoServices are aiming 
for a worldwide distribution. If they can keep up the 
speed of publication of Geotitles Weekly in particular, 
they should have a ready made market, especially in 
America. One disadvantage is its price (an airmail 
subscription to Geotitles Weekly costs $350, reduced 
to $275 if it is for an educational institution), which, 
as with other comprehensive information services, puts 
it out of the reach of the individual subscription, but 
GeoServices receives no subsidy from an official source. 

Despite appearances, GeoServices is not in direct 
competition with an OSTI supported project currently 
under investigation at the University of East Anglia. 
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There, Professor K. M. Clayton, Dean of the Schoo! of 
Environmental Sciences, has been given a grant of 
£7,968 over two years to collect and prepare abstracts 
of current British geological literature as a basis for 
the UK contribution to the American Geological 
Institute's computer-based Bibliography and Index of 
Geology Exclusive of North Ameria. At the same time, 
he is preparing a current titles journal and an abstract 
journal for British geology which would be less sophisti- 
cated than GeoServices, and would be more suited to 
individual pockets. Time will tell whether the overlap 
between Professor Clayton’s project and GeoServices 
is GeoServices’ gain. 














TRAVEL FUNDS 


To Europe with Ford 


AFTER the Johnson era, the United States Government 
seems to have rediscovered Europe, with the peri- 
patetic President Nixon in the van. Now, thanks to 
$1 million from the Ford Foundation, United States 
academics will be able to join in the fun. The founda- 
tion recently announced grants to the American 
Council of Learned Societies, Harvard, one or two less 
numinous universities and the Social Science Reses 
Council, which are designed to improve American 
knowledge and understanding of post-war Europe, 
including eastern European countries. 

The American Council of Learned Societies is to 
receive $575,000 to finance the exchange of nearly 
250 American, Russian and other eastern European 
graduate students and scholars in the coming academic 
year. On the European side, most of the scholars, 
about 80, will come from Russia, but all the other 
eastern European countries, with the exceptions 
of Albania and East Germany, will be represented. 
Harvard’s $250,000 is for a coordinated programme 
of training and research in European studies, run by @ 
newly formed Standing Committee on West European 
Studies under the chairmanship of Professor Stanley 
Hoffman. The programme stems directly from the 
west European seminar organized at Harvard during 
the past few years by people like Professors Hoffman 
and Henry Kissinger. It will be expanded to include 
two graduate research seminars as well as a summer 
programme including field research in Europe for some 
students. In addition the grant will provide several 
doctoral research fellow ships and pay for European 
lecturers. The $249,000 going to the Social Science Re- 
search Council will enable it to increase the number of 
its fellowships for research in Europe from nineteen to 
twenty-eight next year and thirty-one by 1970-71. 
The Ford Foundation’s grant is a timely replacement 
for Fulbright money which has been cut this vear. 

vale’s $400,000 is to expand the university's Econo- 
mie Growth Centre which was established in 1961 
with the aid of Ford money and which has become one 
of the chief US institutions researching into the econo- 
mies of underdeveloped countries. The latest grant 
is earmarked for work in Cuba and the Caribbean. The 
International Division of the foundation has also made 
further grants for established projects in the other con- 
tinents, ranging from $315,000 to the university of El 
Salvador in Buenos Aires for reproductive biolog 
$165,000 to the International Rice Research Ins 
for work in Cevlon. 
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NEWS AND VIEWS 
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A Quasar on the Doorstep ? 


Iv is becoming plain that the nucleus at the centre of 
the spiral structure of the Galaxy must be the site of 
unusual astrophysical processes, The latest evidence 
for this is the observation that the nucleus is a powerful 
emitter of infrared radiation (see, for example, Becklin 
and Neugebauer, Astrophys. J. Lett., 157, L31; 1969). 
Indeed, the infrared emission is on a par with that 
from the extraordinarily bright nuclei of the so-called 
Seyfert’ galaxies, which are characterized by optical 
spectra containing unusually broad emission lines, 
indicating velocities of the order of several thousands 
of kilometres per second in the nucleus. The Galaxy 
is the archetypal normal galaxy, and the speculation 
now is whether the nuclei of all normal galaxies are 
powerful sources of infrared emission. Certainly the 
infrared observations so far are a strong argument for 
the view that normal galaxies and Seyfert galaxies are 
related objects. Indeed, observations throughout the 
spectrum are increasingly supporting the notion of a 
relationship between normal galaxics and Seyfert 
galaxies as between Seyfert galaxies and quasars. 

An ingenious hypothesis by D. Lynden-Bell of the 
Royal Greenwich Observatory (page 690) may well 
provide an explination for the link, and raises the 
tantalizing question of whether there is a quasar at 
the centre of the Galaxy, possibly a dead one. The 
starting point is aa estimate by Sandage of the number 
of quasars at present in the sky, from which Lynden- 
Bell works out that dead quasars must be sufficiently 
common for there to be a good chance of finding a 
dead quasar in the local group of galaxies. When a 
quasar has used up its nuclear fuel, it will collapse under 





its own weight and ultimately go out of sight when 
the gravitational field prevents the escape of light 
quanta, But general relativity has it that the collapsed 
body is not entirely lost to the universe, because its 
gravitational effects can still be felt, and Lynden-Bell 
therefore expects dead quasars to be at the centres of 
concentrations of mass-—the centres of galaxies, in 
other words. His picture of the centre of the Galaxy 
is of a whirlpool of gas, with matter continuously 
disappearing into the dead quasar. Before matter in 
the whirlpool ean fall into the quasar, it has to lose 
angular momentum, which will be brought about 

essentially by the frictional twisting of the magnetic 
field i in the gas cloud and ultimately the acceleration 
of charged particles. In the outer part of the whirlpool, 
accelerated particles become cosmie rays, but in the 
inner regions, collisions convert the energy of the 
particles into heat and the powerful radiation observed 
to be coming from the galactic nucleus. To explain 
the intensity of the infrared source at the nucleus, a 
modest 10-5 of a solar mass per year has to disappear 
into the dead quasar, with faster rates for the nuclei 
of Seyfert galaxies. 

Why quasars should be at the centres of galaxies is 
not spelt out in the paper, but one guess is that quasar 
formation starts while the galaxy is condensing out of 
the initial cloud of gas. This would lead to a dense 
differentially rotating superstar at the mucleus--the 
quasar-—-with a short lifetime compared with that of 
the galaxy. By the time star formation is well 
advanced, the quasar could have exhausted its supply 
of fuel and undergone collapse. 





Interferon Inducers—with Side Effects 


Many virologists who embarked years ago on the 
purification of interferon have now despaired of ever 
achieving their goal. The astounding potency of this 
substance—as little as 10~° g is active--is matched only 
by the difficulty of purifying it with classical procedures. 

The potentialities of interferon have nevertheless not 
been overlooked for want of the pure material. Two 
international conferences this year in Lyon (Colloquium 
on Interferon) and New York (Antiviral Substances) 
testify to a sustained academic and commercial interest 
in antidotes for viral disease. One of the discoveries 
holding greatest promise is that of materials which 
stimulate the production of interferon in living tissues 
the principle being that if one cannot actually inject 
interferon, its amount can nevertheless be enhanced 
in situ with the same prophylactic or therapeutic result. 
The idea that various polyanions induce interferon 
stemmed from the proposal that foreign RNA elicits 
interferon production in animal cells (A. Isaacs et al., 





Lancet, ii, 113; 1963). M. R. Hilleman’s group at the 
American Merck laboratories confirmed this with 
artificial double stranded polyribonucleotide complexes. 
And even non-biological polymers such as polymeth- 
acrylic acid and copolymers of maleic anhydride and 
divinyl ether have now been found to be active. 

The semi-synthetic RNA complexes are of particular 
interest in that the mechanism whereby they induce 
interferon may be related to the way in which virus 
infection leads to the elaboration of interferon (see 
Nature, 222, 921; 1969). But this was not the con- 
sideration which first stimulated interest in the poly- 
ribonucleotide complexes. The story begins with the 
discovery of anti-viral agents in culture filtrates from 
species of the fungus Penicillium. A substance named 
“helenine’ was isolated from P. funiculosum, and 
another called “‘statolon” was obtained from P. stolonit- 
ferum. W. J. Kleinschmidt et al. suggested that the 
active principle in statolon was an anionic poly- 
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saccharide, but later related the activity to virus-like 
particles present in the fungus, and ultimately found 
that the interferon inducer in this anti-viral preparation 
was viral RNA. Almost simultaneously, E. B. Chain’s 
group at Imperial College, London, in collaboration 
with M. Hollings et al. at the Glasshouse Crops Research 
Institute, Littlehampton, published a definitive report 
that the active material is a double stranded myco- 
phage RNA (Nature, 218, 542; 1968). 

Taking this lead, several groups have investigated 
the therapeutic properties of other double stranded 
viral RNAs and also synthetic RNAs. These sub- 
stances have great potentialities—probably even more 
than the few known double stranded RNA viruses 
might offer-—if only the toxic properties are not a 
handicap. Toxicity is still a serious problem. This 
issue of Nature contains three reports documenting the 
side effects of poly-Lpoly-C. Absher and Stinebring 
(page 715) present evidence that it is similar to endo- 
toxin in its capacity to stimulate interferon—and in its 
toxicity. Lindsay et al. (page 717), by studying the 
pyrogenicity of poly-I-poly-C, seek evidence which will 
help to decide whether these inducers exert their effects 
by inducing synthesis de novo or by causing the release 
of preformed interferon. At present, opinion is divided 
on this point; it is quite likely that both induction and 
release occur, The third article (page 718), by Adamson 
and Fabro, concerns the embryotoxicity of poly-I. 
poly-C. The action of interferon stimulators in embryo 
tissue is of particular relevance to the possible uses for 
such substances in tumour therapy—both tumours 
and embryos represent rapidly growing tissues. H. B. 
Levy et al., and also L, D. Zeleznick and B. K. Bhuyan, 
have shown that poly-I.poly-C is effective against 
tumours in mice and rats and this property is apparently 
not restricted to viral tumours (here it is tempting 
simply to attribute it to interferon stimulation) but 
also in non-viral tumours. I. Gresser’s group in Paris 
have found that interferon itself is potent against both 
types of tumour. 

An air of uncertainty—and at the same time great 
activity—seems to pervade the interferon field at 
present. On the one hand, there is the prospect of 
potential therapeutic agents like poly-I-poly-C; on 
the other hand, there is a recent swing in some quarters 
back to interferon itself, even if it is elusive and hard 
to purify. 


ELECTRONS IN SOLIDS 


Photoelectrons are Useful 


from our Solid State Physics Correspondent 


Tue behaviour of inter-particle forces in a solid can 
often be revealed by tracking some mobile particle, 
for example, an X-ray or ultraviolet photon, the motion 
of which will be affected by interactions within the solid. 
A different technique, gaining extra applications each 
year, is based on the analysis of the electrons emitted 
from the solid after the absorption of a photon from an 
external beam. This photoelectron method has already 
been. seized í on by chemists as a means of studying 
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molecular orbitals and other properties not readily 
accessible by conventional spectroscopy. 

Two recent articles in Physical Review Letters show that 
measurements of the spin polarization of photoelectrons 
can give useful information about the electron states in a 
metal. R. E. De Wames and L. A. Vredevoe (Phys. Rev. 
Lett., 23, 123; 1969) have shown that in gadolinium—- 
the most suitably ferromagnetic metal for photoelectron 
studies—-the orientation of the magnetic moments 
of the electrons emitted is related to the polarizations 
of the electrons in the conduction band by means of an 
electron-magnon interaction which occurs as the elec- 
tron travels to the surface of the solid. At high energies, 
however, the 1/E? term in the inelastic electron-magnon. 
cross-section guarantees that the scattering will be 
small, so that it should be possible to measure the 
polarization of the conduction band directly from the 
photoelectrons in this region. 

There are essentially three steps in a photoelectron 
emission process. A conduction electron is excited to 
a high energy state by absorbing a photon and then 
drifts to the surface, where it may or may not be 
emitted. In this procedure, the spin polarization may 
be affected by electron-magnon scattering or a spin 
dependent surface-barrier potential. De Wames and 
Vredevoe show that even on a simple Heisenberg model, 
the eleetron-magnon collisions have a decisive effect 
on the electron spins. This is contrary to the assump- 
tion of Busch et al. (Phys. Rev. Lett., 22, 597; 1969), 
who carried out measurements on gadolinium at low 
energies and interpreted their measured polarization 
of +5 per cent as reflecting directly that of the conduc- 
tion band. When De Wames and Vredevoe included 
the effect of the electron-magnon interaction, however 
they found that the measured polarization w ould resul 
from a conduction band polarization of around — 15 
per cent. They point out that to achieve a direct 
correlation requires considerably higher energies than 
those used by Busch et al. 

A novel use for photoelectrons has also been put 
forward by U. Fano (Phys. Rev., 178, 131; 1969), who 
predicts that the ionization of caesium atoms by ciren- 
larly polarized light would produce spin polarized 
electrons. This prediction rests on the existence of a 
spin-orbit interaction in the continuum state of the 
photoelectron before it becomes free. M.S. Lubell and 
W. Raith (Phys. Rev. Leit., 28, 211; 1969) have tested 
Fano’s theory by measuring the counting rate of ions 
produced in the photoionization of polarized caesium 
atoms. This quantity is directly related to the polariza- 
tion of photoelectrons in the conventional experiment, 
but is claimed to give a better statistical accuracy. 
Lubell and Raith have found that Fano’s assumption 
that there should be a non-zero cross-section arising 
from a spin-orbit interaction is upheld remarkably well, 
They made measurements for various energies and 
obtained a polarization curve which they sige abe as 
firmly supporting the existence of spin-orbit coupling 
in the continuum state. 














CARTOGRAPHY 


Space Age Road Map 


from our Geomagnetism Correspondent 


Tue United States Geological Survey and the National 
Aeronautics and Space Administration have jointly 
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Satellite photomap of the Tucson, Arizona, area with transport 
network superimposed. The map is based on a photograph 
taken by Gordon Cooper and Charles Conrad from Gemini V 


on August 21, 1965. (Photo: US Department of the Interior, 


Geological Survey.) 


published what they call an experimental ‘space age 
road map” of Tucson, Arizona, and vicinity. The 
photomap is based on a photograph taken from Gemini 
V at an altitude of about one hundred miles during 
August 1965, and covers an area of about 5,500 square 
miles. By contrast, to cover the same area by conven- 
tional mapping photography at 30,000 feet would 
require about seventy-five separate pictures. 

According to Dr William T. Pecora, director of the 
Geological Survey, the new map “tells it like it is”. 
Certainly it shows a great many things that are not 
shown on conventional road maps nor even standard 
topographic maps-—the distribution of cultivated fields, 
snow on the mountains and large scale land clearing 
operations, for example. Neither the USGS nor NASA 
attributes to the map any world shattering significance. 
Rather, they are content to point out that maps of this 
kind can provide extra enjoyment and education to the 
tourist interested in the countryside. The first map 
thus “represents an effort to test the utility of space 
data to serve as an information base for products of 
interest to the average man”. It is a worthy, if modest, 
aim. 


RADAR 


Wings, Tails and Propellers 


Ever since the early 1930s, when it was realized that 
radio echoes from ships and aircraft could be used to 
deduce their location, there has been interest in the 
improvement of the resolution obtainable with radar. 
The essential requirement of a high resolution radar 
system is that the spatial pulse length of the radiation 
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should be considerably less than any dimension of the 
target. The waveform of the reflected beam on a 
suitable oscilloscope can contain several peaks asso- 
ciated with parts of the target which are at slightly 
different distances from the transmitter and receiver, 

Davies and Bromley (Proc. TEE, 116, 1293: 1969), 
working at the Royal Radar Establishment, Malvern, 
have now shown that the separate parts of an aircraft 
~-wings, tail section and so on—ean be recognized in 
this way. Examples of the waveforms obtained with 
10 MHz bandwidth (~30 m spatial pulse length) and 
80 MHz bandwidth (~3 m) are shown in the upper 
and lower oscillograms respectively (Fig. 1). The 
80 MHz trace has structure associated with radar 
reflexions from the wing and engine assembly (centre) 
and from the tail section (left). Because these wave- 
forms are produced by the superimposition of about 
130 consecutive events, variation in the amount of 
energy reflected from the moving propellers can just 
be picked out. (right). 

The same technique also leads to a measurement of 
the “equivalent echoing area”, which is defined in terms 
of a comparison between the largest peak in a high 
resolution waveform and the single peak in a low 
resolution waveform. This rather complicated way of 
assessing the efficiency of high resolution detection is 
necessary because of the continually changing aspect: 
presented by a flying aircraft and consequent dif- 
ferences in its reflecting properties. It is possible to 
investigate various shapes of reflecting surface in this 
way. 

Although it would seem that a fully developed high 





Fig. |. 
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resolution system could be used for investigation of 
the external payload of an aircraft (for example, 
missiles carried under the wings), there are several 
other uses under active investigation. In particular, 
members of the Electrical Engineering Department of 
the University of Birmingham are working on a guiding 
device for emergency services which have to cross an 
airport in low visibility after an accident. It is clear 
that there is also tremendous scope for guiding devices 
as distinct from the more conventional uses of radar 
solely as a detector. 


ELECTRICAL ENGINEERING 


Efficient Induction Alternator 


A NEW form of alternator without the disadvantages 
of conventional d.c. excited machines, and with a 
higher power output than inductor alternators, has 
been developed by Professor F. ©. Williams and Drs 
G. W. McLean and D. Tipping at the University of 
Manchester (Proc. IEE, 116, 8; 1969). The alternator 
is induction excited, with no electrical connexions to 
the rotor, but it produces magnetic fluxes in the stator 
alternately in opposite directions—a much bigger 
swing than induction alternators produce. Two experi- 
mental machines have been built and their “encourag- 
ing” performance indicates that this type of alternator 
should find wide application for high frequency genera- 
tion. The hope is that the first commercial version of 
the alternator will be built by English Electric as an 
auxiliary generator for diese] engines. 

In the new alternator, the stator carries the d.e. 
exciting current as well as the a.c. output coils, while 
the varying magnetic field is generated by the induced 
a.c. in the rotor. The d.e. winding in the stator slots 
forms a square wave distribution and an approximately 
square wave current is induced in the equally spaced 
rotor windings. (The rotor windings can alternatively 
be distributed so that a sinusoidal current is induced.) 
The flux density in the small air gap between stator 
and rotor can be divided into an average “d.e.” com- 
ponent and a pulsating “a.c.” component due to the 
induced rotor current. If the d.c. component is kept 
low, the resultant flux density will alternate in direction 
at a given point on the stator. In the experimental 
machine, the average flux swing was about four-thirds 
of the saturation flux. 

In induction alternators, the flux does not change 
direction and the total swing is only about two-thirds 
of the saturation flux, so that the new machine has 
almost twice the power to weight ratio of inductor 
alternators. In conventional d.c. excited machines, 
the variation is twice the saturation flux, but the 
disadvantage here is that slip rings connecting the 
stator and rotor are required. The current that can 
be passed through each brush and slip ring combination 
is limited to about 100 amp and, if the magnetic 
fields are to be high enough, many turns are required 
for the rotor coils. This in turn causes heating problems 
which can limit output. Other difficulties arise when 
the alternator is used in environments or at speeds 
which quickly wear out the brushes and slip rings, 
In the new alternator, the rotor can be allowed to 
carry up to about 1,000 amp, so that the coil configura- 
tion can be a few turns of thick wire and the heating 
is not severe. 


669 


ELECTRONICS 


Digital Methods of Measuremeni 


from a Correspondent 


Iv is appropriate that the conference on digital methods 
of measurement, organized. by the Institution of Elec- 
tronic and Radio Engineers at the University of Kent 
on July 23-25, should have taken place during the 
recent Moon flight. Digital methods depend heavily 
on the integrated circuit which has been the most 
important product of a lively electronics industry, 
stimulated greatly by the requirements of space 
research. These devices, tiny silicon chips, about one 
tenth of an inch square, can contain up to hundreds 
of transistors connected so as to give logical building 
bricks—that is, functional units that perform the 
logical operations of “and”, “or”, “not” and complex 
combinations of these basic functions. 

In digital systems, quantities are represented as a 
series of yes/no events rather than a continuously 
variable quantity. For example, a voltage instead of 
being represented by a pointer moving across a 
scale might, in a digital system, be defined as a number 
of ten bits, that is, an assembly of ten indicators 
which represents 2°, 21... 2° units. The limitation of 
the system is that the voltage can only have 2°, that 
is, 1,024, discrete values. The advantages stem from 
the fact that all real systems contain noise—-electrical 
disturbances—and these disturbances make uncertain 
the readings of a conventional analogue system. In a 
digital system, until the noise becomes large enough 
to cause confusion as to whether a signal is a “yes” 
or “no”, the performance of the system is not degraded. 

Three themes emerged during the conference. First, 
and most directly advocated by Professor P. B. Fell- 
gett (University of Reading) the importance of putting 
the data into digital form as early as possible. Although 
this is technically desirable, R. V. Wall (Plessey Co., 
Templecombe) and other speakers felt frustrated by 
the difficulties in gaining acceptance for some of the 
newer transducers, which seem more accurate than 
the old, by the traditional sciences such as meteorolo 

The second theme (introduced by L. Molynew 
(University of Newcastle)) concerned the need for small 
computers (costing about £1,000) that could be incor- 
porated economically into systems. In this way the 
action of the systems could be determined by program 
rather than by their detailed construction and the same 
“hardware” used in various situations leading to a 
low unit cost. As the cost estimate indicates, these 
machines, although satisfying the scientific label of 
computer in that they contain a stored program and 
can modify their action according to the results of the 
calculations, would be different from the generally 
aceepted idea of a computer. Nevertheless, Molyneux 
suggested that the addition of simple peripherals (kev- 
board, printer, tape unit) would make them into a very 
suitable machine for teaching computing in schools, 
and in parts of technical college and university courses. 

Finally, the conference considered communications, 
Tt is possible, and is becoming more and more the 
method of choice, to transmit telephone conversations 
by turning the signals into and out of digital form. 
The advantages, apart from those of digital systems 
in general, are that the digital signals are simple to 
multiplex or to send in parallel through one channel. 
A difficulty, as described by A. N. Ramsden (Marconi 
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Instruments Ltd, St Albans), is that the American 
system for deciding the relationship between the digits 
and a particular signal level is different from that used 
in Europe. Compromise seems impossible and one side 
will have to give way. The nub of the matter is that 
the American system is theoretically better but difficult 
to implement, while the European system, though not 
quite so good in theory, is satisfactory in practice and 
simple to realize. 


MATERIALS 


Properties and Microstructure 


from a Correspondent 


More than a hundred people from fifteen countries 
met in Haifa on July 28 for a week to discuss the 
quantitative relationship between the properties and 
the microstructure of materials. In view of the fact 
that materials science is largely devoted to this type of 
activity, together with the related problem of the 
production of materials with the required microstruc- 
ture, it is perhaps surprising that this was the first 
conference with such a title. It was most notable 
that the properties discussed were almost exclusively 
mechanical, with only three papers dealing with 
electrical and one with magnetic properties. And 
metals, with three exceptions, were the only materials 
discussed. It is disappointing that, of the many groups 
of people now studying materials, only the metallurgists 
seem to have recognized the vital role of microstructure. 

More than half of the seventy papers explicitly 
related properties to the observed microstructure, 
though in a few cases the relationship was largely 
qualitative. Most of the other papers dealt with the 
determination of quantitative information concerning 
microstructure, for various microscopical techniques, 
and with the development of microstructure. Topics 
discussed included the strength and resistance to frac- 
ture of fibre reinforced composites, high temperature 
creep, fracture, recrystallization and conventional 
strengthening of metals by finely dispersed second 
phases and by fine grain size. There were only two 
papers on the currently fashionable superplasticity, 
which was a pity because this is at present in a very 
confused but scientifically interesting state. But in a 
very interesting study B. Burton and G. W. Greenwood 
(University of Sheffield) identified creep by grain bound- 
ary diffusion in copper at temperatures about half the 
absolute melting temperature at very low stresses. 
This work supported Coble’s theory of this process, 
which is of a Newtonian viscous flow mechanism. 
Burton and Greenwood showed that a very fine grain 
size, though desirable in materials used for low tempera- 
ture applications, could be disastrous in materials 
subject to surprisingly low stresses at moderate or high 
temperatures. 

Papers dealing with the observation of microstruc- 
ture included two very interesting new techniques. 
H. L. Glass and S. Weissmann (University of New 
Jersey) described a Kossel X-ray method which could 
be used to produce both line profiles and selected area 
topographs on beryllium single crystals which were 
deformed in situ. J. S. Kallen and G. J. Davies 
(University of Cambridge) described a technique for 
obtaining quantitative information on crystalline tex- 
tures from the conventional qualitative pole figure. 
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They were able to apply the results to predict satis- 
factorily the elastic and plastic behaviour of textured 
sheet metal. 

In general this was a very successful conference, 
the only drawback of which was the very wide range of 
subjects covered for the relatively small number of 
participants present—-this reduced the range of discus- 
sion. This might have been a consequence of fears 
about the disturbed political situation in the Middle 
East, and it was perhaps significant that there was only 
one paper from Russian scientists and even this was 
withdrawn when the authors were unable to come to 
the conference. The only delegate who came from 
Eastern Europe was a Rumanian. 


CHEMICAL STRUCTURE 


Norbornyl Cation 


from our Organic Chemistry Correspondent 


For almost a decade the norborny! cation has been the 
focal point of a controversy which has aroused emotions 
supposedly alien to the scientific approach, and has 
attracted attention probably quite disproportionate 
to its significance as a part of organic chemistry. A 
solution to the underlying question of whether a 
carbon-carbon o-bond may be delocalized (the “non- 
classical” viewpoint) or not (“classical”) in the ground. 
state of this and related organic cations, may at last 
be to hand. 

For years the norbornyl cation was accessible only 
as a reaction intermediate, but in 1964 stable solutions 
of the ion in liquid sulphur dioxide were obtained, and 
study by nuclear magnetic resonance spectroscopy 
became possible. Unfortunately this did not allow a 
distinction between the classical (1) and non-classical 
(2) alternatives, because 2,6-hydrogen migrations (for 
example 1B=1C in the diagram), as well as the possible 
carbon skeleton (Wagner—Meerwein) rearrangement. of 
the classical ions (LA#1B), were too rapid, even at 
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~ 100° C, compared with the nuclear magnetic reson- 
ance time scale. Last year (J. Amer. Chem. Soc., 90, 
3882; 1968), Olah’s group at Case Western Reserve 
University brought Raman spectroscopy, with its 
much shorter time scale, to bear on the problem and 
concluded that the norbornyl cation showed a much 
closer structural similarity to nortricyclene than to 
norbornane. But equilibrating edge-protonated nortri- 
cyclenes (3) seemed to fit the data as well as did (2). 
Olah and White have now found support for these two 
alternatives in 1C chemical shift data (J. Amer. Chem. 
Soc., 91, 3954; 1969). More significantly, the same 
workers, utilizing a mixed solvent system, have found 
it possible to record 1H nuclear magnetic resonance 
spectra at temperatures as low as — 154° ©. In these 
conditions the hydrogen migration is frozen out, and 
the presence of two equivalent pairs of protons revealed. 
This is consistent with a rapid equilibration of (1A) 
and (1B), or with one of structures (2), but is incom- 
patible with (3) (ibid., 3956). The combined data, 
therefore, argue very strongly in favour of non-classical 
structures (2). The pentacoordination of carbon in 
(2) is reminiscent of that in the dimer of trimethyl- 
aluminium. 

Olah argues that structures (2) also represent the 
cationic intermediate formed in solvolyses of norborny] 
derivatives, In addition, his group have extended their 
spectroscopic studies to substituted norbornyl cations, 
and it seems that 2-methyl-2-norbornyl cation exhibits 
appreciable o-bond delocalization, but in 2-phenyl-2- 
norbornyl cation the charge is localized as in a benzyl 
cation (ibid., 3959). 

It remains to be seen whether these compelling new 
conclusions will stand up to unsympathetic scrutiny. 


NUTRITION 


A Salty Tale 


from a Correspondent 

Sarr licks excavated by elephants in the Wankie 
National Park, Rhodesia, during the dry season may 
represent a social centre of elephant activity compar- 
able with the watering holes or pans at which they 
congregate in the evening. The licks contain a high 
concentration of sodium, which obviously gives them 
nutritive value. Brown extracts of lick soils smell 
strongly of stale elephant faeces and urine—a feature 
which may help elephants to detect sodium-rich soil 
regions during successive years. Nobody knows 
whether the organic matter in the licks is of any value 
to the elephant’s digestive system. 

Elephants excavate the licks by pounding the soil 
with their fore toes and shoving material into their 
mouths with their trunks—they appear to hold the 
soil by twisting the tip of the trunk into a loop. The 
licks, which may be 0-5 to 1-5 metres deep and 3-0 to 
25 metres across, are used chiefly during July to 
November, although there is some indication that 
elephants prefer drinking water which accumulates in 
the licks during the wet season. The licks occur most 
commonly either in the centre of flat, grassy patches 
some hundreds of metres in diameter or at the edge of 
such grassy patches where the ground slopes down- 
wards towards a pan. They are sometimes formed at 
the base of termite mounds. 

J. S. Weir, of the Department of Biological Sciences, 
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University College of Rhodesia, has analysed the chemi- 
cal composition of salt lick soils in the north-east 
section of the park and his findings for 19 are 
reported in the latest issue of the Journal of Zoology 
(158, 293; 1969). Salt licks have a higher concentration 
of water-soluble sodium than normal soils from the 
area, the “active” face of the lick at a depth of 05-140 
metre having the highest concentration. In the absence 
of sodium, the minerals magnesium, calcium and potas- 
sium may be developed to a slight extent as licks, and 
Weir has found that termite mounds, which have high 
concentrations of these minerals, are occasionally used 
as licks by elephants, but not if adjacent soils have a 
higher sodium content. 

Aqueous extracts of salt licks have a brown colour, 
the intensity of which is proportional to the sodium 
content. This brown matter, which smells of elephant 
faeces and urine, seems to be a derivative of elephant 
dung deposited on the licks-—-the quantities deposited 
being much higher than those found in other parts 
of the park. Weir says this could imply that elephants 
spend proportionately more time on salt licks than 
elsewhere or that their behaviour while on the lick is in 
some way different from normal. Thus the licks must 
play a significant part in the social life of the elephant. 
Superficial examination of the brown extract indicated 
a sodium salt complex of humic or hymatomelanic 
acids derived from dung, and the smell could well play 
some part in the detection of sodium concentrations 
in the soil from year to year. This hypothesis is 
strengthened by the absence of the brown colour from 
regions with a high sodium content but which have not 
been developed as licks. 

Weir says the intensity of the present usage of salt 
licks by elephants is causing localized soil erosion, 
which could result in the filling of many clay pans with 
coarser sands within twenty or thirty years. 























PROTEIN SYNTHESIS 


Things that go Bump in the Cell 


from our Molecular Biology Correspondent 


THE notion has been current for some time that the 
polysomes attached to the endoplasmic reticulum of 
mammalian cells manufacture proteins for export, 
whereas those in the cytoplasm make only intracellular 
proteins. There is now some experimental support 
for this idea, and indeed a further example has just 
appeared (Takagi, Tanaka and Ogata, J. Biochem. 
(Tokyo), 65, 651; 1969). These workers reported earlier 
that only the microsomes of rat liver could be shown to 
synthesize serum albumin in a cell-free system. They 
now show that this also holds iz vivo. They adminis- 
tered a pulse-label of “C-amino-acids, and followed 
the appearance of radioactivity in the ribosomal 
fraction, released by treatment with EDTA, A steep 
maximum occurred at one to two minutes. Extraction 


of the nascent protein chains, followed by assay with 


an antiserum to rat albumin, showed that the growing 
albumin chains were confined to the microsomal 
fraction. (Related results, it may be noted, were 
described by Redman and by Hallinan et al.). 

It is only the extracellular proteins that are subject 
to extremes of environmental conditions, especially 
pH, and it is presumably for this reason that disulphide 
bonds occur in these, rather than intracellular enzymes 
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Now the disulphide exchange enzyme, which catalyses 
the correct pairing of cysteines in an open polypeptide 
chain, seems to be present in all mammalian tissues, 
and resides in the endoplasmic reticulum. This is 
evidently where it can do most good, if it is here alone 
that the disulphide proteins, which are to be carried 
out of the cell, are synthesized. The relation between 
the activity of this enzyme and the concentration of 
polysomes in the membrane is the subject: of an arrest- 
ing paper by Williams and Rabin (FEBS Letters, 4, 103; 
1969). The disulphide exchange activity in the miero- 
somes can be measured in terms of the regain of enzyme 
activity of oxidized ribonuclease. From microsome 
fractions of three tissues from the rat, it was estab- 
lished that the specific activity diminishes in each case 
in proportion to increasing polysome concentration. 
Williams and Rabin then examined the effect on this 
system of the steroid-like carcinogen, aflatoxin B, 
which is known to act at membranes, and also to 
inhibit protein synthesis. 

It indeed caused the disulphide exchange activity to 
rise, and finally to approach a value corresponding 
to the availability of all the enzyme molecules. More- 
over, a given aflatoxin treatment reduced the ribosome 
concentration in the membrane by precisely the extent 
expected to produce the observed activity. It is 
evident, therefore, that aflatoxin induces specifically 
the release of polysomes from the membrane. The same 
kind of stimulation of enzyme activity could be en- 
gendered by stripping away the ribosomes with EDTA. 
But whereas in this case the exposure of the enzyme 
could be reversed by adding new polysomes in a 
sufficient concentration of magnesium, the effect of 
aflatoxin was irreversible. 

In view of the structure of aflatoxin, it is not surpris- 
ing to find that corticosterone competes with it, and 
partly reverses its effect. Williams and Rabin con- 
jecture that the attachment of polysomes to the mem- 
brane might be governed by the presence of the hor- 
mone at the polysome-binding, or some structurally 
related, site. Evidence for such a scheme was not 
lacking: when EDTA-treated microsomes were exposed 
to corticosterone before addition of polysomes and 
magnesium, the uptake of polysomes—and consequent 
suppression of disulphide exchange activity—greatly 
exceeded the normal level. This was not so when 
cortisol, which does not compete with aflatoxin, was 
substituted for corticosterone. Moreover, “smooth” 
membranes, which bear no polysomes in the cell and 
have little capacity to bind them, can be activated by 
corticosterone, so that they acquire a strong affinity 
for polysomes, with complete inhibition of the disul- 
phide exchange enzyme. It seems then that the enzyme 
resides in the polysome binding site, which is opera- 
tive only when the hormone is also present. One may 
hope ultimately for a bonus from this stylish piece 
of work, in terms of the nature of the carcinogenicity 
of aflatoxin. 


MOLECULAR STRUCTURE 


Can you see Allostery ? 


Ir is an old speculation that molecular shape might be 
visible. An article by A. J. Rowe and P. D. J. Weitzman 
in J. Mol. Biol, 48, 345 (1969), now reports that 
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Pictures obtained by superimposition of micrographs of 
enzyme molecules, negatively contrasted in 2 per cent 
ammonium molybdate, in groups of eight. Left-hand pic- 
ture, free enzyme; right-hand, enzyme-NADH complex. 
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allosteric changes in the enzyme citrate synthetase can 
be recognized in electron microscopy The enzyme is 
inhibited by NADH, and this inhibition is reversed 
by high concentrations of neutral salt or by AMP. 
Rowe and Weitzman have measured the mean diameter 
of enzyme molecules in uranyl acetate contrast medium 
and have found an increase on binding NADH. The 
diameter of the free enzyme is about 9-9 nm and that 
of the enzyme-NADH complex is 12-3 nm. In strong 
potassium chloride, both free and complexed forms 
have an intermediate mean diameter of 11-0 nm. NAD 
and NADH, which do not inhibit the enzyme, do not 
affect. the molecular diameter, which goes to support 
the general argument. 

The use of ammonium molybdate as a contrast 
medium is more informative—a minority of molecules 
(about 10 per cent) clearly have three-fold symmetry. 
Most probably, these molecules were favourably 
orientated for being detected, for the preparation was 
shown to be homogeneous on gel electrophoresis. The 
size of these subunits and the protein molecular weight 
correspond to a tetrahedral configuration of four per 
molecule. Rowe and Weitzman have measured the 
average separation between the subunits and there is a 
small difference between the free enzyme (52 Å) and 
the complex of enzyme and NADH (62 Å), which is 
apparent to the unaided eye when enough pictures of 
molecules of each type are superimposed (Fig. 1). 

The snag with this technique is that the changes are 
not very big and could be accounted for in other ways. 
Binding of NADH to the enzyme, for instance, might 
cause it to sit skew on the grid, thereby appearing 
slightly bigger, and electron microscopy may turn out 
to be limited to allosteric enzymes where regulation is 
related to change of aggregation such as glutamate 
dehydrogenase. 


SLIME MOULDS 


Chemotaxis and Development 


from our Microbiology Correspondent 


Tue spate of reports on biochemical differentiation 
and developmental patterns in slime moulds continues 
and, in particular, elucidation of the mode of action of 
chemotactic substances and how they mediate normal 
aggregation is being hotly pursued. The latest results 
from J. T. Bonner’s laboratory at Princeton (Bonner 
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et al., Developmental Biology, 20, 72; 1969) relate to the 
synthesis and destruction of acrasin, the chemotactic 
substance of Dictyostelium and related genera of cellular 
slime moulds. In D. discoideum, individual amoebae 
aggregate about a central locus after they have ex- 
hausted their food supply and differentiate into a multi- 
cellular, stalked fruiting structure. Acrasin is the 
substance which controls this aggregation and, although 
the endogenous material may have a different chemical 
nature, cyclic-3’5'-AMP mimics its action. Further- 
more, D. discoideum produces an extracellular enzyme 
which converts cyclic-3'5’-AMP to 5’-AMP; this phos- 
phodiesterase is referred to as acrasinase and the 
product of its action does not elicit a chemotactic 
response. Bonner’s group has sought to unravel the 
interaction of acrasin and acrasinase in the normal 
aggregation sequence, 

The problem was tackled from two directions, first 
by determining the moment during the developmental 
cyele when the two substances were synthesized and 
second, by manipulating the environmental concentra- 
tions of acrasin and acrasinase and observing the effects 
on development. Acrasin was separated from the 
enzyme by a simple dialysis procedure and then assayed ; 
acrasinase was assayed by monitoring the release of 
tritiated 5'-AMP from the labelled cyclic substrate. 
The initiation of amoebal aggregation was accompanied 
by a sudden, hundred-fold increase in eyelic-AMP 
(now identified in D. discoideum as the native acrasin). 
Not only is the production of acrasin stimulated at 
this time but the receptiveness of the amoebae is a 
hundred times greater than that of feeding amoebae. 
Thus aggregating cells show a 10*-fold increase in their 
stimulus-response mechanism over their vegetative 
counterparts. 

By contrast, acrasinase synthesis seemed relatively 
constant throughout development. Because the mole- 
cular weights of cyclic-AMP and the phosphodiesterase 
are 329 and about 300,000 and the movement of their 
concentration gradients is proportional to the square 
root of their diffusion, coefficients, it can be anticipated 
that the enzyme would diffuse about one third of the 
distance of the acrasin in a given time. Thus surround- 
ing a group of cells will be an outer zone of acrasin and 
an inner zone of enzyme, and, as a result of enzyme 
action, the acrasin gradient will increase with the dis- 
tance from the cells. As Bonner suggests, the exact 
nature of the gradient will be influenced by many 
factors, but its inception is almost certainly the means 
by which orientated movement is maintained. Several 
experimental systems in which artificial aggregation 
patterns were produced by unevenly distributing 
cyclic-AMP in the agar substratum or by uneven 
distribution of cells demonstrated the centre-producing 
capacity of localized concentrations of acrasin, the 
necessity of acrasinaso in forming steep gradients and 
the role of such gradients in procuring cell adhesion 
and movement. These gradients also may inhibit the 
formation of small, secondary aggregations. There is 
varied evidence for the heterogeneity of the amoeba 
population at the end of their vegetative growth phase; 
acrasin production and/or sensitivity might also vary 
within this population at this time. Consequently, 
certain premature cells could be envisaged as initiating 
the aggregation process. Indeed, such a situation has 
been shown in various species of Polysphondylium where 
the initiating cells have been termed founder cells 
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(Shaffer, J. Exp. Biol., 38, 833; 1961). Thus, there 
seems to be a relatively simple mechanism for the 
reorganization of individual, independent cells into a 
new multicellular steady state. 


PHYTOCHROME 


Control of Root Nodule Formation 


from our Plant Physiology Correspondent 


THERE seems to be no end to the catalogue of growth 
responses mediated in plants by the phytochrome 
system. T. A. Lie of Wageningen has recently dis- 
covered that the formation of root nodules in peas 
and beans can be markedly influenced by red and far- 
red light (Plant and Soil, XXX, 391; 1969), 

Phytochrome (or Pr for short) is a blue-green chromo- 
protein which is seemingly ubiquitous in plant tissues. 
It exists in two interconvertible forms: Pr is converted 
to the second form, Pfr, by irradiation with red light. 
Pfr can be converted back to Pr by irradiation with 
far-red light. Most plant physiologists believe that 
Pfr is the active form of the pigment, functioning as a 
kind of metabolic switch which indicates the presence 
of light to the plant. 

The ability of leguminous plants to restore and main- 
tain soil fertility resides in the peculiar nodular struc- 
tures found on the roots of these plants. These nodules 
contain large numbers of the Gram-negative bacterium 
Rhizobium, which can fix atmospheric nitrogen. into 
organic forms which can then be utilized by the host. 
plant. Infection of the host plant and development of 
the nodules are characteristic features of a highly 
specific symbiotie relationship. Motile nodule bacteria 
present in the soil are attracted to the roots of the host 
plant by substances secreted into the soil by the host 
plant. After infection has taken place, the host tissue 
responds by an increase in the rate of cell division in the 
infected region, which leads to the formation of the 
characteristic nodular growth. Against this back- 
ground, Lie’s findings are of particular interest because 
they may lead to greater knowledge of both phyto- 
chrome physiology and symbiosis. 

Lie has grown peas and beans infected with Rhizobium 
strain PRE on a daily cycle of eight hours fluorescent 
light and sixteen hours darkness. A few minutes of 
far-red light (730 nm) given at the end of the photo- 
period on each of the five days following inoculation 
of the plants with the bacterium were sufficient to 
reduce markedly the number of root nodules that 
subsequently developed. Red light alone had little 
effect on the extent of nodulation, but if given immedi- 
ately after the far-red treatment, it would partially 
reverse the inhibition caused by the far-red light. 
This was also true for an alternating series of red and 
far-red irradiations—classical evidence for implicating 
the photoreversible phytochrome system in the re- 
sponse. Root nodule formation is known to be depend- 
ent on the supply of carbohydrates made available from 
photosynthesis, but Lie has been careful to eliminate 
from his experiments photosynthetic effects and 
changes in carbohydrate ratios resulting from stem 
elongation. An intriguing feature of these experiments is 
that it would seem from Lie’s data that the stimulus 
which inhibits nodule formation can be transmitted 
from the shoot to the root, but that no stimulus result. 





674 


ing from phytochrome conversion is transmitted in the 
opposite direction. Further results suggest that this 
must be movement of a chemical message, and not 
merely transmission of the light stimulus or of phyto- 
chrome molecules. Nodulation is reduced in the roots 
of plants of which the shoots alone have been treated 
with far-red light. Irradiation of the roots with red 
light, however, could not relieve the inhibition. 

It is not simple to picture the part that phytochrome 
plays in the development of root nodules, but it does 
seem that the presence of Pfr is necessary for nodula- 
tion. Plants grown in total darkness show little or no 
tendency to form nodules, although this can be partially 
overcome by low temperatures or exposure to small 
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amounts of red light (McGonagle, Proc. Roy. Soc. 
Edinburgh, B, 63, 219; 1949). This is probably a 
result of carbohydrate availability. It is clear that it 
is the symbiotic union of plant and bacterium which is 
affected by the phytochrome system, and not merely 
the physiological state of the plant alone. Lie has 
found that far-red light most effectively inhibits 
nodulation when the shoots or roots are irradiated 
about three days after infection: far-red light given at 
other times was comparatively ineffective. It will be 
immensely interesting to learn more of how phyto- 
chrome can influence such a complex interrelationship ; 
perhaps this will prove a new approach to tackling the 
fascinating problems in the physiology of symbiosis. 


Immunization against Rubella 


Although rubella (German measles) causes comparatively few con- 
by genital malformations, these are often severe and frequently multiple. 


J}. A. DUDGEON 
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Techniques are now available for accurate diagnosis and the develop- 
ment of a vaccine ; 
rubella during pregnancy. Although vaccines seem to be attenuated, 
their effect on the foetus is not known, and they should not be given 
during pregnancy. 


in the future it should be possible to prevent 


Immunization schedules must be devised with 


this in mind. 


Ix the past nine months two international conferences have 
been held to discuss immunization against rubella. The 
first took place in London in November 1968 under the 
auspices of the Permanent Section of Microbiological 
Standardisation! and the second in February this year at 
the National Institutes of Health, Bethesda, Maryland. 
(The proceedings of this were due for publication in July 
and August.) Both conferences were concerned primarily 
with immunization, but at both the opportunity was 
taken to take a broad look at rubella as a disease. There 
were papers on the epidemiology and natural history of 
rubellat?, clinical aspects and pathogenesis’, methods of 
isolating the virus and identification of rubella antigens 
and antibody'?. There was also detailed discussion on 
congenital rubella, its clinical aspects, pathogenesis and 
immunology!?. For those not intimately concerned with 
the study of this virus disease, the holding of an inter- 
national confercnee, let alone two, may at first sight seem 
rather strange. 

To most people, rubella is a mild disease with few 
complieations, which most of us contract at some time in 
childhood or adolescence. Frequently people cannot 
remember if they have had rubella or not (unlike measles) 
and, if they think they have, they are often wrong. 
Other infections can simulate rubella and subelinical 
infection is common; the net result being that accurate 
diagnosis on clinical grounds is difficult even in the 
presence of an epidemic. Why then should this disease 
attract so much attention at this time ? For the answer 
one must go back thirty years. 





Rubella in Pregnancy 

In 1988 Hire and Tasaka* transmitted rubella to 
children by the imoculation of blood and bacteria-free 
filtrates of naso-pharyngeal washings taken during the 





prodromal phase of the disease; only a proportion of the 
children inoculated developed clinical rubella. This 
confirmed the concept, put forward by Hess in 1914, that 
rubella was a virus disease. The significance of this 
discovery was overshadowed by the outbreak of the 
Second World War and the inevitable disruption of seienti- 
fie research. But a year or so later an event occurred 
which was radically to change opinion concerning the 
role of rubella virus as a pathogen. In 1940, rubella 
appeared in epidemic form in Australia. The epidemic 
was extensive and the disease severe. Many young men 
and women called up for military service cont racted it and 
for a time, because of its severity, the diagnosis of rubella 
was in doubt. The following year, in the first half of 
1941, the late Sir Norman Gregg’, an ophthalmolo- 
gist in Sydney, observed an unusual mumber of cases 
of congenital cataract. In addition to cataracts, most of 
which bilateral, many infants were small, ill- 
nourished and difficult to feed. In sixty-seven of the 
seventy-cight, patients, Gregg? found a history of rubella 
in the mother in early pregnancy and forty-four cases also 
had congenital heart disease. He established this associa- 
tion on clinical and epidemiological grounds. Later Swan 
et al.6 in Adelaide and Gregg’ found that a high proportion 
of the children, as they became older, were deaf. The 
syndrome of cataracts, heart disease and deafness often 
associated with mental retardation came to be known as 
the “rubella syndrome”. By 1948 confirmatory reports 
of the association between maternal rubella in early 
pregnancy had come from all over the world, This was 
the first evidence of an intrauterine infection leading to 
congenital malformations. 

At first the risk of rubella in pregnancy seemed to be 
very great; nearly 100 per cent of infection occurred in the 
early weeks of pregnancy, but this can. now be explained 
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by the fact that the information about the mothers’ 
illnesses in pregnancy was sought many months, even 
years, afterwards. Later, prospective studies carried out 
in Sweden" and Great Britain? revealed lower figures of 
10 to 15 per cent for congenital malformations following 
first trimester rubella. Nevertheless, these prospective 
studies probably underestimated the risk as much as the 
retrospective studies overestimated it. Methods of assess- 
ment varied and only malformations of the rubella 
syndrome type were looked for following a maternal 
illness with a rash diagnosed on clinical grounds. A 
precise figure for the risk of foetal damage cannot be 
obtained, but it is clearly much higher in the first 8 weeks 








of pregnancy than in the second 8 weeks. If the risk of 


foetal death, stillbirths and defects recognized later in 
childhood is added to the principal risk of congenital 


malformations, the overall risk during the first 16 weeks of 


pregnancy is in the region of 30 per cent. Altogether this 
constitutes a serious risk, but it has to be remembered 
thet even after maternal rubella at the most critical stago 
for the foetus, the infant may be normal at birth and 
remain normal, 


Culture of Rubella Virus 


In 1962, 21 years after Gregg's discovery, Weller and 
Neva" and Parkman, Buescher and Artenstein!® reported 
simultaneously the isolation of rubella virus in tissue 
culture. This led to a major breakthrough in rubella virus 
research, It was soon shown by Weller? and later by 
McCarthy and Taylor-Robinson™ that rubella virus could 
be cultured in many different types of cell culture. These 
new techniques led to the development of diagnostic pro- 
cedures for rubella based on virus isolation and antibody 
determination by neutralization and complement fixation 
teehniques. The subsequent discovery by Stewart et al 
of a virus haemagglutinin led to the development of the 
more simple haemagglutinin-inhibition test. This tech- 
nique has revolutionized the study of many different 
aspects of rubella—diagnosis, epidemiology and patho- 
genesis. Although the test is comparatively simple to 
perform, there are several technical difficulties associated 
with it, for example non-specific agglutination at the 
removal of non-specific inhibitors. Experience is required 
in the interpretation of the tests. 

The extensive rubella epidemics of 1962-65 resulted in 
the birth of many malformed children, but the develop- 
ment of diagnostie techniques immediately before this 
led to the accumulation of much new knowled ge concerning 
congenital rubella. New clinical manifestations were 
recognized in addition to those of the classical rubella 
syndrome and it became clear that intrauterine infeetion 
could lead to a wide spectrum of clinical manifestations, 
ranging from a disseminated infection with multi-organ 
involvement to subclinical infeetion’*-"*, In the latter 
type of case resulting from disseminated foetal infection 
there is usually a low birth weight, neonatal purpura with 
thrombocytopenia and enlarged liver and spleen. These 
children often have cataracts and heart disease, and as thoy 
grow older are found to be deaf and retarded. Viro- 
logical studies have revealed that intrauterine infection 
leads to a chronic infection of the foetus which may 
persist for several months after birth!®2*, and in some 
organs such as the lens for many years. Contrary to 
expectation, infants with congenital rubella were found to 
have high levels of rubella antibody which also persisted 
when maternally transmitted antibody should have 











disappeared? t, At birth, rubella antibody is contained 
chiefly in the IgM fraction™ and high levels of IgM are often 
found in the blood®, Persistence of rubella virus and 
antibody and increased levels of IgM have made possible 
a retrospective diagnosis of intrauterine rubella after 
birth. 

Techniques were developed for isolating rubella virus 
from foetal tissues and in organ cultur $ 











5, revealing 
new information about the pathogenesis of congenital 
rubella and about possible mechanisms by which the 
virus damages cells? 2, New techniques have been 
developed to study rubella antigen, In addition to 
infectious virus, a haemagglutinin and two complement 
fixing antigens have been described? and Le Bouvier 
recently indicated that there may be others, Rubella is 
an RNA virus consisting of a roughly spherical partiele, 
approximately 700 Å in diameter, but with no obvious 
symmetry. According to Almeida’? it has some biological 
features in common with arboviruses but should not at 
present be classified as one of thet group. 








Live Vaccine 


Until a few years ago the only method of prophylaxis 
against rubella was with immune globulin. Although on 
clinical grounds there seemed to be some protection, it is 
now clear from virological studies that protection with a 
standard dose of 750 to 1,500 tag of pooled globulin cannot 
be guaranteed. Schiff, however, has shown that inm- 
fection can be prevented if immune globulin of high titre 
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is administered immediately after contact. Of greater 
practical importance, however, is the development of a 
live attenuated vaccine. In 1966 Parkman and Meyer 
and their colleagues"? reported that a strain of rubella 
virus had been attenuated by serial passage in African 
green monkey kidney cells and was immunogenic in 
children. This gave great impetus to vaccine develop- 
ment and in particular to the search for a vaccine which 
could be prepared in a cell substrate other than monkey 
kidney tissue because of the risk of extraneous agents. 
Several vaccines have now been developed and have 
already undergone extensive clinical trials'’. Among 
these are vaccines prepared in primary rabbit kidney 
tissue (Cendehill strain’); in duck embryo cultures 
(HPV-77DE5 and Benoit strains)?” and in human diploid 
fibroblast cells (RA27/3 strain). These vaccines have 
several points in common. They produce very few 
reactions in susceptible children; they produce sero- 
conversion in almost 100 per cent of vaceinees and all lead 
to exeretion of the vaccine virus in the nasopharynx for a 
variable period during the second or third week after 
vaccination. Transmission of infection, however, has not 
been reported?*, Reactions in adults, however, are more 
noticeable®® but, with the exceptions of joint pains and 
arthritis, observed with some vaccines, particularly in 
adult females: reactions have been generally mild. 
Vaccine development has now reached the stage when 
protection can be offered to the community. Already one 
vaccine, the Cendehill, has been licensed in Switzerland 





Particles of rubella vrus (x 250,000); there is a clear lack of 
The small fringe surrounding the particles is 
clearest in the particle in the top left hand corner. 
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and Belgium and a pre-license statement from the United 
States indicates that vaccine may soon be licensed there*®. 
How should rubella vaccine be used and at what age ? 
Approximately 15 per cent of individuals reach adult life 
without having hed rubella, but this number varies greatly 
from one country to another. Until more is known about 
the length of immunity following rubella vaccines it would 
be premature to make a firm decision on the optimal age at 
which immunization should be introduced. There are 
two possibilities. First, immunization in infants and 
young children may be introduced with the ultimate 
object of eradicating the disease; second, the alternative 
approach may be used of immunizing older children, 
particularly girls before puberty. Although there may be 
differences of opinion on the age for immunization, all are 
agreed that rubella vaccines should not be given to anyone 
who is pregnant or in whom pregnancy is a possibility. 
The effect of vaccine virus strains on the human foetus 
is not known, and there is no method of measuring 
pathogenicity for the foetus. For this reason vaccine, 
although attenuated, should be regarded as potentially 
dangerous for the foetus. 
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Investment in Energy 


by 
RICHARD BAILEY 
Gibb-Ewbank Industrial Consultants, 


24 Queen Anne’s Gate, 
London SWI 


Ix the Department of Economic Affairs (DEA) planning 
document, “The Task Ahead, an Economic Assessment. to 
1972”, the importance of advancing from a two-fuel 
economy based on coal and oil to an economy based on 
four fuels was said to promise substantial advantages. 
Energy requirements are forecast to grow at an aver- 
age rate of 1-6 per cent a year, reaching a total of 312 
million tons coal equivalent in 1970 and 326 milion 
tons coal equivalent in 1972. This forecast is broadly in 
line with the White Paper on Fuel Policy published in 
November 1967, but there is less precision about the share 
of each primary fuel particularly after 1970 (Fig. 1). The 
controlling factor will be the requirements of power 
stations which account for about a third of all primary 
fuel used and this in turn will be affected by the rate at 
which demand for electricity grows. Another uncertainty 
will be the rate of expansion in use of natural gas in the 
1970s, which in turn depends on the progress of North Sea 
exploration and development of new markets for gas. 

The DEA planning document, or Green Paper, points 
out that the demand for electricity has grown rather more 
slowly than expected and that coal consumption in 1970 
“may now fall a little short of the 155 million tons in the 
White Paper projections’. The growth of nuclear power 
and natural gas is also likely to benefit from this slower 
build-up. The report points out the importance of labour 
productivity in keeping down costs in the coal industry. 
In 1967 output per man shift rose by more than 6 per cent 
and by a further 10 per cent in 1968. The National Coal 
Board expects the rise to continue at an average annual 
rate of 8 per cent to reach 56 hundredweight per man 
shift in 1972. The increase in productivity has come about 
through the progressive advance in mechanization and the 
concentration of the industry on the best pits with a 
consequent reduction in the labour force. After 1968 
much of this reduction will be achieved through natural 
wastage although there may be some redundancies. 

The Green Paper states that natural gas should be 
available to all area gas boards by 1970 and that work is 
in progress on extending the grid to the Northern, Scottish, 
South Western and Wales Boards which are not yet 
connected. The growth of gas sales is forecast to build up 
from a 13 per cent increase this year to an annual rate of 
more than 20 per cent in 1970 as the flow of North Sea 
gas increases. The present plans of the industry are based 
on the absorption of some 1,200 million cubic feet a day 
(mefd) during 1970 and rather more than 2,000 mefd in 
1972. The electricity industry sales are expected to 
expand at about 6 per cent a year, which is rather greater 
than the rate anticipated in the White Paper on Fuel 
Policy but is in line with what has happened in the past 
five years. The shortage of generating plant and weak- 
nesses in the distribution system are now said to have been 
overcome. More than 25,000 MW of new plant, all of 
which is already ordered, will come into service in the 
next five years, giving a significant improvement in 
operational efficiency. This, according to the DEA report, 
will meke it possible to close down some of the pre-war 
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Coal, oil, gas and nuclear power all have their problems at the 
moment, and perhaps the time has come for a new assessment 
of the objectives and determinants of fuel policy. 


stations. In 1972 total capacity will be 71,500 MW of 
which 51,000 MW will be coal fired and 6,000 MW nuclear. 
This last should include part of each of the first two 
advanced gas-cooled reactor (AGR) stations. The slower 
rate of growth of demand for electricity will mean that 
the industry will have a rather larger margin of reserve 
capacity than expected in the White Paper. The pro- 
visional investment programmes set out in “The Task 
Ahead” are shown in Table 1. 


Table 1 
Million, 1468 prices 


1969-70 1970-71 197 


Electricity 546 

Gas 231 

Coal 68 
For 1969-70 the programmes have been approved by the Govern- 


ment. 
For 1070-71 figures are provisional, subject to review. 
For 1971-72 no programmes have yet been approved. 
Electricity includes the Scottish boards as well as those in England 
and Wales, 
Gas invesiment excludes conversion charges for natural gas. 
Coal investment includes that in trade andertakings. 
This table is taken from “The Task Ahead”. 





Nuclear Power Economics 

The nuclear power programme is not only concerned 
with the supply of electricity but also wrth building up a 
technologically advanced industry with the capacity to 
make and supply nuclear plants to overseas markets. ° 
Central Electricity Generating Board (CEGB) is the princi- 
pal customer for the nuclear power industry (Figs. 1 and 2). 
So far the industry has not been particularly successful 
in selling nuclear reactors overseas. The Magnox react 
programme begun in 1955 had the objective of providing 
1,800 MW to be installed by 1965. This was expanded to 
5,000 MW to be available by 1969, All told, nine Magnox 
nuclear power stations were to be built under the pro- 
gramme, but the ninth station, in Anglesey, is still to be 
commissioned, Only two Magnox reactors have been sold 
abroad and the last sale was made ten years ago. Since 
then the United States water-cooled system has come to 
be regarded in international markets as a more satisfactory 
and less costly reactor. 

The Magnox programme cost over £500 million more 
than conventional coal-fired stations. It was undertaken 
for strategic and national defence reasons and not solely 
as a means of providing electric power. The report on the 
British economy carried out by the Brookings Institution? 
stated that nuclear power was the most controversial 
element in the fuel policy, and indicated that the AGR 
programme could be criticized for presenting an inferior 
technology and being unduly capital intensive and higher 
cost than conventional generating sets. The report went 
on to say that “the latest plants probably exceed the 
optimum rate of substitution of, in effect, nuclear power 
for coal; they involve an exceptionally and unnecessarily 
capital intensive method which will yield only modest 
gains in fuel economy and the relatively small release of 
miners for other industries”. 

What hrs happened in the United Kingdom is in sharp 
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297-7 MILLION TONS 
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Fig. 1. Pattern of primary fuel consumption in the United Kingdom. 


Taken from the fuel policy White Paper. 


contrast with American experience. Until 1965 the com- 
mercial development of nuclear power in the United 
States proceeded very modestly. All plants in operation 
were prototypes, the largest being a 200 MW set. To 
obtain experience the manufacturers offered 500 MW sets 
for sale on a turn-key basis, that is, assuming all financial 
risks. One of these was ordered by General Publie 
Utilities for the Oyster Creek power station and another 
for Niagara Mohawk for the Nine Mile Point station. 
At this time the competitive position of the coal industry 
was affected not only by hardening prices but also by 
growing concern at the problem of air pollution which 
involved the industry in additional costs for control 
equipment. By the end of 1965, although so little ex- 
perience of nuclear power plants had been gained, several 
publie utilities decided that they should order sets in 
order not to be left behind in the technological rat race. 
To meet the new situation manufacturers dropped the 
turn-key system and published price lists for nuclear steam 
supply systems which they were prepared to offer. This 
meant that the design of the power station apart from the 
reactor was the responsibility of the public utility con- 
cerned. In 1966 the Tennessee Valley Authority purchased 
two 1,100 MW units at Brown’s Ferry in the Appalachian 
coal field. 

The situation in the United States as in Britain will 
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remain uncertain regarding nuclear costs until the plants 
on order are built. Cost calculations for electricity to be 
produced from nuclear power stations of a size which has 
not hitherto operated will not be regarded as final. The 
prices offered in the United States were designed, according 
to Mr Philip Sporn (in a paper submitted to the Joint 
Congressional Committee on Atomic Energy in 1967), to 
introduce nuclear power to public utilities burning coal 
on a large scale. These prices have not been repeated, 
and when the Tennessee Valley Authority sought options 
for a third nuclear unit it found that prices had risen. 

In Britain the big question-marks over the nuclear power 
programme also concern cost and the date when the AGR 
stations will become operational. The delays to the 
Dungeness B station are estimated to have cost at least 
£4 million and perhaps as much as £10 million. Apart 
from their impact on the energy programme, the delays 
and difficulties of Dungeness B have had serious effects on 
the nuclear power industry, which are an added cause of 
uneertainty for the future. The fact that Britain alone 
has gone over to the partially enriched fuel AGR system 
makes a close working partnership with European 
countries difficult. 

North Sea gas was introduced at a time when oil 
had superseded coal on a large scale as a raw material 
from which gas is made. Now natural gas is taking the 
place of oil. The various groups producing gas from the 
North Sea wells are responsible for delivering this to the 
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Fig. 2. Fuel used for the production of electricity in the United King- 
dom (on the basis of primary fuel Input). Taken from7the fuel policy 
White Paper. 
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coast where it is bought by the Gas Council. In the past 
two years the council has been constructing a high pressure 
transmission system which will extend to all twelve area 
boards by 1970. The latter are laying Pipes to carry 
natural gas to the various parts of their areas and it is 
expected that by about 1978 virtually all consumers will 
be supplied by natural gas. A major problem of North 
Sea gas is the need to convert the appliances now in use. 
This involves heavy capital cost so that if the industry is 
to build up its sales of natural gas quickly it must find 
temporary large scale users. To obtain these sales the 
industry will have to look beyond its traditional markets 
and sell gas at much lower prices to industrial consumers 
for whom it has no special advantages over other fuels. 
Another set of problems concerns the order in which the 
changeover to natural gas is effected. Because the avail- 
ability of natural gas makes rapid absorption desirable 
the pattern of conversion needs to be such as to bring 
the gas to industrial areas quickly, so that large new 
industrial loads can be supplied. Few areas have separate 
industrial gas grids, and so the provision of natural gas 
for industry is closely linked with conversion of all the 
consumers in the area. Another problem is that conversion 
to natural gas may cut off the town gas works from areas 
already converted and still consuming town gas. It is 
clearly desirable that gas works which are closed down 
should be those where avoidable production costs are 
high, leaving low cost works in operation for as long as 
possible. In practice, this is not always easy to arrange. 
A great deal has been written about the impact of 
natural gas on the British economy. The Brookings 
Report pointed out that the discoveries had sharply 
improved the prospects of national growth in the gas 
system. It stated that the direct reduction in gas costs 
from a complete conversion to natural gas could be 
crudely estimated at not more than 5 to 6 pence per 
therm, assuming a shore price of about 3 pence per therm. 
“Large as this is”, the report stated, “it is only about 
one-quarter of the total revenue per unit in 1965/6 and it 
excludes the added costs from massive investment in 
converting the gas system and users’ equipment”. Natural 
gas is certainly a stroke of luck, but it should not be 
expected to work miracles. The big problem is how fast to 
commit capital investment to the changeover from town 
gas to natural gas. Investment decisions involve the 
rejection of alternatives. Increased use of natural gas, 
except in so far as it is part of an expanded total demand 
for energy, must be at the expense of other fuels. The net 
effect of changes and interactions is extremely difficult to 
appraise. To some extent it is true that gas and electricity 
investments are alternatives in a wide range of uses. 


Coal in a New Phase 

The fuel policy White Paper envisaged a demand for 
coal of 120 million tons in 1975. This compares with 175 
million tons in 1966 and 213 million tons in 1957, Un- 
doubtedly the Coal Board could produce an annual output 
well above 120 million tons. The problem is to decide 
whether the relative cost of depending on coal for a 
larger share of the total energy input in the 1970s is 
higher or lower than that of other fuels. The White Paper 
stated that the Government’s aim had been to “lay down 
long-term policy guide lines which can be modified and 
adjusted in response to new developments and to provide 
a coherent framework in which specific decisions can 
be taken as the need for them arises”. It concluded that, 
subject to the overriding criteria of adequacy of fuel sup- 
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plies and security of supply being met, “the Government's 
basie objective can be summarized as cheap energy”. 

The activities of the National Coal Board are bounded 
by three sets of considerations. These are the level of 
demand for coal in the mid-1970s, the increases in produc- 
tivity that can be secured by the policy of concentration 
and increased mechanization, and the manpower problem. 
Each has a bearing on morale in the industry. Tn 
1968 one pit was closed every five days. This meant a 
rundown in total manpower of 57,000, which was greater 
than the 10 per cent regarded as the maximum which 
could be safely achieved. There is the additional problem 
that the closure of pits in the development areas does not 
help the labour problem of the low cost pits in which 
production is being concentrated. The key to the achieve- 
ment of production and productivity targets is the effective 
deployment of manpower. To achieve an output of 144-5 
million tons at 51 hundredweight average output per man 
shift in 1970-71 would require an average labour force of 
265,000. This estimate implies a substantial slowing down 
in the rate of reduction of the labour force and an inten- 
sification of efforts to redeploy trained manpower in the 
low cost collieries with a long life expectaney. The point 
of difference between the National Coal Board and the 
Minister of Power centres round the determination of the 
size of the industry in the mid-1970s. 

To some extent the position of coal has clarified in the 
past two years. The loss of traditional markets in gas 
production and steam locomotives together with some 
contraction in the use of coal by industry and the home 
has left electricity generation and coke ovens as possible 
growth points of demand for coal. Exactly how much 
coal is bought by the CEGB is largely determined by 
Government policy, for this decides the rate by which the 
electricity board decides to convert present coal-fired 
stations either to natural gas or oil. The conclusion of the 
Brookings Report and of a report issued by the Economist 
Intelligence Unit published in September 1968 was that 
a “middle of the road” fuel policy was most likely to give 
optimum results taking all relevant calculable factors 
into account. This would mean a slower run-down of coal, 
a less rapid build up of nuclear power and the concentra. 
tion of oil and natural gas in those uses for which they are 
best suited. At first glance this argument seems to replace 
one set of generalizations with another. It can be said in 
favour of the National Coal Board, however, that it can 
point to the success in terms of higher productivity of the 
policy of concentration and argue that the potential 
benefits of capital investment already undertaken wou'd 
be lost by a more rapid reduction of the industry. 

The board’s argument in favour of an output of 135 
million tons in 1975 is: that a lower target would involve 
serious social consequences in many areas; endanger 
supplies of cheaply produced coal; imperil the financial 
stability of the coal industry as a whole through the 
difficulty of maintaining an adequate labour foree in the 
most efficient collieries; and make it difficult to achieve 
the expected reduction in operating cost because of the 
effects on the rate of increase in productivity. It is also 
a fact that very large sums of capital invested in long life 
efficient collieries whose output would no longer be 
required would have to be prematurely written off. 
Inevitably the fuel argument circles round and round the 
same question. The future may be with nuclear power, 
but is it being too dearly bought ? 


‘Caves, R. E., and associates, Britain's Economie Prospects (the Brookings 
Institution, Allen and Unwin, London, 1968), 
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Abnormal Sex Chromosomes and Mental Disorder 


by 
PAUL E. POLANI 


Paediatric Research Unit, 
Guy's Hospital Medical School, London SEI 


A magor chromosomal abnormality of structure can be 
found in about 3-5-4 per cent of human conceptuses, and 
a so-called “minor variant” in a similar proportion. About 
90 per cent of major chromosome errors result in ehromo- 
some imbalance and, of these, 90 per cent are lethal during 
early pregnancy as spontaneous abortion. In 10 per cent 
of eases the chromosome error is balanced and apparently 
harmless to the individual who carries it; and the “vari- 
ants” behave similarly. Among the survivors to birth 
at or near term, with major chromosome anomalies with 
imbalance-—conservatively, one in 250 newborn—develop- 
mental disorders affect brain, body or sex, simply, or, 
more often, in combination. In survivors, about half the 
abnormalities with imbalance are of the autosomes and 
half of the sex chromosomes. The former are lethal or 
sublethal, strikingly affect somatic development. and result 
in serious disorders of mentation and, generally in gross 
brain maldevelopment. (These have been reviewed in 
ref. 1, together with some of the effects of sex chromosome 
anomalies.) Sex chromosome anomalies seldom, except 
in the 45,X* condition and in the rare sex chromosome 
polysomies with more than three sex chromosomes, 
affect somatic development, though they may affect sex 
development. On the whole they result in less drastic 
changes and more subtle distortions of brain function 











manifested in various mental disorders. 

Two lines of evidence associate sex chromosome anomal- 
ies with mental disorder. First, individuals or loosely 
defined populations with chromosome anomalies--these 
data are biased-—-and second, the prevalence of chromo- 
some anomalies in special clinical groups compared with 
the general population. Special clinical groups are usually 
adults or older children, whereas the control population is 
newborn infants about whom reasonably good data have 
been obtained. 

Frequency data on major sex chromosome anomalies 
detected by sex chromatin, generally followed by chromo- 
some studies in newborn infants, have been obtained by 
pooling the results from Canada, England, Scotland 
Switzerland and the United States, giving a total of more 
than 40,000 infants of both sexes. One in 465 (0:22 per 
cent) liveborn males is chromatin positive--two-thirds are 

















RESULTS OF INTELLIGENCE TESTING OF FEMALES WITH 
DYSGENETIU OVARIES 


Table 1, 


Mean per- 
Mean verbal formance 
No. seore-+ standard score + standard 
error of mean error of mean 
97-56 + 2-64 86-08 + 2°33 
95-40 + 4:76 91464401 
9 Wi 


45X Turner's syndrome 25 
TE Ovarian dysgenesis 16 
Mosaics, normal structure ih 
Mosaies, abnormal structure 22 





101-63 
Tested on WAIS-WISC-WBE. See text. 





%45, X means that the subject has forty-five chromosomes, with only one 
gex chromosome which is Y, By the same token 47, X XY deseribes a subject 
with forty-seven chromosomes, of which the sex chromosomes are X, X and 


Y. 








The basis of this article was the Mental Health Research Fund lecture 
given on February 19 this year. 


47, XXY and one-third mosaics, mostly 46, X VAT NAY, 
Of the females, one in 2,574 is 45,X and one in 1,253 
47,X XX, or can be assumed to have these anomalies’. 

In general, brain function in 45,X subjects and other 
chromosomally abnormal women with dysgenetic sterile 
ovaries is not very deviant. A small but probably exces 
sive proportion of these subjects have been found with 
an IQ in the educationally subnormal range®*. The 
chromosome anomalies are either sex chromosome mono- 
somy (45,X), sometimes with mosaicism and normal sex 
chromosomes in the other cell line, or A chromosome 
deletions or deficiencies, sometimes with isochromosome 
formation, and with or without mosaicism. 

The slight intellectual impairment tended to be more 
common in patients with webbing of the neck-—Turuer's 
syndrome in a strict sense-—than in those without (ovarian 
dysgenesis)', though this observation was not substan- 
; Shaffer? noticed that verbal IQ was significantly 
higher than performance IQ when patients with dysgenetic 
ovaries were tested on a Wechsler scale, Other work 
suggested the presence of a specific disability in right-left 
orientation’. A different effect on brain function may be 
seen in the frequency with which anosmia and abnormali- 
ties of taste can be detected in these patients®. 

Results of studies at Guy's Hospital (personal com- 
munication from M. Dicks-Mireaux) are 
in Table 1. Two clinical groups of 45,N subjects are 
contrasted with a group with mosaicism and structurally 
normal sex chromosomes, and another group with struc- 
turally abnormal chromosomes. The mosaics seem to 
tend to a higher total score than the 45,X subjects. In 
the three major groups there is a significantly better verbal 
than performance score, but in the 45,X patients with. 
ovarian dysgenesis the effect is small and not significant 
compared with the 45,X patients with Turner's syndrome. 
Apart from severity of somatic affection, it is difficult to 
think what patient-selection bias may be operating, but 
equally it is hard to find an easy biological explanation. 
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Subnormality 

Intellectual subnormality is found particularly in 
47,XX Y males with Klinefelter’s syndrome, in triple-X 
females and in the rarer cases with more than three sex 
chromosomes. The more extra sex chromosomes there 
are, the greater seems to be the intellectual impairment. 
In the 45,X condition, in which a sex chromosome is 
missing, the degree of total intellectual impairment as 
measured by IQ is slight. 

Zablin® and Pasqualini!® noted a childishness, shyness, 
lack of drive and a degree of intellectual impairment in 
patients with Klinefelter’s syndrome. Males with this 
syndrome seemed to have subnormal intelligence and 
there was possibly a direct relationship between variability 
of chromosome counts and degree of intellectual impair- 
ment!!, In a general sense, if the variability of the counts 
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reflects cases with mosaicism and if one of the cell lines 
is normal, mosaics would be expected to funetion more 
normally, at least in straight intelligence tests. Neuro- 
‘logical abnormalities have been observed in chromatin 
positive males!* and an association with Parkinsonism 
has been noted!s, 

These mostly clinical studies indicate an association 
between chromatin positive Klinefelter’s syndrome and 
mental subnormality-—and prevalance studies confirm it. 
The information is derived from males in mental sub- 
normality hospitals or from special schools for educa- 
tionally subnormal children (see refs. 1, 13-20). The 
overall prevalence among the mentally subnormal patients 
in hospital is a little less than among less severely affected 
subjects. Maclean et al?! found that the prevalence of 
chromatin positive males in published data varied inversely 
with the degree of intellectual impairment??-*4. This 
confirms that the degree of intellectual impairment in 
chromatin positive males with a single mass tends to be 
relatively mild; at the same time the presence of many 
of these subjects in institutions for the subnormal must 
reflect the fact that their admission is also determined by 
additional factors, perhaps biological in origin, but more 
clearly social in practice. Be this as it may, the proportion 
of 47,XXY males in subnormality hospitals is four 
times, and that of the educationally subnormal boys five 
times, the proportion of 47,X. XY males at birth, and this 
information is based on data from about 17,000 males. 
Mosaics, 46,X Y/47,XXY, may be between five and six 
times more common in subnormality hospitals than among 
newborn males. While chromosome mosaics in general 
certainly seem to have a higher IQ than chromosomally 
abnormal non-mosaic subjects, it might be that the 
admixture of cells within the brain has an adverse effect on 
its more subtle funetions and on the social adaptations of 
mosaic individuals, which might explain their relative 
frequency in subnormality hospitals. 

The proportional frequency in mental subnormality 
hospitals of females with two sex chromatin masses in 
the nuclei of their oral mucosa (out of almost 10,000 
women) is one in 245 (refs. 1, 14, 16, 21). These are pre- 
sumptive and generally chromosomally proven 47,XXX 
(46,XX/47,XXX mosaics have been excluded). The 
overall prevalance is five times their incidence at birth. 
By contrast the prevalence of 45,X females in the same 
sample is a little lower than their incidence at birth. This 
suggests that there is no tendency for 45,X women to be 
admitted to subnormality hospitals. On the other hand, 
fernales with sex chromosome mosaicism and a 45,X line 
have been found in hospitals for the mentally subnormal 
with a frequeney of one in 1,402, and this is likely to be 
an underestimate. There are no reliable data on the 
prevalence of these mosaies in the general population, but 
there may be a true excess of such patients in subnormality 
hospitals; this may parallel the 47,X XY condition and its 
mosaics. 

As the degree of global intellectual impairment of 
45,X subjects seems very slight, so that the curve of dis- 
tributions of their IQs is only slightly shifted to the left, 
it would be interesting to know what proportions of such 
patients attend schools for the educationally subnormal. 
Between them, surveys have indicated a prevalence of 
45,X of about four to five times the newborn incid- 
ence?™ 2425, Tn these studies 45,XXX females were two 
or more times more common than among the newborn. 
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There is little information about the effect on intelli- 
gence of moret hres three sex chromosomes, but, the more 
sex chromosomes there are, the greater is the depressi 
of intellectual level. The prevalénce of 48,X XXY males 
in hospitals for the subnormal is of the order of one in 
1,200. The newborn incidence of these males is certainly 
very low--no case was detected in more than 18,000 
male births?6~2, 

The prevalence of 48,XNX YY males in mental sub- 
normality hospitals could exceed by more than twenty- 
fold their incidence at birth. Clinical data on 49,XX XXY 
males show that they are all severely mentally subnor- 
mal”, As for the females, only one 48, X XXX has been 
found in nearly 10,000 women in mental subnormality 
hospitals and none among twice as many newborn girls, 
Two, described clinically, were seriously subnormal*. 








Sex Chromosome Disorders and Mental Illness 

It is difficult to investigate specific diagnostic categories 
of patients in institutions. Tt would be ideal to have 
information on clinically homogeneous groups admitted 
on uniform criteria, but this is seldom available. In 974 
chronic psychotic patients™, we found more aT AX Y 
males and 47,X XX females than would have been expected 
in the general population. Ninety-five per cent of the 
patients had been diagnosed as schizophrenic and our 
principal results are compared with those from other 
surveys of a similar type and shown in Table 2. From 
these surveys I have selected those, or those parts, that 
concern patients with schizophrenia or a schizophrenia- 
like illness. Mentally subnormal patients with schizo- 
phrenia were classified as schizophrenic. Therefore 
some data (for example, ref. 21) were adjusted and there 
may have been a slight overestimate of the prevalence of 
abnormal sex chromatin and sex chromosome findings 
among schizophrenics. 

Table 2. NUCLEAR-SEXING RESULTS IN “SCHIZOPHRENIC” PATIENTS 

Males Females 
Chromatin positive 

Total Total with double masses 
No. 4,306 26 3,800 15 


Proportion 1 in 166 iix 
(0-60 per cent} 
See refs. 1, 21 and 52. 


Chromatin positive 





3 
(0-40 per cent) 


The overall prevalence of chromatin positive males—- 
three-quarters of whom may be 47,X XY without evidence 
of mosaicism and the rest mosaics with a 47,X NX ¥ line 
from all studies combined was one in 166 (Table 2). ‘This 
is near the frequeney in hospitals for the mentally sub- 
normal and in schools for the educationally subnormal, 
and is nearly three times the incidence of chromatin positive 
males at birth. Primary diagnosis and inclusion or re jee- 
tion of cases on diagnostic grounds can affeet the distribu- 
tion of sex chromosome anomalies and their overall 
frequency (for example, refs. 21 and 22), and factors like 
the levels of the IQ of patients admitted to hospital, or the 
inclusion or exclusion of subjects with epilepsy, are 
important?!:3, 

These observations on chromatin positive males with 
Klinefelter’s syndrome tend to confirm earlier observations 
and conjectures on their tendency to bizarre and deviant 
psychological functioning. Forssman and Hambert’, 
surveying males in mental hospitals, concluded that in 
the chromatin positive males certain features of mental 
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illness were common, including schizophreniform disturi 


bances, paranoid reactions and even typical eyclothymia. 
Nielsen and Fischer®4 found similar features of mental 
illness in Klinefelter’s ‘syndrome males with sex chromo- 
some anomalies among mental hospital patients. Electro- 
encephalogram (EEG) abnormalities in Klinefelter’s 
syndrome seem to have been deseribed with a certain 
frequency, though they generally lack specificity®»*>**. 

Considering the surveys that included females diag- 
nosed as schizophrenic, the prevalence of women with two 
sex chromatin masses, about three-quarters of whom may 
be 47, XXX without evidence of mosaicism, is one in 253. 
In a study not included in Table 2, a much higher pro- 
portion of mosaics was reported®’. It should be noted, 
incidentally, that as a group triple-X females are not 
phenotypically distinctive. Their frequency among 
“ schizophrenic” women is about five times the newborn 
incidence and of the same order as among females in 
hospitals for the mentally subnormal. 








Criminal Behaviour 


The proneness to outbursts of aggression and violence 
of subjects with Klinefelter’s syndrome was noted early??°, 
and anti-social behaviour was suggested as a feature of 
sex chromosome anomalies in males. In a group of 
Swedish criminal and difficult-to-manage males admitted 
to hospitals for the mentally subnormal, Forssman and 
Hambert? found ten times the expected incidence of 
chromatin positive males. In 1966, the results of a survey 
by Casey et al.*8, conducted in two English State hospitals 
for patients under special security because of persistent 
violent or aggressive behaviour (Moss-side and Rampton), 
yielded an identical proportion of chromatin positive males, 
An investigation of males in the Seottish State hospital of 
Yarstairs?®* yielded an almost double overall proportion 
of sex chromosome anomalies, due to a large proportion 
of 47,XYY males. By comparison there was a low 
proportion of 48, XN YY and 47,XX Ys in the Scottish 
study. Subsequent findings suggested that, also at 
Rampton and Moss-side, there might be a high proportion. 
of 47,X YY males*®, These turned out to be about thirty 
to fifty times more common, among the institutionalized 
violent patients than among newborn males in whom the 
frequency is thought at present to be of the order of one 
in 1,000 (ref. 23). However, the fact that also 47,X X Y 
and 48, XX Y Y males may be at risk in respect to criminal. 
ity should be kept in mind (see ref. 1). 

Little is known about the prevalence of 47,4 YY 
among males in mental subnormality hospitals, though this 
sex chromosome anomaly seems to be rare among the 
generally retarded**,**.1, Hardly anything is known about 
47,XYYs in mental hospitals’. 

It is worth considering the chief characteristics of the 
47,XYY males in prison. Compared with an average 
height of 5 feet 7 inches for the inmates in general, the 
47,X YY males were on average 6 inches taller, and two- 
thirds*? or perhaps three-quarters of them exceeded 6 feet 
compared with just over 10 per cent of men in the general 
population. The association between height and XYY 
sex chromosomes is further highlighted by their tending 
to differ significantly from their parents and sibs’? and 
by the fact that chromosome studies of the taller males, 
6 feet and more, in special security hospitals detected 
about 25 to 30 per cent of 47,.X YY males?®13, In ordinary 
prisons, for which data are as yet scanty, about 7 per cent 
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of tall males are 47,X YY444; and in boys in approved 
schools, with heights at and above the 90th percentile 
for age, 10 per cent have an XYY sex chromosome 
complement. In relation to the total number of boys, 
a minimum estimate of the prevalence of 47,X YY is 
three per thousand—but more probably it is perhaps six 
times the population incidence. 

There has so far been no confirmation of the suggestion 
that 47,XY Ys may be very common among tall males 
generally and that their high frequency in special prison 
hospitals is entirely due to the selection by height of such 
criminals. 47,X YY males in special security hospitals 
tended to come from families in which there was less 
crime; in spite of their physique they committed unskilful 
crimes against property rather than people and their gain 
was small; they inclined towards an earlier start, at 
puberty or even before, of their criminal activities as the 
findings among boys in approved schools also suggest“. 
Tt has been suggested, however, that the 47,X Y Y anomaly 
is responsible for a progressive illness, not only m terms 
of ingravescent social maladjustment, but also in terms 
of a true organic deterioration’ t, It is possible that on 
average they may not be intellectually impaired to 
any very great degree, but, as with 47,X XY males, the 
results of the performance tests are better than those 
of the verbal tests*!. The test behaviour of 45,X subjects 
is apparently quite the reverse. In a questionnaire 
comparison of 47,XYY males with their fellow patients 
in a State mental hospital, there were apparently marked 
differences in the structure of ‘defensiveness? (or its 
concept) of the two groups as well as, possibly, in that of 
“hostility” and ‘aggression’. There is evidence that 
EEG changes, which, however, tend to be non-specific, 
may be frequent in 47,X Y Y males and may be relevant to 
their behavioural abnormalities (see, for example, ref. 49). 

By temperament, 47,XY Y males are said to be violent 
and aggressive, though this judgment is based almost 
entirely on those in prison. Actually, the impression of 
their behaviour is perhaps more one of impulsivencss. 
The strength of the association between certain sex 
chromosome anomalies in males and social maladaptation 
is unknown, but only a few of the 47,4 YY males at risk 
seem to have been traced among the abnormal groups 
that have been screened, and the fate of the rest is un- 
known®*, Nothing accurate can be said about the effect 
of more than two Y chromosomes, because few reports 
are available®!*!, 

At Rampton and Moss-side, Casey et al.** found two 
women with double sex chromatin masses, alleged 
47,XXX, among 410 whom they tested, a prevalence 
similar to that found among institutionalized mentally 
subnormal or psychotic women, and about six times that 
found among newborn females. Kaplan®? reports on a 
nuclear sexing survey of adult female offenders and of 
juvenile delinquent females in Ohio prisons. Among the 
former, he found two women out of 200 with two sex 
chromatin masses, presumptive 47,X XX. Among the 
latter, he detected four chromatin negative subjects, 
presumptive 45,X, in 379, one in ninety-five compared 
with population incidence at birth of one per 2,500 or so 
females, an unexpected result. By contrast, 45,X women 
are seldom found among the mentally subnormal or ill. 





Sex Chromosome Imbalance 
One or more extra chromosomes can have three types 


NATURE, VOL. 223, AUGUST 16, 1969 


of effect which can be termed specific, semi-specific and 
non-specific®*, Specific effects may be attributed to the 
presence in abnormal numbers, for example, in triplicate, 
of alleles the gene loci of which are on the extra chromo- 
some (or chromosomes). In the case of structural major 
genes it is likely that different products are manufactured 
in the cells in response to each gene locus, if each locus 
happens to be occupied by a different allele of the gene 
under consideration. But protein and enzyme synthesis 
in complex cells is a carefully regulated and adjusted 
process, and so no simple quantitative rule can be given 
as to the result. Specifically, given three doses even of the 
same allele of a structural gene, a 50 per cent increase 
of the gene products should not necessarily be expected. 
Where an excess of regulator genes is concerned, a decrease 
of structural gene products might be expected. These 
genes seem to influence negatively the rate at which 
structural genes are copied, because their products can 
reversibly bind to specific sites on the chrornosome so 
that the structural gene is temporarily blocked. Such a 
mechanism, demonstrated in bacteria®!, has been postu- 
lated for human autosomal trisomies*. 

Semi-specific effects may be attributed to those special 
chromosomes in the set, which carry nucleolar-organizer 
regions, such as some of the acrocentric autosomes in the 
human set®* responsible for two of the three major 
autosomal trisomie syndromes. It is just possible that 
the addition, with the trisomie chromosome, of an extra 
nucleolar organizer may affect cellular metabolism through 
excessive production of nucleolar material and conse- 
quently, presumably, of special RNA species with effects 
on protem~enzyme synthesis by cells as a whole. With 
respect to sex chromosome anomalies, a semi-specific 
effect, as defined, can probably be disregarded, though 
it is still possible that some of these effects are related to 
the type that will be considered next. 

A non-specific type of possible chromosome imbalance 
effect seems to be particularly relevant to sex chromosome 
anomalies. These effects seem to be caused by whole 
chromosomes, or by entire chromosomal segments, and 
may be unrelated to the specific gene content of these 
chromosomes. They can be broadly attributed to the 
“heterochromatin” present in the chromosomes, and it is 
thought that the human sex chromosomes, like those of 
most other mammals, may be, or may become, at some 
stage of development, largely or completely hetero- 
chromatic. This heterochromatic component of chromo- 
somes was described by Heitz®? in 1928 as a purely cyto- 
logical feature of chromosomes, the staining characteristics 
of which differed from those of the rest of the chromatin, 
the euchromatin, in the so-called resting nucleus. While 
the euchromatic portion of the chromosomes became 
unstainable and invisible because decondensed, the 
heterochromatin was highly stainable and condensed, 
forming one or several masses or chromocentres. The 
idea was later extended, with modifications, to other 
phases of the mitotic eyele, 

The observations that heterochromatin formation is a 
variable property and represents cyclical physiological 
states of chromosome segments**, that heterochromatin 
is not a “permanent” characteristic and may not be seen 
at certain stages in development, and that what is true for 
one stage, cell type or sex may not be valid for other 
situations®* led to a shift of emphasis from heterochromatin 
as a substance to heterochromatin as a state. Conse- 
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quently it can be redefined as a gtate of a chromosome, or 
section of chromosome, which is often and regularly 
heterochromatic®® when circumstances are similar, A 
further cytological observation about heterochromatin 
which has been more clearly identified and studied 
recently by the introduction of autoradiographic tech- 
niques is its late DNA synthesis during the course of 
chromosome replication, but perhaps it should not be 
automatically accepted that all late-synthetizing regions 
of chromosomes share certain other characteristics of the 
type that may be termed heterochromatic. 


Genetic Role of Heterochromatin 

Heterochromatin has been thought to be genically 
inert, but there are many data to the contrary, though the 
explanations for the findings are in general far from 
straightforward and far from univocal, and, in particular, 
we lack a detailed molecular framework on heterochroma- 
tin. “One thing may be said with certainty: hetero- 
ehromatin must play a considerable role in the history 
of the chromosomes and in their function, and an impor- 
tant but unorthodox genetic role is expected”. Present 
views on repression and de-repression of whole chromo- 
somes or chromosomal segments during development and 
its relationship to heterochromatization are beginning 
to provide a background for a general hypothesis on one 
important aspect of heterochromatin function. That 
there can be standard genes in heterochromatin, a view 
once refuted, is clear from studies of experimental organ- 
isms** and from the human sex chromatin, for example. 
The prime function of heterochromatin (or, more precisely, 
of its molecular correlate) would be to turn off these 
genes, or some of them, when they are not wanted in a 
given cell, tissue, sex and developmental stage. The 
fundamental question is whether or not, once it has done 
this, heterochromatin has any further activity as such, 
that is, as heterochromatin. If not, then any effect on 
say, & quantitative character under study, which seems 
attributable to heterochromatin per se, is in reality the 
effect of the action of one or more standard genes within 
it observed at a distance in time and space and therefore 
far removed from when the gene was active during earlier 
development. Alternatively, heterochromatin may act 
also in its own right, independent of the genes within it 
that were active earlier on or are active only in some 
tissues. In a pragmatic way, we may accept this alterna- 
tive view, though keeping the former possibility in mind 
and not forgetting that we may be dealing with an inter. 
play of both effects. If we accept this working hypothesis, 
the question is what does heterochromatin do and how 
does it do it ? 

Much information about heterochromatin has come 
from work on Drosophila and a few other organisms, 
especially plants. New ideas have come recently from 
work with sex chromatin in man and other mammals, 
and with the genetic behaviour of X linked characters, 
as well as studies of heterochromatin formation and 
chromosome diminution in some special organisms. 

As far as human sex chromosomes and their anomalies 
are concerned, heterochromatin is of particular interest. 
First, the X chromosome that forms the sex-chromatin 
mass of normal females—or those that form additional sex- 
chromatin masses in cases of X chromosome polysomy— 
is clearly heterochromatic when it forms (by facultative 
heterochromatization™) a distinct chromocentre in the 
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interphase nucleus, though whether this sex chromatin 
mass represents the whole of the chromosome is unknown. 
And this chromosome, or, in the case of X polysomy, 
these chromosomes, synthetize their DNA very late during 
the synthetic period of the mitotice cycle. Finally, they 
are alleged to be genically inactive, according to the Lyon 
hypothesis and thus, at least from the view point 
of the expression of their major gene content, 
inert. Nevertheless, it seems clear that these sex-chroma- 
tin-forming, facultatively heterochromatic X chromosomes 
are not fully inert, neither the single heterochromatic X 
in the normal female—which, at the very least, is required 
for fertility-—nor the plural heterochromatic Xs in sub- 
jects with multiple X chromosomes. An increasing num- 
ber of these cause, as we have seen, various abnormalities 
of brain function and the evidence points towards a 
quantitative relationship between the number of Xs 
and the severity of brain dysfunction, In the more 
extreme examples, like the 49,XXXXY syndrome, 
there is not only severe subnormality but also somatic 
anomalies, including cardiovascular changes. These facts 
could be taken to support the idea that the X, or 
Xs, present in excess of one, act as heterochromatic 
elements by their charge of heterochromatin, though other 
general suggestions are possible for the mode of action 
of the second X in normal females or of multiple Xs 
in abnormalities of development or function. 

The F chromosome is also thought to be at least largely 
heterochromatic. The cytological evidence is to some 
extent circumstantial and certainly less clear cut than 
for the heterochromatic X: perhaps it is supported by 
the fact that hardly any major alleles have been shown 
to be transmitted in a holoandrie manner, at least in 
humans. 

The two types of heterochromatin, X and Y, differ in 
several important respects, even apart from the respective 
quantities of heterochromatin present on these two 
chromosomes, and they probably differ in function; Just 
as, from various viewpoints, they differ from the so-called 
constitutive”, paired heterochromatin of the autosomes. 
If sex is determined by heterochromatin controlling the 
essential developmental steps that lead to the primary 
sex differences—an. old idea in experimental and theoreti- 
eal genetics (for discussion, see ref. 62) which has been 
recently rediscussed®*-**—then the heterochromatin of 
the mammalian Y must be considered to have different 
functions from that of the heterochromatic X. Further- 
more, mere mass of X heterochromatin seems to be 
insufficient for normal ovarian function and fertility 
and there may be a differentiation of heterochromatin 
within the heterochromatic X chromosome, such that all 
of it, that is, both the short arm and the long arm hetero- 
chromatins, is required for normal ovarian morphology 
and activity. Similar remarks apply to the hetero- 
chromatin of the Y chromosome, for a regional differentia- 
tion has been suggested, at least in so far as the male- 
determining portion of the Y is concerned. Although 
this may be attributed to the presence on a discrete part 
of the Y chromosome of structural or other major genes, 
it can be argued that there is no need to postulate the 
existence of such genes* the existence of which is not 
proven, and that heterochromatin may be the genetic 
agent acting “upon generalized processes of early develop- 
ment that decide the growth properties of the cells, 
which after all make up the morphological sex differences®. 
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The principal reason for considering these regional 
and presumably functional differences of heterochromatin 
is to stress the fact that the presumptive action of hetero- 
chromatin per se may be called non-specific only as a first 
approximation. We should really think of heterochromatin, 
in so far as it exerts some general activity, more in the 
plural than in the singular, and this way of thinking ought 
to extend to the heterochromatic functions. This has 
been particularly emphasized in the clear cut distinction 
made, for example, in Drosophila, between chromoeentral 
heterochromatin, contained in large blocks within chromo- 
somes or even making up almost an entire chromosome, 
and the intercalary variety which forms several small 
blocks within the mitotic chromosomes. It has been 
suggested that there is justification for restricting the 
name “heterochromatin” to the chromocentral type, 
finding a different name for the intercalary variety. It is 
to this type that the function of carrying polygenie blocks 
was attributed. These were thought of as tight blocks of 
genes with similar, small, plus and minus, supplementary 
effects all contributing to the same quantitative character®’. 
Indeed, some* have tended to equate all heterochromatic 
functions with those thought to be characteristic attributes 
of polygenic systems. This view had not had great 
support, but the idea of multiple duplications and thus 
the presence of several copies of specific genes within a 
genome is more acceptable now and could be considered 
a special aspect of gene amplification. Some examples 
of this are clearly transitory®?, others may be more 
permanent, and a special type, fixed within the genome, 
could be transmissible from one generation to the next 
and therefore could have additional evolutionary implica- 
tions and consequences’! 

I have dealt rather more fully with the generalities 
about heterochromatin and with the ideas often derived 
from the study of other organisms than man, because they 
constitute a necessary background against which to con- 
sider the complexities and uncertainties of the properties 
of heterochromatin per se. As for its functions, little can 
be said in detail, but a few can be listed: a general effect 
on the pattern of cell division and particularly its control, 
especially when it is fast”; regulation of cell growth 
particularly during development”, and a quantitative 
effect on cell metabolism?)74, 

Whether or not heterochromatic elements act on cell 
division merely by their late DNA synthetizing pro- 
perty is unknown, though the evidence may be eon- 
flicting and the answer does not seem to be so simple’ë, 
Additional chromosomes usually increase the length of the 
mitotie eycle™®%. In plants, for example, supernumerary 
heterochromatic chromosomes may make pollen grains 
undergo additional divisions?” and quicken cell division”, 
though in other cases heterochromatin seems to lengthen 
the mitotic cycle. Supernumerary chromosomes, which, 
however, are not invariably heterochromatic, have been 
known to induce precocity of seed germination in some 
plants’? and delays in others™, and other quantitative 
variations are attributable to these chromosomal 
elements’ s1, 

Tt has been thought that heterochromatin acts on size 
and similar characteristics of cells73-*2, and that it may have 
a measure of control over, or at least a relationship to, 
cell and nuclear volume. This could be regarded as7a 
fixed cell property at a certain stago, but is really a 
dynamic state geared to the mitotie cycle. It seems to 
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be under cytoplasmic influence*?. Changes in nuclear 
volume are related to heterochromatization, however, 
for example, sex chromatin formation, and dispersion 
and condensation of chromatin may determine the volume 
change, possibly acting through changes in permeability 
of nuclear membranes**, Heterochromatin may also 
act on cell size by its effect on cell division and/or by 
controlling the making of protein by the cells and there is 
evidence that heterochromatin in mammals, man included, 
makes RNA less profusely than the euchromatic parts 
of the chromosomes**-*7 (for a discussion of this and 
cytoplasmic control see ref. 88). This in turn supports 
the idea of the relative genetic inertness of heterochromatin 
while perhaps giving a clue as to how heterochromatin 
controls cell metabolism. Commoner’ suggested that the 
heterochromatic coarse-adjustment of cellular metabolism 
is achieved by the “sequestration” of catalytic nucleotides 
deviated from the general metabolic machinery of the 
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Fig. 1. Relationship between number of sex chromosomes and total 


ridge count on fingers, (From ref. 96, modified with additional data.) 


Table 8. TOTAL DIGITAL RIDGE COUNT IN SEX CHROMOSOME 
ANOMALIES AND NORMAL CONTROLS, BOTH SEXES 


Chromosome No. of 
complement subjects 
45,1 

46,47 

46,424 

47, XYY 

47, XAY 

47, XXX 

48, XX FY 

BAXX F 


Mean 
167-96 


4 3 80-36 
XXYY 71-43 
49 XXX LY 55-36 
19 AX LN N 00-00 
Data are combined, See refs. 96, 98 and unpublished work of myself 
and N. Polani, 





cell to provide material for DNA synthesis. Thus excess 
heterochromatin, or a deficiency, would impinge on cellular 
metabolism and therefore cell size, for example, but such 
a hypothesis has not been found convincing, largely for 
biochemical reasons®, 

Little is known about other ways in which hetero- 
chromatin may act, other than by its “lateness”, on cell 
division or other cell characteristics, such as total number 
of cells, migratory ability of cells particularly during 
development, membrane permeability or cell viability. 
All these attributed properties indicate that an excess 
of heterochromatin interferes with developmental pro- 
cesses, sometimes in a serious, grossly malforming way. 
On the other hand, those that might be called more subtle 
effects, particularly those dependent on the hetero- 
chromatins of the sex chromosomes, affecting cell meta- 
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bolism, cell size, membrane permeability and so on, may 
result in less obvious abnormalities, often regarded more 
of a functional than of a structural type; and even perhaps 
in abiotrophie processes. Thus some of the subtler effects 
on brain function might be determined by the hetero- 
chromatie load of brain cells rather than by the action of 
X linked genes (within the heterochromatized X) on the 
brain”, though loci for major genes with brain effect 
are known on the human X chromosome. 

We might be dealing here with quantitative effects 
modulated, say, in a very delicate way by the individual 
charges of the various heterochromatins. Some of these 
concepts may well tie up with Pauling’s orthomolecular 
psychiatry idea® that “a physiological abnormality such 
as decreased permeability of the blood-brain barrier for 
the vital substance or increased rate of metabolism of the 
substance in the brain may lead to a cerebral deficiency 
and to a mental disease”’. 

Hypotheses apart, there is evidence that in man sex 
heterochromatins influence quantitative characters, The 
number of dermal ridges on finger tips, the so-called total 
ridge count, is one such. This is an almost perfect metrical 
characteristic which follows the rules for the correlation 
between relatives in respect to quantitative traits on the 
supposition of Mendelian inheritance”. The total ridge 
count is, with very little environmental interference, 
thought to be genetically determined by a few autosomal 
genes with strictly additive effect**. There is no indication 
of an effect of X linked genes*, but the effect of numerical 
anomalies of sex chromosomes is turning out to be most 
interesting from the viewpoint of the heterochromatin 
hypothesis. Sex chromosome increments depress the 
“total ridge count”, as Alter pointed out®*, and Penrose®4.*6 
has shown a quantitative and inverse relationship between 
the number of sex chromosomes present in the set and 
the total ridge count (Fig. 1 and Table 3). It may be 
estimated that each X chromosome depresses the total 
ridge count by about thirty or so ridges, and that each 
Y chromosome has about two-thirds this effect. If this 
quantitative effect were an effect of the heterochromatins 
of these two chromosomes, it might be possible to show, 
in normal circumstances, the effects of sex heterochromatin 
added to any effects of the autosomes. In this situation 
family studies would show that daughters tend to be more 
highly correlated with their mothers—they possess one 
heterochromatie X, the sarne as their mothers. Equally, 
sons should be more strongly correlated with their fathers 
with whom they share the Y chromosome. On the other 
hand, fathers and daughters, and mothers and sons, 
should be less strongly correlated, expectations that 
differ in detail from those of X-linked inheritance’, 











Table 4, CORRELATION CORFFICIENTS FOR THE “TOTAL RIDGE 
COUNT” BETWEEN PARENTS AND OFFSPRING ACCORDING TO SEX 
Standard 
error 
ofr 
O05 


No, of 
pairs 


Mother/daughter 185 k 
Father/son 159 G08 


Father/daughter 145 
Mother/son 165 


Taken from ref, 97, 


OT 
0-06 


Unfortunately, data are scanty and correlations (Table 
4, ref. 97), though showing a trend in the right direction, 
are not significant, at least if the four correlation coeffici- 
ents are considered against the theoretical value of 0-5. 
A comparison of the two correlation coefficients, mother/ 
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daughter and mother/son, however, shows them to be 
significantly different; and, also, the difference between 
the values for mother/daughter and father/daughter 
almost reaches the conventional level of statistical signifi- 
cance. The father/son correlation, while stronger than 
that between father and daughter, does not differ signifi- 
cantly from it. The sib/sib correlations have not been 
instructive’. 

These observations are important in relation to hetero- 
chromatic effects. For the ridge count effect, Penrose”! 
proposed a mechanism involving imbibition of tissues 
with fluid, based on the cystic hygroma findings in 45,X 
abortuses. A lymphoedema state in 45,X survivors is 
also well known. 

How heterochromatin may affect brain function and 
how this effect may be mediated through the morphologi- 
cal features of cells, such as their sizes, number, permea- 
bility and, ultimately, their chemical characteristics, is 
unknown. It is nevertheless evident that, with respect 
to brain function, sex chromosome imbalance has a qualita- 
tive effect, which depends on the type of sex chromosome, 
and a quantitative effect, which depends on the number of 
sex chromosomes, or better, within the limits of available 
evidence, on the number of Xs. This is a field open for study 
and it is important to stress that the emphasis is on quan- 
titative rather than qualitative effects, whether they are to 
be measured by the investigation of cells or by the deter- 
mination of chemical substances. 
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Miocene Monkey (Prohylobates) from Northern Egypt 
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Two Miocene primates, Prohylobates 
mogharensis, named in 1918 have long been considered apes. These 
types are now shown to be synonyms and the species {prior name: 
Prohylobates tandyi) is newly described 
jaw structure of Prohylobates is similar to that of an unnamed monkey 
species from the East African Miocene. 


tandyi and ?Dryopithecus 


and diagnosed. Tooth and 


Both of these in turn could 


be derived from African Oligocene monkeys like Parapithecus. 


IN 1918 the French geologist Rene Fourtau published a 
study on a Miocene vertebrate fauna collected largely 
from the ridges north of Hatayet al-Moghara along the 
north-west side of Wadi Moghara, Egypt, UAR?. The 
region from which these fossils come is located in the 
north-eastern corner of the Qattara Depression about 
85 miles south-west of Alexandria and 38 miles due south 
of El Alamein, Egypt, UAR. Fossils are found primarily 
in Wadi Moghara, but their occurrence extends westward 
at least 100 miles along the base of the cliffs bordering 
the northern flank of the Qattara Depression. The exact 
provenance of Fourtau’s fossils is unknown, and con- 
sequently they may not all be of the same age. Fourtau’s 
correlation of the fauna with the European early Miocene 
(Burdigalian) is also uncertain. 

Fourtau, in his study of the fauna, proposed seven 
terrestrial mammal species, including two primates. These 
materials have not subsequently been compared with 
Miocene vertebrate faunas of Eurasia or Kenya and 
Uganda, and there are a number of misapprehensions 
about the primates and the fama in general. (Fourtau 
republished his paper in toto with new appendices in 
1920, but without making it clear that the same work had 
been published originally 2 years earlier. Thus, Hopwood 
and Hollyfield (1954)? were in error in finally concluding 
that “The paper given as R. Fourtau, 1918, is a ghost. 
All genera and spp. quoted from it are new in this (1920) 
publication”. Fourtau’s new taxa were all proposed in 
the 1918 publication, a copy of which was received at the 
Osborn Library, American Museum of Natural History, 
on June 26, 1918.) This is no doubt partly due to the 
obscurity of Fourtau’s little known publication and the 
inaccessibility of the material for comparative study. This 
article provides a new diagnosis of the Miocene monkey, 
Prohylobates tandyi (Cereopithecidas), based on a re-study 


of the original material. 


The Primate Material 

In 1963, thanks to the assistance of Dr Darwish el-Farr, 
director of the Geological Museum, Cairo, Fourtau'’s three 
primate specimens were located in the collections in Cairo 
after some years during which they had been misplaced, 
and were kindly loaned to the Peabody Museum for re- 
study in that year (see Fig. 1), In 1965, they were returned 
to Cairo Museum, but casts, X-rays and photographs of 
these specimens are available at Yale. The two types are 
Prohylobates tandyi, right mandibular fragment with alveoli 
of Ti-a, C, Ps and complete crowns of P,-M, (CGM 30936, 
see Fourtau, 1918, Fig. 63); and ¢’Dryopithecus mog- 
harensis, right mandibular fragment with alveoli of C, 
Pas, and damaged crowns of M,- (CGM 28971, see 
Fourtau, 1918, Fig. 64, a and a’). A referred specimen of 
2D. mogharensis (CGM 28972, see Fourtau, 1918, Fig. 64, 
6 and 6’) had been damaged during casting in 1936 at the 
Cairo Antiquities Museum. Of this specimen, only P, was 
located in 1963. 


History of Study 

On initial examination of these three specimens it 
became clear that none of them is hominoid, whether 
pongid or hylobatid, and that, on the contra y, all show 
the mandibular and dental morphology of ~opithecoid 
monkeys. Moreover, in so far as can be cor all three 
seem to represent the same genus and spe or which 
the name Prohylobates tandyi has page priority. Pro- 
hylobates thus stands as a somewhat inappropriate but 
valid name for what appears to be the oldest named 
Miocene monkey. During the past decades some authors 
have realized the cercopithecoid affinities of thes materials 
from Fourtau’s figures, but published reports are brief 
and few in number, Remane’, one author who did discuss 
the fossils at length, failed to recognize that neither Pro- 
hylobates tandyi nor ?Dryopithecus mogharensia is hominoid, 
and instead he mistakenly stressed a relationship between 
P. tandyi and Propliopithecus. The possibility of such a 
phyletic relationship seems to have been seeded in his 
mind more by the geographic proximity of the two finds 
concerned than by real morphological similarity. He also 
apparently wished to correct Fourtau’s complete omission 
of reference to Schlosser’s 1911 (ref. 4) deseription of the 
Fayum primates including Propliopitheeus. Tn the nine- 
teen-thirties, casts of the Wadi Moghara primates were 
prepared in Cairo and distributed for study to the British 
Museum (Natural History) and possibly elsewhere. Even 

















Fig. 1. 
of Prohylobates tandyi. 


External views of the three known mandibular fragments 
A. CGM 28972; B, CGM 90938; O, CGA 
238071 type. («x 75.) 
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after this date, however, there were very few new observa- 
tions on these finds. In 1951 Le Gros Clark and Leakey’ 
remarked: 

“Fourtau’s description and photographic illustra- 
tions are not adequate to permit a critical examina- 
tion of his conclusions. ... Indeed, so far as can be 
made out from the photograph, the molars appear to 
be more cercopithecoid in their cusp pattern.” 


Forty-one years after his original publication Remane 
in 1965 (ref. 6) had come to realize that the Wadi Moghara 
primates were monkey-like. Also in 1965 Simons and 
Pilbeam? pointed out the synonymy of 2D. mogharensis 
and P. tandyi and the proper placement. of this form with 
the cercopithecoid monkeys. Apart from these few men- 
tions, Prohylobates and D. mogharensis have usually 
been omitted from discussions of the history of higher 
primates or, following Fourtau’s erroneous conclusions, 
have been treated as Miocene apes. 





Emended Diagnosis of Prohylobates 





Order Primates, Linnaeus, 1758 
Suborder Anthropoidea, Mivart, 1864 
Family Cercopithecidae, Gray, 1821 
Subfamily Indet: 

Genus Prohylobates, Fourtau, 1918 
Prohylobates Fourtau, 1918, page 93 

Type Prokylobates tandyi CGM 30936 


Distribution 





?7Burdigalian (early Miocene) Wadi 
hara local fauna, Northern Egypt, U 


Mog- 


ma 
s9 


Diagnosis: Differs from recent genera of Cercopithecidae 
in the probable possession of a small hypoconulid on Ma 
(Wear on the relevant specimen bars certainty about 
this.) Resembles most living and fossil species of Cerco- 
pithecidae, other than those of Cercopithecus and Erythro- 
cebus, in showing a distinct, well set off hypoconulid cusp 
on M,. The four principal lower molar cusps are high and 
situated in transverse pairs as in later Cercopithecidae. 
There is marked hypsodonty of premolars and molars, 
greater than is typical of Pontian Mesopithecus. Tt is 
unlike Mesopithecue and most modern cercopithecids in 
that M, is not distinctly longer than 1 ,. It differs clearly 
from Propliopithecus and other primitive hominoids in 
showing entirely distinct crown morphology, in lacking 
extemal lower molar cingula, in having “waisted”? molars 
(a cereopithecoid trait), and in showing distinct molar 
hypsodonty—-molars exhibit greater foveal height than 
in hominoids (other than Gigantopithecus, see Fig, 2). 
Tt also differs from other primitive hominoids in poss sing 
a dental or mandibular canal which drops down anteriorly 
at a high angle from the long axis of the tooth-crowns; im 
conjunction with this, cheek-tooth reots increase in length 
markedly from back to front. Tt differs from all modern 
cercopithecines and resembles Colobus in horizontal ramus 
of mandible being extremely deep compared with length 
of molar row. 











Relationships with Other Monkeys 

Remane’s comments? constitute the major interpreta- 
tive reaction to Fourtaut but Remane was not able to 
study the originals in Cairo and, in a few cases, his conjec- 
tures from Fourtau’s text and figures added to the mis- 
conceptions about the status of these Egyptian fossils. 
Nevertheless, Remane? quite correctly coneluded. that all 
the resemblances between Hylobates and Prohylobates listed 
by Fourtau are unimportant taxonomically and do not at 
all indicate a special ancestor-descendant relationship 
petween the two forms. Remane, however, misinterpreted 
Fourtau’s Fig. 63. He thought that the best specimen of 
Prohylobates showed that P, was one-rooted, an uncommon, 
condition among living or fossil Anthropoidea, other than 
Homo. From my Fig. 3, ib can be seen that the horizontal 
ramus of CGM 30936 (and of CGM 28971 as well) is 


proken away externally so that the part of the alveolar 
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Fig. 2. 
tandui CGM 30936 showing pronounced hypsodonty even though the 
crowns are heavily worn. 


Lateral view of the type mandibular fragment of Prokylobates 


border which would bear the anterolateral root socket of 
P, is missing. Thus the specimen itself could not possibly 
give evidence that P, was single-rooted because the 
anterior root would have been lateral to any part now 
preserved, 

After pointing out that the deep horizontal ramus, the 
hypsodont molars and the well defined M, hypoconulid of 
Prohylobates dissociate it from an ancestral relation to 
modern gibbons (Hylobates), Remane proposed the pos- 
sibility of a relationship between Miocene Prohalobates 
and Propliopithecus haeckeli from the Oligocene of the 
Egyptian Fayum. The traits he cites in this comparison, 
however, are either not actually common to the two (basal 
outline and shape of premolars, for instance, are not as 
similar in the two as he suggested) or are so common 
among primates (triangular shaped and distinct hypoco- 
nulid) that they could hardly confirm a special resem- 
blance. In short, the jaws of Prohylobates show no close 
anatomical affinity to those of any of the gibbons or 
gibbon-like fossils whether H ylobates, Pliopithecus (Limno- 
pithecus), Aeolopithecus or Propliopithecus. 

New discoveries in the Fayum Oligocene deposits made 
recently by Yale expeditions now provide evidence of an 
Oligocene primate which is closely related to Prohylobates. 
This evidence is a dozen or so specimens of a new species 
of the Oligocene genus Parapithecus from the upper levels 
of the Jebel el Qatrani Formation at Yale Quarry L The 
least worn of these, particularly YPM 23796 and YPM 
23954, show, just as Prohylobates does, characteristic 
cercopithecid hypsodonty of basal crown; that is, central 
foveal height great relative to apical cusp height. Both 
possess the pronounced external and less pronounced 
internal indentations between trigonid and talonid seen 
in most old world monkeys (‘“waisted” molars). Para- 
pithecus and Prokylobates also possess an anterolateral 
Hoss or extension of Py—a feature they share in common 
with the Miocene monkeys of Kenya. Tn these extinct 
monkey genera both P, and P, are set at an angle to the 
long axis of the tooth row as a result of this anatomical 
feature of P,. Thus the anterolateral boss links all three 
groups of monkeys but so far has been found neither in 
hominoid primates nor im Prop liopithecus. MacInnes" 
stressed this unusual feature of P, in his description of a 
fossil monkey from Kenya, remarking that the long axis 
of P, “is fairly sharply oblique to the axis of the tooth 
row, whilst in the modern form [Colobus] the longer axis 
of the tooth continues the line of the molar series’. Only 
Parapithecus, Prohylobates and the Miocene monkey of 
Kenya show an obliquely rot ated P,. This character must 
therefore be regarded as a probable primitive feature of 
Cercopithecidae, Another striking similarity between 
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Fig. 3. 


Prohylobates and Parapithecus is to be seen in the cross- 
section of the symphyseal region which in both cases has 
a morphology more like that of ecolobine monkeys than 
like that of cercopithecines or primitive pongids. In 
both cases the simian shelf is much elongated posteriorly, 
and the geniohyal pit is unusually deep. 






Table 1, COMPARATIVE MEASUREMENTS OF AFRICAN MIOCENE MONKEYS 
“ Mesopithe- 
cus sp." 
Prohylobates Prohylobates tandyt East African 
tandyi (= Dryopithecus mogharensis) Miocene 
Geol. Mus. Cairo CMG 28971 CMG 30936 (measure- 
28072 ments from 
Macinnes) 
PiL 50 _ 5 
B 53 = 4 
Index: L/B 94-3 m 125-0 
ML 6-0 6 
B 60 5 
Index: L/B 100-0 120-0 
M L 70 7 
B 70 6 
Index: L/B 100-0 115-6 
M, L = Tb 
Ř- 60 
Index: LIB m= 125-0 
Index: M,/M, 7 Hue 


Index: M,/M, 

Length P.M, 

Thickness at P, 

Thickness at M, 

Depth at P, 

Depth at M, 

Maximum thickness of sym- 
physis at superior trans- 








verse torus ot 10+ 
Robusticity index: thick- 
ness at P,/depth P, 39-0 87-6 


Among the numerous differences which distinguish 
Propliopithecus from Prohylobates and Parapithecus is the 
fact that the Oligocene ape (Propliopithecus) has extremely 
bunodont molars and premolars with a very low molar 
foveal height. Although the new species of Parapithecus 
from the Fayum is not particularly deep jawed, the closely 
related genus Apidium is much more so. Apidium has 
become better known from dozens of jaws and teeth 
recently recovered at Quarry T by the Yale expeditions. 
The species Apidium phiomense, which is the commonest: 
mammal species found at Yale Quarry I, has quite deep 
Colobus-like jaws. This faet was not apparent from the 
type AMNH 13370—a left jaw fragment of a sub-adult 
individual in which depth of the horizontal ramus had 
not reached its full adult expression. 

The only other described African monkeys of Miocene 
age are those recovered from Rusinga and Maboko 
(= Kiboko) Islands, Kenya. reported briefly by MacInnes*, 
those recovered from Napak, Karamoja, Uganda, re- 











Occlusal view of the teeth of Prohylobates tandyi. 


A, COM 28072; B, CGM 30036 type. 


ported by Pilbeam and Walker’, and a single tooth 
from the Congo'*. Those recovered in Kenya are being 
studied by von Koenigswald and his analysis of them is 
said to be in the press. Judging from casts and from 
MacInnes’s plate 23, Figs. I and TA, the East African 
monkey and the North African Prohylobates have quite 
similar tooth morphology (crown outlines and cusp place- 
ment in P,, M,.,). It is not clear whether these ¢wo species 
are congeneric or not, but the East African form should 
surely not remain in Aflesopitheeus where Macinnes origin. 
ally placed it. Measurements of the three Egyptian 
specimens are compared in Table 1 with those published 
by MacInnes for the East African specimens. 

Recently Pilbeam and Walker® deseribed Miocene 
monkey fossils from Napak, Uganda. These are a ngle 
upper Mt or M? from Napak site V which closely resembles 
cercopithecine molars, and a frontal from Napak site IX. 
This latter is more nearly like a colobine frontal. Pilbeam 
and Walker's findings suggest that the two subfamilies of 
cercopithecoids may already have been distinet in the 
early Miocene. If so, Prohylobates should be considered 
in respect to its subfamilial placement. The material 
seems too fragmentary to warrant a definite allocation, 
but the deep jaw ramus with short planum alveolare 
resembles Colobus significantly. 
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Galactic Nuclei as Collapsed Old Quasars 


by 
D. LYNDEN-BELL 


Royal Greenwich Observatory, 
Herstmonceux Castle, Sussex 


RYLE gives good evidence! that quasars evolve into power- 
ful radio sources with two well separated radio components, 
one on each side of the dead or dying quasar. The energies 
involved in the total radio outbursts are calculated to be 
of the order of 10%! erg, and the optical variability of some 
quasars indicates that the outbursts probably originate 
in a volume no larger than the solar system. Now 10° erg 
have a mass of 10% g or nearly 107 Suns. If this were to 
come from the conversion of hydrogen into helium, it 
ean only represent the nuclear binding energy, which is 
3/400 of the mass of hydrogen involved. Hence 10° solar 
masses would be needed within a volume the size of the 
solar system, which we take to be 10% cm (10 light h). 
But the gravitational binding energy of 10° solar masses 
within 10 em is GM?/r which is 10% erg. Thus we are 
wrong to neglect gravity as an equal if not a dominant 
source of energy. This was suggested by Fowler and 
Hoyle?, who at once asked whether the red-shifts can 
also have a gravitational origin. Greenstein and Schmidt, 
however, earlier showed that this is unlikely because the 
differential red-shift would wash out the lines. Attempts 
to avoid this difficulty have looked unconvincing, so I 
shall adopt the cosmological origin for quasar red-shifts. 
Even with this hypothesis the numbers of quasar-like 
objects are very large. or rather they were so in the past. 
[shall assume that the quasars were common for an initial 
epoch lasting 10° yr, but that each one only remained 
bright for 10° yr, and take Sandage’s estimate (quoted in 
ref. 4) of 10° quasar-like objects in the sky down to 
magnitude 22. This must represent a snapshot of the 
quasar era, so only one in a thousand would be bright. if 
these represent all the quasar-like objects that there are. 
then the density of dead ones should be 107 x 10% = 101° per 
Hubble volume. The distance between neighbouring dead 
esgones is then an average of 10- Hubble distances (10° 
‘light yr) or 3 Mpc. From these statistics it seems probable 
that a dead quasar-like object inhabits the local group of 
galaxies and we must expect many nearer than the Virgo 
cluster and M87. If we restrict ourselves to old quasars 
bright at radio wavelengths, then Sandage reduces his 
estimate by a factor of 200 so the average distance 
between dead quasars is around 20 Mpe. This is typical 
of the distance between clusters of galaxies. 

If some 107~-10® solar masses were involved in the quasar, 
releasing 107 solar masses as energy, then the dead quasar 
is likely still to be in the range 107-10° solar masses and 
to be bound still within a radius of the size of the solar 
system. Such an object is unlikely to exist for 10 yr 
without burning out its nuclear fuel. There are no equi- 
libria for burnt-out bodies of masses considerably in 
excess of a solar mass, however. Even uniform rotation 
hardly increases Chandrasekhar’s critical mass of about 
14 Mo and non-uniform rotation always leads to the 
generation of magnetic fields and to angular momentum 
transport. For masses already of the size of the solar 
system such periods of angular momentum transport wil 
not be very long. In a few thousand years the outer parts 
acquire a large fraction of the angular momentum and 
slow down in circular orbit while the more massive inner 
portion contracts and spins faster. This central portion 
will collapse and finally fall within its Schwarzschild radius 
and be lost from view. Nothing can ever pass outwards 
through the Schwarzschild sphere of radius r=2 GM/e?, 








Powerful emissions from the centres of nearby galaxies may represent 
dead quasars. 


which we shall call the Schwarzschild throat. We would 
be wrong to conclude that such massive objects in space- 
time should be unobservable, however, It is my thesis 
that we have been observing them indireetly for many 
Vears, 


Effects of Collapsed Masses 


As Schwarzschild throats are considerable centres of 
gravitation, we expect to find matter concentrated toward 
them. We therefore expect that the throats are to be 
found at the centres of massive aggregates of stars, and 
the centres of the nuclei of galaxies are the obvious 
choice. My first prediction is that when the light from the 
nucleus of a galaxy is predominantly starlight, the mass- 
to-light ratio of the nucleus should be anomalously large. 

We may expect the collapsed bodies to have a broad 
spectrum of masses. True dead quasars may have 10? 
or 104 Mg while normal galaxies like ours may have 
only 107-108 Ma down their throats. A simple calculation 
shows that the last stable circular orbit has a diameter of 
12 GM /e? = 12m so we shall call the sphere of this diameter 
the Schwarzschild mouth. Simple calculations on circular 
orbits yield the following results, where M, is the mass of 
the collapsed body in units of 10’ Wo, so that M, ranges 
from 1 to 104. 








Cireular velocity 


Fe = (GM/(r —2m)|'" where r > 3m d) 
Binding energy of a mass m* in circular orbit 
m* e= m*e? {1 — (r —2m) [rir — 3m) ] 1} (2) 
Angular momentum of circular orbit per unit mass 
h = [me r? (r — 3m) |! (3) 
The maximum binding energy in circular orbit. is 
m*e? (1 — 24/2/38) = 0-057 m*c? ~ m*c? J18 (4) 


which occurs at r= 6m and k= 4/12 me (equation (5)). 
This orbit is also the circular orbit of least angular 
momentum. The period of the circular orbit as seen from 
infinity is (27r/ V.) (L—-[2m/r]) 1? = 2r (3/GM)*” (equa- 
tion (6)). The maximum wavelength change toward the 
blue visible from infinity is ’)/A= 2!" for a stable circular 
orbit while for a stable parabolic orbit it is }o/A= 1+ 2712, 
For parabolic orbits that will disappear down the Schwarz- 
schild throat the greatest blueward change is seen from 
y= 27m/8 when A/A=1-77, There is no possibility of 
synehrotron-like blue-shifts. 

Numerical values are: V.= 200 (M,/r)!@ km s7? atr pe. 
12m diameter of Schwarzschild mouth = 1-6 x 10% M, em 
xM, AU. Roche limit for a star of density ¢* g em 
(R)= 4:1 x 10! (M,/*)! em = 2-8 (M,/o*)1 AU. Greatest 
swallowable angular momentum per unit mass hy= 4me = 
0-5 M, pe km s~. Once the initial very low angular 
momentum stars have been swallowed (those with h < ho) 
the star swallowing rate rapidly declines to a negligible 
trickle of about 10 stars yr. Because the Roche limit 
is near the Schwarzschild mouth we may likewise neglect 
the tearing apart of stars by tides. Spectroscopic velocity 
dispersion of the same energy as the circular orbit o? = 
4 Fe, that is,o= 116 (M,/r)'/? km s. Period of circular 
orbit at r po= 3x 10% (r9/M,)'% yr. 

it is thus by no means impossible that there are col- 
lapsed masses in galactic nuclei. Considerable support for 
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the notion comes from a detailed consideration of what 
happens when a cloud of gas collects in the galactic nucleus. 
(This was first considered by Salpeter, who also derived 
the 0-057 Fe? power output? which is now described.) 


Gas Swallowing 

The total mass loss from all stars in a galaxy will be 
roughly 1 Mo per year. A fraction of this accumulates in 
galactic nuclei, which are the centres of gravitational 
attraction. There is dissipation when gas clouds collide, 
due to shock waves that radiate the energy of collision. 
For a given angular momentum the orbit of least energy is 
circular, so we must expect gas to form a flat disk held 
out from the centre by circular motion. Such a differen- 
tially rotating system will evolve due to “friction” just 
as described earlier for a dying quasar. Nothing happens 
in the absence of friction so the energy is liberated via 
the friction. In the cosmic situation molecular viscosity 
is negligible and it is most probable that magnetic trans- 
port of angular momentum dominates over turbulent 
transport just as it does in Alfvén's theory of the primaeval 
solar nebula. To give a sensible model of the swallowing 
rate we must estimate the magnetic friction and investi- 
gate what happens to the energy acquired by the magnet: 
field. Before doing this let us assume a conservative 
swallowing rate of 10° Mo per year and work out the 
power available through magnetic friction. We assume 
that this mass flux is processed down through the circular 
orbits until it reaches the unstable orbit at r=6m. We 
shall assume that the flux is swallowed by the throat 
without further energy loss. The power for a mass flux F 
is then 0-057 Fe? = 3-5 x 10% erg st 10° Lo where the 
values are for F=10° Mo yr and Le is the power of 
the energy output of the Sun. This sort of power emitted 
as light could just noticeably brighten a nucleus. If a 
fraction were emitted in the radio region the nucleus 
would be a radio source. Clearly it only requires a mass 
flux of 1 Mo yr and a conversion into light at 10 per 
cent efficiency for the nucleus to equal the stellar light 
output from the whole galaxy. Can this be the explanation 
of the Seyfert galaxies ? 

We now return to the model for the magnetic transfer 
of angular momentum in a disk. As a magnetic field B 
is sheared by an initially perpendicular displacement. The 
component across the shear is left unchanged but the 
component down the shear is progressively amplified. 
We may therefore expect the magnetic field in a shearing 
medium to be progressively amplified until it somehow 
changes either the motion or its own configuration. The 
magnetic field first has a significant effect when it can 
bow upwards and downwards out of the differentially 
rotating disk leaving the material to flow down the field 
lines and so collect into clouds in the disk®. For significant 
cloudiness to result, the magnetic field pressure B82 
must equal the turbulent and gas pressures pes?. Here 
e is the density and cs? the combined velocity dispersion 
of microscopic and molecular motion. The thickness of 
the disk 26 is determined by the balance between the 
gravity of the central mass and the non-magnetic pressure, 
G Mrz 9 = — es? ¢/@z, which gives 

e = go exp [—2*/2b"] where b? = ri¢,2/GM (7) 


The local shear rate is given by Oort’s constant A 











A= ~—drd(v/r)/dr = } (OMe (8) 
Be 16 f 16 
NCO X Bote? we ee AM, oe (oe 4E 
Hence gh © Pots 9 A*b? og 9 W Ja bE (9) 
Here X is the surface density of matter in the disk, 


N= 4/2rb Bo 

On multiplication by 6%, equation (9) tells us that the 
magnetic field energy in a volume b? is about equal to 
the kinetic energy of the shearing in the same region. 
Equation (9) may be obtained approximately from a 
dimensional analysis of a general shearing sheet of highly 
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conducting material. As such, it claims general validity, 
so it is interesting to apply it to the gas in the neighbour- 
hood of the Sun. The very reasonable result, B= 4x 10-* 
G. restores confidence in this rather inadequate treatment. 
We are now in a position to estimate the magnetic fric- 
tional force per unit length in a shearing disk. The Maxwell 
stress By. By/(4r) acts over a thickness of about 26, 
Once the medium has broken up into clouds the magnetic 
field will be rather chaotic but the shearing will still give 
it some systematic tendency to oppose the shear. The 
greatest possible value of By By for given [B] is 88/2, so 
we estimate B?/4 as a typical value in a sense directed 
to oppose the shear. The force per unit length is then 

bB/8r = (16/(94/27)] AHE (10) 
Unlike a normal viscous drag. the force here depends on 
the square of A, the rate of shear. This is reasonable 
because the shear itself is needed to build up the ma 
netic field which eventually opposes it. We shall use this 
estimate of the friction to make a model of the disk 
but it is important to consider first where the energy goes. 
We must consider why the field is not further amplified 
by further shearing once it has reached the value estimated. 
Once the medium has split into clouds each cloud acts 
like a magnet. As the medium is sheared these magnets 
try to re-align themselves to take up a configuration of 
minimum energy. The intercloud medium, although 
dominated by the magnetic field, is still a highly conduct- 
ing medium, however. In free space re-alignment of the 
magnets involves reconnexion of magnetic field lines 
through neutral points. This cannot happen in a force- 
free, strictly perfect, conductor. Rather one may show 
that neutral sheets develop with large sheet currents 
flowing through them. This situation does not really 
happen; any small resistivity causes a return to the 
reconnecting case and it is of the greatest interest to + 
how a plasma of particles behaves near a neutral point at 
which reconnexion takes place. (In the frame in which 
the neutral point is fixed this involves an electric field E. 
The mechanism of acceleration is basically that of Syro- 
vatskil’.) Tritton at this observatory has been studying 
with me the details of an exact model. To reconnect a 
finite flux in a finite time through a point at which B= 0, 
it is clear that the lines of force must move infinitely fast 
at the neutral point. They are not material lines and 
there is nothing wrong with this; even the normal formula 
for their velocity v=c (E x B/B?) gives superluminous 
velocities when [E x B|> 8? (that is. for (El > (8) int 
gaussian units assuming they are perpendicular). The 
particles gyrate about their field lines until the lines move 
with the velocity of light; thereafter the electric field 
predominates, the magnetic field is too weak to change 
anything significantly and the particles are electro- 
statically accelerated. The potential drop follows directly 
from Faraday's lew 
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where dN/dé is the rate of flux reconnexion. To calculate 
this e.m.f. we estimate the reconnexion rate as a flux of 
26°B in a time of (24). This gives an em.f. of 4b? A Ble 
(equation (11)). We shall see that these e.m.f.s are of 
the order of 10° V, Because I believe that this can be 
the primary source of dissipation for the highly condueting 
disk I deduce that the energy of dissipation can be con- 
verted directly into cosmic rays in the GeV range. We 
have now good reason to believe that galactic nuclei 
ought to be radio sources because such cosmic rays will 
clearly radiate by the synchrotron mechanism in the 
magnetic field. In summary, we expect from a shear 2.4 
the generation of a magnetic field given by equation (2), 
a shearing force given by equation (3), and a power p per 
unit area dissipated into cosmic rays of energy up to 
4b4ABjo given by p=2AbB*/8n= (32/(9/2n)) ADE 
{equation (12)). These formulae have very general applica- 
tion in the astrophysics of the Galaxy, in the early history 
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of the solar nebula and in the origin of peculiar A stars 
from binaries. There is, however, one caveat: the recon- 
nexion energy only goes into cosmic rays if the density is 
low enough in the reconnecting region. If the particle 
being accelerated has a collision before it reaches the 
rm.s, velocity, then it cannot run away to high energy; 
instead the reconnexion energy is dissipated by olimic 
heating. 

If ma, mp are the masses of the accelerated particle 
and the proton, then the condition for acceleration is 


12 
J3 2 


. 3 
emi Et > G kT'm; ) 





where ts is the time between scatterings of the particles A. 
This time may be taken from Spitzer's book* to be 
approximately 
ts = ma p T? malma tmp) seconds 

T is the temperature and p is the density at the accelera- 
tion region. Putting in our expressions for the electric 
field ©/2b we obtain for our disk in e.g.s. units the accelera- 
tion condition 

’ 


p < 10 ( _-) bABT 


DMa 
\ma + m p” 





Notice the density for proton acceleration can be 918 
times that for electron acceleration. 


The Steady Model Disk 
We look for a steady state of gas swallowing with a 
mass flux F. We shall assume that a small fraction of the 
rotational energy is converted into random motions sọ 
that cœ Ve. Sensible values would be es=10 kms” 
when Fe= 200 km s so we write ¢s= (1/20) 2 Fe, where æ 
is of order unity but might be a weak function of r. The 
couple on the material inside r due to magnetic friction 
is from equations (10), (8) and (7) 
g = Wn bB/8n = y?r er? D (13) 
Apart from the trickle of angular momentum 4/12 mek 
into the singularity g must be balanced in a steady state 
by the ward flux of angular momentum carried by the 
material. Thus, using equations (3) and (5) 
g= 12 mF + F [mer (r —3m)y]!? for r>6m (14) 
that is g = F (GMr)} (15) 
Because gart? we see from equation (13) that Tor !? 
cestor! Vetor" and that the radial velocity 
Vr = F (2nrX)- (16) 
The power 27rp(r)èr liberated into heat or cosmic rays 
in the region between r and r+4r is ~ Fde/dr where 
—de/dr is the derivative of the binding energy in circular 
orbit given by equation (2). 








m (r — 6m) 
d [rir — 3m) p“ 
pir) x FGM |(4rr?) for rm (18) 
For a given total mass and radius of the disk, a given 
Schwarzschild mass and choice of the parameter a= 1, 
we have now a unique model of the disk including the 
cosmic ray power, the heating per unit area, the magnetic 
field and the mass flux. Rather than give the total mass 
and radius of the disk, we shall determine everything in 
terms of the mass flux. Any chosen maximum radius 
then determines the total mass within. We shall calculate 
two temperatures T, and T, as follows. T, is the tem- 
perature that the disk would have if it radiated as a black 
body just the power per unit area that is locally generated. 
Thus T(r) = (P(r)/(2c))!"4 where o is Stefan’s constant and 
the factor 2 arises because the disk has two sides. T(r) 
is the ambient black body temperature at a distance r 
from a source the total power of which is the total power 
of one disk. Thus 
U(r) = [P/(6xor?)]!"4 

We now give the numerical values in terms of the 

following variables: F., the mass flux in units of 10 Mo 





pr) = for r= 6m 








NATURE, VOL. 223, AUGUST 16, 1969 


per year, M, the Schwarzschild mass in units of 107 Mo. 
x the ratio of the turbulent velocity to 1/20 Fe. fo mo 
the running variable r in units of 1 pe and GM /¢? respec- 
tively, From equation (15) couple g= 4 x 10% r P FM, 
=2-6% 10% m FM, g em? s% (mœ 6). From 
equation (13) surface density = 0-16 rg)? av? FaaMy 
r 
6). l 2rrEdr = 


o 
OT x 10 72 eet PLM? g= 84x 108 r solar 
masses. From equation (7) b/r=0-05x. pgs (2r) 1 PY /b= 
46x 1008 ryt Ba FM = 14 x 10% my 3 a8 PAL, ? 
g em” (m6). From equation (13), B= 3x 10% rg) 
el Fop PM p Tx 108 mahh at BL AL} G (my 
> 6). From equation (18), p(r) 0-22 ro F-a4l; ergs em? 
s- (7°S> 6m). Notice that the power is strongly concentrated 
towards the centre, where we need the accurate relativistic 
formula (17) 








= 240 mgt? g? FoM g em? (mo 
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Maximum cosmic ray energy e= 5x 10% r3 ah? 
Fap Mp 4= 108 mg? jt et? F-a eV, Period of circular 
orbit (seen from infinity) 3x 10° r, Myu? yr= 9-8 x 10% 
m? M, yr. Circular velocity Ve= 200 ry (1-97 x 107 
M, rg) = 3 x 108 met? (1-2 m™) > km s~ (ng > 6). 
Radial velocity Vr=02 ryt? 2? AM 223x107 mit? a 
km s- (m6). Condition for electron acceleration is 
p <3 x 1020 Ty ry tte F-a PM and for proton accelera- 
tion p< 3x le" T, ete., where T, is the temperature in 
the acceleration region in units of 104 K and ọ is the 
density. Acceleration will be between the clouds so at 
any region of the disk we should probably take 9/10 
for s (and T,~1 unless the ambient temperature T, is 
greater.) 

Diameter of Schwarzschild mouth 12m = 5-7 x 10-* M, 
pe, that is, m,= 12. Diameter of region producing half the 
power 44m = 2-1 x 10-6 M, pe, that is, m= 44, Rotational 
period at that radius 9x 10°? M, yr=032 M, days. 
Inward movement time 7/ Vrat that radius 1-6 x 10-1 M, 
we? yr~ 59 M, days. 

Tt should by now be clear that with different values of 
the parameters M, and F., these disks are capable of 
providing an explanation for a large fraction of the 
incredible phenomena of high energy astrophysics, includ- 
ing galactic nuclei, Seyfert galaxies, quasars and cosmic 

s. The next section is therefore devoted to predicting 
the spectra. 








Spectrum 


The maximum temperature is at m= 7:05 and is T,= 
66x10 F My! K. The medium will be optically 
thick for S=90 a2? F., Myt g emè. The disk is in 
danger of becoming optically thin around Y= 1, but there 
the temperature has fallen to T,~ 700 K so dust will 
take over as a source of opacity (this may not happen for 
large M,). Our standard model with the parameters all 
at unity will provide opacity out to about a parsec or 80. 
Because all but the centre of our disk obeys a law T= 
Ara with a=4 in the outer parts where 7, is relevant 
and a= 8/3 in the inner parts where 7, is relevant, we 
study the radiation from disks with such power law tem- 
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Fig. 1. The emitted spectrum of disk and synchrotron radiation for 


the standard model, The flux from Sagittarius 4 is weaker by a factor 

100, indicating only 1 per cent efficiency of the proton synchrotron. 

t, Proton synchrotron; b, outer disk; e, central disk; d. electron 
synchrotron. 





perature distributions. 
is given by 


The total emission at frequency v 


o Fas an 
8z? “8 rdy 
Sy = fiv (T(r)) 4urdr = =| E 
; oe 


exp(hv/kT) — 1 
0 0 
Writing «= ape ve? we find 


z?h (kh. AN" fa ated 
- de v3 


erm] 
0 





where 





Thus for a= 8/3 we have S,ocv!/* while for a=4 we have 
Spv, Before trying to use these formulae it is important 
to find out at what radius the main contributions to S, 
arise. For a<1 the main contributions come from radii 
close to those for which hv~ kT. We may therefore deduce 
that for our standard model S,av-! when 100 K <hy/ 
k<3,000 K and S,av'® when 3x 10! K <Av/k < 105K, 
and that for frequencies corresponding to temperatures 
of 10° K or greater the system shines like a black body 
of 10° K. In practice it is known that at least for Seyfert 
galaxies the reddening by dust takes a large fraction of 
the energy out of the ultraviolet and replaces it in the 
infrared. Because I have no theory for the amount of 
dust at each radius I cannot predict the final optical 
spectrum in detail. But because dust evaporates at a 
thousand degrees or so it would seem likely that the 
radiation should be peaked on the red side of the corre- 
sponding frequen Fig. 1 shows the details of the 
emitted “black body” radiation. It is clear that fluor- 
escence from the ultraviolet will mean that the optical 
spectrum should be fall of emission lines. Those arising 
from where the disk has ambient temperatures near 
2x10 K come from regions rx 10-3 where the circular 
velocities are V.x6x 10? kms-!. These emission lines 
should therefore be very broad. We may expect that the 
real disk is not steady, although exact periodicity due to 
a source in orbit is unlikely. Rather, we should expect 
rariations on a time scale given by 2r/Fr at 
(120 days) because that is the time scale in which the 
material flux can vary over the region in which most of 
the flux is emitted. Using our theory in the most straight- 
forward way it is clear that more power is used in ace: ler +t 
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ing protons than is used in accelerating electrons. Protons 
ean be accelerated in a density 918 times as great as that 
in which the electron acceleration can operate. Density 
in our model behaves like r-*/? while total power between 
3/2 r and 1/2 r behaves like r=, We deduce that the proton 
power is about 10? times the electron power. The steady 
state mee um is easily determined. From our accelerator 
we expect energy proportional to potential drop. Beeaus 
particles start from all points the energy spectrum ejected 
by the accelerator is uniform up to the maximum energy, 
eD~ 10% eV. 

Each particle of energy # radiates at a rate propor- 
tional to H?, If there were constant monoenergetic injec- 
tion into the medium, the flux of particles downwards in 
energy would be constant. Thus the number per unit 
area at any E less than the injection energy would follow 
the law N(E)=KE- for E<Emax&Em This law is 
only slightly modified by our uniform injection at all 
energies up to Emax. It is 

N(E) = KQ- EJEm Bt E<Em 


where K is related to the total power of injeetion power 
per unit area p by 
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Because the power law is near E? except close to Eata 
we expect the y of synehrotron radiation theory to be 
close to two, and the corresponding spectrum to be close 
to Spo- with a= 4. It is possible to work out a be 
approximation using the 8 function approximation to the 
frequency spectrum of a single electron®. For our disk 
model the flux is 


K= 
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where ra is the least radius at which the particles can be 
accelerated and 
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where this formula holds for y< va I Ymira) and vy is v 
in units of GHz. This formula has assumed that all the 
power dissipated goes into fast protons or electrons as 
the case may be. In regions where both electrons and 
protons are accelerated the power should obviously be 
divided by two. In practice it is probable that $, should 
be reduced by some efficiency factor because probably 
only a fraction of the total reconnexion energy really 
gets into fast particles. The radius of the source at 
frequency v is about 
=L 


= 07y (m Wa F 
Mp 
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Notice that the fast electrons can only be produced much 
further out than the protons but that they nevertheless 
produce radiation to much higher frequencies. 


Comparison with Observations 


In the Galaxy it is not clear that the circular velocity 
near the centre falls below 200 km s7, but the OH observa- 
tions do suggest velocities as low as 100 km s~ within 
70 pe of the centre. This indicates a nuclear m of 
M,~3 for the central singularity. The size and flux from 
Sagittarius A are in rough aceord with our estimate of 
the synchrotron spectrum. An infrared flux found 
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100 um could be due to dust from an ultraviolet source 
radiating 10° Lo, so the flux of mass into the throat must 
be around F-,=1. The general level of activity observed 
at radio wavelengths close to the nucleus indicates that 
high energy phenomena are involved!’. 

The Magellanic clouds have no nucleus. M31 has a 
strong radio source rather larger but weaker than that 
found in the Galaxy™. Code has discovered strong ultra- 
violet emission from the nucleus, which Kinman finds to 
have a large mass-to-light ratio and to contain some 108 
solar masses. This suggests a small mass flux into the 
centre of M31 and only a very small ultraviolet disk 
about the Schwarzschild mouth. M32 has a nucleus which 
is not a radio source but the system is very deficient in 
gas. We suggest that this system has a Schwarzschild 
mass but the Galaxy has run out of gas and left it hungry. 
M82 has had a recent violent radio explosion and an 
infrared nucleus with a small bright radio source in the 
centre, I suspect M,~3 and F-a~ 10 but that F- was 
larger in the recent past. M81 has a very small flux but 
an intense radio source at its nucleus. I suggest that it is 
intermediate between the Galaxy and M31. M87 is the 
nearest really bright radio galaxy. Luckily the velocity 
dispersion in its nucleus has been measured’?, We can 
therefore measure M, with some pretence of accuracy to 
be about 4x 10!° Mo, that is, M,=4x 10%, Over 10% yr 
it would take an F., of 4x 10° to build such an object. 
This is probably the nearest old dead radio-bright quasar. 
It is only a shadow of its former self, as F-a has declined 
severely as the gas has run out. Its electron synchrotron 
still produces copious X-rays'*, however. NGC 4151 is a 
Seyfert galaxy, and M, need not be greater than 3, or 
more likely 30, but F-, is high because there is still much 
gas in the central regions. Seyfert galaxies that are active 
have F_,=10% but probably are only active at this flux 
level for one-hundredth of the time. The breadths of the 
wings of the Balmer lines are 6,000 km s~!---I suggest 
that these are Doppler widths, NGO 4151 is a strong 
infrared source. 


Quasars 


When F., achieves large values ~ 10® or 107 (that is, 
10!4 Mo yr) the mass of the Schwarzschild throat 
rapidly builds up to 10*%-10!° Mo. When galaxies first 
formed there was this amount of gaseous material in 
them. Large proto-galaxies rapidly achieved large 
Schwarzschild throats and greedily swallowed gas. It is 
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clear that the right energy is available and by making 
M close to 10! Mo we lower the densities close to the 
Schwarzschild throat. This allows the radio phenomena to 
occur closer to the singularity where more of the power is. 

Note added in proof. Low’s recent observations of the 
galactic centre at 100 um (reported at the Cambridge 
conference on infrared astronomy, 1969) suggest that F~; 
for the galaxy is nearer 10-* than 1. A dust model by Rees 
can explain the infrared observations assuming a single 
central source of visible or ultraviolet light. The light 
pressure from such sources will expel dusty material from 
the nuclei of Seyfert galaxies causing the observed out- 
flow as suggested by Weymann. Such a mechanism could 
cut off the flux F- and therefore produce the changes in 
the emitted flux. The light pressure may drive the dust 
out of the nucleus so that no dust is ever swallowed. This 
could leave a great enhancement of dust in the surround- 
ings of the nucleus corresponding to the dust content of 
all material swallowed in the past. A violently active 
outburst of such a nucleus would then be associated with 
the expulsion of great swathes of dust such as those seen 
across several radio galaxies. 

The proton synchrotron radiation discussed here is 
probably replaced in practice by synchrotron radiation 
from electron secondaries and X and y-ray bremsstrahlung 
corresponding to a sizable fraction of the power input 
into fast protons. 

I thank the Astronomer Royal for discussions. and 
Drs Pagel, Bingham, Tritton, Rowan-Robinson, Weymann 
and Osterbroeck for further help and encouragement. 
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THE initiation of protein synthesis in bacteria involves 
the initiator (RNA fMet-tRNAg¢!-8, ribosomal subunits*-*, 
mRNA containing the initiating codon AUG! SN, GTP, 
and three initiation factors'*-!8, The initiation factors 
are required for the formation of the chain-initiating 
ribosomal complex. Initiation factors f, and f, are required 
when the triplet AUG or synthetic polymers are used, 
whereas initiation factor f, is required in addition to 
f, and f, when bacteriophage RNA is used’. 

The initial binding of fMet-tRNAr to ribosomes takes 


The protein synthesis initiation factor f2 of E. coli has properties in 
common with the chain elongation factors G and Tu and Ts. 


place on the 308 subunit’~*. The formation of this complex 
requires initiation factors f, and f, and GTP. A 505 
ribosomal subunit then joins the 30S complex to form 
a 70S complex. This junction does not require the 
hydrolysis of GTP”, and it is at this step that initiation 
factor f, is released from the complex”. If the analogue 
GMPPCP is used instead of GTP, the 70S complex is 
still formed and the f, is still released after the junction 
step. The bound fMet-(RNA,, however, is now unreac- 
tive toward puromycin or aminoacyl tRNA, GTP 
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Chromatography of crude initiation factora on DEAE cellulose. Crude initiation 


factors (approximately 1-0 g) were charged onto a5 x 30¢m column of DEAE cellulose equili- 
brated with Buffer A. The column was washed with the same buffer until the non-adsorbed 
material had passed through, and then washed with a 0-1 to 0-3 NH,Cl linear gradient in Buffer 
A. f, activity was determined by fMet-tRNAg binding to ribosomes*?, =-=- , A at 280 


nm; 


hydrolysis is therefore required to convert the bound 
fMet-tRNAf from an unreactive to a reactive state, 
a conversion which takes place on the 70S ribosome. 

As we have previously reported®*, initiation factor 
fa not only stimulates the binding of fMet-IRNAf to 
ribosomes, but also catalyses the ribosome-dependent. 
hydrolysis of GTP in both “coupled” and “uncoupled” 
reactions (that is, dependent on and independent of 
fMet--RNAg binding, respectively), Its similarity in 
this respect to G factor (the supernatant translocating 
factor) was also noted. Recently, however, the super- 
natant binding factors (Ta and Ta) have also been shown 
to possess a ribosome dependent GTPase activity and it 
has been suggested that in chain elongation a GTP is 
hydrolysed not only in the translocation step but also in 
the binding step™.25, This result suggests the possibility 
that the GTPase activity of f, previously observed might 
be involved in a binding reaction rather than (or 
in addition to) a translocation step. In order, therefore, 
to understand more fully the role of GIP in the events 
which lead to the formation of the chain-initiating 
complex, initiation factor f, was further purified and its 
GTPase activity was investigated in more detail. 

Crude initiation factors were prepared'?"*, concentrated 
by ammonium sulphate precipitation and chromato- 
graphed on DEAE cellulose. Initiation factor fo 
assayed by its ability to stimulate fMet-tRNAr binding 
to ribosomes, was eluted from the column in a double 
peak between 0-18 and 0:25 M ammonium chloride 
(Fig. 1). Both peaks were pooled, concentrated by 
ammonium sulphate precipitation, and dialysed against 
Buffer A (20 mM ¢ris-HCl, pH 7-4, 1 mM EDTA, 1 mM 
DTT and 20 per cent glycerol). f, activity was rather 
unstable at this stage in the purification, and the loss 
of activity was found to be because f, rapidly adsorbs 
to the walls of the glass test tubes in which it is stored. 
Subsequent experiments showed that the adsorbed 
f: could be eluted from glass by washing with solutions 
of high ionie strength. Because the ability of f, to adsorb 
to glass is a rather unusual property, it seemed likely 
that this phenomenon could be used as a basis for further 
purification. A chromatographic procedure was developed 
utilizing a column containing pulverized ‘Pyrex’ glass 
test tubes. Fig. 2 shows a typical elution profile of such a 
column. The concentrated f, from DEAE cellulose was 
charged onto the glass column and washed with the column 
buffer (Buffer A) until a protein peak (containing more 


O--~~-~O, fy activity, 


than 90 per cent of the total protein) had passed through. 
The column was then washed with an ammonium chloride 
gradient and the f, activity was eluted in a double peak 
at 0-8 M salt. The f, was then concentrated with ‘Aquacide 
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Fig. 2. Chromatography of initiation factor f; on glass, Concentrated 


f, (165 mg in 14 ml.) from DEAE cellulose was charged onto a 15x85 

em column of pulverized ‘Pyrex’ glass test tubes (sieved for D105 to 

0-295 mm mesh size) equilibrated with Buffer A, The eolumn was 

washed with Buffer A until the non-adsorbed material had passed 

through, and then washed with a 0 to 15 M NH) Unear gradient in 

Buffer A. f, activity was determined by the binding assay®, C: 
A at 280 nm: @--~~,@ f activity, 
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IP and dialysed against Buffer A containing 0-3 M 
ammonium chloride. 

The persistence of two peaks of f, activity suggests a 
real molecular heterogeneity. We have succeeded in 
separating the peaks by DEAE cellulose chromato- 
graphy; however, a study of their biochemical properties 
has revealed little difference. Both peaks have comparable 
levels of fMet-tRNAr binding activity and ribosome- 
dependent GTPase activity, and both adsorb to glass. 
There is preliminary evidence that the second peak is 
relatively more active in the GMPPCP dependent binding 
assay than the first peak. Although the differences appear 
to be slight, it seems useful to distinguish between these 
two peaks by designating them fa and fyb. 

fx» was further purified by sucrose gradient sedimen- 
tation (Fig. 3) which showed that the fMet-tRN Ag binding 
activity and the ribosome-dependent GTPase activity 
co-sediment as a single symmetrical peak. The remaining 
trace of ribosome-independent GTPase activity sediments 
ahead of the fy» peak, whereas the bulk of the protein 
sediments behind it. In other experiments (not shown 
here), f, was found to have an Sw of 4-418 by sedimen- 
tation on 5-20 per cent linear sucrose gradients cali- 
brated with 308 ribosomes and the enzyme polynucleo- 
tide phosphorylase (which is present in the glass eluate 
in trace amounts the Sew of which is about 10-5877. 
Using previously reported values of Sw and molecular 
weight as a reference’*, the molecular weight of f, is 
estimated to be between 65,000 and 75,000. 

To characterize further the GTPase activity of fz 
we examined its sensitivity to fusidie acid, an antibiotic 
which inhibits the coupled and uncoupled activities of 
G factor’. Our results (Fig. 4) show that both the coupled 
and uncoupled GTPase activities of f, are barely affected 
at concentrations of fusidic acid that completely inhibit 
G factor activity. In this respect, the function of f, 
appears more similar to that of Tu than to G, because Tu 
also is not affected by fusidic acid (personal communica- 
tion from J. Gordon and ref. 25), but this is by no means a 
compelling argument because a G factor extremely resis- 
tant to fusidic acid has been reported®. 
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Fig. 4. Effect of fusidic acid on fa. Reactions were carried out in a total 
volume of 0:05 mi. containing: 0-06 M fris-HCl, pH 7-4, 0-1 M NICI, 
0:01 M Mg(OAc),, 0-001 M DTT, 0-14 mg 705 ribosomes, 0-01 mM 
YTP-y-8P (150 cpm. per wumole) and, where indicated, 2 ug of fa, 
0-16 ug of G factor (gift of Dr Nathan Brot), 1 az A UG, 20 ug °H-fMet- 
IRNAg (specitic acivity 8-1 Ci/mmole), and varying amounts of fusidic 
acid. Incubation was for 80 min at 30° © and Pi was determined as 
previously described**, 





It was of interest to determine whether the GTPase 
activity observed previously with 708 ribosomes?” could 
also be seen with isolated subunits. We therefore studied 
the coupled and uncoupled activities of f, with 305 
ribosomes and with 308 plus 50S ribosomes. The results 
(Table 1) show that very little GTPase activity of either 
kind occurs with isolated 305 ribosomes. In particular, 
it is clear that AUG and fMet-tRNAr further depress 
the very low levels seen with 30S subunits although they 
stimulate GTPase activity when 508 subunits are added 
to the 308. The activity of 505 subunits alone is probably 
caused by a 30S contaminant®'. These results indicate 
that GTP is not hydrolysed during the initial binding 
reaction to the 305 ribosome, but only after the 50S 
particle has joined the 308 complex. This is, of course, 
stent with our earlier finding that an fMet-tRNAr- 
70S ribosome complex can be formed in the presence of 
YMPPCP, that is, in the absence of GTP hydrolysis 
It should also be noted that efforts to find either GTP 
of GDP complexed to f, have been unsuccessful and in 
this respect initiation factor f, differs from T factor’. 

In summary, we have found that both ribosomal 
subunits are required for eoupled as well as uncoupled. 
activity of fẹ and that both coupled and uncoupled 
activities are insensitive to fusidie acid. Initiation 
factor f, is similar to T factor (Ty plus Ts) in that it 
stimulates the binding of a charged tRNA to ribosomes 
and that its GTPase activity is not affected by fusidie 
acid. Tt is similar to G factor in that it possesses a large 
uncoupled GTPase activity and that it does not bind 
GTP or GDP. Thus at present it is unclear whether 
initiation factor f, performs fimetions analogous to those 
of T factor, G factor or both, 




















Table 1. REQUIREMENTS FOR E; GTPase ACTIVITY 
eM Pr Released 

Additions 308 508 8084505 705 
Ribosomes 0-00 1:04 TOt 412 
Ribosomes +f, 1:07 10-8 26-6 32-0 
Ribosomes + fy + AUG +£Met-tRN Ar 0-00 35-6 29-0 
Ribosomes + f, + fı 217 810 
Ribosomes +f, +f, + AUG + fMet-tRN AY 0-97 405 46-0 


Coupled and uncoupled GTPase activity of isolated ribosomal subunits. 
Reactions were carried out Ina total volume of 40 zl. containing: 0-05 M 
tris-HCI pH 7-4, 01 M NH,CI, 0-01 M Mg(OAc),, 0-001 M DTT, 0-01 mM 
GT P-y-P (1,200 ¢.p.m. per zamole), and where indicated O-7 ug fy, 18 uM 
808 ribosomes (which had been heated for 2 min at 50° C in a buffer contain- 
ing 0-1 M tris, pH 7-4, 0-03 M Mg(OAc)., 0-05 M NECI and 0-002 M DTT; 
directly before use), 18 wuM 508 ribosomes, 1 ug AUG, 15 #g fMet-tRN Ag 
and 0-25 ug f,, Incubation was for 30 min at 30° C and Py was determined 
as previously described, In these conditions, 0-7 ug of f, releases 1-2 uuM 
Py in the absence of ribosomes and this value has been subtracted from 
those of the above numbers where f has been added, As a control, 24 
mromoles of 708 ribosomes was added where indicated, 
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Tug peptide chain is elongated by the repeated addition 
of single aminoacy! residues. The addition of each residue 
is a multi-step process. A convenient model for studying 
the steps involved is an in vitro system in which poly- 
uridylic acid (poly U) directs the formation of poly- 
phenylalany]- tRNA (polyPhe-(RNA) from phenylalanyl- 
tRNA (Phe--RNA)!. The components of the system used 
in our experiments included salts, GTP, ribosomes from 
E. coli and the amino-acid polymerization factors, $, So, 
S, from Bacillus stearothermophilus (B. st.)*. These factors 
are analogous to factors from Æ. coli and Pseudomonas 
fluorescens: 8, corresponds to Ts, S, to G, and S, to Ty 
(ref. 3). The incubation of S, 8,, GTP and Phe-tRNA 
results in the formation of an S,-GTP—Phe-tRNA complex 
(complex II)>$-8, For studies on the fate of complex TI, 
a poly U-ribosome complex was prepared carrying acetyl- 
phenylalanyl- RNA (ac-Phe-tRNA) in the peptidyl tRNA 
binding site (or P site) of the ribosome™®’. The rationale 
for using this preparation was the following: (i) ac-Phe- 
tRNA is a partial analogue of peptidyl tRNA; its «-amino 
group is blocked, just as is the -amino group of the 
carboxy terminal aminoacyl residue in peptidyl-«RNA; 
and (ii) peptidyl tRNA in the P site can react with 
aminoacyl-tRNA (AA-tRNA) in the AA-tRNA binding 
site (or A site) giving rise to a peptidyl-¢RNA one amino- 
acyl residue longer than before the reaction. 

The incubation of §,, S}, GTP and Phe-tRNA with the 
poly U-ribosome-ac-Phe-t-RNA complex resulted in the 





One GTP molecule is cleaved for each aminoacyl-transfer RNA 
molecule bound to the ribosome during peptide chain elongation. 
Cleavage of further GTP is needed for translocation. 


binding of Phe-tRNA to ribosomes and at least part of 
the bound Phe-tRNA reacted with the bound ac-Phe- 
tRNA, giving rise to ae-diPhe-tRNA*®. In the same 
reaction mixture, GTP was cleaved to GDP and P: (refs. 
5 and 8). S, the factor involved in the translocation of 
peptidyl tRNA from site A to site P, is known to 
catalyse GTP cleavage in the presence of ribosomes®:}*, 
We verified that the cleavage during Phe-fRNA binding 
was not due to contaminat ng Sa: fusidie acid, an anti- 
biotic, which inhibits translocat as well as GTP cleav. age 
by S, (ref. 16), had no ee on the GTP cleavage in 
question®. Furthermore, on chromatographic fractiona- 
tion of a partially purified S, preparation, the peak of 
GTPase activity coincided with the S, activity tested by 
os effect in polyPhe-tRNA synthesis’. 

The following results are consistent with the view that 
this GTP cleavage oceurs after AA-tRNA binding but 
before peptide bond formation. The Sea in the 
presence of 8,. 8, and ribosomes is promoted by the simul- 
taneous presence of mRNA and the appropriate AA- 
tRNA*. The antibiotic sparsomycin, which blocks peptide 
bond formation?!’-!® but not Phe-RNA binding, does not 
inhibit GTP cleavage by 8, and §, (ref. 8). I£ 5’-guanylyl- 
methylenediphosphonate (GMPPCP), an analogue of 
GTP” which cannot undergo enzymatic cleavage to GDP 
and P;, is substituted for GTP, then Phe-tRNA is boand 
to the poly U-ribosome-ac-PhetRNA complex, but 
peptide bond formation does not take place®-?.*!, 
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In this communication we report on further charac- 
teristics of the GTP cleavage presumed to occur before 
peptide bond formation. We find that (i) approximately 
one GTP molecule is cleaved for one Phe-tRNA molecule 
bound to the ribosome, (ii) only that GTP molecule which 
was part of complex IT is cleaved, and (iii) cleavage of 
the GTP from complex II apparently does not make 
translocation of ac-diPhe-tRNA from site A to site P 
possible, even if S, is added to the poly U—ribosome—ac- 
Phe-tRNA complex before the addition of complex IT. 
Translocation requires further GTP as well as 8,. Thus 
at least two GTP molecules are cleaved in the course of 
the addition of one aminoacyl residue to the peptide chain 
in the in vitro system, 


Preparation of the Cell-free Systems 

Amino-acid polymerization factors (S, purified 30-fold; 
Sa} 70-fold; and S, 100-fold) from B, st., thoroughly 
washed ribosomes from Æ. coli, “C-Ser-(RNA (specific 
activity 112 wCi/umole), 4“C-Phe-tRNA (specific activity 
409 uCi/umole), and *H-Phe-tRNA (specific activity 1,650 
uCi/umole) from Æ. coli were prepared as described pre- 
viously?*.?, The 8, preparation moves as a single band 
on electrophoresis on acrylamide gel. “C-Phe-RNA was 
acetylated according to the procedure of Haenni and 
Chapeville®. **P-GTP (gamma labelled) (specific activity 
2,370 uCi/umole) was obtained from the International 
Chemical and Nuclear Company. Fusidic acid was a gift 
from Dr A. Laskin of the Squibb Institute for Medical 
Research. 

All reaction mixtures contained the following common 
components unless otherwise specified: 0-16 M (NH,)CI. 
0-04 M tris-HCl (pH 7-4), 0-01 M magnesium acetate, and 
0-01 M dithiothreitol. 

Preparation and isolation of complex TI. One ml. of reac- 
tion mixture A contained the following components: °H- 
Phe-tRNA carrying 300 uumoles of phenylalanine residues 
(82 Assy units): Se 764g; Sa Sug; and “P-GTP, 
lmymole. This reaction mixture was incubated at 30° C 
for 4 min, cooled to 0° C and applied to a ‘Sephadex G-23’ 
column. Gel filtration was performed in order to separate 
complex II from free GTP? **. (The excluded fraction 
containing the 8,-GTP-PhetRNA complex and S, will 
be designated subsequently as complex IT solution.) 

Preparation of the ribosome—poly U-ac-“UC-Phe-tRNA 


complex. One mil. of reaction mixture B contained the 
following components: ribosomes, 14:4 Ass units; 
poly U, 100ug; and ae-4C-Phe-tRNA, carrying 30 


vumoles of ac-Phe residues. The reaction mixture was 
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incubated at 30°C for 60 min and then cooled to 0° C 
(designated subsequently as incubated reaction mixture 
B). In these conditions, 20 to 22 uumoles of ac-4C-Phe- 
tRNA was bound to ribosomes. Seventy to eighty per cent 
of this bound ac-Phe-tRNA was reactive with puromycin. 
(The amount of ribosome-bound ac-Phe-t-RNA can be 
increased by raising the concentration of ac-Phe-¢-RNA 
in the reaction mixture B; but the puromycin reactive 
fraction decreases.) Most ribosomes have no ac-Phe-tRNA 
bound in the incubated reaction mixture B; it is possible 
that some of these have uncharged phenylalanine 
specific {RNA attached. The use of ribosomes with 
bound ac-Phe-tRNA provided us with a simple assay for 
translocation’! (compare translocation of ac-diPhe-tRNA 
as assayed in the puromycin reaction). 

Binding of *H-Phe-tRNA to ribosomes: assay of 
GTP cleavage. To 0-05 ml. of incubated reaction mixture 
B, aliquots of complex IT solution were added and the 
resulting solutions were incubated at 0° ©. The amount 
of complex IT solution added and the lengths of the 
incubations are indicated in the legends to the tables and 
figures. For assaying ac-4C-Phe-tRNA and *H-Phe-tRNA 
binding, the incubations were stopped by filtering samples 
through ‘Millipore’ filters. The filters were counted in a 
toluene based scintillator. For assaying GTP cleavage. the 
reactions were terminated by adding 0:25 ml. of 0-02 M 
silicotungstic acid in 0-02 NH,SO, and the P; released was 
determined as phosphomolybdate™. 

Preparation of the ribosome~poly U-ac-diPheiRhNA 
complex, One volume of reaction mixture A (containing 
components needed for complex JL formation) and 1 
volume of incubated reaction mixture B (containing 
ribosome—puly U-ae-Phe-éRNA complex) were mixed and 
incubated at 6° C for 60 min. The resulting ribosome— 
poly U-ac-'C-Phe-*"H-Phe- tRNA complex was separated 
from complex II as well as from free 8,, S, GTP and 
Phe-tRNA by gel filtration on a ‘Sephadex G-200° column. 

Translocation of ac-diPhetRNA as assayed in the 
puromycin reaction. Aliquots of a solution containing the 
isolated ribosome-poly U-ac-4C-Phe-H-Phe-¢RNA com- 
plex were incubated with S, or GTP or both at 30° C for 
the times indicated in the legends to Table 1 and Fig. 5. 
Subsequently, puromycin was added (1 mM final con- 
centration), and the reaction mixture was incubated at 
30° C for 2 min. The reaction was terminated by adding 
to 0-I ml. of the reaction mixture 1 ml. of ice cold 0-5 M 
sodium acetate (pH 5-1). 

Ac-Phe, aec-diPhe and ac-oligo-Phe-puromycin was 
extracted with 1-5 ml. of ethylacetate and counted". 
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patterns of reaction mixtures containing 8,, Ss, Ser--RNA and GTP. 


Comparison of the amounts of GTP and AA-tRNA in complex LI: gel fitration 


02 mi, of the 


reaction mixtures contained S,, 3-8 ug; Sp 3'3 ug; 'C-Ser-tRNA carrying 60 “moles of 


Ser residues; 


and *H-GTP (specific activity 1,120 uCi/umole), 200 gumoles in A and 


50 uumolesin B. The reaction mixtures were incubated at 30° C for 4 min and applied to a 

10 mi. ‘Sephadex G-100' column at 4° C for gel filtration. The vertical arrows in the figure 

indicate the peak of S, activity in the effluent, (The 90 per cent pure (RNA prepara- 
tion, which was acylated with serine, was a gift from Drs D. Söll and G. Sundharadas.) 
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Table 1, 8S, aNd GTP DEPENDENCE OF TRANSLOCATION: ASSAY OF THE 
REACTION OF ac-diPhe--RNA WITH PUROMYCIN 


ac-4C-Phe“H-Phe-puromycin 


Additions extracted (ugmoles) 

NC-Phe or 5H-Phe 
None O18 
GTP O19 
Sa O19 
S + GTP 0-80 
S + GTP + fusidic acid 025 
StS GTP 0-26 
8, +S, + GTP + fusidie acid OF 


A solution containing ribosome-poly U~-ac-4C-Phe-H-PhetRNA complex 
was prepared as described in the section on the preparation of the ribosome- 
poly U-ac-diPhe-¢RNA complex, (The ribosome—poly U-ac-Phe-t RNA 
complex used in the preparation of the ac-diPhe-tRNA contained 0-9 vamoles 
per 0-05 ml. of puromycin reactive ac-Phe-tRNA; about 90 per cent of this 
was converted into ac-diPhe-(RNA,) To 0-05 ml. aliquots of this solution 
0-05 ml. of a solution was added which contained a components indicated 
in the table in the following amounts: S, 0-2 we: Sa O4 we; S, 034 pg; 
GTP, 20 mamoles; fusidie acid, 80 mæmoles. T he ‘reaction mixtures were 
incubated at 30° C for 2 min before adding puromycin. For further details, see 
the section on translocation of ac-diPhe-tRNA as assayed in the puromycin 
reaction, 





Table 2. THE GTP IN COMPLEX I Is NO SUBSTITUTE FOR FREE GTP IN 
TRANSLOCATION; ASSAY OF THE REACTION OF ac-diPhe-iRNA AND ac-oligo- 
Phe-tRNA WITH PUROMYCIN 


ac-4C-Phe-(4H-Phe),-puromiretn 








Additions extracted (aumoles) 
SC-Phe SH-Phe 
Complex. IT 022 20 
Complex IH +S 023 22 
Complex Uf O34 50 





0-05 ml. aliquots of incubated reaction mixture B (containing ribosome- 
poly U-ac-"C-Phe-tRNA complex) were supplemented with O-OL mi. of a 
solution containing 0-2 ug of S, or 20 memoles of GTP or both at 0° C. 
Thereafter, 0-05 mi. aliquots of complex IL solution were added (containing 
4 uumoles of *H-Phe-tRNA and presumably an equal amount of unlabelled 
GTP in addition to $, and 3,). The reaction mixtures were incubated at 
30° C for2 min; immediately thereafter, puromycin was added (at 1 mM final 
entration). For further steps see the section on translocation of 
ac-diPhe- RNA as assayed in the puromycin reaction. 





Complex Il as an Intermediate in binding AA-tRNA 

to the Ribosomes 

We reported earlier that S, and S,, the factors involved 
in the binding of AA-t-RNA to ribosomes, also catalyse 
GTP cleavage in the presence of ribosomes, and this 
activity is promoted by the simultaneous presence of 
mRNA and AA-tRNA*, At that time we had difficulties 
in determining the molar ratio of GTP cleaved to AA-(-RNA 
bound: the rate of “uncoupled” GTP cleavage, that is, 
GTP cleavage in the absence of mRNA and AA-tRNA, 
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Fig. 2. Complex H as an intermediate in AA-fRNA binding: kinetics of 
Phet RNA binding from preformed complex TE to the ribosome-poly 
U-ac-Phe-tRNA complex. To 0-05 mi. aliquots of incubated reaction 
mixture B (containing ribosome—poly U~ae-Phe--RNA complex) were 
added 0-05 ml. of either complex H solution (that is, preformed complex 
II) containing, among others, 14 wumoles of GTP and 15 xemoles of 
°H-Phe-tRNA (O-— 0O), or a solution containing the same amounts of 
Si Sa Phe-tRNA, and GTP as the complex II solution (that is, com- 
ponents involved in complex IT formation) (@--@), or 15 pumoles or 
‘H-Phe-tRNA (x—x). The reaction mixtures were incubated at 0° 
for the times indicated and assayed for Phe--RNA binding. 
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Fig. Dependence of GTP cleavage on binding of complex TE to the 
eae -poly U~ac-Phe-tRNA complex: kinetic studies. The complete 
reaction mixture contained 0-05 mi. of incubated rea Hon mixtare B 
(ribosome—poly U-ac-Phe-tRNA complex) and 0-05 ml. 
solution (containing, among o hers, 12 gumoles of * 
uumoles of Phe RNA) (C } In the ~ poly U » pol 
omitted from the incubated reaction mixture B (@— @) in the 
— ribosomes case, ribosomes were omitted from the incubated reaction 
mixture B £ In the -—(8,, 8, GTP-Phe-t RNA) case, 12 uymoles 
of *P-GTP was substituted for the complex IT solution ~h ‘The 
values of Pj in the figure indicate P; released during the reaction, (The 
complex TI solution contained 0-42 pumoles of Piat 0 time. This was 
subtracted from the experimental values.) 




















was fairly high, because of the high concentration of 
GTP in the reaction mixture. Little or no “free” GTP 
was present in the reaction mixtures used in the recent 
studies on this molar ratio: in these, complex IL separated 
from unbound GTP was the substrate. Gel filtration was 
the method used for separating complex II (that is, GTP, 
Ser-tRNA, and §, activity; peak at 5 ml. effluent volume) 
from Ser-ARNA lente volume 7 mi.) and GTP not 
bound in the complex (effluent volume 11 mil.) (Fig. 1) (see 
also refs. 2 and 22). Whereas the amounts of AA-(RNA 
and GTP in complex IT can be altered, for example, by 
changing the concentration of GTP in the reaction 
mixture (compare Fig. 14 and B), the molar ratio of 
AARNA to GTP in the complex remains 1:1 in both 
cases. 

The binding of PhetRNA to ribosomes in the presence 
of poly U is much faster from isolated complex IT than 
from a mixture of S, S, GTP and Phe-¢RNA (Fig. 2). 
These results confirm earlier reports and indicate that 
complex II may be an intermediate in the binding of 
AA-tRNA to ribosomes. 


Kinetics of GTP Cleavage and AA-tRNA Binding from 

Complex II 

The GTP from complex IT is cleaved rapidly in condi- 
tions in which Phe-tRNA becomes attached to ribosomes 
(Fig. 3). Omitting poly U (or Phe-tRNA, data not shown} 
from this system, that is, conditions in which there is no 
binding to ribosomes, decreases the amount of GTP 
cleavage to less than 15 per cent of the former level. 
Omitting ribosomes or omitting complex TT and sub- 
atituting for it GTP at the same concentration (as present 
in the amount of complex HI used in the other experi- 
ments) decreases the rate and amount of GTP cleavage 
to well below the 5 per cent level. These data indicate 
that the binding of AA-tRNA from complex TI to ribo- 
somes (or a step occurring after the binding) must precede 
the cleavage of GTP from complex H. 
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Fig, 4. Reaction of complex II with the ribosome-poly U-ac-Phe-t RNA complex: kinetics 
of Phe-t RNA binding and GTP cleavage. The folowing components were added to 0-05 mi. 
of incubated reaction mixture B (ribosome—poly U-ac-Phe-tRNA complex). 4, 0-05 ml. of 
complex IF solution (containing, among others, 9-5 usmoles of °H-Phe-t RNA and 9-0 seumoles 
of *P-GTP, gamma labelled). B, 0-05 ml. of complex TI solution (containing 10 «zmoles 
of *H-Phe-tRNA and 10-8 gumoles of #P-GTP, gamma labelled) and 45 gymoles of 
“p.GTP, gamma labelled. C, 0-05 ml. of complex I solution (containing, among others, 
10-6 pumoles of *H-Phe-tRNA and, presumably, approximately the same amount of 
unlabelled GTP) and 45 vumoles of *P-GTP, gamma labelled. The reaction mixtures were 
incubated at 0° © for the times Indicated, and the amount of Phe-t A bound to the 
ribosomes and the amount of GTP cleaved (Pi release) were determined as described in the 
section on binding of "H-Phe-LRNA to ribosomes: assay of GTP cleavage. For each set 
of conditions, two reaction mixtures were used which differed from each other in one 
aspect; the first contained poly U, the second did not. The values in the figure were 
ealculated by subtracting from the amount of Pj released in the reaction mixture with 
poly U, the amount of Pj released in reaction mixture without poly U. 
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The time course of AA-(RNA binding to ribosomes is 
compared with that of GTP cleavage occurring in econ- 
sequence of this binding in Fig. 4. It can be seen that the 
amount of AA-tRNA bound is approximately equimolar 
to that of GTP cleaved (Fig. 44). Supplementing the 
reaction mixture with a five-fold excess of free GTP 
results in only a slight increase in the amount of Phe-tRNA 
bound and GTP cleaved (Fig. 48). (This slight effect of 
free GTP on the kinetics may be due to the fact that 
in these conditions the dissociation of complex IT 
ig decreased.) The amount of AA-tRNA bound is the 
same as in Fig. 4B when complex II with unlabelled 
GTP is used in the presence of a five-fold excess of free 
2P.GTP (Fig, 4C). In these conditions, however, only a 
slight amount of **P; is released. These results indicate 
that it is only the GTP in complex IT which is cleaved in 
consequence of the binding of AA-tRNA to ribosomes 
even if an excess of free GTP is present in the reaction 
mixture. 

The number of moles of Phe--RNA bound and that of 
GTP cleaved is larger than the number of moles of 
ae-Phe-tRNA present on ribosomes. This is because the 
binding of complex II to ribosomes in the presence of 
poly U does not depend on ac-Phe-tRNA. 


Dependence of Translocation on S2 Factor and GTP 


Part of the Phe--RNA bound from complex IT to the 
ribosome-poly U-ac-Phe-tRNA complex undergoes a 
reaction with ac-Phe--RNA in which ac-diPhe-tRNA is 
formed’. Most of this ac-diPhe-+RNA does not react with 
puromycin, indicating that at that time it is bound at the 
A site. The results in Table 1 show that the transformation 
of the isolated ribosome~poly U-ac-diPhe-t+RNA complex 
from a state in which the ac-diPhe-tRNA does not react 
with puromycin into one in which it does (that is, trans- 
location) requires both GTP and factor 8,. Fusidie acid, 


an antibiotic known to inhibit translocation catalysed by 
the G factor from Æ. coli™, also inhibits translocation 
catalysed by the S, factor from B, st; 8, and S, do not 
substitute for S, in the reaction. 

The dependence of the rate of translocation in the 
presence of GTP on the amount of factor 8, is shown 
in Fig. 5. The amounts of ac-Phe residues (YC labelled) 
and Phe residues ("H labelled) are equal in the substance 
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Fig. 5. Kinetics of translocation of ac-diPhetRNA as a function of Sa 
concentration. A solution containing ribosome-poly U~ac-"C-Phe-"H- 
Phe-tRNA complex was prepared as described in the section on the 
preparation of the ribosome—poly U-ac-diPhe-tRNA complex. To 005 
ml. aliquots of this solution, 20 mumoles of GTP and the indicated 
amounts of 8, were added. The final volume of each incubation mixture 
was 0-1 ml, the reaction mixtures were incubated at 30° C for various 
times. Subsequently, puromycin was added and the incubation con- 
tinued for 2 min. The times indicated in the figure include the incubation 
with puromycin, For further details see the section on translocation of 
ac-diPhe-{RNA as assayed in the puromycin reaction, 
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the translocation of which is catalysed by S, and GTP. 
This indicates that the substance is ac-diPhe-tRNA. 
The catalysis of GTP cleavage to GDP plus Pi by 8, 
in the presence of ribosomes was demonstrated earlier’. 
GMPPCP does not substitute for GTP in translocation 
catalysed by 8, (data not shown; see also refs. 9, 13, 14). 
All these results prove that factor S, (like factor G from 
E. colt) catalyses the GTP-dependent translocation of 
peptidy] «RNA. 


GTP from Complex II does not substitute for Free GTP 
in the Translocation catalysed by S2 


The data presented so far indicate that (i) the GTP 
from complex IT is cleaved during the binding of the 
AA-tRNA from the complex to ribosomes in the absence 
of S, and (ii) “free” GTP is cleaved by S, and ribosomes in 
the absence of complex II. It was nevertheless possible 
that if a reaction mixture containing ribosomes (partly in 
the form of ribosome-~poly U-ac-Phe-tRNA complexes) 
was first supplemented with S, and subsequently with 
complex H, then the cleavage of GTP from complex II 
could serve for both the binding of AA-tRNA to ribosomes 
and the translocation of the resulting ac-diPhe--RNA 
from site A to site P. This is, however, not the case, as 
shown in Table 2. S, does not promote translocation of 
ac-diPhe-tRNA unless “free” GTP is also present in the 
reaction mixture. In the presence of added GTP, because 
complex II and S, are present, ac-oligo-Phe-tRNA and 
oligo-Phe-tRNA synthesis occurs: the number of moles 
of Phe residues in the product is several-fold higher than 
that of ae-Phe residues. 

The role of the GTP cleavage from complex IT in the 
process of elongation is not known. We know, however, 
that when AA-t{RNA is bound to ribosomes from complex 
IL. then GTP is cleaved, S, from complex TI is released 
from the ribosomes in the form of an 8;-GDP complexé 
and peptide bond formation takes place. But when 
GMPPCP is substituted for GTP in promoting the binding 
of AA- tRNA to the ribosomes in the presence of S, and 
§,. then an 8,-GMPPCP-AA-tRNA complex is bound and 
remains bound to the ribosomes (A. S. ef al., in preparation) 
and peptide bond formation does not take placet. It is 
possible that the GTP cleavage has to precede the release 
of 8, from ribosomes and peptide bond formation. 

It remains to be seen what use is made of the free 
energy which is liberated by cleaving the GTP from 
complex II. A two-step movement of the ribosome along 





the mRNA is one of the possible models®* which may 
account for the need of at least two GTP molecal os 
cleaved for each AA residue added to the peptide chain. 
The first step of this movement could be energized by 
the cleavage of the GTP from complex IM, and the second 
step by the GTP cleaved by Sy. 

Finally, it should be kept in mind that these results 
were obtained in an in vitro system. The intact cell is 
more efficient than the in vitro system. It remains to be 
seen if it also needs the cleavage of two GTP molecules 
for the same purpose. 

This study was supported by a grant from the } 
Institutes of Health, US Public Health Service, 
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Thrust Fault Scarp in the Western Australian Shield 


by 
l. B. EVERINGHAM 
P. J. GREGSON 


Bureau of Mineral Resources, 
Mundaring Geophysical Observatory 


H. A. DOYLE 


Department of Geophysics and Geochemistry, 
Australian Nationa! University, Canberra 


Ow October 14, 1968, a magnitude 7 earthquake wrecked 
the small town of Mcckering, Western Australia, 120 km 
cast of Per.h, causing light damage in York and Perth. 
The epicentre was at 31-6° S, 117-0° E (Fig. 1), and the 
origin time 02 58 50-5 GMT. More than twenty people 
were injured, some with broken legs, but there were no 


The Meckering earthquake (October |4, 1968) produced an unusually 
definite thrust fault scarp. 


deaths. Many after-shocks have followed the mai 
earthquake, including one with magnitude (Mr) 5-7 on 
October 15 and eight others in October, with magnitades 
in the range 3-6~5-0. 
Australia has less seismic 
continent apart from Antarctica}, 





activity than any other 
but earthquakes are 
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more common than is often supposed. Meckering, 
although situated on the West Australian shield, is near 
the centre of a recognized zone of seismicity which 
crosses the south-west corner of the shield? parallel to the 
regional north-north-westerly geological trends (Fig. 1). 
This is a region of outcropping granites and gneisses 
largely covered by soil and clay. Earth tremors have 
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been felt since at least the early 1900s in and near the 
Meckering district, the largest known (\1,= 5-5) being in 
1963, 80 kilometres south of the town. Three likely fore- 
shocks of magnitude near 4 were felt on October 3. 

All Australian earthquakes with well determined depths 
have had their foci in the crust, usually in the upper 20 km, 
and this is true for this event and for the after-shocks so 
far studied. Data from the local seismograph network 
(four stations at the time of the major event), calculations 
by the US Coast and Geodetic Survey and macroseismic 
data all suggest a focal depth of less than 10km. The 
apparent low angle thrusting discussed below also 
strengthens the evidence for a very shallow focus. Al- 
though the earthquake had the largest instrumental 
magnitude determined for an Australian earthquake. 
macroseismic data indicate that the earthquake near 
Meeberrie (Western Australia) on April 29, 1941, had 
greater energy. 

The Meckering earthquake was remarkable for the 
appearance of a fault scarp at least 32 km long (Fig. 2). It 
extends roughly north-south from north-east of Meckering 
in a roughly semi-elliptical trace convex to the west. 
Minor scarps also formed west of the main break near 
Meckering and a minor transcurrent fault trending south- 
west and with an 8 em dextral movement was formed west 
of the fault near latitude 31° 45’ (Fig. 2). Surface cracks 
not discovered by our reconnaisance may extend farther 
south and to the north-west. Uplift of up to 1-5 metres 
oecurred on the eastern side of the searp (Fig. 3), plus 
thrust motion mainly to the west and west-south-west_ as 
if radiating from a region south-east of Meckering. The 
horizontal thrusts of up to 2-1 metres, shown in Fig. 2 as 
vectors, are relative displacements of the eastern block 
measured mostly on fences crossing the scarp (Fig. 4). 
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The eastern thrust block can be clearly seen to override 
the ground to the west along a fault-plane having east- 
dip of about 35° where it cuts the surface through the soil. 
Near the south end of the scarp, where uplift is hardly 
noticeable, the ground to the east still wedges over the 
grass to the west at a very shallow angle. Dextral 
strike-slip displacement (up to 90cm) is also apparent 
along the fracture, but is more pronounced in the northern 
region where the main scarp is more oblique to the general 
westerly horizontal ground movement. Along much of 
the Meckering scarp, the soil and turf, after being moved 
up and over the more westerly ground, dropped to form a 
relatively steep wall, up to 15 metres high and sometimes 
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quite smooth. It appears that where sub-soil (decomposed 
granitic rocks) was thinner and more compact, it moved 
conformably with the underlying rock to form a simple 
scarp, but that in other areas where sub-soil was thicker 
and possibly more moist (that is, in many valleys), faulting 
did not reach the surface and pressure ridges and parallel 
cracks were formed along the trace. Along the scarp and 
to the rear of it, there are cracks in the soil probably 
caused by uplift and the falling forward of the soil. 

At point A (Fig. 2), where for a short distance the scarp 
trends almost at 90° to its general north-south direction, 
strike-slip displacement has caused tearing resulting in 
large en-echelon cracks which reach a maximum depth of at 
least 2-5 metres and a maximum width of almost a metre 
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at the surface. At point B, en-echelon pressure ridges 
with cracks at right angles to them are well developed. 
Elsewhere the scarp is sometimes paralleled by a second 
smaller scarp. 

The fracture does not cut through a solid outerop of 
rock at any point, for almost this whole area of gently 
undulating wheatbelt country is covered by from 1 to 60 
metres of “soil and clay. The scarp cuts across the hills 
regardless of topography and the simplest conclusion 
is that it is the outcrop of a primary thrust fault ex- 
tending several kilometres into the upper crust within 
the are of the fault trace and that the earthquake was 
produced by the faulting. It would be very difficult to 
conceive of it as slumping or other earthquake damage. 
The apparent radial nature of displacement may represent 
the release of strain caused by the compression of the crust. 
The earthquake fracture would then have allowed expan- 
sion of the crustal slab east of the fault trace. The centre 
of such expansion would be in an area a few kilometres 
south-east. of Meekering. 

Preliminary relevelling by the Government Railways 
of Western Australia along a traverse through Mee kering 
shows that ae extends for about 4 km east of the scarp 
to the area slightly west of a line joining the north-east 
and southern extremities of the scarp. East of there, a 
shghtly depressed area was also noted. 

[soseismals of the earthquake are shown in Fig. 1. 
They have no general trend but there is an east-west 
elongation in the V-VI isoseismal. The VII-VHT and 
VIIL-IX isoseismals (not shown) are roughly parallel to 
the searp. Because of sub-soil conditions, intensities in 
the Perth Basin were enhanced and at Perth intensities of 
V-VI were observed. The maximum mtensity was put 
at IX (Mercalli seale, 1956 version). Effects along the 
scarp were not used to give intensity, which is meant to 
describe the amount of vibration damage rather than 
primary effects from faulting (see ref. 3, p. 139). 








Fig. 3. 


The earthquake-produced scarp trom the air, at Din Fig, 2 


Near point C (Fig. 2), two railway lines and the water 
pipeline supplying Kalgoorlie and other inland towns were 
severely damaged. The pipeline was telescoped and 
shortened by about 2 metres, clearly illustrating the 
westerly thrust. The new standard gauge railway line 
was uplift ed and badly twisted, necessitating the replace- 
ment of 130 metres of line and relevelling of the embank- 
ment. The fault scarp also crossed sev eral roads and they 
had to be relevelled. The scarp suddenly appeared in 
front of one driver approaching the town. A small lagoon 
formed behind the scarp where it erosses a branch of the 
Mortlock river. 








Farmhouses near the scarp were very badly damaged 
but, with few exceptions, trees close to it were still 
upright even when deeper roots must have been sheared. 
All of roughly ninety buildings (mostly stone) in Meckering 
were damaged beyond repair apart from some tinber or 
steel framed structures and one brick and one brick veneer 
home. Light framed structures survived well, as did a 
large reinforced concrete wheat silo only one kilometre 
from the searp. 








Fig. 4. Fence displacement, at E in Fig 2. 


Several curves have recently been published relating 
magnitude to fault length and displacement. Using the 
formula of King and Knopoff*, a magnitude of 7-2 is in- 
dicated by the fault dimensions, which is quite consistent 
with the measured magnitude. Large-scale low-angle 
thrusting is questionably represented, if at all, among 
observed earthquakes’. The Meckering earthquake may 
therefore be important evidence for ader mdg of 
earthquake mechanism, Apparent thrust faulting was 
observed in the Kern County (California) earthquake of 
1952, the 1931 Hawke's Bay earthquake (NZ) and the 
Mikawa (Japan) earthquake of 1945, In the latter, a block 
was uplifted with a curved fault scarp bounding it on one 





sidet, as with the Meckering earthquake, Where the 
fracture emerged through soil or quaternary deposits, 


the surface dip was reduced to 13-20° compared with 

0- in basement rock. This suggests that our dip 
measurements in soil may be too low, 

In all these earthquakes, uplift was dominant and 
affected a large area near the epicentre, with a smaller 
adjacent area subsiding a lesser amount. Ewison® has 
questioned such evidence for the fault origin of earth- 
quakes, suggesting sudden phase changes at depth, with 
volume increase or decrease, It seems unlikely, however, 
that a volume increase in the upper crust: would produce 
uplift on the eastern side of a fault which dips eastward, 
as at Meckering. 

We thank the directors of the Bureau of Mineral 
Resources, Geology and Geophysies, and the Lands and 
Surveys Department of Western Australia, for imo 
formation. 
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Transition State Analogues for Enzyme Catalysis 


by 
RICHARD WOLFENDEN* 


Program in Biochemical Sciences, 
Princeton University, 
Princeton, New Jersey 08540 


CoMPELLING evidence about the mechanism of action of 
enzymes has arisen from crystallographically determined 
ground state structures of enzymes, substrates and 
enzyme-inhibitor complexes'. Because the conformation 
of an enzyme may change during the catalytic event, it 
would be desirable also to study structures approaching 
the transition state of the catalysed reaction. The transi- 
tion state itself is unfortunately too short lived for this, 
but an indirect approach may provide a partial solution 
to this problem. This approach, implicit in an carly 
suggestion of Pauling*, is easily expressed in terms of the 
theory of absolute reaction rates*. 

Consider an enzymatic reaction ES->£+P which 
proceeds with a first order rate constant exceeding by a 
factor F the rate constant for a nonenzymatic reaction 
S-P. Assume that the nonenzymatic reaction proceeds 
through a transition state related in structure to the 
substrate part of the transition state of the enzymatic 
reaction, and that a transmission coefficient near unity 
applies to both reactions. Let S=free substrate, E = free 
enzyme, HS=Michaelis complex, TX = transition state 
for the nonenzymatic reaction, ETX = transition state 
for the enzymatic reaction and P= product. The attrac- 
tive force between the enzyme and TN (if it could be 
measured) should be characterized by a binding constant 
exceeding by the factor F the binding constant of the 
substrate in the Michaelis complex (Fig. 1). 








Free energy 





Reaction coordinate 


(BEX) _ „(TX 
ES = Psy" 
ES). BPX) 
* (ES) (ETN) 
Fig. 1. 


An ideal inhibitor, which perfectly resembled in its 
binding properties the substrate part of ETX, should thus 
be bound as much more tightly to the enzyme than the 
substrate (the “binding ratio”) as the rate of the enzymatic 
reaction exceeds that of its nonenzymatic counterpart 
(the “rate ratio”). This conclusion applies whatever the 
nature of the binding forces (covalent, noncovalent, or 
both) and regardless of whether the enzyme itself is 
much distorted during binding and catalysis. Relatively 
minor differences in free energy of solution of inhibitor 
and substrate will not greatly modify the large binding 
ratios expected, 

In principle, rate ratios can be calculated most easily for 
isomerases and lyase 








> which have one substrate, and for 
hydrolases (in which the effective concentration of the 
second substrate, water, can probably not be increased 
much above that in the corresponding nonenzymatic reac- 
tion in aqueous solution. Turnover numbers of such 
enzymes are such that rate ratios are usually very high, 


* Present address; Laboratory of Molecular Biophysics and Dyson 
Perrins Laboratory, University of Oxford. 


A method for designing metabolic inhibitors and investigating 
enzymatic mechanisms at the atomic level. 


often exceeding 10; in most cases only a minimum estim- 
ate can be made, because the corresponding nonenzymatic 
reactions ace almost immeasurably slow. Even where a 
rate ratio is available, it can provide only a minimum 
figure for the binding ratio of an ideal inhibitor, for the 
following reason. Any nonenzymatic reaction chosen 
for comparison may in fact proceed through a transition 
state unrelated in structure to the substrate portion of 
ETX. The nonenzymatic reaction must then proceed 
through a transition state of lower free energy than the 
hypothetical transition state which is related in structure 
to ETX. The rate of a nonenzymatic reaction proceeding 
by the latter hypothetical path must be slower, so the 
rate ratio will have been underestimated. 


not the substrate itself. 
binding in the activated complex are undoubtedly very 
stringent; presumably this is why relatively few analogues 
of enzyme substrates have been discovered which appear 
to be bound appreciably more tightly than substrates 
themselves. A well known example is the powerful 
inhibition of beef heart lactic dehydrogenase by oxalate, 
which appears to be bound approximately 10* times as 
tightly as lactate’. Jencks® has drawn attention to the 
inhibition of 3-keto-steroid isomerase? and proline race- 
mase? by unsaturated analogues of substrates, which may 
be effective because they resemble planar intermediates. 
In both cases K; values for inhibitors are approximately 
two orders of magnitude lower than substrate Km values. 
There is little information in these cases about the chem- 
ical mechanisrn of reaction or the true dissociation 
constant of the Michaelis complex. 
3,4,5,6-Tetrahydrouridine is a potent inhibitor of an 
ara-cytidine deaminase from human liver’. We have 
tested this inhibitor, kindly provided by Dr Arthur Hanze, 
on a highly purified cytidine deaminase from Æ. coli 
acting on cytidine at 25° O in tris HCl buffer (pH 8-0, 
0-1 M). Apparent constants for competitive inhibition 
are: uridine (I) 6-1x10-? M, 5,6-dihydrouridine (I) 
ll» 10 M, and 3,4,5,6-tetrahydrouridine (ITE) 1-8 x 
10-8 M (unpublished results of R. M. Cohen and myself). 
TII is thus bound approximately 3000 times as tightly as I, 
the substrate which it more closely resembles. Like the 
reversible enzymatic deamination of adenosine, the 
mechanism of which has been studied in detail’, deamina- 
tion of cytidine is likely to proceed through a nucleophilic 
displacement reaction involving a tetrahedral intermediate 
such as IV. A tetrahedral carbon at the corresponding 
position in IIT is the obvious feature which distinguishes 
this compound from I and IT, and the very powerful 
inhibition by this otherwise relatively featureless com- 
pound tends to confirm the proposed mechanism. 


oO O H OH 


| SY 


HN 


OH 
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We have used these principles in search of potential 
transition state analogues for triose phosphate isomerase, 
an enzyme the crystal structure of which is being studied”, 
Of a large range of inhibitors (Table 1), most are less 
tightly bound than «-glycerophosphate, a compound 
which resembles both triose phosphates and appears to 
be bound about equally strongly". The only exception is 
2-phosphoglycollate (V), which is much more tightly 





bound, Other evidence suggests that the enzymatic 
8) 
O | 
i 0— P0- 
Q--P—O- / | 
os Lo 
Ò- cH, 
| 
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o- RA 
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reaction may proceed through an ene-diolate intermediate 
(VI), The charge distribution and stereochemistry 
around C-l and C-2 of the inhibitor bear a striking re- 
semblance to part of the proposed intermediate. 

This method can thus provide support for an enzyme 
mechanism proposed on the basis of kinetic evidence; 
conversely, it may provide a practical basis for the design 
of metabolic inhibitors. Physical examination of enzyme 
complexes with analogues of reaction intermediates may 
also shed light on possible distortions of enzyme and sub- 
strate from their ground state in the activated complex. 
Crystallographic studies on  triose phosphate isomerase 
complexes are in progress. 

This work was supported partly by a grant from the 
National Institutes of Health, US Publie Health Service, 
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Table 1. INHIBITION CONSTANTS (MOLES/D.) FOR TRIOSE PHOSPHATE 1S0- 


MERASE FROM CHICKEN AND RABBIT MUSCLE 
en Rabbit 
60% 10 










Phosphoglycollate 

Phosphate 

§-Hydroxyethy!] phosphate 

Allyl phosphate 

D-Ribose-1-phosphate 

DL-a-Glycerophoaphate 

Acetate 

Glyeolate 

Oxalate 

Malonate 

Maleate 

Suecinate 

DL-Glyceraldehyde-3- 
phosphate (Km) (Bd x HY 


* Determined at 25° O in the presence of triethanolamine HCL buffer 
(0-02 M, pH 7:7), DPNH (1:45 «10! M), and a-glycerophosphate dehydro- 
genase crystallized fram rabbit musele (10 ug/mL). Lhe crystalline chicken 
enzyme was prepared by Miss Sylvia Putman, and the rabbit enzyme was 
obtained from Boehringer Mannheim Corp, 
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Modification of Transcription following Interaction of 
Template Specific Monomers of Bacillus subtilis RNA 


Polymerase 


by 
JACQUES J. PÈNE 


Department of Molecular, 

Cellular and Developmental Biology, 
University of Colorado, 

Boulder, Colorado 80302 


Recent work has suggested that specificity of transcrip- 
tion from DNA templates may be controlled by the 
action of previously unrecognized protein factors binding 
either to RNA polymerase or to DNA. The factor sigma 
reported by Burgess et al. appears to be an initiation 
factor required for RNA synthesis on phage T4 chromo- 
somes and exerts its action by binding to RNA poly- 
merase molecules. On the other hand, transcription 
factor one appears to be a protein which specifically 
inhibits transcription from phage SPOL DNA and may 
bind only to phage chromosomes’. The purpose of this 
article is to report experiments with RNA polymerase 
from uninfected B. subtilis which suggest (1) that the 
template specificity of a large enzyme monomer can be 
altered by interaction with a smaller enzyme monomer 
possessing different transcription properties and (2) that 
the specificity of RNA polymerase may be regulated 


The template specificity of RNA polymerase from B. subtilis may 
be altered by factors reminiscent of the sigma factor in E.coli. 


by the presence of factors, which, in the conditions 
deseribed, are bound to the enzyme monomers and are 
not affected by rifamycin. 

RNA polymerase from uninfected B. subtilis was made 
DNA dependent by phase extraction of nucleic acide 
with dextran 500 and polyethylene glycol in the presence 
of 5 M NaCl". The enzyme was then partially purified, 
concentrated and freed of polyethylene glycol by precipi- 


tation with ammonium sulphate. In erude extract, 
DNA dependent RNA polymerase from uninfected 


B. subtilis transcribed phage 2C DNA‘ and bacterial DNA 
in a ratio of 5:1. RNA polymerase was then sedimented 
on 10-80 per cent glycerol gradients containing 1 M KC] 
to ensure that the activity recovered represented that 
of monomer units of the enzyme (see legend to Fig. 1 
for details). After centrifugation the distribution of 
activity of RNA polymerase on B. subtilis DNA and 
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Fig. 1. Distribution of RNA polymerase monomers active on B. subtilis 
and phage 2C DNA in a high salt 10-30 per cent glycerol gradient. 
Four grams of uninfected log phase B. subtilis 168-2 was frozen and 
resuspended in 30 mL of RB (0-05 M KCI-0-005 M M -0005 M 2-mer- 
captoethanol-5 M NaCl-0-G1 M tris buffer pH 8-0 at 2° C). The cells were 
broken with an MSE 100 W sonicator at full power for 6 min with 
intermittent cooling. The suspension was centrifuged in a Sorvall 
RC2~B refrigerated centrifuge at 20,000 rpan. for 10 min at 4° ©. The 
pellet was discarded. To the supernatant were added 16 mg/ml. of 
dextran-T 500 and 60 mg/ml. of polyethylene glycol 6,000, After 
mixing for an hour at 4° C the solution was centrifuged at 2° C, 10,000 
r.p.m. for 5 min. The top phase was re-extracted for 15 min with fresh 
bottom phase and dialysed twice for 45 min against 100 volumes of 0:3 M 
potassium phosphate buffer pH 7-4 containing 0-002 M EDTA and 6-01 M 
2-mercaptoethanol, RNA polymerase was fractionated with ammon- 
iam sulphate. Protein and polyethylene glycol removed from solution 
by addition of 45 per cent of saturation of ammonium sulphate were 
discarded and enzyme activity, precipitated by subsequent addition of 
ammonium sulphate to 60 per cent of saturation, was resuspended in 
2 mi. of RB. Enzyme activity at this stage was purified approximately 
4-10 fold with a yield of 30-50 per cent. RNA polymerase was sedi- 
mented on 16 ml. 10-30 per cent (w/w) glycerol gradients containing 
COLM tris pH 8-0-01 M MeCh-1 M KCI-10 M EDTA-10-° M 2-mercap- 
toethanol. Centrifugation was carried out in a Beckman £2-638 ultra- 
centrifuge in an SW-27 rotor at 0° C, 27,000 r.p.m. for 27 h. Fractions 
(0-5 ml.) were obtained and the distribution of RNA polymerase active 
on B. subtilis and 2C DNA was measured in samples of 0-05 ml. added 
to tubes containing the following in a volume of 0:5 ml: 0-1 umole of 
ATP, GTP, CTP and 0-01 pmole of WEP, 25 moles of tris buffer y 
8-0, 2 zmoles MgCl, 6 anoles of 2-mercaptoethanol, 0-5 gCi of UTP- 
2 Ci/mM), NaCl to a final concentration in the assay of 0-05 M and 
ug of phenol-extracted phage 2C or B. subtilis DNA. The reaction 
was carried out at 37° C for 30 min and stopped by addition of 10 per 
cent TCA. RNA was trapped on Whatman glass fibre filters Type GRA, 
Filters were washed with 5 per cent TCA and ethanol, dried and counted 
in a liquid scintillation counter, The arrow represents the position of 
beef liver catalase (11-3 9) sedimenting in parallel gradients. The area 
within the letter 4 represents fractions from rifamycin resistant RNA 
polymerase which were pooled from a similar experiment and used in 
the reconstitution experiment presented in Table 1. Squares represent 
activity against B. subtilis DNA and cireles represent activity against 
phage 20 DNA. 
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phage 2C DNA was measured in each fraction (see Fig. 1). 
In 1 M KCl the distribution of enzyme activity primed 
by these two DNAs was resolved into two peaks. Sedi- 
mentation coefficients, estimated from parallel gradients 
containing beef liver catalase (11-35), indicated that 
the B. subtilis DNA specific activity had a sedimentation 
coefficient of approximately 189 and that enzyme specific 
for phage 2C DNA sedimented in the 148 region. 

Recent work from many laboratories has indicated 
that the antibiotic rifamycin is an extremely efficient 
inhibitor of RNA polymerase? and that it exerts its 
action by binding to the enzymet, Rifamyem resistant 
mutants of B. subtilis were obtained in our laboratory 
by ultraviolet irradiation followed by selection on plates 
containing the antibiotic. Most of these were shown to 
have RNA polymerase which, in vitro, was no longer 
affected by rifamycin. Geiduschek and Sklar have also 
reported the isolation of RNA polymerase rifamycin 
resistant mutants in B. subtilis’ and have used them to 
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show that at least one component of RNA polymerase 
specified by the host participates at all times in transcrip- 
tion of SPOL chromosomes in vivo during viral develop- 
ment. Similar conclusions have been arrived at from work 
in T4-infeeted Escherichia coli’. 

RNA polymerase from rifamycin resistant B. subtilis 
analysed on high salt glycerol gradients as already 
described was isolated and shown to behave in the same 
fashion as enzyme from rifamycin sensitive bacteria. 
Two clearly resolved peaks specific for host and viral 
DNA were identified. The separation of these two peaks 
on high salt glycerol gradients enabled the isolation of 
RNA polymerase activity with unique template specificity. 
The letter A in Fig. 1 indicates an area of the gradient 
where the aetivity of the pooled fractions transcribed 
B. subtilis DNA approximately five times better than 
phage 2C DNA in the presence or absence of rifamycin. 

Table 1 shows the results of experiments measuring 
the transcription ratio of rifamycin resistant RNA 
polymerase pooled from region A in the presence of 
rifamycin, and rifamycin sensitive polymerase monomers 
specific for 2C and host DNA. The assay conditions were 
adjusted so that the final concentration of sodium 
chloride was 0-05 M to allow the formation of dimers or 
oligomers of the enzyme. As can. be seen from these data, 
rifamycin sensitive polymerase (Table lL samples 4 
and 7) was completely inhibited by the presence of 
10 pg/ml. of rifamycin. Mixing of rifamycin resistant 
enzyme (Table 1, samples 5 and 8) with rifamycin 
sensitive monomers resulted in a significant change in 
template specificity when material sedimenting in the 
148 region of the rifamyein sensitive monomers was 
used (Table 1, sample 8). The data presented in Table I 
indicate that not only was affinity for phage DNA 
chromosomes increased by a significant factor, but that 
transcription of B, subtilis DNA was inhibited at the 
same time (Table 1; compare samples 2 and 7 with 8). 
Addition of rifamycin sensitive monomers under the 
18S peak to pooled fractions A from rifamycin resistant 
monomers did not stimulate transcription of viral DNA 
(Table 1; compare samples 2 and 4 with 5). The increase 
in transcription of phage DNA and decrease in transerip- 
tion of host DNA paralleled the leading edge of the 
rifamycin sensitive 2C activity and reached a maximum 
at 148. Thereafter, the stimulation of viral DNA trans- 
cription did not follow the rifamycin sensitive 2C activity 
but decreased gradually to the top of the gradient. 






Table 1. TEMPLATE SPECIFICITY OF 18S RIFAMYCIN RESISTANT RNA POLY- 
MERASE! TRANSCRIPTION OF PHAGE 2¢ AND B. subtilis DNA IN THE PRESENCE 
OF RIFAMYCIN SENSITIVE 145 AND 159 MONOMERS 


cpm, UTP 
incorporated) 








Transcription ratio: 





Sample Components in assay 30 min with Activity 
B, subtilis on B 
2CDNA DNA , 
1.) Rifamycin’ A fraction 170 1.121 
2 Rifamycin™ A fraction +10 ag 
rifamycin 174 1,169 
8,088 5,100 





3  Rifamycin’ 188 peak fraction 
4 = Rifamycin® 18S peak fraction + 
10 xg rifamycin 62 47 a 
§ Rifamyeinr A fraction + rifamy- 
cins 188 peak fraction +10 ag 





rifamycin 186 1,234 015 
6 Rifamycin® 149 peak fraction 31,108 2,294 13-6 
7 Rifamycins 148 peak fraction + 

10 ug rifamycin 47 Bo — 
8 Rifamyein’ A fraction +148 ri- 

famycin’ peak fraction +10 

ug tifamyein 3,604 369 OTS 


The leading edge of the 188 component of RNA polymerase from rifamycin 
resistant. bacteria was pooled as indicated by the letter 4 in Fig. 1. These 
pooled fractions are referred to in the table as rifamycin? A fraction, To 
samples of rifamyein’ A fraction (5-15 ug of protein) were added 148 and 
18S monomers rifamycin sensitive (rifamycin’) RNA polymerase obtained 
from parallel gradients. To ensure that depression of transcription of host 
DNA did not result from quenching by large amounts of protein, the amount 
of rifamycin sensitive components added was limited to 10-25 ug of protein. 
RNA polymerase activity in the reconstituted system was measured with 
phage 2C and B. subtilis DNA in the conditions described in the legend to 
Fig. 1. The final salt concentration in the assay did not exceed 0-05 M to 
promote dimer or oligomer formation. Rifamycin was a gift of CIBA Pharma- 
cetiticals Co. and was obtained under the trade name of ‘Rifampin batch 
68-186. 








NATURE, VOL. 223, AUGUST 16, 1969 


Trailing may indicate that some of the factor may be 
free or that monomers on the trailing edge of the 148, 
with 2C specific activity and relatively free of contami- 
nating 18S-host specifie monomers, may be more efficient 
in combining with the rifamycin resistant monomers. 

The results presented here have suggested what can 
at best be regarded as a working hypothesis. The 18S 
peak of RNA polymerase on high salt glycerol gradients 
may represent a species of polymerase monomers bearing 
a large factor (or factors) promoting transcription of 
B. subtilis DNA. The 148 peak may represent a monomer 
bearing a smaller factor (or factors) specific for the tran- 
seription of phage 2C chromosomes. These may be 
similar to the factor sigma initiating transcription on 
phage T4 DNA. It would appear that some components 
of the B. subtilis RNA polymerase monomers are not 
affected by rifamyecin and largely cosediment with poly- 
merase monomers in high salt. Monomers bearing these 
components can be reconstituted in low salt. resulting 
in enzyme activity with drastically altered template 
specificity. 

In addition to promoting transcription of viral ehromo- 
somes, material sedimenting under the 148 activity 
also appears to be capable of depressing transcription 
of B. subtilis DNA. This could occur either by inter- 
ference with the action of the factor promoting trans- 
cription of bacterial DNA on the 188 monomer or 
by the presence of another factor on the 148 subunit 
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specifically inhibiting transcription on that template. 

Experiments are being condueted to (1) identify the 
subunits of 148 and 18S enzyme by acrylamide gel electro- 
phores with extensively purified RNA polymerase, 
(2) characterize the sedimentation behaviour of the 
reconstituted enzyme activity with altered template 
specificity, and (3) deseribe the mechanism of aetion 
of the factors involved aud determine if they affect 
the binding of monomers to template or act at a subs 
quent step and control initiation or propagation 
RNA chains. 

This work was supported by grants from the National 
Institute of Allergy and Infectious Diseases and the 
National Institute of Child Health and Human Develop- 
ment, US Public Health Serviee. F thank Jovee Barrow- 
Carraway for her expert technical help. 
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PoLaR nonsense mutations m polycistronic operons have 
multiple effects on the expression of distal genes: they 
reduce the levels of both proteini- and messenger RNA*-? 
(mRNA) synthesized from genes beyond the site of the 
mutation. Hybridization experiments with partially polar 
mutants of the tryptophan (trp) operon show that these 
strains contain a reduced number of full length messenger 
molecules, along with fragments which lack the portion 
of messenger distal to the mutation’; studies with the 
lactose (lac) operon suggest a similar conclusion‘. 

One model for polarity which accounts for these findings 
is the rapid destruction of mRNA distal to the site of the 
nonsense mutation’. Aceording to this model the fune- 
tional stability of mRNA from distal genes should be 
significantly reduced in polar strains. These measure- 
ments have not previously been made. Measurements 
have been made, however, of hybridizable messenger 
from polar mutants of the trp operon? and of the half-life 
of §-galactosidase messenger from suppressed polar 
mutants of the lae operon’, In these conditions no 
abnormally rapid messenger degradation was detected. 

Our studies were designed to examine the expression 
of the mRNA from genes on both sides of several 
unsuppressed polar mutations in the lac operon. The 
results indicate that polar nonsense mutations in the lac 
messenger do not affect its functional stability. Thus 





The functional stability of E. coli lac operon messenger RNA is 
independent of polar effects in the operon. 


messenger deficiency and polarity in these strains do not 
appear to result from preferential destruction or inactiva- 
tion of translatable messenger. 

The Æ. coli strains we chose carry nonsense mutations 
in the lac permease gene (y, Fig. 1). These strains, which 
make from 5 per cent to 20 per cent of the wild-type 
amount of transacetylase, offer two advantages. First, 
suppressor-free strains can be used because these amounts 
of transacetylase activity are easily measured’, Second, 
the half-lives of both the transacetylase (a) and B-galacto- 
sidase (z) messages can be measured in the sarne strain; 
because 8-galactosidase is synthesized normally in the 
mutants, the half-life of z message serves as a control. 








GENE ipo z 

beef fede athe in banimin rana se Atenas + 
MUTANT 
Ye TRANGACETYLASE 





Fig. 1. TI 
zalactosidase, 





The lac operon of Æ. coli. Gene 
S-galactoside permease and thiogalact 
acetylase, respectively. The strains used in these experiments 
F- derivatives of HfrH. MNG745 is a prototrophie tranaduc 
tryptophan auxotroph obtained from D. Zipser which carries an ochre 
mutation in y. MNGTO7 and MNG328 carry amber mutations in y. 
None of the mutations has been mapped genetically within the y gene. 
M-O is the duet, wild-type parent strain. 
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L L i L 1 m 
0 2 4 8 8 10 12 
Min after addition of rifampin 
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Yig, 2. Effect of rifampin on f-galactosidase synthesis by M-O, a, 
Three cultures were induced by addition of 2x 164 M IPTG at zero time. 
100 ug/ml. rifampin was added to one culture 15 min before induction 
(O): 9 min after induction (@); no rifampin added (A). One ml, samples 
at times indicated were shaken with 0-05 ml. toluene for 1 h at 87°C 
and assayed directly for f-galactosidase activity, b, Enzyme synthetic 
eapacity was calculated by subtracting the amount of enzyme at each 
time from the maximum level of activity reached after rifampin addition. 
Curves were fitted to the experimental points as described in Table 1. 


The functional stabilities of the z and q messages have 
been determined by measuring the rate of decay of enzyme 
forming capacities for 8-galactosidase and transacetylase 
after short periods of induction. The capacity of a cell 
to synthesize an enzyme, after induction has stopped, is 
assumed to reflect the amount of active lac mRNA 
present!*, This method measures the functional half-life 
of mRNA and might detect inactivation not reflected in 
hybridization experiments. 

Fig 2a shows an experiment in which isopropyl-8-p- 
thiogalacto-pyranoside (IPTG) was added to a culture 
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of wild-type cells at 26° C, and induction stopped 9 
min later by addition of rifampin (formerly rifampi- 
cin), an inhibitor of RNA synthesis, The rate of 
§-galactosidase synthesis slows within the first minute 
and stops completely 20 to 25 min after addition of the 
inhibitor. Similar kinetics were observed for both 
transacetylase and 8-galactosidase synthesis when other 
methods were used to stop induction. Decay constants 
(half-lives) for the enzyme-forming capacity (mRNA) of 
an enzyme were found by plotting the log of remaining 
enzyme capacity as a function of time after addition of the 
inhibitor. In one experiment with rifampin, this treat- 
ment of the data for the wild-type strain yielded a value 
of 3-6 min for the §-galactosidase messenger and 5-6 min 
for the transacetylase messenger (Fig. 2b). This half-life 
for the transacetylase messenger is longer than the one 
found in other experiments. 

When induction of the wild-type strain is stopped by 
catabolite repression”, half-lives of 3-4 min for 6-galacto- 
sidase messenger and 3-7 min for transacetylase messenger 
were found (Fig. 3). Thus we find that similar half-lives 
are obtained whether induction is stopped by catabolite 
repression by glucose, inhibition of RNA synthesis by 
rifampin, or competitive inhibition of lac operon induction 
by ONPF (o-nitropheny|-§-p-galactopyranoside) (see Fig. 
4 and Table 1)!*. These results indicate that rifampin, 
which is thought to stop RNA synthesis by binding to 
the RNA polymerase not bound to DNA", does not 
interfere with expression of mRNA in vivo. 
















Table 1. HALF-LIVES OF -GALACTOSIDASE AND TRANSACETYLASE SYNTHETIO 
CAPACITIES IN NONSENSE MUTANTS OF y 
Generation Half-life (min) 

Mutant Temp. Induction time 5-Galacto- Trans- 

it stopped by (min) sidase acetylase 

M-O 1 36 Glucose dil 21405 

2 27 Glucose (Fig. 3) 105 STL 

7 26 Rifampin (Pig. 25) 214 6206 

MNG707 1 27 Glucose 171 43208 

2 27 ONPE 189 43406 

MNG328 1 26 ONPE 162 26403 

2 26 ONPE (Fig. 4) 193 22406 

MNG745 1 28 ONPF 340 23403 

2 26 ONPE 260 25205 





Half-lives were calculated from the decay constant & of the exponential 
function B() = E(G)+ Ak ~ et) fitted by computer to the data for enzyme 
synthesis as function of time using the IBM “Genfit’ least squares programme. 
E(t) is the enzyme activity at time equal tot. 4 =rate of enzyme synthesis 
att==0, the time of addition of inhibitor, In most cases the standard deviation 
of k in the fit was about 15 per cent. While an exponential function can be 
used to describe the data in a systematic way, such a function may not have 
any formal significance. 

Cells were grown in glycerol-salts medium to an ODes9 of 0-6 to 0-8 before 
induction with 216+ M IPTG, Induction was stopped after 9 to 14 min, 
depending on the polarity of the strain, by addition of either glucose (10 
mg/ml. final concentration), ONPF (2:5 x107 M), or rifampin (100 gg/ml.). 
10 ml. samples were pipetted at 0-5 or 1 min intervals on ice-cold chloram- 
phenicol (200 gg/ml), mixed vigorously, and kept at 4° C throughout the 
remaining procedures, 

Cell extracts were prepared essentially as deseribed by Leive and Kollin?! 
and assayed immediately for -galactosidase activity according to Ullmann 
etal“. One unit of enzyme hycrolyses 1 mamole ONPG/min at 28° C. 
Thiogalactoside transacetylase activity was measured according to Leive 
and Kollin, with the following additional changes: extracts were heated 
for 16 min at 70° C instead of for 5 min, and each reaction mixture contained 
0-035 umole acetyl CoA, 5 moles IPTG, 05 emole EDTA and 0-025 to 
06-075 aCi acetyl CoA-15U, specific activity 50 mCi/mmole, in a total 
volume of 50 ul. Enzyme activity was linear at 37° C for over 400 min or up 
to at least 20 per cent utilization of acetyl CoA. 

Specifie activities were calculated with respect to total extract protein 
(determined according to Lowry ez al.*) and were then normalized for cell 
growth after addition of inhibitor by multiplying by the fractional increase 
in optical density at 650 mmicrons after addition of inhibitor, 





The half-lives obtained from al] measurements are 
shown in Table 1; values were calculated as deseribed in 
the table. Most of the half-lives are longer than those 
reported elsewhere for lac operon mRNA), One reason 
may be that our experiments were normally done at 
lower temperatures (26°~27° ©), which seem to increase 
messenger stability”. 

A point to be emphasized from the experiments given here 
is that, in the wild-type strain of FE. coli, the stabilities of 
z and a gene copies are approximately equal. This agrees 
with the findings of Leive and Kollin™, who terminated 
induction by addition of actinomycin D and by removal 
of inducer. 





NATURE, VOL. 223, AUGUST 16, 1969 


Fig. 4 shows the result when a strain carrying a polar 
mutation in y (NG328) is examined by the same tech- 
niques (see Fig. 2). Although MNG328 makes only 15 
per cent of the wild-type level of transacetylase, the half- 
lives of messenger corresponding to the z and a genes are 
almost identical, and approximate the half-lives found in 
the wild-type parent strain. The broken line in Fig. 4 
illustrates the slope expected for the decay of transacety|- 
ase activity if the polarity of the strain resulted from 
rapid turnover or inactivation of mRNA. This assumes 
that the rate of mRNA inactivation is proportional to the 
steady state population of intact messenger and hence to 
the steady state level of enzyme at full induction. 

The indication (Fig. 4) that messenger half-lives in 
polar strains are unaltered is confirmed by Table 2. This 
shows the average ratio of transacetylase half-life to 
6-galactosidase half-life for each strain (column ¢). Also 
shown is the ratio calculated by assuming that an increased 
rate of messenger inactivation is responsible for the 
polarity of a expression (column b). The experimentally 
determined ratios are the same for the wild-type strain 
and three nonsense mutants of different polarities. 

The findings for y“ polar strains have been extended to 
an unsuppressed polar mutant of z. When induction of 
MNG125 (a 2-, amber mutant which produces about 10 
per cent of wild-type transacetylase activity)” is stopped 
with rifampin, synthetic capacity for transacetylase 
decays with the same half-life found in the wild-type 
strain (unpublished results). 

We conclude, then, that very polar nonsense codons 
in lac do not alter the functional stability of message 
transcribed either before or after the mutation: both 
the z and the @ gene copies in messengers which contain 
strongly polar y~ mutations have normal half-lives. Be- 
cause capacity measurements depend on the completion 
of active enzyme molecules for the detection of mRNA, 
this finding eliminates certain models for polarity; for 
example, preferential destruction or inactivation of in- 
frequently translated messenger distal to the nonsense 
mutation would result in shortened half-lives. 

The low levels of messenger found in polar strains can 
be most. easily explained if the rate of transcription past 
a polar mutation were reduced’. Our findings on mes- 
senger inactivation are consistent with this explanation, 
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Fig. 3. Effect of glucose on 8-galactosidase and transacetylase synthesis 
in M-O. Glucose was added 9 min after induction. The data are plotted 
as described in Fig. 2b. 
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Fig. 4. Decay of p-galactosidase and transacetylase capacities in 
MNG328 after induction is stopped with ONPF. The data are plotted 
as described in Fig. 2h, 


as are those of Imamoto and Yanofsky which do not 
indicate the presence of a rapidly degraded mRNA com- 
ponent in irp- polar mutants*. As an alternative explana- 
tion, messenger destruction can account for polarity and 
reduced messenger levels only if a susceptible fraction?" 
of the mRNA population is destroyed before completed 
proteins are synthesized from it. 

Because the functional stability of lac mRNA is une 
altered in polar strains (Table 2), the redueed levels of 
operon messenger in such mutants? may largely account for 
their polarity (see also ref. 9), that is, the polarity of a iae- 
strain does not necessarily reflect a reduced number of 
transacetylase molecules made from each completed a gene 
message. If the rates of distal mRNA synthesis measured 
in lac~ strains of different polarities are consistent with 
this suggestion, then a cornparison of the fac and phage 
f2 systems would be of interest. Although polarity in f3 
RNA can be ascribed to a reduced rate of translation of 
noncoat RNA genes, this may be due to the secondary 
structure of this RNA™. Translation can be initiated 
efficiently at the beginning of the noneoat RNA genes, 
for deletion of the coat protein gene abolishes the polar 
effect of an early amber mutation in the deleted genet, 

We thank Mr W. Hardy for advice on the curve-fitting 
programme and Dr J. Gelzer (Ciba Pharmaceutical Co., 
Summit, New Jersey) for a generous gift of rifampin. 
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Table 2. COMPARISON OF mRNA STABILITIES IN WILD-TYPE AND POLAR 


STRAINS 


Specific activity 
at full induction Per cent Ratio of half-lives 


f-galactosidase/transacety lage, 








Strain B-Galacto- Trans- transe Calculated? Pounds 
sidase x 10 acetylase acetylases 
ig] RO {100} rO 1-0 
25-8 18-3 Raed ed Ss 
256 12-5 15-6 ig 1-0 
X 20-0 4-5 56 08 1-2 


The wild-type level of transacetylase is taken as 100 (column a). The 
experimentally determined ratios {column c) are averages of ratios calculated 
from data in Table 1, The calculated ratios (column b) were determined as 
described in the text. 

Full induction levels were determined on extracts from cultures containing 
2x104 M IPTG and harvested in the late exponential phase of growth. 
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Prorerms with specific binding sites should be valuable 
for elucidating the structural changes in the surface 
mernbrane that may be necessary for the transformation 
of normal cells by carcinogenic agents. The carbohydrate 
binding protein concanavalin A (Con. A}! which binds 
a-methyl-p-glucopyranoside (a-MG) and various other 
carbohydrates?! appears to be particularly useful. Results 
obtained with this protein, and with a wheat germ 
slutinin®-?, have suggested that the surface membrane 
transformed cells contains exposed binding sites that 
interact with these proteins, and that normal cells may 
contain such sites in a eryptic form. The experiments 
reported here were done to obtain direct evidence for 
this assumption and to measure the number of sites. by 
measuring the adsorption of Con. A molecules whose 
metal sites? required for «MG binding were labelled with 
SN i. 

The cells used in these experiments were lines of golden 
hamster cells transformed by polyoma virus, and after 
treatment with the chemical carcinogen dimethylnitros- 
amine®; 3T3° cells transformed by simian virus 40 (S F40); 
untransformed 3T3 cells; and normal cells from secondary 
cultures of golden hamster embryos. Cells were cultured 
in plastic Petri dishes in Eagle’s medium with a four-fold 
concentration of amino-acids and vitamins with 10 per 
cent calf serum. Cells were used for the experiments 3 to ġ 
days after subculturing. 

Con. A was prepared from jack bean meal (Sigma 
Chemical Co.) by two erystallizations' and stored as a 
solution in saturated NaCl. To prepare the labelled 
protein’, Con. A free of metallic residues was diluted with 
1M solutions of NIC (Radiochemical Centre. Amer- 
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eg Protein B95 


















Cells per 2x 10° f 
colls* Total MG specific 
Harster normal Tie 6 
Hamster polyoma Si 215 
Hamster DMNA* p36 3 
ata 1,604 
3T3 S¥40 402 
* Tatal cell protein was measured by the method of Lowry. 
+ DMNA, dimethyinitrosamine. 


Total 





that are exposed on the surface membrane of transformed cells, are 
in a cryptic form on normal cells. The change in structure of the 
surface membrane resulting in the exposure of surface sites may 
produce the change in cellular regulatory mechanism that is 
associated with transformation. 


sham, specifie activity 17 mCi/g Ni) and CaCl, The 
molar concentrations of free Ni and Ca ions added were 
50 per cent higher than the concentration of metal binding 
sites m Con. A. The labelled protein was dialysed for 
2-5 h against a solution containing 0-4 M NaCl with 10 
per cent v/v of iris buffer, pH 7-4. which was changed 
every 30 mun. 

For the adsorption assay with labelled protein, cells 
were washed twice with Cav’ and Mgt free phosphate- 
buffered-saline (CMB), and removed from the Petri dish 
with a 0-02 per cent disodium versenate solution’. The 
suspended cells were washed twice with CMB and diluted 
in CMB at a concentration of 4x 10° cells per ml. To test 
for adsorption, 0-5 ml. of labelled Con. A, diluted either 
in distilled water or in a solution of 10-4 M 9-MG. was 
mixed with @-4 ml, of cell suspension in centrifuge tubes 
and incubated for 30 min at room temperature. The cells 
were then washed three times with 5 ml. of CMB by centri- 
fugation at about 500g for 5 min. The pellet was suspended 
in Bray's solurion’®, and the radioactivity counted in a 
Packard ‘Tri-Carb’ liquid scintillation spectrometer. The 
labelled protein, when dialysed as deseribed*, against 
CMB (Fig. 1), retained the ®Ni after 3 h dialysis, that is, 
for longer than the 30 min required for experiments on 
adsorption to cells. 

The number of exposed sites on the surface membrane 
was determined from the adsorption of labelled Con. A. 
Cells were incubated with labelled protein either with or 
without «MG. The -MG was added to saturate the 
binding sites of the labelled protein and the amount used 
was in excess. To calculate the amount of labelled Con. A 
which is bound specifically by its 2-MG binding sites, the 





TOTAL AND @MG SPECIFIC ADSORPTION OF Con, A MOLECULES 


Concentration of labelled Con. A Cag/ml) 


125 






2i 500 
(opm, per 2x 10% cells) 





ae MG: specitt: Total a-MG specifie Total a-MG specific 
404 103 476 108 
1.001 4a 1,129 401 
350 BAS 1.699 685 
301 502 208 
415 TOL 421 
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Some new and recent GEOSCIENCES titles from Elsevier ... 


ELEMENTAL ANALYSIS IN 
GEOCHEMISTRY 


Alexis Volborth, Killam Professor of Geology and Mineralogy, 
Dathousie University, Halifax, Nova Scotia, Canada 


Part A: Major Elements 


CONTENTS: Preface; introduction; preparation and de- 
camposition of samples; statistical evaluation and sampling; 
factors influencing the selection of methods of separation 
and analysis; some methods of extraction and ion exchange 
separation; the classical qualitative 















ssOrption; atom 
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activation analysis; 








neutron appendices; 
index. 


1969 373 pages 


A COASTAL POND 


K. O. Emery, Woods Hole Oceanographic Institution, Woods 
Hale, Mass, U.S.A, 





76 illus. 15 tables £6 15 0 





£2 10 9 


41 illus, 


1969 80 pages 


MATHEMATICAL ASPECTS 
OF SEISMOLOGY 


Markus Bath, Seismological Tastitute, University of Uppsala, 
Sweden 

CONTENTS:  Prefac 
and conformal transform 





oe 


ary phase 












rop 





99 illus. 


1968 415 pages 


DIRECT CURRENT 
GEOELECTRIC SOUNDING 


P. K. Bhattacharya and H. P. Patra, Department of 


Geology and Geophysics, Indian Institute of Technology, 
Kharagpur, West Bengal, India 
CONTENTS: Preface; introduction; 
dations; Schlumberger sounding; 
dipole sounding; geological applications; 
index. 


1968 135 pages 


theoretical foun- 
Wenner sounding; 
references: 


47 illus. 





Elsevier 


Amsterdam 
P.O. Box 21! 


London 


Ripple Rd Barking Essex 


OCEAN CURRENTS 


Gerhard Neumann, Professor of Oceanography, New York 
University, New York, U.S.A. 


CONTENTS: Observation a 
ments; presentation of : 
transport; basic hydrodynamical background: major types of 
ocean currents; the general circulation of the oceans 
references; index. 


1968 336 pages 














91 illus. 


ATLAS OF THE GREAT 
BARRIER REEF 


W. H. G. Maxwell, Associate Professor of Geology, University 
of Sydney, Sydney, Australia 





"conc! 
166 illus. 






ooservatians: 


1968 258 pages 


PICTURE ATLAS OF THE 
ARCTIC 


Ragnar Thorén, Expert and Consultant in Special Technique, 
Swedish Research Institute of National Defence, Stockholm. 
Sweden 





index, 


1969 449 pages 


£i9 9 6 


368 photographs 


INTRODUCTION 
TO PALEOLIMNOLOGY 


C. C. Reeves, Jr, Department of Geosciences, Texas 
Technological College, Lubbock, Texas, USA. 









CONTENTS: Introduction: 
ation of fal 5 quant 
shape and development of | 
the lacustrine environment; lacustrine 1 
precipitates; lacustrine sediments; clastic; — lacustr 
structures; depositional and erosional; Part Hi, The 
paleolake basin; pleistocene chronology: — distribution, 
Cause and recognition of paleobasins; paleoclimatic 
methods; sampling methods; future paleolimnolagical 
applications; references: index. 


1968 228 pages 125 illus. 






















22 tables 


£6 10 0 


New York 
52 Vanderbilt Ave NY 








VIRUSES, VECTORS AND 
VEGETATION 


edited by Karl Maramorosch, Boyce Institute for Plant 
Research, 


This book presents experiments, interpretations of 
results and recent advances in plant-virus-vector 
research, Topics range from methodology to applica- 
tion and explore every aspect of virus transmission to 
plants. 

July 1969 678 pages 28Is. 


MATRIX-COMPUTER METHODS 
IN ENGINEERING 


by Louis A. Pipes, University of California, Los Angeles, 
and S, A. Hovanessian, Hughes Aircraft Company. 


Contains introductory material on matrices and their 
application to a variety of engineering problems 
drawn from the fields of electrical, mechanical and 
structural engineering. Gives the numerical methods 
of matrix computation and illustrates their appli- 
cation by using digital computer programs written 
in either FORTRAN or Basic. 


July {969 333 pages [14s. 


PHYSICS OF SEMICONDUCTOR 
DEVICES 


by S. M. Sze, Bell Telephone Laboratories, Incorporated, 


An up-to-date and extensive compilation of semi- 
conductor parameters, device theories and references. 
The first book to include all the important semi- 
conductor devices. The book contains more than 
30 tables and 500 technical drawings. 


July 1969 812 pages 175s. 


COMPUTERIZED APPROXIMATION 
AND SYNTHESIS OF LINEAR 
NETWORKS 


by Jiri Vlach, Visiting Professor, University of Illinois. 


Intended for those with engineering backgrounds. 
Deals with two basic areas of linear network design: 
approximation and synthesis, with emphasis on 
approximation, Theoretically explains approxi- 
mation techniques, and includes tested computer 
programs written in FORTRAN. 


July 1969 490 pages 140s. 


JOHN WILEY & SONS LTD 


BAFFINS LANE - CHICHESTER: SUSSEX 





GAS MIXER AND CELL MONITOR 


Time is at a premium, so what more speedy than 
the GM 01? Mixes gaseous samples to the 
same proportions in even two different absorption 
cells... as a bonus, you can monitor airlocks 
and bubbles in liquids cells too! Stainless-steel 
internal system. 


VIBROMILL 


Need to finely grind or blend materials prior to 
sample preparation and analysis? What more 
speedy and economical than the new Vibromill. 
Any material from paper to rock ; KBr is ground 
ready for pressing, in about two minutes. 

Two more RIC products in the forefront ! 





LIUILILs 


division of Beckman-RIIC Limited 


WORSLEY BRIDGE RD, LONDON SE26 ENGLAND 
Telephone : 01-650 4801 (10 lines) 
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For 1969-70... 


New Worthington 
catalog lists enzymes 
for research 


Our newly published catalog lists 
more than 230 high purity enzymes 
and related biochemicals for 
research. Several are produced 
through the use of such advanc 
techniques as column chromatog- 
raphy, disc gel and free-flow el 
trophoresis. 

The catalog provides 
information on enzyme 


















Also listed is a group of enzi 
reagents for clinical diagnosis 

At Worthington we insist on pre- 
paring all our own enzyme products, 
carrying them from : 
through processing, puri 
packaging. With complete contro! 
over each step, we can give impor- 
tant guarantees of enzyme quality. 
Other suppliers —re-sale houses 
offering something made by some- 
body else ~ can't do If. 



























your copy of Worthington Enzyme: 
for Research or other Worthingto 


literature. 


Canadian distributor: Winley-Morris 
Co., Lid., Montreal. 
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This unique water still is in use in a number of research establishments and 
hospitals where water of the highest purity is essential, 


Price, complete with heater and all electrical 


equipment 230 volt (a.c. only}-£3 8-10-90 


Obtainable only from 
L. V. D. SCORAH, M.Sc. 
(Manufacturer of the “SCORAH" Blowpipe) 
44 NORTHFIELD ROAD, KINGS NORTON, 
BIRMINGHAM, 30. 021-458 1885 
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The SCORAH Automatic Electric 
all glass WATER STILL (patented) 


Automatic Can be left on without attention. Heater 
current cuts off if water supply is interrupted, or inade- 
quate or forgotten. When receiver (5 litres capacity) is 
full, current cuts off. When distilled water is drawn from 
receiver, the still resumes operation until receiver is refilled. 


Purity Electrostatically charged condenser droplets 
can pick up fumes, dust and air-borne organisms from the 
laboratory atmosphere. The design of the receiver vessel 
ensures absence of such contamination, 


Efficiency Heater of Scorah design and manufacture, 
consumption 1,700 watts, output 2.4 litres per hour (the 
full theoretical yield), Cost 34d. per gallon at ld. per unit. 


Safety The heating element is out of contact with the 
feed water, thus eliminating danger from “live”? water 
supply or electrolytic effects or “burn out”. 


Assembly No retort stands or clamps are required. 
The 24-in. diameter ball joint gives a strainless set-up, 
Outlet cap on boiler for quick periodical drain-olf of sedi- 
ment. The still may be installed on a shelf or platform 
about | ft. above bench level near a sink and enclosed in 
a transparent plastic cover to keep out dust. 


Phoenix heat-resisting glass. Interchangeable ground 
glass joints. 


DSa 


For Exceptional Accuracy 
in Delicate 


MAGNETIC SEPARATIONS 


FRANTZ 







MAGNETIC 


SEPARATOR 


The high power and close discrimination of the ISO- 
DYNAMIC Magnetic Separator are shown by its ability 
to separate minerals which are only feebly magnetic 
even when their susceptibilities are extremely close 
together. 


It is sometimes even impossible to separate diamagnetic 
substances like zircon or quartz having negative mass 
susceptibilities of —03 x 107° from substances that are 
less strongly diamagnetic or very slightly paramagnetic. 











MODEL L-1 SET FOR INCLINED FEED 
VERTICAL FEED ATTACHMENTS AVAILABLE 


For more complete information write for Bulletin L-1 


S. G. FRANTZ CO., Inc. 


378 East Darrah Lane 
P.O. Box 1138, Trenton, N.J. 08606 
Cable Address: MAGSEP, Trentonnewjersey 
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amount adsorbed in the presence of a-MG was subtracted 
from the amount adsorbed in the absence of «-MG. 
Adsorption, even in the presence of «-MG, suggests that 
the ¢-MG added may not have competed with the binding 
of all the a-MG sites of the labelled protein to the cell 
surface, and that there may also be adsorption to non-car- 
bohydrate sites. The results indicate (Table 1) that the 
total and «-MG specific adsorption was higher with the 
transformed cells than with the normal and 3T3 cells. The 
measurement of total cell protein has shown that the pro- 
tein content of the transformed cells was lower than that 
of the normal and 3T3 cells (Table 1). The difference 
between adsorption by normal and 3T3 cells and by the 
transformed cells is thus even higher when calculated on 
the basis of cell protein (Fig. 2). 


The number of exposed sites for Con. A per micron® of 


cell surface was calculated from the «-MG specific adsorp- 
tion at the highest concentration of labelled protein 
(500 ug/ml). The volume of the cells was measured 
by centrifuging a known number of cells in an I mm 
diameter centrifuge tube containing a graduated capillary 
tube of I mm diameter (E. Gilberrman, personal communi- 
cation). After 20 min centrifugation at about 300g the 
cells had pelleted in the capillary tube. The surface area. 
was calculated from the volume assuming that the cells 
are spherical. This area, like the total cell protein, was 
smaller for transformed cells than for normal and 3T3 
cells (Table 2). The number of molecules adsorbed was 
calculated from the observation that 1 mg of the labelled 
Con. A used gave 64,000 c.p.m., and the molecular weight 
of Con. A was taken as 60.000 (refs. 2 and 4). The number 
of sites on the cell surface can be estimated from the 
number of molecules adsorbed. The maximum number is 
given by the assumption that one molecule is adsorbed by 
the two a-MG sites of Con. A4, and the minimum number 
by the assumption that each molecule is adsorbed by only 
one site. The results indicate (Table 2) that normal cells 
have 4-8 x 10? sites, 8T3 cells have 5-10 10° sites, and 
that transformed cells have 23-58 x 10% sites per micron? 
of cell surface. 
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Table 2, a-MG SPECIFIC ADSORPTION OF Con. A MOLECULES PER Micnax® 
CELL SURFACE 
a-MQ specife No. of 
adsorption per molecules 
Celis 2x10 cells adsorbed et 
(e.pnra.} per cell per salcreay? 
Hamster normal 9x 10° HP 
Hamster polyoma Bax 10" } 
Hamster DMN A* SA « iF 
3T3 24x p0 





3T3 Shag 
* DMNA, dimethyinitrosamine. 
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To determine the existence and number of eryptic sites, 
samples of 10? normal hamster cells were incubated with 
20 mil. trypsin’? solution at a concentration of 0-1 my 
trypsin per ml. for 20 min at ou temperature. After 
washing three times with CMB, the cells were tested for 
a-MG specific adsorption with 500 ug Con, A per mh The 
number of exposed sites for Con. A per mieron? cell 
surface increased from 4-8x 10°% in the untreated cells 
to 23-46 x 10? in the cells treated with trypsin (Table 3). 
These data indicate that trypsin treatment of normal cells 
resulted in an exposure of eryptie sites. and that the 
number of exposed sites on the treated normal cells was 
similar to that found on transformed cells. 








Table 3, a-MG SPECIFIC ADSORPTION OF Con. 
SURFACE OF NORMAL 


A MOLECULES PER MICRON? 
CELLS AFTER TREATMENT WITH TRYPSIN 
a-MG specific No. of 
rption per molecules 
2x 10% cells adsorbed 











Surface i No, ot 


Cells per cell molecules 





(opm) per cell (rateron®} per mieron” 
Hamster normal 
untreated 109 Gx 18 1,130 xp 
Hamster normal 
ated with 
in 647 52x 10" 1,130 $6 « 10" 














_* Crystallized, lyophilized trypsin OV arthington Bloc ni al Carp.) be 
diluted in a solution containing 0-85 s NaHCO, 8-0 g 2 Od g KCE and 
LO g dextrose per LOOO ml, distilled water at a concentration of Gl mg 
per mh á 
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Our results indicate that normal and transformed cells 
have a similar number of sites on the surface membrane 
that interact with the «-MG binding sites of Con. A, but 
that about 85 per cent are in a cryptic form on normal 
cells. The higher number of exposed sites on transformed 
and trypsin-treated normal cells can explain the agglutin- 
ability of these cells by Con. A, and the lack of agglutin- 
ability by normal cells in the absence of trypsin treat- 
ment. It will be of interest to determine the distribution 
and chemical nature of these sites. 

The change in cellular regulatory mechanism that is 
produced by transformation can be ascribed to a change 
in the cell surface!?, The change in the structure of the 
surface membrane resulting in the exposure of surface 
sites may produce this change in regulation. Evidence 
in support of this suggestion has been obtained by the 
observations that infection of normal and untransformed 
cells with polyoma virus or SV40 results in an exposure of 
surface sites for Con. A5, and that the formation of cell 
variants with a reversion of properties characteristic of 
transformed cells! is associated with a reversion of these 
sites to the eryptie form™. 
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The Weather Factor in Foot and Mouth Disease Epidemics 
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to date. 


Ax outstanding feature of the initial spread of foot and 
mouth disease in October 1967 was its movement in a 
downwind direction into Cheshire from the primary out- 
break near Oswestry. It is therefore inte resting to see how 
similar meteorological coincidences occurred in previous 
epidemics. tentral Veterinary 








Research workers at the © 
Laboratory, Weybridge, together with meteorologists and 
physicists from Bracknell and AERE, Harwell, who have 
specialized in problems of cloud physics, turbulent dif- 
fusion, particle deposition and vetermary meteorology, 
have now spent much time examining the available 
evidence. Airborne particles are carried in a downwind 
direction, being subject at the same time to diffusion 
processes which induce horizontal and vertical spread. 
The vertical spread is least in meteorologically stable 
conditions when the temperature profile restricts the 
upward movement of the air. Horizontal spread is a 
function of wind structure, which in turn is affected by 
the temperature profile. Airborne particles can be re- 
moved from the air by a variety of processes, gravity. 
downward diffusion, impaction or by intereeption and 
deposition by rain, drizzle or snow. With large particles 
the terminal velocity of gravity fall is appreciable, but 
when the particles are small the gravity effect ceases to 
be the dominating factor. 

In dry weather conditions, Chamberlain? has shown 
that the rate of deposition for particles in the size 
range 2-10 microns is very slow but that the rate can be 
considerably increascd by interception by falling water- 
drops. This increased rate cannot be maintained for an 
unlimited distance because the atmosphere is being 
washed clean of the airborne particles. The efficiency of 
the intereeption process, in general, increases with particle 
size and rate of rainfall, ro that the more efficient the 
process, then the more rest ricted is the ‘fall-out’ zone. 
A relative picture can be obtained by taking 1,000 as the 





Weather, especially wind and rain, probably plays a more important 
part in the spread of foot and mouth disease than has been recognized 


rate of deposition in dry conditions in an H m-p.h. wind 
(actually 4x 107 per unit source per square metre per 
second). Table 1 shows the relative deposition rates at 
various distances from the source. The table suggests that 
beyond the immediate vicinity of the source deposition 
is about 10 times more likely in wet weather at disteaices 
up to about 20 km. Light rain or drizzle is most favour- 
able for deposition at longer distances. Recent unpub- 
lished work of P. Goldsmith of the Meteorological Office 
suggests that particles less than a micron in size can 
penetrate into cloud and rain-forming layers and they 
act as nuclei for drops. It must also be remembered that 
particles can travel for long distances before they meet 
the rain that brings them to earth, Airborne spread of 
foot and mouth disease from the Continent is thus 
theoretically possible, and may on occasion have occurred 
in suitable eircumstances*. 


Table 1. RELATIVE DEPOSITION RATES AT VARIOUS DISTANCES 


Distance Rate in wet weather 
from source Rate in dry Poor Moderate Good 
(km) weather interception interception interception 

1 1,000 1,400 2,000 2,750 

5 50 140 275 425 

19 10 ag 100 100 

20 AA 15 20 15 

50 OS Hy 15 1 


The hypothesis of the meteorological spread of the 
disease makes three chief assumptions, involving the 
release of the virus, its transport and its deposition. The 
virus could become airborne from a diseased animal by 
breathing or coughing, or by rainfall causing splash release 
from pools of urme or from lesions. The mucous drops 
could be of appropriate size, but in any case there is no 
lack of particles of the 2-10 micron range already in the 
air to act as carriers, Work on the uptake by cattle of 
radioactive aerosols (personal communication, A. C. 
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Chamberlain, AERE, Harwell) indicates that the ingestion 
of contaminated food such as grass is a far more serious 
danger than inhalation. The daily risk ratio of ingested 
to inhaled dosage is 70 to 1 in dry weather and 350 to 1 
in wet. On the other hand, work on fowl pest® has sug- 
gested that a building containing animals can act as a 
filter to airborne material, for unless it is completely 
airtight the number of air changes per hour is consider- 
able. 

We have examined four epidemics of foot and mouth 
disease in detail, those in Hampshire (1967), Northumber- 
land (1966), Cheshire (1952) and Oswestry (1961). As 
will be seen, the feature common to the initial stages of 
each of them was the apparent relative inability of the 
disease to spread upwind. In the early stages of the 
epidemic in Hampshire in 1967 several outbreaks were 
traced from the movement of vehicles to and from the 
abattoir at Fareham. The first outbreak was confirmed on 
January 6 and the two cows affected were slaughtered the 
same day, but by the morning of January 7 there were 
probably seven sources of virus in existence (see Fig. 1). 
The largest of these was one of 141 infected pigs in which 
the disease probably started on January 3 or 4 (confirmed 
on January 8). Between 0800 h on January 3 and 1600 h 
on January 6, the surface wind lay between 280° and 
360°, that is, in the quarter between west and north. 
There was no rain during this period and there was no 
subsequent spread of the disease to the south-east. But 
on the evening of January 6 it began to snow, later turn- 
ing to rain, during which the wind backed from 210° to 
060° at dawn. These directions determine the rain—wind 
sector of Fig. 1, centred on the outbreak among 141 pigs. 
All the subsequent outbreaks occurring within the next 
15 days lay within this sector. 

Only one farm was involved in the opening stages of 
the outbreak in Northumberland in 1966, where forty-five 
cows and six sheep were confirmed as diseased on July 18, 
and could have been spreading infection for some 7 days. 
The next outbreak was reported on July 21, where thirty- 
two cows could have been clinically affected for 2 to 3 
days. There was only one source of virus from July 11 
to 18, during which time there had been seven periods 
of ram with the wind covering three-quarters of the 
compass circle. Of the sixteen outbreaks which occurred 
in the next 15 days, only one occurred in the upwind 
quarter-circle, and this was on a farm with the same owner 
as that of the original outbreak and some of the stock 
there had been moved from the primary farm on July 15, 
subsequently coming down with the disease. 

In Cheshire in 1952 from April 1 to 7 there was only 
one source, the cows at this primary outbreak being 
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April 4-22, 

slaughtered and burnt on April 7 and 8. The second and 
third outbreaks started on April 9. Between April 9 
and 22 there were eighteen outbreaks, all of which lay 
within the “danger sector” of rain-winds defined by 
seven rainy periods in the first 7 days of April. No 
outbreak occurred in the remaining 120° seetor, despite the 
fact that during this time before the identification of the 
disease no movement restrictions were in force (Fig. 2). 

At Oswestry, m 1961, only one source of virus, in pigs, 
existed between February 3 and 7; subsequently a second 
outbreak in pigs existed some 10 km to the north-east. 
Considering the first 5 days only, the rain sector (120° 
330°) contamed twenty-eight out of the thirty cuthreaks 
that followed in the period February 6-22 (see Figs. 3 
and 4). 

These initial stages can be summarized as follows: 








Table 2, DISTRIBUTION OF OUTBREAKS 


Danger Outbreaks per 
sector Remainder 10° sector 
Epidemic Range Out- Range Out- Danger Remainder Ratio 
breaks breaks sector 
Hampshire 160 15 200 0 Oo 0-00 od 
Northumberland 280 15 O80 I 0- ig O22 
Cheshire 240 18 120 0 O75 0-00 6-00 
Oswestry 220 28 140 2 127 Orbe OL 


Within the danger sector of rain-bearing winds the 
infection could be the result of any cause, including sir- 
borne transmission; within the remaimder the infection 
could not have been transmitted by wind and rain. The 
ratios in the last column thus represent the spread by 
non-meteorological causes as a proportion of the whole, 
Averaged out, with due regard to weighting in respect to 
the outbreak total, the result is 8-6 per cent; this includes 
the one case in Northumberland which was known to be 
due to stock movement. 

The direction of rain-bearing winds therefore appears 
to play a dominant. part in the direction of spread of the 
disease and so it is reasonable to suppose that epidemic 
intensity should also be affected by rain. Furthermore, as 
ultraviolet light is thought to kill the virus, rain at night 
might be more important than day rain. ‘Table 3, which 
includes data on the 1967-68 outbreak at Oswestry', 
supports these conclusions. 

But clearly the amount or duration of rainfall is not 
the complete answer; the other main contributory factor 
is the amount of virus released. This is not knowm, but 
some attempt can be made to set up a relative seale 
by giving each outbreak an infection rating of 1 on the 
first day, 3 on the second, 6 on the third up to a maximum 
of 20. The results given in Table 4 show that, until day 9, 
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the recent 1967-68 epidemic was the least threatening of 
the five under review. The crucial point came in days 
10-14, when a high infection rating coincided with con- 
tinuous wet weather. In the other epidemies, this co- 
incidence did not occur, and in the smallest three the 
high infection ratings were during dry weather spells. 


THR FIRST 20 DAYS 
No, of dry 


Table 3. EPIDEMIC INTE? AND RAINFALL DURING 





TTY 








Total Rainfall (mini) 24 b 
outbreaks Night 24ih Nights periods 
1967-05 Oswestry Over 2,000 22-0 adel 7 4 
i 180 m6 31-0 Wd 6 
1961 Oswestry 63 12-4 Ts 13 10 
1966 Northumber- 
land 32 at H 9 
1967 Hampshire 2 163 id 13 
{V Night covers the 1800 h ro 0600 h period.) 
Table 4. DISTRIBUTION OF BAILY INFECTION RATINGS AND DRY PERIODS 
IN FIVE FMD EPIDEMICS 
Infeetion ratings and dry periods 
Day 1967-838 1952 1961 1966 1367H 
I 1 p* or Q* } 1 o* 
2 3 o* 3 o 4 rd 
3 6 * oF ë 10 pr 
4 9 hd + 9 19 * 
5 72 * #2 22 
6 15 15 43 n* 
7 4 Is a* 52 a 
MM 4 ka + tal OF 3 Q 
9 17 i bg 24 o* 32 pr 
19 43 Bü g* 42 o* 
li 86 38 o* 35 o* 
12 oh ae o* 4a Q* 20 o* 
13 R5 (yr o*t 59 o* 13 o* 
id 106 ig tid 53 tl a 
16 81 id a* 61 12 o* 
16 72 + oF BF i) 
17 ao ae oF 36 o* 0 
18 101 * p* Bu 1 
19 131 o* id O* 19 * 3 
20 134 k & oF 19 7 6 





0, Dry 24 hy * dry night (1800-0600 h). 


If we establish an epidemic intensity index by multiply- 
ing the infection ratings on any one day by the numbers 
of hours of rain and then add up the products over the 
first 20 days, the results for the three Cheshire area 


outbreaks are 
1967-68 1952 1961 
Rain over 24 h 4,104 35: 205 
Rain 1800-0600 h 1,752 191 138 


These figures foreefully illustrate the difference in scale 
during the major epidemic. This technique can be ex- 
tended to try and establish the relative liabilities to mfec- 
tion along specific directions within the rain-wind danger 
sectors. Using weighting factors of 1 for day (0600-1800 h) 


rain and 3 for night rain (1800-0600 h), multiplying the 
number of hours of rain by the imfection rating and 
dividing the produet among the 10° zones concerned, we 
calculated directional “danger indices” for the February 
3-7 period of the 1961 Oswestry epidemic. A similar 
index was caleulated for the dry winds (non-rain bearing), 
and the results are shown in Fig. 3. 

The peak danger index at 220° and 230° almost coincides 
with the outbreak peaks from 200° to 220°. The dry-wind 
peak at 270° appears to be far less significant. The large 
number of outbreaks at 150° was thought to be caused by 
a vehicle carrying pigs traced from Oswestry to the St 
Asaph area. Further rain fell on February 8 and on the 
nights February 7 and 8 and 8 and 9, but preeise analysis 
is difficult as there were then two sources of virus. Never- 
theless Fig. 4 shows that there was a pronounced con- 
centration of subsequent outbreaks in the wind sector 
common to three periods of rain. Of the four outbreaks 
in the upwind sector during this 2 day period, two of 
them lay within subsequent rain-wind sectors. 
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If rainfall inereases the risk of spread, its absence 
should assist in the control of the disease. If the epidemic 
intensity is counted as the number of outbreaks starting 
within the next 10 days (including the day in question), 
then the maximum 10-day total can be regarded as a 
peak. The incidence of dry days and nights around such 
peaks is shown in Table 5; each peak occurs in the neigh- 
bourhood of a dry period and dry nights seem to be the 
more important. In addition to the increasing efficiency 
of control measures, the weather seems to have played a 
part in the lessening of spread. 





Table 5, EPIDEMIC PEAKS AND DRY WEATHER 





1952 1961 1966 1967H 
10-day 10-day 10-day 10-day 
Day out- Rain Day out- Rain Day out- Rain Day out- Rain 
breaks breaks breaks breaks 
34 1 12 (y* 1 4 19 QF 
31 = 10 $ 3 (yt 20 ae 
28 + 3 1l 3 4 i O* 
28 4 17 4 4 * 
25 5 24 ü 6 
25 6 26 6 S 3 o* 
30 T al 9 OF 15 Q* 
31 x 33 * 10 oF tt 0* 
Bd s H 3I bd 10 oF i oF 
33 m 10 33 Q* 10 g” 9 pr 
33 TI 34 or 10 oF 9 oF 
34 12 a4 ae It o* 7 o* 
35 o* 13 igs o* 12 oF 5 o* 
37, OF y4 3b 12 5 OF 
35 O* 15 25 a 1t 3 o” 
34 gs 18 wd ps 9 3 
30 0* 17 21 oF s p* 2 
29 o> Ix 16 Ge K 2 
27 of l9 I OF š * I 
26 i 20 10 oF x * 2 
24 2 100 p 7T o 2 
22 oF wie 0 6 a2 
24 o 23 10 4 0 2 
21 oF od a 4 1 
20 0 25 9 OF 3 i oF 
20) 26 g A: 3 of I 
IA of 27 7 oO 3 oF l 
15 2R 6 $ si 1 
7 20 6 4 1 
7 30 5 3 + p 





0. Dry 24 h; *, dry night (1800-0600 h). 


Each of the four smaller epidemics was examined 
throughout their duration, taking into account the weather 
of every individual hour. These epidemies involved 284 
farms, and, omitting the four primary outbreaks, this 
detailed analysis showed that only fifteen of the remaining 
280 were never within a rain-wind danger sector at times 
which would provide an acceptable incubation period. 
Of these fifteen, twelve were the result of vehicle move- 


ments in Hampshire and one involved the movement of 


stock in Northumberland. Many infected farms had been 
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within several danger sectors, but the most likely infection 
times eould be seleeted by taking into account such factors 
as the distance from infection source, the strength of 
such a source, the implied incubation period and the type 
of rainfall. The distances of infection travel inferred 
from such preferred tracks were such that 166 (63 per cent) 
were within 5 km, 208 (78 per cent) within 10 km, and 
241 (91 per cent) within 20 km. This distribution is not 
inconsistent with the physical hypothesis. Some 55 per 
cent of these preferred tracks were on the morning of the 
confirmation date of the source or during the night 
before; 85 per cent occurred during the last 48 h before 
the disease was confirmed at source. An atternpt was then 
made to identify the most likely time of day and, ignoring 
all spread within 1 km, the time of occurrence of the 
correet wind direction was noted for 232 preferred tracks. 
There appeared to be a non-random distribution. of times 
with peaks around dawn (0500-0700 h) and dusk (1900- 
2100 h). 

Suggestions have been made that an inefficient burning 
of careasses could facilitate the spread of the disease. The 
winds during the 24 h (1800-1700 h the next day) after 
the confirmation date were therefore examined to see if 
there was any strong evidence of more suitable tracks 
during this period. Comparison with the previous pre- 
ferred tracks showed that 9 per cent of the post-identifica- 
tion tracks were more plausible and 36 per cent of the pre- 
identification tracks were more likely; there was little 
to choose between the remainder. This evidence suggests 
that on some occasions spread could have taken place 
after the disease was identified, but it cannot be regarded 
as conclusive. 

Spread of foot and mouth disease by weather elements is 
theoretically possible. The evidence deduced here from 
detailed examination of four epidemics is cireumstantial, 
but none of it contradicts the physical hypothesis, and the 
continually occurring coincidence of disease spread and 
suitable meteorological conditions cannot be ignored. 
True verification will depend on experiments in the fleld 
during an epidemic, but nevertheless the interim con- 
clusion must. be that the weather plays a greater part in 
the spread of the disease than has hitherto been recognized, 
and probably a more important part than any other 
mechanism. 

The diagrams are reproduced by permission of the 
Director-General of the Meteorological Office. 
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Toxic Properties of a Synthetic Double-stranded RNA 


The following three articles report that poly I.poly C, which is 
of interest as a stimulator of interferon production, has potential 


side effects. 


Endotoxin-like Properties of 


Poly l.Poly C, an Interferon 
Stimulator 


COMPLEXES of polyriboinosinie and polyribocytidylic 
acids (poly I. poly Č) are capable of stimulating interferon 
appearance in the circulating blood of the intact rabbit if 
administered intravenously in microgram quantities!’, 


The complexes have been used suceessfully in the treat- 
ment of herpetic keratoconjunctivitis of rabbits without 
evidence of local or systemic toxicity’. Poly T.poly C has, 
however, been considered by some to be too toxic for use 
in normal humans (statement attributed to Merck and 
Co. scientists!) for minor viral infections, although, 
evidently, it may be used in clinical trials in cancer pa tients 
(statement attributed to Levy®; see also ref. 4). The 
studies reported here present evidence that poly T.polv € 
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and bacterial endotoxin show similarities in toxic proper- 
ties and interferon stimulating mechanisms. An under- 
standing of this relationship is necessary for a rational 
approach to use of these agents, and has bearing on the 
possibilities of development of less toxic, chemically 
related materials for prophylaxis or treatment of human 
viral diseases. 

Selye, Tuchweber and Bertok*-* reported that lead acetate 
made the endotoxin more lethal when administered intra- 
venously almost simultaneously with it into rats. This 
hyperactivity to endotoxin may be related to the height- 
ened lethal reactivity to endotoxin demonstrable in mice 
a few days after inoculation of Mycobacterium tuberculosis, 
BCG’. Mice inoculated with BCG and subsequently 
challenged with endotoxin show heightened levels of 
circulating interferon’, as do mice inoculated with lead 
acetate when challenged with endotoxin'. Interferon 
levels are higher in lead acetate-poly I. poly C treated 
mice than in normal mice challenged with poly T.poly C 
but not in mice treated with lead acetate and statolon. 
another interferon stimulator and one which evidently 
does not release interferon through the same mechan- 
isms as does endotoxin’, Because of this similarity 
between endotoxin and poly I.poly C in lead acetate 
induced hyperreactivity, as measured by interferon 
levels of response, and because Youngner and Hallam’ 
have demonstrated that poly I.poly G, like endotoxin™, 
probably releases preformed interferon, we decided to 
investigate the action of poly I.pely C in other pheno- 
mena associated with endotoxin activity. 

Table 1 records data which show the enhancement of 
lethality of poly I.poly C (Miles Laboratories, No. 11-4- 
321) in mice (25 g, female, Taconic Farms) injected with 
lead acetate immediately before challenge with various 
doses of the complex. Note, in addition to the obvious 
enhancement of lethal action by lead acetate, that the 
500 ug dose of poly I. poly C is also about the LD,, dose 
for these mice. This level of toxicity is approximately 
that observed by us with Escherichia coli endotoxin, The 
mice in the 10 yg dose group of poly I.poly © with or 
without lead acetate did not appear seriously ill. Those 
of both groups receiving poly I.poly C in 100 ug doses 
showed, however, ruffled fur and huddling behaviour. 
Animals dying of poly I.poly C or poly I.poly C-lead 
acetate treatment showed highly exaggerated jumping 
movements and were extremely irritable, indicating that 
CNS effects may be involved. Statolon lethality is not 
enhanced by lead acetate treatment. 











Table 1. EFFECT OF LEAD ACETATE ON LETHALITY OF POLY J, POLY C 


Dose of Lead acetate 
poly I. poly © (ug) No lead acetate (0-5 mg per mouse) 
600 5/10* 10/10 
100 0/10 4/10 
10 0/10 0/10 

0 0/10 


* No. dead/No. injected. Mice observed for 24 h. 

Tolerance to lethal and other effects of endotoxin can 
be induced by injecting sublethal doses of endotoxin 
before challenge with amounts of endotoxin capable of 
killing most of normal untreated animals’. A similar 
phenomenon has been described using interferon release 
as a measure of reactivity’. Lessened ability of the 
animals to react to challenge by interferon release has 
been termed hyporeactivity to avoid confusion with 
immunologieal tolerance, an unrelated phenomenon. 
Table 2 shows that poly I.poly C and endotoxin, in cer- 
tain doses, cross-protect against death when animals are 
challenged with lethal doses of homologous or heterologous 
substances. When mice are tested for circulating inter- 
feron after treatment with endotoxin, poly I.poly C or 
statolon and then challenged with the homologous or 
heterologous substances, results were obtained indicating 
that poly I. poly C and endotoxin cross-react. Statolon does 
not cause hyporeactivity to poly T.poly C or vice versa 
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(Table 3). No cross-reactivity between statolon and 
endotoxin had been found in studies reported earlier*, 


Table 2. TOLERANCE PRODUCED BY POLY 1. POLY © AND W. coli ENDOTOXIN 


(R235) 

Initial material (ug) Challenge (ug) Result Expected Tolerance 
Poly I. poly ©: 100 Poly i. poly ©: 500 3/9 5/10 No 

100 Endotoxin: 1,500 10/10 > 8/10 No 

100 750 4/10 8/10 Probably 

500 1,500 1/5 >4/5 Yes 
Endotoxin: 100 Endotoxin: 750 0/10 8/10 Yes 

100 Poly J.poly Œ 500 1/10 5/10 Yes 


Challenge (intravenous) given 46 h after initial injection (intravenous). 
Result: No. dead/No. injected, 2 days after challenge. LDgo for endotoxin is 
approximately 440 ug; poly I. poly ©, approximately 500 ug. Expected 
numbers were those obtained from animals treated with only endotoxin or 
poly I. poly ©. 


Table 3. EFFECT OF PRIOR INJECTION OF INTERFERON PRODUCERS ON 
SUBSEQUENT APPEARANCE OF INTERFERON IN PLASMAS OF MICE 


Interferon titre* of plasmas of mice 


Material Injected challenged intravenously with 





intravenously into mice Statolon Poly TE. poly © Endotoxin 
48 h previously (2,500 ug) (100 ug) (100 pg) 
Nothing 4,096 2,043-4,096 1,024 
Statolon (2,500 ug) 512 2,043-4,090 ref. 10% 
Endotoxin (100 paz) ref, 10+ 128-256 Bafa 
Poly I. poly © (160 mg) 4,096 ref. 3t 32 


* Reciprocal of plasma dilution inhibiting 50 per cent of vesicular stomatitis 
virus (VSV) plaques on L cells. 

+ References documenting no cross-hyporeactivity between endotoxin and 
statolon and hyporeactivity following repeated doses of poly I. poly ©. 


Results of the tests designed to determine the ability 
of poly T.poly C to sensitize to or provoke the local 
Shwartzman phenomenon indicate that poly I.poly C, 
like endotoxin, is a proveker of such reactivity, but, 
unlike endotoxin, cannot act as a sensitizer. This is 
evidence that, although poly T.poly C and endotoxin 
share many similarities, they are not identical in action 
(Table 4). 


Table 4. LOCALIZED SHWARTZMAN PHENOMENON IN 


POLY I,POLY © AND E. coli ENDOTOXIN 


RABBITS TSING 


Sensitizer Provoker 
(intracutaneous) (intravenous) Reaction 
Endotoxin (100 pg} Endotoxin Positive 
Poly I. poly C (400 ug) (1,000 ug) None 
Endotoxin (100 ug) Poly 1. poly Č Positive 
Poly I. poly C (400 ug) (1,000 yg) None 


The evidence presented in this article and elsewhere! "6 
indicates that poly I.poly C is a highly toxic substance, 
sharing many of the toxic properties of bacterial endotoxin. 
Further evidence that poly I.poly C and endotoxin share 
similar toxic properties can be found in data presented by 
Levy et al. showing that poly I.poly C has a necrotizing 
effect on tumours of mice”, an effeet noted by W. B. Coley 
with endotoxin as early as 1892 (ref. 18) and exploited 
for many years with modest success’®, Indeed, our 
interpretation is that poly I.poly C may act in the intact 
animal as a stimulator of interferon precisely because of 
its toxic effects. If this is so, the other toxic or deleterious 
effects known to occur with endotoxin treatment must at 
least be considered in its clinical use, for example, induced 
abortion2", metastasis of tumours®!, and so on. 

In contemplating the use of poly L. poly C in prophylaxis 
or therapy, one must be aware not only of probleras with 
toxicity but also of other problems related to its mechan- 
isms of action based on the endotoxin model. Evidence has 
been obtained in the intact animal that endotoxin or 





carried out in cell culture?!. There is, of course, little 
doubt that poly IL. poly C can induce synthesis of interferon 
in cell culture, but in the intact animal even the pattern 
of very early appearance of circulating interferon following 
poly I.poly C injection reported by Field et al.'-—and also 
the similar finding with the endotoxin system!*—-are 
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most easily explained by a release of preformed interferon. 
Furthermore, the findings reported here and elsewhere on 
hyperreactivity and hyporeactivity phenomena are best 
interpreted as evidence for changes in the releasable pool 
of interferon, not synthesis of new interferon; though even 
if this model is wrong, the data are clear that hyper- 
reactivity or hyporeactivity must be considered in any 
clinical strategy of use. 

This work was supported by a US Public Health Service 
grant. We thank F. C. McIntire, Abbott Laboratories, for 
the K235 endotoxin and J. Gavin, Dome Laboratories, for 
the poly I.poly © 
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Pyrogenicity of Poly |. Poly C in Rabbits 


DOUBLE-STRANDED ribonucleic acids and in particular the 
homopolymer duplex of polyriboinosinic and polyribo- 
eytidylic acids (poly I. poly C) have been claimed to induce 
synthesis of interferon in animals!, This thesis has been 
challenged by Youngner and Hallum?, who concluded, on 
the basis of experiments in mice with an inhibitor of pro- 
tein synthesis, that poly I.poly C does not induce the 
synthesis of interferon but that instead, like the bacterial 
endotoxins, it causes the release of preformed interferon. 
In view of this suggestion we have tested only poly I.poly 
C for some other properties shown by endotoxins. In this 
article we report on one of these—pyrogenicity. 

Poly I.poly C was prepared according to a standard 
procedure! from polyinosinic and polyeytidylie acids 
obtained from Miles Laboratories, Elkhart, Indiana. All 
samples were prepared using pyrogen-free saline and 
glassware. For intravenous injection, the desired dose 
per kg body weight of rabbits was contained in 1 ml.; 
for intranasal instillation, the total dose per rabbit was 
contained in 0-5 ml. Three New Zealand white rabbits, 


weighing 2-5 to 3 kg each, were used per dose level and 
their body temperature was measured electronically 


every half hour after the first hour. For the study of 
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Fig. 1. Variation of body temperature and serum interferon titre with 
time following administration of polyinosinic acid (poly D. polyeytidyic 
acid (poly C) or their double-stranded complex poly 1. poly © to rabbits: 
A, 0-5 ugjkg of each intravenously: B, © ugikg of each intravenously ; 
C. 50 ugike poly I. poly Č or 25 veike of yor poly © inira- 


















venously; J, 2 mg/kg of each intranasally. e, Poly L poly ©; @, 
poly I; + »poly C. Each point represents the mean temperature change 
in three rabbits, except in D, where in the case of poly 1. poly C the points 





are the mean values from two rabbits, The third rabbit in this group 
did not. develop fever. 


the kinetics of interferon production, blood samples 
were taken at intervals from a group of rabbits given the 
same doses as the rabbits wired for body temperature 
recordings. Serum interferon content was determined by 
a plaque- reduction assay using RK13 cells, which are 
relatively insensitive to poly I. poly C and vesicular 
stomatitis virus as the challenge virust, It was calculated 
that any residual poly I. poly C in the serum samples would 
not affect the interferon titre (the highest dilution of seram 
causing at least 50 per cent inhibition of plaque formation). 

Poly I. poly C is highly pyrogenic to rabbits, a significant 
temperature rise being recor ded after intravenous admini- 
stration of as little as 0-5 pe/ke (Fig. 14, B.C). Fever 
was also produced when poly I.poly C was administered 
intranasally (Fig. 1D). In contrast, equivalent doses of 
poly I or poly Č alone were not pyrogenic (Fig, LA, C, D) 
The temperature-time curves of the rabbita receiving 
poly I.poly © had the characteristic biphasic shapes 
observed for rabbits dosed with endotoxins*, 

Poly I. poly C injected intravenously caused the appear- 
ance of high titres of interferon in rabbits, whereas poly I 
or poly C alone did not (Fig. 18). This change in the 
interferon titre with time resembled those previously 
reported for poly I. poly C in rabbits? and for endotoxins 
in rabbits? and in mice’. Fever and appearance of mter- 
feron appear to be interrelated (Fig. 14). Such a correla- 
tion has been observed following intravenous injection 
of myxoviruses into rabbits? and pyran copolymer into 
humans’. 

After our studies were completed, Absher and Stine- 
bring® informed us that they had found poly T. poly © to 
have endotoxin-like properties. The lethality of poly I. 
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poly C, like that. of endotoxins, is enhanced when the 
mice are pretreated with lead acetate; poly I.poly C and 
endotoxin cross-protect against death when animals are 
challenged with homologous or heterolegous substance; 
and poly I.poly C, like endotoxin, can provoke the local 
Schwartzmann phenomenon. Our results indicate that 
poly I.poly C further resembles endotoxins in that it is 
pyrogenic and causes a rapid and short-lived elevation in 
circulating interferon titre. These properties are depen- 
dent on its double-strandedness. 
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Embryotoxic Effect of Poly | 


POLYRIBOINOSINIC : POLYRIBOCYTIDYLIC acid (poly I. 
poly C), a synthetic double stranded RNA, is an effective 
inducer of interferon'. Recently, poly I. poly C has shown 
activity against herpetic keratitis in rabbits and other 
viral infections and against both viral and non-viral 
tumours in micet? and rats (R. H. Adamson, unpublished). 
Although the antiviral activity of poly I. poly Cis probably 
due to induction or release of interferon, the mechanism 
of antitumour activity is not known. Among possible 
mechanisms are: (1) its ability to induce imterferon; 
(2) its ability to enhance immunological responsiveness; 
or (3) to act as a synthetic messenger. If poly I. poly C 
acts via any of these mechanisms and, in particular, the 
latter two, it is probable that the compound also affects 
another rapidly growing tissue, the embryo. An addi- 
tional reason for testing possible effects of poly T.poly € 
on the embryo is that recently reported effects on human 
respiratory viruses? suggest the possibility of a widespread 
clinical trial of this agent if other toxicological studies 
presently under way are not mitigating’. 

Virgin New Zealand white does were mated with proven 
bucks. of the same breed and maintained with Purina 
rabbit chow and water ad libitum. Poly I.poly C was 
obtained from the Cancer Chemotherapy National Service 
Center of the National Cancer Institute. Two preparations 
of poly I.poly C were used in these experiments; the 
first preparation contained 10 mg of poly T.poly C in 
10-8 ml. of 0-01 M buffered phosphate in 0-1 M KCI and 
the second preparation contained 10 mg in 10 ml. of 
physiological saline. No difference was noted in the 
embryotoxic effects of these two preparations. Poly I. 


. Poly C 

















poly C was injected subcutaneously in a small portion of 


the shaved right side of the rabbit at 1 or 2 mg/kg on days 

8 and 9 or days 11 and 12 of pregnancy. These doses are 
equivalent to or less than the systemic doses used to 
protect against experimental viral infections*.® and corre- 
spond to one-fifth to one-tenth of the doses used for 
optimal antitumour activity in mice and rats on an mg/kg 
basis>™!, Control rabbits were injected with volumes 
of saline equivalent to the volumes used for poly I. poly C- 
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treated rabbits. On the 28th day of pregnancy each doe 
was killed by intravenous injection of an overdose of 
sodium pentobarbital. The uterus was exposed, carefully 
opened, and the number of implantations, resorptions 
and foetuses was recorded. The viable foetuses were 
examined for external and internal gross abnormalities. 
As can be seen from Table 1, poly T-poly C produced 
100 per cent resorptions when given subcutaneously at 
the dose level of 2 mg/kg on days 8 and 9 of pregnancy. 
An embryotosic effect was also evident when a dose of 
l mg/kg was used on days 8 and 9 or days ll and 12. This 
treatment caused 80 per cent resorptions im the former 
case and 61 per cent of the implantations ceased to develop 
in the latter. Three animals out of twenty-six with gross 
malformations were also seen at the l mg/kg dose. In 
contrast to these results, only 7 per cent resorptions were 
seen in saline-treated animals, the normal rate of resorp- 
tion in our colony. Also, two grossly malformed foetuses 
were seen among seventy-cight foetuses in the control 
group. Thus although poly T.poly C appears to be 
extremely embryotoxic in terminating pregnancy, the 
compound does not have high teratogenic properties at 
these doses in the rabbit in our experimental conditions. 








Table 1. EMBRYOTOXIC ACTIVITY OF POLY 1. POLY © IN THE NEW ZEALAND 


WHITE RABBIT 











Daysof No. TotalNo, No, of No, of No, of 

Treatment pregnancy of of implan-  resorp- normal malformed 
(subcutaneous) treated doe tations tions foetuses foetuses 
Saline Sand 9 13 B4 6 (7%) 76 D 
Poly I. poly Č 

1 mg/kg end £ 7 45 44 (80%) 9 2 

1 mg/kg ll and 12 5 39 í Bia) H 1 

2 mgikg Sand 9 4 31 31 (100%) 0 0 





Until the nature and species specificity of the embryo- 
toxic effect of poly I. poly C are clarified, this compound 
should not therefore be used in women of child-bearing 
age. The results indicate that the mechanism of this 
marked embryotoxic effect is of fundamental importance. 
If poly I. poly € C is embryotoxie by virtue of interferon 
induction. then rubella and other viruses may exert their 
known embryotoxic effects by this mechanism. If enhance- 
ment of immunological responsiveness by poly T.poly Č 
is responsible for the termination of pregnancy, this 
compound may be of use in the treatment of choriocar- 
cinoma. The possibility also exists that poly T.poly C or 
related agents may be of value in population control. 
A study of the embr yotoxie mechanism of poly I. poly C 
and the effects of related polyanions is under investigation. 

This work was supported in part by a grant from the 
National Institute of General Medical Sciences, US Public 
Health Service. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Fluctuations in the Microwave 
Background Radiation 


FLUCTUATIONS in the microwave background radiation 
are expected as a result of perturbations in the primaeval 
plasma from which large-scale structures such as galaxies 
and clusters of galaxies were formed. So far there are 
only upper limits to the observed values of such fluctua- 
tions, of roughly AT/T < 10- (refs. 1-3 and Pariisky and 
Pyatynina at the Riga conference on radio astronomy, 
August 1968) on scales greater than about 3’. The back- 
ground radiation at centimetre and millimetre wave- 
lengths also contains contributions from unresolved dis- 
erete sources and diffuse matter. Here we com- 
pare the magnitudes of the temperature fluctuations 
AT/T expected as a result of “primaeval” perturbations 
with several other possible sources of fluctuations, par- 
ticularly diserete radio sources. The latter are likely to 
be much more important than “primaeval’’ fluctuations 
on seales less than ~ 3’ at all wavelengths. 

There are two important stages in the theory of forma- 
tion of large-scale systems. One is to do with red-shifts at 
which radiation pressure is dominant, the second after 
recombination of the primaeval plasma when perturba- 
tions can grow according to the law (8 9/ Qax -+y (refs. 
4-6) for red-shifts Z, greater than 1/Q where the geometry 
of the universe is approximately flat. (Q is the density 
parameter p/perite where pert = (8H,y2/82G@) = 2 x 10-29 g 
cem.) In the general expression for 3¢/9 there is also a 
term which represents damped fluctuations (39/¢g)oct! 
which does not result in galaxy formation but which might 
be present during recombination and produce fluctuations 
in the background radiation. 

At the epoch of recombination of the primaeval plasma 
which corresponds to Zæ 1,500, these density fluctuations 
must therefore have been of the order of 10-*. Because 
matter and radiation are strongly coupled at these red- 
shifts by Compton scattering? these density fluctuations 
are reflected in temperature fluctuations AT/T. If the 
recombination at 421,500 were instantaneous and the 
density perturbations were adiabatic and optically thick 
to Thompson scattering, AT/T = } (39/9) and temperature 
fluctuations ~ 10- are expected®, This is also true for 
entropy fluctuations in world models for which the density 
parameter Q%-1/30. Neither assumption is correct. for 
two reasons. (a) The recombination of the primaeval 
plasma is not instantaneous but takes place over a range 
of red-shifts®, and in the range 1,500 > Z > 900 is deseribed 
by X(Z)=(C/Z) e-BIZ where X(Z) is the fraction of ionized 
matter and B and C are constants’, As a result, fluctua- 
tions are damped by Thompson scattering between Z = 
1,500 and the observer. (b) Only for very large masses 
(Hm> 101° mo) are the fluctuations themselves opaque 
to Thompson scattering so that for smaller masses AT'/T is 
much less than A p/p. 

This problem is discussed in ref. 9 where it is shown 
that for m < 105 Q7 m a 
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The second formula for AT/T assumes that d¢/o=1 at 
red-shift Z, for masses greater than LQ! Qn... In fact, 
observationally it is likely that (8 ¢/¢)z.0 < 1 for such large 
masses, in which case AT/T is less than the estimate by 
just this factor with Z,=0 multiplied by Q Here. m is 
the mass of the condensing object and Z, the red-shift 
at which So/p= 1. that is, at which the object ‘forms’. 
For masses greater than the Jeans mass during the radia- 
tion dominated stages of the universe (2 109m). it can 
be shown that AT/T is roughly 
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background photons by large-scale structures as they form 
at the present epoch. Their result is 
Y 

So e a of f: 

p = ae 10 k 
where (8/¢)z= 18 the magnitude of the density perturba- 
tions at the present epoch. The seale of the fluctuations 
is roughly the same as those due to galaxy formation, but. 
the effect is much less except for masses m > Lyn. 

Between the epoch of recombination and the present. 
the intergalactic medium must have been heated to its 
present kinetic temperature of Te > 10 K. If the heat 
source is galactic explosions or something similar, it is 
likely that the heating is inhomogeneous and that the 
number and temperature of electrons along different lines 
of sight are different. This could result m small differences 
in the optical depth for Thompson scattering which might 
be detectable. If regions of high eleetron ternperature lic 
along the line of sight, the effective temperature of the 
black-body radiation in the Rayleigh-Jeans part of 
PD. 
Itet? 
AT/T ~ — 2y (ref. 11), and tr is the optical depth for 
Thompson scattering. For example, if in the Coma 
cluster the electron temperature were Tem 10° K and 
ne~ 107 cem”, then AT/T ~ —3 x 10-7 (ref. 9). Clearly no 
quantitative estimates of these fluctuations can be made 
at present. 

Suppose that the sky is surveyed with a radio telescope 
and that the noise of the receiving system is negligible. 
Fluctuations due to discrete sources will then be ob- 
served when there is roughly one source per beam area, 
VNwaN. We expect fluctuations in the background 
radiation corresponding to the flux density S at which 
there is one source per beam area. This gives directly 
the value of AT which can then be compared with the 
temperature T of the relict radiation. Tt is also possible 
that sources fainter than S, could contribute to AT, but 
the approximation is sufficiently accurate provided the 
counts are less steep than NocS-*, which is always true 
in the cases considered here. 

This analysis is similar to the problem of “confusion” 
in the reduction of complete surveys of radio sources 
where it is necessary to restrict the lower limit of the 
survey to flux densities where there is only one source 
per thirty or more beam areas. The validity of the 
approximation N ~1 per beam area may be verified from 
analyses!®!3 of the probability distribution of record 
deflexions P(D) of the original records of the 4C survey. 
This function has a maximum at one per beam area and 
falls off rapidly at small deflexions. 











the spectrum changes as T =e where y= dtr. 
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Fig. 1. The, predicted counts of radio sources at 4 em derived from 
the counts of sources at 75 cm of Pooley and Ryle and extrapolated 
as described in the text. 





It is therefore important to know the counts of radio 
sources N(S) at microwave frequencies over a very wide 
range of flux densities because we are interested in all 
scales greater than about 10”. We realize that fluctuations 
on scales 107<6<3’ are beyond present techniques, but 
it is important to know whether primordial fluctuations 
are in principle observable or not. 

We have derived a lower limit to AT/T at 4 em in the 
following way. The counts of radio sources are known to 
0-01 x 10-28 W m Hz at 75m (ref. 14). We have extra- 
polated the counts below this flux density using the 
evolutionary world models of Doroshkevitch, M.S. L. and 
Zeldovich® incorporating the complete radio luminosity 
function of Caswell and Willst. This way we include the 
effect of normal galaxies because at the lower limit of the 
luminosity function the space density of radio sources is 
equal to that of galaxies. 

In transforming from 75 em to 4 em we assume that 
the mean spectral index of radio sources is 0-75, certainly 
a good approximation to 21-4 em (ref. 17). It is, of course, 
possible that many more sources will appear because of 
anomalous spectra)*, but at present we are only interested 
in a reasonably definitive lower limit. 

Fig. 1 shows the results of the calculations and upper 
limits to the source counts at 4 cm which may be derived 
from the upper limit on the observed fluctuations as 
already outlined. Fig. 2 shows the temperature fluctua- 
tions at 4 em in a solid angle 6? from different causes, 
given in the form AT/T normalized to T=27 K. The 
first curve shows the predicted fluctuations due to un- 
resolved radio sources. 

We obtain an independent estimate of AT'/T for normal 
galaxies in the following way. The typical surface bright- 
ness of a normal galaxy at 1-7 m is Ty..~100K. At 
4 em, this corresponds to 7,~3x 10 K. Wagoner’? has 
shown that at Z=2 such galaxies have a scale 6” and cover 
roughly 0:1 of the sky. The brightness temperature of 
such a galaxy at Z=2 is 


(1 + PA biii 





= 5x 103K 


and therefore the fluctuations observed on a scale of 
about 15” are 5x 10x O-1, that is, AT/T ~ 2x 10-6. This 
agrees with the values in Fig. 2. [tis assumed, of course, 
that there is no negative evolutionary effect in normal 
galaxies. 
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The second curve gives the variation due to “primaeval” 
fluctuations as already described, and the upper limits to 
AT/T given by refs. 1, 2 and Pariisky and Pyatynina 
at the Riga conference on radio astronomy (1968). At 
present these do not provide very useful limits to the 
masses m of large-scale condensations (m < 10m c). But 
similar observations with bearn widths 10 <0 < 1° extend- 
ing to smaller sensitivities AT/T < 10-4 will provide useful 
limits for masses greater than 104m. Tt is clear that at 
this frequency, for all masses less than 10%mo, fluctuations 
due to discrete sources (ineluding galaxies) will obscure 
genuine primaeval fluctuations. 

This is a lower limit because we ignored sources with 
abnormal spectra which might form an important contri- 
bution to the microwave background (ref. 20 and unpub- 
lished work of Rees and Sciama). It is certainly impossible 
to account for all the microwave background in this way 
because the counts of sources at 21-4 cm are similar to 
those at lower frequencies and cannot eontribute more 
than 0-1K at this frequency, so that an independent 
Planck-type radiation spectrum. undoubtedly exists. 
Furthermore, to account for the observed background 
intensity at 4 em requires fẹ (P) PaP, where ¢ (P) is 
the luminosity function of sources of radio luminosity P, 
to be 10%~4 times greater. If this is simply estimated by 
moving the counts of Fig. 1 the appropriate amount in V. 
it is clear that the earlier upper limits are exceeded. It 
is clear that the contribution of discrete sources to the 
microwave background must be small. The estimates of 
Low and Tucker?! are a possible variant of this contribu- 
tion. 

At shorter wavelengths the picture is much less certain 
because there ia little information about the numbers of 
sources with spectra which have pronounced maxima in 
the infrared. We have repeated the arguments for a 
wavelength of 1 mm, near the maximum of the black- 
body curve where there seems to be the greatest pos- 
sibility of detecting small values of ATIT (Fig. 3). Tt is 
clear that “primaeval” fluctuations might be detectable if 
our simple extrapolation were valid. But Fig. 3 is a gross 
underestimate of the actual state of affairs because infra- 
red sources must be taken into account. 























Angular scale (9) 


Fig. 2. ATIT at 4 om resulting from (1) discrete radio sources and 

(2) from ‘“‘primaeval” fluctuations for world models with G) @= 1 and 

bolo =1 at Z= 2, (ii) Q= 1/10 and ée/g=1 at Z,=10, and (ill) Q@=1 
and de/g=0-1 at 27,0. 
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Fig. 3. AT/T at 1 mm. The dashed line indicates the estimate of 

ATIT expected from infrared sources. The solid curve | is the extra- 

polation fo 1 mm of the estimate of Fig. 2 assuming a radio spectram 
ef the form Sarg, 


It is likely that the estimates of Low and Tucker at 
least indicate the order of magnitude of the flux expected 
at l mm which amounts to a factor of 104 times greater 
than the estimates used in deriving Fig. 3. If these sources 
have counts similar to the radio source population, then 
we may simply estimate AT/T7' for them by sealing by the 
appropriate amount in Fig. 3, indicated by the dashed 
line. Although crude, this estimate shows that at milli- 
metre wavelengths fluctuations of small angular scale are 
likely to be hard to detect. 

Hot stars within the galaxy such as giant stars with 
hot coronas like the Sun may become important at milli- 
metre wavelengths. Rough estimates indicate that such 
stars could make a significant contribution to AT/T. 

Between 4 em and 1 mm it is unlikely that the situation 
is any better because, as AT/T from known radio sources 
decreases, the contribution from sources with inverted 
spectra increases. Of particular value in this connexion 
will be surveys of sources around 1 em which will indicate 
whether our rather pessimistic predictions for the observ- 
ability of “‘primaeval” fluctuations are correct. It seems, 
however. that for masses m > 104m o, fluctuations may 
be observable on a scale greater than about 10’ which 
would provide very important information about the 
spectrum of the initial fluctuations from which large-scale 
associations have formed. 
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Distortions of the Background 
Radiation Spectrum 


THE discovery of cosmic blackbody radiation with a 
temperature of 2-7 K is widely considered as powerful 
evidence for the hot, big-bang model of the universe 
As first discussed by Gamow, it is assumed that a very 
hot, dense plasma was present during the early stages of 
the universe, and interaction of photons and electrons 
leads inevitably to an equilibrium (blackbody) spectrum. 
The shape of the equilibrium spectrum is preserved during 
the subsequent expansion and cooling, although the radia- 
tion temperature decreases to the value of 2-7 K observed 
today. 

But if departures from the equilibrium spectrum were 
discovered, what would their meaning be? We believe 
that one need not abandon the hot. big-bang theory. 
There are natural processes which can lead to pronounced 
distortions of the spectrum, both in the low-frequency 
(Rayleigh—Jeans) and high-frequency (Wien) region?-?. 
These processes are absent in an idealized, strictly uni- 
form, isotropic universe. But we know, of course, from 
the very existence of galaxies, stars and ourselves, that 
the uniform Isotropic picture is over-idealized. In the real 
universe there are processes in which large quantities of 
energy are released. Part of this energy is observed as 
the radiation from discrete sources and can be distin- 
guished from the blackbody radiation. Another part of 
this energy, however, particularly in early stages of the 
evolution of the universe, is transformed into cosmic 
radiation and distorts the equilibrium spectrum. 

Detailed measurements of the spectrum of the baek- 
ground radiation are therefore of the greatest physical 
interest: they give definite information about the quantity 
of energy released at early epochs and even a crude 
estimate of the period when this energy was liberated. 
There is a very wide range of exotic assumptions about 
the early stages of evolution of the universe which could 
result in such an energy release. These include the d 
sipation of primaeval turbulence, the annihilation of anti. 
matter, and so on, and very stringent limits are set for 
such processes. 

Our letter was prompted by the sensational res 
Shivanandan, Houck and Harwit! which suggested 
large departure from the equilibrium spectrum. But there 
is doubt about the validity of these resulta’ and we believe 
that significant departures from the equilibrium spectrum 
have still to be detected. 

There are two distinct. cases. 

(1) After the recombination of the primaeval plasma, 
when the radiation temperature is smaller than Te 
~ 4,000 K, the release of energy results in the ionization 
of the primaeval hydrogen and helium; the electrons may 
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be heated to a temperature much higher than 7, (up to 
105.107 K), Compton scattering of the equilibrium 


spectrum by hot electrons leads to a redistribution of 


photons such that the high-frequency region is enhanced 
while the low-frequency end remains straight. The 
effective Rayleigh-Jeans temperature, Trs. can be de- 
termined from the observed intensity in the low-frequency 
region. The distorted spectrum is deseribed by two 
parameters: Trs (or w=fv/kT Rs) and y, where y= 





© dz; 7 is the optical depth for Compton seattering. 


g me? 
Thus the parameter y is determined by Telt), the thermal 
history of the electrons. This results in the speetrum 


2hve to 

a 
F, =- 3 = 
CREVA $3) 





The overall radiation energy density is equal to 
7 a 
L =o Tute 
For small y the limiting expression is 
Ten) SARE yla, 
Pra (th a/2 j 
Within the experimental errors the existing data are 
compatible with 0 <y < 0-15, so that o(27) < E < 6TA 
Tt is therefore impossible in this way to account for the 
results of Shivanandan ef al^. 

(2) Before recombination at T, > 4,000 K the electrons 
are in strong thermal contact with the background radia- 
tion. The energy production (for example, by dissipation 
of turbulence) results in a small difference between the 
electron temperature and radiation temperature Te— 
TÆT.. The equilibrium distribution of the given number 
of quanta is established rapidly, but the adjustment of the 
total number to the equilibrium via free-free emission 
is slow. This results in a spectrum 


2hy? 





F, = [ehrikT + x 22,4 jot 





The equation for the chemical potential of photons y 
(which is identically zero in full equilibrium) takes into 
account free-free emission. In this ease the departure 
from the blackbody spectrum is greatest in the Rayleigh- 
Jeans region at A= 2-50-7 em, where Q= pj gerit pern = 
$H,2/8rG and ¢ is the present density of matter. 

From the present observations we obtain an upper 
limit to the chemical potential u <5x 10727, This 
implies, for example. that at red-shifts 10'< Z< 5x 10 the 


Be th x E (t) 
injection of energy | Pit) dé must have been less than 
oT (t) 





4x 10°Q"75, where Eit) is the rate of energy production. 
A full account of these calculations and the application 
to different sources of energy production is given in ref. 6. 
The departure from equilibrium spectrum due to the 
recombination of hydrogen was treated in refs. 7 and 8. 
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USSR Academy of Sciences, 
Institute of Applied Mathematics, 
Moscow. 
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UHF Radio Pulses from the Zenith 
associated with Extensive Air Showers 


Rapio pulses associated with extensive air showers 
(EAS) have been detected in numerous experiments! !, 

at frequencies between 3 MHz and 75 MHz. None of the 
available emission theories- would predict a detectable 
radio signal from EAS at frequencies above 100 MHz, but 

three recent experiments (refs. 17 and 18 and a private” 
communication from W. N. Charman and J. V. Jelley) 

report the detection of pulses at frequencies between 200 
MHz and 520 MHz. 

Our observations were based on an investigation near 
the zenith, using scintillation counters as a trigger system 
and interrogating the output of a low noise radio receiver 
(v= 550 MHz. Av= 20 MHz). They were made only between 
2100 and 0800 h BST, to reduce man-made interference, 
and artificial trigger pulses were injected regularly 
throughout each night’s run for comparison. 

The triggering system consisted of three scintillation 
counters. compatible with observations at large zenith 
angles on a later date. Two of these deteetors, each of 
LI m? sensitive area, were placed side by side, and the 
third scintillation counter of 2-7 m? sensitive area was 
I7maway. Each counter was viewed by a 16 inch photo- 
multiplier tube, and the pulses were fed through battery 
driven emitter followers and discriminators to a three-fold 
coincidence unit (t= 200 ns). On all three disertminators 
the bias was set at a level of at least four particles per 
scintillator. A three-fold coincidence triggered an oscillo- 
scope which displayed the output from the radio receiver, 
Random trigger pulses were injected at the three dis- 
eriminators every 17 min throughout the experiment, and 
the corresponding traces were identified by an indicator 
lamp. Oscilloscope traces were recorded on continuously 
moving film. 

The antenna was placed within the triangle formed by 
the scintillation counters and had a bandwidth of > 1-7: 1 
and a beamwidth of ~ 25°. It consisted of four helical 
antennae (v=550 MHz, 4=54-5 cm). each with a 14° 
pitch angle and twelve turns, and mounted 1-52 apart on 
a 2:54 25i ground plane. The four helicals were con- 
nected in parallel, and fed in phase to a nine stage solid 
state RF amplifier with a mixer. Two further stages of 
amplification before display gave an overall gain of 80 dB, 
the estimated sensitivity at the input being ~1 uV. The 
first two stages of the radio amplification were battery 
driven to minimize the possibility of pick-up. A small 
pulse generator was used to align the trigger and display 
electronics, 600 m of coaxial cable causing a genuine 
radio pulse to appear 2 us along the horizontal sweep of 
the oscilloscope. Five microseconds of the radio output 
was photographed for each trigger pulse. 

The results are based on five months of continual 
night-time operation between July and November 1968. 
596 h of analysable film has shown that 6,578 showers were 
detected. Some 2,045 random trigger pulses were injected 
during the 596 h, and a corresponding number of randomly 
generated radio tracings recorded, Analysis was by pro- 
jection of the film traces onto graph paper. The amplitude 
of the largest fluctuation on the trace, and the channel 
in which this fluctuation occurred, were recorded (there 
were ten channels of 0-5 ys duration). In each channel 
the amplitudes were integrated, and the continuous line 
histogram of Fig. 1 represents the integration, for the 
genuine triggers. For the average integrated noise level, 
the randomly generated radio tracings were analysed in 
the same manner, and this “random” integration was 
re-normalized by a factor corresponding to the real/ 
random trigger ratio. The dotted line histogram of Fig. 1 
represents the re-normalized random integration. A mean 
(m,) and standard deviation (S.D.) have been calculated 
on this random sample, neglecting channel 10, where 
astigmatic effects in the recording optics gave an un- 
reliable contribution. 
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Fig. 1. -, Genuine; e-e-«-e, random. 





Our conclusions from Fig. 1 are: (i) The integrated 
amplitude histogram of the random triggers shows no 
peaking at any point. This implies that there is no 
interference within the trigger electronics. The largest 
positive deviation of the random sample is that of channel 
6: 1-63 S.D. from mr. 

(ii) The integrated amplitude histogram of the real 
triggers shows significant positive deviations from mr in 
channels 2, 3, 4 and 5, whereas no other channel shows 
any such positive deviation: 


Channel number 2 3 4 5 
No. of S.D. above mr 236 2-96 8-09 3-66 


The largest effect occurs in the expectation channel— 
No. 4. 

A more detailed examination of the 6,578 genuine 
traces was subsequently made in an attempt to study 
the nature and form of the fluctuations of channels 2, 3, 
4 and 5. The criterion for inclusion in this examination 
was that the amplitude of a pulse had to be three or more 
times the average noise fluctuation of the trace, with no 
other pulse of comparable magnitude appearing anywhere 
on the trace. 

This examination yielded 408 EAS events; all these were 
traced, and the pulse amplitudes measured. The 2,045 
random traces were analysed similarly, and the amplitudes 
of the 408 largest pulses were measured irrespective of 
where they occurred on the 5 us of display. Integral 
pulse height spectra were plotted for both samples. Desig- 
nating the pulse amplitude by V and the number of events 
by N, we found both to obey a power law of the form: 
N(> Vj=KV-7, The measured value of the exponent for 
EAS events isy = 4-5 + 0-5, while that for the random events 
is y=5-8+1-0. Because of the similarity in form of the 
power law distributions, a sizable percentage of the EAS 
events could be due to noise fluctuations. This inference 
is also consistent with the fact that many of the pulses 
contributing to the peak in Fig. 1 are small radio pulses 
not individually distinguishable from noise. Both 
distributions were then resolved into differential spectra 
and the noise pulse spectrum subtracted from the EAS 
pulse spectrum. The excess of large EAS pulses was 
replotted as an integral spectrum which was governed 
by the power law N(> V)= K(V)-*#405, 
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The threshold energy of the scintillation trigger system 
for all recorded showers was 2 x 10% eV. Ten radio pulses 
were observed where the individual amplitudes were 
greater than the selection criterion by a factor of at least 
four in voltage. The estimated threshold for these events 
is 5x 107 eV, and the detection rate was 0-02 h, while 
the largest radio pulse observed in the 596 h is consistent 
with emission from a shower of energy 10%! eV. 

The detector law of the UHF radio receiver was linear. 
If the radiation mechanism giving rise to the genuine 
pulse height spectrum were coherent with a linear detector, 
a pulse height spectrum of the form N(> Vj= KV 
would be expected. If, however, the radiation mechanism 
were incoherent, then, using the same type of detector, a 
power law of the form N(> V)= K V- would be expected. 

The observed power law dependence N(> V)= 
K V~-*.5+05 suggests that the emission mechanism is inco- 
herent in form, and gives a value for the slope index 
y of L903, in agreement with an earlier assessment of 
y=2-0+0-6 (ref. 17). The index is not incompatible with 
that of the primary cosmic ray spectrum which between 
10" eV and 5x 10% eV shows a flattening from 2-2 back 
to 1-6 (ref. 19). 

Our result supports the findings of the initial UHF 
experiment at large zenith angles!?, and the more recent 
findings of Charman and Jelley (unpublished) at 200 MHz, 
and of Spencer?! at 408 MHz. 

This research was sponsored in part by the Air Force 
Office of Aerospace Research, OAR, US Air Force. Sup- 
port was also given by AERE, Harwell. 
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Emission of Radio Pulses from Cosmic 
Ray Extensive Air Showers 


THERE have been several attempts to ascertain the 
mechanism by which the ionized disk of a cosmice ray 
extensive air shower may emit a radio pulse, as observed 
at frequencies between 22 MHz and 560 MHz (ref. 1), but 
no conclusive result has yet been found. The high 
intensity requires that there must be coherent radiation 
from a spatial distribution of charge; it has been suggested 
that this occurs as a result of the separation of charges of 
opposite sign in the Earth's magnetic field? or by the 
selective absorption of positrons leaving an excess negative 
charge’. Other possible mechanisms‘ seem to give much 
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lower intensities. Experiments at 22 MHz (ref. 5) and 
30 MHz (ref. 6) support the magnetic separation hypo- 
thesis, but experiments at 44 MHz (refs. 6 and 7) indicate 
that the magnetic field may be unimportant. This com- 
munication describes a further experiment at 42 MHz 
which suggests that the relative importance of the two 
mechanisms may differ between large and small radio 
pulses. 

The most direct method of assessing the importance of 
the Earth’s magnetic field is to compare the radio pulses 
received from showers which arrive in directions along and 
across the field. This has been done by receiving the 
pulses on an antenna which is sensitive in both directions 
and using an array of particle detectors which discriminates 
between showers arriving in the two directions. The radio 
antenna consisted of four clements on a geomagnetic 
north-south line, each being a 44x 11 broadside array of 
east-west polarized folded dipoles. The spacings between 
the elements (125A) and the interconnexions, were 
arranged so that the antenna beam consisted of two lobes, 
ono directed south with its centre along the magnetic field 
(dip angle 68°) and the other at the same elevation mag- 
netic north of the zenith. This arrangement has the 
advantage of requiring only one receiver so that gain 
stability, varying sky noise and impulsive interference 
(which at the site used comes primarily from the south) 
affect both beams equally and simultaneously. 

Four liquid scintillators, area 0-25 m?, placed at the 
corners of a square of diagonal 60 m symmetrically about 
the antenna, were used with a fast timing comeidence 
system to select showers the arrival direction of which was 
within the two antenna beams (width to half power about 
12° in each direction). Coincidences were registered when 
each scintillator had more than three particles at the 
appropriate times, corresponding to a minimum shower 
size of 6 x 10° particles. 

The receiver bandwidth was 3-5 MHz centred on 42-2 
MHz; the system noise was dominated by sky noise which 
varies with sidereal time but is of order 10,000 K. A 
linear detector was used. The receiver output was delayed, 
displayed on a cathode-ray oscilloscope and photographed 
when a coincidence was registered together with lamps 
which indicated which timing sequence had been satisfied. 
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Local electrical noise (lightning, power line discharges, and 
so on) oceasionally triggered the photographic system via 
pickup on the long scintillator cables and it was found 
necessary to use a detector consisting of a short, sharply 
pointed aerial, a wideband amplifier (1-100 MHz) and 
discriminator. An output pulse from this detector 
inhibited the coincidence unit for a period of 20 ms. 

Owing to the rather small aceeptance solid angle, the 
shower rate is low—in five months of practically con- 
tinuous recording only about 160 showers were recorded 
in each beam. Twelve large pulses were obvious on a 
casual inspection of the photographs. They are listed in 
Table 1, in order of size, with their amplitude in arbitrary 
units. In the same units the r.m.s. noise (averaged over 
the sidereal day) is about 0-5. 








Table 1. OBVIOUS PULSES 
Shower direction N N N N NXN N S&S N N SSN 
Amplitude ~20 >10 «10 8 6 «5 4 38 35 $5 3 2 


The first three pulses in Table 1 were so large that part 
of each pulse was outside the range of the photograph and 
the amplitude given is only an estimate based on the part 
of the pulse visible. It is obvious that large pulses are 
received predominantly from the north, as expected from 
the effect of the Earth’s magnetic field. 

The remaining events for which there was no pulse 
visible above the noise were analysed by an averaging 
process. The trace amphtude was sampled at sixteen 
points, Ol us apart, distributed about the expected 
position of the radio pulses. The trace samples were 
added for each direction to produce the curves of Fig. L 
After converting from the measured receiver characteris- 
ties, the ratio of the total pulse power received from the 
north to that received from the south is 1-3, a much 
smaller ratio than would be expected from the behaviour 
of the large pulses. 

If the emission were governed entirely by the Earth's 
magnetic field, the ratio would be much higher. For 
example, if the emitted pulse power were proportional to 
sin’@ (where § is the angle between the shower arrival 
direction and the direction of the field), then the ratio 
expected is 120:1. This means that for these small 
pulses (less than about 10- J and average 10- J in the 
3-5 MHz band) geomagnetic effeets contribute only about 
a quarter of the total emission. This is in marked contrast 
to the behaviour of the larger pulses and also to the lower 
frequeney results, but in general agreement with the lack 
of evidence for magnetic effeets observed previously. 
These results show that experimental measurements may 
be influenced considerably by the method of analysis-—-a 
method which chose only large pulses obviously would 
have given a much larger north/south ratio than one 
which accepted all without bias. The data of Allan ef al.° 
may already have shown a similar effect at elmost the 
same frequency as my results. Their 44 MHz data, 
unedited, showed no evidence for geomagnetic charge 
separation, When they exclude small showers (that is, 
those expeeted to produce small pulses), on the grounds of 
avoiding noise contamination, they do observe such 
evidence. The shower size at which this difference occurs is 
much larger than in the present experiment. Neverthe- 
less, their observations of radio pulse height are at a 
larger radial distance from the axis and the effects may 
be related. 

These results suggest that both radiation mechanisms 
are important and that they produce different distributions 
of pulse height. The pulse due to charge excess is present 
in most (if not all) showers at a fairly low level while 
occasionally a large charge separation pulse is produced. 
This might occur through a particularly favourable 
eoherence condition or through a different radiation 
mechanism from a different type of shower. The simplest 
explanation seems to lie in the different heights im the 
atmosphere at which large and small showers develop. The 
radiation which is reeeived from the largest showers must 
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be produced near or before the point where the shower 
reaches maximum development. Radiation from smaller 
showers, which reach maximum at greater heights, is 
produced after maximum, where the energy spectrum of 
the particles is softer. If the charge excess is only present 
in the low energy particles, then the present result is to be 
expected, 
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for his help and encouragement. 
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Thermonuclear Pion Production and 
High Temperature Stars 


Pions may be produced in thermonuclear interactions 
between nucleons in material at a temperature > 101 K. 
Pion production followed by secondary interaction is 
among the many processes contributing to the statistical 
equilibrium of a high temperature astrophysical system. 
Charged pions do, however, undergo decay as an alterna- 
tive to secondary interaction, producing u-neutrinos 
(va); if these neutrinos have a high escape probability, 
their emission may cause an appreciable energy loss from 
the system. 

We have computed the rate of pion production for 
proton-proton interactions in hydrogen at two different 
temperatures; estimated the relative probability of 
charged pion decay; and considered the relevance of this 
type of neutrino production for a particular elass of 
massive star with an interior of high temperature and 
density. 

To deseribe the basie process of pion production, we 
have taken a type of nucleon isobar model diseussed by 
several authors'-3. We assume that production occurs 
by the excitation of one of the nucleons to an isobaric 
state which, for excitation energies appropriate to the 
production of a single pion, may be identified with the 
N*a resonance; decay of the isobar then gives either 
z? or n°, for an initial interaction between two protons. 
This may be summarized: 








The thermonuclear reaction rate between identical 
particles with number density n em- is generally expressed 
in the form n? <ov>, where <ov> is the averaged product: 
of reaction cross-section and relative velocity for the inter- 
acting particles at a given temperature T, and is usually 
referred to here as R(T). Using the nucleon isobar model, 
we have computed R(T) for protons in hydrogen at 
T=5x 10" K and 101 K with as the total cross-section 
for pion production; we have also computed the pion 
energy spectrum for these two temperatures. We now 
outline the stages of the computation. 

First, we computed the distribution of the total energy 
Bom available in the centre of mass system (CMS) of the 
two interacting protons, for a proton momentum distribu- 
tion derived from the relativistic Maxwellian function as 
expressed by Synge‘, and for an isotropic distribution of 
momentum veetors. With each value of Eem there was 
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associated a pair of values of the resultant momentum p 
and the total energy E of the interacting protons. 

Second, we examined the kinematics of the production 
and decay processes for a nucleon isobar of variable mass 
My»? The relative probability of any value of Myee?, 
up to a maximum value set by Bom, was found from the 
Breit-Wigner resonance curve for mass 1,236 MeV and 
width 120 MeV (ref. 5). The previously computed distri- 
bution of Eem (each Eem value having associated values 
of p and E) was then compounded with the distribution 
of allowed Afyec? values, and with the CMS angular 
distributions for N* production and decay, obtained 
from an isobar interpretation of experimental data. ‘This 
procedure gave an un-normalized spectrum of pion 
energy, Ea 

Third, we obtained the pion production rate as a func- 
tion of En, and thence the total rate, in the following 
way. The cross-section for pion production as a 
function of incident proton energy, as obtained in labora- 
tory experiments*, was transformed to give ẹ im terms 
of Eom; the product ov could then be expressed as a fune- 
tion of Hem. The E, values obtained from each Een 
value formed a sufficiently narrow energy band for the 
Ecm value to determine the production rate for the whole 
band of E, values: the pion production rate ntov, or ov 
if the rate were normalized to n=1, could therefore be 
obtamed as a function of Ep. The integrated pion energy 
spectrum then gave the total normalized (m= 1) charged 
pion production rate R(T) for the two temperatures: 
R(5x 10° Kj) was calculated to be 50x 10°98 emot s- 
and RO" K} to be 7-0 x 10-8? em s71, 

Now the relative probability of pion decay, as opposed 
to secondary interaction, may be written as (1+ halayi. 
da, Which is given by tp/m, is the mean free path for decay, 
where + and m are the rest values for the pion lifetime and 

ass, and p the pion momentum; Aa which is given by 
(nos), is the mean free path for interaction, where n is 
as previously defined and es is the total cross-section for 
secondary pion interaction. In these terms, the relative 
probability of pion decay is (1+ rpag/m)-. 

From the mean pion momentum p (200 MeV /e) 
the corresponding experimental cross-section ss (œ 100 mb) 
and standard values for + and m, we found that for 
n=» 10" em-*, the above expression reduced to the approxi- 
mation m (tposn), which equalled 8x 108 p. The 
rate of ya production was therefore given by the total 
charged pion production rate, n°R(T), multiplied by this 
relative probability for pion decay: the computed values 
of R(5x 10% K) and R(10 K) previously quoted gave 
va production rates of 4-0 x 10-18 n em s-t and 5-6 x 10°18 y 
em s7, respectively. 

We now apply these results to stellar material of high 
temperature and density. Tooper” has constructed models 
of massive, non-rotating stars consisting of a mixture of 
ideal gas and radiation im convective equilibrium; from 
numerical integration of the general relativistic equations 
of hydrostatic equilibrium, for a spherically symmetric 
configuration of pure hydrogen, he has shown that there 
exists a class of model representing stars with mass 
S10 Mo and central temperature 310° K. (Stars 
having these properties could not have been produced by 
normal main-sequence stellar evolution; they could 
perhaps have originated as fragments from a catastrophic 
cosmic event, for example, the gravitational collapse of a 
supermassive star, although in such an event, the nucleo- 
synthesis of helium and some heavier elements could 
have oceurred®.) 

We see from inspection of one of Tooper's models, for 
a star of mass 30-2 Mo and central temperature 1-35 x 
10° K, that temperatures between 10% K and 5x 10° K 
oceur withm a spherical shell bounded by radii 0-51 and 
0-94 x 10°38 Ra, and of total mass 15-6 Ma. For this shell 
of stellar material, having typical values of temperature 
and density, we may obtain approximate lower and upper 
limits to the vy production rate: these are given by the 
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mean proton number density n within this volume, 
considered at temperatures 5 x 10! K and 10" K respec- 
tively, From this calculated value of ñ, which corre- 
sponds to density ~10! g em, we find that the va 
production rate is (7-6 x 107-11 x 10!) em~ s71; taking a 
figure of 30 MeV for the mean energy of vy produced in 
pion decay, we find that the rate of v, energy production 
is (3-6 x 102251 x 1635) erg cm? sh, 

Although our calculations apply to proton-proton 
interactions in hydrogen, the results obtained should be 
independent of stellar composition if we make no distinc- 
tion between vy and u. Since both production and 
secondary interaction of the pions are dominated by the 
one nucleon isobar, it can be seen that in, for example, 
the two extreme cases of hydrogen and a pure neutron gas, 
a thermonuclear reaction between protons, giving a 7 
that decays to a va, has a probability equal to that between 
neutrons, giving a m that decays to a vp. 

The figure we have obtained for vy, production is 
infinitesimally small in comparison with the rate at which 
electron-neutrinos are produced; for example, by electron- 
position pair annihilation®. (Tooper himself has suggested 
that the latter process should be important for the struc- 
ture and stability of his stellar models.) Furthermore, a 
study by Chiulé of neutron st ars, including those of density 
~10" g em, has shown that while at a temperature 
Talo K (given by kT myc), meson pair production 
is certainly significant, even at T 105 K the vp energy 
production rate resulting from pion decay is ~ 10°! erg 
em? gt, 

We conclude that, in comparison with other neutrino 
processes, vz, production from pions produced in thermo- 
nuclear reactions has a negligible effect on the thermal 
stability of high temperature stars of the type that we 
have considered here. There may be other situations m 
high-energy astrophysics in which thermonuclear pion 
production is a more significant process. 

R. G. 8. thanks the Science Research Couneil for an 
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Intrinsic Reddening of Eta Carinae 


PaGet! has proposed a new method for the determination 
of the intrinsic and interstellar reddening for peculiar 
objects which is based on the intensities of the forbidden 
lines of ionized iron, and has applied the method to the 
interesting southern object Eta Carinae. 

The (FeIT] lines are ees prominent in the rich 
emission line spectrum?! of Eta Carinae. Eye estimates of 
line intensities are well correlated? with the computed 
transition probabilities? and the excited levels are 
apparently populated according to an excitation tem- 
perature Texe = 8,500 + 1,500 K. If the emission lines are 
unsaturated and the level populations can be accurately 
deseribed by a Boltzmann distribution, the quantity 
a 5,040 


l F 
log I = log Fa 2 J+A + Taxe 


Aupper (1) 


NATURE. VOL. 223. AUGUST 16, 1969 


Table 1. OBSERVED AND PREDICTED POPULATIONS (NORMALIZED) 
Term Jd Bprea Bobs 
(i) (ii) 

bP 25 6-0 6-0 6-0 (1)* 
L5 4-0 34 29 (2) 
05 20 15 1-7 (2) 
OF 45 10-0 10-0 103 (3) 
35 8-6 TR 87 (4) 
2-5 60 EX &-2 (4) 
15 40) ST 71 (8) 
ag 55 12-0 12-0 120 (1) 
45 10-0 93 10 (2) 
35 8-0 T3 107 (2) 
25 6-0 54 93 (2) 

* Number in parentheses is the number of emission lines used in the 


determination of Dobs. 


will be a constant and independent of wavelength in the 
absence of reddening. (Here, F/Fpg is the observed inten- 
sity of the line referred to that of the Balmer line Hg, 
(2J +1) is the statistical weight of the upper level, A is 
the transition probability, à is the wavelength and yupper 
is the excitation potential (in eV) of the upper level.) If 
the spectrum is reddened, log J is wavelength dependent. 

Pagel derived a colour excess # pv = 1-2 m and showed 
that the observed energy distribution’ was transformed 
to a plausible spectrum at the source. An earlier estimatet 
of the reddening had led to an extremely puzzling energy 
distribution. 

The method is based on the assumption that the 
excited levels are populated according to a Boltzmann 
distribution. The lines Pagel selected originate from levels 
with similar excitation potentials (2-57 to 3-21 eV) and 
he therefore supposed that the analysis is msensitive to 
an uncertainty in the adopted excitation temperature. I 
wish to demonstrate that the assumption is invalid and 
that Pagel’s method may be revised. 

My discussion is based on the emission line intensities 
obtamed' from coudé spectra. The spectra were calibrated 
from an earlier series of measurements‘ made with a 
seanning photoelectric spectrometer. The latter observa- 
tions were used by Pagel but are unsuitable for my analysis 
because I require intensities of single [FelT] lines. My 
analysis refers to intensity estimates for the aia [F ell] 
components of the emission lines quoted in ref. 

I consider three terms: 6¢P, bF, œG. The oae 
population (©ovs) within each term can be derived from 
the line intensities. Table 1 compares the normalized 
observed and predicted populations. The latter Gprea X 
(27 +1) 10-8 is given for (i) Gexe=O0 (Pexc= ©) and (ii) 
Bexe = 06 (Texo = 8. ,500). 

If a Boltzmann distribution is applicable, Oprea = ove. 
This relationship is satisfied for bP but not for bt P,.;,,.5 
and @4G5.;,2.5. The results are relatively insensitive to 
the adopted reddening correction and excitation tempera- 
ture. 

A direct consequence of the observed deviations from a 
Boltzmann distribution is that the reddening deduced 
from equation (1) may be in error. This is illustrated in 
Fig. 1 where the selection is restricted to two multiplets 
with a common upper term atF-btF RMT (6F) and 
asp-b4F RMT (20F). The straight line corresponds to 
my revised estimate of the reddening (see later). The 
systematic displacement of the points from b4F’s.5,1.5 18 
evident. Failure to recognize the seatter in Fig. 1 would 
result in an erroneous estimate of the reddening. From 
inspection, a least-squares fit to the points in Fig. 1 
would yield a straight line of greater slope than the 
illustrated line, so that the estimated reddening would be 
larger. This result can be attributed to the uneven 
distribution of points from the btF levels by noting the 
concentration of four points from b4Fy.,,;., at 202<1/4 
<2:08. An erroneously small value of reddening might 
result from a different selection of lines. I conclude that 
lines from several levels should not be combined as in 
Fig. 1. 

I now examine briefly the excitation mechanism for the 
forbidden lines to indicate that deviations from a Boltz- 
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Fig. 1. 
6F and 20F are plotted. 


The points are labelled with J value in the 
OF term. 


The straight line corresponds to the reddening given by 
c=25 (see text). 

mann distribution are not unexpected. The simultaneous 
presence of the permitted and forbidden Fell lines suggests 
that the latter might be produced after a cascade from a 
higher level. A qualitative inspection of the line intensities 
supports this suggestion. The lne list in ref. 5 can be 
used for a test of this suggestion for btP and 64F. The 
total number of downward transitions (Coat) from these 
levels is readily estimated. My estimate for transitions 
ending on these levels (Cin) accounts for permitted lines 
from 24D°, z4F° and 24P*. The sextet levels 26D*, z6 P% 
2*P* contribute less than about 10 per cent to Oin. There 
is evidence that higher levels (249°, y!P*, and so on) are 
populated and they will contribute to Cin. A direct 
estimate cannot be made because the transitions to 
bP and btF are in the ultraviolet (4<3000 A). Transi- 
tions to other levels (67G@, b4D, and so on) are observed. I 
estimate that omission of contributions from the more 
excited levels does not result in a gross error in Cin. 

My estimates (in arbitrary units) for Cin and Cout are 
compared in Table 2. The estimates are compatible 
with the hypothesis that the forbidden lines are excited 
by caseades from higher levels. The permitted lines are 
probably radiatively excited from the lowest levels (a*°D, 
a'F, aD). Preliminary calculations suggest that direct 


Table 2. ESTIMATED NUMBERS OF TRANSITIONS 


Term J Cin Cout 
bP 25 87 51 
15 48 32 
05 38 18 
OF 45 59 50 
35 50 41 
25 38 31 
15 28 25 


collisional excitation of the forbidden lines will be un- 
important. It can also be shown that collisional de- 
excitation of bP and bF is small compared with the 
total rate for spontaneous emission. 

The forbidden lines originate from levels whose popula- 
tion is mainly governed by radiative rates, so it is not 
surprising to find substantial deviations from a Boltzmann 
distribution of populations. 

This revision of Pagel’s method does not require an 
assumption concerning a Boltzmann distribution. The 
intrinsic intensities of lines from a single upper level are 
proportional to A/A’. The observed flux (F'/Fp)e and the 
intrinsic flux (2/3); can be related through the equation 


F F 
log : z i = log me FO) (2) 


Seaton’ has tabulated f(4) corresponding to the Steb- 
bins-Whitford reddening curve. The constant ¢ is derived 
from the requirement that the plot of (7/F,); against 
Aja should yield a straight line intersecting the origin. 
The term 6‘F is the only one in the listë which provides 
two multiplets spanning a reasonably large wavelength 
interval. The results for ¢ are 


727 


ead 


it 


howe 


p 
8 


J 
e 


ot 
oa 
on 
torto 
aa Ot 


= 


The aceuracy of these results is about +05, with the 
exception of J = 1-5, for which ¢ is ill defined. The mean 
result (excluding J=1-5) is c=2-5 with +03 as an 
estimate of the error. The equivalent colour excess is 
Ex-y=18 m. My result is larger than the reddening 
reported earlier by Pagel who gave Hp.yv=12 m or 
c= 18. 

The result c=2-5 produces an intrinsic 
F,av' for the interval 3000< 2% < 12,000 A. 
flux per unit frequency interval. 

This power law spectrum is surprising and, if it is 
correct, the energy distribution of Eta Carinae remains 
unexplained. Pagel noted that his lower estimate for the 
reddening corresponded to an intrinsic spectrum which 
could be explained as emission from a hydrogen nebula 
when the two photon emission was taken into account. 
Clearly a more extensive application of my methods must 
be made in order to increase the wavelength interval. 

The reddening curve has been assumed to correspond 
to the Stebbins-Whitford curve. The [Fell] emission 
lines oceur extensively throughout the interval 3300- 
9000 A (ref. 2) and they should be used to determine the 
shape of the reddening curve. The method should also 
be applied to other emission lines; for example, the 
permitted FelT limes are well represented in Eta Carinae 
and laboratory determinations of Fel transition proba- 
bilities? are available and may be supplemented by results 
from stellar curves of growth®. An atternpt at determining 
c from the Fell lines was consistent with the [Fell] 
analysis but subject to a greater uncertainty. More 
accurate transition probabilities seem to be necessary; 
the minimum requirement is for accurate measurements 
of the branching ratios. 

Merrill? has reviewed the appearance of the emission 
lines (permitted and forbidden) of ionized iron in astre 
nomical spectra: the objects include novae, symbiotic 
and long-period variables, Be and T Tauri stars. The 
content of this list indicates a promising future for this 
method of reddening determination. 

I thank George Waller for assistance and Dr Wallace 
Sargent for reading the manuscript. This work was s 
ported in part by the US National Aeronautics and Space 
Administration. 
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LAMBERT has pointed out a possible weakness in my 
derivation’ of the total colour excess of Eta Carinae on 
the basis of [FeII] lines measured from photoelectric 
spectral scans by Aller’, and has derived a higher value 
from a method which is undoubtedly sounder in principle. 
On the other hand, an inspection of Fig. 1 of my article! 
suggests that the errors resulting from the assumption 
that the lines which I used can be represented by an 
excitation temperature are not very large. A similar con- 
clusion can be drawn from Lambert’s figure, in which the 
reddening relation that he derives from a comparison of 
emission lines with the same upper level is evidently not 
very different from a least-squares line through all the 
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points, even if the departures from a Boltzmann popula- 
tion that he finds among certain individual levels are real. 

Why, then, does Lambert’s value of the colour excess 
differ from mine ? This results less from his use of a more 
rigorous method than from the fact that, in order to apply 
this method, it is necessary to use the sharp-line com- 
ponents measured from coudé spectra (and normalized to 
the scanner data) by Aller and Dunham}, because the 
scanner measurements themselves have less resolution 
and so do not give enough unblended lines. An inde- 
pendent treatment of the sharp components of lines 
whose upper terms are b'F, bP and aS (omitting the 
two faint and very discrepant lines 44,533-0 and 44,470-3 
which Lambert has also apparently rejected) with the 
method I used before gives Hp-y=1-9+0-8m, in very 
good agreement with Lambert’s value. 

The difference between the values of Ey.v given by the 
total line fluxes and the sharp components is an intere 
ing phenomenon, and it suggests that the region from 
which the sharp components are emitted (presumably the 
L5” central nucleus!) may be still more heavily 
reddened than the object as a whole (observed photo- 
electrically with diaphragms typically 10” to 20” in dia- 
meter). Alternatively, there might be a wavelength- 
dependent instrumental effect in the resolution of sharp 
and diffuse components, for example, as a result of 
atmospheric dispersion across the slit of the coudé 
spectrograph. In either case, the value Hp.y=12 m 
derived previously seems the right one for discussions 
of the continuum and emission lines observed with photo- 
eleetric scanners. 

I thank Dr Lambert for helpful correspondence. 
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Solvent Effects on Charge-transfer 
Fluorescence Bands 


CHARGE-TRANSFER (CT) transitions in complexes with an 
ionie ground state, leading as they do to annihilation of 
the charge, are particularly sensitive to the polarity of 
the solvent. Such transitions have been used to derive 
the empirical solvent polarity parameters Z (ref. 1) and 
Ey (ref. 2) which correlate well with the transition energies 
of other complexes with charged ground states*->. Com- 
plexes in which the ground state is non-ionie show, on 
the other hand, little correlation between the energy of 
the charge-transfer transition and Er (or Z), because of 
the Franck-Condon. restriction on reorganization of the 
solvent during the transition. The CT fluorescence transi- 
tions in such complexes should, however, correlate well 
with Z and Ær provided that the lifetime of the excited 
atate is sufficient to allow reorganization of the solvent. 
The energy of the CT fluorescence transition should thus 





Table 1. POSITION OF THE CT FLUORESCENCE BAND M: 
VARIOUS SOLVENTS FOR THE COMPLEX, HEXAMETHYLBENZE 








cite (emt) IN 
i RACHLORG- 








PRTHALIC ANHYDRIDE 
f Carbon 

; Benzene Baty tetrachloride 
Solvent Benzene Toluene butyl ether ether Xylene butyl ether 

(50: 50) {50 > 50) 
Tem 18650 18720 18660 18800 18810 19240 

Carbon 
Carbon Carbon tetrachloride~ 





Solvent disulphide tetrachloride € hexane = Cyclohexane n-Hexane 
50) 
elem} 109140 19220 19400 19620 19880 
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Fig. 1. Energy of the CT fluorescence band maximum, Æ0r, as a 
function of the solvent polarity parameter, Er, for the complex hexa- 
methylbenzene~ tetrachlorophthalie anhydride (4} and the excited state 
complexes, dimethylnaphthylamine-methylbenzoate (B) (data taken 
from ref. 10) and biphenyl—diethylaniline (C) (data taken from ref. 8). 





decrease with an increase in solvent polarity, the reverse 
of the trend observed for the absorption process. Few 
complexes have been found to fluoresce in fluid solution®’, 
and these only in a few solvents, mainly of very low 
polarity. The fluorescence band maxima measured in a 
range of solvents using a Baird-Atomie S7100 spectro: 
T for the complex hexamethylbenzene-tetra 
chlorophthalie anhydride are shown in Table 1, and 
Fig. 1 is a plot of the fluorescence band energy. Eer 
against the solvent polarity parameter, Ey. A good 
straight Ime with a slope close to unity (0-91) is obtained, 
showing that solvent stabilization of ‘the excited state 1s 
very similar to that of the ground state in ionie complexes. 

In addition to complexes which exist in the ground 
state, owing to the changes in ionization potential and 
electron affinity on excitation, complexes may be formed 
only in the excited state with little or no ground state 
stability, being similar in this respect to contact com- 
plexes’. Such complexes, for example, those formed 
between N,N-dialkylanilines and aromatic hydrocarbons, 
cause quenching of the hydrocarbon fluorescence and also 
give rise to a new fluorescence band at longer wavelength 
attributed to charge-transfer fluorescence of the excited 
complex®-!2, These bands also exhibit considerable solvent 
sensitivity? !*, as expected for a transition arising from 
an ionic state. Plots of the fluorescence band energy 
against Ey for such complexes all yield good straight 
lines with slopes close to unity, two e xamples being shown 
in Fig. 1. The charge-transfer nature of the transition 
and the fact that the excited state is ionie are thus con- 
firmed, and sueh plots provide a simple diagnostic test: 
for these transitions. Only in solvents of low polarity is 
charge-transfer fluorescence observed in fluid solution, 
suggesting that only contact ion-pairs can fluoresce. More 
polar solvents give rise to solvent separated ion-pairs, 
and those of very high polarity to solvated ions, both 
these situations being non-fluorescent although que nehing 
may still oeeur’. 
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Mechanism for Fluorine Inhibition of 
Diffusion in Hydroxyapatite 

New NMR results for a mineral hydroxyapatite have been 
obtained which, in combination with recent precision 
X-ray crystallographic studies, provide a detailed model 
of the locations of the impurity-fluoride ions in hydroxy- 
apatite, their influence on neighbouring hydroxy! ions, 
and a mechanism by which small amounts of fluorine can 
strongly inhibit diffusion. 

An important feature of the structure of apatite, 
Ca PONA a is the occurrence of the X ions in columns, 
or linear chains, coincident with the six-fold screw (6,) 
axis. Here X may be F, OH, Cl or some combination of 
them. The single crystals of Holly Springs hydroxy- 
apatite used both for the previous X-ray studiest-? ‘and the 
present NMR studies contained about 0-3 weight per cent 
of fluorine making Nw Fo.93(OH)o.y. in this case. Recent 
precision X-ray erystallogr aphie studies? verified that, on 
the average, the impurity fluorine ion occupies the same 
erystallographic position in this material as does fluorine 
in pure fluorapatite, that is, on the 6,-axis at the centre 
of the calcium triangle (0, 0, $). Thus in this mineral 
hydroxyapatite about one in twelve hydroxy] ions has 
been replaced by a fluorine ion at its own, nearby, location. 
Such a location for the impurity ion in hydroxyapatite 
had been suggested by Kay, R. A. Y. and Posner’, who 
pointed out the role it could have in a “disordered column” 
model of hydroxyapatite. 
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Fig. 1. NMR signal from fluorine in fluorapatite. 


As part of a systematie NMR investigation of apatites, 
experiments had previously been devoted to the fluorine 
nuclear resonance in fluorapatite? and the proton reson- 
ance in Holly Springs hydroxyapatite’. With both apatites, 

oe 


when the external field H, was parallel to the c-axis the 
line shape and width found were typieal of those for a 
linear chain of identical magnetic moments with spin 3. 
Fig. 1, for fluorapatite, is an example. It therefore 
seemed that at least the question of whether the fluorine 
impurity was dispersed along the lmear cham (that. is, 
whether there was a tendency for a small region of fluor- 
apatite to form) could be answered by NMR studies of the 
fluorine resonance if sufficient signal strength could be 
obtained. For this reason, the NMR spectrometer 
(Varian VF 16) was equipped with a eomputer-of-average- 
transients. 

Fig. 2 is an example of the result obtained in a data- 


The 
character of the NMR line shown in Fig. 2 is quite different 
from that found either for the proton line in hydroxyapa- 





collection time of 24 h with H, parallel to the c-axis 


tite or for the fluorine line in fluorapatite (Fig. 1). The 
most salient features are the number of peaks, their 


separations and their intensity ratios. Utilization of the 
detailed structural knowledge available from the diffrac- 
tion studies permits a self-consistent interpretation of 
Fig. 2 as the superposition of a doublet (the two inside 
peaks on either side of centre) and a triplet (the centre 
and two outside peaks) reflecting two, and only two, 
different F-H interactions corürmng with probabilities 
approximately in the ratio 1:2, as indicated by the in- 
tensity ratios. Because no “shoulders” are discernible 
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Fig. 2. NME signal from fluorine present as an impurity (~0-3 weight 


per cent) in Holly Springs hydroxyapatite. 


on the centre peak, the fluorine ions must be dispersed 
along the columns. The structure permits OH to be the 
nearest column-neighbour to F either on one side alone 
or on both sides, as is indicated in Fig. 3. The one-neigh- 

se s rise to the doublet, the a 
case to the triplet. The suggestion of Kay, R. A. Y. and 
Posner! that fluorine ions might be an agent a producing 
reversals in the hydroxyl-ion column is thus verified. 
Determination of the internuclear distances from the 
splittings of the NMR peaks led to an F-H distance of 
219+ 6-02 A for the two- neighbour ease and 2-11 +0-03 A 
for the one-neighbour ease. These distances compare 
with 2-15 A calculated directly from the structural para- 
meters!?, The nature of the differences in the two indi- 
cated F-H distances seems to be significant. {t seems 
that fluorine is hydrogen bonded to the neighbouring 
(hydroxyl) oxygen w ith a strength sufficient to displace 
the fluorine ion by at least 01 A from the plane of the 
calcium triangle when the attractive force is not balanced 
by a similar hydrogen bond on the other side of the 
triangle. 

Synthetic fluor-hydroxyapatite with 10 per cent of the 
hydroxyl ions replaced by fluorine ions has a displaced 
peak at 3,545 cm~? in addition to the main hydroxy! band 
at 3,572 em? in the infrared absorption spectrum 
(ref. 5, unpublished results of J. C. E. and private com- 














Z 
0 Q Oo 
H H H 
5/4 mamm m anna 

ie) 0 (8 

H H H 

0 

H 
H 
0 

TA memes; o aame 

6) 6) 

H H 
H 
a 

Q Q 

H H 

a y tt 

Vig. 3. Arrangements in hydroxyvl-ion column with and without fluorine 
present. The heavy laterai oe è represent the positions of the calcium 





triangles viewed edge 


on. Ordering in uninterrupted OH column: 
b, OH-F configuration 
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Fig. 4. Infrared spectrum of Holly Springs hydroxyapatite (Bromoform 
mull). 


munication from B, O, Fowler). As would be expected, 
the infrared absorption spectrum of Holly Springs hydroxy- 
apatite shown in Fig. 4 is very similar to this synthetic 
material (the band at 3,495 em is probably due to 
hydroxyl ions which are interacting with chloride ion 
impurities (unpublished results of E. Dykes and J. C. E.)). 
The presence of the displaced hydroxyl peak at 3,540 
em? in Holly Springs hydroxyapatite is im agree- 
ment with the preceding NMR evidence for the significant 
interaction between the fluorine and hydroxyl! ions. It is 
especially interesting to note that Fowler®, using apparently 
a higher resolution technique on synthetic materials, finds 
separate peaks at 3,545 cm- and 3,535 cm~! instead of a 
single peak at 3,545 em~. He attributes these two peaks 
to “at least two non-equivalent types of hydrogen bond- 
ing” of fluorine to hydroxyl oxygen. 

By this hydrogen bonding, the mobility for diffusion 
of an hydroxy] ion along the X-ion column will be reduced 
if it has a fluorine ion as a column neighbour, because of 
this additional binding to the fluorine ion which, in turn, 
is more strongly bound to its site than is an hydroxyl 
ion®, It is the N-ion column that is seen to provide the 
easiest diffusion path’-*, Thus it should be expected that 
the overall diffusion rate will be considerably reduced by 
the blockage caused by the formation and relative im- 
mobility of these OH-F and OH-F-HO groups occur- 
ring only at relatively few places in a column. Taken in con- 
junction with the finding that the impurity fluorine ions 
are dispersed, this analysis shows how a relatively small 
amount of fluorine could have a large effect on inhibiting 
diffusion. 

The principal theory of enamel caries involves the con- 
cept of the dissolution of enamel by acids. An explanation 
of the beneficial effect of fluorine is therefore afforded by 
the present results in conjunction with (i) the well known 
finding that a raised level of fluorine in enamel reduces the 
rate of solution in acids (see, for instance, ref, 10) and (ii) 
the recognition that the fluorine content of the mineral 
specimen used here is similar to that in the outer layers of 
fluoride-protected tooth enamel". If, as seems reasonable, 
diffusion of hydroxyl ions within the apatite structure is 
an important factor in controlling the rate of dissolution, 
then the diffusion-blocking mechanism described here 
affords a satisfactory explanation for the reduction in 
this rate when small amounts of fluorine are present. 
It should be noted that many others (see, for example, 
refs. 12, 18 and 14) have suggested that the effect of 
fluoride ions may be to hinder or block the transport of 
hydroxyl ions along the 6,-axis:; the new result here is the 
mechanism, set forth in detail, by which the blockage can 
be accomplished. 
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Kinetics of the Lower Phase Transition 
in Solid Deuterium Bromide 


Tue transition of solid DBr from the ordered lowest phase 
into the disordered middle phase takes place continuously 
over a temperature range about 20 K wide ending at 
93-5 K (ref. 1). 

Recent X-ray and neutron diffraction studies carried 
out at close temperature intervals have revealed the 
following details about the nature and kinetics of this 
transition. 

It was suggested in our previous communication? that 
the fraction of deuterium bromide molecules executing a 
180° flip in the lower transition region was not distributed 
at random but was concentrated in domains, To test 
this hypothesis the half-width of the (200) X-ray powder 
peak of a fine grained specimen was measured at various 
points of the lower transition region and also in the middle 
phase. If the two-phase hypothesis were correct, the (200) 
peak would appear as a doublet or at least significantly 
broadened in the lower transition region, for the a-edge- 
length of the unit cell is considerably different for the 
two phases (compare Fig. 1). The half-width of the (200) 
peak, however, remains constant within experimental 
error over the temperature range investigated. This 
suggests that solid deuterium bromide forms a single 
homogeneous phase in the lower transition region and that 
the reorienting molecules are randomly distributed among 
equivalent lattice sites of the ordered phase. 

The temperature dependence of the three edgelengths 
of the orthorhombic unit cell over the lower transition 
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region was studied by X-ray powder diffraction tech- 
niques. The results are shown in Fig. 1 together with 
the temperature dependence of the unit cell volume and 
density. As expected from the nature of the transition, 
the temperature dependence of the three edgelengths is 
very different. The b-edgelength (the one parallel to the 
chain axis of the ordered phase) increases linearly over the 
transition region at almost the same rate as in the middle 
phase. By contrast, the a-edgelength rises very steeply 
towards the end of the lower transition region, whereas 
in the middle phase it increases at about the same rate as 
the b-edgelength. Finally, the c-edgelength reaches a 
flat maximum within the lower transition region, followed 
by a slow decrease which continues even in the middle 
phase. 

The temperature dependence of the unit cell volume is 
very similar to the temperature dependence of the a- 
edgelength. The volume increase from about 73 K to 
93-5 K is AV=3-66 A® and the corresponding AV/V 
is about 1-94 per cent. 

The temperature dependence of the ratio of the 
“reversed”? molecules to the total number of molecules 
in the specimen was investigated by neutron diffraction 
techniques, by measuring the integrated intensity of the 
(101) powder peak? with both increasing and decreasing 
temperatures. The results are plotted in Fig. 2. 

The vertical scale on Fig. 2 gives the square root of the 
integrated intensity of the (101) powder peak measured at 
various points of the transition region. The measure- 
ments are normalized to the square root of the integrated 
intensity of the (111) powder peak recorded at the same 
temperatures. The circles indicate the first set of measure- 
ments made with decreasing temperature. The crosses 
indicate the second set of measurements made with 
increasing temperature. The two sets of measurements 
lie on two similar curves shifted horizontally relative 
to one another by about 0-5 K. To test whether this shift 
was not caused by a long term drift in the temperature 
measurements, a few intensity measurements of the first 
set were repeated after the completion of the temperature 
cycle. The excellent agreement of these new data with 
those recorded at the beginning of the cycle showed con- 
clusively that the shift was a genuine hysteresis effect, 
similar to the 0-6 K wide hysteresis effect observed earlier? 
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Fig. 2. Temperature dependence of the square root of the normalized 

integrated intensity of the (101) neutron powder peak of deuterium 

bromide in the lower transition region. The circles indicate measurements 

made with decreasing temperature; the crosses indicate measurements 
made with increasing temperature. 


in the specific heat of hydrogen bromide over the lower 
transition region. (According to our neutron diffraction 
data recorded with imereasing temperature the lower 
transition in deuterium bromide is completed at 93-75 K, 
whereas according to specific heat measurements! carried 
out in similar conditions it is completed at 93-5 K. This 
difference is most likely due to a small temperature 
gradient between our specimen and the thermocouple 
mounted on the other side of the specimen tube. Hence 
the temperatures shown in Fig. 2 are expected to be 0-25 K 
higher than the actual specimen temperatures.) 

If we denote by p(T) the fraction of “reversed” mole- 
cules at temperature T in the lower transition region, then 
0<p(T) <0-5, the two limits corresponding to the ordered 
low phase and the disordered middle phase respectively. 
Furthermore, if we denote by q(T) the ratio of the absolute 
value of F(101) observed at temperature T in the lower 
transition region to the absolute value of F(101) calculated 
for the ordered low phase at the same temperature, then 
(1) 
The value of q(T) can be obtained by determining first 
the normalized observed structure factor [| Fr(101})| / 
[Fr(111)| Jons at the appropriate temperature T and then 
dividing it by the corresponding normalized structure 
factor []Fr(101) [/| Fr 11) Jeora. calculated for the ordered 
low phase at the same temperature. 

Because the variation of [|Fr(101) | /|#r(L1b)[Je-ora. is 
less than 1 per cent over the temperature range investi- 
gated, the value of [| Fr(101)| /|r(111)[Je-ora. was kept 
constant and equal to its value at T = 84 K where it could 
be determined with particularly high accuracy due to the 
extensive neutron data available at that temperature. 
The q(T) values obtained this way from our data collected 
with increasing temperature are shown in Fig. 3 (see 
crosses). It can be seen from Fig. 3 that at the lowest 
temperature investigated (7'= 82-5 K) a significant frac- 
tion of the deuterium bromide molecules is stil] in the 
“reversed” orientation, p(82-5 K)= 0-065, as expected 
both from specific heat? and nuclear magnetic resonance ® 
studies of hydrogen and deuterium bromides. 

An indirect support for the method used for deriving 
p(T) values from neutron diffraction data is provided 
by the internal consistency of the results obtamed this 
way and the “anomalous” rise in the specife heat, 
If we attribute this anomalous rise to an increase in the 


UT) =|Fr(1Olops)| / | Fr(101eora.| =1~2 p(T) 
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configurational entropy of the specimen as a result of 
molecular reorientation, we may write 


(2) 





where ¢3(T) is the anomalous specifie heat in the lower 
transition region (the portion above the dashed line in 
Fig. 2 of our previous communication”), T>=73 K is the 
temperature where the “anomalous” rise of the specific 
heat. appears to begin, 


Se=kin W (3) 


is the configurational entropy for 1 mol of deuterium 
bromide, k is the Boltzmann constant and 


Wiss ec (4) 


is the number of ways in Ti ie ‘reversed’ molecules 
can be distributed among N lattice sites, where N is the 
Avogadro number. 

Substituting equations (3) and (4) into (2) and using 
Stirling’s formula, we get after rearrangement: 

T 


CHL) arn 
a) dT = 


qi ~[plnp+(1—p) In (1—p)] 


Ts Hipo In pot (1— po) In (1 —po)] (5) 


where p stands for p(T) and p, stands for p(Te) 
Equation (5) was solved graphically for p(T) using 
the specific heat data recorded with increasing tem- 
perature? and with p(Z',) as a single variable parameter 
chosen to fit the p(T) values derived from the neutron 
diffraction data recorded in similar conditions (see 
crosses on Fig. 2). The results of these calculations are 
shown in Fig. 3 as g(T)=1—2p(7) (continuous curve) 
together with the q(T) values derived from neutron 
diffraction data (crosses), When drawmg Fig. 3, all re- 
corded temperatures were reduced by 0-25 K as compared 
with Fig. 2 to compensate for the systematic orror of our 
temperature measurements. Tt can be seen from Fig. 3 
that the q(T) values derived from neutron diffraction 
and from specific heat data agree within experimental 
error, 
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Use of Mossbauer Spectroscopy 
in the Study of Ancient Pottery 


Tue Mössbauer effect provides a useful technique for the 
determination of the oxidation state of iron and the 
symmetry of its immediate environment’, This effect 
refers to the recoil-free emission and subsequent absorption 
of gamma radiation by similar nuclei. The two main 
parameters which may be derived from such spectra are 
the isomer shift, which is a measure of the s-electron 
density at the nucleus, and the quadrupole splitting, 
which is a reflexion of the electric field gradient at the 
nucleus. These two parameters provide information about 
the local symmetry around the iron atom and its oxidation 
state. Méssbauer spectroscopy provides the only available 
technique for the direct examination of solid samples 
which can give these results—wet methods provide no 
information about the iron lattice sites and oxidation states 
derived from such experiments are open to doubt. This 
approach has already proved its worth in the study of the 
silicate minerals, where these parameters have been studied 
for minerals of known structure contaiming substituted 
iron atoms, enabling a correlation to be established be- 
tween these parameters and the iron sites and oxidation 
states®. 

Most clays contain iron atoms, either as Fe% or Fe” in 
octahedral or tetrahedral environments in the clay silicate 
minerals or as accessory minerals, for example, siderite or 
goethite. A few articles dealing with the Méssbauer 
spectra of clays and clay minerals are available im the 
literature’. Pottery which is baked clay, usually with 
added tempering commonly in the form of sand or grit, 
is sometimes classified as “oxidized”? or “reduced”, the 
oxidation or reduction being a consequence of the kiln 
atmosphere during firing. 

The information derived from the Méssbauer spectra 
of pottery sherds may be used in two ways. (i) Clays 
from different areas will contain different minerals in 
different proportions and the treatment each clay receives 
during the firing will differ from kiln to kiln. Hence it 
may be anticipe ated that pottery sherds from one particular 
kiln (or at least area) should have their own particular 
spectrum which will be characteristic of the final mineral 
composition of the heated clay. This will be of assistance 
in identifying the provenance of the ware. (ii) By com- 
paring the spectra given by a sherd with the spectra of 
known minerals and by baking experiments with local 
clays which were probably used in the manufacture of 
the pottery, it may be possible to deduce the conditions 
in which the pottery was fired. 
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Fig. 1. Méssbauer spectra for specimens P 18 and 72. 


We are carrying out a study of the *7Fe Mossbauer 
spectra of pottery samples and clays to test the feasibility 
of these approaches. All pottery examples examined to 
date give good spectra which are resolvable into one or 
more quadrupole doublets or magnetic multiplets. We 
illustrate sorne of the several types of spectra obtained 
by the following examples. Table 1 lists the pertinent 
parameters. 

P 18, a uniform buff sherd with light sand tempering 
from Cheam in Surrey, gives a spectrum which is typical 
of the light coloured sandy wares. This is one of a group 
of sherds from Cheam which were examined. This ware 





733 
Table 1 
i Centre Quadru- Width 
Sample shift pole split at haif Assignment 
Ca" Q.8.¢ height 
Ps O10 0-94 0-69 Fe tetrahedral 
O65 or octahedral 
72 33 O80 L06 Fert 
LOG Oetahedral. a 
Oo 2-21 OT? Fe" 
Oat Octahedral. 73% 
Pil 
Red exterior, Magnetic spectrum 
Black interior 0-38 O76 MEF Fe 


072 Ostahedral, 27% 
1-06 1:83 pol Fer 
OFL Tetrahedral.73% 


Clay from Cheam (Woolwich and 0-17 0-60 tõ Fe 
Reading beds,) 061 ‘Tetrahedral or 
octahedral 
Clay as above, baked 10 h at O15 144 093 Fe, Tetrahed- 
800° C ral or octahed- 
ral 
As above, baked for an addi- 0-06 ern O54 Pe. Tetrahed- 
tional 6 h at 1,000° C ral oor oeta- 
heclral 


* mm/s with respect to Co? diffused in palladium, Add 0-44 to convert to 
the sodium nitroprusside scale, 
+ mm/s. 


is similar in appearance to material found during the 
excavation of a kiln at Cheam the date of which is prob- 
ably late Mediaeval. The parameters for this group fall 
within a small range (CS 0-09-0-14 mm/s, QS 0-89-0-04 
mm/s), and a sample of baked clay from the area gave a 
similar spectrum, the parameters of which vary regularly 
with temperature of baking. This provides a method of 
estimating the firing temperatures of pottery. It is 
interesting to note that the superficially similar pottery 
from the recently excavated site at Kingston (about 10 
miles from Cheam) gives entirely different spectra, the 
parameters again falling within a small range. 

The lightly gritted uniform black ware (72) illustrates a 
type which contains both Fe% and Fe? On baking this 




















sample in air at 700° the iron became entirely Fe but 
not oxide-—-and the colour changed to buff. (CS= 0-14 


mm/s. QS = 1-24 mm/s.) 

Pil, a ved sandy ware with a black interior also 
excavated at Cheam, illustrates two points. First, the 
red outer layer gives a magnetic spectrum which is 
observed whenever Fe,O, or Fe,O, is present in the baked 
clay, and second. the difference between the states of the 
iron in the surface and the interior of the pottery sample 
is clearly shown. It is very common for some mediaeval 
pottery to exhibit differences in colour between the outside 
and the interior. This is usually held to be a reflexion 
of the oxidizing conditions existing in the kiln during 
firing. The complete oxidation of the iron in the surface 
layers as opposed to the black interior with only 27 per 





cent of the iron present as Fe?’ certainly supports this view. 

These spectra can be interpreted in terms of the reactions 
of the clay minerals with each other, or with iron contain- 
ing accessory minerals at kiln temperatures. 

We thank Dr A. G. Maddock for Méssbaucr facilities 
and Dr G. M. Baneroft for valuable discussion. KK. G. D, 
thanks the University of Ceylon for leave of absence and 
financial support and D. R. Œ. thanks the Science Research 
Council for a research fellowship. 

D. R. Covsixs 
K. G. DHARMAWARDENA 














University Chemical Laboratories, 

Lensfield Road, 

Cambridge. 

Received April 28, 1960, 

t Wertheim, G, Ka Mässbaner Effect, Principles and Applications (Academie 
Press, NY, 1964). 

* Bancroft, G. M., and Maddock, A. @., 
2219 (1967). 

* Weaver, C. E.. Wampler, J. M., and Pecuil, T. E., Science, 186. 504 (196 
Taylor, G. L., Ruotsal 
Minerals, 16, 381 (1968), 

‘ Marshall, ©. J., Surrey Areh. Coll, 85, 70 (1924). 


Geochim. Cosmochim, Acta, B41, 





i 7h 
A. P., and Keeling, jan, R. O., Claus and Cloy 






734 
BIOLOGICAL SCIENCES 


Gravity Compensation and 
Crown Gall Development 


Crinosrars provide a means for ground based studies of 
what happens when plants are subjected to null-gravity 
conditions’. The incubation period of leaf rust on gravity- 
compensated bean plants is shorter than on non-compen- 
sated controls*. Here we deseribe the influence of gravity 
compensation on crown gall development in the carrot 
(Daucus carota). 

Cut surfaces of carrot sections were exposed by suspend- 
ing slices in an apparatus (Fig. 1). Procedures were carried 
out in germ-free, flexible film isolator tentst; one slice 
was oriented as in the original carrot root and the other 
was inverted. The upper surfaces in either case were 
inoculated with bacterial suspensions (1x 10° cells/ml.) of 
Agrobacterium tumefaciens strain Be grown in Stoner’s 
glutamate medium. Each disk received 0-2 ml. of suspen- 
sion. The carrot disks were rotated vertically on a clino- 
at at twelve revolutions/h (ref. 2) at a temperature of 
28°C for 21 days. Tumours were then cut from these 
disks and weights determined. 

Fresh and dry weights of tumours were significantly 
larger on carrot disks retated on the 
chnostat than on non-rotated controls. 
This was true whether control slices 
were oriented horizontally or vertically 
(Pig. 24). The polarity effeet observed 
by Klein and Tenenbaum? was con- 
firmed; significantly larger tumours 
were observed on the apical-facing 
surfaces of inverted slices. In these 
experiments the disks were suspended 
so that tumours could develop on the 
non-inoculated lower surfaces. A 
polarity effect was also noted here; 
tumours readily formed on lower 
surfaces as long as the disks were 
oriented in the direction the carrot 
root had originally developed. By 
contrast, no tumour tissue developed 
on lower surfaces (basal faces) when 
disks were inverted. Depending on 
unknown factors, probably associated 
with variability in source of host tissue, 
or the wound response time before 
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ent results were noted in each experi- 
ment. For example, in one experiment 
(Fig. 28) no tumours developed on 
basal-facing tissue even when this 
surface was inoculated. In all cases, 
however, the polarity effect was noted 
whether disks were rotated or not, and 
tumours were significantly larger on 
rotated disks. 

Attempts were made to culture bac- 
teria from tumours. The tumours were 
macerated aseptically m glutamate 
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media, Crown gall bacteria were found R 

in all galls formed on inoculated sur- 50 

faces, but in only two out of twenty 

tumours on non-inoculated surfaces. 100 
Continuous tumour strands from thi 3 
inoculated basal-facing surface of the ee br 
disk to the apical-facing surface were 200 
detected in sectioned material. Sterile B 
tumours on tomato stems have been 

found even though they were initiated Pi, 2. 










by bacteria; our observations suggest š 
that tumours did not origmate from 
the motile bacteria moving around the 


exposed surfaces of the disks. 








Mean tumour weight of galls removed from carrot slice surfaces in two separate 
ments, Exp. 4, The left column gives data for Petri dishes containing the come 
ated samples subjected 
represent samples of two r 
the Arst control having Petri dishes placed stationary on a horizontal support. The right 
column ia the other control with Petri dishes taped stationary to a vertical support. 
Exp. B, The control samples were stationary and horizontal. 


rotation ona vertical clinostat, while the two other columns 
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Increase in root growth and geotropie curvature of 
oats on clinostats have been associated with increase in 
respiration, carbon fixation, and photosynthesis by 
Dedolph et alë. who have related these phenomena to 
orientation of protoplasmic inclusions in a g force field. 
These inclusions are precipitated and so concentrated that 
metabolic, rate-limiting concentration gradients occur. 
Rotation, however, results in more uniform spatial distri- 
bution of gravity-perceptible inclusions, and limitation 
of metabolic rate by concentration gradients in the cells 
is minimized. Thus the increase in tumour size on clino- 
stats in these experiments might be explained because the 
restricting effects of gravity on metabolism were nullified. 
Sheldrake and Northeote’s study of polarity effect” has 
shown that callus formation at the basal end of tobacco 
internode tissue is correlated with auxin movement and 
concentration basipetally. In our experiments, increased 
development of tumours occurred at the root apical ends 
of the sliced sections. Scott and Wilkins’ have recently 
shown that auxin movement in Zea roots is essentially 
acropetal; therefore the polarity effect in our experiments 
agrees with the recent findings on plant auxin movement. 
The relative simplicity of the techniques involved in the 
crown gall system and the usefulness of this system m 
indicating increase in metabolic activity, polarity gradients 
and disease increments should make it a valuable tool in 
studies on gravitational responses. 

We thank Professor P. W. Brian for valuable discus- 
sions on the results. 
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Growth of Microorganisms in the 
Presence of Transition Metal Complexes : 
the Antibacterial Activity of trans- 
Dihalogenotetrapyridinerhodium(IIl) 
Salts 


Tue early results on the antibacterial activity of transition 
metal ions and their complexes have been summarized by 
Schulman and Dwyer!. They found that iron(II) and 
ruthenium(II) phenanthroline complexes have some 
bacteriostatic activity against Gram-positive and Gram- 
negative bacteria, Recently, interesting effects on the 
bacteriological growth of Escherichia coli in the presence 
of platinum(IV) salts have been found?. At low concen- 
trations, the ion [PtCl,]*- was found to be a bacteriocide 
whereas cis-[PtCl,(NH,).] was found to inhibit cell 
division and produce filamentous growth. 

We have investigated the effect of cobalt (IIT), rhodium- 
QI) and iridium(ITI) complexes containing pyridine, 

2,2’-bipyridyl, 1,10-phenanthroline or ethylenediamine on 
the growth of selected Gram-positive and Gram- -negative 
bacteria; a fungus has also been ineluded. 

The antibacterial activity of a large number of 
transition metal complexes of the types trans-[RhL,X,]Y 
and [M(B).X.1Y (M=Co, Rh, Ir; B=2?,2’ -bipyridyl, 
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1,10-phenanthroline, ethylenediamine; N= Cl Br; Y= Cl 
Br, NO, ClO,) was examined by means of the agar 
diffusion technique (cup-plate method) using nutrient 
agar plates and an 18 h nutrient broth culture of 
the test organism. Two standard drops of the appro- 
priate dilution of the complex (Table 1) were added 
to the cup and the plates incubated overnight at 
37° ©. The absolute size of the zones of inhibition was. 
used as an indicator of activity using an appropriate 
concentration of crystopen, streptomycin or nystatin as 
control and [Rh(pyridine),C1,..Cl as a reference com- 
pound, It was found that increasing the number of drops 
of complex to three did not increase the zones of inhibition. 

Only complexes of the type trans {Rh X Y (L= 
substituted pyridine) were found to have high level s of 
antibacterial activity. With the exception of d 
growth of the Gram- -positive organismis tested was preve en- 
ted by the presence of | part of these particular cornplexes 
in 10,000 or 100,000 parts of water (Table 1), In general, 
the same complexes were less effective (by a factor of 10 
or 100) im preventing growth of the Gram-negative orgari- 
isms, except in the case of E. coli, growth of which was 
mbhibited at the same concentrations as the Gram- Toive e 
organisms. (In the nutrient broth experiments to be 
described, however, Æ. coli behaved similarly to the other 
Gram-negative organisms. } 

Complexes which showed high levels of activity in the 
test were then examined quantitatively by titration 
against the test bacteria in nutrient broth. Experimental 
details are given in the legend to Table 2. The results 
indicate that Gram-positive organisms are much more 
sensitive to these metal complexes than are Gram-negative 
organisms. The level of activity of the complexes against 
Gram-positive organisms is much higher than that of ee 
complexes deseribed by Schulman and Dwyer! and is of 
the same order as the | PPL, a ion’, 

Initial experiments “with the pathogen Mycobacterium 
tuberculosis, growing in Dubos medium as modified by 
Fenner et al, indicate that when rhodium coruplexes of the 
type, trans-[RhL,X,]Y, are present at a concentration of 
10 ug/ml., complete inhibition of growth occurs, and it is 
possible that some or all of them may be bacteriostatic at 
lower concentrations. 

When the rhodium complexes are prepared with X 
in place of Cl, there is in most cases a ten-fold increase in 
antibacterial activity whereas the replacement of Y= Cl 
with NO, or CIO, has no apparent effect (see Table 1). A 
possible explanation of this is that, when X= Br, the 
molecule is more strained sterically and as a result ite 
lability is enhanced. 

Although substitution of straight or branched cham 
alkyl groups in the pyridine rings does not seem to 
produce any enhancement of activity when the agar- 
diffusion test is used, there is a considerable increase in 
activity when tested against Gram-positive organisms in 
liquid broth medium. The increase in activity corresponds 
to the increase in number of carbon atoms in the substi- 
tuted alkyl chain, and substitution of the alkyl group at 
the 3, 4 or 5-positions in the pyridine rings has equal 
effects. This effect parallels that found by Schulman and 
Dwyer! and, because the diffusion coefficients of all these 
compounds in solution are roughly equal, is presumably 
due to the ability of the complex to penetrate the cell wall 
more easily because of the greater lipid solubility. Substi- 
tution of polar groups (NH, CH,OH, CHO) at the 3 or 
4-position in the pyridine rings of the complex results 
in a decrease in activity when compared with the parent 
complex, trans-[Rh(pyridine),X./Y (see Table 1 

We find that pyridine, substituted pyridines and rho- 
dium trichloride are themselves ineffective in preventing 
bacterial growth at concentrations of 1 in 1,000 and thus 
complexes of the type trana-[RhL,X,]Y possess some very 
specific properties necessary for antibacterial activity. 
From chemical studies, the lability of trane-[RhL,X.)V is 
intermediate between those of the analogous cobalt 
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Table 1. THE BACTERIOSTATIO ACTIVITY OF COMPLEXES OF THE TYPE trang-[RhL,X.]Y (L.=SURSTITUTED PYRIDINE; X=Cl, Br; Y=Cl, Br, NOs, CIO.) ON 
SELECTED MICROORGANISMS BACTERIOSTATIO CONCENTRATION (~log,o#)* 








Compound Gram-positive bacterium Gram-negative bacterium Fungus 

L x Y 1 2 3 4 5 6 q 8 9 10 ii 12 13 l4 

Ch A 4 4 <3 4 — — e 4 <3 _ <3 <8 <3 

pyridine Ch NO, 4 5 _— — 5 — 4 4 <3 — — — <3 
pyridine Cl ClO, 4 5 <3 —_ 4 5 4 4 «<3 — qi End <3 
pyridine Br Br 5 5 <3 -= 4 5 4 5 <3 — <3 <3 <3 
4-methyl pyridine Ch CL 4 5 <3 4 = — — 4 <3 — <3 <3 <3 
4-mnethylpyridine Br Br 5 5 $ _ 5 4 5 5 3 — 4 _ <3 
3-methylpyridine Cl Cl 4 5 <3 5 5 5 — 4 «<3 = <3 <3 <3 
3-methylpyridine Br Br 5 5 4 — 5 5 5 5 3 —~ a ma 3 
4-ethylpyridine Ch Ch 5 5 4 —_ 5 5 5 4 3 ~ 3 m- 3 
3-ethylpyridine Ch cl 4 4 <8 _ 5 5 5 3o <3 — <8 <3 <3 
3-ethylpyridine Br Br 5 5 4 -= 5 5 5 4 3 we <3 m 4 
4-n-propylpyridine A NOs D 4 $ 5 5 5 5 4 E 5; <i 3 3 
4-n-propylpyridine Br NO; 5 5 : 5 5 5 4 4 <3 <3 3 <3 4 
4-isopropylpyridine Br Br 5 5 3 4 5 5 5 4 ~ <3 <3 —- 3 
4-t-butylpyridine ah NO, & 4 _ 5 —_ ~ me <3 <3 <3 o <3 _ 
3,5-dimethylpyridine Cl cl 4 5 «3 5 — — s 6 <3 _ — «3 <3 
CHO Ch cl <3 <3 _ —_ — ~ — — <8 <8 ~ _ ed = 
~—f HO-pyridine Ch Ch <3 <8 ae — fees aie adie — <8 <3 oe KeA nS So 
-N H.-pyridine cl Ch 3 <3 <3 =e <3 3 <3 _ 8 <8 -= <9 <3 3 
—NH,-pyridine CL cl 3 3o <3 om <3 3 <3 — <8 <3 -= <8 <3 3 
—CH,OH-pyridine cl Cl 3 3 = 3 3 3 <3 <3 3 <8 <3 <3 «3 <3 
—C,H,OH-pyridine G C104 Bogs ee! (oS Vee Ge — <8 <3 <8 <8 — = 
~-COOH-pyridine cl cl <3 <3 — meme = — — — <3 <i =-= aeee m _ 


_ The numbering of organisms was as follows: (1) Staphylococcus aureus strain Oxford; (2) Bacillus anthracis strain Sterne; (3) Streptococcus faecalis 
strain Dunn; (4) Bacillus subtilis var, niger; (5) Micrococcus caseolyticus; (6) Corynebacterium diphtheriae type gravis, (7) Streptococcus pneumoniae; (8) 
Klebsiella aerogenes; (9) Escherichia coli strain B; (10) Proteus vulgaris; (11) Salmonella typhi strain Rawlings; (12) Serratia marcescens; (13) Pseudomonas 
pyocyanea, (14) Aspergillus nidulans, With the exception of P., vulgaris, which was cultured on standard Oxoid MacConkey’s agar without lactose, the 
organisms were grown on a medium containing: (g/1.) Oxoid nutrient broth, 25; Oxoid yeast extract, 4: Oxoid agar, 12. Transition metal complexes, 
prepared by standard methods*', were dissolved where possible in distilled water or otherwise in acetone or methanol to give stock solutions containing 1 mg/ml. 
Serial ten-fold dilutions were then made in distilled water. 


* M is the highest dilution in ml. containing 1 part of complex which inhibits bacterial growth. 


Table 2. TITRATION OF COMPLEXES OF THE TYPE trans-[RhL4X,]Y¥ AGAINST SELECTED MICROORGANISMS IN NUTRIENT BROTH 









Compound Gram-positive bacterium Gram-negative bacterium Fungus 
L x Y 1 2 4 5 6 p 8 9 10 1 12 13 14 
pyridine cl ci 5 125 40 >80 >80 >80 >100 >100 NS 
S-ethylpyridine Ci CI 5 25 40 >80 >80 >80 >100 >100 NS 
4-n-propylpyridine CI NO, 0-16 0-16 40 aü 40 40 80 30 5 
pyridine Br Br 1-25 1-25 — > 100 m —— n E a, ~— 
4-methylpyridine Br Br 125 063 NE 40 10 40 20 80 RO NS 
Br Br 1-25 0-63 83 46 20 80 80 80 80 106 
Br Br 0-32 0-32 GEES 4G gü 40 80 80 80 40 
Br Br 25 0-63 pat Fas) 80 40 RO sess ~ 20 
Br NO, 0-16 0-08 O16 40 40 40 80 >100 > 100 5 
4-isopropylpyridine Br Br 0-16 0-04 x 0-16 BG 80 80 80 > 100 SO 5 
benzyl penicillin ) 0-02— |) 003- } O02- ) Mid- y GOR 4 10- }) 
m . a -002 os Lo 20 25 NS NS = 
sodium salt | OL 1016 | oot i GS iad d 20 


The organisms are numbered as in Table 1 and were grown in the same medium minus the agar. Serial doubling dilutions of the active compounds 
Vaio prepared in the growth medium, a standard drop of test organism added and the tubes examined for turbidity (growth) after overnight incubation at 
a7 E 

The figures denote lowest concentration (ug/ml) which prevents growth, 

NS = not sensitive at 100 agimi. 





complexes, which are very labile, and those of the analo- the staff of MRE Porton for their cooperation and advice. 
gous iridium complexes, which are very stable. Rhodium This work is part of the programme of the Biological 
complexes may thus have an intermediate stability Inorganic Chemistry Group supported by the Medical 
sufficient to allow passage of the intact complexes to the Research Council. 
site ‘tion in the bacterial cel | not too great to oes i 
site of action in the bacterial c ll but not K 0 grer t R. J. BROMFIELD* 
prevent their reaction at the active site. Although the T EA 
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plexes may well be due to steric reasons since these com- 
plexes have a cis-contiguration?. Chemical Laboratory, 
Finally, when [Rh(pyridine),Cl,JCi or [BRh(4-ethyl- University of Kent, 
pyridine),Br,]Br is added at very low concentrations Canterbury. 
(5 pg/ml. and 0-4 ug/ml. respectively) to cultures of 
Escherichia coli growing in nutrient broth, all cells appear 
as long filaments (20-500 times normal length). This * At present working at the Microbiological Research Establishment, 
: i a iri, y Porton. 
effect appears to be the same as that observed by Rosen- 
berg et al.? on addition of cts-[PtCl,(NH,).] to cultures of — ) Dwyer, F. P., Chelating Agents and Metal Chelates (Academic Press, New 
Escherichia coli and indicates that at these low levels the XYK 10O, 
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Fractionation of a Human Spermagglu- 
tinating Serum 


THERE is uncertainty about the chemical nature of sperm- 
agglutinins detected in the sera of some men and some 
women. The investigations described in this article gave 
results which appear to conflict with earlier suggestions 
that they are antibodies? or y-globulins? and, in particular, 
IgG* Preliminary studies in this laboratory, using 
ammonium sulphate fractionation of several sperm- 
agglutinating sera, had shown that the 60 per cent satur- 
ated fractions possessed the greatest spermagglutinating 
activity, whereas the greatest concentrations of y-globu- 
lins were in the 40 per cent fractions, 

The serum studied here, from a woman who is infertile 
without known cause, was fractionated on ‘Sephadex 
G-200, DEAE cellulose and by block electrophoresis. 
The micro-spermagglutination technique of Franklin 
and Dukes! was used, with sperm from a single donor. 
Tests had shown that the protein concentration of a 
solution, and dialysis, affect its spermagglutinating 
capacity (Table 1), Accordingly, the protein concentra- 
tions of different solutions tested were kept similar by 
diluting, where necessary, with non-agglutinating human 
serum, and dialysis was performed for short periods, with 
frequent changes of buffer. A spermagglutination test 
was considered positive if at least twenty agglutinates 
were seen in twenty high power (400x) fields of the 
microscope slide. To give some better expression of the 
agglutinating activity of a serum, positive tests (where 
practical) and all negative tests were recorded as the 
number of agglutinates seen per 100 mobile, unagglutin- 
ated spermatozoa. Thus a score of 8/100 indicates that 
eight agglutinated and 100 unagglutinated spermatozoa 
were seen in this particular scan of the slide. 

The spermagglutinating activity of the serum was not 
destroyed by heating at 56° C for 1 h. 
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Fig. 1. Absorbances of fractions obtained from fractionation of 2 ml. 


spermagglutinating serum on ‘Sephadex G-200’. Column 100 em x 2 om, 
Buffer, 0-3 M tris-HCl, pH 8-0. Flow rate 10 ml/h. Four ml. fractions 
collected. Fractions which were pooled are indicated. 


Two ml. of serum was fractionated on a column of 
‘Sephadex (-200', and the absorbances at 280 nm of the 
4 ml. fractions were recorded. Fractions were pooled as 
indicated (Fig. 1). Each pool was reduced to 2 ml. by 
ultrafiltration. 

Only pool 1 showed spermagglutinating activity. This 
fraction of serum is known to contain IgM, x, macro- 
globulin and «; and §-lipoproteins®, and this was verified 
by immunoelectrophoresis. 

One ml. of serum was put onto a DEAE cellulose column 
and was eluted by a continuous gradient of tris-phosphate. 
The absorbances of the 4 ml. fractions collected were read. 
and fractions were pooled to give convenient pools for 
testing for spermagglutinins (Fig. 2). Each pool was 
reduced to 1 ml. by ultrafiltration, and then dialysed 
against physiological saline. 
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Absorbances of fractions obtained from fractionation of 1 ml. 
spermagglutinating serum on DEAE-cellulose (Schleicher and Shull, 
type 40, batch No. 2012). Column 20 em x @ em. Continious pris 
phosphate buffer gradient, initially 0-015 M, pH 8-0, finally 0-30 M, pH 4-0, 
Flow rate 35 ml/h. Four ml. fractions collected. Fractions which were 
pooled are indicated. 


Fig. 2. 








Only pool 7 was found to possess spermagglutinating 
activity. The activity, however, was weak. This loss 
in activity appears to be due, in part, to dialysis. The 
pool contained little protein, and no specific proteins 
could be identified by immunoelectrophoresis or immuno- 
diffusion. In a comparable fraction from another sperm- 
agglutinating serum, however, immunoelectrophoresis 
showed lines in positions corresponding to those of albumin 
and 8-lpoprotein. No immunoglobulins were detectable. 

These results of ‘Sephadex G-200° and of DEAE cella- 
lose fractionation are similar to those observed with 
seven other sera from women which have been tested. 
Ten ml. of serum was fractionated by electrophoresis in a 
‘Pevikon’ block, using barbiturate buffer pH 8-6, 7 = 0-06 
(ref. 6). After electrophoresis, the part of the block where 
the separation of protein bands had been most even was 
cut Into quarter inch strips, and the liquid in each 
strip was removed by centrifugation. The absorbances 
of 1/20 dilutions of each fraction were determined. Pools 
were formed from the fractions in the y, 8, a-globulin and 
albumin regions (Fig. 3). The volumes of the pools were 
reduced to 2-5 ml. by ultrafiltration, and they were then 
dialysed against physiological saline to remove the 
barbiturate buffer. 

Tests revealed spermagglutinins in only the 8-globulin 
pool. The strength of the spermagglutinins in this pool 
was only approximately one-third of that in whole serum. 
inmunoelectrophoresis established that the y-globulin 
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pools contained IgM, IgG and IgA, whereas no immuno- 
globulins could be detected in the 8-globulin pool. 

From these data it is concluded that immunoglobulins 
are not responsible for the spermagglutinating activity 
of this serum. Of the proteins detected in the sperm- 
agglutinating fractions of the serum, only 6-lipoprotein 
has been identified in all. Consequently. it is tentatively 
proposed that, in this serum (and, by comparison, in the 
other sera fractionated with ‘Sephadex G-200' and DEAE 
cellulose), 6-lipoprotein is the spermagglutinating agent. 

To test this proposition, 0-5 ml. of serum and 0-5 ml. of 
horse anti-human 8-lipoprotein (Hyland, batch 8413E- 
003A1) were incubated together overnight at 4° C. As a 
control, a similar mixture using anti-IgM was set up. The 
precipitates were removed by centrifugation and 0-3 ml. 
of each supernatant was incubated with 0-03 ml. of sperm 
suspension. After 4 h the 8-lipoprotein test showed a 
score of 30/100 (equivalent to 1/8 dilution of the serum in 
non-agglutinating serum, Table 1), whereas the IgM test 
showed virtually complete agglutination of all sperm. 
It seems possible that the spermagglutinating activity 
remaining in the serum after reaction with anti-§-lipo- 
protein is due to activity in ß-lipoprotein not precipitated 
by the specific antiserum used here. This explanation 
seers likely, for immunoelectrophoresis of the serum after 
reaction showed no 8-lipoprotein detectable, when diffu- 
sion was performed with the anti-8-lipoprotein used for 
precipitation, but it showed §-lipoprotein detectable when 
diffusion was performed with horse anti-human serum 
(Hyland, batch 8040E004A1). It seems, then, that the 
spermagglutinins in this serum are 6-lipoproteins. 


Table 1. SPERMAGGLUTINATING SCORES OF SERUM DILUTED WITH: 
Serum 
dilution Saline Non-agglutinating serum 
Èh 4h Veh 4h 

Neat 94/100 Virtually eomplete 94/100 Virtually complete 
1/2 22/100 52/100 20/100 Virtually complete 
1/4 7/100 28/100 8/100 75;100 

1/8 4/100 19/100 2/100 32/100 

1/18 0/100 6/100 0/100 11/100 

1/32 0/100 0/106 0/100 6/100 

1/64 0/100 0/100 0/100 2/100 

17128 0/100 07100 


We conclude that the technique of micro-spermagglutin- 
ation’ can detect spermagglutinins which are not immuno- 
globulins. Further, because the spermagglutinins in the 
different sera examined by us appear to be similar, it is 
suggested that spermagglutinins detected by this technique 
are commonly not immunoglobulins. 
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the laboratory of Dr A. G. Steinberg, Case Western 
Reserve University, Cleveland, Ohio, while one of us 
(B. B.) held a Harkness Fellowship. The serum was made 
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Suppression of the Haemorrhagic 
Component of the Schwartzmann 
Reaction by Anti-complement Serum 


We have previously described! the suppression of the 
haemorrhagic component of the Arthus reaction and the 
passive tuberculin reaction with antilyrmphocytic sera 
(in ref. 2 this was an antiserum against an extract of 
lymph node cells). The other inflammatory condition 
in the skin with a marked haemorrhagic component is 
the Schwartzmann reaction: the reaction developing at 
the site of an earlier intradermal injection of endotoxin 
when the animal is challenged with endotoxin, intraven- 
ously, 24 h later. This reaction has not been found 
consistently in guinea-pigs, although it can be readily 
produced in rabbits*; its mechanism is not well under- 
stood. We have investigated whether antilymphocytic 
sera suppress the Schwartzmann reaction and, if not, 
whether any of the heterologous antisera used in our 
previous experiments would suppress this reaction. 

Heterologous antisera against the following guinea-pig 
tissue and serum components were prepared in rabbits 
and absorbed as described previously: (a) thyrnocytes?, 
(b) lymph node cell extract!, (c) guinea-pig whole serum!, 
(d) guinea-pig y-globulin’, (e) guinea-pig granulocytes?, 
(f) guinea-pig complement (C’,) (ref. 5). The sera were 
the result of immunizing individual rabbits and were 
selected, in the case of anti-thymocyte and anti-lymph 
node extract serum, for strength of action in inhibiting 
contact sensitivity to dinitrochlorobenzene (a cell-medi- 
ated immune response) and the Arthus reaction. The anti- 
complement serum was prepared by Miller~Eberhard’s 
method in the same way as in ref. 5. 

Schwartzmann reactions were induced in 450-500 g 
albino (Hartley strain) guinea-pigs by intradermal injec- 
tion of | mg lipopolvsaccharide B from Escherichia coli 
026 : B6 (Difco Laboratories, Detroit) dissolved in 0-1 ml. 
0-15 M NaCl. Twenty-four hours later, 1 mg of the lipo- 
polysaccharide solution was injected intravenously. Just 
before this intravenous injection, there was a marked red 
indurated inflammatory reaction (15-20 mm in diameter) 
at the site of injection. Between 3 and 4 h after the 
intravenous injection, a confluent or semi-confluent area 
of haemorrhage (10-15 mm in diameter) appeared in 
nine of twelve normal guinea-pigs; in two others, petechial 
haemorrhages were observed in the same area. 


Table 1. PROPORTION OF GUINEA-PIGS SHOWING HARMORRHAGIC LOCAL 
SCHWARTZMANN REACTIONS IF TREATED WITH 1 ml. HETEROLOGOUS ANTI- 
SERUM BEFORE INTRAVENOUS INJECTION OF ENDOTOXIN 


Treatment Proportion 
Untreated controls 11/12 
Anti-thymocyte serum 19 
Anti-lymph node cell extract oO 
Anti-granulocyte serum 10/10 
Anti-whole guinea-pig serum 8/10 
Anti-y-globulin 6/10 
Anti-complement (C’;) 1/9 


To determine the effect of the various heterologous 
antisera, 1 ml. was injected intravenously into each 
guinea-pig about 1 h before the intravenous injection of 
the lipopolysaccharide. Whereas the intravenous injec- 
tion of such sera, at a similar time before the intradermal 
injection of antigen, completely suppressed the haemor- 
rhagic component of the Arthus reaction!, no correspond- 
ing suppression of this component of the Schwartzmann 
reaction by anti-thymocyte serum, anti-lymph node cell 
extract serum, anti-granulocyte serum and = anti-whole 
guinea-pig serum was observed (Table 1). Haemorrhage 
was, however, suppressed in four of the ten animals 
treated with anti-y-globulin serum, while anti-complement 
serum suppressed the appearance of haemorrhage in eight 
of the nine animals. Histological examination showed 
that. there was no diminution in the granulocyte infiltra- 
tion at the reaction site in animals so treated. 
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The suceess in producing a local Schwartzmann reaction 
in guinea-pigs is attributed to the use of a higher dose 
(1 mg lipopolysaccharide intradermally followed by 1 mg 
hpopolysaccharide intravenously) than that used in the 
only other species, the rabbit, where this reaction has been 
previously obtained consistently using doses of the order 
of 10-100 ug. The failure to use higher doses in other 
species has given rise to the impression that the local 
Schwartzmann reaction is a peculiarity of the rabbit*. 

The failure to modify this reaction by heterologous 
antisera Other than anti-complement serum, and in a few 
cases with anti-y-globulin serum, separates this reaction 
from other inflammatory haemorrhagic reactions of the 
skin, such as the Arthus reaction and delayed-type hyper- 
sensitivity reactions of the tuberculin type, which have an 
allergic basist?, One anomalous finding is the failure to 
inhibit the haemorrhage of the Schwartzmann reaction 
with anti-thymocyte serum. The intravenous injection 
of this serum produces a marked fall in the level of cir- 
culating haemolytie complement sufficient to inhibit the 
development of the haemorrhagic component of the Arthus 
reaction, and the inflammatory components of chemical 
contact sensitivity and the non-specific tion to the 
intradermal injection of turpentinet. Similar effects on 
contact sensitivity and turpentine inflammation by anti- 
complement serum have been reported previously’. This 
anomaly could be due to the faet that complement 
contains at least nine components. Anti-complement 
serum is directed mainly against the third component, 
whereas the fall in total haemolytic complement as a 
result of treatment with an antilymphoeytic serum could 
be a result of a fall in other components of complement. 
Possibly, the Schwartzmann phenomenon needs the third 
component of complement (among others}, while the 
Arthus reaction, cell-mediated immune reactions, and 
non-specific inflammation need other components not 
necessary for the Schwartzmann reaction—components 
which are “fixed” by the reaction between the antilympho- 
cytic antibody and the lymphocyte cell membrane. 

We therefore demonstrate for the first time the consis- 
tent production of a “true” Schwartzrmann reaction in a 
species other than the rabbit; furthermore, we elucidate 
the difference between this reaction and the Arthus 
reaction in that it can occur despite a drop in the level of 
total haemolytic complement, produced by an antilympho- 
cytic serum. We suggest, however, that certain comple- 
ment components are involved, for it is suppressed by an 
antiserum directed chiefly against the third component of 
complement. 
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Immune Complexes in Mice infected 
neonatally with Moloney Leukaemogenic 
and Murine Sarcoma Viruses 

SEVERAL viruses have been reported to induce immuno- 
logical tolerance in mice when administered in the 
immediate postnatal period. Among these are the lym- 
phoeytie choriomeningitis (LCM) virust? and the murine 
leukaemogenic viruses*-§, Moloney leukaemogenic virus 
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(MLV) induces lymphocytic leukaemia in both newborn 
and adult mice*. Inoculation of adults with MLV results, 
however, in the development of both humoral and ¢ 
mediated immune responses to the virus, wheres 
neonatally infected mice these respon 
reduced or undetectable’)?, 

Oldstone and Dixon** have recently reported that mice 
neonatally infected with LOM virus are not eompk 
tolerant to this agent, but make antibodies 
only in renal glomeruli where they are y 
deposited in the form of antigen-antibody comple 
Our observations suggest that mice neonatally infec 
with MLV are also not completely tolerant, but have 
circulating antigen-antibody complexes whieh are de- 
posited m renal glomeruli, Similarly, mice infected as 
newborns with the late lymphocytic component of naurine 
sarcoma virus-—Harvey (MSV-H), which is antigenically 
closely related to, or identical with, MLYV-—also develop 
immune complexes detectable in glomeruli. 

BALB/e mice were inoculated with 0-1 ml. of MLV 
intraperitoneally within the first 18 h of life, or were in 
the third to ninth generation receiving vertically tr: 
mitted milk-borne MLV or the lympheeytie lenka 
genie virus separated from MSV-H (“late MSV)", 
infected BALB/c mice housed in the same room as infeeted 
mice served as controls. Kidneys of 1-5 month old 
mice were studied by light microscopic and immuno- 
fluorescence techniques. Light m opie sections were 
fixed in formaldehyde-acetic acid-alcohol, and stain 
with haematoxylin and eosin or with periodic acid-Schiff 
reagents, Tissues for immumofluorescence w rapidiy 
frozen in liquid nitrogen and isopentane. Sections (4 
mucrons thick) were washed in phosphate buffered saline 
(pH 7-1) for 1 h to remove any unbound globulin, stained 
for 30 min with fluorescein isothiocyanate conjugated goat 
anti-mouse y-globulin, washed thoroughly and mounted in 
buffered glycerol. Similar sections were examined for the 
presence of MLV antigens by an indirect immmunc- 
fluorescence technique, using hyperimmune rabbit anti- 
MLV serum and fluorescein isothiocyanate conjugate 
horse anti-rabbit globulin serum. 

Deposition of mouse y-globulin in glomeruli of MLV or 
“late” MSV infected animals was demonstrable when they 
were 70-90 days old. No differences were n 

LY and those 
















































































Fig. 1. 
mouse infect 
lumpy d 

isothiocy 


Fluorescence micrograph of kidney Trom a 100 day old By 










ad with MLV by vertical transmission, 
Jon of mouse y-globulin in glomerular tufts. 
anate-conjigated goat anti-mouse globuli 





740 


the kidney were not affected. Viral antigens were also 
demonstrable as fine granular deposits throughout the 
kidney, the heaviest concentrations being in glomeruli, 
Kidneys of control BALB/e mice of comparable age did 
not contain y-globulin or viral antigens demonstrable by 
immunofluorescence. 

Histological lesions appeared in infected mice between 
90 and 120 days, first as membranous periodic acid~Sehiff 
positive thickening of glomerular walls. These carly 
changes preceded any signs of leukaemic infiltrations. 
Later lesions showed proliferation of glomerular and 
capsular cells, with oceasional obliteration of subeapsular 
spaces. The microscopic findings will be more fully 
described elsewhere in collaboration with Dr M. Branca. 
Oceasional control BALB/e mice older than 150 days had 
minimal thickening of glomerular basement membranes, 
similar to that described previously". 

y-Globulin was eluted from kidneys of 3-4 month old 
mice neonatally infected with MLV and from age- 
matched uninfected controls. This was done by treatment 
of repeatedly washed preparations of glomerular base- 
ment membranes with 0-2 M citrate buffer (pH 3-2) for 
2h at room temperature. The eluate was brought back 
to neutrality and tested for antibody against MSV-MLV 
antigens (which are, as yet, indistinguishable). Equal 
amounts of eluates and undiluted sarcoma-inducing pre- 
parations of MSV were mixed and incubated at 37°C 
for 1 h. The mixtures were then inoculated intrapert- 
toneally in 0-1 ml. amounts into newborn random-bred 
Parkes albino mice. Twenty-one days after inoculation, 
the mice were killed and their spleens weighed. The spleen 
weight assay has been found in this laboratory to be an 
effective and reproducible method of titrating potency of 
MSV preparations'*. Spleen weights of mice receiving 
mixtures of MSV and eluates from neonatally infected 
animals were significantly lower than those receiving 
MSV and uninfected eluates (P < 0-05) (Table 1). 





Table 1. EFFECTS OF CITRATE ELUATES FROM SALINE WASHED KIDNEY 
HOMOGENATES ON MSV-H INDUCED SPLENOMEGALY OF NEWBORN MICE 


Mean spleen weights 


Group No. £ SLE. (2) 
Neonatally infected MLV 19 O 100" + 0015 
Control BALB/c 16 0-149 + 0-008 


Equal amounts of eluates and undiluted sarcoma inducing preparations 
of MSV-H were mixed and incubated at 37°C for 1 h, Newborn Parkes 
mice were inoculated imtraperitoneally with 0-1 ml. of the mixtures and were 
killed 21 days later. 


* Mean significantly less than control mean (P<0-05; Dunnett's pro- 
cedure). 


To examine the possibility that infectious virus~anti- 
body complexes were present in the circulation of MSV 
or MLV infected mice, aliquots of serum from infeeted 
mice were mixed with equal amounts of either unconju- 
gated rabbit anti-mouse globulin, normal rabbit serum 
(NRS), or saline for 1 h at 37°C and inoculated intra- 
peritoneally (0:1 ml.) into newborn mice. All twenty 
mice inoculated with MSV-NRS or MSV--saline mixtures 
developed characteristic MSV tumours and fatal erythro- 
blastic splenomegaly between 14-21 days after infection, 
whereas only one of twelve animals inoculated with 
MSV-anti-mouse globulin mixtures developed sarcomas 
and erythroblastosis, and none developed later lympho- 
cytic leukaemia although observed for a period of 6 
months. Similarly, nine of ten animals inoculated with 
mixtures of MLV plasma and normal rabbit serum 
developed characteristic lymphocytic leukaemias, wherers 
only one of thirteen animals receiving mixtures of MLV 
plasma and anti-mouse globulin became leukaemic during 
a 6 month observation period. 

In an attempt to determine which immunoglobulin 
classes were responsible for the complexing of circulating 
virus, aliquots of serum from infected mice were mixed 
with equal amounts of specific rabbit antisera against 
mouse immunoglobulins IgG, IgM and IgA, as well as 
with saline, for 1 h at 37°C and inoculated intraperi- 
toneally (0-1 ml.) into newborn mice. Twenty-one days 
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later the mice were killed and their spleens weighed. 
Mice receiving anti-[IgM serum had significantly lower 
spleen weights than any of the other groups (Table 2) 
(P <0-05), whereas no significant differences were noted 
between groups receiving saline, anti-IgA serum or anti- 
IgG serum. Immunodiffusion studies of glomerular base - 
ment membrane eluate from mice neonatally infected 
with MLV also indicated that antibody was predominantly 
of the IgM class. 








Table 2. RPFECTS OF ANTI-IMMUNOGLOBULIN SERA ON SPLENOMEGALY 
INDUCED BY MSY FROM SERUM OF NEONATALLY INFECTED MICE 


; Mean spleen weights + 5.5. 
Group No. (g) 


Anti- IgM 15 0107® + 010 


Anti-JgA # 0176 +0015 
Anti-TeG l4 0159 +0015 
Saline control 23 059 £OOLL 


Equal amounts of infections serum and rabbit antiemouse immuno- 
globulin serum were mixed and incubated at 37° C for 1h. Newborn Parkes 
mice were inoculated intraperitoncally with OL mi. of the mixtures and 
were killed 21 days hater. 

* Mean $ 
cedure). 





ignificantly less than control mean (Pe 003; Dunnett's pro- 


These studies suggest that mice neonatally infected 
with MLV and MSV do not become completely tolerant 
immunologically, but have circulating virus~antibody 
complexes. In this respect they resemble persistent 
infections with lactate dehydrogenase virus (LDV) and 
LCM viruset, As with persistent LOM virus infec- 
tions*:4, these complexes are gradually deposited in the 
renal glomeruli, resulting im an immunopathological 
glomerulonephritis. The complexes appear to be of 
infectious virus and IgM anti-viral antibody, strongly 
suggesting that the antibody is not of maternal origin, 
but rather produced by the neonatally infected mouse. 
Whether animals having persistent viral infections have 
split tolerance, involving only failure to develop cell- 
mediated immune responses, remains to be determined. 
Our findings do not necessarily apply to all murine 
leukaemias, particularly to those such as the “‘spon- 
taneous” leukaemias of AKR mice in which the virus 
may be transmitted before birth, rather than by milk rs 
with MLV and late MSV. Similar glomerular lesions havc, 
however, also been described in AKR mice with spon- 
taneous lymphatic leukasmias!® as well as m murine 
infections with Rauscher, Friend and Passage A leukaemo- 
genic viruses’ 15, suggesting possible common factors in 
pathogenesis such as immune complex deposition. 
We thank Dr M. Branca for help in evaluating miero- 
scopic sections. M. 8S. H. was supported by a US Public 
Health Service research grant from the National Canecr 
Institute. 
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Role of Local Infections in the 
Recognition of Haemopoietic 
Neoplasms 


Tw 1961, on the basis of circumstantial evidence alone, it 
was suggested that the increased risk of dying from 
leukaemia, which had only become apparent since the 
discovery of effective chemotherapy, was the result of the 
effect of these drugs on a hidden association between 
infection hazards and preleukaemia!. According to this 
“special relationship” theory, there was probably an 
interval of several years between the initiation of a leuk- 
aemic process and the onset of symptoms’, during which 
the effectiveness of the reticulo-endothelial system was 
being progressively undermined by an ever-increasing 
number of neoplastic cells. As a result of 
this corrosive action, resistance to infec- 
tions was first slowly and then rapidly 
being reduced to the point where even a 
minor infection was likely to culminate in 
a fatal pneumonia. 

According to this theory, the effect of 


SOM} 


improved standards of hygiene, of sulphon- $200 
amides and eventually of antibiotics was $ 
to reduce the number of times that indi- = 
viduals who would otherwise have died E 





from leukaemia actually died from pneu- 
monia or other complications of minor 
infections. There was, however, no direct 
evidence of the process described, nor was 
it envisaged in the multiple hit theory of 
cancer causation, which implies late graft- 
ing of invasive or malignant properties on 
to small clones of non-invasive or pre- 
malignant cells*. 

Following the discovery of how to use 
radiogenic cases to measure cancer incubation periods! 
a crucial test of the special relationship theory has been de- 
vised which demands an understanding of the early peak of 
leukaemia mortality® and of the secular trend of leukaemia 
and pneumonia mortality! (Figs. 1 and 2). The early peak 
of leukaemia mortality is important for two reasons. In the 
first place, no one has been able to understand why children 
between 2 and 4 years of age should have been so much 
more affected by the increased risk of dying from leuk- 
aemia than younger children, who have sometimes shown 
a declining incidence’. Second, the fact that infants had 
failed to respond to a backlash effect of chemotherapy was 
regarded as a reason for rejecting the special relationship 
theory because infection sensitivity rapidly decreases with 
advancing age during childhood’. Given the length of 
incubation period postulated in the special relationship 
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Fig. 1. Leukaemia mortality (0-7 years) in six consecutive decades 
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theory, this was not a valid objection. It clearly required 
a post-natal setting to express the assumed infection 
sensitivity of preleukaemia. It was, however, allowed to 
stand until it became possible to show that incubation 
periods of 3 to 5 years are typical for juvenile leukaemias 
(Fig. 3). This figure is based on cases caused by obstetric 
X-rays and therefore initiated during the third trimester 
of prenatal life. It does, however, indicate that when 
death from leukaemia occurs before the age of 2 years it 
is probably the result of a lesion which has either pre- 
dated conception or happened during the first trimester of 
prenatal life, in which ease leukaemias in this age group 
cannot be affected by chemotherapy to anything like the 
same extent as older cases because their incubation 
periods are to a large extent spent in a prenatal setting 
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which precludes pneumonia being a cause of death during 
preleukaemia. 

Fig. 2 shows the secular trends of leukaemia and 
pneumonia mortality, the nature of the relationship 
which was being tested and the basic data. The tests 
involve detailed comparisons between contemporary 
death rates for the two diseases in two age groups (under 
2 years and 2-4 years) over many yea. The period 
1911-55 was divided into nine quinquennia before apply- 
ing Spearman’s rank correlation test to the null hypothesis 
that the two causes of death were occurring independently 
of one another within each five-year period (Table 1), 
This test revealed a zero correlation for the younger age 
group and a negative correlation for the older age group— 
that is to say, in the older age group pneumonia deaths 
showed signs of blocking leukaemia deaths, but this was 
not the case for younger deaths. 

The strength of this presumed blocking effect was 
measured by applying the following formula to the annual 
death rates for the two diseases in this age group: 


L = (l-kP)/(1—P)I 


where L is the observed leukaemia death rate, P the 
observed pneumonia death rate, I the initiation rate of 
preleukaemias and k the ratio of death rates from pneu- 
monia of preleukaemic and normal children. 





















Table 1, SPEARMAN'S RANK CORRELATION COBRFICIENTS FOR LECKARM LA 
AND PNEUMONIA DEATHS IN STATED PERIODS AND AGE GROUPS 


Rank correlation coefficients 









Quinquennium 0-1 yr Red yr 
1911-1915 DD 
1916-19 -D3 
1921-19: +G 


1926-194 
1931-1935 
1936-1940 
1941-1045 
1946-1950 
1951-1955 


Mean values 
Standard errors 
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Fig. 8. Age distributions of 190 juvenile leukaemias initiated by 

obstetric X-rays shortly before birth (Kneale analysis of OSCC data). 

m, Lymphatic leukaemias (ninety-nine cases); ~~~- all varieties 
(190 cases), 


Because there is no reason to suppose that J is correlated 
with P, except in so far as the trends in them might by 
chance coincide, on taking logarithms and expanding 


logio L = logy (l-kP) — logy (l~ P) + 043429 
[k1 -kP) = 10- Py (P-P) + T +e 


where P is the mean value of P; T, trend in logi J and 
can be represented by a low order polynomial in time; 
e, variation about trend in log, Z and is independent of P. 

So, in the multiple regression of logis L on P and low 
order powers of time, the coefficient of P is 043429 
[k/1—kP)—1/(1— P)] and this may be estimated by the 
usual multiple regression techniques, hence k can be 
found. 

No allowance was made for the fact that the older 
children had had a slightly longer time in which to die 
from pneumonia while incubating leukaemia than the 
younger children. But, even ignoring this factor, the 
leukaemia blocking effects of pneumonia deaths were 
clearly much more marked for the older than for the 
younger children, for the estimated pneumonia death 
rates for preleukaemic children were thirty-six times 
higher than normal for children who would otherwise 
have died from leukaemia between 2 and 4 years of age, 
and only four times higher than normal for children who 
would otherwise have died from leukaemia before the 
age of 2 years. Hence pneumonia alone probably accounts 
for about half of the observed increase in leukaemic 
mortality. 

Because preleukaemia and leukaernia must be the result 
of a continuous process with important side effects on 
haemopoietic tissues, we tentatively suggest that other 
side effects should be expected if any haemopoietic neo- 
plasm is in competition not only with the temporary 
effeets of bacterial infections but also with the more last- 
ing effects of parasitic infections. Evidence that spleen 
and lymph node blocking effects are incurred as a result 
of malaria or kalazar is purely circumstantial, but it 
includes (a) the rarity of lymphatic leukaemias in China, 
Japan, Malaya and India®-"; (b) the anatomical distribu- 
tion of the tumours found in cases of African lymphoma 
(that is, jaws, eyes, ovaries, and so on); (e) the geo- 
graphical distributions of these cases and their tendency 
to “drift; (d) the fact that the commonest type of 
juvenile neoplasm is lymphoma in the tropics and 
leukaemia in Europe and North America. 

ALICE STEWART 
G. W. KNEALE 
Department of Social Medicine, 
University of Oxford. 
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Lactase Deficiency 


Bolin and Davis! have reported a lactase deficiency in 
non-Caucasians. There is an increasing interest in 
lactase and it could be important to have our baselines 
correct. Western communities now live on comparatively 
high protein diets. We tend to think that we are meat 
eaters, but in fact the figures published by the Food and 
Agriculture Organization of the United Nations in 1966 
illustrate that a large proportion of our animal protein 
comes from milk (Table 1). Although some African 
minority groups use milk as adults, most non-Caucasians 
use insignificant amounts, relying largely on cereals or 
fish. They will, however, drink their mothers’ milk for 
perhaps the first 9-24 months of life and presumably 
have adequate lactase during this period. 

Table 1. 


EXAMPLES OF MEAT AND MILK PROTEIN AVAILABLE IN SOME 


CAUCASIAN AND NON-CAUCASIAN COUNTRIES FROM FAO REPORT (1066) 
Before 1939 1964 

Meat Milk Meat Milk 
United Kingdom 10-6 5l 118 7 
United States 14-4 72 20)-4 &6 
Australia 24-0 5-0 22:0 72 
Philippines 3-0 — w — 
Japan 0-6 ii? 20 Ti 
China (Taiwan) 37 ~= 37 _ 


Bolin and Davis make the interesting suggestion that 
the “defect” reflects a low level of milk consumption. 
Perhaps one should go further: if lactase is analogous to 
the inducible enzymes it might well be proper for it to 
disappear on weaning. Our curious habit of lifelong 
suckling by remote control could perpetuate the enzyme. 
It may be more useful to think of Caucasians as being odd. 
The idea that non-Caucasians have a “deficiency” of 
lactase would imply a genetice or nutritional disturbance 
as opposed to a simple “food dependence mechanism”, 
This view could be misleading. Looking at this matter 
the other way round seems to add interest to the question 
of Caucasian food habits. It might be quite valuable to 
know if the enzyme can be regenerated in non-Caucasian 
adults. 

M. A, RAWFORD 
Biochemistry Department, 
Nuffield Institute of Comparative Medicine, 
The Zoological Society of London, 
Regent's Park, 
London NWI. 
Received June 27, 1969. 
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Selective Passage of Prostaglandins 
across the Lung 

STIMULATION of the splenic nerves releases prostaglandins 
from the spleen to give coneentrations of as much as 
0-2 ug/ml. in splenic venous blood’. The release of 
prostaglandins might influence organs remote from the 
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The effects of prostaglandins A,, A, and Es infused intravenously (iv) on mean aortic blood pressure CBP), blood flow to the right (R) 
Intravenous infusions of prostaglandins A, and A, increased renal blood flow ond 
urine flow, whereas prostaglandin E, on intravenous infusion had no effect on renal blood flow or urine flow. 


Intervals of 6-10 min separated 


the panels. Time, 1 min; vertical scales, ml/min and mm of mercury, 


site of release, for prostaglandins can exert potent actions 
on smooth muscle*. The lung has recently been shown to 
determine the fate of many vasoactive substances; some 
are activated—conversion of angiotensin I to angiotensin 
TI (ref. 3}—and some inactivated. The degree of inactiva- 
tion seems to be specific for a given substance, ranging 
from almost complete (bradykinin‘, 5-hydroxytrypt- 
amine®, prostaglandins E,, E, and Fy, (ref. 1)), to minor 
(noradrenaline*), to allowance of their free passage 
{adrenaline* and angiotensin II (ref. 7)). The removal of 
prostaglandins by the lung restricts their activities to the 
organs from which they are released and between their 
organ of origin and the site in the pulmonary circulation 
where they are inactivated’. A prostaglandin which passed 
through the lungs after its release from an organ could 
be considered a circulating hormone, as long as it is not 
rapidly degraded in the blood. Ferreira and Vane! 
reported that prostaglandins E, E, and Fa were stable 
in blood, though rapidly inactivated by the lung. Removal 
of prostaglandins A, and A, by the lung was not de- 
termined because the assay organs are insensitive to them. 
Vascular smooth muscle, however, unlike other smooth 
musele, is reactive to low concentrations of prostaglandins 
A, and A, (refs. 8-10) and the renal vasculature is probably 
most sensitive to prostaglandins A, and A, (refs. 10 and 
11). Because the renal vasculature is also sensitive to 
prostaglandins E, and E, (ref. 12), it has been used as an 
index of the fate of prostaglandins infused into the venous 
and arterial circulations. 

Male mongrel dogs weighing 23-36 kg were anaesthet- 
ized with morphine sulphate (2 mg/kg given subcu- 
taneously) and chloralose (100 mg/kg given intravenously), 
or pentobarbitone (30 mg/kg given intravenously). The 
anaesthesia was supplemented when necessary by intra- 
venous injections (40 mg/kg of chloralose or 5 mg/kg of 
pentobarbitone), The trachea was cannulated and the 


lungs were ventilated mechanically. The abdominal cavity 
was opened by a transverse incision and the renal and 
superior mesenteric arteries were isolated. A polyethylene 
catheter was introduced retrogradely into each ureter and 
secured in place at the ureteropelvic junction. A Sanborn 
multichannel direct writer was used to record: (1) mean 
aortic blood pressure measured by a Statham transducer 
(P23Db); (2) urine drops counted by a Grass photo- 
electric transducer (PTTI); and (3) blood flows measured 
by electromagnetic flowmeters (Statham M-4001). The 
flowmeters were calibrated both by perfusing blood 
through an excised renal arterial segment and by collect- 
ing femoral arterial blood for timed intervals. 
Prostaglandin solutions in volumes of less than 1 milf 
min were infused by a Braun pump (model Unita 1). For 
intra-aortic infusion, a catheter was inserted retrogradely 
through the left carotid artery and advanced until its tip 
penetrated the aortic valve as determined by the appear- 
ance of the ventricular pressure pulse. The tip of the 
catheter was then withdrawn to the ascending aorta. 
Table 1 shows the mean control values for renal blood 
flow and mean aortic blood pressure, and the changes 
produced by prostaglandins. Prostaglandins A, and A, 
produced similar increases in renal blood flow and urine 
flow on either intravenous or intra-aortic infusion, 
whereas prostaglandins E, and E, increased renal blood 
flow only on intra-aortic infusion, In Fig. 1, intravenous 
infusions of prostaglandins A, and A,, in contrast to 
prostaglandin E,, are shown to increase renal blood flow 
and urine flow. Fig. 2 shows the dependency of the renal 
vascular response on the route of infusion of prostaglandin 
E,. The changes in mean aortic blood pressure produced by 
prostaglandins were small and were absent in ten of eight- 
een observations in eight experiments. Because changes 
in renal blood flow produced by prostaglandins A, and 
A, were indistinguishable, they were considered together, 


Table 1, SUMMARY OF CONTROL VALUES AND CHANGES IN RENAL BLOOD FLOW AND MEAN AORTIC BLOOD PRESSURE PRODUCED BY PROSTAGLANDING Ay, As, 
2 


1 AND 


E 


pay levels* 


Intravenous Intra-aortic Control 
Control RBF ARBF Control MABP 4A MABP Control RBF ARBF Control MABP 4 MABP RBE 4 RBF 
(ml/min) (mi. /min} (mm Hg) (mm Hg) (ml. /min) (mL/min) {ram Hg) (mm Hg) iv vaia iv ve ia 
PGA, 190 + 20 62419 123+ 6 ~6+3 181419 59+18 119+ 8 -B2 NS NS 
PGA, 216411 Slt 8 119411 -6+2 2264 6 50417 120410 ~248 NS Ks 
PGE, 190 + 20 $+ 2 119+ 8 0 188 +19 69414 119+ 8 ~6t2 NS < 0-02 
PGE, 218418 34 3 1286 + 10 0 21816 52 +10 1214+10 ~4t4 NS OL 


Doses of prostaglandins were 0°64 and 0-05 pgikgimin, given intra-sortically (ia) and intravenously (iv). 


mean and the standard error of the mean are indicated for each value. 


Fight experiments were carried out. The 


REF, Renal blocd flow; MABP, mean aortic blood pressure; PG, prostaglandin: 
d RBF, 4 MABP, mean changes in renal blood flow and in mean aortic bleed pressure, respectively, from control values pro ii 


uced by prostaglandins, 


* Statistical analyses were made, using Student's ¢ test for paired data, of the differences between the mean values for RBE obtained in the control 
periods, before giving prostaglandins, and of the differences hetween the changes in renal blood flow produced by intravenous and intra-aortic infusions of 


prostaglandins. NS indicates no statistical significance. 


Mean aortic blood pressure was not changed significantly by prostaglandins. 
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The effects of prostaglandin E, infused into the aortic root (ia) compared with 


its effects when infused intravenously (iv) on mean aortic blood pressure (BP), blood flow 


to the left (L) kidney, and urine flow in a chloralose-anaesthetized dog. 


Prostaglandin 


E, infused into the aortic root (ia) for the interval between the arrows resulted in increased 

renal blood flow and urine flow, whereas on intravenous infusion renal blood flow was not 

increased, but urine flow was increased. Time, 1 min; vertical scales, mL/min and mm 
of mercury. 


as were those produced by prostaglandins E, and E, and 
expressed (Fig. 3) as percentage change in renal blood 
flow, differentiated according to their route of administra- 
tion, The effects of prostaglandin F,q (0-02 to 0-1 ug/kg/ 
min) on renal blood flow were variable and, except in one 
experiment, small. This variability precluded the use of 
change in renal blood flow as an index of its fate. 

In three experiments, the renal and mesenteric blood 
flows were measured simultaneously during intravenous 
infusions of prostaglandins A, and A, The threshold for 
increases in renal blood flow was a rate of 0-010 g/kg/min, 
whereas the threshold for increases in mesenteric blood 
flow was more than ten times higher. The threshold was 
taken as that rate resulting in an increase of blood flow of 
more than 10 ml/min. The threshold for prostaglandins 
A, and A, was the same either by intravenous or by 
intra-aortic infusion. The threshold for the renal vaseular 
effects of prostaglandin A, could not be dissociated from 
the threshold for its effects on urine formation. In two 
experiments the threshold dose for changes in renal blood 
flow produced by infusion of prostaglandin A, into the 
renal artery was 0-001 ug/kg/min. If a renal blood 
flow of 200 ml./min is assumed, at this threshold dose, the 
concentration, of prostaglandin A, in blood was less than 
0-00013 ug/ml. This figure agrees well with the blood 
concentration (00001 ug/ml.) estimated during intra- 
venous infusion of threshold doses of prostaglandins A, 
and As 

Use of the blood-bathed organ technique in the detection 
of small concentrations of prostaglandins (0-001-0-010 
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Fig. 3. Changes in renal blood flow expressed as percentage of control 

renal blood flow (+ standard error of the mean) produced by prostaglan- 

dins differentiated according to their route of administration. C, Control 

values assigned reference value of 0 per cent: E, experimental values 

(expressed as per cent change from control renal blood flow) obtained 
during infusions of prostaglandins. 


ug/ml.) in the circulating blood+ 54 overcame the 
formidable problems inherent in chemical methods?*. 
The response of the renal vascular bed as an index of the 
activity of prostaglandins A, and A, to which the blood- 
bathed organs are insensitive appears to be validated by 
the present work. Thus (1) the renal vascular bed is 
reactive to small quantities of prostaglandins (threshold 








dose 0-0001 ug/ml. of blood) in a predictable and repro- 
dueible way; (2) repeated administration of prosta- 


glandins in concentrations of 0-005 to 0-010 ug/kg/min 
did not result in tachyphylaxis; (3) the response of the 
renal vasculature to prostaglandins A, and E, (and 
presumably A, and E,) is independent of their extrarenc!] 
actions’, 

In their ability to pass through the pulmonary circuls- 
tion without loss of activity, prostaglandins A, and A, 
resemble angiotensin IT (ref. 7) and adrenaline’. Anggard 
and Samuelsson reported that an enzyme, 15-hydroxy- 
prostaglandin dehydrogenase, present in homogenates of 
porcine lung, catalyses the oxidation of prostaglandins 
E, and E; at rates two to three times that of prostaglandins 
A, and A, (refs. 16 and 17). These data do not explain 
the biochemical basis for the differential removal of 
prostaglandins on passage across the lungs, though they 
do raise considerations relative to species specificity and 
application of results obtained in vitro to interpretation 
of events occurring in vivo. 

The absence of a dissociation between changes in rate 
of urine flow and renal blood flow in response to renel 
vascular threshold doses of prostaglandins A, and A, 
suggests that these are related events. Furthermore, 
these prostaglandins increased renal blood flow and urine 
flow without affecting aortic blood pressure. 

The termination of the renal vascular action, of prosta- 
glandins E, and E, by the lung and its failure to perform 
this function for prostaglandins A, and A, merits con- 
sideration of the latter as circulating hormones. This 
proposal takes on additional significance when considered 
in the light of the identification of prostaglandin A, in 
the kidney!®~° and the release of prostaglandins from an 
organ on nerve stimulation®*?. In any case, a major 
objection to proposals that some prostaglandins mey 
function as circulating hormones has been removed by 
the demonstration that in these experimental conditions 
prostaglandins A, and A, are invulnerable to destruction 
by the lung. 

We thank Professor J. H. Burn, Dr Howard Weisberg 
and Dr K. Crowshaw for advice and help. ‘The Division 
of Biostatistics of the Washington University School of 
Medicine gave statistical help and Dr J. E. Pike, of 
Upjohn, Kalamazoo, gave us prostaglandins. This work 
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The Pyramitome 
—newest of the LKB microtomes. 
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The Egyptians 
Worked Harder 
than LKB 


to produce PYRAMIDS — 
but then they did not have 
the LKB Pyramitome. 


This latest addition to the 
LKB Ultramicrotomy Labo- 
ratory is both Pyramid 
Maker and Histo-microtome 
in one instrument, a valuable 
design combination that is 
unique on the market today. 
The Pyramitome cuts plastic 
specimen blocks into the 
pyramidshape needed prior 
to sectioning with a micro- 
tome. The combination de- 
sign of this instrument has 
the advantage that it pro- 
vides both large pyramids 
from which survey sections 
can be cut and also the sec- 
tions. 

The Pyramitome mechani- 
cally shapes pyramids with 
positively parallel sides, per- 
pendicular to the cutting di- 
rection, so furnishing straight 








CROTOMY COURSE 





ribbons of sections, free from 
“fringed” edges, that are 
easily collected from the sur- 
face of the trough liquid. 
Trimming feed and pyramid 
shape can be mechanically 
selected, saving time in busy 
laboratories. 

The Knife-turret accommo- 
dates three glass knives, up 
to 10 mm thick. The knives 
are set to their working posi- 
tion prior to trimming, as one 
knife is used so a new knife 
can be rotated to exactly the 
same work position. The use 
of glass knives in the Pyra- 
mitome enables completely 
translucent pyramids to be 
produced making it easy to 
view the embedded tissue. 





4Diagrammatic representation of 


large survey sections for light 
microscopy and small ultrathin 
sections of area of interest for 
examination in the electron mi- 
croscope. 
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The members of the EM 300 Club are 
the over 300 users, in 24 countries, of 
the EM 300 Electron Microscope. 
They are a privileged class ~- we 
cannot deny it - by the mere owner- 
ship of the finest high-resolution 
electron microscope on the market 
today. And they enjoy other benefits 
as well. For example. At the recent 
Rome Conference on Electron Mi- 
croscopy, four new EM 300 acces- 
sories were introduced: a new TV 
display system with image intensifier, 
a new X-ray spectrometer attach- 
ment, anew pre-pumped airlock, and 
a radically improved specimen 
chamber cold trap capable of re- 


ducing specimen contamination rate 
to 1 A per minute or less. 

The existing owners of the EM 300 
have the first opportunity to benefit 
from these innovations because they 
can all be retrofit to existing equip- 
ment. But that’s only the beginning. 
Philips’ staff of research scientists 
and engineers are developing new 
improvements all the time, and these 
developments are available for incor- 
poration onto instruments already in 
use. Ownership of an EM 300 is an 
investment against obsolescence! 
There are even more membership 
privileges. To learn the whole story, 
write for our EM 300 brochure, 











N.V. Philips’ Gloeilampentabrieken 
Analytical Equipment Department, 
Eindhoven, the Netherlands. 


punts ANALYTICAL EQUIPMENT 
© 


PHILIPS 


NATURE, VOL, 223, AUGUST 16, 1969 


was supported by grants from the US Public Health 
Service and the Missouri and American Heart Associations. 


Joun Č. McoGirr 
NORBERTO A. TERRAGNO 
JAMES C. STRAND 

James B. LEE 

ANDREW J. LONIGRO 


Department of Internal Medicine, 
Cardiovascular Section and 
Department of Gynecology and Obstetrics, 
Saint Louis University School of Medicine, 
St Louis, Missouri. 

K. K. F. No 
Department of Pharmacology, 
University of Singapore. 


Received January 13; revised May 14, 1969. 


t Ferreira, 8. H., and Vane, J. R., Nature, 216, 868 (1967). 

J marcia 8, Carlson, Ta A. and Weeks, J. Re, Pharmacol, Rev. 20, 1 

3 Ng, K, K. F., and Vane, J. R., Nature, 216, 762 (1967). 

$ Ferreira S. H., and Vane, J. R., Brit, J. Pharmacol, Chemother., 80, 417 

7). 

* Thomas, D. P., and Vane, J. R., Nature, 216, 335 (1967). 

* Ginn, R, W., and Vane, J. R., Nature, 219, 740 (1968). 

* Hodge, R. Lo, Ng, K. K, F., and Vane, J. Ra, Nature, 215, 138 (1967), 

* Vander, A. Ja Amer, J, Physiol., 214, 218 (1968). 

* Herzog, J. P., Johnston, H. H., and Lauler, D. P., in Prostaglandin Symp. 
Worcester Foundation for Exp. Biol. (edit. by Ramwell, P. W.. and 
Shaw, J, E.), 147 (Interscionce, 1968), 

i Strong, O. Gu and Bohr, D. F., Amer. J. Physiol., 218, 725 (1967). 

u Lee, J, Ba in Prostaglandin Symp. Worcester Foundation for Exp. Biol, 
(edit, by Ramwell, P. W., and Shaw, J. E.), 131 (Interscience, 1968). 

 MeGif, J. C, Terragno, N. A., Ng, K. K. F. and Lee, J. B., Fed. Proca 
28, 286 (1969, abstract). 

D Vane, J. Re, Brit. J. Pharmacol, Chemother., 28, 360 (1064). 

4 Gilmore, N., Vane, J. R., and Wyllie, J. H., Nature, 218, 1135 (1968). 

© Byedeman, M., and Samuelsson, B., Clin. Chim, Acta, 10, 566 (1964). 

1 Anggird, E, and Samuelsson, B., J. Biol. Chem., 239, 4097 (1964), 

 Anggird, E., and Samuelson, B., in Prostaglandins, Proe, Second Nobel 
Sump. (edit. by Bergström, S., and Samuelsson, B.), 97 (Interselence, 

i Lee, J. B., Gougoutas, J. Z., Takman, B. H., Daniels. E. G., Grostic, M. Fo 
Pike, J. B., Hinman, J. W., and Muirhead, E. B., J. Clin. Invest., 45, 
1036 (1966). 

“ Lee, J. Bo Crowshaw, K, Takman, B. H., Attrep, K. A. and Gougoutas, 
J. Za Biochem. J., 105, 1251 (1967). 

* Daniels, E. G., Hinman, J. W., Leach, B. E., and Muirhead, E. E., Nature, 
215, 1298 (1967). 

= Ramwell, P, W., Shaw, J. E., and Kucharski, J., Science, 149, 1990 (1965), 

= Ramwel, P. W., Shaw, J. E. Douglas, W. W., and Poisner, A. M., Nature, 
210, 273 (1968), 


Association Constant and Specificity of 
Oestradiol-receptor Interaction 


Ir was shown! that strips of immature calf uterus in- 
cubated in vitro in the presence of 10-4 M *H-oestradiol-178 
concentrate the hormone 400 per cent or more; about 
80 per cent of the radioactivity in the tissue is found 
associated strongly but non-covalently with the nuclear 
fraction and consists of intact 178-oestradiol; treatment 
of the nuclear fraction with 0-4 M KCl at pH 8-4, as 
already applied by us to rat*, solubilizes an oestradiol- 
macromolecule complex which sediments at about 59; the 
macromolecule is protein, or at least the moiety binding 
the hormone is protein. A similar 58 vestrophilic com- 
ponent from calf uterus was obtained by Jungblut 
et al”. Recent studies!-* suggest that the 58 macro- 
molecule originates from the 8-108 macromolecular 
component which binds 178-oestradiol and is found in 
the high speed supernatant of uterus. 

In this article we show that the association constant 
of the 5S oestradiol-macromolecule complex from calf 
uterus is 13— 15x 10° l.fmole at +4° C—as estimated 
by a method based on gel filtration——and that the binding 
is strictly oestrogen-specific. Research which we intend 
to report elsewhere has shown that the heavier com- 





ponent from the high speed supernatant of calf uterus... 
(about 85S in our hands) has the same association cons cio. 
stant and specificity for 178-oestradiol as the 5S macro. | 
molecule. These macromolecules thus have the high 
specific affinity for 178-oestradiol required of receptor 
molecules? and the identity of their association constants 
suggests that we are probably dealing with a single family 
of proteins, 

Oestradiol-178—-6,7H (42-4 Ci/mmole, from NENC, 
Boston; purity 97 per cent at the time of experiment) was 
used. Isolation and partial purification by (NE SO; 
fractional precipitation of the 5S native oestradiol- 
macromolecule complex are described elsewhere’. Rever- 
sible dissociation of the complex was accornplished by 
heating for 5 min at 45° C, as previously deseribed®. Free 
hormone was separated from bound by a method? con- 
sisting of chromatography on columns of ‘Sephadex G-25° 
(fine grade) pre-equilibrated with a TRKE medium (10-? M 
tris-hydrochloric acid, pH 8-5; 10-* potassium chloride; 
10M EDTA) in standardized conditions of flow rate 
(16-20 ml.jh) and column size (diameter 1-2 erm, total 
volume 20 ml.); 1-2 drops of a solution of blue “Dextrane’ 
were added to the sample; the bound hormone is eluted 
with the breakthrough peak, which is easily identified by 
the blue colour; there is no adsorption of *H-oestradiol-176 
to the dye. Preparation of samples for tritium determina- 
tion by liquid scintillation in a three-channel spectrometer 
has already been deseribed?*. 

Fig. 1 shows parallel sucrose gradient centrifugation 
according to Martin and Ames* of nuclear “native” 
complex: (A) after heating for 5 min at 45° C and elimina» 
tion of excess free hormone by gel filtration; and (3) after. 





heat treatment and incubation with *H-oestradiol-176. 2 
Thus virtually complete dissociation and reeomibination 


of the 5S complex are accomplished by this procedure. 
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Fig. 1. Sucrose gradient centrifugation? of native oestradiol-macromole- 
cule complex after (A) heating for 56 min at + 45° C, and (2) subsequent 
contact in vitro with 6,7-*H-oestradiol-178 at a concentration of 6 « 10° 
d.p.m./mi./mg of protein for 90 min at 4° C, Free hormone wag oliminated 
before centrifugation by standard gei filtration, as deseribed in text. 
Sucrose was dissolved in TKE solution (pH 8-5). Spinco rotor SH-5OL, 
50,000 rp. +4° C, 12 h. Bovine serum albumin was used as a 
reference to calculate sedimentation constant. 
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Fig. 2. Jn vitro formation of oestradicl-macromolecule complex as a 
function of oestradiol- LTS concentration. Experimental procedure was 
as follows: “native” complex was heated for 5 min at +45° C; after 
removal of free hormone by ‘Sephadex G-25' gel filtration at + 22° C, 
the macromolecular preparation was incubated with 6,7-°H-oestradiol- 
178 at a concentration of 6x 10° d.p.m./mlimg of protein for 1 hat 
+4° ©; at the end of incubation, bound hormone was obtained by 
partition on ‘Sephadex G-25’ at +4° C in the standard conditions as 
described in text. Lowest curve shows irreversible destruction of 
ability to bind as a consequence of exposure at + 65° C for 5 min. In tests 
with anti-cestrogenic U-11, 100 A, this compound was added at a concen- 
tration ten-fold that of the hormone. Tests with bovine serum albumin 
were carried out in the same experimental conditions as with the 
“nuclear” macramolecular preparation. 


Results to be published elsewhere show that recombination 
is virtually complete after 60-90 min of incubation at 
+4°C, and that binding is a linear function of protein 
concentrations in the range used in these experiments 
(0-1-1 mg/ml.). 

In vitro formation of oestradiol-macromolecule complex 
as a function of hormone concentration is indicated by 
the upper curve in Fig. 2; the curve reasonably agrees 
with the theoretical expectation of a segment of hyper- 
bola which passes through the origin’. Fig. 2 also 
shows: (a) inhibition of binding by U-11, 100A, an 
anti-oestrogenic drug in vivo™, which is evidence of oestro- 
gen specificity of the interaction (see later); (b) the 
comparatively small affinity of albumin for the hormone, 
although albumin forms a complex with 178-oestradiol 
with an association constant of 2x 10° 1./mole at +4° CC®. 

As discussed by Edsall and Wyman’, the direct plot 
method of representing data is not likely to lead to 
accurate determination of association constant and of n 
(the number of binding sites). The results obtained with 
three different “nuclear” extracts are thus plotted in 
Fig. 3 in terms of the Scatchard equation™; results with 
preparations NP-16 and NP-10 give essentially straight 
lines, as expected when there is a single class of binding 
sites; NP-19, a less purified preparation, shows a dis- 
crepancy from linearity at higher values of Hpoung, an 
indication of presence of contaminating components with 
lower affinity for the hormone. In a Scatchard plot the 
intercept on the abscissa gives n, the maximum number 
of binding sites; the intercept on the ordinate axis gives 
Kaen. Thus Kass is given by the ratio of intercepts. 
Calculation from data in Fig. 3 shows that Kass in the three 
preparations varies within narrow limits: 1:3—1-5 x 10° 
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l/mole at +4°C; the contaminating lower affinity sites 
of NP--19 were not considered. Fig. 3 also shows that the 
total numbers of binding sites of the high affinity class are 
6-5, 6-7 and 3-2 x 10 moles/mg of protein for preparation 
NP-16, NP--10 and NP--19 respectively; this indicates that 
while a different degree of purification was obtained in 
the different preparations, this had no effect on estimation 
of Kass. 

Finally, oestrogen specificity of the interaction under 
study was tested by inhibition of in vitro formation of 
178-oestradiol-macromolecule complex by (a) 17a-0estra- 
diol which shows about 1 per cent of the oestrogenic 
activity of its stereoisomer 176-oestradiol™, (b) a series 
of steroid hormones without oestrogenic activity, 
(c) the non-steroidal oestrogen diethylstilboestrol, 
and (d) the non-steroidal anti-oestrogen in vivo U-11, 
100 Al’, Table 1 shows that only oestrogenic compounds 
are able to compete with tritiated 17$-oestradiol for the 
binding macromolecule; this is a demonstration that the 
binding site is oestrogen specific. 

Table 1. INHIBITION OF BINDING OF 6,7-"H-ORSTRADIOL-178 BY OESTRO- 

GENIC, NON-OESTROQGENIC A ANTLI-OESTROGENIC SUBSTANCES in vitro 


Substances tested Bound 6,7--H-oestradiol-172 
(0-02 pg/mL) {per cent of control) 






Oestradiol-178 14 
Destradiot-17a 109 
Testosterone 96 
Hydrocortisone 97 
Deoxycorticosterone 97 
Diethlystilboestrol 2 
U-11,100 A* 18 


0-02 ug of the substance to be tested together with 0-002 ug of 6,7-7H- 
oestradiol-178 in 0-1 mi. were added to nuclear macromolecular extract 
(0-2 mg protein in 0-9 ml.) freed of endogenous hormone by heat treatment 
as described in text, After incubation for 90 min at +4° C, the bound hor- 
more was isolated by chromatography on ‘Sephadex G-25’ as described in 
text. 


* 1-(2-(p-(3,4 dihydro-6-methoxy-2)phenyl-l-naphthylphenoxy)}-ethyl) pyr- 
rolidine, HCH This is an anti-cestrogenic compound in vieo, 





A final consideration is in order: an association con- 
stant of 1-3—1:5x 10° L/mole at +4°C is among the 
highest ever found for molecular associations of biological 
interest and suggests that 176-cestradiol acts on the 
receptor as a “blocking” agent, rather than a “turnover” 
agent, as discussed by Bush. A “blocking” mechanism 
must involve either the competitive inhibition of a “turn- 
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Fig. 3. Scatchard plots of in vitro formation of oestradiol-macromolecale 

complex for three different. preparations. Experimental procedure as 

described in legend to Fig. 2. The intercept on the abscissa gives a, the 

maximum number of binding sites; the intercept on the ordinate gives 
Kaan. Thus Kass is given by ratio of intercepts. 
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over” mechanism, such as chemical transformation by 
enzymes, or the production of physical changes on the 
molecular scale, for example an “allosteric” change?:™. 
We thank G. Santarpia for technical assistance. This 

work was sponsored by the Consiglio Nazionale delle 
Ricerche, Roma, and by NATO. Dr Frank O. Kodrnka 
supplied the drug U-11, 100 A. 

G. A. Puca 

F. BRESCIANI 
Institutes of General Pathology, 
Universities of Naples and Messina. 


Received April 28; revised June 13, 1969. 


1 Puca, G. A., Nola, W., and Bresciani, F., Atti Acead, Naz. Lincet (Rend. 
Sei. Fis, Mat. e Nat.), 46, 268 (1969), 

* Puca, G. A., and Bresciani, F., Nature, 218, 967 (1968). 

3 Jungblut, P. W., Haetzel, L, De Sombre, E. R., and Jensen, E. V., in 
Fi he Colloquium Gesellsch. Physiol. Chemie, 5& (Springer, Berlin, 

* Jensen, B. V., Suzuki, T., Kawashima, T., Stumpf, W. E., Jungblut, P, W., 
and De Sombre. E. R.. Proe, US Nat. Acad, Sei., 59, 632 (1968), 

t Erdos, T., Biochem. Biophus, Res. Commun., 32, 338 (1968). 

* Korenman, $, G., and Rao, B. R., Proc, US Nat. Acad. Sci., 61, 1028 (1968). 

? Bush, I. E. in Proc. Second Intern. Cong. Endocrinol., London, 1964, 1324 
(Excerpta Medica Foundation, Amsterdam). 

$ Martin, R. G., and Ames, B. R., J. Biol, Chem., 286, 1372 (1961). 

* Edsall, J. T., and Wyman, J., in Biophysical Chemistry, 594 (Academic 
Press, New York, 1958). 

» Duncan, G, W., Lyster, 8. C., Clark, J. J., and Lednicer, D., Proe. Soe, Exp. 
Biol., 112, 439 (1963). 

n Sandberg, A. A., and Slaunwhite, W. R., J. Clin. Invest., 86, 1266 (1957). 

1 Scatchard, G., dan. NY Acad. Sei., 51, 660 (1949). 

% Huggins, C., and Jensen, E. V., J. Exp. Med., 102. 335 (1955), 

a Paai G and Jacob, S., Cold Spring Harbor Symp. Quant. Biol., 26, 389 


Nuclear Magnetic Resonance Evidence 
for Interactions between Procaine and 
Thiamine Pyrophosphate 


Eckert reported that procaine and other local anaes- 
thetics form pi-electron complexes with thiamine, and he 
suggested that such complexes in nerves might be respon- 
sible for local anaesthesia. Eckert’s evidence for the 
procaine~thiamine interaction was based on the appear- 
ance of “charge transfer” bands in the ultraviolet absorp- 
tion spectra of thiamine-procaine mixtures. Agin’, 
however, repeated Eckert’s experiments and reported 
that the “charge transfer” bands were artefacts produced 
by the spectrophotometric analysis. Recent findings by 
Itokawa and Coopert are compatible with the long held 
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Fig. 1. The dependencies of proton chemical shifts of 005 M TPP 


and procaine on mixture composition. The signals are assigned to 
protons labelled in Fig. 2, Each point represents the mean of observa- 
tions on five mixtures with a standard deviation in the order of + 0:3 Hz. 
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hypothesis? that thiamine and its phosphate esters have 
specific functions in conduction processes of nerve tissue 
that are independent of the known coenzyme roles of 
these compounds. Interaction between local anaesthetics 
and thiamine thus remains a likely chemical mechanism 
for local anaesthesia. Thiamine present in nervous 
tissue is largely in the form of thiamine pyrophosphate 
(TPP). We have investigated the possibility of binding 
between TPP and procaine by means of a nuclear magnetic 
resonance (NMR) technique found valuable in studying 
interactions between small molecules containing aromatic 
groups’. 

Mixtures of TPP and procaine were made up gravi- 
metrically and dissolved in deuterium oxide. The pD) 
was adjusted’ to 7-00 with 10 N NaOD. NMR spectra 





were recorded at 60 MHz by standard high resolution 
techniques with acetone as an internal standard. The 


chemical shifts were expressed as H, downfield from the 
acetone signal. Examinations of NMR spectra of procaine- 
TPP mixtures revealed that, on mixing, changes oceurred 
in the chemical shifts of certain protons in both procaine 
and TPP. Fig. 1 shows the dependencies of the clearly 
resolved chemical shifts of procaine and TPP protons on 
mixture composition. Assignments of chemical shifts 
to the protons shown in Fig. 2 were based on published 
data®.*. The chemical shift changes toward higher field 
strengths can only be interpreted in terms of pi-complex 
formation involving a slightly off-set vertical stacking 
of the pyrimidine ring of TPP and the benzene ring of 
procaine. As shown in Fig. 2, only the Ha, Hp, H, and 
H, protons are thereby situated in the regions in space 
where the induced magnetic fields of the aromatic 
moieties” are opposing the applied magnetic field, An 
interaction between the aromatic ring systems by hori- 
zontal hydrogen bonding would produce signal changes 
in the direction opposite to that which was observed, 
The negatively charged phosphate groups of TPP and the 
protonated positively charged tertiary amine in procaine 
present potential sites for other electrostatic interactions 
that may further stabilize the pi-complex. 

The NMR data also provided information on the 
stoichiometry and equilibrium quotient of the TPP- 
procaine interaction. The normalized dependencies of 
the chemical shifts of the Ha. Hp, H, and H, protons on 
mole ratios were found to be very similar. A simple 
one-to-one complex Was therefore assumed to exist 
between TPP and procaine with the following equilibrium 
quotient (Q) defined in molar units: @=(C)/(P) (TPP), 
where (P), (TPP) and (C) were the molar concentrations 
of procaine, TPP and the complex respectively at equili- 
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brium conditions. The normalized chemical shift data 
were used to calculate manually a value for Q by means 
of the trial and error method of Groves et al.. The 
calculations gave Q@=7-54+1:0 M~. The implications of 
these findings for the problem of the mode of action of 
procaine appear to be two-fold. The small value of Q 
is evidence against a mechanism in which procaine is 
thought to act by reducing the TPP content of nerve 
tissue. The demonstration of a specific TPP-procaine 
complex formation, however, is compatible with the 
hypothesis that procaine interacts with TPP to form a 
complex which in turn may interact with membrane 
macromolecules. These ternary complexes could be 
responsible for alterations in cell membrane diffusion 
properties leading to local anaesthesia. 
Part of this work was performed in the Department 
of Medicine of the University of Pennsylvania, Philadel- 
phia, Pennsylvania. 
P. T. THYRUM 
R. J. Lucu 
E. M. THYRUM 

Department of Internal Medicine, 

University of Iowa, 

Towa City, Iowa 52240. 


Received May 6; revised June 16, 1969. 


1 Eekert, T., Naturwissenschaften, 49, 18 (1962), 

2 Eckert, T., Arzneimittel- Forsch., 12, 8 (1962). 

i Agin, D., Nature, 205, 805 (1065). 

1 Ttokawa, Y., and Cooper, J. R., Biochem. Pharmacol., 18, 545 (1969). 

$ Muralt, A. von, in Neue Ergebnisse der Nervennhysiolagie (Springer-Verlag, 
Berlin, 1958). 

$ Thyrum, P. T., Luchi, R. J., and Conn, jun. J. bao, J. Pharmacol. Exp. 
Therap., 164, 239 (1968). 

* Mikkelsen, K., and Nielsen, 8. O., J. Phys. Chem., 64, 632 (1980). 

* Sable, H, Z., and Biaglow, J. E., Proc. US Nat. Acad. Sci., 54, 808 (1965). 

® Varian Associates, High Resolution NMR Spectra Catalog, Vol. I, spectrum 
302 (1962). 

= Pople, J. A., Schneider, W. G., and Bernstein, H., J., in High-resolution 
Nuclear Magnetic Resonance (MeGraw-Hill, New York, 1959). 

1 Groves, P. D.. Huck, P. J. and Homer, J., Chem. Inda 915 (1967). 





Cationic Forms of Local Anaesthetics 
block Action Potentials from Inside the 
Nerve Membrane 


THERE is controversy as to whether the uncharged mole- 
cular form or the positively charged form of tertiary amine 
local anaestheties is responsible for their nerve blocking 
action. Recent views favour the notion that the cationic 
form is active’*, Little attention has, however, been paid 
to the site of action in the nerve fibre. The active form 
and the site of action of local anaesthetics can be deter- 
mined by comparing the blocking potency of the 
anaesthetics as they are applied outside or inside the 
nerve membrane at different pH values. Such experiments 
have led us to conclude that the cationic forms of local 
anaesthetics block the excitability from inside the nerve 
membrane. 

Giant axons of the squid, Loligo pealei, were externally 
and internally perfused as described previously’. The 
pH of the solutions used was 8-0 and 7-3 respectively. 
The maximum rate of rise of the action potential was 
taken as a measure of excitability. The resting potential 
was held constant at a slightly hyperpolarized level 
(~60 to -75 mV) by application of polarizing current, 
across the nerve membrane to eliminate the effect of 
resting potential changes on the action potential. 

Two tertiary and two quaternary derivatives of lido- 
caine were used: 2-[N-(2-methoxyethyl)-methylamino]- 
2',6’-acetoxylidide (6211) with a pKa of 6-3, 4-diethyl- 
amuino-2',6’-butyroxylidide (6603) with a pKa of 9:8, 
N -[(2,6 -dimethylphenyl) - carbamoylmethy]] - trimethyl- 
ammonium bromide (QX-314), and .,N-bis-(phenyl- 
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Fig, 1. The effect of pH changes on the blocking poteacy of the tertiary 
forms of lidocaine derivatives, 6211 (pKa 6-3) and 6603 (pKa 9-8), applied 
to the outside or inside of the nerve membrane, The abscissa represents 
the pH of the phase where the anaesthetics are applied; the pH of the 
other phase is kept constant at the normal levels. The ordinate repre- 
sents the average value (three to nine experiments) for the maximum 
rate of rise of the action potential as the percentage of the control without 
anaesthetics. The concentrations are 1 mM and 10 mM (data combined 
together) for 6211 and 3 mM for 6603. The differences between the pH 
values are significant for 6211 inside {P <0-001) and for 6603 oniside 
(P<0-01), but insignificant for 6211 outside (P > 0-02) and for 6603 
inside (P > 0-02). 


carbamoylmethy]) dimethylammonium chloride (QN-572). 

The tertiary derivatives were applied to the outside or 
inside of the nerve membrane at different pH values 
keeping the pH of the other phase constant (Fig. 1). 
Separate experiments have shown that the pH change 
itself, within the ranges used in Fig. 1, had no significant 
effect on the maximum rate of rise of the action potential. 
When applied inside, 6211 was more potent at internal 
pH 7 than at 8, whereas when applied outside it was 
equally potent at external pH 7 and 9. In contrast, the 
internally applied 6603 was equally effective at internal 
pH 7 and 8, and the externally applied 6603 was more 
potent at external pH 9 than at 7. 

Calculations were made of the changes in the amount 
of the anaesthetic needed to block the action potential 
50 per cent (BD;a) when the pH of the solution was 
altered (Fig. 2). The calculations are based on the 
Henderson—Hasselbach equation, pKa=pH +log ((BH*}/ 
[B], where [BH*] and [B] are the concentrations of 
charged and uncharged forms, respectively. An assump- 
tion with experimental evidence is made that only the 
uncharged forms are freely permeable through the nerve 


the externally or internally present uncharged form, 
[Bhor] is active, graph B the case where the externally 
present charged form, [BH*],, is active, and graph © 
the case where the internally present charged form, 
[BH+h, is active. All the observations shown in Fig. 1 
fit the calculations shown in Fig. 2 only when [BH*]: 
ig assumed to be active. 

If the internally present charged form is active, the 
blocking potency of an anaesthetic applied outside should 
decrease on raising the internal pH. Experiments with 
6211 and 6603 have demonstrated that this is the case 
(Table 1). There is a tendency for the difference between 
the internal pH 7 and 8 to become smaller with increas- 
ing concentration of anaesthetics. The hypothesis also 
predicts that the blocking potency of the anaesthetics 
applied inside is independent of external pH changes. 
This is also shown in Table 1. Interestingly, externally 
applied tetrodotoxin, which acts on the external surface, 
was independent of internal pH changes. All these 
observations strongly support the present hypothesis. 
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hemicholinium-3 (ref. 6), which is also a 
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quaternary compound. 

If an assumption is made that the cyto- 
plasm pH changes with the pH of the exter- 
nal solution, most of the conflicting data in 
the literature!’ concerning the effect of pH. 
on anaesthetic potency can be explained by 
the present hypothesis. The calculated 
curves relating log ED,, to pH (Fig. 20) 
represent the case where the pH in the phase 
opposite to that of anaesthetic application is 
kept constant at the normal level. If, how- 
ever, the internal pH freely follows the 
external pH changes, the log ED,.~-pH 
curve for the external application of anaes- 
thetic becomes identical with that for the 
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Fig. 2. Calculated relationships between the logarithm of the effective dose 50 (ED,,) 
to block action potentials and the pH of the phase where the tertiary amine local anaes- 
thetics are applied. Unity concentration is assigned to the effective concentration of the 
active form at the site of action, and the pH of the phase opposite to that of drug applica- 
tion is kept constant at the normal values. A, When the externally or internally present 
f B, when the externally present 
charged form, [BH*],, is active; C, when the Internally present charged form, [BH+], 
thin solid lines, 6211 outside; thick 
thin broken lines, 6603 outside. Dotted lines in C 
represent the case where the anaesthetics are applied outside and the internal pH half 


uncharged. form, [B], or [B], is assumed as active; 


is active, Thick solid lines, 6211 (pKa 6-3) inside; 


broken Hnes, 6603 (pKa 9-8) inside; 


follows the external pH changes. 


It would follow that certain quaternary derivatives of 
local ansesthetie should block the excitability more 
strongly from inside than from outside the nerve 
membranes, for quaternary derivatives are permanently 
charged. This has been demonstrated to be the case for 
both QX-314 and QX-572, as given in Table 2. As 
might be expected from the permanent positive charge on 
the quaternary derivatives, the potencies of QX-314 and 
QX-572 applied internally were independent of pH 
changes either in the internal or in the external phase 
(Table 1). Similar results have been obtained with 


Table 1. THE EFFECTS OF pH CHANGES ON THE BLOCKING POTENCY OF 
TERTIARY DERIVATIVES (6211 WITH pKa 6-3 AND 6603 witH pKa 08) 
AND QUATERNARY DERIVATIVES (QX-314 AND QX-572) OF LIDOCAINE 


Drag No, of Difference* 
applica- p Drug Cone. experi- pH between 
tion change (mM) ments 7 8&8 9 pH values 
3 4 55 80 
6211 6 5 52 61 Significant 
External Internal 10 4 51 G61 {P < 0001) 
3 4 66 92 
6603 6 5 68 82 Significant 
10 4 57 59 (P < 001) 
8 4 75 TE 
6211 6 2 50 51 Insignificant 
10 1 46 48 (P > 0°02) 
Internal External 
6603 1 2 69 7 
6 1 26 27 
QXN-314 1 7 69 66 Insignificant 
3 10 42 4l (P > 0-02) 
Internal Internal 
X-572 O1 2 79 80 Insignificant 
08 2 84 87 (P > 0-02) 
1 1 7 82 
Internal External QN-314 3 2 85 35 


* Different concentrations combined together. 

The average values for the maximum rate of rise of the action potential, 
under the influence of the drugs applied externally or internally at different 
pH values in external or internal phase, as the percentages of the controls 
before application of the drugs. 


Table 2. COMPARISON OF THE BLOCKING POTENCY of QUATERNARY DERIVA- 
TIVES OF LIDOCAINE APPLIED EXTERNALLY AND INTERNALLY 


f External Internal 
Drug Conc, (mM) application application 
QX-814 1 fed 33 (3) 
10 91 (3) 7) 
QX-572 O1 ne 19 (2) 
1 50 (3) 0 (1) 


The average values for the maximum rate of rise of the action potential 
under influence of the drugs as the percentages of the controls before applica- 
tion of the drugs. The number of measurements is given in parentheses. 





internal application. If therefore the internal 
pH partially follows the external pH 
changes, the curve is located somewhere 
between the outside and the inside curves 
(Fig. 2C, dotted lines). In this case, there 
appears a pH value where the blocking 
potency is at a maximum; this oceurs near 
the pKa value of the anaesthetic. Removal 
of the nerve sheath, isolation of single fibres, 
and small diameter of fibres seem to 
facilitate the degree of change in axo- 
plasm pH with changes in external 
pH. 

The present hypothesis agrees with that proposed by 
Krahl, Keltch and Clowes", who used rather indirect 
approaches. It also supports that of Ritchie and Green- 
gard! and Ariëns, Simonis and van Rossum? in that the 
charged form is responsible for the nerve blocking action. 
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Lowery and Mrs C. A. Munday for assistance. The 
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was supported by grants from the US National Institutes 
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Iprindole: an Antidepressant which 
does not block REM Sleep 


Ix both animals and humans a number of drugs reduce 
rapid eye movement (REM) sleep', the phase of sleep 
during which dreaming is most often reported in man’. 
Both imipramine-type?*-* and monoamine oxidase in- 
hibitor-type antidepressants! have been found to be 
particularly potent in reducing REM sleep. Iprindole 
has been shown in controlled double-blind clinical studies 
to be an effective antidepressant”. Although a tricyelic¢ 
compound, iprindole differs chemically from the imi- 
pramine-type compounds because it is an indole with an 
eight membered, saturated, third ring, and pharmaco- 
logically is different in many respects from the standard 
antidepressants'?. We therefore decided to compare the 
effects of iprindole and the standard tricyclic anti- 
depressants on sleep. 

Using conventional techniques, twelve eats had bipolar 
stainless steel electrodes permanently unplanted which 
permitted recording of eye movements and of the 
electrical activity of the parietal-occipital cortex, hippo- 
campus, and neck muscles. The twelve animals were 
divided into groups of four. One group was tested each 
day. The animals were placed in separate sound insulated 
recording chambers immediately after intraperitoneal 
dosing. Control animals were injected with saline. Drugs 
were dissolved in saline or suspended in one to four drops 
of “[ween-80’ and mixed with saline. Recordings were 
obtained using a Grass ITED electroencephalograph and 
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an Offner type & dynograph located in a separate room. 
Fifteen minutes after injection, recording were begun and 
continued for the next 7h. Recordings were obtained by 
automatically turning on the polygraphs for 20 s once 
every 3 min at a paper speed of 2-5 em/s. This resulted in 
140 samples of record from each animal. Each sample was 
scored as falling into one of four categories: (1) non-rapid- 
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Samples of the three major categories studied. 


Is 


(1) Eye, (2) neck muscle, (3) 


cortical, (4) hippocampal leads. Top, relaxed wakefulness: minimal phasic eye movements, 
high amplitude tonic muscle activity in eye and neck muscle records; desynchronized 


cortical and mixed hippocampal records. 
ments; r 5 
activity and mixed hippocampal activity. 


moderate tonie muscle tone in eye and neck records; ) 
Bottom, REM sleep: pronounced phasic eye 


Middle, NREM sleep: no phasic eye move- 


synchronized cortical 


movements; dramatic loss of tonic muscle activity in eye and neck records, desynchron- 
ized (with some sharp waves) cortical record and predominant theta waves in hippocampal 
tracing. Vertical calibration, 200 uV. 
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eye-movement (NREM) sleep, characterized by slow 
waves and/or spindles in the cortex and hippocampus, 
moderate musele tone and lack of rapid eye movements: 
(2) REM sleep, characterized by low voltage fast activity 
in the cortex, well developed hippocampal theta waves, 
very low tonic muscle activity and the occurrence of 
REM; (3) awake, characterized by low voltage fast 
activity in the cortex, moderate to poorly developed 
hippocampal theta, high amplitude tonic muscle activity 
and variable eye movements; (4) indeterminate. This 
category included samples of record which could not 
clearly be characterized as falling into any of the three 
basic categories. In practice this category contained 
chiefly “‘drowsing” records. Fig. 1 shows examples of 
the three basic categories. Although taking samples, 
rather than recording continuously, results in the loss of 
certain information such as the precise duration of the 
various categories, we have found that the resulting 
percentages of the four categories described approximates 
very closely those obtained when continuous recording 
is employed. 

All three groups of animals were adapted to the recording 
procedure by placing them in their chambers for 4 days. 
Then 4 days of control records were obtained at 1 week 
intervals. These data were pooled and used as population 
standards. During drug studies each of the animals 
in a specific group was given the same dose of drug. At 
least 1 week elapsed before the same group was tested 
again. Between recording sessions the animals were 
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and protriptyline at the 5-0 mg/kg level. The only other 
significant changes were a reduction in wakefulness pro- 
duced by 5-0 mg/kg of desipramine and protriptyline and 
in indeterminate periods by amitriptyline and imipramine 
at 5-0 mg/kg. NREM sleep, wakefulness and the irn- 
determinate category were not significantly affected by 
any dose of iprindole. 

The recommended clinical dose ranges in mg/day of the 
standard antidepressants tested are: amitriptyline and 
imipramine 75-150; desipramine 75-250; nortriptyline 
30-100; and protriptyline 15-40 (ref. 18). It has been 
shown in double-blind studies that iprindole at 90 mg/day 
has roughly the same clinical antidepressant effect as does 
imipramine at 150 mg/day (ref. 11). Thus the different 
effects on sleep produced by iprindole and the other 
compounds tested cannot be ascribed to differences in 
antidepressant potency. 

It is important that the investigation of the effects on 
sleep of iprindole and of other antidepressants during 
chronic administration be compared, especially in view of 
the well known fact that antidepressant drugs commonly 
require a period of 2 weeks or more of administration 
before their antidepressant effects are observed". Un- 
fortunately most studies of the effect of antidepressants 
on sleep have been confined to at most a few days. There 
are, however, at least two reports that imipramine con- 
tinues to depress REM sleep after chronic administra- 
tion? *. If the difference between iprindole and other 
antidepressants reported here does occur during chronic 











160 
90 
80 ~ 
a 
E 70 | 
3 eA 
an i 
Š 60 / | 
= 50 a C L 
3 zg l F eo 
£ at : 
20 i 4 Ly 
J 
10 i 
ù t i ; t * l 
Control LO 20 50 10 2050 102050 L02050 102050102050 20 40 
Amitripty- Imipra- Desipra- Nortripty- Protripty- Tprindole 
line mine mine line ine 
Fig. 2. Per cent REM and NREM sleep time (epochs) occurring during control and drug 


treatment, 7 h recording periods. 
Control shows 
control sessions), 


Black bars REM sleep, cross-hatched bars NREM sleep. 
population standards (averaged means of all three groups for all four 
One star indicates significant difference from population standards at 


0-05 level of confidence or better, two stars at the 0-01 level or better. 


returned to their home cages and allowed to sleep ad 
libitum. 

Imipramine, amitriptyline, desipramine, nortriptyline 
and protriptyline at doses of 1-0, 20 and 50 mg/kg 
reduced REM sleep in a dose related manner. Except for 
amitriptyline at 1:0 mg/kg this reduction was significant 
at the 0-05 level of confidence or better, compared with 
the population standards (¢ test for difference between 
means). On the contrary, iprindole at the same doses did 
not reduce REM sleep, and even at 20 and 40 mg/kg REM 
sleep was not significantly reduced (Fig. 2). In general, 
NREM sleep was increased by the standard tricyclic anti- 
depressants but to a significant degree only by desipramine 


administration, careful comparison of the effects of these 
drugs in depressed patients and in normal humans should 
add useful information regarding the currently disputed 
role of REM sleep in depression and in general psycho- 
logical health'®, In addition, iprindole is not a mono- 
amine oxidase inhibitor nor does it block the re-uptake of 
*H norepinephrine into the cell as does imipramine, but it 
does potentiate the central effects of amphetamine as do 
the imipramine and monoamine oxidase inhibiting anti- 
depressant drugs!*. Further studies correlating the differ- 
ences between imipramine-like compounds and iprindole 
on REM sleep and the pharmacological and biochemical 
similarities and differences between these compounds may 
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provide a fruitful approach towards understanding the 

mechanisms controlling REM sleep. 

Bruce L. BAXTER 
MELVYN I. GLUCKMAN 

Wyeth Laboratories, 

Box 8299, 

Philadelphia, Pennsylvania 19101. 
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Influence of Family Size on Schizophrenic 
Birth Order 


A SIMPLE formula has been proposed! to replace the more 
complex relationships previously demonstrated? among 
culture, family size and birth order in schizophrenia. 
Using data from five previously reported samples of 
schizophrenic patients?-*, Hinshelwood reported a statistic- 
ally significant over-representation of the last but one birth 
position regardless of family size. He did not offer any 
explanation for the supposed special vulnerability of the 
last but one child. 

We have shown? an over-representation of later birth 
positions for schizophrenics from families of five or more 
children and especially from families of eight or more 
children, Accordingly, we suggested that schizophrenia is 
related to the rejection, neglect or other deprivation more 
likely to be suffered by later children in large families. 
The same five samples used by Hinshelwood provide a 
sufficient number of cases to test our further expectation 
that the over-representation of cases should increase pro- 
gressively with later birth orders in large families, where 
each additional child generally aggravates family stress 
in the conditions of low socio-economic status prevalent 
among schizophrenics’. The last rather than last but one 
child should therefore be most susceptible to schizo- 
phrenia, 

Table 1 summarizes our analysis of the data for the 
families of eight or more children. Each of the last four 
ordinal positions is more susceptible to schizophrenia than 
any of the first four. In accordance with our expectation, 
the number of cases increases progressively in the last 
four positions. Contrary to Hinshelwood’s theory, the 
last but one is not specifically over-represented. Families 


NATURE, VOL. 223, AUGUST 16, 1969 


Table 1. DISTRIBUTION OF ORDINAL POSITIONS OF SCHIZOPHRENICS FROM 
VERY LARGE FAMILIES OF BIGHT OR MORE CHILDREN 
e Observed Expected Percentage over- 
Position distribution distribution representation 
First 45-0 58-875 ~ 23-0 
Second 51-0 58-875 184 
Third 48-0 58-875 18-5 
Fourth 48-0 58-875 -185 
Last but 3 53-5 58-875 - ol 
Last but 2 615 58-875 + AG 
Last but 1 74:0 58:875 +257 
Last 90-0 68-875 +529 
N 471-0 4710 


x =2929;, df=7; P<0-001. 


Table 2. DISTRIBUTION OF ORDINAL POSITIONS OF SCHIZOPHRENICS FROM 
MODERATELY LARGE FAMILIES OF FIVE TO SEVEN CHILDREN 


Observed Expected Percentage over- 

Position distribution distribution representation 
First 139-5 153-2 ~ 8-9 
Second 1345 163-2 ~122 
Last but 2 142-5 153-2 - 70 
Last but 1 164-5 153-2 + Td 
Last 185-0 153-2 + 20-8 
N 766-0 766-0 


=i169; df=4, P< 0-02. 


of five to seven children show a similar trend (Table 2) but, 
as we expect, to a less marked degree. In small families of 
two to four children the trend is actually reversed with a 
slight preponderance of earlier born members. 

In small families, the greatest over-representation 1s 
found for the second born of three-child families, and this 
position contributes the bulk of cases responsible for 
Hinshelwood’s conclusion. He classified this position as 
last but one, although middle child or next to oldest seems 
more descriptive. The older child in families of two is also 
over-represented though not to a statistically reliable. 
degree. This also contributes to Hinshelwood’s conclusion 
and was likewise classified by hirn as last but one, although 
such a term is even harder to justify for a first born. 
There is therefore little basis to support Hinshelwood’s 
claim that the last but one child is especially vulnerabic 
to schizophrenia. There is even less evidence that family 
size can be disregarded in considering effects of birth 
order. 

We have pointed out? a strong influence of culture 
on birth order effects, indicated by a report that birth 
positions in the first half of large families are over- 
represented among schizophrenics in India* in eon- 
trast with greater vulnerability of the later born in North 
America and Britain. Such evidence for a socio-cultural 
effect deserves further study, but this should not take the 
form of a search for a formula involving some mathe- 
matical mystique. It calls rather for a deeper analysis of 
the interplay among genetic factors, biochemical im- 
balances, and stressful life situations. 

This work was supported by a US Public Health Service 
research scientist development award from the National 
Institute of Mental Health. 
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Biological Methylation of Mercury 

in Aquatic Organisms 

Fresuwater fish, especially pike (Esox lucius), from 
Sweden sometimes contain abnormally large amounts of 
mercury? It was initially concluded to be either inorganic 
mereury or phenyl mercury, which are known to be 
released as industrial wastes, but later it was shown that 
the mercury was present almost entirely as methyl mer- 
eury (CH,Hg*)*. A possible explanation is that living 
organisms have the capacity to methylate mercury 
compounds present in pollution. We now report that 
both mono and dimethylmercury (CH,Hg* and 
CH,HgCH,) can be produced in bottom sediments and 
in rotten fish, and relate the findings to the hazards 
of mereury pollution. 

Monomethylmercury was analysed by conventional 
gas-chromatographic detection of CH,HgX (X = halogen) 
by means of an electron capture detector. Confirmation 
analyses were performed on an LKB 9000 combined 
gas-chromatograph mass spectrometer, with the instru- 
ment set for detection of m/e 215 (CH,?°Hg+). The 
ionization potential was 20 eV. The column (length 
180 cm, internal diameter 0:18 em, temperature 150° C) 
contained 10 per cent ‘Carbowax 1500° on ‘Chromosorb Ww 
60-80 mesh. 

Gas samples to be tested for the presence of CH,HgCH, 
were bubbled through 1 ml. of toluene which was then 
shaken with 1 ml. of a solution of HgCl, (10 mg) and 
KBr (110 mg). In this solution CH,HgCE 3 will form two 
molecules of CH,HgBr which is estimated as above. 
For mass speetrometric confirmation the gas sample was 
bubbled through ethyl ether and the resulting solution 
analysed as described. The column temperature was 60° C, 
and the mass spectrometer was set for the detection of 
mje 230 (CH,**° HgCH,): 50 pg could be detected. Rotten 
fish to be tested for the presence of CH,HgCH, were ex- 
tracted with benzene and the extract was boiled under 
reflux with 4 M KOH. After washing with water, the 
extract was pure enough to be analysed mass spectrometri- 
cally as described. The amounts of CH,HgCH, were large 
enough to give a detailed mass spectrum, corresponding 
essentially with that of an authentic sample. 

To study the methylation of HgCl, bottom sediments 
from freshwater aquaria, 1 g samples were treated with 
HgCl, or CH,HgCl (100 p.p.m.); untreated samples were 
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Fig. 1. Concentration of methyl mercury in bottom sediment after addi- 

tion of inorganic mercury followed by incubation for 7 days. Lines 

are drawn between mean values from five samples in two parallel 
experiment series, 
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Fig. 2. Concentration of methyl mercury in bottom sediment after 

addition of 10 ¢ —~) or 100 ) p.p.nt. of inorganic mercury 

followed by variable times of incubation. Lines drawn between mean 
values from five and three samples respectively, 


used as controls and placed in 250 mi, Erlenmeyer flasks 
containing 25 ml. of water. In two other series the sus. 
pensions were sterilized by autoclaving. All samples were 
incubated at 24° C for five or ten days and then analysed 
for CH,Hg*. After ten days one of the series of sterilized 
samples was inoculated with microorganisms from the 
original bottom sediments and incubated for a further 
five or ten days. 

Samples were analysed for CH,Hg*. The blank showed 
background values corresponding to 40 ng of CH, Het 
per g of sediment after either five or ten days. Where 
100 p.p.m. HgCl, had been added the corresponding values 
were 180 and 440 ng/g. The amounts of CH,Heg* in the 
sterile specimens were no higher than those in the blank, 
After re-infection, 90 and 330 ng/g were found after five 
and ten days respectively. CH,Hg? added to the sedi- 
ment could be recovered almost quantitatively. 

To determine formation of CH;Hg* as a function of 
HegCl, concentration, 1 g samples of bottom sediments 
(upper 10 em) from Lake Langsjén near Stockholm were 
treated with HgCl, in two series. To the first series 0, 
0-1, 1, 10, 100 and 1,000 p.p.m. HgCl, were added and to 
the other 1, 5, 10, 50, 100 and 500 ppm. After seven 
days all samples (five or ten at each concentration) were 
analysed for CH,Hg+ (Fig. 1). Another set of samples 
from the same lake was treated with HgCl, to 10 or 100 
p-p.m. After 1, 2, 4, 7, 10, 14, 21 and 28 days the samples 
were analysed for CH,Hg* (Fig. 2). 

To investigate the formation of CH,HgCH, from 
CH,Hg*, two dead fish (Xiphophorus maculatus), weighing 
about 5 g and each containing about 125 ug of CH, Hgt, 
were placed in open glass beakers with water. After 7 
weeks the whole content was analysed for total mercury 
(by means of the dithizone method) and for CH,Hg*. 
A third dead fish (also containing 125 ug of added CH;Hg*) 
was placed in water in the first of two coupled washing 
flasks. The second flask contained 75 ml. of 1 M HCH. 
After 4 weeks the system was flushed with nitrogen and 
closed. The acid solution was analysed for CH,Heg-. 
After a further three weeks (in anaerobic conditions) the 
contents of the first flask were extracted with 16 ml. of 
benzene which was analysed for presence of CH,HeCH,. 
Results are in Table 1. Of the original 125 ug He, only 
about 20 ug remained in the sample after seven weeks in 


Table 1. FORMATION oF CH,HgCH, FROM CH Hee 


Experiment Total He Gag} 
Original CH Hg+ 125 
Remaining CH,Hg* after 7 weeks in open beaker ay 
Remaining Hg total after 7 weeks in open beaker 18 
CH, He* found in washing flask 2 (HCI) after 4 weeks 38 
CH, HeCH, formed in flask 1 between weeks 4 and ? 5a 
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the open beaker; in the closed system at least 53 ug, but 
possibly 91 ug, was converted to CH,HgCH,. 

To study the formation of CH,HgCH, from Hg?* an 
entire Xiphophorus helleri (about 5 g) was homogenized 
together with about 10 g of fillet from Gadus colja. The 
homogenate was transferred to two 50 ml. flasks. Water 
containing 60 ug of HgCl, was added and the volume 
adjusted to 25 ml. The flasks were flushed with nitrogen, 
made airtight with a membrane of silicone rubber and 
shaken for four days at 20° C. Aliquots of the gas in the 
flasks were analysed as described. The gas-chromato- 
graphic analysis of the benzene gave no value for CH,Hgt 
before treating with HgBr, and KBr, indicating that the 
mercury was originally present as CH,HgCH,; the mass 
spectrogram of the ether solution supported this. Quanti- 
tation by comparison with synthetic CH,HgCH, yielded 
a total value of 10 ug (calculated as Hg) in the head-space 
gas. 

In conclusion, the sediment from the aquarium has a 
higher background value for CH,Hg*, but also a higher 
biological activity than the sediment from Lake Langsjon. 
This may be the reason for the larger amount of CH, Hgt 
after ten days in sediments from aquaria. The biological 
methylation of mercury compounds provides an explana- 
tion for the fact that CH,Hg* is found in fish, even if all 
known sources of mercury in the environment are in the 
form of inorganie mercury or phenyl mercury. The 
formation of the volatile CH,HgCH, (b.p. 94° C) may be a 
factor in the redistribution of mercury from aqueous 
industrial wastes, In Sweden emphasis has been placed 
on the study of the turnover of mercury in the aquatic 
environment. The process of methylation is fundamental 
to a knowledge of the turnover of mercury; it may be 
significant in the uptake and distribution of mercury in 
fish and in the mobilization of mercury from deposits in 
bottom sediments into the general environment. 

We thank Leif Bergstedt for help with the mass spectro- 
metric analyses. 
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Presumed Super-foetation in an 
Erythrocebus patas Monkey 


Ow November 22, 1964, a female specimen of Erythrocebus 
patas monkey was received at Tigoni Primate Research 
Centre (now the National Primate Research Centre). Her 
exact provenance was unknown, as she had been rescued 
from some peasant farmers and brought in by her rescuer. 
At the time of her arrival at the centre, her second milk 
molars were just erupting. In 1968, after reaching adult 
status, she shared a cage with an adult male of the same 
species for several months, but mating was not actually 
observed. 
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On January 17, 1969, the male was removed from her 
cage. On March 8, 1969, she gave birth to a stillborn 
male, which was, however, “full term”. Three months 
later on June 8, 1969, she gave birth to another stillborn 
baby, this time a female. which was also “full term”. 

Because the average gestation period for Erythrocebus 
patas is 170 days' this would appear to be a case of super- 
foetation; the first infant was sired around the end of 
September 1968, and the second sometime in December. 

I have not been able to trace any similar record of super- 
foetation in this or allied species of monkey, but our 
literature here is very incomplete, Super-foetation in 
women is. of course, a well recognized phenomenon’. 


L. 8. B. LEAKEY 
National Primate Research Centre, 
Nairobi. 
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Evidence for Extraterrestrial Life: 
Identity of Sporopollenin with the 
Insoluble Organic Matter present in the 
Orgueil and Murray Meteorites and 
also in some Terrestrial Microfossils 


Wiru very few exceptions! the insoluble organic matter 
present in both Pre-Cambrian sediments and carbonaceous 
chondrites has been neglected and organo-geochemical 
studies of these materials have been largely devoted to 
the readily solvent extractable soluble organic substances’, 
This is in sorne ways unfortunate, for by far the greater 
proportion of carbonaceous matter in both Pre-Cambrian 
sediments (up to 95 per cent)? end in carbonaceous 
chondrites (up to 70 per cent)! is insoluble and the soluble 
matter is frequently of a very minor nature. In addition, 
the soluble, and so potentially more mobile, organie 
chemicals are more likely to have moved in total or m 
part from their point of origin, and problems of rock 
contamination with suck substances, cither over long 
periods through seepage or, in the case of meteorites, at 
impact’, are especially acute. 

We have shown? that sporopollenin which forms a 
major part of pollen and spore exines is an oxidative 
polymer of carotenoids and ecrotenoid esters, and have 
suggested? that it is identical with older kerogen derived 
from terrestrial, especially Pre-Cambrian, sediments. We 
now present briefly some results of experiments carried 
out on the Orgueil and Murray meteorites which in our 
opinion clearly establish that the insoluble matter they 
contain is identical with sporopollenin. 

The insoluble organic matter was isolated from samples 
of the Orgueil (0-1 g) and Murray (0-9 g) meteorites as 
brown amorphous solids by repeated digestion with 
hydrofluoric and nitric aeids and potassium hydroxide in 
the usual manner, taking maximum care in manipulation. 
The relatively large amounts of organic matter (Orgueil 
3-5 per cent, Murray 44 per cent) would make trace 
contamination of little or no consequence to our subsequent 
chemical studies. The solids were examined by infrared 
spectroscopy, pyrolysis gas chromatography, potash 
fusion followed by thin-layer chromatography of the 
products and by some elemental analyses’, and results 
compared with similar examinations of sporopollenins 
from many modern pollen and spore exines, some 
synthetic analogues, some microfossils and artificially 
metamorphosed (by heating with sand) spore exines. 
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Fig. 1. Infrared spectra of some sporopollenins, a, Lycopodium clavatum 
spore exine after heat treatment; 6, Tasmanites punctatus spore exine (a 
fossil planktonic alga); e, insoluble organic matter from the Orgueil 
meteorite; d, insoluble organic matter from the Murray meteorite; g, 
oxidative polymer of B-carotene; f, synthetic oxidative polymer from 
Lilium henryii carotenoids and carotenoid esters*. Each material (1-3 
mg) was intimately ground with dry potassium bromide, the mixture 
compressed im vacue to a disk (final weight about 0-1 g) at pressures up 
to 10 pounds per square inch for several minutes, and the infrared spectra 
measured ona Perkin-Elmer infrared spectrometer model 157. 


The results clearly show that all these substances belong 
to the same class of polymeric material which we know as 
sporopollenins*. Their common identity rests chiefly on 
the following set of criteria. (a) They have stability to 
non-oxidative chemical reagents including those used to 
separate microfossil or insoluble organic material from 
their inorganic environment. (b) They are highly un- 
saturated and readily oxidized—the oxidation (especially 
ozonization) products from both modernë and fossil’ 
Spore exines are very similar both qualitatively and 
quantitatively and the limited evidence from related 
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experiments with carbonaceous chondrites shows forma- 
tion of typical and characteristic sporopollenin degradation 

products'. (c) They are stable to acetolysis. (d) They 

give a characteristic pattern of phenolic acids (ref. 6 and 
our unpublished results) (m and p-hydroxy benzoic acids — 
and protocatechuic acid or mixtures thereof) after fusion 
with potassium hydroxide. (e) They have similar infrared, 
spectra (Fig. 1 gives a few examples). (f) They give 
similar pyrolysis gas liquid chromatograms (Fig. 2 gives ii 
few examples) and characteristic pattern changes occur 
with change of pyrolysis temperature (our unpublished 
results). It is especially noteworthy that the infrared 
spectra and the pyrolysis gas liquid chromatograms of the 
insoluble organie matter from both meteorites are virtually 
indistinguishable from each other and from those of the 
morphologically intact mierofossil planktonic algal spore 
Tasmanites punctatus (35x 108 yr old). Other miero- 
fossils examined (our unpublished results), including 
T, huronensis (Dawson), have almost identical infrared 
spectra and pyrolysis gas liquid chromatograms, ig) 
Fossil spore exines survive in morphologically intact form 
into the Pre-Cambrian. They are accompanied by 
amorphous insoluble organie material and the properties 
of this leave little doubt that it is also composed of 
sporopollenin and presumably derived from those exines 
which (in modern counterpart, for example, poplar pollen: 
exine) readily lose their shape yet retain the typical 
chemical structure of sporopollenin (ref. 8 and our wn- 
published results). 

To our objective results must be added the earlier 
recorded subjective evidence which claimed the presence 
of spore-like bodies in both carbonaceous chondrites? and 
early terrestrial Pre-Cambrian sediments". 

Our experimental results on the two meteorites, which 
are completely objective and readily repeatable on quite 
small amounts of material, provide, we believe, powerful 
evidence for the existence of extraterrestrial life. At the 
same time, because meteorites have consistently been 
shown to be 45-47 x 109 yr old! (at least as old as the 
Earth) our results imply that there was life in the Universe 
before the time of formation of the planet and certainly 
before probable reworking of the whole planet’s surface 
occured 4-0 x 10° yr ago™, when the existence of life or 
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even reasonably large organic nucleoproteins on Earth 
would have been most unlikely. 

We hope that these results, which will be presented in 
much greater detail elsewhere, will help form a useful basis 
for future examinations of insoluble organic matter 
which might be present not only in Pre-Cambrian sedi- 
ments and carbonaceous chondrites but also in lunar or 
other extraterrestrial rock samples. 

We thank Mr G. C. Speers, British Petroleum Co., and 
Professor G. Mueller for samples of the Murray (Smith- 
sonian sample No. 1769) and Orgueil meteorites, Professor 
J. Sutton and Dr M. D. Muir, Imperial College, London, 
for samples of Tasmanites species, A. B. Cernelle Ltd, 
Vegeholm, Sweden, for pollen samples, and Mr D. Grant, 
Coal Tar Research Association, Cleckheaton, for loan of 
a pyrolysis unit. 


J. BROOKS 
G. SHAW 
School of Chemistry, 
University of Bradford. 


This article, received on June 20, 1969, is a much shortened version of a 
manuscript originally submitted in February 1969. 
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Recent Discoveries of Hominid Remains 
at Olduvai Gorge, Tanzania 


More remains of hominids have been recovered at 
Olduvai Gorge since field work was resumed in October 
1968. The most important of these is a crushed, but nearly 
complete, cranium (Old.H.24) which was found eroding 
from deposits in Lower Bed I at site DK East. (In the 
revised stratigraphy of Olduvai Gorge proposed by R. L. 
Hay, which includes the basalt and the underlying sedi- 
ments within Bed I, this horizon would be termed the 
lower part of the Upper Member of Bed I.) 

The DK cranium is embedded in a block of particularly 
hard lime concretion and has been compressed vertically 
and from side to side, with the result that some fragments 
of the vault overlap one another and other parts are 
displaced from their original positions. The frontal is 
damaged on the left side, but the right supra-orbital 
region is well preserved. The face is also broken into 
several picces which are now out of position but can almost 
certainly be reassembled, once they have been taken 
apart and cleaned. The nasal bones are intact and do not 
appear to have been distorted. The base of the skull is 
well preserved, including the foramen magnum, occipital 
condyles and the right mandibular fossa. Almost the 
whole of the occipital is also present, although it is cracked 
and broken into a number of pieces. At the time of the 
discovery, all the teeth and the anterior part of the palate 
were missing. Extensive sieving and washing of the surface 
deposit in the area have led to the recovery of nearly the 
whole missing part of the palate, the right M! and half 
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the right M*, the left M! and M5, the left P* (damaged) 
and Pt and other tooth fragments. 

The cranium is now being prepared for study at the 
Centre for Prehistory and Palaeontology in Nairobi by 
Mr R. Clarke. Positive taxonomic identification will not be 
possible until it has been reconstructed, but the appear- 
ance of the parts now visible and of the teeth indicates that 
it closely resembles the hominid remains that have been 
referred to Homo habilis and that it is dissimilar from 
Australopithecus boisei. 

The specimen was obtained from the earliest known 
fossiliferous horizon at Olduvai. This deposit lies a few 
feet above the basalt and is overlain by the ignimbrite 
(Tuff ZB) which has been dated at 1-75 m.y., a date that 
has proved to be one of the firmest obtained for Olduvai 
by potassium-argon dating. Only scattered artefacts 
occur in the area where the cranium was found, but at the 
main DI site, a few hundred yards to the west, an 
Oldowan industry was found at the same horizon when 
excavations were undertaken there in 1963. It was at 
this site, too, that the stone circle, believed to be the 
remains of a windbreak, was uncovered. In 1959, at site 
ALK, approximately 0-75 mile downstream from DK, two 
hominid teeth were found in the same deposit. These 
teeth have been referred to Homo habilis. 

Further hominid discoveries include two isolated molars 
(H.21 and H.27) which were found on the surface of Bed I 
at sites FLK North and HWK East. respectively. These 
teeth can be compared with Homo habilis. A massive 
unerupted upper molar from FLK (1.26) comes from 
a loeality less than 200 feet from the site where the 
cranium of Australopithecus boisei was found. This 
tooth ean probably be attributed to a second individual 
of A. boisei. 

Part of a left side of a mandible (4.23) has also been 
found in situ in the upper part of Bed IV at FLA. The 
fragment contains M,, M, and P, as well as the sockets 
for the canine and P,. The crowns of the teeth have been 
weathered and worn smooth so that their morphology is 
not clear and it is impossible at present to indicate the 
taxonomic position of the specimen. Several large, 
well made bifaces and other tools, with which it was 
associated, have, however, been recovered. by excavations 
now in progress. 

A second and more complete mandibular fragment 
(H.22) was found on the surface between sites VER and 
MNK in the Side Gorge. It consists of the right side, 
broken at the symphysis in the mid-line. The condyle 
and coronoid and M, are also missing, while the canine 
and incisors have been broken off at the alveolar margin. 
M,, Ma, P; and P, are present, however, and are in an 
excellent state of preservation. Although the mandible 
was found on the surface, it is almost certainly derived 
from Bed IV or Bed IH, on account of both the condition 
of the bone and the nature of the matrix with whieh it 
was coated. This consists of a hard, gritty deposit that 
is characteristic of certain levels in the lower part of 
Bed IVa and Bed III. The specimen can be provisionally 
ascribed to Homo ef. erectus. 

Five teeth belonging to Old.H.16, a cranium discovered 
in 1963 at FLEK Maiko Gully, which had been extensively 
damaged by cattle after eroding out on to a track leading 
down into the gorge, have also been recovered. Three of 
the teeth found recently were in situ, 2 feet above the 
Marker Tuff ZF at the top of Bed I. The stratigraphic 
position of 1.16 is thus confirmed as Lower Bed TT. 

This work was supported by the US National Geo- 
graphie Society. 

M. D. LEAKEY 


National Centre for 
Prehistory and Palaeontology, 
PO Box 30239. 

Nairobi, Kenya. 
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Book Reviews 


SILKS, CRAPES AND RAYONS 


Courtaulds 

An Economie and Social History. By D. C. Coleman. 
Vol. 1: The Nineteenth Century—Silk and Crape. Pp. 
xx + 283+ 20 plates. Vol. 2: Rayon. Pp. xxii+ 5214+33 
plates. (Clarendon Press (Oxford University Press); 
Oxford and London, May 1969.) 150s the set, 
CoURTAULDS are to be congratulated in securing the 
services of Dr D. C. Coleman to write their history. ‘They 
must now be congratulating themselves on their wise 
choice, because he has produced one of the finest business 
histories written to date. The scholarship is of very high 
standard, the writing clear, crisp, always lively and often 
humorous, while the text is well illustrated by many 
tables, charts and plates. Throughout the study Coleman 
takes great care to set the company’s development within 
the context of the trends in the economy at large. It is 
difficult to conceive of how anyone could have done better. 

The company’s development has been based on a very 
narrow product structure. Real silk and increasingly 
mourning crape was the basis of success in the nineteenth 
century: rayon that of the first half of the twentieth. The 
fashion for prolonged mourning rituals among the upper 
crust of society in the nineteenth century did much to 
make the company’s fortune. When fashion faltered or 
changed, a new artificial fibre, rayon, “a vital ingredient 
in a social ‘revolution’ in clothing”, proved to be the com- 
pany’s life-saver. Courtaulds abandoned their former 
staple product, exploited the new, and became the largest 
rayon producers in the world. 

Like most firms, Courtaulds have had their anxious 
moments. In fact, the concern very nearly failed to get 
off the ground. Samuel Courtauld UI almost gave up the 
struggle to establish a viable silk business in the early 
1820s to join his father in America. Towards the end 
of the nineteenth century the firm was again in quite 
serious difficulties. Profits were declining, the market for 
mourning crape was becoming exhausted and there were 
management problems. Fortunately, Henry Greenwood 
Tetley came to the rescue. He revamped the management 
structure and in 1904 secured the viscose patent rights for 


Courtaulds. But it was touch and go whether they got 
them. The acquisition of the rights depended on the 


success of the impending public flotation of Samuel 
Courtauld and Co. Luckily the result was favourable. 
During the twentieth century Courtaulds not only 
increased rapidly in size but also established subsidiary 
companies and branches in many countries, and since the 
Second World War the product structure of the company 
has been considerably diversified. Unfortunately, Cole- 
man’s study ends with the forced sale of the American 
subsidiary (A.V.C.) in 1941. There is promise of a further 
volume covering the more recent history of the firm, but 
in the meantime economic and business historians will 
find some rich pickings in these two volumes. It is to be 
hoped, however, that they do not pillage the contents too 
hard to prove their pet theories about business behaviour. 
Perhaps I might be allowed to add one small note of 
reservation. ‘The number of tables and graphs is perhaps 
a little excessive and I think the reader's progress would 
have been easier had some of these been concentrated 
in a more compact form. Occasionally I felt that the 
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tables were left to stand by themselves and lacked suffici. 
ent textual comment. For example, the figures on 
employment and capacity on pages 163-4 of volume one 
seemed to tell much more than Coleman indicated in the 
text. The comparison of profitability made between 
Courtaulds and Carron Company also struck me as rather 
odd in view of the very different product structures of the 
two companies. But these are very minor points and in 
no way mar these two splendid volumes. 
Derek H, Anpenorr 





PLANNING FOR LEISURE 


Designed for Recreation 

A Practical Handbook for all Concerned with Providing 
Leisure Facilities in the Countryside. By Elisabeth 
Beazley. Pp. 217+134 plates. (Faber: London, J uly 
1969.) 100s. 

Miss Braztey has produced a handbook of generous 
proportions for all those concerned with the provision, of 
recreation in the countryside. She shows a complete 
mastery of the subject, for she has travelled widely and 
herself pursued in many places the open air activities about 
which she writes. She shows a psychological insight inte 
behaviour in the countryside which forms a sound basis 
for what she recommends. It is, of course, important that 
people’s natural instincts should be given attention in the 
provision made for leisure, and one of the strongest of 
these is the attraction to water, in particular to river 
banks, lakes and sea shores. The general disinclination 
of the motorist to go out of sight of his car, or little 
further, has also a dominant influence on planning. 

This is a book which will give the planner numerous 
ideas for providing and improving leisure facilities in the 
countryside while at the same time preserving its 
natural beauty. There are sections dealing with informa- 
tion centres, signs and notices, self-guided trails (nature 
trails and the like), car parks, walls, fences, stiles and 
bridges, shelters and hides, picnicking, camping and all 
the provisions for camp sites, There are sections on the 
construction of small lakes and swimming pools (the latter 
particularly for camp and caravan sites), and on the use 
of colour and texture in the countryside. 

The book is well and appropriately illustrated; almost 
every photograph is referred to in the text. There are 
also numerous line drawings to clarify construction details 
and give measurements of such things as pienie site 
layout, stile and footbridge design, shelters, and outdoor 
furniture. Miss Beazley has a strong syrapathy for the 
use of timber for buildings and other constructions in the 
countryside and she refers with obvious expertise to the 
attributes of the various species and their treatment for 
outdoor purposes. She is, of course, an advocate of tree 
planting and tree and shrub screening, but she says that 
this should none the less be done thoughtfully to integrate 
with the scene and blend with the existing species and 
plantations. 

The man concerned with catering for the public in the 
countryside will find advice and guidance on almost 
any problem with which he is likely to be confronted, 
from the making of a causeway over boggy ground to the 
provision of tables for bathing babies on a camp or 
caravan site. There is an index, but it could be more 
complete than it is. 

“Everything considered in this book might be looked 
upon as a service building (artefact) whose function is 
simply to provide for the basie needs of those going into 
the country for informal recreation. The visitor wants to 
find the country as country uncluttered by things put 
there for his benefit”. Miss Beazley points out that the 
traditional buildings of the countryside are unoatentatious ; 
on the other hand there are the mansion houses, windmilla 
and parish churches which punctuate the countryside, 
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providing the occasional Jandmark. It is essential, she 
says, that the new service buildings should not compete 
with this latter category. She feels that all too often 
the type of building which goes into the countryside for 
leisure has around it an unwanted, unmown, no-man’s- 
land which divorces it from its surroundings. Something 
should be done to integrate it with the fields or moorland 
and permit the grazing stock to rub against its walls. 
This is why existing buildings may so advantageously be 
adopted to new leisure uses; Miss Beazley illustrates 
this in the use of an old croft as the Culloden Information 
Centre by the National Trust for Scotland. Lately, in 
the Lake District the house and extensive gardens of 
Brockhole, a nineteenth century residence, have been 
successfully taken over as the first National Park Centre. 

Miss Beazley’s book is for the planner and for all those 
concerned with the establishment and management of 
national and country parks. It is a book for all those 
whose concern is the provision for leisure without, or 
with the minimum of, damage to the countryside. It is 
a book with a wealth of ideas. G. V. Berry 


BRITISH GEOMORPHOLOGY 


The Earth in Decay 

A History of British Geomorphology, 1578-1878. By 
Gordon L. Davies. (Oldbourne History of Science 
Library.) Pp. xvi+390. (Macdonald (Technical and 
Scientific): London, 1969.) 100s. 

GEOMORPHOLOGY, the study of the origins and evolution 
of the surface features of the Earth, was developed as a 
branch of geology almost as soon as the latter took form 
as a separate science. It was formerly known as physical 
geology, or physiography. Its present name appears to 
have originated in the United States, where it still forms 
an important subdivision of the Earth sciences studied 
by geologists. Latterly, however, in Great Britain, it 
has been studied much more intensively by geographers 
than by geologists. It is worth pointing out therefore 
that this book is one likely to interest geologists as well es 
geographers. 

The subject has its roots far back in time, and in tracing 
its development the author records how intarest in the 
subject has fluctuated, for various reasons. He also 
discusses how religious thought and beliefs have affected 
its development. ‘The story of past debates demonstrates 
the inherent conservatism of many prominent geologists, 
and may open the eyes of present day students to the fact: 
that much that they regard as axiomatic formerly aroused 
bitter arguments. 

The first three chapters discuss ideas held by early 
writers on such subjects as denudation and deposition in 
relation to land forms, and about the origin of mountains 
and other topographical features. Among the early writers 
mentioned are some that have been neglected or entirely 
overlooked by historians; for example, Nathaniel Carpen- 
ter, whose Geography Delineated Forth, first. published at 
Oxford in 1625, is stated to contain the first adequate 
discussion by a British writer of the principles of geo- 
morphology. The period. 1705--1808 is covered in chapters 
4to 6. The sixth chapter, containing a critical assessment 
of the effect of Hutton’s Theory of the Earth on the develop- 
ment of geomorphology, is of particular interest, and justi- 
fies the claim that he is one of the founders of the subject. 
Chapter seven, entitled “Geology’s Laggard”, records the 
failure of geomorphology to advance with other branches 
of geology during the period 1807-1862. The reasons for 
this were, basically, the widely held belief thet much of 
the present configuration of the Earth resulted from large 
scale marine erosion, and the reluctance of many promin- 
ent geologists to admit the major part played by rivers in 
shaping the landseape. When, in 1840, Louis Agassiz 
startled the world by publishing his Etudes sur les Glaciers, 
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his demonstration of the effects of ice action removed 
some of the difficulties raised by those who opposed the 
efficacy of river action, but it was long before the more 
conservative geologists accepted Agassiz’s views and their 
implications for geomorphology. 

In chapter eight the author records in detail the rise 
of glaciology and its reaction on geomorphology. TIt is 
interesting to learn from this account that among British 
geologists Robert Jameson seems to have been the first 
who recognized the probability that glaciers formerly 
covered areas where they no longer exist, mentionmng 
particularly Scotland. It appears that he expressed this 
opinion in his lectures, possibly as early as 1826 or 1827, 
but did not publish his views and hence has received no 
credit for them. On the other hand, he encouraged publi- 
cation of papers on glaciology in the Edinburgh New 
Philosophical Journal, which he edited, Among such 
papers was one by a Seandinavian geologist, J. Esmark, 
in which he used the evidence of erratics and moraines 
quite convincingly to demonstrate that a part of Norway, 
not now iee-covered, must at one time have been glaciated. 
This paper, published in 1827, was the first to appear in 
Great Britain suggesting the former existence of ice im an 
area now free from glaciers, but it has been overlooked 
by British geologists, 

Chapter nine deals with the revival of fluvialism and 
the final acceptance of the major part played by river 
action in geomorphology which took place between 1862 
and 1878. It discusses, in particular, the work of J. B. 
Jukes, Sir A. ©. Ramsay, and other officers of the Geologi- 
eal Survey. 

In preparing this book, the author has taken nothing 
for granted, and it embodies the results of much original 
research. It must be regarded as a standard work on the 
particular field it covers. It has the additional merit 
that it is written in a lively and readable style, which 
makes it particularly attractive for non-specialists and 
even the general reader, who will be assisted by the 
glossary provided. For the specialist, each chapter has 
its own list of references, and at the end is è list of the 
primary and secondary sources used by the author. 
Davies’s book is a welcome addition to the literature 
dealing with the history of the Earth sciences. 

V. A. EYLES 














METHODS FOR GEOLOGISTS 


Rock and Mineral Analysis 
By John A. Maxwell. (Chemical Analysis: a Series of 
Monographs on Analytical Chemistry and its Applications, 
Vol. 27.) Pp. xvii+584. (Interscience (Wiley): New 
York and London, May 1969.) 229s. 
Tus book is a welcome contribution to the limited 
literature of rock and mineral analysis. The format is 
straightforward, beginning with a discussion of the pre- 
paration of rocks and minerals for analysis and of the 
errors inherent in sempling both the rock and the bottle 
of crushed powder--a matter about which there is & 
distressing amount of carelessness among some petro- 
logists. There follow a detailed discussion of the methods 
available for the wet chemical analysis of each element 
likely to be sought, and recommended procedures for the 
analysis of silicates and carbonates. Ores are omitted from 
the discussion. Relatively short sections deal with X-ray 
fluorescence and atomic absorption anelysis, and details 
are given of a combined X-ray fluorescence and “rapid” 
chemical scheme in use at the Geological Survey of Canada. 
An immense effort. has gone into this book and it clearly 
has been written against a background of considerable 
experience. Documentation is thorough yet not pc dantic- 
ally so. The text has been carefully proof-read so that 
typographical errors are quite insignificant ; the standard 
of production is very high, as also is the price. 
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In a field so full of pitfalls as rock and mineral analysis, 
the wise beginner will model his work on the painstaking 
thoroughness with which the analytical schemes are set 
out. The meticulousness of the author is impressive and 
he succeeds in communicating a sense of respect for 
attention to detail. The experienced analyst will recognize 
that not all the precautions deseribed will be necessary 
all the time, but it is better that these should be so fully 
enumerated, for with experience comes a sense of when 
procedures can safely be abbreviated. 

Any criticisms that one has are likely to be matters of 
opinion and preference rather than of fact and should be 
viewed against the wholly favourable impression that the 
book makes. As a practical laboratory manual it would be 
easier to use if the pages were headed with the element 
being discussed on that page so that one could more 
quickly find the appropriate section for, say, “calcium”. 
There are occasional uncertainties where the analyst must 
use a little intuition. 

The section on X-ray fluorescence is of less value than 
the wet chemical part of the book. Indeed, some of the 
procedures described contrast with the meticulousness of 


the chemical procedures, and the use of a steel lining for . 


the shatterbox on the grounds of cost saving is surprising 
when viewed against the cost of a multichannel instru- 
ment. Many workers will prefer the methods of the 
Norrish school, but the chapter is none the less an instrue- 
tive example of the integration of analytical methods to 
provide a service of two thousand analyses a year. 

‘The author's style captures both the art and the science 
ofrock and mineral analysis, and the discussion of the many 
analytical difficulties which arise out of the mineralogy 
and petrology of the rock is strengthened by his early 
geological training. J. Grrrins 

J. H. Scoox 


CLASSICAL RELATIVITY 


Relativity and Cosmology 
By H. P. Robertson and Thomas W. Noonan. 
xxxiii +456. (Saunders: Philadelphia 
September 1968.) 140s. 
Here is a distinctive text on relativity. The resurgence 
of this subject in the past decade or so was stimulated by 
the discovery of powerful mathematical tools, by strenge 
new phenomena—quasars, pulsars, background micro- 
wave radiation—which suggest intense gravity fields, 
by new tests of general relativity, and by refinements of 
cosmological tests which Robertson pioneered more than 
thirty years ago. Even in the past few months, the 
possible discovery of gravitational waves by Weber’s 
group at the University of Maryland may open new fields 
for relativity. The theory of gravitational waves was 
begun long before their discovery, and Robertson helped 
it along in 1936. His many important contributions also 
include the general metric for an isotropic, homogeneous 
cosmology, work on the two-body problem and on radia- 
tion pressure. Perhaps most important of all, he was one 
of the first to realize the implications of Hubble’s red-shifts, 

Robertson died in 1961 after an automobile accident. 
He had taught relativity for the previous dozen years at 
Caltech. This book, based on his notes end written by 
his last student, is partly designed as a memorial to its 
senior author, As such, it is not very up to date on 
developments and problems of the past decade. But it 
does provide an excellent mathemetical exposition of 
classical cosmology and relativity, which is, efter all, 
the basis for modern research. Noonan successfully 
undertook the hard task of transforming notes to text. 
He has also added several useful and more modern 
sections and appendices. Now to some highlights end 
details of the book. 

It begins with a fairly standard chapter on Euclidean 


Pp. 
and London, 
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space in which we are introduced to coordinates and their 
transformations. Killing’s equation is derived for solid 
body motion; time and inertial frames are brought onto 
the stage. In the second chapter classical electro- 
magnetism is classically explained. There are good 
descriptions of the experiments by which Hoek, Hammar, 
Sagnac, Airy (who filled a telescope with water), Fizeau, 
Michelson and Morley brought confusion into classical 
theory. The Lorentz transformation arrives in chapter ° 
three, It is derived by showing first that translations, 
rotations, dilatations, inversions, and Kelvin’s transforma- 
tion are the only four-dimensional transformations under 
which the velocity of light is constant. Additional 
postulates are invoked to show that only four-dimensional 
rotations are suitable for describing inertial frames. The 
Lorentz transformation is clearly shown to have important 
implications for rotating rings, cosmic ray muons, Thomas 
precession, and the twins Ann and Betty, 

Two chapters follow on relativistic electromagnetism 
with a Lagrangian formulation, the stress-energy tensor, 
and the mechanics of matter. We are treated to an 
excellent exposition of the effect of radiation pressure on 
particles (Poynting—Robertson effect) with several applica- 
tions, including a particle travelling through uniform, 
isotropic radiation. Next comes a comparison of sealar, 
vector, and tensor theories of gravity within the frame- 
work of special relativity. None of these can. account for 
the deflexion of light, so a more general theory is needed, 
A two-chapter review of classical differential and Rieman- 
nian geometry precedes the general theory. The rev 
also shows how to geometrize a field theory, using the 
theories of heat flow and scalar gravitation as simple 
examples. 

The chapters on general relativity contain an unusually 
full discussion of Schwarzschild orbits and trajectories 
near the singularity. Other highlights are a weak-field 
calculation of gravitational waves, some second order 
theory, the two-body problem, the metric for rotational 
symmetry, effects of rotating inertial frames, and 
equations of motion, Chapter thirteen, on automorphisms, 
unifies some of the previous mathematical methods and 
develops the Gédel solution. 

With this chapter, we are through half the title and 
four-fifths of the book. The cosmology chapters are 
fairly conventional—but this is because Robertson's 
work set the tone for much that followed. Many 
observational tests are discussed briefly, mainly from a 
mathematical rather than an astronomical viewpoint. 
There are fairly recent values of cosmic parameters. 

Several interesting topics are discussed in an appendix. 
A second appendix gives a medium bibliog raphy of 
relativity and a bibliographical biography of Robertson. 
A final ten page appendix is an abstract of the book, 
ending with an abstract of the abstract. There is also a 
useful glossary of symbols——over 200 of them. 

Everyone will have his favourite list of topics whieh 
were omitted from the text. Here are some that come to 
mind: Kruskal metric and maximal analytic extensions, 
gravitationally intense objects, new tests of general 
relativity, Kerr metrie, Riessner-Nordstrom metric, 
conformal and topological teehniques, quantization 
problems, thermodynamics, differential forms, anisotropic 
cosmology, origin of structure in the universe, matter at 
high densities, possible effects (other than absorption) of 
an intergalactic medium, helium and element formation, 
decoupling of matter and radiation, radio source counts, 
Mach’s principle. The sections on horizons and singulari- 
ties are also rather weak. As this list shows, the reader 
will have to look elsewhere for explicit information on 
current problems. 

The point of view is complementary to Tolman’s 
Relativity, Thermodynamics, and Cosmology, and both are 
important, Relativity and Cosmology is much more formal 
and succinet than Tolman’s book. Its tone is of mathe- 
matical physics, in contrast with theoretical physics. 
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Derivations usually proceed through formal transforma- 
tions followed by a brief physical synopsis of the results. 
The numerous insights are more mathematical than 
physical. 

This is a sedate book. Little remains of Robertson’s 
flamboyant style—his caustic comment, his witty barb. 
Only on page 60 are we allowed a brief glimpse, and even 
this is “censored”. The man who, in his milder moments, 
called Emstein’s cosmological constant a “spook in the 
ether” and the substratum a “basic undergarment’”! is 
hardly represented here. But Robertson's science, his 
distinctive style of relativity, is represented very well. 

Wiiitam C. BASLAW 





i Path. Astron. Soe. Pacific, 67, 82 (1955). 


MATHS FOR BIOLOGISTS 


Biomathematics 

The Principles of Mathematics for Students of Biological 
and General Science. By Cedric A. B. Smith. Vol. 1: 
Algebra, Geometry, Caleulus. Fourth edition. Pp. xii+ 
523. (1965.) 63s. Vol. 2: Numerical Methods, Matrices, 
Probability and Statistics. Fourth edition. Pp. x +682. 
(1969.) 138s. (Charles Griffin: London.) 

Tue first. edition of Biomathematics was written by the 
physician W. M. Feldman in 1923 to explain the elements 
of mathematics, in particular the differential and integral 
calculus, to research workers in the biological and medical 
sciences. The success of Feldman’s book, of which a 
second edition appeared in 1935, was due to its simple, 
non-rigorous style and to the wealth of practical examples 
which demonstrated to the scientist the value of formulat- 
ing biological problems in mathematical terms. The third 
edition of Biomathematics was written by C. A. B. Smith 
and appeared in 1954. This was in fact an entirely new 
book, covering rather more ground than the original 
editions at considerably greater length. In the fourth 
edition, which has been divided into two volumes, Smith 
has left almost unchanged the chapters on algebra, 
geometry and calculus in the first volume but has greatly 
expanded the coverage of matrices and of probability and 
statistics which now occupy the whole of the second 
volume. 

In the first volume of the present edition Smith has 
written a very useful introduction to the caleulus for 
biologists with little previous knowledge of mathematics. 
The level of sophistication is rather higher than in Feld- 
man’s edition, and the temptation to sacrifice simplicity 
for mathematical elegance has not always been resisted 
(for example, in the definition of the logarithm by means 
of the equiangular spiral), but any biologist who is pre- 
pared to read this volume carefully should find it both 
intelligible and interesting. I am doubtful, however, 
whether the same reader will gain as much from the 
second volume in which the author develops his own rather 
idiosyncratic views on statistical inference based on the 
use of “pignic” (or betting) odds. The reader who is 
unfamiliar with, or uninterested in, the current argument 
about the foundations of statistical inference is unlikely 
to find this volume good value for money, but there is a 
great deal in it to interest the statistician. 

M. G, BuLMER 


ELECTRODE PROCESSES 


Electrochemistry at Solid Electrodes 

By Ralph N. Adams. (Monographs in Electroanalytical 
Chemistry and Electrochemistry.) Pp. xiti +402. (Dek- 
ker: New York, January 1969.) $18.75. 

Tas is a good book, but the prospective reader should 
be warned against being misled by the title. “Electro- 
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chemistry at Solid Electrodes”? could imply a large part 
of the whole subject of electrochemistry. In reality, the 
book has a much smaller range; it is primarily concerned 
with irreversible electrode processes and their investiga- 
tion by some techniques that have been developed in 
recent years. 

The first six chapters, which occupy nearly half the book, 
describe these techniques; they might be broadly sum- 
marized as voltammetry at controlled potential, chrono- 
potentiometry and rotating disk electrodes, although the 
contents really cover a rather wider field. The principles 
are clearly explained, and there is a substantial amount on 
convective transport. But alternating current techniques 
(Faradaic and Warburg impedances) are not discussed. 

The second half of the book deals with applications to 
the study of electrode processes, including the evaluation 
of diffusion coefficients and of kinetic parameters. A 
section of chapter eight stresses the importance of supple- 
menting purely electrochemical studies of reaction 
mechanisms by other techniques; the applications of EPR 
are described. 

The final chapter is devoted to the electrode reactions 
of organie compounds—especially oxidation. This is a 
subject in which there is currently much interest and in 
which the dropping mercury electrode often cannot com- 
pete with chemically inert solid electrodes. It opens with 
the statement. that “The main purpose of all the previous 
sections in this monograph is to provide background for 
a survey and discussion of electrochemical reactions of 
organic materials at solid electrodes”. I feel that this 
undervalues the earlier parts of the book, but the chapter 
in question certainly provides an authoritative account 
of the subject. 

The book contains a great deal of information on 
practical matters, such as construction of electrodes; this 
information, in conjunction with the discussion of general 
theoretical principles to be found in the earlier chapters, 
will be particularly useful to anyone wishing to start work 
in the field. J. N. AGAR 





RARE DISORDER 


Anorexia Nervosa 
By Peter Dally. Pp. ix+ 137. 
London, May 1969.) 30s. 


THis monograph is largely a report by the author of his 
extensive clinical experience with anorexia nervosa, a 
condition largely occurring in young women, and charac- 
terized by amenorrhoea, weight loss, malnutrition, accom- 
panied by psychopathological factors. For several 
years he has been systematically collecting information 
on a group of such patients which now numbers one 
hundred and fo In his report, the author attempts 
to bring some order to these data by identifying subgroups 
of patients with differing personalities which he claims 
are sometimes associated with differing basic attitudes 
within the illness and different outcomes. 

In the past, there have been many insubstantial hypo- 
theses concerning the aetiology and nature of anorexia 
nervosa, often based on experience with just a few patients. 
This situation is not surprising when the rarity of the 
condition and the complex clinical condition of these 
often seriously ill, pathetic, reluctant patients with their 
so specific and metabolic and behavioural disorders are 
considered. At last, reports based on wider experience 
such as the one under review are beginning to appear. 

The author has used just sufficient space in his short 
introductory chapters to acquaint the reader clearly with 
the historical background. In his fourth chapter he 
launches into his attempted classification of his own series 
of patients into a large obsessional (O) group containing 
half the total patients, and smaller hysterical (H) and 
mixed (M) groups. It is at this stage, when he is attempt- 
ing to be most orderly, that T find him most ambiguous. 


(Heinemann (Medical): 
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Although it is not made entirely clear here, it seems from 
the author’s earlier writings that his study contains both 
retrospective and prospective elements. Although all 
the patients have been followed up, assessment of their 
eurrent behaviour and personality has been undertaken 
under varying circumstances. At the same time as he 
proposes the existence of the obsessional group, he qualifies 
his meaning of the word obsessional and then proceeds 
to try and illustrate this by describing a few patients in 
detail. He adopts a similar approach with the other two 
groups. He tabulates differences that have emerged 
between the groups and are usually only quantitative in 
kind or else prone to error on account of subjectivity and 
do not always seem to justify the particular labels he uses. 
Furthermore, it is not clear whether the patients have 
been allocated to their respective groups on account of 
these tabulated differences either with or without know- 
ledge of subsequent outcome and the like, or whether 
they have been so classified on personality grounds and 
the differences then discovered. Finally, the author 
acknowledges the overlap that exists between the groups 
anyway. In my opinion this matter must remain un- 
resolved and it merits more rigorous independent and 
statistical investigation. 

The second value of this monograph, however, rests on 
the large amount of other and independent clinical data 
available. A long chapter is devoted to a discussion of 
symptoms and signs in which the author buttresses his 
personal detailed findings with frequent useful reference 
to the literature. Here once again his main interest is 
declared, for, although there is passing comment on the 
biochemical and metabolic aspects of the disorder, the 
emphasis is a clinical one. The chapter on treatment is a 
full, wise and useful one, although the rare role of pre- 
frontal leucotomy is perhaps given too extensive and yet 
in some ways incomplete coverage. Criteria for assess- 
ment of improvement are identified, but the ongoing 
nature of feeding habits is not included arnong them. This 
reflects perhaps some disregard for this aspect of the 
disorder, namely, predominant carbohydrate starvation, 
which pervades the book. Next, the author searches for 
possible factors affecting outcome. These chapters are 
excellent and detailed, although the author does not always 
proceed to examine outcome in his group of patients 
in relation to many premorbid factors he has identified 
and skilfully sought in terms of relatively “hard” data. 

Final brief chapters are concerned with the disorder in 
males, with allied and overlapping disorders and with a 
too brief and rather tired chapter on aspects of the differ- 
ential diagnosis. The bibliography is useful, reflecting 
the author’s attention to and respect for the non-English, 
especially the French, as well as the English language 
contributions to our knowledge and understanding of 
some of the clinical aspects of the condition. On the 
whole, I find this a reasonably priced book, unpretentious 
and filled with clinical detail and useful information for 
other workers in the field. A. H. Crisp 


WELL-WORN SLIPPER 


The Anatomy of Paramecium aurelia 

By A. Jurand and G. G. Selman. Pp. xiii + 218454 
plates. (Macmillan: London; St Martin’s Press: New 
York, July 1969.) 100s. 


ACCORDING to one protozoologist, “Paramecium is an 
extremely specialized member of a peculiar and imper- 
fectly investigated suborder. Its structure is difficult to 
observe and almost impossible to demonstrate to the in- 
experienced. . . . Only recently has it found a tenable 
taxonomic position’. Nevertheless, we learn from 
Jurand and Selman that there are probably more than 
3,000 papers deseribing work on this genus, while their 
own book is at least the fourth monograph to have been 
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devoted to it. All this could be taken to indicate that, 
in spite of its peculiarities, Paramecium must be an orgen- 
ism of quite extraordinary general significance, and indeed 
this may be so. It is perhaps permissible, however, to 
register a small doubt about this. 

It is commonly asserted that work on Paramecium has 
yielded information of the greatest relevance to our under» 
standing of such topies as the expression of genetic 
information, the role of the nucleus in differentiation, and 
that of the cytoplasm-—and especially the cell surface-—-in 
heredity and morphogenesis. Yet the very features by 
which a ciliate can immediately be distinguished from 
any other sort of cell are precisely its elaborate and 
unusual nuclear system and its elaborate and unusual 
cortex. Both are almost without parallel, not only among 
Protozoa but in plant and animal cells generally. Does 
it not demand a certain amount of optimism to suppose 
that results obtained from the study of such outlandish 
material will be readily applicable to more normal cells ? 

Having recorded my scepticism, I hasten to add that it 
does not seem to me to matter very much whether or not 
Paramecium is a blind alley, for the scenery is certainly 
marvellous as one is going along it, and the fact that one 
may not actually be getting anywhere will oppress only 
the most utilitarian natures. 

This book consists of a short, lucid account of the main 
features of the fine structure of P. aurelia, Ulustrated by 
14 diagrams and 234 photographs. The majority of the 
latter are eleetron micrographs of thin sections, most of 
them original, Referring to the inter-fission organiam, 
the authors say that “our knowledge of the anatomy of 
Paramecium at the ultrastructural level now seerns to be 
fairly complete, so that subsequent advances will be limited 
to matters of detail”. If by “detail” they mean anything 
that has not yet been seen, this is true enough. T suspect, 
however, that they may read this statement with a certain 
amount of embarrassment in, say, five vears’ time, The 
micrographs are mostly very good, and by looking at them 
and reading the text one can certainly get a clear idea of 
the anatomy of Paramecium. Anyone working on the fine 
structure of this genus will, of course, still need to go back 
to the original papers, rather than rely on this rather con- 
densed summary. As an adjunct to other sorts of research 
on Paramecium it will be helpful, though here the need is 
perhaps not so much for an atlas of structure as for a 
general handbook of methods and data of all kinds. The 
book is therefore likely to be of interest chiefly to students 
and teachers. If they can afford it, I am sure they will 
enjoy it. A. V. GRIMSTONE 











ENGLISH FOR SCIENTISTS 


Scientific Writing for Graduate Students 
Edited by F. Peter Woodford. (A Council of Biology 
Editors Manual.) Pp. x+190. (Rockefeller University 


: New York; Macmillan: London, July 1969.) 458, 


Tuts is an excellent book for which all scientists who write 
or speak in English should be grateful. The Council of 
Biology Editors, F. Peter Woodford and his co-authors, 
have indeed done good service to future scientific litera- 
ture. As would be expected from the authorship, the 
book is written with biological journals in mind, but the 
message is clear and pertinent to any scientific writing 
where results need to be expressed logically, concisely 
and unambiguously. The aim is to advocate instruetion 
in seientifie writing in university science courses. The 
book is intended as a manual for the teachers of such 
courses and gives an outline of one of 10-12 one hour 
sessions addressed to graduates preparing to write their 
first articles; but the difficulties and the satisfaction, of 
writing a good article are explained with such clarity and 
enthusiasm that the book will have a very wide appeal, 
The manual can be read with profit by all who really want 
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to publish their results so as to have the greatest impact 
on scientists. No scientist need feel too experienced to 
derive benefit from it. Editors will read it with delight 
and wish to bring it to the attention of authors who submit 
badly written articles. If an author will follow the good 
advice given in the manual he will write a better article; 
he will also appreciably lighten the burden of the editors 
to whom the article is submitted. 

Woodford is the chief contributor with his sections on 
“Writing a Journal Article” and “Design of Tables and 
Figures” which occupy 127 pages. These chapters 
provide everything an instructor needs. A most valuable 
feature is chapter seven on “Editorial Assignments”. 
Here there are set out on facing pages faulty texts and 
improved texts. The faults are explained and the reasons 
for the improvements given in footnotes. In this way it is 
shown how the lessons of the previous chapters can be put 
into practice. The faulty texts are no exaggeration of 
what some authors have submitted to the editors of a 
journal. No one who studies the 44 pages of this chapter 
can fail to be impressed by the care and thought required 
in the writing of a good article. 

Edwin L. Cooper’s chapter on “Writing a Doctoral 
Thesis” pleads that theses should be written on the same 
principles as a journal article and “do not have to be thick 
to be scholarly”, Woodford provides a useful chapter on 
“Writing a Research Project Proposal”. Ellsworth B. 
Cook is rightly not “apologetic” about the inclusion of 
his chapter “Oral Presentation of a Scientific Paper” m a 
book about writing. If all speakers at a scientific congress 
followed Cook’s advice it would add greatly to the pleasure 
of the audience. Another useful chapter is contributed 
by Marcus Rosenblum on “Principles and Practices in 
Searching Scientific Literature”. 

A good feature of this book is the extensive biblio- 
graphy (given in several places) whieh includes valuable 
comments on the books and articles mentioned. It is 
pleasant for English readers to find that Quiller-Couch’s 
“The Art of Writing” and Gowers’s “The Complete Plain 
Words” are so highly recommended. There is an excellent 
index. 

This is a most readable book which should be read by 
everyone concerned with the writing of a scientific article. 
No laboratory should be without it. W. V. THORPE 


Correspondence 


Who will Guard the Guardians ? 


Srr,—~Because the case of Dr Tarnesby (Nature, 223, 434; 
1969) may be the subject of an appeal to the Judicial 
Committee of the Privy Council it would be inappropriate 
for the Disciplinary Committee of the General Medical 
Council to comment in detail on the seriously misleading 
impression given in your editorial article, “Who will 
Guard the Guardians %7. Two important points, however, 
should be made. 

First, the article is based on only one of the three 
principal matters alleged in the particulars of the charge, 
and even that is incorrectly summarized. It thus gives a 
wholly incomplete picture of the allegations and evidence 
which were the subject of the inquiry. 

Second, before the committee proceeded to determine 
in camera which, if any, of the facts in the charge had been 
proved to their satisfaction, the folowing clear warning 
was given by the chairman, Lord Cohen of Birkenhead: 
“I think it proper, and in this the Legal Assessor concurs, 
that T should make clear in public that in their determina- 
tion in this case the committee must not be influenced by 
any views they might hold on the rights or wrongs of 
abortion or on the working of the Abortion Act. They 
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will confine their judgment to the facts alleged im the 
charge against the practitioner.” 
Yours faithfully, 
W. K. Pyxe-Lues 
General Medical Council, 
44 Hallam Street, 
London WIN 6AE. 


Moon Dust and Coal Ash 


Sir,——-We have been struck by the similarity between the 
preliminary descriptions of moon dust and that of the ash 
residue collected from pulverized coal-fired boilers (that is, 
pulverized fuel ash or pfa). Pfa is a fine powder, usually 
of a light grey or brown colour but sometimes much 
darker. It consists largely of tiny spheres of silicate 
glasses. So apparently does moon dust. With pfa the 
diameters of the spheres lie in the range 1 to 100 um. The 
manner of their formation in the boiler flame has been 
studied recently by one of us!. The spheres are formed 
when the particles of mineral matter, which is ground 
small in the coal pulverizing mills, are fused in the coal 
flame. 

The time required for the transformation from an 
angular rocky form to a nearly perfect sphere depends on 
the particle size and the surface tension and viscosity of 
the fused silicate at the appropriate temperature. In a 
pulverized fuel furnace the flame temperature does not 
usually exceed 1,800 K, but the time during which the 
small particles are exposed to this temperature, or to 
within a few hundred degrees of it, is long enough (a few 
seconds) to ensure that silicate particles of a wide range of 
composition--except the larger particles of pure quartz 
are converted to spheres, 

In addition to the solid microspheres formed in this 
way, pfa often contains a proportion of thin-walled hollow 
spheres with diameters in the range 20-200 ym. Fig. | 
shows a scanning electron micrograph of a small collection 
of these hollow spheres; the shell of one of them has been 
broken. Infrared analysis reveals that they contain 
trapped carbon dioxide with only traces of other gases. It 
appears? that pfa spheres are inflated by the relatively 
slow oxidation of carbides dissolved in the fused silicate. 
The carbide is apparently formed from carbon in contact 
with the outer surface of the fused silicate particle. There 
are other processes which could result in hollow spheres, 
but only that based on carbides seems to fit the tempera- 








NATURE, VOL, 223, AUGUST 16, 1969 . 


ture history of particles in coal-fired furnaces. Lt héllow« 


silicate spheres are found in moon dust they might yield 
important information about the early history of the dust. 
Their present colour may owe more to their having been 
irradiated in high vacuum than to their origin and in this 
respect they will differ from pfa. The colour of the latter 
depends on the oxidation state of iron in the silicate; 
predominance of ferrous gives a black and ferric a red 
colour. : 
Yours faithfully, 
A. B. Harr 
E. RAASK 


sentral Electricity Generating Board, 
Research and Development Department, 
Kelvin Avenue, 
Leatherhead, Surrey. 
1 Raask, E., Fuel (in the press), 
* Raask, E., J. Inst. Fuel, 11, 339 (1969). 


Will there be Catastrophe ? 


Sia,-—It seems to me that the leading article “Will there 
be Catastrophe ?” (Nature, 223, 550; 1969) curiously 
misses the essential point. The last two sentences of that 
statement read: “The record of the past century shows 
how technology has prospered and how the quality of life 
has in the process improved. There is no reason why the 
same should not happen in the decades ahead, even if 
this does sound a little like a recipe for having your cake 
and eating it.” But isn’t it the very facts which you 
there state that will be the cause of virtually certain 
overpopulation on an immense scale and consequent 
famine ? The minor issues to which you refer may justify 
a pollyannish attitude; the dialectic consequences of 
technological prosperity, passed over silently in the article, 
ie E Yours faithfully. 

WALTER Lanpaver 
Department of Animal Genetics, 
University College London, 
Wolfson House, 4 Stephenson Way, 
London NW1. 


British Quest for Uniqueness versus American Ego- 
centrism 


SiR, -American scientists cannot have failed to notice 
the prevalent British custom to use two or three initials 
along with surnames. Whether this is an intuitive quest 
for uniqueness in a country where common surnames are 
employed (for example, D. H. R. Barton) or whether it is 
deliberate, the value of this practice might well be 
emulated by American scientists. The more common 
American practice to drop or not have a middle (second) 
or a third name is a constant source of difficulty to 
librarians, indexers, editors, and all those who must use 
the literature. While A. Kantrowitz is “obviously” a 
heart specialist (to the cardiologist) and obviously a 
physicist to the physicists, it is not obvious to many 
others interested in their work which one is the author of 
& paper appearing in a multi-disciplinary journal. 

Scientists who are just now embarking on their careers 
would be well advised to measure the information content 
of their names as they appear in indexes such as Index 
Meiicus, Physics Abstracts, Biological Abstracts and 
Science Citation Index. They can easily prevent a lot of 
needless ambiguity and confusion. 


Yours faithfully, 
EUGENE GARFIELD 


Institute for Scientific Information, 
325 Chestnut Street, 

Philadelphia, 

Pennsylvania 19106, USA. 
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University News 


Mr L. R. Fletcher, director of Establishments anil 
Organization in the Department of Education and 


Science, has been appointed secretary of the University. 


Grants Committee in succession to Mr E. R. Copleston. 
who is to retire. 


Dr F. T. Haxo has been appointed chairman of the 
Marine Biology Research Division of the University of 
California, San Diego’s Scripps Institution of Oceano. 
graphy. 


Appointments 


Dr R. H. Mole has been appointed director of the Medical 
Research Council’s Radiobiology Unit at Harwell. He. 
succeeds Dr J. F. Loutit, who wishes to return to full-time 
research. 


Dr F. T. Last has been appointed director of the new 
Institute of Forestry Research established by the 
Natural Environment Research Council at the Edinburgh 
Centre for Rural Economy. 


Announcements 


Miss Letitia Chitty and Professor P. W. Rowe have 
been awarded the Telford Gold Medal of the Institution 
of Civil Engineers. The medal goes to Miss Chitty for 
her series of papers published by the institution since 
1936, culminating in her review of the work of the Arch 
Dams Committee presented to the Conference on Arch 
Dams in 1968, Professor Rowe, professor of soil mech- 
anics at the University of Manchester, wins the medal 
for two papers published by the institution. 

Dr W. L. Law, National Cancer Institute, Bethesda, has 
been awarded the Alessandro Pascoli Prize for Im- 
munology and Cancer. 

Professor A. C. Rose-Innes, University of Manchester 
Institute of Science and Technology, is to visit Poland as 
a Royal Society Leverhulme Visiting Professor. He 
will lecture in the physics department of the University 
of Warsaw and help with research in the Institute of 
Physics of the Polish Academy of Sciences. 


International Meetings 


September 22, Future of Biophysics in the United 
Kingdom, London (Professor R. E. Burge, Queen 
Elizabeth College, Department of Physics, Campden Hill 
Road, London W8). 


November 18, Safety as a Factor in Design and 
Maintenance, Seunthorpe (The Iron and Steel Institute, 
4 Grosvenor Gardens, London SW1). 


Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of families about to 
take up periods of sabbatical leave. To begin with, 
no charge will be made for advertisements like this. 
It is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


Wanted: London flat for visiting scientist, wife 


and daughter. Two bedrooms, own bathroom and 
toilet, fully furnished, use of garden. Karly Sep- 
tember for 1 year. Please telephone 01-349 9825. 


Wanted: Furnished accommodation in or near @ 
Cambridge for 2 years from October 1969. Please 
contact T. L. Whateley, Box 525, AECL, Pinawa, 
Manitoba, Canada. 
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Monday, August 18 


Physiology of Digestion and Metabolism in the Ruminant (six-day 
symposium) at Cambridge University. 


Friday, August 22 


Communicating Science (7.45 p.m.) Dr A. Michaelis, H. G. Wells 
Society, at Imperial College, London SW7. 


Reports and Publications 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


Ministry of Transport, Road Research Laboratory. RRL Report LR 263; 
Pre-Driver and Driver Training in Secondary Schools. By R. J. Sargent and 
Helen V. Colborne. Pp. 34. (Crowthorne: Road Research Laboratory, 
1969.) Gratis. 

University of Bristol, Department of Agriculture and Horticulture. Report 
of Long Ashton Research Station (The National Fruit and Cider Institute), 
1968. Pp. xv + 161 +2 plates. (Long Ashton: Long Ashton Research 
Station, 1969.) [177 

Natural Environment Research Council. Marine Sedimentology—Summary 
of work around the United Kingdom 1963 to 1968. Pp. 10. (London: 
Natural Environment Research Council, 1969,) {177 

Systems in Action. (Report of the Third Automation Conference organized 
by the Plant Engineering and Energy Division of BISRA, held at East- 
bourne, September 18-20, 1968.) Pp. 195. (London: BISRA, Reports 
Section, 1969.) 638, 187 

Training the Operator—a Practical Guide. By E. M. Gentles. (IPM 
Practical Handbooks, No. 1.) Pp. 38. (London: Institute of Personnel 
Management, 1969.) 03. (187 

The Weir Group—-Descriptive Brochure. Pp. 56. (Cathcart, Glasgow: 
The Weir Group, Ltd., 1969.) 187 

_ Oceanic Pollution: a Survey and some Suggestions for Control. By M. M. 
Sibthorp. Pp. 53. (London: The David Davies Memorial Institute of Inter- 
national Studies, 1969.) 6s. 217 

Bulletin of the British Museum (Natural History). Zoology. Vol. 18, 
No. 3: Euphthiracaroid Mites (Acari Cryptostigmata) from North Borneo, 
By G. W. Ramsay and J. G, Sheals. Pp. 91-115. 12s. Supplement 3: The 
Sheil Structure and Mineralogy of the Bivalvia—Introduction, Nuculacea-— 
' Trigonacea. By John David Taylor, William James Kennedy and Anthony 
Hall, Pp. 125429 plates, 90s. (London: British Museum (Natural 
History). 1059.) 21 

Building Research Station. Current Paper 17/69: Proposals for the 
Control of Deflection in tbe New Unified Code for Structural Concrete. 
By A. W. Beeby and J. R. Miles. Pp. 13. (Garston, Watford: Building 
Research Station, 1969.) Gratis. 227 

The Eyes of 20,000. (Summary and conclusions of a research project 
carried out by the Optical Information Council between June 1968 and 
April 1969.) Pp. 40. CLondon: Optical Information Council, 1969.) 227 
Gan Aids for the War-Blinded. Pp. 39. (London: St Dunstan's, 

89., [227 

Pharmacological Research Communications, Vol. 1, No. 1, March 1969. 
Pp. 1-126. Subscription: Vol. 1, 4 issues, March~December 1969, 84s.; 
abroad $10. (London and New York: Academie Press, 1969. Published for 
the Italian Pharmacological Society.) 227 

The Ministry of Technology 1964-1969. Pp. 75. (London: Ministry of 
Technology, 1969.) Gratis. 227 

Oecurrence, Mining and Recovery of Diamonds. By Dr A. A. L. Linholm. 
Pp. 36. (De Beers Consolidated Mines Limited.) (London: Industrial 
Diamond Information Bureau, 1969.) Gratis, 227 

Television in Postgraduate and Continuing Medical Education. (Con- 
ference held 4th and 5th October, 1968, BMA House, London, WC1). Edited 
by C. E. Engel and R. Li. Meyrick. Pp. 73. (London: BMA, 1969.) 

$ 227 

Ministry of Agriculture, Fisheries and Food. Fishery Investigations, 
Series IT, Vol. XXVI, No. 2: The Settiement and Survival of Young Mussels 
in the Conway Fishery. By N, Reynolds, Pp. v +25. (London: HM 
Stationery Office, 1969.) 15s. 6d. net. 227 

Ministry of Technology, Water Pollution Researeh Laboratory, Technical 
Paper No, 12: An MWlustrated Key to the British Freshwater Ciliated Pro- 
tozoa Commonly Found in Activated Sludge. By Dr C. R. Curds. Pp. 
iv+90. (London: HM Stationery Office, 1969.) 10s. net. 227 

Building Research Station Digest, No. 107: Roof Drainage. Pp. 8. 
(London: HM Stationery Office, 1969.) 6d. 227 

Building Research Station. Current Paper 10/69: A Study of Coding and 
Data Co-ordination for the Construction Industry—Instructions to Opera- 





tives. By J. I'a. Nelson. Pp. 30, (Garston: Building Research Station, 
1969.) Gratis. {227 
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Other Countries 


United States National Museum Bulletin No. 258: Gammaridean Amphi- 
poda of the Rocky Intertidal of California~-Montery Bay to La Jolla. By 
J. Laurens Barnard. Pp. x +230. $1,50. Bulletin 285: Two FORTRAN I 
Programs for the Univariate and Bivariate Analysis of Morphometric Data. 
By Thomas R. Waller. Pp. v+55. $1.50. (Washington, D.C.: Smithsonian 
institution Press, 1968 and 1969. For sale by US Government Printing 
Office.) (147 

Broadcasting in the Space Age. By Olof Rydbeck and Edward W. Ploman. 
Pp. 53. (EBU Monograph No. 5.) Legal and Administrative Series. 
(Geneva: European Broadcasting Union, 1969.) 8 Sw. francs, {147 

Annual Report of the Inter-American Tropical Tuna Commission, 1968, 
Pp lan (La Jolla, California: Inter-American Tropical Tuna Commission, 
1969. 7 

illetin of the Museum of Comparative Zoology, Harvard University, Vol, 
137, No.3: Ammonoids of the Late Scythian (Lower Triassic). By Bernhard 
Kummel. Pp. 311-701 (71 pe (Cambridge, Mass.: Museum of Com- 
parative Zoology, Harvard University, 1969.) {147 

Roswell Park Memorial Institute—1967/1968 Annual Report. ry. 162. 
(Buffalo, N.Y.: Roswell Park Memorial Institute, New York State Depart- 
ment of Health, 1969.) {147 

Annals of the New York Academy of Sciences, Vol. 158, Article 1: 
Electronic Aspects of Biochemistry. By Bernard Pullman and 36 other 
authors. Pp. 1-438. (New York: New York Academy of Sciences, 1969). [157 

Arquivo do Instituto Gulbenkian de Ciencia, B: Estudos de Economia ¢ 
Financas. Vol. 3, No. 3: Matrice Indécomposable. Par J. Silva Ferreira. 
Pp. 104. (Lisboa: Fundacao Calouste Gulbenkian, Instituto Gulbenkian de 
Ciencia, 1968.) (167 

Departamento de Fisiologia de la Facultad de Medicina, Universidad 
Nacional Autonoma de Mexico. Materiales Bibliograficos en Lengua Rusa de 
su Biblioteca, Por Dr José Joaquin Izquierdo. (Mexico, D.F.: Universidad 
Nacional Autonoma de Mexico, 1969.) 167 

Instituto Antartico Argentino. Contribucions. No. 84: Algunos Poliquetos 
Antarticos, Por A. B. Gallego. Pp. 27. No. 86: Movimiento de Arcos 
‘Aurorales en la Estacion Cientifica Elsworth. Por E. O. Garcia y J. G. 
Gomez. Pp, 25. No. 90: Analisus de la Concordancia de Diagramas Ascaplot 
de Estaciones Antarticas Vecinas. Por J, G, Gomez. Pp. 15. No. 92: 
Observaciones sobre la Relacion entre la Dureza y la Densidad de la Nieve 
en el Antartico, Por C. A. Lisignoli, R. E. Dalinger y E. Machado. Pp. 13. 
No. 99: Estudio Bioecologico de la Flora Nival de Cabo Primavera (Costa de 
Danco, Peninsula Antartica). Por A. Corte. Pp. 16. No. 102: Estudios 
Bacteriologicos del Contenido Gastro-intestinal y Cloacal de Pinguinos 
‘Antarticos. Por R. A. Margni, O. D. Castrelos y M., Herrera. Pp. 19. 
No. 103: Guia para Reconocer los Generos de Algas Pardas de la Argentina. 
Por A. O. Asensi. Pp. 51. No. 104: Sobre dos Nuevas Especies de Hongos 
Recolectadas en el Antartico. Por E. Horak. Pp. 13. No. 105: Sobre la 
‘Absorcion Tonsferica del Ruido Cosmico en Presencia de Fenomeno Auroral 
Observada en la Base General Belgrano en 1964. Por J, Basbous y A. E. 
Pedroni. Pp. 27. No. 106: Contribucion al Estudio Morfologico y Sedi- 
mentologico del Archipielago Melchior (Antartica). Por L. Berthois. Pp. 26. 
No, 112: Modificaciones Metabolicas Estudiadas en Pinguinos Papus en la 
Antartica Argentina. Por J. P. Bernaldez y J.C. Roche. No, 113: Aster- 
oideos de Puerto Paraiso, Peninsula Antartica, Por I. Bernasconi. Pp. 27. 
(Buenos Aires: Instituto Antartico Argentino, 1964-1968.) {167 

Proceedings of the California Academy of Sciences, Fourth Series. Vol. 
36, No. 16: Report of a Collection of Amphibians and Reptiles from Afghe 
istan. By Richard J. Clark, Erica D. Clark, 5. C. Anderson and A. E. 
Levitan. Pp. 279-316. Vol. 36, No. 11: Observations on the Vizcaino 
Desert and Its Biota. By I. L. Wiggins. Pp. 317-346 +3 plates. Vol. 36, 
Wo. 12: A Late Pleistocene Marine Invertebrate Fauna from Bandon, 
Oregon. By V.A. Zullo. Pp. 347-861. Vol. 36, No. 13: Sonar of Penguins 
and Fur Seals. By T. C. Poulter. Pp. 363-380. Vol. 36, No. 14: Sonar 
Discrimination Ability of the California Sea Lion, Zalophus californianus. 
By T. C. Poulter and R. A. Jennings. Pp. 381-389. Vol. 36, No. 15: Oste- 
ology and Relationships of Characoid Fishes, particularly the Genera 
Hepsetus, Salminus, Hoplias, Clenolucius and Acestrorhynchus. By T. Roberts. 
Pp. 391-300. Vol. 36, No. 16: A New Subspecies of Balanus tintinnabulum 
(Linnaeus, 1758) (Cirripedia, Thoracica) from Clipperton Island, Eastern 
Pacific. By V. A. Zullo. Pp. 501-510. Vol. 36, No. 17: Pleistocene Inver- 
tebrates fram Northwestern Baja California, Del Norte, Mexico. By J. W. 
Valentine and Robert W. Rowland. Pp. 511-530. Vol. 36, No. 18: Polydora 
narica, New Species, and Pseudopolydora kempi californica, New Subspecies, 
Two New Spionids (Annelida: Polychaeta) from Central California, By 
W. J. Light. Pp. 531-550. Vol. 36, No. 19: The Shore Flies of the Genus 
Canaceoides Cresson (Diptera: Canaceidae), By W. W. Wirth. Pp, 651-570. 
Vol. $6, No. 20: New Species and Records of Galapagos Diptera. By W. W. 
Wirth. Pp. 571-594. (San Franeisco: California Academy of mal 
1969.) 177 

World Health Organization. Technical Report. Series. No. 419: WHO 
Expert Committee on Medical Rehabilitation—Second Report. Pp. 23. 
2 Sw. francs; 4s.: $0.60, No. 421: Amoebiasis-—-Report of a WHO Expert 
Committee. Pp. 52. 3 Sw. franes; 6s: $1. (Geneva: World Health 
London: HM Stationery Office, 1969.) 77 


















Organization; N [177 
ELDO-ESRO Technical Review, Vol. 1, No. 1, 1969. Pp. 1-124. (Paris: 
Gauthier-Villars, 1969.) {177 
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It’s hard to believe that this is the world’s 
most advanced mass spectrometer 


It’s so easy to operate. Inthe past, mass W Ultra high resolution, guaranteed at nanograms of sample. 


spectrometers were considered too 70,000. Results like these have made it the most 
complex for everyday use in the @ Mass measurement accuracy-2ppm. usedand sought after mass spectrometer 
laboratory, but now with the MS902 @ Four inlet systems connected atone inthe major organic research labora- 
double focusing mass spectrometer, time. tories in the world, where it provides 
you can have a routine, high @ Fast scan high resolution for gas information previously undreamed of, 
performance instrument that is almost chromatography. When you buy an M5902, you're 
child's play to operate. @ Proven data systems and computer buying the most advanced double 
From the minute you start operating programmes. focusing mass spectrometer in the 

the MS902 you get performance and With the MS902 you get a complete world from the people who are leaders 
results never before achieved in fingerprint spectrum, the elemental in their design— 

analytical chemistry. Just look atthese composition of a complete molecule, AEI Scientific Apparatus. 

outstanding features : and very often the complete structure of 


the molecule—even from a few 


Write for full details to: 
GEC-AEI (Electronics) Ltd., 
Scientific Apparatus Division, Dept. 101, Barton Dock Road, 
Urmston, Manchester M31 2LD. Tel: 061-865 4466 

And inthe USA contact: 

Picker Nuclear, 1275 Manaroneck Avenue. 

White Plains, New York 10605. 










Generating Board 


candidate, £2,640/£3,285 per annum 


Vacancy No. £.401/303/N. 


ANTEATER EEE TTT 


Pharmacologist 


Biologist 


required by the Central Electricity 


The duties of the post are to supply advice in the field of biological 
sciences including, in particular, matters relating to the Board’s interest 
in the management of lakes and watercourses used for angling and to 
conduct research in these fields, to supervise such research by officers 
reporting to him and to maintain liaison with universities conducting 
studies in this field under the sponsorship of the Board. 


The post is within the Scientific Services Department of the North 
Western Region and is based at Trawsfynydd. 


The successful candidate will most probably have an Honours Degree 
in Biology together with some post-graduate research experience. 


Salary is within the range £1,985/£2,685 per annum or, for an exceptional 
in accordance with the National 


Joint Board Agreement for the Electricity Supply Industry. 
Applications in writing stating age, experience etc., to 

Regional Personnel Manager, Central Electricity Generating 
Board, North Western Region, 825 Wilmslow Road, Manchester 
M20 BRU to arrive not later than 26th August, 1969. Please quote 
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increasing research activities connected with the discovery and development 
of new medical products have given rise lo a vacancy for an experienced 
pharmacologist to work in the Research and Development organisation of the 


Company. 


Applications are invited from candidates with a higher degree and a number 








of years of relevant research exp: 


Ace, 


Previous experience need not have 


been in industry. The position, which will be atiractive to first rate candi- 
dates in their late wwenties and thirties, will involve leading a team of qualified 
scientists and technicians working on either the pharmacology of the central 
nervous systems or on the pharmacology of the heart and circulation. A 
number of interesting lines of work are already in development and the work 
should have great appeal for a goed research person who is keen to see a 


useful outcome, 





The research facilities provided by the M&B Research Institute are recog 


nised as excellent. 


Team work is encouraged as is publication in scientific 


journals and attendance at meetings of scientific societies, 
The starting salary will be negotiated and will be discussed at the imerview 
as will arrangements for moving into the district in the Hight of individual 


circumstances. 


Applications, which should give brief details of age, qualifications and ex- 
perience, will be treated in strictest confidence and should be addressed to the 
Director of Research and Development, May & Baker Lid., Dagenham., Essex, 


RM1O 7X8., quoting reference number 126/69, 


May & Baker Ltd 


(637) 


oe 
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UNIVERSITY COLLEGE LONDON 


BIOLOGIST required by DEPARTMENT OF 
CHEMISTRY to run tissue culture laboratory 
concerned with proteins affecting behaviour of 
in culture. Preference to appii- 
st degree in Zoology and some èx- 
Salary according to 





a 
perience of ue culture. 
qualifications and experience. 
Applications 38 soon a3 possible to Professor 
C. A. Vernon. Department of Chemistry, 
UEL., Gower Street, W.C.1 (503) 


EXPERIMENTAL OFFICER 


Required by Biophysics Department to be 
responsible for maintenance and development of 
electronic equipment (including high-gain ampli- 


fiers, oscilloscopes and digital equipment), Mini- 
mum qualification H.N.C. Salary in range 
£1,470-€2,045 plus £60 London allowance. 
F.S S.U. 


Application forms from Personnel Officer (Tech. 
Staff FD/1)}, University College London, Gower 
Street, WCL (392) 


For further Classified advertisements see page vii 
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UNIVERSITY OF STIRLING 


DEPARTMENT OF 
BIOLOGY 


Applications are invited either for a post 
doctoral RESEARCH FELLOW (salary 
£1,240 by £115 two years) to work on 
computer simulation of evolution in hetero- 
gencous environments or a RESEARCH 
ASSISTANT (salary £900 by £50 three 
years) to work on the evolutionary genetics 
of heavy metal tolerance in plants. The 
Research Fellow would be expected to be 
familiar with programming and/or mathe- 
matical techniques. The Research Assiste 
ant should preferably have a good degree 
in Botany or Genetics. 


The work will be supervised by Dr. L 
Antonovics. 


Applications should be submitted to Pro- 
fessor F. G. T. Holliday, Department of 
Biology, University of Stirling, Stirling, 
Scotland. (504) 





UNIVERSITY OF READING 
DEPARTMENT OF HORTICULTURE 


DEMONSTRATOR IN 
AMENITY HORTICULTURE 
(TEMPORARY) 


Applications are invited for the post of 
temporary demonstrator in Amenity Horti- 
culture. The duration of the appointment 
js for three years from October 1, 1969. 
Applicants should have a good pass or 
honours degree in horticulture and be par- 
ticularly interested in the practical applica- 
tions of the subject. The duties of the 
post are to assist with the practical classes 
in amenity horticulture plant propagation, 
nursery practice, landscape design and to 
assist with research. 


Salary scale: £700 by £25 to £750 per 
annum, 


Applications (four copies), should in- 
clude the names of two referees and should 
reach the Assistant Bursar (Personnel, 
University of Reading, Reading, Berks, by 
September 13. Further details can be ob- 
tained from the Assistant Bursar, (653) 





INSTITUTE OF 
ORTHOPAEDICS 


NATIONAL ORTHOPAEDIC 
HOSPITAL 

234 GREAT PORTLAND STREET 

LONDON, WIN 6AD 


ROYAL 


Applications are invited from science or 
medical graduates for the post of i 
SEARCH ASSISTANT IN TRANSPLAN- 
TATION BIOLOGY to work in the Pivi- 
sion of Cell Science of the Professorial 
Clinical Unit at Stanmore, The successful 
applicant will work in close association 
with Dr. M. W. Elves, Ph.D, on basie 
immunological problems relating to allo- 
grafting of articular cartilage, involving the 
histocompatibility testing of human subjects 
and the development of tissue typing tech- 
niques for large mammals. The appoint 
ment is for up to three years and would be 
suitable for a person wishing to take a 
higher degree. Previous experience in 
transplantation biology is desirable but not 
essential. Salary ia within the range £1,240 
to £1,700 (plus £60 LW.) 


Further information obtainable from the 
Dean at the above address, to whom appii- 
cations should be sent, naming two 
referees by August 31, 1969. ($79) 
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Conductive Organic Polymers 


5 
© 
Apply to Personnel Manager, The Allan Clark $ 





Applications are invited from Research Scientists to join 
a team studying conductive organic polymers. Vacancies 
exist for an ORGANIC CHEMIST, a CHEMIST or Hants. 
PHYSICIST with experience in the measurement of 
physical properties, and a THEORETICAL PHYSICIST. 


Research Establishment, 


Caswell, Towcester, 


4D 








UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


DEPARTMENT OF CHEMICAL 
ENGINEERING 


Applications are invited for the following 
vacancies i 


ASSISTANT LECTURERS/LECTURERS 


Applications are invited for these posts, of 
which several have become available through the 
continuing development of this Department, one 
of the largest in Europe. Successful applicants 
will be expected to contribute substantially and 
creatively to the expansion of research and post- 
graduate teaching in addition to strengthening 
undergraduate instruction. 

The following areas of professional activity are 
involved ; 

(1) Biochemical Engineering: where the suc 
cesstul candidate will join an active group in- 
volved in the study of a range of fermentation 
processes. Excellent laboratory and pilot plant 
Geeuos and purification facilities are avail- 
able. 

(2) Reaction Engineering: where the successful 
candidate will be expected to contribute substan- 
tially to the expansion of advanced undergraduate 
teaching in addition to developing research work 
on chemical process development and reactor 
design. 

(3) Economic Evaluation or Optimisation of 
Chemical Process Design: to engage in undere 
graduate teaching of these subjects and in the 
supervision of postgraduate research. 

(4) Physical Processes: where a post is avail 
able for work on mass transfer and related prob- 
lems in fiquid-liquid extraction, distillation and 
absorption. 

Applicants should possess a good honours de- 
gree in Chemical Engineering (or an appropriately 
related field) and should have had some indus- 
trial and/or postgraduate research experience to 
the M.Sc. level (preferably to the Ph.D. level for 
a lecturer). Some teaching or demonstrating ex- 
perience would also be desirable, 

The Department has well equipped teaching 
and research laboratories in all aspects of chemi- 
cal engineering, Access will be available to a 
1905F computer in the Institute and there is an 
Argus 300 computer installed in the Department, 

Salary within the following scales: Assistant 
Lecturer, £1,240 to £1,470; Lecturer, £1,585 to 
£2,850 (with F.S.S.0.). 

Application form and conditions of appoint- 
ment may be obtained from the Registrar, Uni- 
versity of Manchester Institute of Science and 
Technology, Sackville Street, Manchester M60 
10D to whom completed applications should be 


forwarded as soon as possible. (660) 


UNIVERSITY OF IBADA 
NIGERIA 


Applications are invited for LECTURESHIPS 
IN DEPARTMENT OF PHARMACOLOGY, 
Salary scale £N1,200 to £N2,175 per annum 
(ENI =£] 3s. 4d, sterling). Salary supplemented 
in range £240 to £435 per annum sterling (upe 
ward revision pending) and education allowances 
and children’s holiday visit passages payable in 
appropriate cases under British Expatriates Sup- 
plementation Scheme. F.S.S.U. Family pas- 
sages; various allowances: regular overseas 
kave. 

Detailed applications (six copies), naming three 
referees by September 16, 1969, to Inter-Univer- 
sity Council, 90/91 Tottenham Court Road, 
London, WIP ODT, from wham particulars are 
available, (635) 





RESEARCH 


CHEMIST 


A vacancy has emerged in our Safety Services Research Group for a Chemist/ 
Fire Technologist of degree standard, and aged 25/40 years. 


Duties include supervision of some routine work, and applied research in a 
wide range of problems associated with fire and explosion protection systems 
for aircraft, industrial and marine application. There are opportunities for 
fundamental work in the field of combusion chemistry. 


A Chemist of almost any background will be considered, although he would 
be expected to acquire specialised knowledge. The success of this Groug 
will be largely influenced by the man appointed, and personality end initiative 
are as important as experience and background. 


ONE OF THE 
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SUNDERLAND POLYTECHNIC 
DEPARTMENT OF MINING 


Applications are invited for the post of 
LECTURER, GRADE Il, IN GEOLOGY, 
duties to commence October 1, 1969, 

candidates should have an honours de- 
gree in Geology together with postgraduate 
and industrial experience. Preference will 
be given to applicants with special interests 
in Engineering Geology and ability to con- 
tribute to the organisation of general getos 
logical studies. 

Research and Consultancy are encour- 
aged. 

Salary for this post will be in accordance 
with the Burnham Technical Seale (under 
review): Lecturer Grade I, £1,728 to 
£2,280. 

The Education Authority is prepared to 
help the successful candidate with removal 
expenses and temporary lodging allowance. 

Further particulars and forms of appli 
cation may be obtained from the Registrar, 
Sunderland Polytechnic, Chester Road. 
Sunderland, and should be returned to the 
Rector of the Polytechnic within two weeks 
of the appearance of this advertisement, 

(6213 
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Applications should be addressed to: 
Personnel Manager, 

Graviner (Coinbrook) Limited, 

Poyle Mill Works, 

Colnbrook, Bucks. 


University of Salford 


DEPARTMENT OF 
BIOLOGY 


The Department has a vacancy for a Technicians 
Senior Technician with experience in Microbite 
logy. 
Salary scale; ‘Technician, £850 to ELIIS a year, 
senior Technician, £1.15 ro €) dap 
exceptionally ta SLOSS a year, 
Applications, giving details of age, qualifications 
and experience, together with the names and 
addresses of two referees, should be sem to the 
Registrar, University of Salford, Sulford MS 
4WT, by August 27, 1969. quoting refereres 
B/25/N. (639) 
SONORE AAEE ER a 
RESEARCH ASSISTANT IN ANALYTICAL 
Biochemistry required on the Medical Usk for 
work involving amino acid is and rene? 
function tests. Salary on sale £850 to 
£1,240,.—Applications, in writing, 
tary, The Medical College of St. Bartholomew's 
Hospital, West Smithfield, EC t. auoting ref. 
187, Eip) 






















COMMONWEALTH AGRICULTURAL BUREAUX 


Vacancy for 


SCIENTIFIC INFORMATION OFFICER 


at the Commonwealth Bureau of Soils, 
Rothamsted Experimental Station, 
Harpenden, Herts. 


Duties : 


Preparing abstracts for the abstracting journal Soils and Fertilizers 
which covers world scientific literature on soils and soil-plant 
relationships, and dealing with scientific enquiries within these fields. 


Qualifications : 


A degree in soils or in agricultural science, or in sciences basic to 


these, Ability to write good and concise English essential. 


Reading 


knowledge of foreign languages and experience or training in infor- 
mation work, including subject indexing, would be an advantage. 


Salary : 
In scale £1.020 to 


£2,675, with 


provision for superannuation. 


Starting salary according to qualifications, experience and age. Two 
extra increments after two years’ satisfactory service for applicant 
aged 32 or under on date of appointment. 


Application forms and full particulars from the Secretary, Commonwealth 
Agricultural Bureaux, Farnham House, Farnham Royal, Nr. Slough, 
Bucks, Closing date for applications September 10, 1969. 


(388) 








Research Toxicologist 


A vacancy has occurred for an experienced toxicologist who 
could occupy a key position in the development of new medical 
and veterinary products and pesticides. 

As well as organising and participating in the detailed 
toxicological studies necessary for such work, including the 
co-ordination and compilation of toxicological information. the 
applicant would be encouraged to collaborate with scientists 
of other disciplines and to pursue original investigations, 
especially those aimed at increasing the predictive value of 


toxicity tests. 


In addition to relevant academic qualifications, the position 
ideally calls for several years’ experience of applied toxicology ; 
but a veterinary surgeon with an interest in toxicology and 
postgraduate experience in an allied field would be considered. 

The successful applicant will work in the pleasant surround- 
ings of the May & Baker Research Institute at Dagenham. 
within easy reach both of Central London and the Essex 
countryside, Salary will be commensurate with experience and 
qualifications ; assistance may be given in suitable cases towards 


the cost of removal. 


Apply initially in writing to the Personnel Officer, 


Baker Ltd., Dagenham, Essex, RM10 7XS, quoting re 
number 121/69. 


May & Baker Ltd & 






ay & 
ference 
(G01) 


f 





SENIOR TECHNICIAN f REQUIRED FOR 
Electron Microscope Unit in the Department of 
Morbid Anatomy. Successful applicant will be 
required to set up and organise ranning of the 
new Unit. Salary according to qualifications and 
e, Five-day equivalent working week.— 











exper 
Applications, naming two referees, to the Secre- 


tary (SHE 2030, ext. 351), Royal Postgraduate 

Medical School, Hammersmith Hospital, Du Cane 

Road, Londen, W.12, quoting ref. 6/230. 
(587) 


UNIVERSITY COLLEGE HOSPITAL 
GOWER STREET, LONDON, W.CJ 
DEPARTMENT OF CLINICAL PATHOLOGY 


Applications are invited for the post of Senior 
Technician I in the new Virology Laboratory. 
Applicants with experience of Bacteriology only 
would be considered. 

Application forms from the Assistant Secretary. 

1648) 
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“METALS ABSTRACTS” 


The new isternational abstracting service 
for metallurgy is stil expanding and offers 
permanent positions as SENIOR EDI- 
TORIAL ASSISTANTS. The work con 
sists of editing and checking abstracts for 
publication, A science degree, preferably 
in metallurgy, physics or chemistry, is 
necessary and a working knowledge of a 
foren language would be an advantage. 


Applications, stating age, education, 
qualifications and experience, to Dr. T. 
Graff, ©“ Metals Abstracts.’ The Institute 
of Metals, 17 Belgrave Square, London, 
S.W. (585) 




































THE 
UNIVERSITY OF 
LEEDS 


Applications are invited for the posts 
in the following Departments ; 


SCHOOL OF AGRICULTURAL 
SCIENCES 


POST-GRADUATE 
RESEARCH SCHOLARSHIP? 
RESEARCH ASSISTANTSHIP 


to work on the deep freezing of ram 
semen in collaboration with the Meat 
and Livestock Commission and much 
of the work will be done at the 

§ Commission's artificial insemination 
centre at Thorpe Willoughby (near 
Selby), Applicants should be Science 
or Agriculture graduates. Appoinument 
is for three years and will provide 
opportunity te register for a higher 
degrez, 

Further details and application forms 
from: Mr. T. G. Boaz, School of 
Agricultural Sciences, The University. 
Leeds LS2 817. Closing date: August 
30, 1969. 


MEDICAL PHYSICS 
RESEARCH ASSISTANTSHIP 


to carry out research and development 
work on the application of a radiation 
absorption method to the study of 
bone mineralization and to other 
clinical problems. Candidates should 
be graduates in Physics and some 
postgraduate experience in a branch 
of radiation physics is desirable, but 
not essential. Computer experience 
would also be an advantage. The 
appointment will be for an initial 
period of three years and will provide 
opportunity for preparing for a higher 
degree. 

Commencing salary up to £1470 

A depending on qualifications and 
experience, 

Applications, stating age, qualifications 
and experience and naming two 
referees, should reach Professor F. W. 
Spiers, Deparment of Physics, The 
General Infirmary, Leeds, 1, by August 
20, 1969. (620) 


















UNIVERSITY OF 
MANCHESTER 


RESEARCH ASSISTANT IN 
THE DEPARTMENT OF 
PHARMACOLOGY 


invited from graduates in 
pharmacy (special sube 


Applications 


pharmacology or 
ject pharmacology) for this one-year post, 
The successful applicant will work on a 


problem in tropical pharmacology. Salary 
range per annum: £700 to £1,000. 

Further particulars and application forms 
(returnable by September 5), from the 
Registrar, The University, Manchester, 
M13 9PL. Quote ref.: 172/60/Na. 


(606) 
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NATURAL ENVIRONMENT 
RESEARCH COUNCIL 


INSTITUTE OF COASTAL 
OCEANOGRAPHY AND TIDES 


SCIENTIFIC OFFICER/SENIOR 
SCIENTIFIC OFFICER 


Applications are invited for the vost of 
Scientific Officer /Senior Scientific Officer at 
the Institute of Coastal Oceanography and 
Tides, Bidston Observatory, Birkenhead. 


Duties: To assist in a project investigat- 
iag tidal phenomena in the solid earth. 
The post caters for a variety of interests ; 
field work, instrumental design and main- 
tenance, data reduction and analysis and 
theoretical studies. 


Qualifications: Applicants should have a 
good honours degree in Geophysics, 
Physics, Electronics or an associated sub- 
ject. 

Salaries: Scientific Officer Gander 29 
years at December 31. 1969) £1,071 to 
£1,827 (National); Senior Scientific Officer 
(normally at least 26 years and under 32 
years at December 31, 1969); £2,021 to 
£2,491 (National). Initial appointment will 
be non-pensionable but there are prospects 
of a permanent and pensionable post. 


Application forms (and further particu- 
lars), from the Institute of Coastal Oceano- 
graphy and Tides, Bidston Observatory, 
Birkenhead, Cheshire L43 7RA, quoting 
reference E2.6.30. Closing date for the re- 





ceipt of completed application forms: 
September 12, 1969. (613) 
INSTITUTE OF 
ORTHOPAEDICS 
ROYAL NATIONAL ORTHOPAEDIC 
HOSPITAL 


234 GREAT PORTLAND STREET, 
LONDON, WIN 6AD 


RESEARCH FELLOW 


required for work on Ussue transplantation 
in association with Professar R. G. Burwell 
at Stanmore. This is a superannuable post 
designed for surgical trainees wishing to 
undertake a period of research before 
establishing their career in orthopaedic sur- 
gery. The post, which will commence on 
December 1, 1969, is normally tenable for 
twelve months, but it may be extended 
under special circumstances for a period of 
two years. It is desirable, but not essen- 
tial, that applicants have previous experi- 
ence of research and hold a Fellowship of 
one of the Royal Colleges of Surgeons. 
The appointment will not be limited to 
surgical trainees ; suitable science graduates 
will also be considered, 

Salary (Lecturer scale) within. range: (a) 
Medical qualifications, £2,045 to £2,850 
(plus £60 L.WO; (b) Scientific qualifica- 
tions, £1,585 to £2,850 (plus £60 L.W.. 

Further information obtainable from the 
Dean, at the above address, to whom ap- 
plications should be sent, naming two 


referees by August 31, 1969. (580) 





AN DER MEDIZINISCHEN FAKULTAT 

DER PHILIPPS--UNIVERSITAT IST 

IM RAHMEN EINER DEPARTMENT- 
STRUKTUR EIN 


ORDENTLICHER LEHRSTUHL 
FUR IMMUNOLOGIE 
zu besetzen, 


Dem Lehrstuhl stehen ab WS 1970/71 ca. 
500 qm Arbeitsfläche zur Verfügung. 


Bewerbungen mit wissenschaftlichem 
Lebenslauf und Schriften-verzeichnis 
erbeten bis spätestens 15.11.1969 an das. 


Dekanat der Medizinischen Fakultat, 
355 MARBURG/L. 
Emil-Mannkoptistrasse 2. (583) 


RESEARCH 
CHEMISTS 


Miles Laboratories Ltd. are looking for organic chemists 
to assist with an enlarged programme of organic syntheses. 
Two positions are immediately available. One of these is 
suitable for a Ph.D. with some experience of research 
syntheses, preferably in connection with drugs. Applicants 
for this position should be able to provide scientific leader- 
ship to a small organic chemistry group. The second 
position would be suitable for a more recent graduate. 


The Stoke Court Laboratory is one of a number of research 
establishments maintained by this International Company 
and is responsible for fundamental research in areas of 
company interest. The publication of significant results 
will be actively encouraged. 


Working conditions are excellent in a modern laboratory 
set in pleasant semi-rural surroundings within easy reach 
of London and Oxford. Salaries will be paid which will 
be attractive to scientists of the calibre required for these 
posts. 


Please apply in confidence to: 


The Research Director, 
Miles Laboratories Ltd., 
Stoke Court, 

Stoke Poges, 

Slough, Bucks. 


UNIVERSITY OF OXFORD 


Department of Zoology will shortly have a vacancy on its technical 


staff for an assistant to the Chief Technician. It is hoped to make 
the appointment to the grade of Principal Technician within the 
range £1,263~-£1,599, 


The successful applicant will be expected to have considerable 
experience in general biological techniques, in the care and maintenance 
of general laboratory apparatus and in the running of teaching and 
research laboratories. He should have sound organising ability and 
be competent to undertake the training of junior personnel, especially 
in histological and general microscopical techniques. 


Assistance with temporary accommodation may be available if 
required. 


Applications should be submitted in writing. with the names of 
two referees, not later than September 3. fo the Administrator, 
Department of Zoology, Parks Road, Oxford. 

320) 
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Opportunities are available in the Company's expanding Research 
and Development Division to work on the pharmacological and 
biochemical aspects of drug action. 


PHARMACOLOGIST 


A Pharmacologist is required for the Cardiovascular and Autonomic 
Sections of the Pharmacology Department. The work combines 
general cardiovascular evaluation with the opportunity to develop 
novel techniques in this area. 

Applicants should be qualified in Pharmacology or a related discipline. 
Previous industrial experience would be an advantage. 


TECHNICIANS 


Experienced Technicians are also required for this Department. In 
addition to responsibilities for general cardiovascular work on 
conscious and anaesthetised animals, one Technician will be 
expected to participate in special haemodynamic investigations and 
the other in studies of smooth muscle and gastric function. 

Applicants should be able to offer H.N.C. in Applied Biology or an 
equivalent qualification and previous experience of this type of work. 


BIOCHEMIST 


A Biochemist is required for the Metabolic Biochemistry Section of 
the Toxicology Department. General responsibilities include work 
on the absorption, distribution and metabolism of drugs. Emphasis 
is placed on correlation with pharmacological activity and an interest 
in biochemical pharmacology would be welcomed. 

Applicants should be qualified in Biochemistry or a related discipline. 
Previous industrial experience would be useful. 

Working conditions in modern fully equipped laboratories near 
Maidenhead are excellent. The salaries offered for those appoint- 
ments will be commensurate with qualifications and experience. 
A non-contributory Pension Scheme is operated. 


Please apply to: Personnel Officer, 
John Wyeth & Brother Ltd., 
Taplow, Maidenhead, Berks. (646) 


PLANT BREEDING STATION 


MARIS LANE, TRUMPINGTON, CAMBRIDGE 


Applications are invited for the post of 


Experimental or 
Assistant Experimental Officer 


in the Cytogenetics Section, The person appointed will be concerned with 
problems in the cytogenetics and cytochemistry of crop plants, primarily 
the cereal species, Preference will be given to those with practical experi- 


ence, or a qualification, in cytogenetics, botany or cell biology. 


_ Salary: Experimental Officer £1,590 p.a. rising to £2,006 p.a.: Assistant 
Experimental Officer £872 at age 21, £1,208 at age 26 and over, rising 


to £1,454. 


Applications, quoting reference CY.1/69, naming two referees and stating 
age, qualifications and experience should be sent to the Secretary by 


September 1, 1969. 
(628) 








UNIVERSITY OF 
NEWCASTLE UPON TYNE 


ELECTROCHEMISTRY RESEARCH 
LABORATORY 


RESEARCH ASSOCIATE 


Applications are invited from suitably 
qualified chemists or physicists for the 
above postdoctoral position. The success- 


ful candidate will be expected to undertake 
a study of surface species on electrodes 
using ellipsometric techniques. Previous 
experience in electrochemistry or optics 
would be an advantage. 

The appointment is for two years, pre- 
ferably from September 29, 1969, at a 
salary within the range £1,240 to £1,470 
per annum, plus F.S.S.U. 

Applications, giving the names of two 
referees, should be sent to Professor H. R. 
Thirsk, Electrochemistry Research Labora- 
tory, School of Chemistry, University of 
Neweastle upon Tyne, Newcastle upon 
Tyne, NEL 7RU. (604) 





UNIVERSITY OF NATAL 
DEPARTMENT OF MATHEMATICS 


Applications are invited from persons suitably 
qualified in Mathematical Statistics or in Prob- 
ability Theory and its applications for appoint- 
ment to the post of 

LECTURER IN STATISTICS, DURBAN 

The salary scale attached to the post is R3.000 
by 150 to R4,800 per annum, plus a pension- 
able allowance at the rate of 10% of salary. In 
addition to salary a Vacation Savings Bonus is 
payable subject to Treasury regulations. The 
commencing notch on the above scale will be 
determined by the qualifications and/or experi- 
ence of the successful applicant. 

Further particulars of the post and the con- 
comitant benefits such as travelling expenses on 
first appointment, pension, medical aid, staff 
bursary and housing scheme, long leave condi- 
tions, etc., are obtainable from the Association 
of Commonwealth Universities (Appts), 36 
Gordon Square, London, W.C.1. Applications 
close on September 5, 1969. (600) 

UNIVERSITY OF HULL 

RESEARCH ASSISTANT IN ZOOLOGY 

Applications are invited for the post of Re- 
search Assistant in the Department of Zoology. 
The successful candidate will be required to assist 
Drs. Nowell and Goldspink in research on the 
effects of steroids on muscle growth and should 
possess an honours degree in one or more of 
the fields of zoology, physiology or biochemistry. 
Salary on scale: £965 by £55 to £1,075 per 
annum. 

Applications (six copies), giving details of age. 
qualifications and experience, together with the 
names of two referees, should be sent by Septem- 
er 8, 1969, to the Registrar from whom further 
articulars may be obtained. (602) 


UNIVERSITY OF LONDON 
KING’S COLLEGE 
DEPARTMENT OF PHARMACOLOGY 


Applications are invited for two posts as 
LECTURER in PHARMACOLOGY. Candidates 
should have a Ph.D. in Pharmacology or a coge 
nate discipline or a medical degree. The success- 
ful applicant will be required to teach medical 
and science students and to undertake active re- 
search, either of Departmental interest or of the 
candidate's choice. Salary seale: £1,240 by £115 
to £2,850 per annum (the starting salary for one 
of the two posts will not exceed £1,355; the 
starting salary for the other post will depend on 
qualifications and experience). A London Allow- 
ance of £60 and F.S.S.U. benefits will be payable. 

Application forms and conditions of appoint- 
ment are available from the Registrar, King's 
College London, Strand, London, W.C.2, and 
completed forms should reach him by September 
S, 1969. (605) 








TECHNICIAN OR JUNIOR TECHNICIAN 
required for histological work. Additional ex- 
perience in histochemical and electron microscopy 
techniques preferred but not essential, as training 
in these fields can be given. Applicants for a 
Technician post should hold the ALS T. or 
eauivalent qualification. Salary in the range 
£1,025 to £1,285 per annum according to ex- 
perience, with superannuation. Junior Techni- 
cian’s salary according to age.—-Applications, in 
writing, together with the name of two referees, 
should be sent to the Secretary, Paediatric Re- 
search Unit, Guy's Hospital Medical School, 
London, S.E.1. (61D 
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MARINE BIOLOGICAL 
ASSOCIATION, PLYMOUTH 


INFORMATION SCIENTIST 


required for a senior post in the Library. 
Duties include assistance with indexing, 
current-awareness service, literature search- 
ing, compilation of bibliographies, and 
general library inquiry work. Applicants 
should hold a degree or H.N.C, in an 
appropriate subject or a qualification in in- 
formation science, Previous library experi- 
ence would be an advantage, as would a 
knowledge of foreign languages. 

The appointment will be at Assistant Ex- 
perimental Officer or Experimental Officer 
level. Salary scale: A.E.O., £683 to 
£1,454; E.O., £1,590 to £2,006. 

Applications, stating age, qualifications, 
experience and naming two referees, should 
be sent to the Librarian, Marine Biological 
Association of the United Kingdom, The 
Laboratory, Citadel Hill, Pymeutie 37) 

627, 


UNIVERSITY COLLEGE OF 
WALES 


ABERYSTWYTH 
DEPARTMENT OF BIOCHEMISTRY 
RESEARCH IN PROTEIN CHEMISTRY 


JUNIOR RESEARCH OFFICER 
OR RESEARCH ASSISTANT 


required for research into the physico- 
chemical properties of structural proteins 
of photosynthetic organisms, under a grant 
from S.R.C. Suitable candidates will bz 
permitted to register for higher degrees, 
and should have a good honours degree in 
Chemistry, Biochemistry or G.R.LC. 


Application forms may be obtained from 
the Registrar to whom they should be 
submitted as soon as possible. (649) 


UNIVERSITY OF EDINBURGH 


Department of Biochemistry 


Applications are invited for the post of 
DEMONSTRATOR IN THE DEPART- 
MENT OF BIOCHEMISTRY. Applicants 
should have an Honours degree in Bio- 
chemistry or another biological science or 
a degree in Veterinary Medicine. Salary 
scale £1,060 by £55 to £1,445 per annum. 


Further particulars may be obtained 
from the Secretary to the University, Old 
College, South Bridge, Edinburgh, EHS 
9YL, to whom applications (three copies), 
should be sent by September 8, 1969. 
Please quote reference 1075/. (638) 


UNIVERSITY OF DURHAM 
DEPARTMENT OF GEOLOGY 


RESEARCH ASSISTANT 


Required to work on the properties of 
Coal Measure shales in the Engineering 
Geology Laboratories. The appointment is 
for twelve months and entails mechanical 
testing and mineralogical analysis (X-ray 
diffraction and D.T.A.). The project, 
sponsored by the National Coal Board, is 
suitable for a recent graduate in Geology 
or inter-disciplinary science. 

Salary in the range £950 by £50 to 
£1,200 per annum plus F.S.S.U. 

Applications (three copies), naming three 
referees should be sent by August 18, 
1969, to the Registrar and Secretary, Old 
Shire Hall, Durham, from whom further 
particulars may be obtained. (389) 





PAPUA AND NEW GUINEA 


INSTITUTE OF HIGHER TECHNICAL 
EDUCATION 
(Director: W, E. Duncanson, Ph.D.(Camb.), 
D.Sc. (Lond.), F.Insi P., F.LECAust.), C.Eng.) 


Applications are invited for the following ap- 
pointments in the SCHOOL OF ENGINEER- 
ING: 


PROFESSOR OF CIVIL ENGINEERING 
PROFESSOR OF MECHANICAL 
ENGINEERING 
LECTURER IN CIVIL ENGINEERING 


A good honours degree is required for these 
posts with experience in teaching at a tertiary 
institution, in research or in industry. fn the 
case of the lectureship experience in Structural 
Engineering and Civil Engineering Materials is 
desirable. 

SALARIES: Professor, $412,000 plus alow- 
ances ; Lecturer, $45,400 by $4270 to $A7,020 
by $A280 to $A7,300 plus allowances. A terri- 
tory allowance of $A500 per annum is paid to all 
expatriate staff and an additional $A360 is norm- 
ally paid to a married male member of staff. 
(£1 stg. is approximately $A2.15). Appointments 
are normally on a three or six year contract and 
one year’s study leave is granted after five years’ 
service. Furnished accommodation is available : 
taxation rates are about half those in the United 
Kingdom. 

The Institute is responsible for the professional 
and diploma training in technical subjects in the 
Territory. The first stage of the Engineering 
buildings will be completed at the end of 1969 
with additional stages to be completed in each 
of the following three years. Research and de- 
velopment work has already started on a number 
of topics and others will be initiated in the near 
future, 


Further information about the Institute, method 
of application and conditions of appointment (in- 
cluding leave and leave passages, F.S.S.U. type 
superannuation, study leave, etc.) may be ob- 
tained from the Secretary-General, Association 
of Commonwealth Universities (Appts.), 36 
Gordon Square, London W,C.1. 

Applications close on September 20, 1969. 

The Director of the Institute will be in the 
United Kingdom during September and early 
October and may be reached care of the Associ- 
ation’s offices. (629) 


OF ENGLAND 


BRITISH POSTGRADUATE 


MEDICAL FEDERATION 
(UNIVERSITY OF LONDON) 
INSTITUTE OF BASIC MEDICAL SCIENCES 


Applications are invited for the full-time post 
of 


WOLFSON LECTURER IN SURGICAL 
BIOCHEMISTRY 
(Senior Lecturer or Lecturer) 


The successful applicant will take part in the 
teaching activities of the Department of Bio- 
chemistry but ample time and facilities will b: 
available for research. Candidates should b: 
medically qualified and have a particular interest 
in biochemistry as applied to medicine and sur- 
gery. 

Salary will be within the University Scales to- 
gether with membership of the F.S.S.U. The 
cammencing salary will be determined by th: 
age, qualifications and experience of the success- 
ful candidate. 

Applications, together with the names of two 
referees, should be sent not later than September 
30, 1969, to Mr. W. F. Davis, Secretary, Insti- 
tute of Basic Medical Sciences. Royal College of 
Surgeons of England, Lincoln's Inn Fields, Lon- 
don, W.C,2. (650) 





UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
DEPARTMENT OF BIOCHEMISTRY 
Applications are invited for a part-time post in 
the Department of Biochemistry tenable from 
October 1, 1969, for four years, The candidate 
will be required to carry out research work in 
enzyme chemistry leading to the degree of Ph.D., 
and to assist in the conduct of practical classes 
in physiology. Applicants should hold an 
Honours degree in either biochemistry or a re- 
lated subject. The salary will be £450 per 

session. 

Applications should be sent as soon as possible 
to Professor Eddy, Department of Biochemistry, 
University of Manchester Institute of Science and 
Technology, Manchester M60 1QD. (617) 








UNIVERSITY OF ABERDEEN 
Environmental Biology 





Applications are invited for post of 


SPO TD 

ASSISTANT 
in Department of Botany, with degree 
in biological or physical sciences for 
programme of work on the interaction 
between environment and carbon 
dioxide exchange. Applicants should 
be interested in handling fairly com- 
plex laboratory equipment. Ap- 


pointment is for two years and is 
supported by N.E.RC. 


Salary on scale: 
Probationary £820-£1 060 
Grade H £1,060-£1,530 
with initial placing according to quali- 
fications and experience. Super- 
annuation (F.8.8.U,). 


Further particulars from The Secre- 
tary, The University, Aberdeen, with 
whom applications (2 copies) giving 
the names of three referees should be 
lodged by August 30, 1969. has 


UNIVERSITY OF BRISTOL 


Applications are invited for the post of 


LECTURER (GRADE ID IN 
VETERINARY PATHOLOGY 


on a salary scale of £1.585 by £115 to 
£2,850 together with superannuation. 


Applicants should have a good know- 
ledge of Veterinary Pathology with con- 
siderable experience of Histopathology. 
Experience in the teaching of Veterinary 
Pathology is also essential ; facilities for re- 
search are available. 


Applications, stating age, qualifications 
and experience should include the names 
of three referees; eight copies (except in 
the case of overseas applicants for whom 
one will suffice) should reach the Regis- 
trar, the Senate House, the University of 
Bristol, BSS 1TH (from whom further par- 
ticulars may be obtained) on or before 
September 13, 1969. (609) 








UNIVERSITY OF READING 
DEPARTMENT OF HORTICULTURE 


TEMPORARY LECTURER IN 
AMENITY HORTICULTURE 


Applications are invited for a post of 
Temporary Lecturer in Amenity Horticul- 
ture, The appointment will be for three 
years beginning on October 1, 1969, or as 
soon as possible thereafter. 


Applicants should have a good degree 
in Horticulture or Horticultural Science 
with postgraduate qual tions and/or 
experience in Amenity Horticulture or 
Landscape Architecture. 








Further particulars may be obtained from 
the Registrar (Room 208, Whiteknights 
House), The University, Whiteknights, 
Reading, RG6 24H, by whom applications 
should be received not later than Septem- 
ber 6, 1969. (654) 








THE COOPER TECHNICAL BUREAU 


VETERINARY 
ENTOMOLOGIST 


Applicants for this post at The 
Cooper Research Station should 
have a good honours degree but 
previous experience in this field 
is not essential. 


The Entomologist will be con- 
cerned with research on the 
external parasites of domestic 
livestock of temperate and 
tropical climates and will also be 
expected to supervise on an 
extensive screening programme. 


For application form please write, 
quoting reference U.43, to: 


The Personnel Department, 
THE COOPER RESEARCH 
STATION, 

Berkhamsted, Herts 





UNIVERSITY OF LIVERPOOL 


NUFFIELD UNIT OF MEDICAL 
GENETICS 


Applications are invited for the post of 
LECTURER OR SENIOR LECTURER 
IN CHEMISTRY in the Nuffield Unit of 
Medical Genetics, Department of Medicine, 
to participate in research on genetic aspects 
of drug metabolism. 


Applicants should (i) have received 
training in Organic Chemisry and (ii) have 
had experience of using the techniques of 
gas chromatography and  mass-spectro- 
metry. Acquaintance with one or more of 
the following disciplines would also be ad- 
vantageous : 


{a) Organic Synthesis. 

(b) Pharmaceutical Chemistry. 

(c) Pharmacokinetics. 

(d) Biochemistry of drug metabolism. 


Salary Scales: Lecturer, £1,240 to £2,850 
per annum; Senior Lecturer, £2,905 to 
£3,670. 


Applications, stating age, qualifications, 
and experience, together with the names 
of three referees, should be received not 
later than September 30, 1969, by the 
Registrar, The University, P.O, Box 147, 
Liverpool L69 3BX, from whom further 
particulars may be obtained. Please quote 
Ref.: RV/2806/N. (595) 





INSTITUTE OF CANCER 
RESEARCH: ROYAL CANCER 


HOSPITAL 


SUTTON BRANCH: DEPARTMENT OF 
PHYSICS 


JUNIOR TECHNICAL OFFICER with quali- 
fications in Physics and/or Biology required for 
work on biological effects and medical uses of 
ultrasound. The successful candidate will work 
in close association with scientific staff and will 
be expected to take an active and responsible 
part in the research project. Opportunities for 
further study would be given to suitable candi- 
date, Age 21 or under—two science “A” 
levels. Age 22 or over-—-B.Sc. or equivalent, 
Salary scale £637 to £1,350 plus London Allow- 
ance. Apply, with names of two referees, to the 
Secretary, 34 Sumner Place, $.W.7, quoting 301/ 
(651 








UNIVERSITY OF AUCKLAND 
NEW ZEALAND 
SENIOR LECTURESHIPS/LECTURESHIPS IN 
ZOOLOGY 


Applications are invited for the above- 
mentioned appointments. One of the appoint- 
ments will be made in the field of limnology or 
fresh-water biology; for the other, special ad- 
vantage would attach to qualifications in experi- 
mental zoology, vertebrate biology, or biometry, 
but candidates in other fields would be con- 
sidered. 

Applicants for a Lectureship should note that 
it is not necessarily a prerequisite for appoint- 
ment that they should already have held the 
position of assistant or its equivalent at another 
university institution. 

Salary scales: Lecturers, $NZ3,100 rising to 
$NZ4,500 per annum; Senior Lecturers. 
$NZ4,700 rising to $NZ5,500 per annum; in ex- 
ceptional cases the Council may extend this scale 
up to $NZ6,600 per annum. Commencing salary 
within the appropriate scale will be determined in 
accordance with qualifications and experience. In 
the case of new members of staff coming from 
overseas, the current practice is to pay salaries 
from an approved departure date. 

Travel and other removal expenses are allowed 
within specified limits. Upon the completion of 
five years’ satisfactory service, return fares on an 
approved basis to country of origin may be 
granted to the person appointed and his depen- 
dent family, provided that such fares are not 
being met from some other source. 

Further particulars, details of F.S.S.U. arrange- 
ments, and information as to the method cf ap- 
plication may be obtained from the Secretary- 
General, Association of Commonwealth Universi- 
ties (Appts.), 36 Gordon Square, London, W.C.1. 
Applications close in New Zealand and London 
on September 15, 1969. (664) 


UNIVERSITY OF QUEENSLAND 
AUSTRALIA 
SENIOR LECTURER (CLINICAL) IN 
PATHOLOGY 
The University invites applications for the 
position of Senior Lecturer (Clinica) in the De- 


partment of Pathology, Medical School. An 
applicant should hold a medical  cegree 
registrable in the State of Queensland. He 


should have at least five years’ postgraduate ex- 
perience in some branch of pathology with a 
special interest in cel biology, cell biochemistry 
or experimental pathology as a field of work 
and hold an appropriate postgraduate qualifica- 
tion. The successful applicant will be required 
to undertake teaching duties and carry out re- 
search. Subject to these duties to the University 
he may be seconded to the Department of 
Pathology at one of the teaching hospitals for 
some part-time routine duties, shoukl he so 
desire. The salary will be within the range 
$A8,200 to $A9,450 per annum. The Univer- 
sity provides Superannuation similar to F.S.8.U., 
housing assistance, study leave and travel grants 
for permanent appointees of Lecturer status and 
above, 

Additional information and application forms 
will be supplied upon request to the Secretary- 
General, Association of Commonwealth Univer- 


sities (Appts.), 36 Gordon Square, London. 
W.C.1. Applications close in London and 


Brisbane on September 12, 1969. 


“MIDLAND CENTRE FOR 
NEUROSURGERY AND 
NEUROLOGY 


HOLLY LANE, SMETHWICK, WARLEY, 
WORCS 


SENIOR TECHNICIAN I or II required to 


(S01) 


assist in research on ultrastructure of human 
motor end plates in health and disease. Experi- 
ence of electron microscopy essential. Salary 


financed by Medical Research Council in accord- 
ance with Whitley Council regulations. 
Applications, with names and addresses of two 
referees, to Group Secretary, West Bromwich 
and District General Hospital, West Bromwich, 
within one week of the appearance of this ad- 
vertisement, (610) 


“UNIVERSITY OF EXETER 
Applications are invited for the post of 


ELECTRONICS TECHNICIAN 
in the Department of Physics 
Duties involve the construction and testing of 


a wide range of prototype equipment. The 
electronics workshop is modern and well 
equipped and is staffed by five people. Salary 


will be in the range £770 to £1,077 per annum. 
Applications, giving full details of qualifica- 
tions and experience, and the names of two 
referees, should be addressed to the Secretary of 
the University, Northcote House, The Queen’s 
Drive, Exeter, by August 30, 1969. (663) 
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UNIVERSITY OF ABERDEEN 


Lecturer /Assistant 
Lecturer in Zoology 


Applications are invited for above 
post. Preference will be given to 
candidates with an interest in Com- 
parative Physiology or Marine 
Biology. 


Salary on scale: 


Assistant Lecturer £1,240-£1,470 

Lecturer £1,585-£2,850 

with initial placing according to 

qualifications and experience. Super- 

annuation (F.S.$.U.) and removal 
allowance. 


Further particulars from The Secre- 
tary, The University, Aberdeen, with 
whom applications (Lecturer 8 copies, 
Assistant Lecturer 2 copies) should be 
lodged by August 30, 1969. 

(626) 





RHODES UNIVERSITY 
GRAHAMSTOWN, SOUTH AFRICA 
LECTURER IN EDUCATION 


Applications are invited for the above-men- 
tioned post from candidates with qualifications 
and experience in the teaching of science; they 
should be experienced teachers who are familiar 
with modern teaching methods in science. While 
a permanent appointment would be preferred, a 
five-year appointment can be arranged, which 
could be terminated or made permanent at the 
end of the five-year period. Though academic 
qualifications in education theory or psychology 
would be an additional qualification, the chief 
requirement is qualifications and experience, and/ 
or research into the problems of science teaching. 

The salary scale is: R3,300 by 150 to 4,800 
per annum (Note: Ris-approximately 11/7 sterl- 
ing), A pensionable allowance of 10% of basic 
salary up to R4,350 and a vacation bonus are 
also payable. 

Full particulars and application forms may be 
obtained from the Secretary-General, Association 


of Commonwealth Universities (Appts.), 36 
Gordon Square, London, W.C.1. Applications 
close on September 8, 1969. (599) 


~ UNIVERSITY OF MANCHESTER 
READER OR SENIOR LECTURER OR 
LECTURER IN BIOPHYSICAL CHEMISTRY 


Applications are invited for this apnomtiment 
in the Department of Biological Chemistry from 
Biochemists with particular interests in physical 
aspects of the subject. The successful candidate 
would be expected to set up a research group 
within his field and to maintain and develop the 
existing undergraduate teaching programme in 
biophysical chemistry. Salary range per annum: 
Reader or Senior Lecturer, £2,710 to £3,670; 
Lecturer, £1,585 to £2,850, F.S.S.U. 

Further particulars and application forms (re- 
turnable by September 13), from the Registrar, 
The University, Manchester, M13 9PL. Quote 
ref.: 159/69) Na (X443) 


UNIVERSITY BRISTOL. DEPART- 







OF 
ment of Physiology. Applications are invited 
for the post of Programmer/Statistician. The 


appointment is for one year only and involves 
sing physiological data collected during the 
Trans-Antaretic Expedition. The project is 
sponsored by the Office of Aerospace Research, 

F. Applicants should be graduates (male 
and have had experience in using 
tical packages. Salary in the range 








BSs ITD, from whom 


(495) 


Walk, Bristol, 


versity 1 
further particulars can be obtained. 


leo, 
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SOUTH ESSEX HOSPITAL 
MANAGEMENT COMMITTEE 


CLINICAL BIOCHEMIST 
(PROBATIONARY GRADE) 


This post which will initially be held at 
the South-Essex Group Laboratory fer one 
year to be followed by at least a two-year 
appointment to the Department of Chemi- 


cal Pathology, St. Bartholomew's Hospital. 
This is a training post and facilities will be 
offered for systematic training leading to 
an M.Sc. in Clinical Biochemistry, Suit- 
able candidates could undertake research 
leading to a Ph.D., starting salary £1,080, 
with a good Honours Degree. 
Applications, together with the names of 
two persons to whom reference can be 
made, to Dr. J. Dawson, Consultant 
Chemical Pathologist, St. Andrew’s Hospi- 
tal, Billericay, Essex. Further information 
can be obtained from the above address: 
(656) 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
RESEARCH ASSISTANT 
THERMODYNAMICS OF GASEOUS AND 
LIQUID MIXTURES 


Applications are invited from graduates in 
Physical Chemistry, Applied Physics or Chemical 
Engineering for the post of Research Assistant 
tọ work in a research group interested in 
measurements of the thermodynamic properties 
of gaseous and liquid mixtures (¢.g., vapour 
pressures, phase equilibria and heats of mixing) 
and their interpretation. The appointment is 
initially for one year, from a date to be agreed, 
but can be extended on a yearly basis to enable 
the successful applicant to undertake research 
leading to a higher degree. The salary will be 
in the range £1,005 to £1,055 per annum with 
F.S.S.U. = 

Further details may be obtained by writing to 
Dr. D. M. T. Newsham, Department of Chemi- 
cal Engineering, U.M.LS.T., P.O. Box No. 88, 
Sackville Street, Manchester M60 1QD. (618) 


ZAMBIA 
PROJECTS DIVISION 
MINISTRY OF RURAL DEVELOPMENTS 


MANAGER / AGRONOMIST 
KENAF 


Applications are invited from suitably qualified 
persons for the post of Manager of a Kenaf 
“growing project located about 35 miles north of 
Lusaka on a tarred road. Applicants should be 
experienced in all aspects of Kenaf Fibre Produc- 
tion from planting to delivery of clean retted 
fibre for sack manufacture. Such experience 
could have been gained either on a commercial 
Plantation or through research on the crop. 

The salary offered will not be below K4,000 
(£2,333 sterling) and could be considerably more 
depending on background and experience. In 
addition 25 per cent gratuity is payable after the 
completion of 30 months satisfactory service. 
Other benefits include free medical attention, 
subsidised housing, liberal paid leave, passages, 
etc. 

Applications covering background and experi- 
ence with copies of testimonials should be sent 
by Air Mail to: Chief Projects Officer, P.O. Box 
R.W.491, LUSAKA, ZAMBIA. (644) 


ROYAL DENTAL HOSPITAL OF “LONDON 
School of Dental Surgery (University of London), 
Leicester Square, W.C.2, Applications are in- 
vited for the appointment of SENIOR LEC- 
TURER/LECTURER with principal duties in re- 
search in an appropriate field, e.g., dental caries, 
periodontal disease, other aspects of oral patho- 
logy or a basic science. Appropriate accommoda- 
tion, technical and secretarial assistance will be 
available and the salary will be on the appropri- 
ate University scale plus superannuation benefit. 
The successful candidate will be required to take 
up duty as soon as possible.——Candidates should 
forward their applications together with the 





names of three referees, not later than Septem- 
1969, 


ber 16, to the Dean from whom further 


y be obtained. (642) 


TECHNICIAN OR JUNIOR TECHNICIAN 
(female) required for interesting post involving 
training in electron microscopy. Salary accord- 
ing to age and qualifications.—Apply to Dr. J. 





Marshall, Anatomy Department, Institute of 
Ophthalmology, Judd Street, London, W.C.1. 
(S91) 


NATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


Assistant Experimental Officer required to 
supervise the running of experimental animal 
colonies in the Physiology department. Candi- 
dates should have previous experience in the 
breeding and management of experimental 
animals. .A.T. qualifications, although not 
essential, would be preferred. Excellent oppor- 
tunities exist for further study. Starting salary 
up to £1,208 per annum according to age. 

Apply on forms obtainable from the Secretary, 
N.LR.D., Shinfield, Reading, RG2 9AT. Quote 
reference 69/22B, (647) 


UNIVERSITY COLLEGE OF 
RHODESIA 


Applications are invited for posts of (a) 
SENIOR METALLURGIST and (b) SENIOR 
GEOLOGIST in the newly-established Institute 
of Mining Research. Salary scale; £2,808 to 
£3,768 per annum (Rhodesian Currency). Pas- 
sages and allowance for transport of effects on 
appointment. Superannuation and medical aid 
schemes. Installation loan of up to half of one 
year's salary if required. Unfurnished College 
accommodation at rent of 15 per cent of salary 
guaranteed for three years for people recruited 
from outside Rhodesia. Sabbatical leave and 
contact visits with travel allowance, 

Detailed applications (six copies), naming three 
referees as soon as possible to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
WIP ODT, from whom particulars are arate 





UNIVERSIDAD DE LOS ANDES 
MERIDA VENEZUELA 
PROFESSORS IN BOTANY AND ZOOLOGY 


There are vacancies for botany and zoology in 
the Department of Biology. The candidates for 
the senior posts should be able to organize re- 
search groups in the specialities as well as to 
programme basic and advanced courses. Salaries 
are in the range of Bs.4.000 to Bs.4,500 (U.S.$I = 
Bs.4.50) monthly, depending on qualifications. 
Candidates should have a working knowledge of 
Spanish and be able to assume their duties not 
later than January 1970. 

Further particulars and information can be 
obtained from Centro de Ciencias, U.L.A.. 
Mérida, Venezuela, to whom applications should 
also be sent. (567) 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 
THE MEDICAL SCHOOL 


Applications are invited from Post-doctoral 
Science Graduates for appointment as RE- 
SEARCH ASSOCIATE or SENIOR RESEARCH 
ASSOCIATE in the Department of Clinical Bio- 
chemistry. The successful candidate will take 
part in research on isoenzyme patterns in lung 
cells and biochemical experience in tissue culture 
would be an advantage. The work is related 
to lung cancer, The appointment will be for 
one year in the first instance but renewable up 
to a period of three years in all. Commencing 
salary will be within the range £1,240 to £2,045 
per annum according to qualifications and ex- 


perience. Membership of F.S.S.U. will be re- 
quired. 
Applications, including the names and ad- 


dresses of two referees, should be sent as soon 
as possible to Professor A. L. Latner, The De- 
partment of Clinical Biochemistry, Royal Victoria 
Infirmary, Newcastle upon Tyne, NEL 7RU. i 
(662 


ROYAL DENTAL HOSPITAL OF LONDON 
School of Dental Surgery (University of London). 
Leicester Square, W.C.2. Applications are in- 
vited for the appointment of LECTURER with 
principal duties in RESEARCH in a field of 
CLINICAL DENTISTRY, ORAL  PATHO- 
LOGY, or a related BASIC SCIENCE with the 
Opportunity to undertake a limited number of 
sessions in a clinical department. The appoint- 
ment will be for three years and there will b? 
facilities for working for a higher qualification. 
including appropriate accommodation and techni- 
cal assistance will be available, Salary will be 
on the appropriate University scale plus super- 
annuation benefits. The successful candidate will 
be required to take up duty as soon as possible. 
~Candidates should forward their applications 
together with the names of three referees, not 
later than September 14, 1969, to the Dean from 
whom further information may be obtained. 

(643) 


TECHNICIAN FOR FLUIDISATION SEC- 
tion. Laboratory and photographic experience 
an advantage.——Application forms from Personnel 
Officer (Tech Staff EB/3), University College 
London, Gower Street, W.C.1. (632) 





XXX 


ULSTER : 
THE NEW UNIVERSITY 


RESEARCH ASSISTANT 
IN 
CHEMISTRY 


Applications are invited for a three-year 
Graduate Research Assistantship in Chem- 
istry. The project is concerned with photo- 
chemical studies of organometallic com- 
pounds in solution, using flash photolysis 
techniques. 


Candidates should have a good Honours 
degree or equivalent qualification in Chem- 
istry. The Assistant may be allowed to 
register for a higher degree (M.Phil. or 
D.Phil.) and the salary will be £800 per 
annum, 


Further particulars may be obtained 
from The Registrar, The New University’ 
of Ulster, Coleraine, Northern Ireland, to 
whom applications should be made in 
writing, quoting the names and addresses 
of two referees, not later than August 29, 
1969 (quoting ref. 69/139), (668) 


UNIVERSITY OF IBADAN 
NIGERIA 


Applications are invited from medically quali- 
fied candidates for SENIOR LECTURESHIP 
IN DEPARTMENT OF CHEMICAL PATHO- 
LOGY with honorary consultantship in the 
Teaching Hospital. Salary scale: £N2,650 to 
£N2,950 per annum (£Nl=-£1, 3s. 4d. sterling). 
Salary supplemented in range £530 to £590 per 
annum sterling (upward revision pending) and 
education allowances and children's holiday visit 
passages payable under British Expatriates Sup- 


plementation Scheme. F.S.S.U. Family pas- 
Sages; various allowances; regular overseas 
leave. 


Detailed applications (six copies}, naming three 
referees by September 16, 1969, to Later-Univer- 
sity Council, 90/91 Tottenham Court Road. 
LONDON, WIP ODT, from whom particulars 
are available: (634) 


~ SURREY EDUCATION 


COMMITTEE 
EWELL COUNTY TECHNICAL COLLEGE 
DEPARTMENT OF BIOLOGICAL SCIENCES 


CHIEF TECHNICIAN (T4) required as soon 
as possible to take charge of the technical servic- 
ing in the Department. Preference will be given 
to suitably qualified candidates with considerable 
experience in this type of work. Salary Scale, 
£1,095 to £1,310 per annum plus £90 London 
Allowance, Generous removal and disturbance 
allowances available in approved cases. 

Apply to the Registrar, Eweli County Technical 
College, Reigate Road, Ewell, Surrey, (Tel. 393- 
0961). 661) 


O ROYAL FREE HOSPITAL 


Applications are invited for the post ot 
PRINCIPAL BIOCHEMIST, with a special in- 
terest in Endocrine Biochemistry, in the Depart- 
ment of Chemical Pathology, Royal Free Hos- 
pital, The duties of the post will be centred 
at New End Hospital, Hampstead, N.W,3, in the 
Laboratory which undertakes endocrine biochem- 
istry for all hospitals in the Royal Free Group. 
Salary in accordance with Whitey Council 
Scales. 

Applications with details of qualifications, ex- 
perience, ete., together with the names of two 
referees, to the Administrator from whom further 
details of the post are available, Closing date, 
August 30, 1969. (622) 


TECHNICIAN “(MALE ‘OR, FEMALE) FOR 
neuro-histological research. Preferably experi- 
enced ; excellent prospects. Salary according to 
experience and qualifications.—-Application forms 
from Personne] Officer (Tech, Staf FB/2, Uni- 





versity College London, Gower Street, WCA 
(631) 


~ TECHNICIAN /TECHNI 
quired by Department of Virology to assist with 
research on Newcastle Disease virus. Salary ac- 
cording to qualifications and experience.—Appli- 
cations from recent Science Graduates, or tech- 
nicians holding A.LM.L.T. or equivalent to Sec- 
retary (SHE 2030, ext. 351), Royal Postgraduate 
Medical School, Hammersmith Hospital, Du Cane 
Road, London, W.12, quoting ref.: 10/234. 

(586) 











GRADUATE BIOCHEMIST 


Beecham Research Laboratories are ex- 
panding and have set up a new Medicinal 
Research .Centreat Harlow in Essex. As 
a result, “there is a vacancy in the Drug 
Metabolism Unit for a Graduate to join a 
research team studying the metabolism and 
distribution, of new drags, making extensive 
use of tadio-chemical techniques. 


„A degree in Biochemistry is essential and 

familiarity with Radiochemistry plus rele- 
vant research experience would be a dis- 
tinct advantage. 


The starting salary will be attractive and 
reviewed annually. There are excellent 
fringe benefits including Profit Sharing and 
a Non-contributory Pension Scheme. Help 
in obtaining accommodation may be avail- 
able for persons living in the London Area, 

Please apply quoting GB/H giving brief 
details of qualifications and career to: 

The Personnel Officer, 
Beecham Research Laboratories, 
The Pinnacles, Fourth Avenue, 


HARLOW, Essex. (665) 





« WEST OF SCOTLAND 

“AGRICULTURAL COLLEGE 

Applications are invited for a post of 

LECTURER IN ZOOLOGY 

from candidates holding a Science Degree with 
special qualifications (and preferably postgradu- 
ate experience) in Nematology. The salary will 
according to age, qualifications and experience be 
on one or other of the following scales: Grade 
TH, £1,617 rising to £2,534; Grade IV, £1,060 
(Honours £1,071) rising to £1,486. 

Conditions of . appointment and application 
forms are obtainable from the Secretary, 6 
Blythswood Sauare, Glasgow, C.2, with whom 
applications should be lodged not later than 
September 9, 1969. (670) 


FELLOWSHIPS AND 
STUDENTSHIPS 





BATH UNIVERSITY OF TECHNOLOGY 
SCHOOL OF BIOLOGICAL SCIENCES 


Applications are invited from biochem- 
ists and microbiologists for a 


POST-DOCTORAL 
FELLOWSHIP 


to work on the physiclogy of yeast mem- 
branes with Professor A. H. Rose, The 
salary for the Fellowship is £1,470 by £110. 
The post is tenable for one year in the 
first instance, but ean be renewed for a 
further year. Further details can be ob- 
tained from Professor Rose, The Univer- 
sity, Bath. 


Application forms available from Regis- 
trar (S), The University, Claverton Down, 
Bath. Closing date August 31, 1969, 
Please quote reference 69/54, (623) 


UNIVERSITY OF 
wy BRADFORD 
SCHOOL OF CHEMISTRY 


RESEARCH FELLOWSHIP 
IN ORGANIC CHEMISTRY 


Applications are invited for a Research 
Fellowship in Organic Chemistry for work 
on a N.E.R.C. sponsored project, under 
the direction of Dr. G, Shaw, Reader in 
Organic Chemistry, on organic and geo- 
chemical studies in sporopollenin. 


Applicants should hold the degree of 
Ph.D. or have equivalent Research experi- 


ence. An interest in the techniques of gas 
liquid chromatography would be an advan- 
tage. 

The award is tenable for up to two years 
from October 1969, and the salary would 
be £1,240 per annum in the first instance, 

Further information and application 
forms may be obtained from the Registrar, 
University of Bradford, Bradford 7, with 
whom completed applications should be 
lodged as soon as possible. Please quote 
reference OC/RF (S)/1/X. (612) 








UNIVERSITY OF 
STRATHCLYDE 


Department of Biochemistry 


RESEARCH 
STUDENTSHIP 


Applications are invited from graduates 
holding a good honours degree to work 
on an interdisciplinary project concerned 
with the kinetics of drug action at the 
subcellular level and involving use of a 
digital computer, The successful applicant 
will be registered for a higher degree and 
will spend three months in the Research 
Laboratories of an international pharma- 
ceutical company. 


Further information (quoting R19/59) 
may be obtained from Dr. M. R. Kibby, 
Department of Biochemistry, University. of 
Strathclyde, George Street, Glasgow, C.1, 
to whom applications should be submitted. 


(596) 


BATH UNIVERSITY OF TECHNOLOGY 
SCHOOL OF BIOLOGICAL SCIENCES 


RESEARCH UNIT ON SOLIÐ 
SUBSTRATE FERMENTATIONS 


Applications are invited from biochemists 
and microbiologists for (a) 


A POST-DOCTORAL 
FELLOWSHIP 


and (b) 


A GRADUATE 
STUDENTSHIP 


tọ work in a research unit concerned with 
solid-substrate fermentations in the School 
of Biological Sciences at Bath. The pro- 
ject, which is financed jointly by The 
Tropical Products Institute and The Well- 
come Trust, will involve a microbiologizal 
and biochemical investigation of the fermen- 
tation of starchy materials. The salary for 
the Postdoctoral Fellowship is £1,470 by 
£110, and for the Graduate Studentship 
£615 per annum. The Student will be ex- 
pected to register for a higher degree. 
Both posts are tenable for one year in the 
first instance, but can be renewed for a 
further two years. Further details can be 
obtained from Professor A. H. Rose, The 
University, Claverton Down, Bath, or Dr, 


W. R. Stanton, Tropical Products Insti- 
tute, 56/62 Gray's Inn Road, London, 
W.C.. 


Applicaton forms available from Regis- 
trar (S), The University, Claverton Down, 
Bath. Closing date August 31, 1969. 
Please quote reference 69/55, (624) 


UNIVERSITY OF 


NEWCASTLE UPON TYNE 


SCHOOL OF PHYSICS 
RESEARCH STUDENTSHIP 


Applications are invited for a research student- 
ship in solid state physics under the new S.R.C. 
scheme of Co-operative Awards in Pure Science. 
The student will work in co-operation with the 
solid state physics and the laser laboratories of 
the International Research and Development Co., 
Ltd., in Newcastle, on the infra-red properties 
of new types of semi-conducting materials. 

Further particulars can be obtained from Dr. 
E. E. Schneider, School of Physics, The Univer- 
sity, Newcastle upon Tyne, NE! 7RU. (645) 











FELLOWSHIPS IN 
Open- 
ings in work on selected electrode processes, 
theory, and conductance studies.-For full de- 
tails, write to: Professor H. H, Baver, Depart- 
ment of Chemistry, University of Kentucky, 
Lexington, Kentucky 40506. (364) 


POST-DOCTORAL 
electrochemistry ; available immediately. 
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UNIVERSITY COLLEGE OF 
NORTH WALES 
BANGOR 


MARINE SCIENCE LABORATORIES, 
MENAI BRIDGE 


INTERNATIONAL PAINTS 
RESEARCH FELLOWSHIP 


Applications are invited for the post of 
International Paints Research Fellow to 
work on problems concerning marine foul- 
ing particularly in relation to mechanisms 
of biological adhesion. 

Candidates should have a higher degree 
or equivalent in research experience in a 
biological science. The fellowship will be 
for three years with possibilities for further 
renewal, 

Salary scale, £1,240; £1,355: £1,470 per 
annum, 

Applications (two copies), giving full de- 
tails of experience, qualifications, age and 
the names and addresses of two referees 
should be sent not later than August 25 
to the Secretary and Registrar, University 
College of North Wales, Bangor, Caerns, 
from whom further particulars may be 
obtained. (603) 





UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


DEPARTMENT OF CHEMISTRY 


Applications are invited for a Research 
Studentship under the S.R.C. Cooperative 
Awards in Pure Science scheme. The research 
will be carried out under the direction of Dr. 
H. M. E. Steiner and is for the study of the 
catalytic activity of zine oxide supported on 
carriers, involving e.s.r, electron diffraction and 
semiconductivity measurements. A First or HG) 
Honours degree, or an equivalent qualification is 
essential. 


Applications should be sent as soon as possible s.. 


to Professor R. N. Haszeldine, F.R.S., Depart- 
ment of Chemistry, U.M.LS.T.. P.Q. Box 88. 
Manchester, M60 10D. (659) 


~ MISCELLANEOUS 


START YOUR OWN BUSINESS WITHOUT 
experience in association with and with the help 
of an international company. Capital required 








£600 to £1.000.—-Apply in writing to inter- 
national Publishers, 184 West Regent Street, 
Glasgow, C.2. (523) 





DIRECTORATE GENERAL OF SUPPLIES 
and Disposals, Parliament Street, New Delhi in- 
vites tenders for the following: 

Tender No. ES.6/207/36/039/Cel-695 
due by 10 A.M. on 3.9.69 


for the supply of Radium Needles and Tubes. 


Tender documents etc., relative to the above 
inquiry can be obtained from the Administration 
Branch, India Supply Mission, Government 
Building, Bromyard Avenue, London, W.3. om 
payment of 10s. per set which is not refundable. 
Tenders are to be returned direct tò the 
Directorate General of Supplies and Disposals, 
Parliament Street, New Delhi and should reach 
by 10 A.M. on 3.9.69, (655) 


GRANTS & SCHOLARSHIPS 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
RESEARCH IN CHEMISTRY 


Research grants are available for British 
students, at postgraduate, postgraduate RLC., 
post-diploma technical level for research in 
organic chemistry in the following areas from 
October, 1969, 

fa) Organic Reaction Mechanism. 

(b) Free Radical and Carbene chemistry. 

(c) Heterocyclic Chemistry. 

(d) Olefin chemistry. 

ce) Study of reactive intermediates. 

Postgraduate, ete., grants range from £550 to 
£800 per annum depending upon the topic. 

Applications should be sent as soon as pos- 
sible after the appearance of this advertisement 
to Professor R. N. Haszeldine, F.R.S.. Depart- 
ment of Chemistry, U.M.LS.T., P.O. Box No.“ 
88, Manchester M60 10D. (607) 














UNIVERSITY OF LIVERPOOL 
FACULTY OF VETERINARY SCIENCE 


Applications are invited from graduates 
in Veterinary Science, Agriculture or a 
Biological Science for a POSTGRADU- 
ATE SCHOLARSHIP in the Sub-Depart- 
ment of Animal Husbandry at the Uni- 
versity of Liverpools Veterinary Field 
Station. The successful candidate will 
participate in a research programme on the 
social behaviour of pigs and will be ex- 
pected to take up the post on October 1. 
1969, or as soon after this date as pos- 
sible. The person appointed may register 
for a higher degree. The scholarship has 
a value of £750 to £1,200 per annum, de- 
pending upon qualifications and experience, 
and is tenable for up to three years. 

Applications, stating age, qualifications 
and experience together with the names of 
three referees, should be received not later 
than August 31, 1969, by the Registrar, 
The University, P.O. Box 147, Liverpool 
L69 3BX, from whom further particulars 
may be obtained. Please quote Ref.: 
RV / 28077 N. (394) 





FOR SALE AND WANTED 


WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon House, Park Farm Rd., 
Folkestone, Kent, England. 
Tel: Folkestone 57421. 
Offer top prices for: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HMR 





NATURE. HALF-YEARLY VOLS. 168-184, 
1951-9, 268. per vol, Quarter yearly vols. 185- 
194, 1960-2. 16s. per vol. All post free. Vol. 
194 lacks index.—R. E. Sheard, Bookseller, 259 
Abbeydale Road South. Sheffield S17 3LB. 

(687) 





‘LECTURES AND COURSES 


“MAGNETIC RESONANCE IN 
BIOLOGY ” 


A VARIAN WORKSHOP 


There are still a few places left on this 
course to be held at Royal Holloway Col- 
lege September 16 to 19. 


The course is designed to introduce bio- 
logists with ne previous knowledge, to 
nuclear magnetic resonance and electron 
spin resonance. 

Lecturers include: Prof. A. V. S. Burgen. 
Dr. R. C, Bray. Dr. J, F. Gibson. 
Prof. D. Chapman. Prof. P. Hemmerich. 
Dr. J, C. Metcalfe. Prof. W., Van Philips- 
Dr. K. McLauchlan. born, 

Prof. R. E. Richards. Dr, $. J. Wyard. 


For further details apply to “ The Work- 
shop Secretary,” Varian Associates Limited, 
Molesey Road, Walton-on-Thames, Surrey. 


(669) 








From I2BA (-O511") upwards, 4UN, & 4mm, 
Ex stock, World wide service, 


Instructive 30 page list fram:— 


12 Wells Road, ILKLEY, Yorks., U.K. 


Advertisement Managers for 


\\Fehaelas 


T. G. SCOTT AND SON LIMITED 


1 Clement's inn, London WC2 
Holborn 4743 





FOR LABORATORY, SCHOOL METALWORK, ETC. 


Screws, Nuts, Boits, Studs, Washers, Anchor & Clinch Nuts. 


BERNARD F. WADE, LTD. 









CHELSEA COLLEGE 


(University of London) iB 


M.Sc. Courses in Applied Acoustics 


Applicants should possess an honours degree or equivalent in Physics, 
Mathematics or Engineering. The course covers fundamental principles 
of acoustics and aspects of acoustic technology. The duration is one year” 
for full-time students or two years for part-time students with day. release, 








M.Sc. in Biophysics and Bioengineering 


The course is offered jointly by the departments of Physics, Physiology 
and Electronics, and is designad to cover the area of study where physiology, 
physics, medicine and engineering overlap, Intending students should bold 
a first degree in one of the Biological, Physical, Medical and Engineering 
sciences. The course covers such topics as: biophysics at the cellular 
level; electrophysiology ; bioengineering theory and application; biomedical 
instrumentation; biomechanics; information and control theory; photo- 
biclogy and radiobiology; computer methods, The course will extend 
over three years for part-time students, attending two evenings a week, 
and two years for full-time students. 


M.Sc. Course in the Physics of Electronic Devices 


The course is offered jointly by the departments of Electronic and Physi 
and is designed to cover at postgraduate level the operation of vatarni 
and solid state electronic devices. It is for part-time students only and 
extends over two years. Candidates for admission to the course she 
hold a first- or second-class honours degree in Electronics / 
Engineering, Physics, or an approved equivalent qualification. 


Diploma of Chelsea College (D.C.C.) 


Applications are invited for any of the above courses from candidates 
who do not possess the normal academic qualifications for entry to an 
M.Sc. degree, but have appropriate experience in the topic and approved 
academic standing in other fields. The course and examinations for the 
D.C, are identical with those for the MSc. 










Applications are invited for the above postgraduate courses, commencing 
in October, 1969. Application forms and further information may be 
obtained from the Secretary, Department of Physics, Chelsea College, 
Manresa Road, London $.W.3. (Telephone 01-352 6421.) 


E887) 


NORTHERN POLYTECHNIC, Holloway, London, N.7 
DEPARTMENT OF CHEMISTRY 


M.Sc. in 
Inorganic Polymers 


This College offers a two- or three-year course of lectures and practi- 
cal work held in the evenings only, leading to the degree of Master of 
Science of the Council for National Academic Awards. 

Inorganic and semi-inorganic macromolecules will be studied in the 
context of inorganic and polymer chemistry. The course is intended for 
students possessing an Honours Degree in chemistry or an equivalent 
qualification, 

Further information from the Head of Department. 

(648) 


WANTED TO PURCHASE 


BOOKS AND PERIODICALS 
In the fields of Science and Humanities 




















Entire libraries and smaller collections; 
sets and runs, foreign and domestic. 


WALTER J. JOHNSON INC. 

111 Fifth Avenue, New York, 3, N.Y. I 
Cable Address BOOKIOUNS, NEW YORK 

British Offce: WALTER J. JOHNSON LTD, 
Footseray High Street Footscray Sideap Kent 
» FOOTSCRAY 0155 

Cable Address REPRINTS, DARTFORD 
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How can a fraction collector mechanism be virtually tamper proof? 
By using a self-locating rim-drive with no complicated gears, 
solenoids, levers or ratchets. 

Is a mains operated fraction collector safe on a chemistry bench? 

Yes, provided the electrical circuits are all low voltage and well 
away from the column outlet. 

What is the simplest method of avoiding “tailing”? 


The use of timed collection so that the eluent is delivered direct 
from the end of the column into the collecting tube. 


Is there a fraction collector which provides these features and is not 
costly? 

CL-270 FRACTION COLLECTOR OUTFIT, for volumetric 
collection, including collector plate, syphon balance and 5 mi. 
syphon. Only £7100 
CL-272 FRACTION COLLECTOR OUTFIT, for timed flow 
collection. £95 0 0 


i @ Self-standing collector plate holds 
= up to SIXTY 12 mm and 19 mm 
4 rimmed tubes. 

i 

Bow! construction with drain cock 
contains no mechanisms; provides 
large spillage capacity and protects 
tubes from damage. 


$s 


Syphon balance | to 25 ml and timer 
I to 45 min both simply plug in. 


Automatic arrest at end of track 
with facility for warning or stopping 
flow of eluent. 


® Swing-up drive arm allows collector 
plate to be loaded or removed in 
seconds. 


Ask for details 


NEW Fraction Colleċtor by Gallenkamb § 


LONDON 
P.O. Box 290, Technico House, Christopher Street, 
Tel 01-247 321 


London, E.C.2. 
| Telex 886041 


WIDNES 
P.O. Box 19, Victoria House, Widnes, Lancs. 


STOCKTON-ON-TEES 
Portrack Lane, Stockton-on-Tees, Teesside. 


Tel 051-424 2040 


Tel 0642 63441 





Printed in Great Britain by FISHER, KNIGHT & Co. LTD., St. 


Albans, and published by MACMILLAN (JOURNALS) LIITED, 


at 4 Little Essex Street, London, W.C.2—Saturday, August 16, 1969. 
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U INSTRUMENTS LTD. © LKB HOUSE 021? ADDINGTON POAD © S. CROYDON. SURREY. CAI EYO @ TEL: 01-657-2236 
LES ANO SERVICE THROUGHOUT THE WORLD STOCKHOLM, WASHINGTON, THE HAGUE COPENHAGEN, ROME. VIENNA 
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seen in a new light 


> NBCo, presents a highly sen- 
sitive substrate group of Fluorescein 
Esters including Fluorescein Diace- 
tate, a unique substrate for the 
study of living mammalian cells, 
which was. recently introduced. 
The investigators suggested 
that thé cell membrane was per- 
meable to Fluorescein Diacetate 
since it is non-polar. After the 
Fluorescein Diacetate enters the 
ell, it is hydrolyzed by Esterase 
action to Fluorescein, which is non- 
polar and accumulates in the cell. 
(1) This property of Fluorescein 
accumulation (Flucrochromasia) is 
easily visualized under a miero- 
scope and can be correlated with 
“eell viability. 











Also in the new substrate group is Fluorescein 


j 
eee a 


FLUORESCEIN DICAPROATE 
M.W.: 528.7 M.P.: 85-86° C. 
FLUORESCEIN DICAPRYLATE 
M.W.: 582.7 M.P.: 53-55° C. 
FLUORESCEIN DILAURATE 
M.W.: 696.9. M.P.: 66-68° C. 
FLUORESCEIN 
DIPROPIONATE 
M.W.: 444.5 M.P.: 160-161° C. 
10 gm.. . gm. $1.90 


5 gm.. . gm. 2.25 
l gm.. oo... gm 2,50 
FLUORESCEIN ESTER 


KIT NO. 6 
Aconvenient kit containing all 6 
Fluorescein Esters, 1 gram each. $9.90 
To order, phone 216 662-0212 
collect (USA only). Hf desired, 24- 
hour delivery anywhere in continental USA; 80-hour 


_. Dibutyrate, reported for the analytical assay of delivery anywhere in the world. Send for our free 
“aipase. (2) catalog containing more than 3500 items. 

FLUORESCEIN DIACETATE ; (1) B. Rotman and B. W. Papermaster, Proe. 
M.W.: 416.4 M.P.: 206-208° C. Natl. Acad. Sei. 55, 184 (1966). 

(2) B. G. Guilbault and D. N. Kramer, Anal. 

Biochem. 14, 28 (1966). i 

The literature references should not be interpret- 

ed as either endorsement or disapproval of the bio- 

chemicals by the investigator. 


CAUTION: Those of our products which are or may be drugs 
or food additives, as defined in the Federal Food, Drugs, and 
Cosmetic Act, will be shipped, and may be used or sold, for 
investigational use only in laboratory research animals, or for 
tests in vitro, and are not for use in or for humans. Investiga- 
tional animals and their edible products may not be used for food. 


Nutritional 
Biochemicals 
orporation 


26201 Miles Road « Cleveland, Ohio 44128 
Phone 216 662-0212 


25 gm.. Bie ae y oo . . om, 
PUG A ace oor Be Re he Eo, © oe, Ry, ON 
5 gm.. l E SE em 65 
FLUORESCEIN DIBUTYRATE 
M.W.: 472.5 M.P.: 117-118° C. 
100 gm. . 

25 gm. . 

10 gm, . 











Si vous désirez obtenir des 
¿enseignements complé- 
< mentaires sur tout article 
figurant dans les pages 
d'annonces, veuillez in- 
scrire les details appropriés 
sur la formule ci-contre, 
la détacher et l'adresser à 
T. G. Scott & Son Ltd. 
Nul affranchisement n'est 
requis en Grande-Bretagne 
ni Irlande du Nord, mais 
tous nos lecteurs å letran- 
ger devront affranchir leur 
carte au tarif habituel. 


Falls Sie an weiteren Einzel- 
heiten eines in den Anzeigen 
angeführten Artikels in- 
teressiert sein sollten, 
tragen Sie bitte das betref- 
fende Bezugszeichen in die 
nebenstehende Karte ein. 
Die Karte ist dann abzutren- 
nen und an T. G. Scott 
& Son Ltd. zu senden. 
Für Grossbritannien und 
Nordirland ist keine Brief- 
marke erforderlich, wohl- 
aber bei Aufgabe im Aus- 
land. 


Se desiderate ricevere ulter- 
iori informazioni riguardanti 
qualsiasi prodotto o articolo 
pubblicato, compilate la 
scheda qui a fianco 
riportata.  Distaccatela e 
inviate a: T. G. Scott e Son 
Ltd. L'affrancatura é a 
carico del destinatario se la 
spedizione viene effettuata 
dalla Gran Bretagna o dall 
Irlanda del Nord, mentre 
tutti i lettori esteri dovranno 
affrancare regolarmente. 
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SERVICE 
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to enable you to 
obtain information 
on any product ad- 
vertised in the pages 
of NATURE easily 
and in the shortest 
possible time. Please 
make use of it. 


ENQUIRIES MADE 
WITHOUT OBLIGATION 


Please ensure that 
your full name and 
address are carefully 
indicated on the form 
overleaf. 
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Subscription Rates 


DIRECT POSTAL SUBSCRIPTION RATES 
*12 MONTHS (52 issues, 4 indexes) 


AIRFREIGHT 
United States... 00... cece eae $48 
Canada: aiaosa aA E Mend a $52 


SURFACE MAIL 
Elsewhere overseas, U.K. and Elre........ £14.0.0 


* Shorter Periods Pro-rata. 


ORDER FORM 


ZIP OR POSTAL CODE 
ZIP essential for U.S.A. 


The publisher would appreciate this additional information 


BRANCH GF SCIENCE 
OR TECHNOLOGY 


GAGANIZATIONS uiteauste tives Sepia vin oF wa dares wanes A nto hd Pad Piste dacs tu eine gl ia 


NATURE OF WORK 
(RESEARCH, DEVELOPMENT, TEACHING, ETC.) 


POST TO Subscription Department MACMILLAN (JOURNALS) LTD. 
Brunel Road, Basingstoke, Hampshire, England 


Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes, 
Semi-displayed £6 per single column inch, 
Minimum £3, each additional 1/12ch of an inch 
10s. Full page £158, Half page across £80, 
Colour (orange) £20 extra, 2/6 is charged 
for the redirection of replies to advertise- 
ments with a box number, 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T, G. Scott and Son, Limited, | Clement's 
Inn, Strand, London, W.C.2. Telephone: 
eps ell Telegrams: Textualist, London, 


APPOINTMENTS VACANT 





AUSTRALIAN NATIONAL 
UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 
DEPARTMENT OF GEOPHYSICS AND 
GEOCHEMISTRY 


Applications are invited for appointment in 
the categories of RESEARCH FELLOW, 
SENIOR RESEARCH FELLOW, FELLOW 
AND SENIOR FELLOW. The activities of the 
Department include palacomagnetism, seismo- 
logy, geochronology, experimental and structural 
geology and some branches of petrology and 
geochemistry. Applications in these fields will be 
considered and several positions will be avail- 
able. One of these posts will be specifically 
committed to the electron probe microanabyser 
laboratory (see below), 

The Department is well equipped with a wide 
range of palaeomagnetic and seismological ap 
paratus, high temperature and pressure Equip- 
ment for rock deformation, hydrothermal and 
solig pressure media high pressure apparatus, an 
electron probe microanalyser (ARL Model EMX), 
mass spectrometers, optical specirographs and 
X-ray fluorescence and diffraction apparatus. 


ELECTRON PROBE MICROANALYSER 
LABORATORY 


A staff member is required to be responsible 
for the running of this laboratory and to make 
use of the instrument as a major research tool. 
Adequate technical support is available for main- 
tenance and operation of the instrument. A 
background in mineralogy and petrology would 
be best suited for collaboration with other 
workers in the Department; however, the De- 
partment has an extensive meteorite collection 
and specialization in this field or in ore 
mineralogy and geochemistry is possible. 

The salary of a Research Fellow is determined 
im the range $A5,400 to $A7,250 and that of a 
Senicr Research Fellow in the range SA7,800 to 
$49,324. Appointment is for three years with 
a possible extension to five years. The salary 
of a Fellow is determined in the range $46,400 
to $A8,740, and that of a Senior Fellow $48,750 
$A10,274. In these cases appointments may be 
confirmed as permanent after a period of five 
years. Superannuation is on the F.S.S.U. 
patiern with supplementary benefits. Reasonable 
travel expenses are paid and assistance with 
housing is provided. 

Further particulars are available from the Sec- 
retary-General, Association of Commonwealth 
Universities (Appts). 36 Gordon Square, London, 
W.C.1. Applications close on September 15, 
1969. 1449) 





ASSOCIATE DIRECTOR 
PHARMACOLOGY 


Applications are invited for the position 
of Associate Director for the Department 
of Pharmacology, Ayerst Research Labora- 
tories, located in Montreal, Canada, 

This is a challenging and unique oppor- 
tunity for a senior pharmacologist with ten 
or more years’ experience in drug research. 
More than 300 people are involved in 
various aspects of drug research in modern, 
well equipped laboratories for the world- 
wide Ayerst operations. 

Please send résumé in confidence to the 
Personnel Department, Ayerst Laboratories, 
P.O. Box 6118, Montreal, Canada, 

(736) 





NATURE, AUGUST 23, 1969 





BIBBY REQUIRE 


ADDAN 
POULTRY 


Our Nutrition Research & Advisory Department at Weatherstones, 
Wirral, Cheshire offers an excellent opportunity for personal 
development in all aspects of the poultry industry. Working 
conditions are ideal. The Research Centre, a charming old country 
house with modern research laboratories, is situated in open 
countryside between Mersey and Dee, within easy reach of the 
coastal resorts of North Wales and with the excellent shops and 
entertainment of Liverpool and Chester Jess than half an hour away. 


"ecg mays 


The man we are looking for will display a lively interest, drive and 
determination to progress. He may have previous poultry 
experience, or be a recent graduate in any biological discipline, or 
both. He will be in his early or mid twenties. Salary will be by 
negotiation, there is a non-contributory pension scheme and 
assistance will be given with removal. 
Please apply in writing, stating age, experience and present salary to: 
Mr. J. R. Wales, Personnel Officer, 
J. Bibby Agriculture Ltd., 


King Edward Street, 
Liverpool L3 7 AD. 


COMMONWEALTH AGRICULTURAL BUREAUX 


Vacancy for 


SCIENTIFIC INFORMATION OFFIGER 


at the Commonwealth Bureau of Soils, 
Rothamsted Experimental Station, 
Harpenden, Herts. 


Duties : 
Preparing abstracts for the abstracting journal Soils and Fertilizers 
which covers world scientific literature on soils and soil-plant 
relationships, and dealing with scientific enquiries within these fields. 


Qualifications : 
A degree in soils or in agricultural science, or in sciences basic to 
these. Ability to write good and concise English essential. Reading 
knowledge of foreign languages and experience or training in infor- 
mation work, including subject indexing, would be an advantage. 


Salary : 
In scale £1,020 to £2,675, with provision for superannuation. 
Starting salary according to qualifications, experience and age. Two 
extra increments after two years’ satisfactory service for applicant 
aged 32 or under on date of appointment. 


Application forms and full particulars from the Secretary, Commonwealth 
Agricultural Bureaux, Farnham House, Farnham Royal, Nr. Slough, 
Bucks, Closing date for applications September 10, 1969. 


(S88) 
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UNIVERSITY OF 
MANCHESTER 


RESEARCH ASSISTANT IN 
THE DEPARTMENT OF 
PHARMACOLOGY 


Applications invited from graduates in 
pharmacology or pharmacy (special sub- 
ject pharmacology) for this one-year post. 
The successful applicant will work on a 
problem in tropical pharmacology. Salary 
Tange per annum: £700 to £1,000. 

Further particulars and application forms 
(returnable by September 5), from the 
Registrar, The University, Manchester, 
M13 9PL. Quote ref.: 172/69/Na. 


(606) 


CLINICAL BIOCHEMIST 


ROYAL PRINCE ALFRED HOSPITAL 
CAMPERDOWN, 2050 SYDNEY, 
AUSTRALIA 


Applications are invited from graduates 
for the position of Clinical Biochemist in 
the Department of Biochemistry, Fairfax 
Institute of Pathology. 

The position is se¢cond-in-charge to the 
Director. The Department is undergoing a 
period of rapid advance in instrumentation 
and an on-line computer with capacity for 
extensive random access on magnetic disc 
is to be installed shortly. The Hospital is 
a 1,500 bed teaching hospital of the Uni- 
versity of Sydney and adjoins the Campus. 
Excellent liaison exists between the Depart- 
ment and the University Departments. 
Applications, addressed to the General 
Superintendent, close on September 5, 
1969, and should include qualifications, de- 
tails of experience and names and addresses 
of three persons to whom reference can be 
made, 

Salary and conditions will be in accord- 
ance with the appropriate Industrial 
Award. ie., Scientific Officers (Public Hos- 
pital Scientists) or Medical Officers—Hospi- 
tal Specialists. Salary will be determined 
by qualifications and experience and will 
be in the range of $A6,359 per annum to 
$A13,.420 per annum, 

Further details concerning the position 
may be obtained from Dr. W. J, Hensley, 
Director of the Department of Biochem- 


istry. 
D. 5. CHILD, 
General Superintendent, 
1674) 


BIRKBECK COLLEGE 
(UNIVERSITY OF LONDON) 


RESEARCH ASSISTANT— 
ZOOLOGY 


A vacancy exists for a Research Assist- 
ant to assist Dr. R. F. Chapman in an 
investigation of the functions of insect 
chemoreceptors. The work will entail ex- 
tensive use of an electron microscope, for 
which training will be provided, together 
with behavioural and physiological studies. 
Appointment for one year only, within 
salary range £950 to £1,470. 

Applications to Deputy Secretary, Birk- 
beck College, Malet Street, a, i 

HRL 


TECHNICIAN REQUIRED FOR VIRO- 
logy laboratory at Queen Mary College (Uni- 
versity of London), Mile End Road, E.I. Pre- 
vious experience is essential and the possession 
of the LS.T. or City and Guilds Science Labora- 
tory Technicians Certificate, preferably ad- 
vanced, or an Q.N.C. or similar qualification is 
desirable though not essential, Salary accord- 
ing to age and ability on the scale £743 to 
£1,047 per annum plus London Weighting £125 
per annum and possible £30 of £80 per annum 
qualification award. Five-day week. Four /five 
weeks annual leave, Pension scheme.-~Letters 
only to Registrar (B/T), stating full details of 
age, experience and present work. (692) 













UNIVERSITY OF QUEENSLAND 


DEMONSTRATOR IN PHYSICAL AND 


RESEARCH SCIENTIST 
—(LIPID BIOCHEMIST) 


AUSTRALIA 


DIVISION OF 
NUTRITIONAL BIOCHEMISTRY 


GENERAL The Division of Nutritional Biochemistry of the Commonwealth 
Scientific and Industrial Research Organization located at Adelaide, $.A., is 
concerned primarily with the study of biochemical mechanisms by which 
nutrients function in the ruminant animal. Since the emphasis is on mechanism 
rather than productivity studies, the Division is concerned with nutritional 
abnormalities as well as with normal functions, In addition, the role of trace 
elements, inorganic nutrition in general, energy yielding reactions, and 
nitrogen metabolism are of particular interest to the Division, 


DUTIES The appointee will be expected to work in the general area of fat 
metabolism in the ruminant animal including lipogenesis, lipolysis and the 
effects of diet on depot fat composition. He will be expected also to contribute 
to studies on the role of lipids in membrane permeability. There will be the 
opportunity for the appointee to follow lines of research of particular interest 
to himself in the general area of lipid biochemistry. 


QUALIFICATIONS Applicants should have a Ph.D. degree or postgrad- 
uate research experience of equivalent standard and duration, supported by 
satisfactory evidence of research ability. Some years of research experience 
in the general area of lipid biochemistry will be desirable. 


SALARY Depending upon qualifications and experience, the appointment 
will be made within the salary range of Research Scientist, $A5,32!-$A6,693 
p-a., or Senior Research Scientist, $A6,963-$A8,045 p.a. Salary rates for women 
are $A428 p.a. less than the corresponding rates for men. Promotion within 
CSIRO to a higher classification is determined by merit. 


CONDITIONS The duration of the appointment will be determined in 
consultation with the successful applicant; some applicants may prefer a 
fixed term appointment for three years. Appointment will be conditional 
upon passing a medical examination and an initial probationary period of 
twelve months may be specified. An indefinite appointment carries with it 
Commonwealth Superannuation Fund or Provident Account privileges. 
Further details supplied on application. 


Applications (quoting Appointment No. 250/175), and stating full name, 
place, date and year of birth, nationality, marital status, present employment, 
details of qualifications and experience, together with the names of not more 
than four persons acquainted with the applicant's academic and professional 
standing, should reach: 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 

Australian Scientific Liaison Office, 

64 Kingsway, 

LONDON, W.C.2. by the 19th September, 1969, 

Applications in U.S.A. and Canada should be sent to The Scientific Attaché, 


Australian Embassy, 1601 Massachusetts, Ave. N.W., WASHINGTON DC 
20036. 








1970. Applicants should p 85 d 





AUSTRALIA 


INDUSTRIAL METALLURGY metallurgy, 


Salary tor a Demonstrator Group HI will be 

Applications are invited for a Demonstrator within the range $A2,930 to $AZ.870 and Group 
Group Jif or IV to assist in undergraduate [V $A3,275 to $A3.825 per anmum, 
tutorial and demonstrating work in the industrial 
and physical metallurgy fields. The successful will be supplied upon request ta the Secretary- 
candidate will be encouraged to undertake re- General, Association of Commonwealth Univer. 
search for a higher degree and the appointment sities (Appts), 36 Gordon Square, London, 
will in the first instance be for a period expiring  W.C.1. Applications close on September 
on December 41, 1970, but renewal is possible; 1969, (697) 


For further Classified advertisements see page xxii 


he will be required to take up duty in February, 


Ss oa Rr 
Metallurgical Engineering or Metallurgy and have 
a particular interest in industrial or physici 


Additional information and application forms 


Vii 
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SIGMA Now Offers 
High Purity 
TRINUCLEOSIDE DIPHOSPHATES 


Presently available for immediate delivery 


Adenylyl(3’ +5 )Adenylyl(3’-»5Cytidine(ApApC) 
Adenylyl(3 -5 0Cytidylyl3"5)Cytidine(ApCpC) 
Cytidyly (3 +5 Cytidylyl(3’-+ 5’) Adenosine(CpCpA) 
Cytidylyl(3’-+5 )Cytidylyl(3” ~+ §Cytidine(CpCpC) 
Guanylyl(3-5 )Cytidylyl(3’-> 59Cytidine(GpCpC) 
Img $20.00 10 mg $142.25 
5mg 8525 25mg 237.50 


Hopefully, the price will be substantially 
reduced as demand warrants. 
The following Trinucleoside Diphosphates are presently 


“in production” and should be available from Sigma 
shortly. 


Adenylyl(3’-->5")Adenylyl(3’-+5") Adenosine (ApApA) 
AdenylylG@/—>5 )Adenylyl@’—-5)Uridine(ApApU} 
Adenylyl(3 5) Uridylyl(3’--5’)Guanosine(ApUpG) 
Uridylyl3’-+5") Uridylyl(3’5’)Guanosine(UpUpG) 
Uridyly(3 5°) Uridylyl@’-+5')Uridine(UpUpU) 


Another “FIRST” from Sigma! 
THYMIDYLYL (3' -- 5’) 





THYMIDINE (TpT) 


Approx. 90-95%, 


img $11.00 10mg $ 62.50 
5mg 37.50 25mg 125.00 





Sigma already offers the following 


DINUCLEOSIDE PHOSPHATES 


Adenylyl(3’~-Sjadenosine — Cytidylyl(3’-> S‘uridine 
Adenylyl(3’-»+5 jeytidine Guanylyl(2’->5)adenosine 
Adenylyl(3’--Sjguanosine Guanylyl(3’-> S“jadenosine 
Adenylyl(3 -5 uridine Guanylyl(3 -5 guanosine 
Cytidylyl@’—-SjJadenosine Guanylyl(3’->Sjuridine 
Cytidylyl(3’ Scytidine Uridylyl(3’ 5’ adenosine 
Cytidylyl(3 -+5 guanosine —_ Uridylyl(3’--5’)cytidine 
Uridylyl(3’ +5 guanosine 















Img $ 5.50 10 mg $25.00 
Smeg 15.50 25mg 44.00 
Adenylyl(2’-~5 adenosine — Adenylyl(2’-»5cytidine 


nN 


Guanylyl(3’->S’)cytidine 


>§eytidine 
Uridylyl(3’--5’)uridine 


-5 uridine 


Guanylyl( 
Inosyly|(3’ 


Prices- Inquire 





TELEGRAM : SIGMACHEM, St. Louis, Missouri. 


The Research Laboratories of 


RA wicee company 


3500 DE KALB ST. 6 ST. LOUIS, MO, 63118 « U.S.A. 
MANUFACTURERS OF THE FINEST BIOCHEMICALS AVAILABLE 









Distributed in the United Kingdom through 


SIGMA LONDON Chem. Co. Ltd., 12, Lettice St., 
London, S.W.6, England 


Phone: RENown 5823 (Reverse Charges) 
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CHEMTRIX 
polarographic systems 


featuring image 
storage, for the 
added dimension 

in organic and 
inorganic chemical 
analysis 

Precise chemical analysis to 
parts-per-biilion made in less 


than a minute, with storage 
display for detailed waveform 


studies. Several models are 
available, with such features 
as digital readout of peak cur- 
rent (la) and three-electroce 
operation for dynamically con- 
trolled IR compensation. 


Polarographic Systems 
Model SSP-2 

3-Electrode System 

Modei SSP-3 Digital 

Readout System 

Plug-in units available separ- 


ately. Tektronix oscilloscopes 
available focally worldwide. 


Other Chemtrix Instruments 
Type 800 

Waveform Source for 
Electrochemistry 

(Triangle and rectangular 
waveforms, variable slope with 
wide-range control) 


No, A-111 

Glassy Carbon 

Electrode 

{For voltammetry in anodic re- 
gion where DME operation is 
prohibited) 









For information on these and other polarographic instruments and 
systems, contact your local representative, or write directly to: 


All prices f.0.b. factory. 


CHEMTRIX, INC. 


Gnshementation for Sotence 


P.O. Box 725 Beaverton, Oregon 97005 U.S.A. (503) 648-1434 


WHELDON & WESLEY, LTD. 
Biological & Geological Books 


CATALOGUES ON REQUEST 


LYTTON LODGE, CODICOTE, HITCHIN, HERTS 


BCOKS BOUGHT 


SCIENTIFIC CIRCULATIONS LTD. 
All Scientific andTechnical publications purchased 
Horton Road, Stanwell Moor, Staines, Middlesex 


Telephone: COLNBROOK (London Dial XM4: 2266 


Advertisement Managers for 


T.G. SCOTT AND SON LIMITED - 
1 Clement's Inn, London WC? 
Holborn 4743 Dee 
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How Philips X-ray spectrometers can 
improve the quality of your control 





Up to one hundred times faster than X-ray Spectrometers can perform these 
conventional techniques, X-ray tasks more rapidly and accurately than 
spectrometry can detect concentrations any equivalent instrument. That's why 
of any single element from uranium they are essential for quality and 

down to fluorine, from fractional parts process control in a wide variety of 

per million to 100%. And response is manufacturing industries such as steel, 
element specific. glass, cement and ceramics, and in the 
Liquid, powdered or solid samples can pharmaceutical and chemical 

be handled non-destructively, which industries. 

means that many analyses not even Write or telephone for full details of the 
attempted by wet chemistry can be widest available range of manual, 
carried out. automatic, and computer-controlled 
The highly versatile range of Philips X-ray equipment. 





Pye Unicam Ltd 
Manor Royal Crawley Sussex 


Precision Instruments Telephone (0293) 28787 Telex 87267 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


< Pulsars—Do they turn off-—OSTRIKER and GUNN 

(Princeton) ; ; i ; ‘ ‘i ‘ 
Supernovae—Search for optical remnant of Cassiopeia 
A--VAN DEN BERGH (California Institute of Tech- 
nology) and DODD (Toronto) . : 4 3 ; 
Stellar formation—Laboratory test for clustering of 
cold H, gas on protons-~-CLAMPITT and GOWLAND 
(UKAEA) . 3 r : : 3 : . 
Earthquakes—-Relationship between recent Middle 
East and African events—MOHR (Smithsonian) 
Geophysics—-New ultra long period linear strain 
meters—-KING, BILHAM, GERARD, DAVIES (Cam- 
bridge) and SYDENHAM (Warwick) ae p 
Rockall Bank-—New tertiary volcanic centre identi- 
fied--ROBERTS (National Institute of Oceanography, 
Godalming) : . A 3 ; A ; 
Palaeomagnetism--Deccan Trap flood basalts have 
several polarity horizons--PAL (Osmania) s 3 
Shock waves—Measurement of light scattered from 
density fluctuations within a collisionless shock—- 
PAUL, DAUGHNEY and HOLMES (UKAEA) 
Nitrogen discharge — Pink afterglow effect—- 
BROCKLEHURST (Sheffield) and NICHOLLS (York 
University, Toronto) ; g R x , ` 
Energy transfer—Effect of excited gas molecules on 
solids —- DAUCHOT, VERHAEGEN and VAN 
CAKENBERGHE (Mons} ’ : : : 
Radiation—Detection using a supercooled liquid-— 
VARSHNEYA (Roorkee) : . : , : 
Liquids—Theoretical basis for Coomber’s relationship 
~-MEETEN (London), : g F : : 
Turbulence—Free stream turbulence on the drag 
coefficient of bluff sharp-edged cylinders--McLAREN, 
SHERRATT and MORTON (Nottingham) ; 
Crystal growth—Preparation of metal azide single 
crystals by controlled diffusion in a silica gel system-— 
RANADIVE, BLANK, BRENNER and OKAMOTO 
(New York) . k r ‘ : ‘ 4 i 
Metal hydrides— Thermal stability with H, °H and °H 
~- JONES (Programmes Analysis Unit, Chilton), ELLIS 
and ASLETT (AWRE) .. `. ; ; 5 ? 
Laser applications—Scanning microscope has re- 
search and clinical uses—DAVIDOVITS and EGGER 
(Yale) a : : g ‘ 3 : : 


BIOLOGICAL SCIENCES 


Myoglobin — Fingerprints of a human variant — 
BOULTON, HUNTSMAN (London), LORKIN and 
LEHMANN (Cambridge) ` ; r : a 
Iron-binding proteins—Conalbumin and sidero- 
philin probably exist as dimers—WOODWORTH, 
TAN and VIRKAITIS (Vermont) ; : ; 
Myosin—Rabbit skeletal muscle myosin contains 
«-N-methyl lysine--HUSZAR and ELZINGA (Har- 
vard) . i : ; š ‘ : : 5 
Lipoprotein—Immunochemistry of human serum 
beta lipoprotein, its apoprotein and various modified 
forms—GOTTO, LEVY, BIRNBAUMER and FRED- 
RICKSON (US National Institutes of Health) . 

Immunology—Crystals of fragment Fab’ from 
buman IgG myeloma protein—ROSST, CHOI and 
NISONOFF (Illinois) : : : . ` 
Immunosuppression—Both anti-macrophage serum 
and normal rabbit serum suppress the synthesis of 
antibodies in mice--DESPONT and CRUCHAUD 
(Geneva) ‘ : J A A : 3 $ 
Collagen —— Some generalizations on comparative 
chemistry—PI KKARAINEN and KULONEN (Turku) 
Skin-—-Human epidermis can inhibit fibrinolysis — 
TURNER, KURBAN and RYAN (London) , 
Tetanus-—Toxia blocks neuromuscular junctions- 
KAESER and SANER (Basle) i ‘ r 


829 


831 


833 


834 


Cholera-—Rabbit stomach responds to syncase toxin 
~-BHIDE and MODAK (Haffkine Institute, Bombay) 
Antibodies—Synthesis can be turned on in newhorn 
mice by endotoxin and synthetic polynucleotides 
WINCHURCH and BRAUN (Rutgers) . i 
Interferon—Prolongs survival of Balb/c mice inocu- 
lated with viral induced tumour cells —GRESSER and 
BOURALI (Institut de Recherches Scientifiques sur 
le Cancer, Villejuif) g A t 7 ? 
Interferon — Inhibition of murine sarcoma and 
leukaemia virus infection---SARMA, SHIU, BARON 
and HUEBNER (US National Institutes of Health 
and Microbiological Associates Inc.) i ` 
Carcinogenesis—Effects of 3,4-benzolajpyrene on 
lung primordia in vitro--CHAN, SANDERS and 
WYNDER (Sloan-Kettering Institute for Cancer 
Research) Fs 7 ; ; : ; : è 
Cancer chemotherapy -— M rcophenolic acid is a 
promising anti-tumour agent--CARTER, FRANK- 
LIN, JONES, LEONARD, MILLS, TURNER and 
TURNER (Imperial Chemical Industries Ltd) . i 
Cancer-—L-Asparaginase reduces size and number of 
colonies formed by cultured normal bone marrow-— 
HARRIS (Ottawa) z ; ; d ; i 
Virology--Change in human chromosomes induced by 
herpes simplex—-O'NEILL and MILES (Utah) . 

Bacteriophage—Functional A phage genes O and P 
required for synthesis of A endonuclease-~SHUSTER 
(Emory) and WEISSBACH (Roche Institute of Mole- 
cular Biology, New Jersey} ; : $ y 
RNA polymerase— Breaks in template DNA stimi- 
late transcription by core enzyme—VOGT (Harvard) 
Polysomes-—Intact polysomes can be prepared from 
hitherto intractable Bacillus species by controlled 
mechanical disruption—GOULD, HERBERT and 
LOVINY (MRC) . x : . ; ; 
Marine microorganisms—. Actinomycetes in North 
Sea and Atlantic Ocean sediments — WEYLAND 













(Bremerhaven) š ; : F é ; 
Malaria—Mepacrine partially inhibits development 
of sulphonamide resistance in Plasmodium berghei— 
PETERS (Liverpool) F ; ‘ 
Mosquitoes—-Attracted to man by induce 
sweating —- KHAN, MAIBACH, STRAL 
FISHER (California) ; f ; i : 
Insect physiology — Regulation of extra-axonal 
sodium involves glial cells——LANE and TREHERNE 
(ARC) . , i ; i . ‘ 5 i 
Sunlight--- Harmful effects are overcome in the 
harvester termite adult by pigmentation—NEL and 
HEWITT (Orange Free State} 3 i 3 
Membranes—-Components irom different M ycoplasma 
species hybridize on reaggregation — RAZIN and 
KAHANE (Hebrew University--Hadassah Medical 
School) i i 7 a : ; i ? 
Neurones—Two types of cholinergic hyperpolariza- 
tion can be distinguished in snail neurones -KERK UT, 
BROWN and WALKER (Southampton) ; 
Dreaming — Barbiturates make dreams more 
“thought-like’’ and less “dream-like” --CARROLL, 
LEWIS and OSWALD (Edinburgh) 3 A F 
Physiology—-Adaptive responses in arterial smooth 
muscle of seal flippers—JOHAN T (Washington) 
Exobiology—-A plausible abiogenic synthesis of acy- 
clie isoprenoids from isoprene~-MUNDAY, PERING 
and PONNAMPERUMA (NASA) i ‘ 
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The titles on this page are prepared by the staff of 
Nature on the basis of the titles submitted by authors 


which appear in full on the pages indicated 








‘Mi CHIROMIE’ 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount, Lipid crimson, Matamount, 
May-Griinwald, Leishman, Giemsa, Toluidine blue, Cresyl fast violet, 
Papanicolaou stains, Thiofiavine S, Brilliant cresyl blue, Nile blue, 
Pyronin Y, Trifalgic acid, Rhodanile blue, Hapto, etc. 


CATALOGUE AVAILABLE ON REQUEST 


DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
testing processes you are invited to contact 


EDWARD GURR LIMITED 


for supplies. 


Wa hold stocks of an enormous variety of dyes, ready for immediate 
despatch, including: 


Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nie blue, 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p-Ethoxy- 
chrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green, etc, 


INDUSTRIAL RESEARCH ESTABLISHMENTS 


are invited to make use of our professional services as 
consultants on the selection and use of dyes as research 
and production tools. 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, S.W.14 
Cables: Micromlabs London SW14. Telephone: 01-876 82289 





The 

POLARMATIC 62 
Automatic 

Spectropolarimeter 
















SOLE DISTRIBUTORS IN U.K. OF 
SCHOTT INTERFERENCE FILTERS 


An NCCC TCO 
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SOLID STATE PHYSICISTS 


THE SURFACE PHYSICS DIVISION 
OF THE SPACE SCIENCE DEPARTMENT 
OF ESTEC 


wishes to recruit Ph.D. physicists with relevant experi- 
ence and proven ability for a fundamentally oriented 
research program. Current interest lies in photo- 
emission and optical measurements for band structure 
investigations of metals, and also in examining the 
details of work function variations of metal 
crystals and the basic process of adsorption. Excel- 
lent facilities exist for vacuum U.V. spectroscopy in 
conjunction with UHV specimen preparation systems, 
and with LEED, Auger spectroscopy, and electron 
microscopy for structure work. 


VISITING SCIENTISTS 


Enquiries are also invited from experienced Ph D.'s 
for posts as Visiting Scientists at both Junior and 
Senior level. The essential requirement for these 
being significant research contributions in the areas 
indicated above. 


Enquiries should be sent to: 

HEAD OF PERSONNEL 
EUROPEAN SPACE RESEARCH 
AND TECHNOLOGY CENTRE 
Noordwijk Holland 








NOW O.R.D + C.D 


We are pleased to announce that a 
Circular Dichroism attachment has been 


designed by the National Physical 
Laboratory and will shortly be available 
for this outstanding spectropolari- 


meter, Like the Polarmatic itself, this 
new device will once again open up new 
thresholds in biological research. 


A great deal of engineering development 
has enabled us to offer this attachment 
to both new and present users of the 
O.R.D. instrument. For full details 
write to Dept. N. 





We now have capacity for aluminising 
certain types of mirrors, at short notice, 
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How to Get into University 


Tus is the season when all kinds of young people are 
either pleased or depressed at the outcome of the 
annual lottery to decide which 60,000 of them shall 
be accorded a place at a British university in the year 
ahead. The process of selection is by now familiar to 
university authorities, schools and young people whose 
careers are at stake. What happens is that the Univer- 
sities Central Council on Admissions, UCCA for short, 
distributes nearly a year in advance of annual entries 
to university a series of complicated forms on which 
young people are asked to make bids for places. In 
the course of the months which follow, the universities 
and UCCA collaborate with extraordinary efficiency in 
singling out some people to whom university places 
will be awarded without further consultation, others 
to whom university places will be awarded if perform- 
ance at the end of the year examinations (A-level) is 
satisfactory and, presumably, still others who will be 
denied a place altogether. Inevitably, however, this 
process cannot fully anticipate the demands on the 
university system in any one year, with the result that 
in the hectic few weeks before the university term 
begins UCCA tries its best to allot people to still vacant 
places with some semblance of good sense. The process 
is probably as fair as anybody could expect, but it has 
a number of built-in pitfalls which conspire to give it 
an appearance of arbitrariness. But, worse still, the 
basis on which the allotment of people to places is 
based is frail on at least three counts. This is the time 
of the academic year at which they should be remem- 
bered, 

First, in the actual choice of people to fill particular 
university places, the UCCA procedure, fair though it 
may seem, is bound to do rough justice to the wishes 
and ambitions of a great many young people. After all, 
when many of them fill in their UCCA forms, it is more 
than a year to the beginning of the next university 
year. Nobody in those circumstances can expect to 
be quite certain that he wishes to follow a particular 
course of study at some particular university. Indeed, 
it is in everybody's best interests that young people 
should at that stage keep their options as open as 
possible. It is not simply a hankering after tidiness 
but administrative necessity that makes UCCA forms 
require too much specific detail of those who fill them 
in. The result nevertheless is to arrange that a great 
many square pegs are eventually fitted into a great 
many round holes. It is, for scientists, particularly 
poignant that in this process of pre-decision about 


university places, a good many potential scientists are 
probably lost to other disciplines. 

The process of selection is also offensive because of 
the way in which it perpetuates the anomalies in the 
sixth form curriculum. At present, young people at 
schools are required to make very particular 
about the subjects which they study, and universities, 
or the better universities, then see it as their task te 
broaden the education of the new undergraduates, 
This is an academic folly. Moreover, it has long been 
recognized as such. Indeed, it is now more than a year 
since the Schools Council and the Standing Committee 
on University Education put their heads together and 
proclaimed that they would work out a more general 
sixth form curriculum within a few months and 
certainly in time for this to be discussed by the 
beginning of the next academic year. There is not 
much time left for that promise to be implemented. 
Indeed, the two authorities representing schools and 
universities respectively seem to have stumbled on the 
old truth that it only needs a committee of opposing 
interests to ensure that no reform is possible. It is 
nevertheless a scandal that nothing has been done, in 
spite of several protests, to broaden the sixth form 
curriculum. 

Finally, however, the process of university selection 
is offensive because it exists at all. By now it is cle 
that the number of people qualified to enter universities 
is more than twice the number actually able to get 
there. This is no surprise, even though the optimistic 
assumptions of the Robbins Report. have quickly heen 
shown to be conservative in the short spell since 19638. 
So what will happen to the other people—those who 
do not succeed in the UCCA lottery? The simple 
answer, of course, is that they will find their way inte 
a course of further study either at a teachers’ training 
college or a technical college. The trouble here, alas, 
is that these institutions are still regarded as second 
class institutions, and there is nothing in Government 
policy to think that they will ever escape from the 
thrall of trying to be like universities, In short, the 
Government has got itself in a fearful box in its policy 
on polytechnics, and it is not by any means too soon 
to ask whether there should be a reconsideration of 
the whole policy of binary education with the intention 
of throwing the balls into the laps of the universities, 
That in the long run is the only way of making sure 
that getting into a university will not seem to young 
people to be a sufficient end in itself, 
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SCIENCE POLICY 


Gloom in Canada 


Tur Canadians seem to be developing an enviably 
workmanlike way of running their scientific resources, 
and the Science Council of Canada, which takes a major 
part in this exercise, has just produced its third annual 
report. Set up in May 1966, the role of the science 
council is to assess Canadian “scientific and techno- 
logical resources, requirements and potentialities’, 
and to make recommendations. Unhappily, this 
year’s report records that expenditure on research 
and development in Canada is not growing at anything 
like the rate the science council would like. Recently, 
gross expenditure on research and development in 
Canada has been running at 1:3 to 1-4 per cent of the 
GNP, but the science council and others would like to 
see the figure rise to 2 per cent. Although hampered 
by the familiar bogy of inadequate statistical data, the 
council concludes that during the financial year 1968- 
69 the percentage rose to only 1-47 per cent, and 
gloomily remarks that the target of 2 per cent seems 
as far away as it did five vears ago. 
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Expected trends of Canadian expenditure on research and 
development over the next ten years. 


What the science council would like to see is less 
emphasis on basic research and more emphasis on 
rescarch and development to be carried out by industry 
where the council obviously feels it will have more use 
than applied research in the universities or by govern- 
ment. Failure of federal government incentives is 
made the scapegoat for the depressing level of industrial 
research and development, and the council says that 
unless things begin to look up this year, direct federal 
support for industrial research and development will 
have been static for five years. The suggestion in the 
annual report is that Canadian industry should under- 
take a series of major projects in areas such as trans- 
portation, urban development and information systems, 
in the hope that these projects will be an ersatz for the 
military and space programmes boosting scientific 
and industrial growth in the United States. 





NATURE. VOL..223. AUGUST 23. 1969 


This year’s report also contains the first publication 
of a report on “scientific research and, development 
expenditures and prioritiés’’, submitted by the council 
to the Prime Minister, Mr, Pie Te, Trudeau, at the 
beginning of the year. The council recommends a 
target date of 1973 for the achievement of a research 
and development expenditure running at 2 per cent of 
the GNP. The programme outlined is for industrial 
research and development to increase by 20 per cent 
each year, university research and development to 
increase by 22 per cent per year until 1970, and then to 
drop slightly, and research and development by the 
federal government to increase by a steady 11 per cent 
each year. As well as the major projects for boosting 
research and development, the report to Mr Trudeau 
mentions development of the north; oceanography; 
ard weather prediction, modification and control. 
There are also more nebulous headings as, for example, 
energy, urban development and human environment. 
and integrated resource management. The hope is that 
the science council will soon be able to put forward 
plans for four major programmes. Expenditure is 
expected to be several millions of dollars per programme 
per year during the research and development phase, 
reaching hundreds of millions per year when any 
engineering work starts. 


REGIONAL RESEARCH 


Spreading Out the Dollars 


Tue United States Academy of Seiences seems to be 
confirmed in its willingness to comment on all kinds 
of public issues, and has now given its opinion on the 
ways in which funds for research and development 
can contribute to economically backward parts of the 
United States, The committee under Dr Daniel Alpert 
which has compiled the study called “The Impact’ of 
Science and Technology on Regional Economic De- 
velopment” (National Academy Publication 1731) owes 
much of its origin to congressional concern in the early 
sixties about the equitable distribution of funds for 
research and development among the (now) fifty states. 
Unfortunately the committee has also, by the cloudiness 
of much of what it has to say about the precise meaning 
of national goals and other generalized concepts of the 
same kind, produced a report which is particularly 
hard to fathom. Certainly it will take an ingenious 
congressman to make political capital out of it, one 
way or the other. 

The committee accepts the argument that research 
and development expenditure has in the past been 
badly distributed—the states of California, Massa- 
chusetts and New York, with 22 per cent of the 
American population, carried out 46 per cent of 
federally supported research and development in 1946. 
The committee argues, however, that it is not possible 
to change the economic foundations of a region by 
importing an institution for research and development 
into a backward area. In the long run, the link between 
research and development and other social activities, 
especially regional education, could be as important 
as the contribution which it could make directly 
towards the development of natural resources and the 
growth of the economy. The diversity of the effects 
which science and technology may have in a locality 
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seems to be one explanation of the tortuous nature of 
the committee’s report. _ 

With these reservations, the. committee does seem 
to ask that there should be a more deliberate federal 
policy for the use of research and development expendi- 
ture as an instrument of regional development. The 
committee in particular suggests that the Government 
should establish a number of “Exploratory Centres 
for Regional Development” to explore the possibilities 
of the direct application of technical innovation. 
For the rest, there should be a deliberate policy of 
helping less fortunate universities to grow, especially 
at the graduate level. 


UNIVERSITIES 


Towards a Swann PhD 


ALMOST a year ago the universities were criticized in 
the Swann Report for their almost complete lack of 
imagination in the development of higher degrees with 
some bearing on the requirements of potential employ- 
ers. The Swann Committee urged the universities “to 
start experimenting boldly with the PhD” (The Flow 
into Employment of Scientists, Engineers and Tech- 
nologists 1968, HMSO, 17s 6d). The Science Research 
Council took up the gauntlet and earmarked a small 
number of postgraduate awards for the Interdiscip- 
linary Higher Degrees Scheme drawn up by a joint 
committee of the Science and Social Science Research 
Councils under the chairmanship of Professor H. Kay 
of the University of Sheffield (Nature, 222, 421: 1969), 

The scheme, to its credit, has demanded a much more 
thorough rethinking of traditional university ideas 
than the now well established SRC Cooperative Awards 
in Pure Science (CAPS) which require close liaison 
between university and industry but are not inter- 
disciplinary. In contrast to CAPS students, holders 
of the so-called Swann awards are required not only 
to spend part of their time in industry but also to be 
involved in, for example, an economic or sociological 
aspect of the technical problem they are working on. 
At the University of Aston in Birmingham, where 
Professor I. F. Gibson and his colleagues are su pervising 
several PhD projects of this type, postgraduate students 
are doing such work as a manpower planning project 
for an engineering company and a study of a possible 
investment in a transportation system for a group of 
Caribbean islands. The employment prospects for 
these new style PhDs seem bright; companies appar- 
ently look forward to recruiting from scientists who 
appreciate the overall problems that industry faces, 
For its part, Aston is hoping to increase the number of 
interdisciplinary projects to about ten next academic 
year and to include a team research project of the sort 
often encountered in industry. 

The department of liberal studies in science at 
Manchester, which, under Professor F. R. Jevons, is 
rapidly making a name for itself, has also taken advan- 
tage of the interdisciplinary awards scheme and has 
research students working on the international col- 
laboration aspects of the Dragon high temperature 
nuclear reactor and a study of the Route 128 pheno- 
menon. The department has also persuaded the UGC 
to back interdisciplinary MSc courses. A few other 
universities, notably Loughborough and Stirling, have 
also started experimenting with the Swann PhD. 
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UNIVERSITIES 


Medical Schools Integrate 


Tue contradictions in medical training in London 
today, which the latest step in the implementation of 
recommendations of the Todd report are designed. to 
alleviate, can be traced back several hundred years, 
The principal’ teaching hospitals looked for their 
standards to the professional associations such as the 
Royal College of Physicians or the Royal College of 
Surgeons. The colleges opposed the foundation of the 
university in the nineteenth century and since then 
the tendency has always been to ignore it. 

As a result, medical training is something of a com- 
promise: most students spend their first two or three 
years learning human biology at an ancillary medical 
school associated with a teaching hospital, and then a 
further three or more years with surgeons and consul- 
tants in the wards. These schools, if only because they 
are inadequately equipped, are not where the rapid 
advances in medical science are now being made. 
Neither do they run courses in the newer university 
curricular subjects, such as biophysics and social 
science, which are increasingly being seen as relevant 
to medical practice. 

The changes announced last week in a joint state- 
ment by the University Grants Committee 
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and the 
University of London are designed to alter all this. 
Following the recommendations of the Royal Com- 
mission on Medical Education, they ask that, where 
conditions permit, all possible steps should be taken 
to implement the ideal of “a unified medical teaching 
centre embedded in a university complex”. The 
students will probably enjoy it more because they will 
be able to mingle with other faculties. They should be 
able to choose from a wide range of subjects, perhaps 
even including arts, and to opt for cither an express 
course of essentials, taking about 18 months, or longer 
courses, leading to a BSc, and taking 3 years. 

As plans stand, University College Hospital Medical 
School and the Royal Free Hospital Medical School are 
to be integrated as a matter of priority. Indeed, 
students at University College Hospital seem to be 
extremely fortunate, for they already get their pre- 
clinical training in the science faculty of University 
College. The Royal Free Hospital Medical School 
should be incorporated here at almost any price and 
not transferred to Hampstead as proposed earlier. The 
preclinical department of St Bartholomew’s Hospital 
and the London Hospital will become part of the 
enlarged biological sciences complex at Queen Mary 
College. Because of limitations of its site, Bedford 
College cannot incorporate the medical schools of the 
Middlesex and St Mary’s Hospitals and some com- 
promise will have to be worked out. Guy's and King’s 
College Hospital Medical Schools will form a fourth 
pair and St Thomas's and the Westminster Medical 
School a fifth. One of these will be linked to King’s 
College, possibly through the development of a bio- 
medical centre. The other two teaching hospitals will 
remain unpaired. 

Clearly the sort of medical education offered depends 
on the sort of doctor the community thinks it needs, 
At the moment the consensus seems to be that hospital 
experience is not enough and that experience in first- 
class science is desirable, too. There may also be a 
case for sending students to work with a good GP for a 
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short period to experience the personal side of the 
work, although this is not as easy as it sounds, because 
of the tendency of GPs working near the teaching 
hospitals to refer to them all their difficult patients. 
But most people agree that medical education should 
not be determined by historical accidents, particularly 
as each doctor costs about £2,000 a year to train. 


TRANSPORTATION 


MoT Reorganizes 


THE appointment of a new Director General of Research 
and Economic Planning and the setting up of a new 
Policy Planning Unit are the main changes in the 
organization of the Ministry of Transport which will 
come into effect in October. These changes have been 
stimulated partly by the need for overall direction of 
the rapidly growing research and economic activities 
of the ministry, and also by the recommendations of 
the Fulton Committee on Government policy planning. 

Mr J. A. Jukes, who is at present a deputy Under 
Secretary of State in the Department of Economic 
Affairs, has been appointed Director General of 
Research and Economic Planning. Mr Jukes has spent 
most of his career in operational research and as an 
economic adviser to various authorities. There will be 
four main groups under his directorship: The Road 
Research Laboratory, the Directorate of Economics, 
the Directorate of Statistics and the Directorate of 
Scientifie Studies. These groups have also been 
slightly reorganized in an attempt to increase the 
coordination between them. The Road Research 
Laboratory will continue to provide the major source 
of research, and it is hoped that the new organization 
will ensure that this is used to the full in solving trans- 
portation poliey problems. The Directorate of 
Economics will work in conjunction with the Direc- 
torate of Statistics; the former will cover the expand- 
ing field of transport economics and provide general 
economic advice, and the latter will provide the 
statistical backing for the ministry's economic and 
scientific work. The Directorate of Scientific Studies 
will take over the work of the ministry’s Chief Scien- 
tific Adviser and his staff, and will cover a number of 
studies in the area of operational research. The existing 
Mathematical Advisory Unit at the ministry will form 
part of this directorate. 

The new Policy Planning Unit, under the director- 
ship of Mr J. R. Madge, who is currently in charge of 
the Road Safety Group, will be responsible for longer- 
term planning and is a direet consequence of the 
Fulton Committee’s recommendations. The com- 
mittee was concerned that in all Government depart- 
ments, long-term policy planning was being left to 
officials who were overburdened with more immediate 
demands. Tt suggested that planning units should be 
set up in every ministry in order that policy planning 
could be taken out of the everyday running of the 
ministry. 





EXHIBITIONS 


The First Geologist 


Wruaiam Smita is not called the “Father of English 
Geology” for nothing. He was not only the first 


NATURE. VOL. 223, AUGUST 23, 1969 


person to show that sedimentary rocks in different 
areas can be correlated and that each formation can 
be identified by the fossils it contains; he also eon- 
structed the first true geological maps and the first 
table of strata in England. This work established the 
branch of geology known as stratigraphy which revolu- 
tionized what was still an embryonic science. 

To mark the bicentenary of Smith’s birth, the British 
Museum (Natural History) has prepared a special 
exhibition. The most spectacular work on display is 
a hand-coloured geological map of England and Wales 
mounted as a single sheet drawn to the scale of 5 miles 
to an inch and measuring 8-5 feet by 6 feet. The map, 











William Smith at the age of 68 (from a portrait by Fourau in 
the rooms of the Geological Society of London). 


produced in 1815, is remarkable for its completeness 
and accuracy and was Smith’s greatest work. This 
was not, however, his first geological map. His earliest 
attempts to construct them were probably made 
about 1793 and 1794, two or three vears after he had 
started work as a surveyor in the coal mining district 
of northern Somerset, and by 1799 he had completed 
maps of the surroundings of Bath, the oldest geological 
maps of any part of Britain. For five years up to 1799, 
Smith had been occupied in surveying and superin- 
tending the construction of a canal linking the Radstock 
coalfield with Bath and, luckily for him, he was able 
to make extensive journeys up and down the country. 
During this time he made his geological observations 
and compiled for the first time a small geological map 
of the whole of England and Wales which he published 
in 1801. Other maps of increasing complexity were 
brought out in the following years, the best known 
being the large 1815 map. With this map, he also 
published a book which contained a short account 
of the geological formations to be found in each county 
and two tables of strata (one of which he had prepared 
in 1799). He followed these achievements with some 
more books. several charts of sections (the one on 
display shows a section from London to Snowdon), 
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and geological maps of twenty-one counties, published 
between 1819 and 1824. The map of Yorkshire has 
extraordinary detail for its time and is one of Smith’s 
finest works. 

Unfortunately, the cost of financing his publications 
proved too much for Smith, and in 1819 he was forced 
to leave London, where he had made his home since 
1814, After a few unsettled years surveying in York- 
shire, Smith eventually settled in Scarborough but 
continued with professional engagements. For much 
of his life his work was unrecognized, but. in 1831 he 
was rewarded by being the first recipient of the Geo- 
logical Society's Wollaston Medal. In 1839, at the 
age of 70, Smith died while on his way to the meeting 
of the British Association in Birmingham. 

This year, geologists also have the opportunity to 
celebrate the tercentenary of the publication of another 
important work in the history of geology—the Prodro- 
mus of Nicholaus Steno, a book first published in Latin 
and later in an English translation in 1671. In it, 
Steno records his ideas about the origin of rocks, 
fossils and minerals. One of the few copies of the 
original edition in existence and the translation are on 
display in an adjoining exhibit in the museum. 


AUSTRALIA 


Minerals Still Boom 


More opportunities for export, and increasing domestic 
demand, caused the continued expansion of the Aus- 
tralian mineral industry during 1967. Although the 
world increase in mining production was only 2-6 per 
cent, the figure for Australia was above 10 per cent 
and reflects the continuing buoyancy of the Australian 
economy as a whole. The mineral success story is 
described in the 1967 Review of the Australian Mineral 
Industry (Bureau of Mineral Resources, Geology and 
Geophysics, Canberra, 1968). 

Offshore exploration has continued to dominate the 
petroleum industry, and major discoveries—of both 
oil and natural gas—-have been made during the year, 
mainly in the Bass Strait area. Completely new drill- 
ings are reported in the Gulf of Papua and on Ashmore 
Reef No. l in the Timor Sea. Total crude oil produc- 
tion in 1967 was more than twice that for 1966 and 
accounted for about 5 per cent of internal petroleum 
consumption. 

As far as metals are concerned, the more important 
features of 1967 and early 1968 were the production of 
nickel and the regular export of iron ore from the 
Northern Territory—both for the first time. The 
discovery in 1966 of rich nickel sulphide ores at Kam- 
balda, Western Australia, has led to nickel metal 
production which, combined with the expected outputs 
from other proposed developments, may soon allow 
Australia to become an exporter of nickel rather than 
an importer as at present. An added stimulus to this 
new venture is the present world shortage of nickel 
which shows little sign of changing. 

The regulations governing uranium oxide export, 
which have always been strict, were changed in April 
1967, mainly in anticipation of a tight domestic supply 
situation and because estimates made by the United 
States Atomie Energy Commission indicated that a 
three-fold expansion in world production to about 
75 kilotons per year would be necessary by 1980. The 








769 


Ministry of National Development announced a scheme 
which gives permission in advance for the export of a 
certain proportion (depending on their size) of existing 
and new deposits; in this way supplies of uranium 
for future use in Australia will be assured and explora- 
tion simultancously encouraged. The impact of fast 
breeder reactors on the market can only be guessed, 
but it will have to be taken into account when decisions 
affecting the supply of uranium after 1980 are made, 





SOCIETIES 


Mineralogists Integrating 


Tur Mineralogical Society, at a special general meeting 
to be held on November 6, will consider proposals put 
forward by its council which embody changes in the 
society's constitution, membership, publications and 
council. These proposals, although designed partly to 
increase income, are expected to enhance the coordina- 
tion between the various branches of the society, and 
follow some changes which have already been intro- 
duced in publications and in the pattern of meetings, 

At present, the society comprises ordinary and 
associate members, who receive the Mineralogical 
Magazine, Mineralogical Abstracts and the society's 
Bulletin, for a subscription of £5 per year. Membership 
of the Clay Minerals Group costs a further £1, and brings 
the group’s Notices and Clay Minerals. Since the 
Bulletin includes Clay Minerals Group notices, separate 
publications of the group’s circular will cease shortly. 

It is proposed by the council that all subscription 
rates be increased to £6 per year, which will entitle 
every member to all the society's publications. This 
will have the double advantage of increasing income 
and promoting interest in the Clay Minerals section. 
In addition, there are proposals to revise the constitu- 
tions of the Committees on Applied Mineralogy and 
Geochemistry, together with that of the Clay Minerals 
Group, to place all these on the same basis. 

Proposals for changes in the council, although not 
very sweeping, also highlight the trend in the society 
for integrating the various groups. The positions of 
retiring president, foreign secretary and managing 
trustees will be replaced by one representative from 
each of the Committees on Applied Mineralogy, 
Geochemistry and the Clay Minerals Group. The 
position of foreign affairs secretary will cease, and the 
management trustees, together with the treasurer, 
will constitute a finance committee. 

The additional income from subscription charges 
will, it is hoped, be used in the reorganization of 
Mineralogical Abstracts. To this end, the council is 
proposing that the general meeting considers the 
appointment of a technical editor and an assistant, 
together with the establishment of an editorial office 
outside London. The council is concerned that if 
these measures are not taken, the publication of 
Mineralogical Abstracts may not be possible in the near 
future. 


















RESEARCH AND DEVELOPMENT 


Ideas for Industry 


THE growing interest of the National Research and 
Development Corporation in the sea and the sea bed 
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as a source of industrial activity is emphasized in its 
thirty-fourth publicity bulletin, Inventions for Industry. 
NRDC has been looking at the problems of developing 
an effective industry capable of servicing oil, gas and 
civil engineering equipment as far down as the con- 
tinental shelf—about 600 feet—and was able to show 
a large number of exhibits at the Oceanology Inter- 
national Exhibition early this year. One of the items 
was the manned sea bed vehicle being built by Cammell 
Laird which should be available commercially next 
year. It is designed to work in depths of up to 600 feet 
and will travel on the sea bed on large wheels powered 
through cables from a control ship. The development 
of accurate homing and navigation systems is important 
for all underwater operations, and with the Decca 
Navigator Co. NRDC has been reviewing existing 
techniques and planning possible apparatus including 
sonar devices with underwater telemetry and optical 
and low frequency radio instruments. It is hoped that 
other companies will be stimulated to take part in 
the development work. 





The diverging duct arrangement fitted to the NPL model 
ship's stopping device. 


An ingenious project which NRDC is currently sup- 
porting is the development by Imperial Chemical 
Industries, Ltd, of artificial seaweed to stop coastal 
erosion. Tufts of polypropylene tape, attached by 
nylon straps to an anchor chain, seem to reduce the 
energy of the waves and make them less destructive. 
Arrays are being sown in Bridlington Bay in Yorkshire 
to stop erosion of a boulder clay cliff, and on the 
Norfolk coast where a beach on the estuary of the 
River Blyth is being eaten away. Another basically 
simple but commercially successful invention is the 
Dracone, a flexible towable barge made of nylon fabric 
and cord, coated with synthetic rubber, which is being 
used to transport refined petroleum and oil products, 
drinking water and vegetable oils, very cheaply. 

The National Physical Laboratory has developed 
and tested a stopping device for ships. The problem, 
highlighted by the Torrey Canyon disaster, is to slow 
down in an emergency a ship moving at full speed to 
a speed at which the reversed propeller is most effective. 
The NPL’s system uses an arrangement of ducts to 
direct water from a high-pressure to a low-pressure 
region, destroying its backward momentum in the 
process, and experiments indicate that it should 


Or 


decrease stopping distances by about 35 per cent. 
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isotopes for Everyman 


Wrru the Treaty on the Non-Proliferation of Nuclear 
Weapons in the offing, the International Atomic 
Energy Agency is preoccupied with the impact the 
treaty will have on its work and in particular on the 
safeguards agreements affecting member states. This 
is one of the new responsibilities which the Inter- 
national Atomie Energy Agency sees for itself, 
according to its annual report for 1968-69. The 
implementation of the Non-Proliferation Treaty is 
being anticipated by the agency in its programme for 
1970; recruitment of new staff has begun and new 
safeguards and inspection instruments are being put 
through their paces. The agency also received a 
request to prepare a report on the international control 
of nuclear explosions for peaceful purposes for U 
Thant, secretary general of the United Nations, 

But beside all this the IAEA continues its worldwide 
efforts to coordinate nuclear technology. Nuclear 
power and its applications to such problems as desalina- 
tion of sea water are becoming an attractive proposition 
for developing countries, but the agency also pleads 
for smaller plants that would make capital costs less 
prohibitive. Four new reactors went critical in 1968; 
there will be another twenty-three in 1969, and a world 
nuclear capacity of 110,000 MW is forecast for 1975. 
Because of this the report stresses the need for continued 
and increased prospecting programmes for uranium, 
but it makes no mention of recent developments in the 
centrifugal purification of uranium fuels. 

The agency has also ventured into information 
processing. Data produced by member states will be 
fed into a central file and fed back either on magnetic 
tape or as a typewritten account. The agency has 
drawn on the experience of EURATOM and plans to 
adopt much of EURATOM’s thesaurus in setting up a 
keyword retrieval service. In the field the IAEA is 
devoting a generous part of its budget to the application 
of isotope technology to the life sciences. It is sup- 
porting such projects as the investigation of radiation- 
induced mutation to improve cereal crops, isotope 
tracer studies of the fate of pesticides, the use of sterile 
male insects in eradication programmes and research 
contracts on radioisotope applications in medicine. 
It is not, of course, possible for all requests for funds 
to be met, and with inflation and the delays of some 
member countries in meeting their contributions the 
agency has to turn down an increasing number of 
applications every year. In 1969 little more than one 
quarter of the requests for funds were successful, 
Nevertheless, between 1969 and 1970 the agency’s 
outgoings are expected to increase by 9 per cent from 
$11,251,000 to $12,250,000. 


1969 





AGRICULTURE 


Farming Maps 


New agricultural maps of England and Wales are one 
of the benefits resulting from using the Orion computer 
at the Rothamsted Experimental Station to analyse 
the data collected in the annual agricultural censuses. 
Not since 1941 has the Ministry of Agriculture published 
a comprehensive set of types of farming maps, but last 
year the ministry published a composite map of all 
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farming activity in England and Wales in June 1965. 
It has now produced a more detailed analysis of the 
same census, eleven maps showing the distribution of 
eight categories of farms (dairy, livestock, cropping, 
mixed and so on) as well as the size of farms in each 
10 kilometre grid square (Types of Farming Maps of 
England and Wales, Ministry of Agriculture, 5s). The 
maps clearly illustrate the decline in mixed farming 





Ministry of Agriculture map showing the distribution of dairy 
farms in England and Wales. (Crown Copyright.) 


and the concomitant increase in specialized farming in 
England and Wales. The dairy farming map, for 
example (see illustration), shows the high concentration 
of dairy herds in Shropshire and Cheshire, scene of the 
1967-68 epidemic of foot and mouth disease. Using the 
complete data from the censuses since 1965, instead 
of a 50 per cent sample of holdings in one third of every 
parish, the ministry is currently compiling an accurate 
successor to the 1941 series. 


NUCLEAR POWER 


New Watts at Chapelcross 


THE sad tale of the number 2 reactor at Chapeleross 
has taken a brighter turn with the announcement that 
the channel blockage which has kept the reactor idle 
for more than two years has now been remedied 
sufficiently to allow electricity to be generated once 
more for the grid. The loss in revenue to the Atomic 
Energy Authority, which owns the Chapeleross site, is 
estimated at between £2 million and £2-5 million since 
the disastrous melt down of six uranium fuel elements 
in one of the reactor’s 1,700 channels which occurred in 
May 1967. 


ean 


The repair operations to the reactor have proved to 
be long and costly. New tools had to be devised to 
draw out the uranium and magnesium sludge which 
gathered at the bottom of the channel after the acci- 
dent, when a piece of one of the graphite sleeves broke 
off and lodged at the bottom of the channel, restricting 
the flow of coolant gas. Use of the reactor was impos. 
sible during this period because all the control instru- 
mentation was affected by the stray uranium. Now 
that the reactor is once more operating, precautions 
are being taken to avoid a repetition of the incident. 
Television cameras are being used to scan the channels 
for signs of odd pieces of graphite. 

Chapelcross is one of the five reactor sites owned 
by the AEA that feed electricity to the grid. The 
four reactors at Chapelcross have a capacity of about 
200 MW and the four at Calder Hall a similar capacity. 
The AGR at Windscale, the SGHWR at Winfrith 
and Dounreay fast reactor all add small amounts to 
the grid. The Chapeleross reactors, which are of the 
magnox type, were originally built for the production 
of plutonium for defence purposes with electricity 
generation as an additional sideline. Since their com- 
missioning in 1959, however, these roles have be 
largely reversed, although experimentation with new 
fuels still plays an important part. 

The continuing value of plutonium production, which 
is a feature of gas cooled reactors, was underlined last 
week by the announcement that the UKAEA is to 
supply Euratom with plutonium worth about £38 
million. News of this deal will no doubt become added 
fuel for those who claim that the UKAEA is still far 
better equipped to handle export contracts than either 
of the two new nuclear consortia. Admittedly the 
plutonium, to be used in a 250 MW European fast 
reactor, is an easier commodity to sell than a rather 
controversial SGHWR. 








VISION 


Eyes on View 


Votive offerings, ancient Arabic manuscripts and a 
175 million year old Ichthyosaurus skull are among items 
on show at the Wellcome Institute of the History of 
Medicine in a special exhibition on vision and the eve, 
Opened on August 15, the exhibition lasts until April 
15 next year and during that time schoolchildren, 
harassed parents, students and curious passers by 
could profitably and enjoyably spend an hour at 183 
Euston Road in one of London’s less well known but 
none the less colourful museums. 

The oldest exhibit is the Ichthyosaurus skull. the 
picture shows well the thick rings over the eyes that 
helped this creature adapt to its underwater life, 
Other anatomical items include some French models 
of the eye made in 1870 and a selection of descriptive 
writings. Physiological optics originated in mediaeval 
Arabic writings, and pride of place is given to the first 
printed edition (1572) of the work of al Haitham (or 
Alhazan), a tenth century writer, who taught, contrary 
to accepted belief, that visual rays pass from object to 
eye and not in the opposite direction. Leonardo da 
Vinci took up this idea in the sixteenth century and 
experimented with the camera obscura to prove his 
point. The exhibition has reproductions of some of 
Leonardo’s ray diagrams and anatomical drawings. 
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The votive offerings are small models in the form of 
eyes and the upper part of the head. They were left 
by satisfied patients for the Greek god Asklepios, 
whose best known temple of healing was built at 
Epidaurus in 350 Be. 

A display of defects of vision and their correction 
includes a short history of the lens from the time of 
Roger Bacon (1214-1292) who first recognized the poten- 
tiality of lenses as an aid to vision—-the legend that St 
Jerome (340-420) invented spectacles can be dis- 
counted. The earliest lenses were made of glass or 
quartz and were very crude. Contact lenses, although 
suggested in 1827, had to wait for their full develop- 
ment until the advent of transparent plastics in the 
1930s. The display includes a copy of the Lancet 
dating from this time, with the original article describ- 
ing the use of contact lenses. This is one of the more 
recent of the literary exhibits, some of which reveal a 
much grimmer attitude towards the art of healing. 








The fossil skull of Ichthyosaurus lent by the British Museum 
(Natural History). 


A fearsome display of instruments includes those of 
a Gallo-Roman oculist named G. Firmius Severus, whose 
name appears on his seal. There is also the eye salve 
he used——diasmynes—-which was prepared from myrrh. 
Although operations for cataract are known to have 
been carried out by Alexandrian physicians in the 
third century BC, the great advances in eve surgery 
were not made until the nineteenth century. Several 
of the sets of tweezers, scalpels, scissors, syringes and 
such like on show date from this period. There are 
also some bright and shining examples of early diag- 
nostic instruments, such as the combined tongue 
depressor and lamp, and the aural speculum that was 
illuminated by a candle. History is brought up to date 
by a demonstration of optics in partnership with 
electronics to make easier the counting of blood 
cells. 








COMPUTERS 


Memory Bubbles 


A xoven data storage and processing technology for 
computers and telephone switching systems, involving 
the movement of minute magnetic domains, or bubbles, 
through thin sheets of an orthoferrite, is being explored 
at Bell Telephone Laboratories. The system leads to 
memory densities of about a million bits per square 
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inch, with data rates, through a shift register, of three 
million bits per second. No practical devices based on 
this technique have yet been built but their potential 
for cheap, compact, and low power storage may mean 
that they will find applications in the next genera- 
tion of computers--as back-up memory stores, for 
example. 

The main advantage of this type of system, besides 
the small size of the bubbles which are only a few 
micrometres in diameter, is that the electronic control 
system can be very simple. The bubbles can be created, 
erascd and moved anywhere in thin sheets of magnetic 
material by local magnetic fields generated by current 
passed through printed conductor arrays on the sur- 
face, or by controlling the surrounding magnetic 
field and using an overlay pattern of a magnetically 
soft material like “Parmalloy’. The energy required to 
move the bubbles is only a fraction of that needed to 
switch a transistor. The bubbles are formed spon- 
taneously as almost perfectly cylindrical domains in 
a critical field along an ‘easy’ magnetic axis which is 
made perpendicular to the plane of a thin sheet of 








This circuit, a photolithographic pattern on the surface of a 

sheet of thulium orthoferrite, can move magnetic “bubbles” 

(large white dots) through a shift register. The magnetic 
bubbles are 4 thousandths of an inch in diameter. 


orthoferrite. The orthoferrite, ytterbium, thulium 
or samarium-terbium, is grown as a single crystal and is 
substantially isotropic in one plane so that the domains 
can move equally easily in any direction in this plane 
in response to the localized magnetic fields. Single 
bubbles, or groups of them, are being made to perform 
a variety of functions-—logic, memory, switching and 
counting—and although the conventional random 
access memory organization does not seem to be par- 
ticularly suitable, the fact that logic and memory now 
appear almost indistinguishable suggests that other 
ways of arranging the information may be appropriate. 
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NEWS AND VIEWS 


Toil End of Earthquakes 


Everyone is familiar with the destruction that a large 
earthquake can leave behind, and it is worth pointing 
out that some quite modest events near centres of 
civilization have been much more lethal than really 
major events at depth or away from towns. What is 
Jess well known is that much of the damage is often 
caused not by the main quake but by an aftershock. 
It is rare for an aftershock to release more than one 
hundredth of the energy released in the main event, 
but in the first hour or two after an earthquake after- 
shocks may occur so frequently that instrumental 
monitoring of them is impossible. Even weeks after a 
large event, such as the Alaska earthquake of 1964, 
several earthquakes may be recorded daily which come 
into the aftershock category. Some interesting geo- 
physical problems are raised by these events. For 
major earthquakes the aftershock sequence may be 
spread over a sizable, usually elongated, area. The 
precise location of big quakes has been a problem almost 
certainly because the fault is too great in extent to 
pinpoint a particular spot as being the source of seismic 
waves. It seems likely that the aftershock distribution 
is a valuable guide to the length of the rupture. The 
1960 Chile earthquake aftershock extended for 1,000 
kilometres down the south American coast. 

Another issue raised by aftershock sequences is their 
behaviour in time. The earthquake is regarded as a 
catastrophic form of stress release when two adjacent 
areas of the Earth are strained relative to each other 
and have no means (such as an open fracture) of accom- 
modating this strain. But the stress release is clearly 
rapid, whereas aftershocks are spread over an extended 
period. There is undoubtedly no simple explanation of 
this, but two points seem worth mentioning. The first 
is that strain relieved at the focus of an earthquake of 
limited extent inevitably means a redistribution of 
strain patterns elsewhere. A remarkable example 
of this was the demonstration of a strain change in 
Hawaii subsequent to the Alaskan earthquake. There 
is no reason why the strain change should initiate an 
earthquake elsewhere, but if a small strain propagated 
downwards from the main event encounters a further 
centre of weakness nearby, such as another fault, it 
may be the last, or at least the next to last, straw. 

The second point of interest in relation to the time 
distribution of aftershocks is that the time constant 
may be related to thermal processes. A nuclear explo- 
sion underground, generating upwards of 10! calories 
of energy, converts the surrounding rocks to vapour. 
What happens after that is pure speculation, but 
it is known that many cavities capsize about an 
hour after the explosion. This figure of an hour is 
undoubtedly related to the time constant of the cooling 
of the cavity. Earthquakes generate heat on an equally 
spectacular scale. It has recently been estimated 
(Brune et al., Journal of Geophysical Research, 74, 
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3821; 1969) that the steady creep along the San 
Andreas fault in areas where the strain is relieved 
smoothly by friction, not catastrophically, is of the 
order of calories per second per centimetre of fault. 
Not surprisingly, regions in which the faults get tem- 
porarily “stuck” are capable of generating enormous 
amounts of heat when they eventually yield and the 
time constant could be in the right range for the after- 
shock sequence. 

The extensive underground testing in Nevada has 
allowed the aftershock process to be examined exter- 
sively. Boucher et al. (Journal of Geophysical Research, 
74, 3808; 1969) reported on the aftershocks of twenty- 
one nuclear explosions with yields of up to a megaton. 
Their study is not entirely satisfactory in that nvach of 
their information is based on two seismological 
stations operated by the University of Nevada. It is 
difficult to believe that the Advanced Research Pro- 
jects Agency which supported this work did not have 
Nevada bristling with seismometers, which apart from 
anything else are a useful means of estimating explosion 
yields. Be that as it may, their conclusions show that 
in an already earthquake prone area the larger explo- 
sions trigger off activity over a period of days close to 
the shotpoint, but in one well documented case activity 
was reported over an area 40 kilometres away from 
the site itself. The most dramatic sequence followed a 
nuclear explosion in December 1968. For the first 
six hours after the event no counting was possible, 
but in the following forty hours, upwards of 300 
earthquakes were recorded. For all the events studied 
the energy released by individual aftershocks was down 
on the main event by a factor of at least 100—-com. 
parable with that for aftershocks of earthquakes, 

These studies are not entirely academic. There is 
growing interest in the United States in the control as 
opposed to the prediction side of earthquakes. The 
idea has been raised, and not flippantly, that steady 
destressing of known “stuek” regions may be possible 
by the use of nuclear explosions. The issue is one of 
horrifying difficulty. Releasing San Franciscans from 
their agony of waiting by a nuclear explosion followed 
by a swarm of small earthquakes may appeal less than 
the risk of a recurrence of the 1906 earthquake. 

This week (page 816), P. A. Mohr raises some inter- 
esting new questions about interactions of earthquake 
on each other. The case of two large earthquakes, one 
at each end of the Red Sea in March 1969, was singular, 
particularly in that the northern event at the tip of 
Sinai was in a region practically without seismic history. 
Mohr argues that the two events and their aftershocks, 
together with earthquakes in Turkey, may be inter. 
actions triggered off by “stress release fronts” travelling 
with velocities of about 20 kilometres per hour. The 
advantages of a study in this area are the relative 
infrequency of earthquakes, which may allow for long 
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range interactions to show up more clearly. The 
disadvantage that almost anything can be proved with 
numbers is one that Mohr is clearly aware of. His 
notions will certainly be considered by many geo- 
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physicists as too vague, but such is the so-called chaos 
of the earth sciences at the moment that it would be 
foolish to ignore any attempt to marshal information 
which accumulates at an alarming rate. 


Evolving the Genefic Cotle 


Fixinc the genetic code was clearly one of the 
crucial first steps in the origin of life. In all living 
organisms, the nucleic acid templates, the information 
tapes, have to be synthesized before the proteins that 
the tapes specify can be made. But in experiments 
designed to simulate the conditions of prebiotic environ- 
ments it is much easier to form amino-acid polymers 
than nucleotide polymers. It seems reasonable there- 
fore to assume that during molecular evolution, protein- 
like molecules preceded nucleic acid-like molecules— 
the cart came before the horse. This not only raises 
but also suggests an answer to the obvious question of 
how the molecular relationship between amino-acids 
and nucleic acids arose. Perhaps the genetic code 
evolved as a result of specific interactions between 
polypeptides and mononucleotides, the units of nucleic 
acids, even though such interactions are no longer 
significant in organisms. On page 799 of this issne, 
J.C. Lacey and K. M. Pruitt describe, first, experiments 
which show that nucleotides will indeed interact with 
polyamino-acid chains and, second, a molecular model 
which seems to show not only that stereospecific 
interactions are possible but also predicts one of the 
genetic code codons. 

Three of the four mononucleotides, adenylic acid, 
guanylic acid and cytidylic acid, cause a solution of 
the basic polyamino-acid, poly-L-lysine, to go turbid. 
The turbidity apparently results from the formation of 
tiny spheres which can be centrifuged out of solution to 
yield a gelatinous mass. Because guanylic acid is 
most effective in inducing turbidity and uridylic acid is 
least effective, and because the process is sensitive to 
increases in the ionie strength of the solution, it seems 
likely that two steps are involved; first, ionic binding 
of the mononucleotides to the amino-acid residues and, 
second, hydrogen bonding or base stacking between 
nucleotides bound to different polyamino-acid chains. 
The second step, of course, explains the appearance 
of aggregates. All the chemical characteristics of the 
binding reaction suggest that this is indeed what is 
happening. The complexes should therefore contain 
structures which resemble double stranded nucleic 
acids, but instead of being stabilized by covalent bonds 
between the nucleotides as in authentic DNA or RNA, 
they are stabilized by the peptide bonds of the poly- 
amino-acids. The binding of mononucleotides to 
poly-L-lysine no doubt involves interaction of the 
charged phosphate groups of the nucleotides with the 
e-amino groups on the lysine residues. In other words, 
it is not specific and does not explain how the specificity 
of the genetic code arose. Lacey and Pruitt have, 
however, built molecular models of poly-L-lysine and 


the nucleotides which begin to suggest the origin of 
stereospecific amino-acid to nucleotide interactions. 

Poly-L-lysine forms an a-helix, and a complementary 
strand of mononucleotides can be fitted around it in 
such a way that the organic bases of the nucleotides 
face towards the central helix of poly-lysine (see page 
803). What is particularly attractive about the model 
is that with poly-lysine as template, it predicts that 
guanylic acid molecules should give a more stable 
complex than any of the other nucleotides, and one of 
the codons for lysine is, of course, a triplet of guanylic 
acid residues. But that is not all; the model also sug- 
gests why organisms use L-amino-acids and D-sugars, 
why only nucleotides with p-ribose can interact. with an 
L-amino-acid peptide, and why the third base of a codon 
is less important than the first two bases. Sceptics 
often maintain that molecular models, in the absence 
of experimental data, can be used to prove almost 
anything, and Lacey and Pruitt’s model building can 
only be regarded as sophisticated speculation. None- 
theless the odds are that they are on the right track. 


CHROMOSOMES 


Puffing in the Flesh Fly 


from our Insect Physiology Correspondent 

Ty the search for visible activity of specific gene loci 
in the chromosomes, two systems have been widely 
used: the lamp-brush chromosomes in the oocytes 
and spermatocytes of newts, and the giant polytene 
chromosomes in the salivary glands of Diptera, notably 
in Chironomidae and in Drosophila. The “puffing 
pattern” of the salivary gland chromosomes follows a 
well defined course during the period that precedes 
pupation. At pupation the salivary glands die and 
undergo autolysis. Before they die they may well be 
concerned in the secretion of important proteins which 
will be used elsewhere; but it has long been desirable to 
discover an accessible polytene system in a cell with a 
clear programme of activities with which the puffing 
sequence could be correlated. 

A very promising system of this kind was discovered 
by Joan Whitten some years ago in the flesh fly 
Sarcophaga bullata. This consists of two giant cells 
which between them are responsible for building the 
entire dorsal wall of each foot-pad, or pulvillus. The 
nuclei are highly polytene and readily accessible for 
study. The giant cells have a clearly defined task— 
to lay down the five or six layers of the cuticle and thus 
to change their chemical activity over a wide range in 
a defined sequence lasting about. eight days. The t tim- 
ing of this cuticle building process is described in 
detail by Whitten in the Journal of Morphology (127, 

73; 1969). It agrees precisely with the same process 
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that is being carried out by the epidermal cells in all 
parts of the body. During these eight days the five 
pairs of long chromosomes exhibit a well defined and 
constant pattern of puffing which has been described 
by Whitten in Chromosoma (26, 215; 1969). The process 
includes the appearance of a large number of Balbiani 
rings and in several cases puffed regions appear to 
“move along” the chromosomes, as though there were 
sequential activity of adjacent genetic loci. On the 
basis of timing it has been possible to suggest processes 
with which specific puffs may be concerned. 

Finally, Goldberg, Whitten and Gilbert (J. Insect 
Physiol., 15, 409; 1969) have attempted recently to 
relate the changes in soluble proteins in the foot-pad 
with puffing activity. Some clear-cut correlations have 
been obtained, one interesting feature being that the 
changes in soluble proteins are not correlated with 
changes in the circulating haemolymph, so that they 
must be local products the function of which should be 
reflected in the foot-pad nuclei. The most dramatic 
puffing activity is seen during days 5 and 6 of the pupal 
stage and it is immediately after this that several new 
protein bands appear. Results obtained so far are of 
sufficient interest to suggest that this system should 
prove to be a rich mine of information about the 
activation of gene sites. 


ENZYMOLOGY 


Isoenzymes and Subunits 


Gore are the days when it was imagined that each 
enzyme is a unique and indivisible protein entity. The 
one gene-one enzyme postulate does not, of course, 
imply that there cannot be more than one form of an 
enzyme and in fact isoenzymes—the products of dif- 
ferent genomes—are now known to be common. 
Enzymes vary, moreover, according to the organ—and 
organism-—~from which they are derived, so that if 
isoenzyme diversity is encountered too, the number of 
distinet proteins exhibiting a given enzymatic activity 
becomes legion. Such diversity does, however, yield 
dividends, for a comparison of primary sequences (or 
even of peptide ‘‘fingerprints’’) will often reveal in- 
variable features which are presumably those most 
closely concerned with catalytic or other functions. 
Such an approach may be more laborious and less 
sophisticated than X-ray diffraction, proton magnetic 
resonance or chemical modification, but the findings 
are no less worthy for all that. 

In the same way that sequence analysis reveals that 
the primary structure of an enzyme is not unique 
{even though those of the crucial sites of activity are), 
a study of behaviour in dissociating solvents proves 
that very many enzymes have quaternary structure. 
In other words, the molecule may be composed of 
subunits—several polypeptide fragments that go to 
make up the whole. This has long been known for 
haemoglobin, myosin and many other proteins, and 
an increasing number of enzymes are now being 
dissociated. 

Horecker’s group at the Albert Einstein College of 
Medicine have just published the results of such work 
on rabbit liver fructose-1,6-diphosphate aldolase (R. W. 
Gracy, A. G. Lacko and B. L. Horecker, J. Biol. Chem., 
244, 3913: 1969). They developed a new procedure 
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for purification and were able to prepare a much more 
homogeneous enzyme than has been possible hitherto. 
Its molecular weight was 158,000, but when treated 
with guanidinium hydrochloride or sodium dodecyl 
sulphate four monomers with a molecular weight of 
about 39,000 were produced. This confirms previous 
chemical and physical data which assigned to aldolase 
a tetrameric structure of the form aĝ, The fact that 
dissociation and reconstitution of the enzyme do not 
lead to the formation of new hybrid species such as 
a, or By indicates, moreover, that the mode of combina- 
tion of the fragments is subject to restrictions (D. E. 
Morse and B. L. Horecker, Advances in Enzymology, 
81, 125; 1968). 

Ever since the work of Gerhart and Pardee on 
aspartyl transcarbamylase it has been evident that 
quaternary aspects of enzyme structure are not without 
relevance to reaction mechanisms, questions of allo- 
stery, and so on. Kaplan’s group at Brandeis U niver- 
sity (H. D. Kaloustian, F. E. Stolzenbach, J. Everse 
and N. O. Kaplan, J. Biol. Chem., 244, 2891 and 2902; 
1969) have just published a report which interprets 
certain curious changes in the catalytic activity of 
lactate dehydrogenase during purification in terms of 
a model invoking subunit interactions. Their enzyme 
(from lobster muscle) has a unique susceptibility to. 
product-induced modulations in activity. NADH, a 
product of the forward reaction, is a positive modulator 
of this reaction at low reaction rates, and an inhibitor 
at high reaction rates. After considering various pos- 
sible mechanisms of product activation, Kaplan et at, 
propose a model which is rather different from the 
classical Monod~Wyman-Changeux model, or those 
based on Koshland’s hypothesis. NAD* and NADH 
are thought to oceupy the same sites in the protein, 
and it is suggested that the binding of the reduced 
nucleotide to one or more of the four binding sites (this 
enzyme, too, is tetrameric) causes a structural change 
facilitating the binding of the oxidized form to another 
available site. This, they say, accounts for the anoma- 
lous kinetics. X-ray data on dogfish musele lactate 
dehydrogenase are quoted to support this view: intra. 
molecular rearrangements seem to occur when NAD+ 
or NADH diffuses into the enzyme crystals. 

It would be a truism to assert that enzymology is 
no longer the exclusive province of the kineticist, but 
that it must be seen in the context of all other studies 
on protein structure. Enzymologists must count them- 
selves one with those who work on haemoglobin (which 
indeed has been called an “honorary” enzyme), the 
immunoglobulins, the muscle proteins, membrane 
proteins, and many more, 









GEOTROPISM 


Light triggers Perception 


from our Plant Physiology Correspondent 

A BASIC similarity in the growth responses of roots or 
shoots disturbed from their normal orientation with 
respect to gravity has been shown by several investiga- 
tions in recent vears. One half of the organ is induced 

to grow faster than the other half. T his lateral differ- 
ence in growth rate causes the geotropic curvature, 
typically upwards in shoots and downwards in roots. 
The preceding stages in the geotropic response, per- 
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ception of the magnitude and direction of the gravita- 
tional stimulus and transmission of this information 
to the growing region of the plant, are not at all well 
understood. It is becoming increasingly apparent, 
however, that these initial processes may be quite 
different in the shoot and in the root. 

T. K. Scott and M. B. Wilkins have recently been 
examining the movement of radioactive growth hor- 
mones (indolyl-3-acetic acid) through sections of maize 
root. In the course of these studies they noticed that 
the primary roots of maize seedlings germinated and 
grown in total darkness did not respond to gravity 
in the normal way, but grew in the direction in which 
they were placed in the seed box. Indeed, if the seeds 
were planted so that the roots pointed vertically up- 
wards, then they would grow in this direction, a com- 
plete reversal of their normal mode of growth (Planta, 
87, 249; 1969). 

By contrast the coleoptile and primary shoot of the 
seedlings quickly adopted the usual vertical orientation. 
The signal from the environment which turns on the 
gravity sensing mechanism in these roots seems to be 
light. About six to eight hours after the seedlings 
were exposed to white, blue or red light, the roots 
developed a sharp downwards curvature. It is perhaps 
surprising that white, blue and red light were equally 
effective in triggering this response. Red light is 
known to influence geotropic sensitivity in several 
shoots and roots, but these effects can frequently be 
attributed to the red/far-red reversible phytochrome 
system. Blue light can also exert a photomorphogenic 
influence as a result of absorption by phytochrome, 
and is, of course, the most effective light for phototropic 
induction in higher plants. Scott and Wilkins have 
excluded the possibility of a phototropic response 
from their results: it seems therefore that two separate 
pigments absorbing in the blue and red respectively, 
or a single pigment absorbing in both regions, must be 
sought. The obvious candidates in the latter case would 
be phytochrome or the chlorophylls. 

Perhaps a clue lies in the data that Scott and Wilkins 
have obtained for the influence of light on the transport 
of growth hormone through segments of maize root. 
In the past year several papers have lent weight to the 
view that segments of root transport indolyl-3-acetic 
acid (IAA) preferentially towards the apex of the root 
(Kirk and Jacobs, Plant. Physiol., 48, 675; 1968; 
Wilkins and Scott, Nature, 219, 1388; 1968). Scott 
and Wilkins have found recently that light increases 
the amount of TAA that is transported acropetally 
through root segments into an agar receiving block. 
Assuming that equal intensities of light are used, it 
seems that white, blue and red light are equally 
effective in stimulating this transport. Furthermore, 
the light is effective only if the segments are irradiated 
during the transport period. Pre-irradiation did not 
increase the amount of IAA transported during a 
subsequent transport period in darkness. This clearly 
suggests that phytochrome, which seems to operate 
as a metabolic switch rather than a system for energy 
conversion, is not involved. Green light in the spectral 
band 510 to 530 nm neither stimulated IAA transport 
nor induced geotropie curvatures in roots grown in the 
dark, which correlates well with the relative inefficiency 
of green light in supporting photosynthesis, and in 
promoting photomorphogenic and phototropic re- 
sponses, Scott and Wilkins tentatively suggest that 





NATURE. VOL, 223. AUGUST 23, 1969 


energy derived from photosynthesis may be used 
directly to drive the LAA transport system in the light. 
They are careful to point out, however, that it is 
essential to learn what effect light has on the fixation 
or immobilization of [AA within the root tissues. 

Evidence for the participation of LAA in the geotropic 
response of roots, or indeed in the overall growth of 
roots, is not strong. It is apparent from these recent 
results, however, that light which can modify geotropic 
sensitivity in the root can also affect the polar trans- 
port of IAA. Further research should elucidate the 
relationship, if any, between these two processes, and 
help to establish whether or not LAA plays a regulatory 
part in the tropic responses of roots. 


MOLECULAR CONFORMATION 


Biradical Spin Labels 


Free radicals can be used to label biological macro- 
molecules, and subsequent observation of their electron 
spin resonance (ESR) spectra can yield information 
about the physical properties of the macromolecules 
to which they are attached. M. Calvin et al. have 
reported recently (Proc. US Nat. Acad. Sci., 68, 1; 
1969) such spin labelling using a biradical: essentially 
two free unpaired electrons separated by a long flexible 
atomic chain. The separation of the unpaired electrons 
inversely affects their magnetic interaction and there- 
fore alters considerably the ESR spectrum observed 
from the label. If the biradical is firmly attached to 
flexible structures such as membranes, protems or 
nucleic acids, distortions in their shape should alter the 
separation of the unpaired electrons and should be 
detectable in the ESR spectrum. 

Calvin’s group has measured the ESR spectrum of 
several biradicals in water as a step towards calibra- 
ting the phenomenon: three of these are shown (4, B 
and C). 
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They are sufficiently Jong for exchange of the unpaired 
electrons through the molecular backbone to be neg- 
ligible in comparison with direct exchange through 
the medium. Biradical A has a five line spectrum 
indicating fast electron exchange interaction, whereas 
the more rigid biradical B has a three line spectrum 
indicating no interaction. Biradical C, which contains 
one more methylene in the backbone than A, has an 
intermediate spectrum indicating rather slow exchange. 

In contact with a resting nerve taken from the 
walking-leg of a lobster the spectrum of A becomes 
three line, corresponding to a large decrease in exchange 
interactions. The Jine shape also suggests a high 
tumbling rate approaching that of a liquid environ- 
ment. Calvin's group suggests that the biradical may 
be dissolved in a liquid-like hydrophobic region of 
membrane lipids. They have examined several solvents 
for possible models and have found in some alcohols 
a similar spectral change. 

No transient ESR changes were observed during the 
passage of an action potential through the labelled 
lobster nerve, probably because the biradical was 
bound to sites the conformation of which does not 
change. Further biradicals are being synthesized with 
more useful side chain attachments. If these bind to 
structures that can change their conformation, it 
should be possible to measure transient ESR spectra 
during the nerve pulse itself. 

Another technique for investigating changes in 
molecular conformation, described in a second article 
in the same journal (page 205), may necessitate con- 
siderable rethinking in the haemoglobin/oxygen system. 

Several ultraviolet absorption bands of haemoglobin 
are associated with optical activity and S. R. Simon 
and C. R. Cantor have measured the circular dichroism 
as a function of oxygen saturation. The spectra were 
corrected for the presence of small amounts of 
methaemoglobin, digitalized and converted to values 
of molar ellipticity at each of twenty wavelengths. 
Simon and Cantor have calculated the molar ellipticity 
for human haemoglobin, horse haemoglobin and for 
both haemoglobins after chemical modification with 
bis(N-maleimidomethyl) ether (BME), which is known 
to abolish all cooperative interactions. 

For all four haemoglobins and at all twenty wave- 
lengths, the dependence of molar ellipticity on frac- 
tional oxygen saturation is strictly linear. This is not 
consistent with allosteric models in which only two 
conformations of the haemoglobin tetramer are 
sible. The results would agree with Koshland’s “model 
(induced fit local conformational alterations wit 
oxygen bound) but this has been ruled out by § 
work (for example, E. Antonini et al., J. Biol. C. 
242. 4360; 1967). The authors conclude, rather} 
easily, that a model combining some concerted ¢ 
formational changes, perhaps restricted to each 
pair, with other changes restricted to within individu 
subunits, might give a deviation from linearity suffi- 
ciently slight to fit the experimental ellipticity 
depe ndence. 

The technique, however, is a considerable success, 
Spectral changes at 260 nm can be assigned to the haem 
chromophore, and at 285 nm to cooperative inter- 
actions (since this latter is much smaller in the proteins 
modified by BME); so that further circular dichroism 
measurements on other modified haemoglobins, in 
which functional interactions have been selectively 
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impaired, sort out the 
difficulties. 

In this context it is interesting that Perutz has 
suggested (Nature, 222, 1240; 1969) that the hydrogen 
bonds between the terminal residues of the “a-chain 
may account for the dissociation constant of haemo- 
globin being twenty-five times smaller in the de- 
oxygenated form. F a if these a-amino groups could 
be either blocked or cleaved off, it should be possible 
to measure the linearity of the ellipticity function in 
conditions in which the protein is dissociated into 
dimers. 


may rapidly mechanistic 


PLANT BREEDING 


Help for Grain Distillers 


from our Botany Correspondent 

ALTHOUGH known chiefly for improving the potato, 
the staff of the Scottish Plant Breeding Station have 
recently been working minor wonders with other crops, 
as the latest annual report from Pentlandfield (price 
5s) shows. They take particular pride in a mutant of 
‘Glacier’ barley which has double the normal propor- 
tion of amylose i in its starch. Usually the endosperm- 
the food supply of the grain—has starch made up of 
about 20 per cent amylose and 80 per cent amylopectin. 
This mutant, however, has about 40 per cent amylose, 
which is of obvious economic potential for malting— 
brewing or distilling. The team at Pentlandfield is 
working closely with the research staff of Scottish 
Grain Distillers, Ltd, who have in mind the prospect 
of higher yields of spirit, particularly malt whisky, if 
this mutant is used. 

Unfortunately ‘Glacier’, which comes from North 
America, gives low yields in Scotland, and so back 
crossing experiments are in progress with the aim of 
transferring the high amylose character to varieties 
better adapted to Scottish conditions. Hybrid grains 
which carry the mutant factor are easily recognized 
because they also have a larger proportion of small 
starch grains than non-mutants. As the first example 
of a high amylose mutant barley, ‘Glacier’ is apparently 
attracting a great deal of attention. Its progress will 
he interesting to follow. 
d During the past year work has started on a crossing 
ame designed to develop useful stocks of barley 
l, a righ content of diastase. At the moment whisky 
y “ey spend £3-£4 million a year importing Canadian 
Po ain which contains sufficient diastase to cata- 

required conversion of starch to maltose, The 
-t Pentlandfield, which is being supported by a 
at of £2,400 a year for 3 years from July 1968, 
aven by the Home Grown Cereals Authority, is in- 
tended to yield barley plants with enough diastase in 
their grain to reduce the Scottish dependence on 
imports. 

Genetic control of diastase content was demonstrated 
in Scottish field trials when Finnish and Canadian 
varieties were aera with European barleys. The 
diastatic power of the Canadian varieties was 50 per 
cent higher than that of the European varieties, 
Crosses in progress involve parental varieties with a 
wide range of diastatic power, and further work will 
be guided by the results of genetic analyses of the 
resulting populations, grown with a controlled supply 
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of nutrients. Apparently stocks of a single variety 
of barley can differ in their content of diastase accord- 
ing to certain environmental conditions. For example, 
the content of the enzyme seems to be positively 
correlated with nitrogen content. 

Another interesting development has been the matro- 
morph. This is a plant which results from attempts to 
cross different species or genera, but it shows no 
influence of the male parent. Matromorphs are com- 
pletely homozygous, and are assumed to develop from 
unfertilized egg cells which have been stimulated into 
development and chromosome doubling. Interest. in 
matromorphs centres on swedes (Brassica napus), kales 
and other forms of Brassica oleracea. The chances 
are that if the phenomena could be brought under 
control it would greatly facilitate the production of 
pure lines. Matromorphs could also be very important 
in exploiting the heterosis—hybrid vigour--that has 
recently been found in swedes at Pentlandfield. 


PUBLIC HEALTH 


Tampering with Water Supplies 


from our Social Medicine Correspondent 


Opponents of fluoridation would do well to turn to 
the latest issue of the British Dental Journal (127, 128: 
1969) in which even more support for the cause is 
provided (see Nature, 228, 228; 1969)—this time by 
J. Murray of the Dental School and Hospital, Univer- 
sity of Leeds. Murray reports that incidence of caries 
in 368 fifteen year old children from the fluoride com- 
munity of West Hartlepool (1-5-2-0 p.p.m. of fluoride) 
was 45 per cent lower than that observed in 38] 
children of the same age from the low fluoride area of 
York (0-2 p.p.m. of fluoride). These findings, he says, 
support studies from other fluoride and non-fuoride 
areas. : 

In West Hartlepool, 6-2 per cent of children were 
free of caries compared with 0-8 per cent of children in 
York. The difference in the oceurrence of caries was 
greatest in the upper central incisors, the proportion of 
caries in these teeth being twelve times higher in York 
than West Hartlepool. It is interesting that the benefits 
of fluoride were not equally distributed among teeth, 
nor indeed from one site to another on the same toot 
Inhibition was greatest on the approximal surfaceg 
of upper incisors (approximately 90 per cent); qatt 
smooth surfaces of first permanent molars 
inhibition was 66 per cent. Again, in the anaton 
lingual pits of upper incisors inhibition was 62 pere 
compared with only 38-5 per cent in pits and fissu 
of first permanent molars. 

Murray says it is not possible to assess how preventiv 
fillings have masked the true picture. But further 
epidemiological studies are being carried out in adults 
in the two communities to determine whether the 
marked caries-inhibitory effect of fluoride on upper 
incisors is maintained with increasing age. 

An article in the current issue of Archives of Environ- 
mental Health (19, 124; 1969) deals with the possible 
effects on humans of the use of iodine to disinfect water. 
This method of disinfection, which until recently was 
limited largely to emergency situations, is now being 
used with increasing frequency for both swimming 
pools and public water supplies. The advantages of 
iodine are its effective bactericidal and viricidal 
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action, economy (disinfection of an Olympic-size 
swimming pool can be accomplished with iodine at 
half the cost of chlorination), and freedom from eye-burn 
for bathers. Iodine reacts slowly with organic matter 
—-hence the small iodine demand of various waters-—~ 
and the iodide can readily be reoxidized back to iodine. 
Thus iodine added to a pool can be used between ten 
and thirteen times. 

W. C. Thomas and G. Freund of the department of 
medicine, University of Florida, Gainesville, and A. P. 
Black and R. N. Kinman of the department of chemis- 
try have measured the serum concentration of protein- 
bound iodine and the uptake of radioactive iodine in 
twenty-two adults before and after swimming in an 
iodinated pool three hours weekly for one month. 
Results indicated that the subjects did not absorb 
sufficient iodine to modify either of these parameters. 

They undertook a five year feasibility study of the 
use of iodine for public water supplies. Beginning in 
1963, the study involved seven hundred inmates 
(men, women and thirteen to sixteen year old girls) of 
three prisons in Florida. Of these, 133 were selected for 
evaluation before and during iodination of the water 
(1 ppm. of iodine). No cases of urticaria (rash) or 
iodism were observed during the five year period, thy- 
roxidine iodide concentrations in the sera of subjects 
were unchanged during the first thirty-seven months 
of the study, and none developed clinical evidence of 
hyper or hypothyroidism. Effective bacteriological 
control was obtained and the concentration of iodine 
used imparted little or no taste to the water. Thomas 
et al. conclude that iodination of a public water 
supply is therefore technically as well as commercially 
feasible. 


COSMIC RAYS 


Heavy Elements Detected 


A NEW type of cosmic ray detector consisting of layers 
of photographic emulsion and plastic sheets has proved 
to be a powerful tool for detecting the existence of 
transiron nuclei in primary cosmic radiation. The 
presence of heavy particles of atomic number greater 
than 30 was first recorded by P. H. Fowler ef al. in 
1967, and now with this new technique G. E. Blandford 
et al. (Phys. Rev. Dett., 23, 388; 1969) have determined 


the lower limits of the flux values for particles in the 


irae ranges with lower bounds of atomic numbers of 
and 70, 

> analysing power of the new “sandwich” detec- 
ems to be quite revolutionary. They work on 
‘iple that if nuclear emulsions and plastic sheets 
igidly together, the path of a charged particle 
ı be followed by scanning each layer of the sandwich. 
reause different plasties have different charge thres- 
“Ids for relativistic particles, a judicious ordering of 
plastics and emulsions in a “‘multi-decker sandwich” 
can give quite detailed information on the charge 
distribution in a stream of particles. The rate of 
ionization in any layer also depends on velocity, 
however, and so the particle must be known to be rela- 
tivistic for this method to be valid. 

Two separate balloon experiments are reported by 
Blandford et al. Three sandwiches of emulsion and 
plastics were used, and their separations were varied 
to indicate whether the recorded tracks were taken 
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during the ascent or descent of the balloon or at the 
flight ceiling. Each sandwich was made up of seventy- 
two layers. After the flight the emulsigas were devel- 
oped by conventional methods and the: plastics were 
etched in sodium hydroxide solutio, » The plastics 
were scanned by two methods, first Wing a low power 
stereomicroscope and then by the quicker spark 
scanning technique, and there was gond agreement. 
The preliminary charge identification was based on 
photometric analysis of the emulsion track structure 
and on etching rate measurements on the plasties for 
particles of very high atomic number (Z>70). The 
final flux values for particles at the top of the atmo- 
sphere were found to be 


J (Z>33)>2-6 10-° particles/m? sr s 
J (38385Z<40)>1-9 10° particles/m? sr s 
J (42> 70)>1 10-6 particles/m* sr s 


For comparison, the flux of the iron group (20 < Z <26) 
is given as about 0-4 particles/m* sr s. Attention is 
drawn to the fact that two particles with Z appreciably 
greater than 70 were detected, which is in keeping with 
Fowler’s observations. There seems to be some dis- 
agreement between the results of this new experiment 
and that of Fowler for the range 40<Z<70, however, 
and it looks as if more measurements will be needed. 
The existence of heavy transiron particles in primary 
cosmic rays was first inferred from stored nuclear tracks 
found in meteorites. The size of the flux measured was 
an average over the exposure time of the meteorites, 
about 10 to 100 million years. In their experiment 
Fowler et al. used nuclear emulsions flown on a balloon 
at high altitudes, with an emulsion area about two 
hundred times larger than normal, and nine nuclei 
with Z greater than 40 were found. The observations 
of Blandford et al. were made with detectors three 
times larger again, and were carried out in Texas where 
the geomagnetic cutoff of 5 GeV ensures that the 
measured particles have relativistic velocities. 


MAGNETIC REVERSAL 


Short Polarity Events 


from our Geomagnetism Correspondent 

Wuar is the true rate of reversal of the Earth’s mag- 
netic field? Since Cox (J. Geophys. Res., 78, 3247; 
1968) described a field reversal model which predicted 
the existence of undiscovered short polarity events, the 
number of reversals known to have occurred during 
the past 4-5 million years has increased from nineteen 
to twenty-six. It is thus highly probable that even 
more short events remain to be discovered. But 
whether they will all be discovered is another matter. 
Except in special circumstances, potassium-argon 
dating of continental rocks is incapable of resolving 
polarity intervals shorter than several tens of thousands 
of years; coring processes, burrowing animals and dis- 
continuous sedimentation may obliterate short inter- 
vals in ocean sediments; and too little crustal material 
may be produced during short events to give significant 
ocean magnetic anomalies. Ultimately it may be 
impossible to recognize all reversals, even those of the 
past few million years. 

Because of these problems, Harrison (Earth and 
Planet. Sci. Lett., 6, 186; 1969) has tried to estimate the 
true reversal rate from existing data on the assumption 
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that there is some threshold period, T, below which 
events are too short to be recognized. If this very 
reasonable assumption is valid, the effect of the thres- 
hold will be for an event shorter than T to be assimil- 
ated into the interval on each side. Two polarity 
changes will thus be “lost”: and the apparent reversal 
rate will go down. The longer 7, the lower the appar- 
ent rate of reversal will be. 

Starting with Cox's model, whereby the number of 
expected polarity intervals drops off approximately ex- 
ponentially with increase in their length, Harrison 
generates a family of theoretical curves of mean polar- 
ity interval length against 7 for reversal rates ranging 
from 5-2 to 10-3 per million years. He then compares 
the corresponding experimental curve with these in 
order to discover how the apparent reversal rate varies 
with 7. The principal point to emerge is that for 7 
greater than about 55,000 vears, the apparent reversal 
rate is somewhat higher than 10-3 per million years and 
roughly constant. Below 55,000 years the rate de. 
creases to the observed rate at T=0 (no threshold). 
The implication here is that the true rate of reversal 
is more than 10 per million years. 

Yet Harrison seems to have surprising 
in the answer. He suggests, “intuitively”, that if the 
reversal rate were really as high as this, “very little 
sense would have been made ‘of dating the polarity 
changes”. But this is not necessarily so. Five polarity 
events (ten reversals), each of, say, 5,000 years, within 
a given million year period would represent only 
2-5 per cent of the total time. For this reason they 
would be difficult to detect by current methods but 
would not obscure the boundaries of epochs or long 
events. Thus although, as Harrison notes, there may 
be considerable error in the experimental curve of 
mean polarity interval length against T’, it does not 
follow that a reversal rate of 10 per million years is 
unreasonable. 


little faith 








INFRARED BACKGROUND 


Freak Result Verified 


from our Astronomy Correspondent 

A PLEA to take seriously last year’s surprise measure- 
ment of an unexpectedly high value for the far infrared 
background radiation is published in the latest Astro. 
physical Journal Letters by Houck and Harwit of 
Cornell (157, L45; 1969). Last year’s measurement, 
announced in November by Houck and Harwit in 
company with Shivanandan (Phys. Rev. Lett., 21, 1460; 
1968), caused disbelief in some, and induced others to 
rush into print with analyses of the implications. The 
literature has been short on explanations, however. 
This ought to be remedied by the latest paper from 
Cornell which confirms the original rocket result with 
remarkable vase, although sceptics will still want to 
see the experiment repeated using independent 
equipment. 

What needed to be verified was the observation that 
above the absorption of the atmosphere the infrared 
flux between 0-4 and 1-3 mm fails to correspond to 
the predicted level by nearly two orders of magnitude. 
Instead of falling on the spectrum for a black ‘body at 
3 K—the temperature of the background radiation 
which Penzias and Wilson discovered at microwave 
frequencies—the far infrared measurement corre- 
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sponds to a temperature between four and six degrees 
greater. In the latest experiment Houck and Harwit 
used a slightly altered telescope, launched by the same 
type of rocket as before, to produce an identical result. 
No inéfease in signal is detected when the telescope 
scans across such features as the Crab and Orion 
nebulae, or across the ecliptic and galactic planes. 
And neither telescope scanned the goings-on at the 
centre of the Galaxy which are known to be a prolific 
source of infrared. The indications are that the radia- 
tion is in fact isotropic. 

By underpinning the earlier measurement, Houck 
and Harwit give support to the views of Cowsik and 
Pal (Phys. Rev. Lett., 22, 550; 1969) and of Shen 
(ibid., 22, 568; 1969) who say that the anomalous 
infrared radiation may be the cause of a flux of high 
energy gamma rays which Clark, Garmire and Kraus- 
haar claim to have detected (Astrophys. J. Lett., 158, 
203; 1968). What happens is that electrons in inter- 
stellar space give some of their energy to infrared 
photons by collisions, lifting the photons into the 
gamma ray part of the spectrum. 

Indeed, Houck and Harwit show signs of accepting 
the high energy gamma rays as indirect support for the 
existence of the anomalous infrared flux. 

But explanations of the origin of the infrared are 
hard to come by. One possibility is that transitions 
in ions of abundant elements such as carbon, nitrogen 
and oxygen boost the background radiation at wave- 
lengths shorter than 0-5 mm (Petrosian, Bahcall and 
Salpeter, Astrophys. J. Lett.,155, L57; 1969). Another 
idea, of Houck and Harwit, is that infrared radiation 
from galactic nuclei may be responsible. 

yet donbt has been cast on the infrared measure- 
ments by Bortolet, Clauser and Thaddeus who argue 
that if the abnormal! flux is real it will be absorbed by 
interstellar material, and excited states thus produced 
will lead to optical absorption lines (Phys. Rev. Lett., 22. 
307; 1969). Measurements of the absorption lines 
allow upper limits which are compatible with the 
standard 3 K background to be placed on the infrared 
flux at two points in the band covered by the Cornell 
measurements. So far the only way to surmount this 
obstacle seems to be to say that the infrared flux is 
concentrated into spectral lines—certainly Bortolet 
ef al. rule out a continuum. 

Clearly the background radiation at wavelengths 
shorter than the 2 mm peak of the 3 K black body 
spectrum needs more observations. It would be good, 
for example, to see a verification of the infrared peak 
with different equipment, and to check the observation 
of high energy gamma rays. Otherwise the house of 
cards which is building up may collapse. 


NUCLEAR PHYSICS 


Electron—Muon Universality 


from a Correspondent 
In a recent publication (N. V. Baggett et al., Phys. Rev. 
Lett., 28, 249; 1969), the University of Maryland 
bubble chamber group reports observation of more 
than fifty examples of the decay of the negative £ 
hyperon to a negative muon, a neutron and an anti- 
neutrino. Combining their data with a similar result 
from a Heidelberg group they make a comparison 
between the probability for this decay and the prob- 
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ability for negative £ decay into an electron, a neutron. 
and an antineutrino, These two processes, known as 
the leptonic degays of the X because electrons, muons 
and neutrinos -xe all leptons, occur with about one- 
thousandth of she frequency of the usual 2 decay 
into a neutron aad a negative pi-meson. The observed. 
ratio of the leptonic decay probability with a muon 
to the frequency with an electron is consistent with 
that expected from the currently accepted V-A theory, 
with the assumption of “electron—muon universality”. 

So far the only well established difference in proper- 
ties between the muon and the electron is in their 
masses, the muon having a mass more than two hun- 
dred times that of the electron. Their electric charges 
are, of course, identical, and recent work at CERN on 
the muon magnetic moment (Nature, 221, 125; 1969) 
has shown that any difference there may be between 
the observed moment and that predicted by quantum 
electrodynamic theory is extremely small. This theory 
also gives an accurate value for the electron magnetic 
moment. In the weak interactions there are several 
cases, including the £ decays, in which electrons or 
muons can take part in similar processes. For example, 
capture of K-shell electrons by nuclei, a form of inverse 
B-decay, is closely related to the capture by nuclei of 
negative muons. In all the tests involving non-strange 
particles, protons, neutrons and pi-mesons, or in the 
decay of the muon to an electron and two neutrinos, 
the universality assumption with the V-A theory has 
given successful predictions, Universality means that 
the coupling constant, a scale factor (closely analogous 
to electric charge) which fixes the strength of the inter- 
action, is the same whether electrons or muons are 
involved. 

When strange particles are concerned in leptonic 
processes, the coupling constant has a different value 
from that which it has in neutron £-decay or in the 
decay of the muon. In addition, some anomalies in 
leptonic strangeness-changing A’-meson decays have 
led to the suggestion that the universality assumption 
may not hold when a change of strangeness occurs. 
The X hyperon has a strangeness of minus one and all 
of the final state particles in the decays reported by 
the Maryland group have no strangeness. Their 
recent result thus establishes that in at least one strange- 
ness-changing decay, universality holds at the 10 per 
cent level in the decay rate. 

The A hyperon has leptonic decays of a very similar 
kind to those of the X. Experiments so far have given 
results consistent with universality, but the precision 
is not as good as in the Maryland and Heidelberg £ 
experiments. Improvements in both these tests of 
universality may continue to be made by bubble 
chamber experiments for some time yet, but many 
pictures have to be scanned for a handful of rare events. 
It seems, however, to be well within the capability of 
modern counter and spark-chamber techniques to 
make considerable advances in the precision of such 
tests. This would be worthwhile, especially if it turns 
out that the three-body leptonic A-meson decays (to 
pi-meson, muon or electron, and neutrino) cannot be 
explained by a theory which assumes universality. 

If the universality is not upheld, then physicists will 
need to adjust one of the few theories in elementary 
particle physics which can give precise predictions. 
But there may then be a clue to the basic question of 
why the muon is different from the electron. 


ae 
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How are insect Circadian Rhythms Controlled 


by 


JOHN BRADY 


Department of Zoology and Applied Entomology, 
Imperial College Field Station, 
Silwood Park, Ascot, Berkshire 


A DIVERGENCE has occurred in the exploration of circa- 
dian rhythms, with biochemistry leading in one direction 
and mathematical analysis of behaviour in another. 
Integration of these aspects has proved difficult, but 
there is great potential for convergence in the search for 
specific tissues which can be thought of as physiological 
ehronometers. This search has been fairly successful in 
insects, but published results reveal so much controversy 
that a review seems called for to help resolve some of the 
points of conflict. 

My intention here is to give a conspectus of present 
knowledge about such “clocks” in insects, inevitably 
concentrating on the cockroach, which has been used for 
most of the research. Cockroaches have a daily rhythm 
of locomotor activity that can be shown to be truly 
circadian by maintaining the animal in a suitable acto- 
graph in constant conditions’:+:7, The question is whether 
a localized, anatomically identifiable mechanism controls 
the timing of this rhythm. 


Sub-oesophageal Ganglion 

Harker found that the rhythm of one cockroach could 
be transferred to another by interconnecting the two 
blood systems*, the recipient animal being made ar- 
rhythmic before blood transfusion by keeping it in con- 
stant light. It has since been shown, however, that 
eockroaches keep perfectly good time for weeks in con- 
stant light’, so it has been reasonably argued that Harker’s 
animal may simply have reverted to its own rhythm 
under the stimulus of parabiosis*. Notwithstanding this, 
the attention that the original experiments focused on 
blood-borne control factors has remained undimmed for 
more than a decade. 

Next came the demonstration that cutting off its head 
makes a cockroach arrhythmic®. The conclusion that 
beheading deprives the insects of their normal driving 
oscillator, but not necessarily of the ability to express 
their locomotion rhythmically, bas not yet been dis- 
puted®?1°, Headless animals have therefore served as 
test-beds for the assay of candidate endocrine “clocks”. 


A review of available evidence—mostly involving the cockroach. 
Suggests that insect circadian rhythms are not controlled primarily 

by hormones. The primary pace-maker seems rather to be electrical, 

acting through the ventral nerve cord. 


Brains, corpora cardiaca, and corpora allata from 
rhythmic donors have all been transplanted without 
eliciting any rhythmic activity in headless recipients’. 
On the other hand, implantation of sub-nesophagea. 
ganglia was reported to transfer to the recipient a rhytly 
in phase with that of the donor®*. This last polit is 
crucial, beeause a rhythm elicited in phase with the i 
ient’s previous rhythm might only reflect the re 
ment of this latter. 

The discovery that rhythms could be transferred with 
the sub-oesophageal ganglion was extended to reveal that 
the implants did not work if the two pairs of lateral 
neurosecretory cells’ were removed? This discovery 
suggested that just four cells might act as an autono 
mous rhythmic clock'. 

Unfortunately, no convincing confirmation of this work 
has been published, though several attempts have bee 
made®?, Furthermore, it is now known that the lat 
neurosecretory cells (along with all the other fachsinophil 
cells) can be removed from the sub- ~oesophage al ganglion 
of an intact cockroach without stopping its locomoter 
rhythm’, Clearly, if these cells are a clock they are nant 
the only one. 

The failure to repeat the original transplant experi- 
ments successfully does not prove, of course, that the” 
ganglion cannot act as a clock. This is particularly true 
since it is not known where its neurosecretory cells release 
their secretion. Tt is thus possible that the later inves- 
tigators failed because they had disrupted this release 
mechanism in some manner which Harker managed to 
avoid, 

All the other nerve cord ganglia, however, contain 
neurosecretory cells which are histologically indistinguish- 
able from those implicated in the sub-cesophageal gang 
lion, and because their neurohaemal mechanism has prob- 
ably been found’ it should be possible to transplant them 
without damaging their hormone releasing mechanism. 
But unfortunately such transplants elicit no rhythms 
from headless hosts’, and the existence of hormonal 
clocks in the ventral nerve cord remains unconfirmed. 
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Corpora Cardiaca and Allata 


The first indications were that cutting the nerves 
(NCA TL) which connect the corpora cardiaca to the sub- 
oesophageal ganglion (Fig. 1) caused a gradual loss of 
rhythmicity in otherwise intact cockroaches. These 
nerves were shown to deliver neurosecretory material to 
thesub-oesophageal ganglion’, and the conclusion was drawn 
that uninterrupted delivery of this material, presumed to 
be from the corpora cardiaca, was necessary for the con- 
tinued rhythmic production of hormone by the sub- 
oesophageal ganglion. It has since proved possible, how- 
ever, to cut this nerve, remove all of the corpora allata 
and most (if not all) of the corpora cardiaca without 
upsetting the rhythm®’. Evidently the NCA IL are not 
indispensable to the timing mechanism; nor, probably, 
is an intrinsic corpora cardiaca secretion. 

I have suggested’ that the conflicting results observed 
in these experiments are traceable to the different sorts 
of actographs used. It seems probable that elements of 
stress intensify the locomotor eycle in Roberts-type 
running wheels’, whereas the reverse may occur in the 
static enclosure of a photocell-box!*. Certainly mild 
stress enhances activity, and it is likely that this is 
mediated by the corpora cardiaca’’. Possibly the fading 
of the rhythm in photocell-boxes after the NCA II are 
cut is a consequence of the loss of one of the normal path- 
ways for the release of corpora cardiaca secretions. All 
the observations would be simply reconciled if the corpora 
cardiaca affect the amount of running activity but not 
its timing. 

Pars Intercerebralis 

A rather different approach has been to search for 
eytological cycles which might relate to control of the 
rhythm’. Daily fluctuations have been reported in the 
medial brain neurosecretory cells of several insects, 
The importance of these cells in regulating other physio- 








IMPLANT = © 


prcesesay 


prita, 


r 


IMPLANT = RHYTHM ? 


Fig. L 


Synopsis of experiments on the control of the circadian rhythm of locomotor activity in the cockroach. 
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logical functions suggested that their histologically ob- 
served periodicities might reflect participation in circadian 
control (though whether as cause or effect is a moot 
point®). 

There was no direct evidence that a brain hormone 
had any role in regulating locomotor activity (except 
possibly through the corpora cardiaca in relation to 
stress), but the phase relationship between the brain cell 
nuclear volume and the locomotor cycle in Drosophila 
was striking¢, Maximum neurosecretory cell activity 
anticipated maximum locomotor activity in a manner 
readily interpretable as causal. Attempts have therefore 
been made to demonstrate the existence of this relation- 
ship by removing these cells from intact cockroaches. 


Neurosecretory Cells Removed 

The first experiments on Periplaneta showed that virtu- 
ally all the 300 medial neurosecretory cells could be 
removed by microcautery without upsetting the periodi- 
city of the locornctor activity. It was therefore concluded 
that these cells are not vital to the rhythm’. But the 
opposite conclusion was drawn from later experiments, 
when nineteen out of forty-seven animals were made 
arrhythmic by a similar operation using a scalpel'*, Most 
of the nineteen were also hyperactive, however, and the 
three examined histologically were found to have had 
much of their corpora pedunculata removed along with 
their neurosecretory cells. Because gross brain damage can 
make animals hyperactive, the significance of the arrhyth- 
micity may not be as great as was supposed. Whereas it 
is relatively easy to stop the expression of an overt rhythm, 
this by no means proves that the timing mechanism itself 
has been interfered with: it is important to distinguish 
between the hands and the movement of the clock. 

Of the animals that remained rhythmic after this 
operation, fourteen had some neurosecretory cells left 
intact, but in eight none could be found. The authors 
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consider’ that these eight had neurosecretory cells which 
were not detected. This argument raises the difficulty that 
it can be applied with equal vigour to the three arrhythmic 
animals in which no neurosecretory cells were found. 
Fortunately, subsequent work by the same authors has 
partially clarified the point. 

Unlike Roberts*, they found that when the proto- 
cerebrum was very cleanly bisé.ted through the pars 
intercerebralis, or when one whole lobe was removed, 
many animals remained rhythmic. This operation cuts 
the great mass of the medial neurosecretory cell axons 
where they cross over to the contra-lateral corpus car- 
diacum nerve”, If the medial cells are important in 
rhythm control, severing most of their axons should 
disrupt the rhythm, at least for a few days. But in some 
animals the rhythm was resumed postoperatively within 
48h. This result, taken together with the brain cautery 
experiment’ and the records of the eight animals without 
visible neurosecretory cells’, makes it appear unlikely 
that the medial cells are in any way integral to the timing 
mechanism. 

But the point is not conclusively proven. First, most 
of the records seem to have been taken in a light : dark 
cycle during the first week or so after brain bisection’, 
so that the animals may simply have been responding 
directly to the light cycle (they were later also tested in 
constant darkness, but by then some functional regenera- 
tion might be expected to have occurred"). Second, 
though nerve section seems to stop the release of neuro- 
secretory material in some cases*’, it does not do so in 
all", Third, a few medial cell fibres run to their ipsi- 
lateral corpus cardiacum nerve"! and would not have 
been cut. 


Other Brain Hormones 

There are other brain neurosecretory cells which could 
play a key part in rhythm control, for example, the lateral 
cells, whose only known function is an association 
with moulting control?*. These were expressly excluded 
in some brain experiments’, but not in all’, Their spatial 
separation from the pars intercerebralis implies, however, 
that neither set of operations should have seriously 
affected them. They therefore remain possible candidates, 
and it has been concluded!?" that they are the prim- 
ary source of hormonal control, and that the medial 
cells are not. 

Cockroaches with protocerebral lobes both cut through 
sagittally are arrhythmic, although splitting the brain 
between the lobes does not necessarily have the same 
effect". Since the bilateral operation may well cut the 
lateral neurosecretory cell axons, this arrhythmicity looks 
suggestive. But, as discussed later, cutting the optie 
tracts also makes animals arrhythmic, and it seems more 
probable that the two operations are simply affecting 
the same system——interrupting the pathways from the 
optic lobes. 

This argument does not affect the possibility that other 
brain neurosecretory cells are involved. Thus, for example, 
extracts of the tritocerebrum are known to exert a chromo- 
tropic effect on stick insect epidermal cells. So also will 
lateral cell extracts, but there is no evidence that either 
tissue can produce the effect rhythmically, and the 
general possibility that a cephalic hormonal mechanism 
is the driving oscillation must be considered in the light 
of the overall evidence. 

Nishiitsutsuji-Uwo and Pittendrigh have implicated the 
optic lobes of the brain in a crucial role in cockroach time- 


783 


keeping™. They found that cutting the optic nerves 
between the compound eyes and the optie lobes (Fig. LA) 
left the animals with their rhythm intact, but uncoupled 
from the environment, as if they were in constant dark- 
ness. On the other hand, if the optic tracts were cut 
between the optic lobes and the rest of the brain (Pig. 1B) 
the animals became arrhythmic. 


The Optic Lobes 

Evidently the compound eyes are, as had been sus- 
pected*, the pathway for the most important environ- 
mental Zeitgeber. This information must be passed 
through the optie lobes to reach the central nervous 
system. If it were passed through unprocessed, operation 
B would have the same effect as A. The fact that it does 
not implies that the light stimulus is somehow interpreted 
in the optic lobes. Furthermore, the fact that periodicity 
remains after operation A but not after B suggests that 
important rhythmic driving processes occur in the optic 
lobes, or are performed in close association with them. 

It is quite possible that cutting the optic tracts disrupts 
bilateral integration within the brain--in the same way 
that severe brain trauma does-—-to a point where co- 
ordinated locomotor behaviour is no longer possible. Two 
facts, however, suggest that this may not be so, First, 
the optic lobes of Dictyoptera and other insects, though 
having bilateral commissures, are otherwise relatively 
peripheral to the rest of the brain”, so that the operation 
should interfere minimally with other integrating path- 
ways. Second, the much more disruptive operation of 
splitting the pars intercerebralis leaves animals normally 
rhythmic. 

The evidence thus suggests the existence of some sort 
of circadian pace-maker in the optic lobes. No doubt 
the primary oscillating mechanism will be biochemical, 
but the effect of operation B and the absence of any 
known endocrine tissue in the lobes imply that the 
periodic message must be transmitted electrically. 


Transmission of the Driving Oscillation 

Results discussed so far suggest cephalic control of the 
rhythm, pointing to an essential neural clement in the 
optic lobes, possibly coupled with a hormonal mechanism 
in the lateral brain cells. There are only three routes by 
which such control could reach the thoracic ganglia and 
hence the effector organs, the legs: (1) by hormones in the 
blood; (2) by hormones carried in the nerves; and 
(3) by normal electrical impulses in the nerves. 

Lateral brain neurosecretory cells send all their axons 
to the corpora cardiaca, and their secretions must either 
be released there, or passed down the NCA TI to the sub- 
oesophageal ganglion. The lack of effect when the NCA IT 
and corpora cardiaca are removed implies that this form 
of control is unlikely, although the hormone could leak 
rhythmically from the cut cardiaca nerves. Because the 
NCA IT can be removed, the only pathway for routes 
(2) and (3) is the circum-oesophageal connectives. But 
no neurosecretory tracts have been demonstrated in 
these!?, so route (2) is probably ruled out. Tt follows that 
route (1) would be powerfully supported if a rhythm 
remained when the brain was electrically disconnected 
from the rest of the nerve cord; conversely, route (3) 
would be indicated if the rhythm was lost. 

Cutting through the ventral nerve cord posteriorly to 
the thorax (Fig. 1C) has no effect on the rhythm". Cutting 
the connectives between thoracic ganglia (Fig. 1D} has 
a graded effect: the more anterior the cut. the greater the 
proportion of animals with disrupted rhythms". Cutting 
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between the sub-oesophageal ganglion and the thorax 
(Fig. 1#) causes complete loss of rhythm, but also de- 
presses the general level of activity so much that it is 
difficult to be sure that a rhythm is not present’; 
complete excision of the sub-oesophageal ganglion has 
the same effect. On the other hand, cutting off the bulk 
of the perikaryotic mass from the ganglion while leaving 
the through tracts! does not stop the rhythm. 


Role of Circum-oesophageal Connectives 

Tt begins to look as if the rhythmic message has to be 
transmitted electrically to the thorax by the nerve cord. 
One final experiment, cutting the circum-oesophageal con- 
nectives (Fig. LF), should have settled the matter but the 
results are unfortunately equivocal. In Periptaneta, activ- 
ity becomes so intense after this operation that it is no 
longer possible to say whether a rhythm is retained or 
not’. In Leucophaea, however, the effect is not so severe 
and in many cases it seems safe to infer that the rhythm 
has been stopped (personal communication from S. K. 
Roberts). 

Apparently there is an excitatory centre in the sub- 
oesophageal ganglion which is usually checked by an 
inhibitory centre in the protocerebrum, acting through 
the circum-oesophageal connectives'*. Consequently, 
when the connectives are severed, insects tend to become 
hyperactive. The contradictory report that cutting the 
connectives has little effect on either activity or rhythm 
in Leucophaea™ ig therefore completely unexpected. 

A hormone-—specifically from the lateral brain cells—— 
was assumed to be controlling the rhythm!!. Because this 
observation is crucial to the interpretation of rhythm 
control in inseets, Roberts (personal communication) and 
I (unpublished) have tried to repeat the operation on 
Leucophaea. The detailed instructions provided" seem 
to lead to cutting the maxillary nerves, rather than the 
cireum-oesophageal connectives: the latter appear to be 
inaccessible by the route indicated"! unless the mouthpart 
nerves are removed first, although no mention of this is 
madet, 

Bearing in mind what is known of the central control 
of activity’, it seems possible that the maxillary nerves 
were cut in this experiment", and not the connectives. 
In view of this, and the compelling alternative observa- 
tions (personal communication from 8. K. Roberts), it is 
reasonable to conclude that the circum-oesophageal con- 
nectives do in fact transmit information which is vital 
to the expression of the rhythm, and must therefore trans- 
mit it electrically. 


Hormones or Nerves? 

The simplest conclusions to be drawn from all this work 
(summarized in Fig. 1) run as follows. (1) Virtually all 
the cephalic endocrine tissue can be removed without 
stopping the rhythm. Reliable experiments have not been 
performed on the lateral and tritocerebral cells, but the 
effects of operations B, E and F imply that any part 
played by cephalic hormones must be relatively un- 
obtrusive. (2) The only published reports of the successful 
transfer of a rhythm by organ transplant are those 
concerning the sub-oesophageal ganglion originally made 
by Harker. (3) The optic lobes apparently play a vital 
part in the timing mechanism, but do not possess glandu- 
lar tissue. (4) The only operations which seriously 
interfere with the rhythm are those which interrupt the 
nervous pathways between the optic lobes and the thorax. 

On this evidence alone, a disinterested observer would 
not be likely to conclude that the cockroach rhythm is 
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primarily controlled by hcrmones. The simplest interpre- 
tation is that the primary circadian pace-maker—possibly 
in the optic lobes—asserts its effect electrically through 
normal neural pathways in the ventral nerve cord. It is 
therefore very interesting that the only other physiological 
clocks so far identified—in the sea hare, Aplysia—also 
express their periodicities electrically™. 

This conclusion by no means precludes the existence of 
lower order hormonal rhythms. Indeed, some circadian 
functions would seem, a priori, to require such control. 
For example, it is difficult to see how the circadian rhythm 
of colour change in stick insect epidermal cells could be 
controlled by any other means” (although, by contrast, 
the rhythm of euticle growth in locusts is apparently 
controlled by the epidermal cells themselves®!), Again, 
several tissues have been shown to have coincident cycles 
of nuclear volume* 5, and a hormonal coordination of 
these also seems probable. Furthermore, there is evidence 
that, at least at some level, hormones have a part in the 
control of rhythms in cockroaches, scorpions and opi- 
honids?*5, It is reasonable to infer, however, that these 
hormonal rhythms are not primary driving oscillators, 
but are driven. 


Optic Lobes Important 

The discovery by Nishiitsutsuji-Owo and Pittendrigh 
of the apparent significance of the optic lobes makes it 
look as though a primary time-keeping tissue may at last 
have been found. Certainly, if the existence of an electrical 
mechanism can be confirmed, the future strategy of 
research on this subject will be radically different from 
that pursued for the past 15 years. 

I thank Professors A. D. Lees and J. 8. Kennedy for 
critically reading the manuscript of this article. 
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A survey of the antiviral activity of forty-one derivatives of 
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features of the HBB molecule essential for selective inhibition of 


viral multiplication. 
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ACCORDING to current concepts, there are several ways of 
inhibiting selectively the process of viral multiplication’. 
Early steps involved in the initiation of infection and 
subsequent biosynthetic reactions all provide targets for 
virus-specific inhibition. Available evidence indicates 
that sensitivity to selective inhibition depends on the 
genetic fine structure of viruses. It has been shown that 
relatively simple organic chemicals may possess selective 
virus-inhibitory activity. but so far few such inhibitors 
have been discovered. Study of relationships between 
structure and activity is an approach not only to the 
development of more active inhibitors, but also to the 
characterization of target sites. Selective virus inhibitors 
are useful tools in the investigation of the mechanism of 
viral replication, and some show chemoprophylactic 


activity in man. 
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2~(a-Hydroxybenzyl)~ 
benzimidazole 
(HBB) 

2-(a-Hydroxybenzyl)-benzimidazole (HBB) inhibits 
selectively the replication of many picornaviruses! by 
interfermg with the synthesis of viral RNA® 3. Previous 
studies of structure~activity relationships with compounds 
related to HBB have shown that: (a) the hydroxybenzyl 
grouping at position 2 in the benzimidazole nucleus is of 
fundamental importance for selective poliovirus-inhibitory 
activity because the 2-hydroxymethyl and 2-(«-hydroxy- 
ethyl) derivatives of benzimidazole are inactive; further- 
more, the 2-benzyl and 2-benzoyl derivatives have much 
reduced activity and very low selectivity*; (b) of the two 
optical isomers of HBB, the p-HBB-HC] is more active 
and selective than L-HBB-HCI (ref. 5); (c) certain 1-sub- 
stituted derivatives, such as l-propyl and l-phenyl HBB, 
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are highly active and selective in inhibiting poliovitig : 
miuliphcation’ "s 7; (d) 1,2-bis-{[5 (or üj-me thor : 
imidazolyl]-1.3 2-ethanediol is a strong and 
inhibitor of poliovirus’, 

We have extended the study of structure~activity: 
relationships of analogues and derivatives of HBB using 
a series of freshly synthesized compounds’ and others that 
were of interest for comparative purposes. Eehowirus 
type 6 was chosen because it is one of the most sensitive 
viruses to inhibition by HBB (ref. 10). The structural 
requirements for selective inhibition have been further 
characterized. Several of the new derivatives? are more 
active than HBB, and one, that is, 2-(2-methyl-x-hydroxy- 
benzyl)-benzimidazole, is also more selective. 

Primary monolayer cultures of rhesus monkey kidney 
cells in serew-cap tubes were used when the cultures 
were 8-10 days old and contained approximately 2-5 x 
10° cells per tube“. The growth medium in culture tubes 
was replaced with Eagle's minimum essential mediuma? 
containing inhibitory compound dissolved or suspended 
at a series of concentrations, Untreated controls received - 
no compound. The inoculum consisted of 500 TCID, of 
echovirus type 6 (D’Amori strain) per culture. The final 
volume in each culture tube was 1 ml. At least eight 
cultures were used for each concentration. of compound; 
four uninfected cultures to observe cytotoxic effects af the 
compound and four infected cultures to determine virus 
inhibitory activity. The cultures were held stationary 
at 36° ©. Microscopic observations of both eytotoxie and 
viral cytopathic effects were made on the third and sixth 
days of incubation. Cell damage was expressed in terms 
of the proportion of cells showing marked changes using 

a scale from 0 to 4, with I corresponding to 25 per cent, 
2 to 50 per cent, 3 to 75 per cent and 4 to 100 per cent 
involvement of monolayer. Intermediate gradations 
were also used, which improved the precision of the 
determinations. Two or more experiments were carried 
out with each compound, and the mean extent of cytoboxie 
or viral cytopathic changes was calculatect. 

Extent of cytotoxic changes was plotted against the 
concentration of compound and the concentri 
compound which caused cytotoxic changes was ¢ 
med. 
in terms of the concentration causing 3 grade changes. 
Obtaining such marked cytotoxic effectss however, presents 
difficulties with some of the poorly soluble compounds. 
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A cytotoxicity endpoint permits a more accurate compari- 
son of the toxicity of many inhibitors. 

The extent of viral cytopathic effects in the presence of 
compound was expressed as a percentage value of cyto- 
pathic effects in untreated infected controls and plotted 
against the concentration of the compound. The concen- 
tration which caused 75 per cent inhibition of viral cyto- 
pathic effects was determined from the curve. Selectivity 
was estimated in terms of the ratio 


+toxie concentration 


75 per cent inhibitory concentration 

Tables 1 and 2 summarize our results. In Table 1, the 
compounds are grouped on the basis of chemical structure 
and listed within each group by order of increasing virus- 
inhibitory activity. The results are expressed in terms of 
the micromolar concentrations of compounds required for 
75 per cent protection of cultures against viral cytopathic 
effects, or to cause toxie effects, and selectivity ratios are 
given for each compound. In Table 2 the compounds 
are grouped on the basis of virus-inhibitory activity and 
selectivity, and the results expressed relative to the 
activity, toxicity and selectivity of HBB. For cross- 
reference, the compounds have been numbered from one 
to forty-two. 

The most significant changes in virus-inhibitory activity 
occurred with replacement of the hydrogen atom on the 
a-carbon atom of the 2-(a-hydroxybenzyl) moiety of 
HBB (compounds 2-8). The «-methyl derivative (com- 
pound No. 2) was more than twice as active as HBB, 
while its toxicity was less than two-fold greater than that 
of the reference compound.  2-(a-Methyl-«-hydroxy- 
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benzyl)-benzimidazele is the only derivative which we 
have found to be not only more active but also somewhat 
more selective than HBB. The «-ethyl derivative (3) 
also was more active, but at the same time less selective 
than HBB. It has been reported® that with polio- 
viruses the «-methyl and related derivatives gave less 
protection of infected cells than HBB itself or deriva- 
tives not possessing the fourth substituent at the a- 
carbon. This is of interest in view of the known marked 
differences between polio and other enteroviruses in 
sensitivity to HBB and guanidine". Decreased activity 
and selectivity were observed when three and four-carbon 
unit aliphatic substituents such as isopropyl (4) and 
methallyl (5) were substituted for the a-hydrogen atom 
of the hydroxybenzyl moiety. The «-phenyl derivative (8) 
and two derivatives with oxygen-containing substituents, 
that is, x-carbethoxymethyl (6) and «-carboxymethyl (7), 
were all substantially less active. 

The enhanced virus-inhibitory activity obtained by 
substituting methyl or ethyl groups (2 and 3) for hydrogen 
at the x-carbon atom of the hydroxybenzyl moiety suggests 
that decreased acidity of the carbinol function may be 
important for activity. This idea is also supported 
by the fact that the 2-(%-methoxybenzyl) derivative (27) 
is active. The substantial losses in activity observed 
when large substituents? were introduced at the -carbon 
atom suggest unfavourable steric effects of such substi- 
tuents. 

The derivatives showing highest virus-inhibitory activity 
were 5-trifluorornethyl-2-(a-hydroxybenzyl)-benzimidazole 
(10) and the corresponding «-methyl-substituted com- 
pound (9), both containing an electron-withdrawing 


Table 1. INHIBITION OF CYTOPATHIC EFFECTS OF ECHO 6 VIRUS BY COMPOUNDS RELATED TO 2+(a-HYDROXNYBENZYL)-BENZIMIDAZOLE AND TOXICITY IN MONKEY 
KIDNEY CELES 





Selectivity ratio, 


75 per cent + Toxic £ toxic conc. 
Group No. Compound designation Mol. wt. protective concentration, 75 per cent 
concentration, uM. eM protective conc, 
Third day Sixth day Third day Sixth day Third day Sixth day 
1 2-(a-Hydroxybenzyl)-benzimidazole (HBB) 224 37 30 780 460 21 51 
A 2 2-(a-Methyl-e-hydroxybenzyl)-benzimidazole 238 l4 35 460 300 33 8-6 
3 2-(a-Ethyl-a-hydroxybenzyl)-benzimidazole 252 20 37 270 130 14 35 
4 2-(a-Isopropyl-a-hydroxybenzyl)-benzimidazole 266 180 220 > 490 350 >38 16 
5 2-(a-Methallyl-a-hydroxybenzyl)-benzimidazole 278 220 > 490 > 490 450 > 2-2 = 
6 2-(a-Carbethoxymethyl-a-hydroxybenzyl)-benzimida- 
zole 310 > 490 > 490 > 490 490 -= mk 
7 Ammonium salt of 2-(a-carboxymethyl-a-hydroxy- 
benzyl)-benzimidazole 299 > 490 > 490 > 490 > 490 — ~ 
8 2-(a-Phenyla-bydroxybenzyl)-benzimidazole 300 > 490 > 490 > 490 > 490 — — 
B 9 5-Trifuoromethyl-2-{a-methyl-a-hydroxybenzyt)- 
benzimidazole 306 7 9 31 14 44 16 
10 5-Trifuoromethyl-2-(a-hydroxybenzyl)-benzimidazole 292 T 15 90 26 13 1-7 
11 5-Phenyl-2-(a-hydroxybenzyl)-benzimidazole 300 19 re 50 13 2A me 
12 5-Methyl-2-(a-hydroxybenzyl)-benzimidazole 238 40 170 810 150 T8 0-88 
13 5-Nitro-2-(a-hydroxybenzyl)-benzimidazole 269 80 === 110 26 14 — 
l4 5-Methoxy-2-(a-hydroxybenzyl)-benzimidazole 254 220 von 27 160 12 =a 
15 4-Ethyl-2-(a-hydroxybenzyl)-benzimidazole 252 > 490 — > 490 140 _ _ 
C 16 1-Methyl-2-(a-hydroxybenzyl)-5-trifuoro-methylben- 
zimidazole 306 14 18 210 48 15 27 
17 1-Methyl-2-(a-methyl-a-hydroxybenzyl)-benzimidazole 252 20 37 > 490 140 > 25 38 
18 1-Methyl-2-(a-methyl-o-hydroxybenzyl)-5-trifluoro- 
methylbenzimidazole 320 22 37 380 110 17 3-0 
19 1-Methyl-2-(a-hydroxybenzy!)-benzimidazole 238 42 160 470 130 1 O81 
20 Sodium salt of 1-carboxymethyl-2-(a-methyl-a- 
hydroxybenzyl)-benzimidazole 318 > 490 > 490 > 490 > 490 = ~ 
D 21 2(2-Thienyl-hydroxymethyl)-benzimidazole 230 42 100 570 260 14 2-6 
22 2-(p-Chloro-a-hydroxybenzy!)-benzimidazole 259 44 — 65 12 t5 _ 
23 2-(8-Benzylthio-a-hydroxyethyl)-benzimidazole 284 60 — 200 66 3:3 _ 
24 2.(2-Furyl-hydroxymethy!)-benzimidazole 214 oe == 98 58 m E 
25 2-(a-Hydroxy-a-cyclohexylmethyl)-benzimidazole 230 > 490 > 490 > 490 390 one a 
26 2-(a-Hydroxy-m-nitrobenzyl)-benzimidazole 269 > 490 > 490 > 490 > 490 == — 
E 27  2-(a-Methoxybenzyl)-benzimidazole 238 34 38 340 180 10 47 
28 2-(a-Acetoxybenzyl)-benzimidazole _ 266 89 120 > 490 460 13 3-8 
29 1-Acetyl-2-(a-acetoxybenzyl)-benzimidazole 308 122 = 240 150 20 — 
F 30 2-(a-Ethylbenzyl)-benzimidazole 236 490 > 490 > 490 420 >10 — 
81 2-Styrylbenzimidazole 220 — Ss 14 6 m — 
32 2-(2-Thienyl)-benzimidazole 200 n _— 230 40 — ~ 
33 2-(2-Furyl)-benzimidazole 184 _ —_ 230 70 — —_ 
34 2-Phenylbenzimidazole 194 ~ — 380 150 ~ — 
35 1-Carbethoxymethyl-2-benzoyibenzimidazole 308 — ~ 420 270 m —_ 
36 1-Carboxymethyl-2-benzoylbenzimidazole 280 — — 2,300 1,900 = — 
G 37 2-(a-Methyl-a-hydroxybenzyl}-benzothiazole 255 38 on 56 24 T> = 
38 2-(a-Hydroxybenzyl)-benzothiazole 241 70 ~ 580 140 83 ~~ 
89 2-Phenylbenzothiazole 211 130 ~ > 490 80 <38 am 
40 2-Styrylbenzothiazole 237 840 — 3,000 1,100 38 —_ 
41 2-2" bi#-benzothiazole 268 > 490 > 490 > 490 > 490 _ _ 
H 42 2-(a-Hydroxybenzyl)-imidazole 174 > 4900 > 490 > 490 540 _ _ 
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Table 2, ECHO 6 VIRUS INHIBITORY ACTIVITY AND SELECTIVITY IN MONKEY KIDNEY CELLS OF COMPOUNDS RELATED TO 2-(a-HYDROXYBENSYL)-BENZIMIDAZOLE 


VIA = virus inhibitory 
activity. S=sselectivity 


Reference VIA and $ 
VIA increased—S retained 2 


VIA increased—S reduced 10 

(compounds listed in order 
of decreasing VLA)* 9 
16 


No. 
1 


Compound designation 
2-(a-Hydroxybenzyl)-benzimidazole (HBB) 
2-(a-Methyl-a-hydroxybenzyl)-benzimidazole 


5-Trifluoromethyl-2-(a-methyl-a-hydroxy- 
benzyl)-benzimidazole 

1-Methyl-2-(a-hydroxy benzyl)-5-tri-fluoro- 
methylbenzimidazole 

5-Phenyl-2-(a-hydroxybenzyl)-benzimidazole 


midazole 
2-(a-Ethyl-a-hydroxy benzyl)-benzimidazole 
5-Trifluoromethyl-1-methyl-2-(a-methyl-a- 
hydroxybenzyl)-benzimidazole 


(a-Acetoxybenzyl)-benzimidazole 
2-Thienyl-hydroxymethyl)-benzimidazole 
2-(a-Methoxybenzyl)-benzimidazole 
5-Methyl-2-(a-hydroxybenzyl)-benzimidazole 
1-Methyl-2-(a-hydroxybenzyl)-benzimidazole 
2-(a-Methyl-a-hydroxybenzyl)-benzothiazole 
2-(p-Chloro-a-hydroxybenzyl)-benzimidazole 


VIA retained—S retained or 
reduced (compounds listed 
in order of increasing tox- 
icity)? 


2. 
2 





VIA reduced—S reduced 
(compounds listed in order 


fd ing VIA)* 2-(a-Hydroxybenzyl)-benzothiazole 
of decreasing VLA 


5-Nitro-2-(a-hydroxybenzyl)-benzimidazole 
1-Acetyl-2-(a-acetoxy benzyl)-benzimidazole 
2-(a-Isopropyl-a-hydroxy benzyl)-benzimidaz 
2-Phenylbenzothiazole 


2-(a-Ethylbenzyl)-benzimidazole 
2-Styrylbenzothiazole 


1-Carboxymethyl-2-benzoylhenzimidazole 

2-(a-Hydroxybenzyl)-imidazole 

2-(a-Carbethoxymethyl-a-hydroxybenzyl)- 
benzimidazole 


No selective VLA (compounds 
listed in order of increasing 
toxicity) t 


zole 
1-Carbethoxymethy!-2-benzoylbenzimidazole 
2-Phenylbenzimidazole 
4-Ethyl-2-(a-hydroxybenzy!)-benzimidazole 
2-(2-Furyl)-benzimidazole 
2-(2-Thienyl)-benzimidazole 
2-(2-Puryl-hydroxymethy!l)-benzimidazole 
2-Styrylbenzimidazole 


Ammonium salt of 2-(a-carboxymethyl-a- 
hydroxybenzyl)-benzimidazole 

2-(a-Phenyl-a-hydroxy benzyl)-benzimidazole 

Sodium salt of l-carboxymethyl-2-(a-methy 
hydroxybenzy])-benzimidazole 

26 2-(a-Hydroxy-m-nitrobenzyl)-benzimidazole 

41 2-2’bis-benzothiazole 


* Order of listing based on third day determinations. 
t Order of listing based on sixth day determinations. 


No VIA—non-toxie come 
pounds 


substituent at position 5 in the benzo moiety. Both 
inhibitors, however, also showed considerably increased 
toxicity and were thus less selective than HBB. The 
effect of other electron-withdrawing substituents at the 
5-position of the benzimidazolyl moiety was variable. The 
phenyl substituent! produced a moderate increase in 
activity but this was associated with a marked increase 
in toxicity, while the nitro substituent (13) caused a 
reduction in activity which was also associated with 
increased toxicity. 

The introduction of electron-donating groups at the 
4 or 5-position of the benzimidazolyl moiety produced 
deleterious effects. For example, 5-methyl-2-(«-hydroxy- 
benzyl)-benzimidazole (12) was as active as HBB but 
much less selective. It has shown little protective effect, 
against polioviruses at maximal tolerated concentration®. 

The introduction of a methyl group at N-1 of the benz- 
imidazolyl moiety, while lacking in favourable effects, 
did not destroy virus-inhibitory activity (16-19). A 
similar result was obtained previously with polioviruses®. 
Furthermore, the l-ethyl, 1-propyl, 1-phenyl and 1-butyl 
derivatives showed considerably increased virus-inhibi- 
tory activity and selectivity*”. These results suggest 
that the activity of HBB and its analogues is not depend- 
ent on their biosynthetic conversion to a nucleoside. 

Replacement of the phenyl group of the hydroxybenzyl 
moiety of HBB with other cyclic groups produced no 
desirable effects on activity or toxicity (21-26). Replace- 
ment by a 2-thienyl (21), p-chlorophenyl (22), or 8-benzyl- 
thio (23) group had relatively little effect on activity and 
the 2-thienyl group (21) did not produce a marked effect 
on toxicity, but the toxicity of the other two compounds 


§-Trifluoromethyl-2-(a-hydroxybenzyl)-benzimi- 
dazole 


1-Methy!-2-(a-methyl-a-hydroxy benzyl)-benazi- 


2-(8-Benzylthio-a-hydroxyethyl-benzimidazole 


5-Methoxy-2-(a-hydroxybenzyl)-benzimidazole 
2-(a-Methallyl-a-hydroxybenzyl)-benzimidazole 


2-(a-Hydroxy-a-cyclohexyimethyl)-benzimida- 


Relative selectivity 
Third day Sixth day 


10 10 
17 


Relative activity 
Third day Sixth day 

1-0 1-0 

26 26 


Relative toxicity 
Third day Sixth day 


10 1-0 
17 15 


16 
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(22 and 23) was much inereased. The hydrochloride of 
2-(p-chloro-a-hydroxybenzyl)-benzimidazole lacked pro- 
tective activity against polioviruses'. When the phenyl 
group of the hydroxybenzyl moiety was replaced by a 
deactivated aromatic ring such as m-nitrophenyl (26) or a 
non-aromatic ring such as cyclohexyl (25), activity was 
destroyed. These results emphasize the importance of 
the aromaticity of the 2-substituent relative to the steric 
or geometric effect. 

Intramolecular hydrogen bonding involving the 
hydroxyl group cannot occur in the «-methoxybenzyl (27) 
or a-acetoxybenzyl (28) derivative of benzimidazole, and 
yet both are as active as HBB. Clearly, formation of 
such intramolecular hydrogen bonds is not essential for 
virus-inhibitory activity?. 2-(a-Methoxybenzyl)-benzimid- 
azole is also active against polioviruses at a level similar 
to that of HBB”. 

The aralkyl nature of the 2-substituent is apparently 
essential for activity in the benzimidazolyl series, for no 
virus-inhibitory activity was observed with 2-(2-thienyl)- 
(32), 2-(2-furyl)- (33), or 2-phenylbenzimidazole (34). 

Not surprisingly, the introduction of a benzothiazole 
nucleus in place of the benzimidazoly! nucleus in HBB 
did not markedly affect the virus-inhibitory activity (38). 
As predicted from knowledge of HBB (1) and its «-methyl 
derivative (a), the a-methyl derivative (87) of 2-(o- 
hydroxybenzyl)-benzothiazole (38) was approximately 
twice as active as the parent compound. Both benzothia- 
zole derivatives were less selective than the benzimidazole 
derivatives. By contrast with the experience in the 
benzimidazole series, the complete replacement of the 
hydroxybenzyl moiety by phenyl (39) in the benzothiazole 
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series resulted in a considerable loss of virus-inhibitory 
activity, but not in complete inactivation. 

Replacement of the entire benzimidazole nucleus of 
HBB with the monocyclic imidazole group, as in 2-(o- 
hydroxybenzyl)-imidazole (42), resulted in complete loss 
of activity. This shows the importance of the benzo 
moiety of HBB for virus inhibition. The sixth day deter- 
mination of cytotoxicity showed that the imidazolyl 
compound is similar in toxicity to HBB. Thus the benzo 
moiety in HBB specifically imparts virus-inhibitory activ- 
ity to the molecule. 

Clearly HBB itself is a remarkably effective compound, 
both with respect to its degree of virus-inhibitory activity 
and its favourable selectivity ratio. Only one compound 
out of the forty-two, 2-(«-methyl-%-hydroxybenzyl)- 
benzimidazole (2), has shown both increased virus-inhi- 
bitory activity and selectivity. Although some other 
analogues possess increased virus-inhibitory activity, 
the increase is more than offset by increased toxicity. 
The §-trifluoromethy!-2-(a-hydroxybenzyl)- benzimidazole 
(10) is the most active compound we have studied, but it is 
significantly less selective than HBB. 

HBB inhibits the biosynthesis of the RNA of sensitive 
enteroviruses? but has no effect on host cell RNA bio- 
synthesis!*, at least at low concentrations sufficient to 
inhibit viral RNA synthesis. HBB does not directly 
interfere with the biosynthesis of viral capsid proteins™. 
The precise mechanism whereby HBB inhibits viral RNA 
synthesis is unknown. Inhibition of viral RNA synthesis 
mightresult from binding of HBB to viral RNA polymerases 
or to some as yet unidentified component which may be 
required in the enzymatic synthesis of the viral RNA. 
Binding to the viral RNA template appears to be a less 
likely possibility. As for incorporation into a nueleie acid 
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chain, HBB and its analogues do not have the struetural 
features required. 

It seems that the mechanism of the inhibitory activity 
of HBB is dependent on the structural characteristics of 
the molecule per se. Apparently one (or both) of the 
nitrogen atoms, rather than the hydroxyl group of HBB, 
is essential for the binding of HBB to its virus-specific 
target. The over-all geometry of the entire HBB molecule 
from the 5 and 6-positions of the benzimidazole moiety 
to the p-position of the phenyl moiety appears to be 
important for activity. The eleetron-withdrawing capa- 
city of the entire molecule is reasonably essential. The 
spatial relationship of the planar phenyl moiety to the 
planar benzimidazole moiety is apparently important. 

These studies were supported by a grant from the US 
National Science Foundation and by a research grant from 
the National Institute of Allergy and Infectious Diseases, 
US Public Health Service. 
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Many Seyfert galaxies are strong infrared sources in the 
wavelength range 2-2-22 um (ref. 1). The spectrum in 
this waveband is approximately F œv*, and taken to- 
gether with the radio observations at v< ~ 10 Hz there 
is an indication’? of a turnover in the spectrum at 
væl0 Hz. The total energy output in the far infrared 
may be in the range 10-10% erg s~. 

Here we explore the suggestion’? that the infrared 
data may be due to the absorption of optical or ultraviolet 
radiation from a source at the galactic centre by dust 
grains, and re-radiation at longer wavelengths. In particu- 
lar, we shall show that the observed power-law spectrum 
v2dv could arise naturally from such a process. The 
observations of a large Balmer decrement in some Sey- 
ferts? is consistent with the presence of small solid 
particles which redden the nuclear contimuum and the 
emission lines®:*, Further, the wavelength dependence of 
the optical polarization observed in NGC 1068 (ref. 7) is 
strikingly reminiscent of that due to small graphite 
particles’ with radii <0-05 ym. Somewhat larger solid 
particles of radii 0-5-1 ym, which produce only neutral 











The observed infrared radiation from Seyfert galaxies in the waveband 
2:2-22 um may be emitted by dust grains which absorb energy from 
an intense optical or ultraviolet source at the galactic nucleus. 


extinction in the optical region, may also be present in 
considerable quantity and yet remain unobserved. Hoyle 
and N. ©. W.® suggested that small particles of either 
graphite or iron may form in the expansion phases 
following the explosion of massive objects believed to 
occur in Seyfert nuclei. Such particles may acquire large 
mantles of ice in the outer regions of the galaxies. 
Explanations of the infrared radiation on the basis of 
non-thermal processes are faced with some difficulty’. 
For synchrotron or inverse Compton radiation the ob- 
served slope of the infrared speetrum would require a 
very steep relativistic particle spectrum of the form 
NIE) E-**, There seems no obvious reason why a 
variety of objects should display so similar a spectrum in 
which this component dominates at wavelengths 22 um. 
If the infrared radiation is due to thermal emission from 
grains, however, the absence of sources showing strong 
radiation at A<2 um is understandable because the grains 
might evaporate at high temperatures (T > 1,500 K). This 
natural explanation of the high frequency cut-off seems 
to us to be a strong argument in support of the present 
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interpretation. Further, it seems difficult to obtain from 
a non-thermal model a natural interpretation for the turn- 
over in the infrared spectrum which is required somewhere 
between the microwave region of the spectrum and 
~ 30 um. 


Spectrum of the Infrared Radiation 


The central continuum sources in Seyfert galaxies are 
unresolved optically. In the case of NGC 4151 (ref. 10), 
the optical nucleus is <30 pe aer Interferometer 
observations have shown that the non-thermal radio 
emission has components of size <1 pe in some cases. 

Consider a spherically symmetric distribution of dust 
grains around such a central point source of optical or 
ultraviolet radiation. The temperature T of a grain at a 
distance r from the centre is determined by the equation 






| Ipe Quy(y) dy = 4ra? | Q, Biv. Tg) dv (1) 





where a is the grain radius, L is the source luminosity, 
Qauy(v) is the absorption efficiency in the optical or ultra- 
violet and x, is the ultraviolet absorption coefficient, Q, 
is the absorption efficiency at infrared frequencies, and 
B(v.Tg) is the Planck radiation function. 

We shall assume that Qay(v) = Quay is roughly constant 
over the frequency range within which the central source 
emits most of its energy. Thus we may rewrite equation 
(1) as 





Quy = 4ra f Q, Bi. Ts) dv (2) 


Here L is the total luminosity of the central object. For 
small particles composed of pure graphite, Q,oc v? for à 
in the range 2-20 um. For other types of grains, or for 
particles with impurities. a considerably flatter dependence 
on v is possible. For generality, we set Q, v7. Equation 
{2) then integrates to give 
l 
Crew (3) 


r? 


THa = 


where C is a constant. From equation (3) it follows that 


dr 4ta (4) 


and for the case of small ultraviolet optical depth (ure 
this condition may be approximated by 





on pi bea faded (5) 


using equation (3). 

If a(T)dT denotes the total number of grains with 
temperature between T and 7+dT, the flux of radiation 
received at frequency v is 


Fy œ f <Q, BOT) n(T)d7 (6) 


where <Q,> is the absorption efficiency averaged over all 
particle sizes. Because the observed spectra of Seyferts!:# 
follow a power law over the range of } from 2-2 to 22 um 
instead of showing the exponential character of a black- 
body curve at a single temperature, grains must be 
present over a wide range of temperatures. With <Q ova 
as before, equation (6) gives 


F, x fye BWT) rn(T)av (7) 


‘To a sufficient approximation we may replace v¢B(y.7) by 
CT 43(v—fP) where C, is a constant and f is defined 
so that fT is the frequeney at which the funetion vB v7) 
is a maximum. Thus equation. (7) yields 


Fy x yta n(v/f) (8) 
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This spectrum would hold for v in the range from v= fT max 
(with Tmax the maximum possible grain ternperature) up 
to v=f7, where T, is the grain temperature at the radial 
distance where tuys I. 

We next determine the function n(7). Lf N is the total 
number of grains interior to a radial distance r we have 


(9) 





where ¢ is the density of grains at r. Assuming for illus- 
trative purposes a law pocr-# for the density of grains this 
gives 





AN 7 
E oreh (10) 
dr 
Equations (3). (5) and (10) now yield 
aN dr | 
AUT) = Bony e ot anes 4 
MO = aTa a dT (11) 
a TÈ } 
where 
B= — $ [6+ at (2—6) (44+ 0)) (12) 
Finally, from equation (8) the infrared spectrua is 
By es (13) 
where 
C= $[2+a-(44 4) (2-8)] (14) 


A uniform grain density then vields a steep power law 
spectrum of slope —}$(6+ a) in the infrared, The precise 
value of the spectral index depends on both x and eA 
The former depends on the grain properties with a value 
aw l-2 likely for a variety of grain models. There is no 
reason why a non-uniform grain distribution should obey 
an exact power law, but for this range of a we obtain the 
typically observed spectrum of a Seyfert galaxy 

Fy y? (15) 
provided that the distribution can be approximated by 10, 
with Ba&4—-%. Thus a modest degree of central con- 
centration of the dust suffices to reproduce the observed 
slopes of the spectrum in the range 22-22 pm. The 
form of this spectrum depends critically on the condition 
that the grains responsible for the emission lie within an 
optical depth of the central source, so that the attenuation 
of the incident radiation arises chiefly from the inverse 
square law effect. A spectrum of the form of propor- 
tionality (15) would thus hold from v2 um (correspond. 
ing to the evaporation temperature of refractory solids 
such as graphite) up to the frequency corresponding to 
the temperature of grains at the radial distance where 
tuy@l. (It is possible to study the behaviour of the 
spectrum at lower infrared frequencies by retaining both 
terms on the right-hand side of equation (4). For tae), 
however, the -function approximation to Biv, T) ia no 
longer correct. In this case, the source spectrum should 
resemble the emission spectrum of an individual grain.) 
We have assumed spherical symmetry throughout. The 
observed spectra could be fitted equally well by an 
optically thin disk model with a smaller degree of central 
condensation, 














Spatial Distribution and Total Mass of Grains 

The range of radial distance over which grains respon- 
sible for the 2-2-22 ym radiation are present depends on 
the bolometric luminosity of the central source as well as 
on the precise infrared properties of the grams. As a 
specific grain model (other grain models should give 
similar results) we consider an impure graphite grain of 
radius 0-05 ym whose absorption efficiency in the relevant 
wavelength range may be taken as 


Qa = (08) (1/9) (18) 
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with A in microns. This requires p=4 in equation (10). 
With the further assumptions +<1, La10 erg s, 
Qevewl, equation (2) may be used to calculate the grain 
temperatures at various values of r. We find that grains 
with T = 2,000 K are at r~ 1 pe from the central source; 
and grains with 7=185 K (giving maximum emission 
at A~ 20 um) are at ra~ 150 pe. 

The total number of grains reepónsible. for the infrared 
emission may now be estimated from the requirements 
stated earlier that 


° 

c= ra? fn (r)dr < 1 (17) 
vy 

Writing n(r)=Cr with r in pe gives C~2-4x 10-1 

for grains with a x 5 x 10-8 em. The mass of grains emitting 

in the spectral range 2:2-22 um is therefore 


4 Ys 
My= ~ raS f Crs 
3 P 
where S~ 2-5 g cm is the density of graphite. This is 
an entirely reasonable value for the mass of grains 
involved. 


zr? dr < 5x 10' Ma (18) 





Dynamic Effects 

The grains would tend to be pushed outward by the 
pressure of radiation from the central source. The force 
exerted on a grain of radius a at a distance r from a source 
of luminosity L is 


coe TE? Q pr (19) 


rre 


where Qpr is the efficiency factor for radiation pressure 
given by the Mie formulae. If the radiation from the 
central source is in the visible or near ultraviolet, then 
Qpr~ 1 for grains with radii a23 005 um. Denoting the 
mass associated with the central source by M, we find 
that the condition for the radiation pressure to exceed 
gravity 15 





Pager 0- or ‘We! a (u) (20) 
Thus for all relevant grain sizes and for all appropriate 
choices of the various parameters it is clear that the 
radiation pressure is overwhelmingly stronger than gravity. 
If there were no ambient gas present. the grains would be 
rapidly ejected. Grains of radu a will, however, be braked 
significantly if they collide with an amount of gas com- 
parable with their own mass. This braking is important 
if the number density ny(r) of gas atoms satisfies the 

condition 
nalr) 3 70ar (21) 


with a in microns and r in parsecs. When (21) is fulfilled. 
the grains drift outwards relative to the gas with a 
velocity Varire which, in the case when it is supersonic, is 
given by 

(L K : ? 4 x 10 

ee, Me mee CM BF (22) 

10 ny(r ) r (pe) 

Note that Vann is independent of grain size (provided 
that Qpr remains ~1). The grains would tend to “pile 
up” at the radial distance at which Tuy 1. 

If Vann exceeded Verem 5 x 107 ern, the ambient gas 
atoms would collide with grains with energies 21 keV— 
close to the sputtering threshold for refractory “materials 
such as graphite. The grains would then be rapidly 
destroyed. Even if Lœ 10 erg s~ (the value appropriate 
to 3C120). the velocity would remain below this critical 
value if the gas density were 210° cm at r=1 pe and 
dropped off slower than 1/7? at greater distances. The line 
emission (which presumably originates in gas surrounding 
the central source) in any ease requires 
gas densities of this order of magnitude. 

Even if Varite< Vert. however, this simple model pre- 
dicts that the grains responsible for radiation in the near 





Varitt aa 


the existence of 
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infrared will be driven out in 1,000 yr. This timescale is 
exceedingly short compared with the probable duration 
of the Seyfert phenomenon. It is possible, however, that 
the supply of grains is replenished by material ejected 
from the central source; alternatively, the radiation may 
originate in a succession of outbursts in different positions 
within the Seyfert nucleus. We cannot pursue these 
possibilities farther without a better understanding of the 
primary energy source. The outward drift of the grains 
would also be mhibited if they were magnetically coupled 
to the gas. A grain of radius 0-05 um with even a single 
electronic charge has a gyroperiod of only ~ 105 H= s. 
If it is moving with a speed < Very the gyroradius is then 
<s10" H~ om. A tangled magnetic field H of 107 G 
could provide efficient coupling, and could keep V below 
Veri even for gas densities appreciably below 10° em. 
A much stronger field would not be unexpected in the 
vicinity of a powerful non-thermal radio source. The 
radiation pressure acting on the dust could drive gas 
motions, but would not necessarily be able to expel gas 
from the nuclear regions. 

A slow drift of grains outwards from the nucleus is to 
be expected on the basis of the present model. (If the 
radiation pressure is capable of throwing the grains right 
out of the galaxy, it is conceivable that each Seyfert 
galaxy may eject as much as ~ 10° Wo into intergalactic 
space. If the lifetime of a Seyfert galaxy is ~ 10° yr, 
the resulting smoothed-out density of grains in the universe 
would amount to ~ 10t g em 3, If the grains survive, 
they would cause appreciable obscuration and reddening 
of the light from objects at cosmological distances: if 
they are destroyed (for example, by collisions with the 
particles of a hot intergalactic gas) they would con- 
taminate the intergalactic medium with heavy elements.) 
Grains reaching the outer regions of the galaxy would be 
expected to grow to relatively large radi due to the 
aceretion of volatile materials such as H,O. Sufficiently 
large grains with radii ~l yum would produce neutral 
extinction, significantly dimming without reddening the 
central optical or ultraviolet source. 





Variability 

Rapid optical variations are characteristic of Seyfert 
nucle}15, Variations in L would change the temperature 
of grains at any given radial distance, and would thus 
tend to affect the observed infrared spectrum. If L varies 
with a shorter timescale than the light travel-time across 
the relevant spherical shell, however, the infrared varia- 
tions would be smeared out. Our model therefore predicts 
a minimum timescale tmin for variability in the infrared. 

From . equations (2) and (3) with «~ 1 (impure graphite) 
and xr<1 (small optical depth) we see that for a given 
object 


sa, 


tmin X A7 


and at a given wavelength tmin X L1/*, so the less powerful 
sources would be capable of varying more rapidly. We 
would not expect 30120 to vary with a timescale less than 
a few years at 2 um (and the timescale at 20 um should 
be ~ 1,000 yr). Variations at 4~2 pm, however, in less 
powerful sources such as NGC 1068, NGC 1275 and 
NGC 4151 for which La 10% erg s (though this may be 
an underestimate by an order of magnitude) could oceur 
in times ~0-1 yr. Indeed, if the central source were 
variable on this timescale we would predict corresponding 
variations in the near infrared radiation from the dust. 
Brightness fluctuations at ~2 um would be ambiguous 
because they may be due to variation of the emission 
from the dust or of the contribution from the non-thermal 
central sources, Although we have not discussed the 
expected turnover in the spectrum in the far infrared. a 
similar line of reasoning leads to the prediction that the 
spectra of the more luminous sources should peak at 
higher infrared frequencies, provided that the spatial 
distribution of grains is similar in all objects. 
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Effects on the Optical Spectrum 


The main contribution to the observed reddening of 
the visible spectrum, which implies a total visual absorp- 
tion A,~3 magnitudes in some cases, probably comes 
from dust occupying a more extended volume than that 
in which the observed infrared radiation and the line 
emission originate. The inclusion of grains therefore need 
not alter significantly the conclusions reached in earlier 
studies!?: of the excitation of the emission regions by a 
nonthermal ultraviolet source. One might, however, 
expect the dust selectively to attenuate resonance line 
radiation, which is subjected to repeated scatterings by 
the gas. 

The nature of our proposed model is such that it does 
not allow any strong predictions concerning the energy 
output and spectrum of the central source, much of 
which may he in the far ultraviolet. Some such informa- 
tion may be inferred from studies of the optical line 
emission. The central source will be reddened by the 
grains which surround it, and radiation scattered from 
these grains may contribute to the observed continuum. 
This effect would tend to increase the apparent angular 
size of the central source and the line emitting region. 











Comparison with our Galaxy 


It is extremely interesting that the total amount and 
spatial density of dust required to produce the observed 
infrared emission of Seyfert galaxies are not unreasonably 
large. Within the uncertainties of the model, in fact, the 
required 6 magnitudes kpe-! of extinction is comparable 
with the 2-5 magnitudes kpc~? observed towards the centre 
of our galaxy'*, This supports the viewt™*! that a Seyfert 
galaxy may be a normal spiral in which an explosive 
event has produced a strong central source of radiation. 
Strong far infrared radiation from the direction of the 
galactic centre has recently been detected by Hoffmann 
and Frederick'®, It is likely that this radiation can be 
explained by a grain model of the type we suggest. It 
would then follow that the galactic radiation is con- 
centrated at 100 um, and not at 10 um (as for Seyferts}. 
because there is no compact ultraluminous body at the 
centre of our galaxy. In fact, Hoffmann and Frederick 
were unable to resolve the galactic centre emission in 
galactic longitude, and deduced a minimum extent for 
the 100 um radiation of 6°-5 in the galactic plane. This 
corresponds to a distance of ~ 500 pe from the galactic 
centre, and the diffuse nature of this radiation is itself 
indicative of a dust model. 


Conclusions 


We have examined some of the consequences of attribut- 
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Ix the Martian springtime there is a sequential enhance- 
ment of contrast between bright and dark areas, called 
the wave of darkening, which statistically occurs first at 
higher latitudes although there are marked variations in 
behaviour for individual areas!~*. The biological explana- 
tion of the darkening is that organisms inhabiting the 
dark areas grow and reproduce during the Martian spring’. 
An alternative hypothesis is that the seasonal darkening 
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ing the infrared radiation from Seyfert galaxies to thermal 
emission from grains. The present observations are well 
satisfied by a relatively simple model in which a bright 
central object is embedded in a large cloud of grains at a 
density comparable with the density of grams in the 
central regions of our galaxy. 

We hope that our conclusions and predictions may soon. 
be tested. A crucial observation would be to measure the 
infrared output and spectrum of Seyfert galaxies with 
variable apertures which are sufficiently small to exclude 
radiation from the stellar component. Such measure- 
ments may be possible only for the nearer objects, and 
only at the longer infrared wavelengths. Measurements of 
the total flux as a function of aperture may yield useful 
information about the nature of the grains and/or 
luminosity of the central object. Spectra taken, with the 
smaller apertures must. be flatter if our picture is correct. 
If this prediction is not verified, or if the infrared radiation 
shows rapid variations in the far infrared (4210 pm), it 
may be necessary to invoke other mechanisms to explain 
the infrared fluxes. The discovery of polarization would 
not necessarily indicate a non-thermal model, for the 
emission from magnetically aligned grains could be lighly 
polarized®*, 
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The wave of darkening in the Martian springtime, which some say 
may have a biological explanation, can be explained in terms of 
windblown dust. 


of the dark areas is due to the movement of dust particles 
to the bright areas’')§ Here we shall develop the 
windblown dust model, starting from the assumptions of 
major elevation differences on Mars, the presence of fine 
dust, and of winds adequate to move the dust. All three 
assumptions have some measure of observational support. 

We begin by estimating the dependence on particle 
size and atmospheric density, p, of the minimum or 
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Threshold velocity for dust mobility on Mars as a function of 
particle radius, for two choices of total surface pressure. 


Fig. 1. 


“threshold” stress, Si. that must be exerted by surface 
winds to set grains in motion. Instead of S4. it is usual 
to introduce Vet defined by Se= p Fage Following the 
classic procedure outlined by Bagnold’, Ryan’ caleulated 
V,. for Martian conditions, but for higher surface pres- 
sures than are currently indicated. Fig. | shows a re- 
ealeulation of Vy. as a function of particle radius for 
pressures believed to be representative of highland and 
lowland areas on Mars’, An important feature of the 
curves is the minimum threshold veloeity near 200 
microns radius. Usually all particles with Vy: below the 
local meteorological value of V, will be set into motion. 
For any grain motion to oceur, Vy, must, evidently, 
exceed (Vyt) min. the lowest value of F: for any particle 
size. 

We see from Fig. | that, for all particle sizes, Vy, is 
larger in the highlands than in the lowlands. The density 
dependence of (Vyilmin is particularly interesting. A 
comparison of the two curves of Fig, 1 with each other 
and with Ryan’s calculations at high | pressures shows that 
(Vetmia p. This can also be derived analytically’. 
Tt is highly unlikely that the dependence of Vy on p will 
exactly offset the apinan of (Vyijmin on p, so the 
existence of sizable elevation differences on Mars implies 
that dust is more easily raised at some locales than at 
others. If some of the dust can be carried sizable distances, 
so that there is effective exchange of material between 
highlands and lowlands, particle size segregation and a 
consequent contrast difference will be established; the 
smaller particles will tend to be brighter (see, for example, 
ref, 22). We can thus understand the existence of bright. 
and dark areas on Mars without invoking differences in 
chemical composition. 

Rather large values of the wind velocity are required 
to produce duet storms on Mars. If we assume that. 
conditions of neutral stability hold throughout the fric- 
tional boundary layer, then? we find that wind velocities 
in excess of 300 km h above the boundary layer are 
required to initiate grain movement for a surface pressure 
of 10 mbar. But the lower atmosphere of Mars is highly 
unstable during the day!®"!, so milder winds than indi- 
cated are required to start dust movement, Expected 
uncertainties® in (Vgt)min are factors of two or three. 
Also theoretical calculations indicate average wind speeds 
of about 100 km h~, again with an uncertainty of a factor 
of two or three, and gust velocities may be considerably 
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larger, Tt is interesting that ‘transverse velocities 
~ 100 km h or higher of large dust clouds on Mars have 
been reported by de Vaucouleurs (ref. 14, and a symposium 
on the surface of Mars, New. York. 1967). Thus large 
seale winds may indeed be capable of producing Martian 
dust storms, but V, will not then greatly exceed (Vy 
We assume that, characteristically, 
during a dust storm. 

Owen (quoted in ref. 15) and Neubauer! have drawn 
attention to the part that dust devils may play in raising 
dust on Mars. Typically. these small scale disturbances 
are generated when the surface temperature greatly 
exceeds the mean air temperature, as occurs on Mars!!'5, 
Contrary to Neubauer’s claim, large scale winds do not 
induce high vortex velocities hin a dust devil. Indeed, 
intense large scale winds inhibit the formation of di 
devils'778, The high velocities attained inside dust devils 
(on the Earth, speeds of 100 km h-! have been measured) 
are due to angular momenturn conservation as air spirals 
from exterior to interior, It is not clear that dust devils 
will be important on Mars~-the large scale wind velocities 
may always be too great for them to form. And if the air 
is too unstable, as it may be on Mars. spontaneous con- 
veetion currents may arise m many locales, preventing the 
formation of dust devils. Tf dust devils are frequent on 
Mars, V, may greatly exceed (Vy0min and very large 
vertical velocities may occur within them. 

There are three types of transport’ once motion has 

begun: suspension, saltation and creep. Once small 
particles are lifted off the ground, eddy currents are able 
to carry them to considerable heights: in the absence of 
further turbulent support such particles fall out according 
to the Stekes-Cunningham equation and. until they reach 
the surface. are described as suspended. Particles of 
intermediate size are lifted by winds to only modest 
heights, along modified ballistic trajectories, and quickly 
return to the ground; this motion is called saltation. 
Finally, larger particles may be moved. not by the winel 
itself. but by momentum exchange with saltating grains; 
these particles never leave the ground but “ereep™ slowly 
in the direction of the wind. Saltating particles may also 
exchange momentum with smaller grains, lifting them 
into suspension. Only those dust grains put mto suspen- 
sion can be exchanged between major topographical areas, 
in timescales of the order of a year or less. 

Suspension occurs for particles with radii less than 
some critical value, as. as gravity is a volume force and 
aerodynamic lift a surface force. When the vertical winds 
are predominantly upward. as within a dust devil, we 
expect that as ean be obtained from an exact equality 
between the vertical wind velocity and the terminal 
velocity. For dust devils, the vertical wind velocities are 
comparable to the horizontal wind velocities. When we 
use a logarithmic velocity profile to relate Fẹ to the 
velocities near the top of a particle's trajectory*®, we find 
for all values of Vy that as significantly exceeds the largest 
particles that can be set into motion. Thus a dust ¢ 
Initially puts all particles that it moves into suspension. 
This result should be insensitive to the choice of velocity 
profile. 

To estimate as for Mars in the case of motion. caused by 
large scale winds, we take the ratio of the terminal 
velocity to the critical vertical velocity near apapsis to be 
constant and assume that the latter scales as Fa. Thus 
ax (Faj where Bagnold’s laboratory)? results are 
used to define the proportionality constant. When Vy. = 
15 (Vyt)min. this implies ds x 125 microns at the 10 mbar 
pressure level on Mars, and only slightly different results 
at other pressure levels. 

This value for as provides a lower bound on the grain 
sizes participating in saltation. An upper bound is given 
by the condition Wyre Vy. For large scale winds, 
subject to the constraint Vy=1-5 (Vyto min an upper 
bound of about 550 microns at the 10 mbar level i 
obtained on the size of saltating particles. No saltating 
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particles are expected in dust devils. If V, greatly 
exceeds (V1) min for dust devils, then particles ranging in 
size from microns to centimetres could be put into suspen- 
sion. Creep oecurs only when saltating particles are 
present, and for particlés with a maximum size about six 
times that of the saltating grain’. 

How far will grains put into suspension on Mars travel 
before returning to the ground ? As a first approximation 
we assume that particles initially lifted to half a seale 





height, or 5 km, remain airborne for a time determined by 
their terminal velocities. Their lateral motion then equals 


their fallout time multiplied by the mean windspeed, here 
taken to be 50 km h>. We find 5. 75, and 500 micron 
particles travel 6,500 km, 50 km and 1 km respectively. 
Thermal convection leads to sizable vertical wind 
velocities throughout the daytime troposphere, velocities 
comparable with the terminal velocity of a 300 micron 
particle?®, No such winds are predicted for night-time. 
Particles with 100 micron radii will therefore travel greater 
distances than caleulated, while much smaller particles 
remain unaffected, because their lifetimes are longer than 
12 h; particles much larger are unaffected by thermal 
convection. We infer that all particles put into suspen- 
sim by large seale winds will travel distances comparable 
with those between br ight and dark areas, while only those 
particles with radii less than 200 or 300 microns. put into 
suspension by dust devils, will travel far from the dust 
devil. In both cases, locales characterized by frequent 
dust storms will be denuded of their smaller particles. and 
so wil appear dark. 

We now attempt to correlate dust storm frequency with 
elevation. We have already found that (Vai) min & p77". 
We now inquire mto the ¢-dependence of Vy. assuming, 
for convenience, Vœ o. To first order, for dust devils, 
n=O; dark and bright areas on Mars have very 
similar peak surface ternperatures** and hence similar 
temperature discontinuities between surface and air. 
In this case, dust is less easily raised in highlands. and 
dark areas should be lowlands. For large scale winds. 
the equation of mass continuity implies n = 1, and therefore 
that dark areas are highlands. While the analysis seems 
to imply that dark areas are highlands if dust is raised 
by large scale winds and lowlands if by dust devils, more 
detailed analyses are certainly w arranted. For example, 
because windward sides of elevations are less sheltered 
than leeward sides. there may be a tendency for windward 
sides to be darker’. 

In any season we expect an equilibrium between the 
mass flux of small particles exchanged between bright and 
dark areas such that the relative concentration of small 
particles (and hence contrast differences) varies inversely 
with the relative frequency of dust storms in the two 
locales. Because of seasonal variations in the wind 
patterns and in temperature discontinuities between 
surface and atmosphere, the absolute and relative fre- 
quencies of dust storms should also vary seasonally, 
leading to a darkening cycle with the seasons. The time of 
greatest relative dust storm frequency (although not 
necessarily of greatest absolute frequeney) will be the time 
of maximum darkening. To deal with relative frequencies 
we need a crude knowledge of the Fy distribution funetion. 
Because we lack this for dust devils, Ww e can make no predic- 
tions on the time of maximum darkening for grains raised 
by dust devils. For large scale winds, theoretical caleula- 
tions show velocities to be about a factor of three larger in 
winter than in summer®®. We assume a Gaussian distri- 
bution of wind velocities, and expect (Vyumin during 
summer to correspond to a position on the high velocity 
tail of the velocity distribution function. On this basis. 
sample calculations® indicate that the relative frequency 
of dust storms and hence the seasonal darkening should 
reach a maximum during the beginning of the summer. 
in agreement with observations. 

We now compare our windblown 
observations. 
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) According to the model, the bright areas are com- 
T chiefly of small, exchanges able dust. grains, and. so 
yellow clouds should have a marked photometric resemb- 
lance to the bright areas. This is the case? (2) Photo- 
metric, polarimetric and thermal inertia data all indicate 
that the dark areas are composed a a powdered material 
just as are the bright areas*®**?, (3) It is evident that 

the deposition of fine dust cloud material will br ighten an 
area. Our model shows that the removal of small particles 
by a dust storm can darken an area, especially if it is 
already a dark area, or desert region close to a dark area. 
There is almost direct photographic and photometric: 
evidence for this". (4) We have seen that particles 
of radit less than about 100 microns will be exchanged 
between bright and dark areas when large seale winds are 
the mechanism for dust raising; and less than about 250 
mierons for dust devils. Bright areas will consist primarily 
of such particles and so should be characterized by a mean 
particle size caleulated to be some tens of microns. Both 
photometric and thermal inertia analyses again indicate 
particle sizes in agreement with this prediction”, Simi- 
larly. we expect that outside seasonal darkening, the mean 
particle size of dark areas will be determined by a mixture 
of exchangeable and suspendable, non-exchangeable 
suspendable, and saltating particles (particle sizes of 
about. 100 to 400 microns). Photometric analysis again 
indicates such sizes outside of and during darkening, with 
the exact numerical results in better agre ement with the 
predictions for large seale winds than for dust devils 
Particle sizes inferred from thermal inertias for several 
dark areas are in agreement with the photometric 
results, (5) There will be an upper bound to the 
contrast that dark areas can achieve; it oceurs when 
all the exchangeable particles are removed. Such 
a phenomenon is indicated in a histogram presented 
by Foeas*? of the maximum ae of darkening for the 
centres of various dark area This diagram indica a 
lower bound of 0-43 on the r ratio of the brightness of the 
dark areas at 5800 A to that of reference bright areas. Be- 
cause the two intervals closest to 0-43 have the largest 
populations, we infer that this bound is real and not the 
result of unfavourable statistics. This limit corresponds? to 
an average particle size of about 300-350 microns, in agree- 
ment with our predictions. (6) The model emphasizes 
particle size modulation rather than chemical change as 
the cause of seasonal darkening. Analysis of the polari- 
metrice changes that occur during darkening supports this 
view?! (7) Ifa bright area initially contains a significant 
number of non-exchangeable particles, then it can be 
expected to brighten at the same time that adjacent dark 

areas darken; it will receive the smaller particles lifted 
off the dark areas. This prediction is unique to the wind- 
blown dust model of seasonal changes, and would be 
difficult to understand in a biological model. We expect 
that the southern hemisphere bright areas, where there 
are many adjacent dark areas, would be more likely to 
show this effect. Fig. 2 shows confirmatory photographic 
evidence. The Hellas-Eridania area, at top left, has a 
lower albedo than the bright area to its right and bottom. 
The photograph at right displays the seasonal darkening. 
Here, Hellas has an albedo comparable with the reference 
bright areas. Photographs from the Lowell Observatory 

Documentation Center contirm these results. and there are 
similar photographs for the 1954, 1956 and 1958 oppo- 
sitions", Elsewhere? we have argued that the particular 
instances of brightening cited are not the result. of the 
presence of either clouds or frost deposit. 

The windblown dust model can also explain the raicl 
regeneration of dark areas temporarily covered by bright 
material; winds would quickly return the fine powder 
back into suspension®**. Secular changes in the configura- 
tion of bright and dark areas can be understood in terms 
of shifting wind patterns; the areas most susceptible to 
these irregular modulations seem to have the smallest 
extents and apparently the shallowest slopes®. Certain 
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Fig. 2. 


Seasonal brightening of the Hellas-Eridania region, 


properties of the Martian canals can also be understood 
within the context of this theory**. The success of wind- 
blown dust models does not, of course, argue against life 
on Mars. 

This research was supported by grants from the US 
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New Theory of Mid-latitude Sporadic E 


by 
DAVID LAYZER 


Harvard College Observatory, 
Cambridge, Massachusetts 


ROCKET-BASED measurements of electron density have 
shown that sporadic E reflexions are caused mainly by 
verdense layers of ionization extending for horizontal 
distances of several hundred kilometres?. Layers that he 
above about 115 km are usually several kilometres thick 
and have rounded profiles. Below 115 km narrow steep- 
sided layers, often with complex internal structure, are 
regularly observed. 

Measurements of ion composition by rocket-mounted 
mass spectrometers have shown that narrow overdense 
layers below 115 km consist mainly of long lived metal 













Unified explanations have been derived for the main statistical and 
structural characteristics of sporadic E. 


ions?*. These observations point to vertical recistribu- 
tion of neutral ionization as causing layer formation. 
Neglecting production and loss processes and the effects 
of diffusion, all of which are likely to be unimportant 
during the formation of a narrow layer composed mainly 
of metal ions, we may write for the electron density 
N (zd): 





aN ð r 
sone fuele EN] = 0 (1) 
zt z, [el AN] 2 
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The vertical drift velocity of neutral ionization, w, is 
given by* 


(2) 


where V denotes the neutral-wind velocity and wp is a 
term arising from the electric polarization field. Because 
the polarization field varies slowly with height, the same 
must be true of wp. The coefficient a depends on the 
Earth’s magnetic field and on the ratio between the colli- 
sion frequency and the gyrofrequency of the long lived 
ions. 

Equation 1 shows that ionization tends to accumulate 
in regions where dw/dz <0. Whitehead’ pointed out that 
appropriate vertical gradients of the horizontal wind Va 
could produce convergent ionization drifts and that an, 
the coefficient of Va, is proportional to the horizontal 
component of the Earth’s magnetic field. The observed 
positive correlation. between intense sporadic E and the 
magnitude of the horizontal component of the Earth's 
magnetic field seemed to argue strongly in favour of the 
hypothesis that wind-shear is the primary cause of narrow 
overdense layers. 

Broad peaks and valleys in the electron-density profile, 
especially above 115 km, tend to be associated with 
features in the horizontal-wind profile in the manner 
predicted by the wind-shear theory. On the other hand, 
narrow overdense layers below 115 km are not strongly 
associated with favourable wind-shears. They are. how- 
ever, strongly correlated with “corners” in the horizontal- 
wind hodograph*?. These features mark layers, often 
less than 100 m in width, where the vertical gradient of 
the horizontal wind, dV;,/dz, undergoes an abrupt change 
in either magnitude or direction. 

I have argued? that these changes are accompanied by 
abrupt changes of temperature, density and the vertical 
component V: of the neutral wind. Because the coefficient 
a in equation 2 depends on temperature and density, the 
vertical drift velocity of neutral ionization will also under- 
go an abrupt change given approximately by 


w=aV+wy 


Aw= (Aan) Vrt asANV: (3) 


The magnitude of Aw was estimated’ to be of the order of 
l m/s and to occur over a vertical distance Az<0-1 km. 
In contrast, a favourable wind-shear of moderate magni- 
tude occurring over a vertical distance of a few km could 
give rise to a value of several m/s for Aw. Thus regions 
of favourable wind-shear collect: neutral ionization at a 
greater rate than corners, but corners are capable of 
producing higher peak densities (the mean density of a 
layer made up of long-lived ions is (Aw/Az)t), These 
considerations suggest that long lived ions are swept up 
by regions of favourable wind-shear (which, along with 
other features of the horizontal-wind profile, are known 
to have systematic downward phase velocities at heights 
above about 100 km (my unpublished result with J. F. 
Bedinger, E. Constantinides)), and then concentrated 
into narrow layers at corners where (a) Aw/Az <0 and 
(b) w changes sign. 

This hypothesis requires that corners represent stable 
and persistent features of the horizontal-wind profile. At 
first sight such a requirement may seem physically un- 
reasonable, for it has been widely held that the small 
scale structure of the horizontal-wind profile? indicates 
random movements resulting from the superpositioning 
of many oscillatory motions, each in tùrn associated with 
a specific mode of atmospheric wave propagation”. If 
this view were correct, corners would be transient and 
short lived. It has been shown, however, that the wind 
system is so strongly non-linear in the height range under 
consideration that it cannot be resolved, even in a first 
approximation, into distinct modes. Rather, the phases 
df the individual Fourier component of the velocity field 
are locked together to form a single coherent (though 
non-perindic) oscillation in which the thin layers marked 
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by corners in the horizontal-wind hodograph seem to 
play a part; similar to that of shock fronts in steady eom- 
pressible flows?*. 


Vertical Structure of an Overdense Layer 


Let us suppose that at a given corner of the horizontal- 
wind hodograph the drift-velocity profile has a kink of 
the form illustrated in Fig. 1 (w constant above and below 
an interval Az and monotonically decreasing insido this 
interval), with Awx -1 m/s and Az x01 km, We may 
assume that there exists a moving frame of reference in 
which the drift-velocity profile is approximately stationary 
in the neighbourhood of. the kink. The characteristic 
equations associated with the linear partial differential 
equation 1 are then separable and can be integrated 
explicitly. The solution of (1) is 


ry Ai, 
N(zt)= wiz t)] N (2,0) (4) 
uz) 
where 
cap oh (5) 
z wz) 


The character of the solution depends chiefly on whether 
w changes sign in the interval Az. If it does (ease a), 


ionization flows into the region of the kink from bòtho co 


above and below. If the initial electron-density profile 
is flat and the drift-velocity profile is linear within Az, 
the peak density grows exponentially and the total quan- 
tity of ionization in the layer grows linearly with time. 
If w does not change sign (case b), ionization flows through 
the region of the kink, The width of the overdense layer 
then increases linearly with time while its height remains 
fixed. 

A kink in the drift-velocity profile can give rise to a 
highly overdense layer only if the mean value of wiz), 
reckoned in a frame of reference moving with the profile, 
is sufficiently small for a sufficiently long period of time. 
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Fig. 1. Development of electron-density profile at a corner, 
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The density of ionization increases rapidly only during 
intervals when w changes sign in the layer; during 
intervals when w does not change sign the layer increases 
in breadth but not in height. Long lived ions that have 
been collected over a considerable period of time into a 
comparatively broad layer can, however, be redistributed 
relatively quickly into an extremely thin layer of high 
density. Thus if ionization flows into a layer from above, 
say. at the rate of 1 m/s and is trapped there, the contents 
of an overlying region 3-6 km thick will be concentrated 
into a layer 100 m or so thick in the space of an hour. 
The lower edge of the resulting layer will be very sharp. 

These considerations explain why narrow overdense 
layers are regularly characterized by two distinet vertical 
scales; one, typically of the order of 1-3 km, associated 
with the width of the layer; the other, typically of the 
order of 100 m or less, associated with density gradients 
at one or both edges and with fine structure in the layer. 

A pair of closely spaced kinks® in the ionization-drift 
profile constitutes an especially effective ton trap because 
the magnitude of Aw is effectively doubled. Moreover, 
pairs of closely spaced corners are common features of 
horizontal-wind hodographs. Thus it is easy to under- 
stand why exceptionally intense double-peaked layers 
occur so frequently. 








Horizontal Structure and Temporal Variations of 
Overdense Layers 
Because the magnitude of Aw is of the same order as or 
smaller than the magnitude of temporal variations in w 
itself, the line w= 0 may be expected to drift back and forth 
across the profile w(z). Thus at certain periods during 
the formation of an intense layer the ionization that it 








has collected will be spread over a relatively wide region. 


while at other periods it will be concentrated into a narrow 
steep-sided layer. Because the width of the kink is so 
small (100 m or less), large changes in the electron density 
and its gradient may be expected to occur in times of the 
order of 10° s. 

The horizontal seale of a typical layer should be com- 
parable with the horizontal seale of the wind system 
(incliding small scale vertical structure), which J. F. 
Bedinger has estimated (unpublished work} to be of the 
order of a few hundred kilometres. As ionization collects 
in the layer its mean density increases monotonically. 
but the width of the layer (and so its peak density) 
fluctuates. At a given location there may be short inter- 
vals during which the thiekness of the layer approaches its 
minimum value (a fraction of a kilometre). During these 
intervals extremely high peak densities and density 
gradients will prevail over horizontal distances of the 
order of 10 km. Thus the layer will exhibit a patchy 
structure, individual patches having lifetimes of the order 
of 10°s. This picture accords qualitatively with ionosonde 
observations of sporadic E. In particular, the observation 
that most sporadic E layers are partially transparent 
indicates that they bave a patchy structure in which the 
overdense patches have dimensions of the order of 5 km 
or amore! Continuous ionosonde records also give evid- 
ence of considerable temporal variability with scales as 
short as a few minutes!. 


Sporadic E and Wind-shear 

According to my hypothesis, two separate conditions 
must be met if a narrow overdense layer is to be formed. 
First. the ionization-drift profile must have a kink of the 
form illustrated in Fig. 1. Second, the ionization-drift 
velocity, as viewed in a frame moving with the drift- 
velocity profile, must remain numerically small while the 
layer is being formed. Equation 2 shows that the ioniza- 
tion-drift velocity is the sum of two distinct contributions, 
the first a linear function of the neutral-wind velocity, 
the second a function of the electric polarization field. 
Both contributions have typical values of the order of a 
few metres per second. Because they vary more or less 
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independently, it is unlikely that their resultant will 
remain small over a period of 10%-104 s unless the two 
contributions are individually small. I conclude that 
the formation of a narrow overdense layer requires the 
following approximate inequalities to be satisfied during 
the formation of the layer 








la Vi Zi m/s, wy Z I m/s (6) 

These predictions are confirmed by the series of nearly 
simultaneous electron-density and horizontal-wind meas- 
urements cited earlier! ?, 

The association between narrow overdense layers and 
nodes of the ionization-drift profile, and the absence of 
g correlation between overdense layers and the sign 

lt, have been noted’, Further, an ionization profile 
showing an exceptionally large number of exceptionally 
dense layers has been associated with exceptionally small- 
wind shears in the region where the layers occur®. These 
observations are diffieult to account for by the wind-shear 
hypothesis, which predicts that (a) overdense layers should 
form only in regions where dw/dz<0, (b) intense layers 
should be associated with large values of w and hence with 
large wind-shears. and (c) layers need not oceur at or 
near the nodes of the function a V (ref. 13), 











Seasonal and Diurnal Variations of Intense Sporadic E 

Horizontal-wind profiles derived from photographs of 
artificial vapour trails show no significant seasonal varia- 
tions in the structure of the horizontal-wind system. below 
120 km. Because only night-time winds have been 
measured up to now, the possibility that significant diurnal 
variations are present cannot be ruled out, though such 
variations seem to be absent at night. On the other hand, 
there are physical grounds for expecting significant 
seasonal and diurnal variations of the electric polarization 
field. and these variations have the correct qualitative 
characteristics to account for the seasonal and diurnal 
variations in the incidence of intense sporadic E. 

Farley and others have shown that in appropriate con- 
ditions the integrated electric fields produced in one hemi- 
sphere are efficiently transferred along the Earth's mag- 
netie field to conjugate regions in the opposite hemisphere. 
Because the phenomenon depends on the high electrical 
conductivity along magnetic field lines, the contributions 
to the electric polarization field in a given hemisphere from 
winds in the opposite hemisphere are presumably greatest 
when the eleetrical conductivity is highest in the regions 
where these winds blow. Because the electrical conductiv- 
ity is determined by the zenith angle of the Sun, the largest 
contributions to the polarization field from winds in the 
opposite hemisphere may be expected to occur in winter 
(when it is summer in the opposite hemisphere) and around 
midday (when the Sun is highest in the opposite hemi- 
sphere). We have seen that polarization fields inhibrt 
the formation of overdense layers. It follows that intense 
sporadic E layers are most likely to be formed during 
the summer months and during those daylight hours when 
the Suan is below the horizon or low in the sky in the oppo- 
site hemisphere. These expectations agree with the 
observed statistical properties of intense sporadic E. 




















Intense Sporadic E and Magnetic Activity 

The observed negative correlation can be explained in 
much the same way as the seasonal and diurnal variations. 
Several authors!®® have pointed out that plasma clouds 
impinging on the Earth’s magnetosphere may be exy ted 
to produce strong electrostatic fields at great heights. 
These will be transferred along magnetic field lines into 
the dynamo region where they would tend to inhibit 
the formation of overdense layers. This effect may be 
expected to be stronger at high than at low magnetic 
latitudes because the magnetic field extends to greater 
distances at higher latitudes. Indeed, the negative 
correlation between intense sporadic E and magnetic 
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activity is found to diminish with decrea: 
latitude and to vanish around 30°. 

I thank Dr E. K. Smith for informative discussions; 
also Dr L. G. Smith. Mr J. F. Bediger and Dr E. Constan- 
tinides for allowing me to cite as yet unpublished experi- 
mental results and. caleulations, 
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Periodic Intensity Fluctuations in Pulsars 


by 
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G. R. HUGUENIN $ 


University of Massachusetts, 
Amherst, Massachusetts 


pulsars. 


RADIO emissions from pulsars have intensity variations 
with timescales ranging from milliseconds to days. For 
the most part, the fluctuations seem to be x andom, but 
there is evidence that at least two pulsars, CP 1919421 
and AP 2015+28, have a periodic sub-pulse structure 
which causes 
the main pulses through a beating phenomenon'*. Here 
we show that the pulse-to-pulse intensity fluctuations of 
AP 0823+26 and CP 0834+06 contain strong periodie 
components. Although the evidence is not so conclusive, 
it also seems that the intensities of CP 0329454. CP 
0808474, and PSR 2218+47 show periodic or quasi- 
a qualities. The phenomena may be related to the 
aub-pulse periodicities reported for CP 1919+21 and 
AP 2015+28, but they are much stronger effects and 
could be something altogether different. 








Observations and Analysis 

We hav stigated the spectra of the intensity 
fluctuations of eight pulsars, looking especially for any 
regularities or periodicities with timescales greater than 
the pulsation periods but less than about 1 min. The 
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160 


if 


a periodic modulation of the intensities of 


Eight pulsars have been searched for signs of periodic modulation of 
the pulse amplitudes, such as has already been reported for two 
Five more examples of this phenomenon have been found. 


at the US National Radio Astronomy Observatory, mostly 
during January and P 1969. The receiving teeh- 
nique has been deseribed already*^ Briefly, the r 
was a multi-channel dynamic spectrometer, and signal 
intensities were recorded on photographic film as a fene- 
tion of both frequency and time. The spectrometer could 
measure the signal power in fifty adjacent frequency 
bands, each ©] MHz in width: or in forty adjacent 
bands, each 1-0 MHz in width. The multi-channel pro- 
perties of the receiver w used to remove the effeets of 
dispersion from the pulsar signals, The result was to 
provide an effective receiving bandwidth equal to the 
total width of the band analysed by the spectrometer, 
that is, 6 MHz or 40 MHz, but with dispersive effect 
reduced to the amount observed in only one of the fori 
or fifty receiver channels. 

Each source was observed at frequencies of 112, 145, 
160, 234, 327 and 400 MHz. A typical record of pulse 
from CP 0808+74 at 160 MHz is shown in Fig. 1, The 
variations of pulse intensity with frequency over the 
range 157-5 to 162-5 MHz are real and are of considerable 
interest and are discussed fully in two other papers’ 
Here we are concerned only with the variations of pulse 
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Fig. t. Puls 


separated by 10s. 


ses from CP OS08 +74 at 160 MHz with the fitty-channel dynamic spectrometer. 
The record begins at approximately 084540 UT on February 13, 1969. 


Timing marks along the top of the regord are 
Time reads left to right. 
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intensity with time. Quantitative information was 
obtained from the films by assigning an amplitude value 
of 0, L or 2 to each expected pulse position. Thus a strong 
pulse was assigned to level 2, a missing pulse was called 
level 0, and intermediate intensities were called level 1. 
Although this quantizing system is rather coarse, there is 
a neghgible loss of information on the spectrum of the 
intensity fluctuations. 

Fluctuation spectra were derived from the sequences 
of numbers representing the pulse intensities by first 
subtracting the mean pulse intensity, and then computing 
the squares of the magnitude of the discrete Fourier 
transform of the sequence. Generally sixty-four points 
were transformed at one time; thus the resulting fluctua- 
tion spectra contain thirty-two power coefficients which 


correspond to power densities at frequencies up to one-half 


the pulse repetition frequency. The highest frequency in 
one of the fluctuation spectra corresponds to a phenomenon 
varying with a period equal to two pulse periods, and the 
lowest frequency corresponds to a period of sixty-four 
pulse periods. 

Table 1 lists the eight pulsars for which fluctuation 
spectra have been obtained, and, for each source, the 


fundamental pulsation period and the total number of 


pulses included in our analysis: The computed fluctuation 
spectra are shown in Fig. 2, where all of the data available 
on a given source have Deen ave eraged together. Fre- 
quencies are given in units of cycles per pulse period: 
these values may be converted to Hz by dividing by the 
pulsation period in seconds. 


Table 1. SUMMARY OF DATA ON EIGHT PULSARS 


Frequency 
of significant 
Period No, of feature in 
Source (s) pulses analysed — fluctuation 
spectrum 
(Hz) 
CP 0329+ 54 714519 0-16 
CP 0808 +74 1-292241 0-067 
AP 0823+26 053062 0-34 
CP 0834+ 06 1-273763 0-363 
CP 1133+16 1-187911 coer 
HP 1507+55 0739678 =E 
CP 1919+21 1-337301 — 
PSR 2218 +47 0-538461 0-32 





Usually the spectra consist of a strong low-frequency 
component, a weaker and relatively flat component 
extending up to the cut-off, or Nyquist frequency, and, 
in some cases, a significant narrow-band feature. The 
low-frequency spect ‘ral component corresponds to rela- 
tively slow intensity fluctuations, that is, those taking 
place over, say, twenty or more pulse periods. This 
component is particularly strong for CP 1919+ 21, which 
at these frequencies has a strong tendency to wax and 
wane with timescales of the order of 1 min. The flat 
portions of the fluctuation spectra correspond to rapid 
but random pulse intensity fluctuations; this component 
is relatively strong for sources like PSR 2218+47 which 
have very large pulse-to-pulse amplitude variations. 

Tt is the narrow-band features in the fluctuation spectra 
which we shall be concerned with here. The best example 
is the spectrum of CP 0834 +06 which, as shown in Fig. 2, 
has a strong narrow feature at a frequency of 0-363 Hz. 
The feature implies that the pulses are being modulated 
by an envelope whose period is 2-16 pulse periods. There 
is no doubt that the phenomenon is real, for it has been 
observed independently in many different sets of data, 
taken on different days and at different observing fre- 
quencies. AP 0823+ 26 shows a similar narrow spectral 
feature, in this case at a frequency of 0-34 Hz, which 
corresponds to modulation with a period of about 5-5 
pulse periods. 

Possibly significant features have also been observed 
in the fluctuation spectra of CP 0329+ 54, CP 0808+ 74 
and PSR 2218+47. These are marked by upward- 
pointing arrows in Fig. 2. In each case, the designated 
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Fig. 2. Mean spectra cf the pulse-to-pulse intensity fluctuations of 
eig pulsars. Frequencies are given in cycles per pulse period, and 


z be converted to Hz by dividing by the period in seconds. Significant 
features in the spectra are marked by upward-pointing arrows. The 
downward-peinting arrow marks the ‘frequency of a feature observed 
in the fluctuation spectrum of CP 1919+21 by Lovelace and Craft’. 


feature has been observed independently in several dif- 
ferent samples of data. We therefore believe that the 
features are real and related to phenomena inherent in 
the pulsars themselves. The approximate frequencies of 
these features and those for AP 0823+26 and CP 
0834+ 06 have been tabulated in column 4 of Table 1 

We have not observed a significant feature in the 
fluctuation spectrum of CP 1919421, but this result is 
not necessarily in conflict with data published by Lovelace 
and Craft? showing a spectral feature at a frequency of 
0-17 Hz (marked by a downward-pointing arrow in Fig. 
2). Our spectrum is based on a smaller sample of pulse 
intensities, 1,844 pulses compared with 6,144, and the 
magnitude of the effect reported would be scarcely visible 
on the linear scale of Fig. 2. 

For CP 0834 + 06, at least, the modulation phenomenon 
is considerably weaker at higher observing frequencies. 
Fig. 3 shows the data on the fluctuation spectrum of this 
source separated according to observing frequency. The 
spectral feature at 0-363 Hz is prominent at each of the 
frequencies 112, 145 and 160 MHz, but is very much 
weaker in the composite curve made from data taken at 
234, 327 and 400 MHz. 
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Fig. 3. Spectra of the intensity fluctuations of CP 0834 + 06, computed 
from data taken at (a) 112 MHz, (b) 145 MHz, (c) 160 MHz, and (d) 234, 


327 and 400 MHz, Frequeney scales are given in Hz at the bottom of 
the figure and in cycles per pulse period at the top. 





Discussion 


Because we have sampled only one value of received 
intensity per pulse period, our computed fluctuation 
spectra are heavily aliased. Thus, if we observe a spectral 
feature at a frequency fons. it might imply the existence 
of a physical periodie phenomenon of frequency fons; 
however, it might equally well be caused by a periodic 
phenomenon at any of the frequencies defined by 


ta = 2n fe + fovs, n = 1, 2,3,... (1) 


Origin of the Genetic Code 


by 
JAMES C. LACEY, jun.* 
KENNETH M. PRUITT 


Laboratory of Molecular Biology, 
University of Alabama in Birmingham, 
Birmingham, Alabama 35233 


Tue consistent relationship between nucleic acids and 
amino-acids, the genetic code, seems to be the same for all 
life forms. What was the molecular basis of its origin ? 
One of several possibilities is that the evolution of the code 
was a result of specific interactions between polypeptides 
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where f,=(2P)! is the cut-off, or Nyquist frequency, 
and P is the sampling interval, in this case the pulse 
period. For CP 0834+ 06, the observed spectral feature 
at 0-363 Hz might imply a modulation mechanism which 
has an intrinsic frequency of 0-363 Hz, or it might equally 
well be the result of a mechanism with a frequeney of, 
say, 78-871 Hz, the alias of 0-363 Hz corresponding to 
n=100 in equation (1). In the latter case, one might 
expect to see periodic sub-pulse structure for CP 0834+ 06 
similar to that reported! for CP 1919+21 and AP 
2015+28. Sub-pulse structure has ind been re- 
ported®-* for this source, though there is no independent 
evidence that it is periodic in nature. 

The narrow spectral features shown in Figs. 2 and 3 
are not infinitesimally narrow. In each case, and par- 
ticularly for the sources CP 03294 54 and AP 0823 + 26, 
the widths are larger than the effective instrumental 
bandwidth of about 0-03 cycles per pulse period. + Thus 
the phenomenon causing the observed modulation might 
best be deseribed as an oscillator with low Q. 

It seems that we are witnessing a modulation of one 
periodic phenomenon, the pulsations, by another un- 
specified one. Because the periods are incommensurate, 
one may infer that the physical coupling between the two 
mechanisms must be weak. Drake and Craft? have 
suggested that fast pulsation of a neutron star together 
with a slower rotation might explain their observations 
of CP 1919+21 and AP 2015+28. Alternatively, 
Bertotti, Cavaliere and Pacini? suggest that oscillations 
of a circumpulsar plasma about its equilibrium position 
might account for the effect. The latter hypothesis is 
given some support from the observed facts that (a) the 
effective Q of the oscillator causing the modulation is 
rather low, and (6) the effect of the modulation mechanism 
is reduced at higher frequencies. 

We thank W. Brundage of NRAO and C. Hein and G. 
Orsten of the University of Massachusetts for assistance 
with the observations and analysis. This work was 
supported financially by the US National Science Founda- 
tion. 
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A molecular model of the interaction between mononucleotides 
and polyamino-acids predicts the glycine codon GGG, and suggests 
RNA evolved before DNA. 


and mononucleotides. Here we report experiments 
done to test this hypothesis and desertbe the molecular 
models we have built which show that stereospecific 
interactions are possible between a helical polypeptide 
and a complementary helix of associated mononucleotides 
in the ratio of three nucleotides to one amino-acid residue. 
The model predicts the correct glycine codon, 
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Since Watson and Crick’s! elucidation of the structure 
of DNA, there has been much speculation (based on 
interactions between nucleotides and amino-acids) about 
the origin of the code. There is, however, nothing in the 
mechanisms of operation of present day biological systems 
to suggest that such interactions are gnificant. But these 
interactions may have been important in the prebiotic 
era, if not now®. On the basis of data which show that 
there is a preferential interaction between guanylic acid 
and poly-L-arginine, Woese has speculated that prebiatic 
interactions of polybasie amino-acids and mononucleotides 
might have provided a rudimentary, primaeval translation 
system. Preferential binding of nucleotides to poly-L- 
lysine has also been reported’. 
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Fig. 1. Changes in relative turbidity of solutions of poly-L-lysine 


(100,000 molecular weight) as solutions of 5’mononucleotides, mono- 
nucleosi or potassium phosphate were added at pH &8-0- a 0. Initial 
poly-L-lysine concentration 1x 10 molar (lysine residue basis). Brice- 
Phoenix model 2000 light scattering photometer used and at 25° C. 
Legend shows symbols for duplicate samples of each additive. Numbers 
at top of GMP, AMP and CMP curves are extreme turbiditv values 
reached, All turbidity values were corrected for dilution and for solvent. 
scattering. 





We decided to study interactions between polyamino- 
acids and mononucleotides because results from many 
laboratories had shown that amino-acid polymers are 
more easily formed than nucleotide polymers in conditions 
simulating the prebiotic environment. Thus it seems 
reasonable to assume that protein-like polymers preceded 
nucleic acids in molecular evolution. Jn our early experi- 
ments, we tried to find ways of enhancing and directing 
the polymerization of mononucleotides. We had hoped 
to influence nucleotide polymerization by mixing mono- 
nucleotides with polyamino-acids and exposing the 
system to dehydrating conditions. These experiments 
were not successful, but we found that turbidity frequently 
developed when solutions of mononucleotides were mixed 
with poly-L-lysine solutions; this led us to the experi- 
mental studies reported here. 

A light scattering a ee was used to follow the 
development of tur bidity. Experiments were carried out 
at low ionic strength in order to maximize ionice inter- 
actions between the mononucleotides and poly-L-lysine. 
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The results showed that addition of mononucleotides 
except uridylic acid (UMP) to poly-L-lysine (molecular 
weight about 100,000) solutions produced extreme 
turbidity (Fig. 1). But addition of nucleosides (which 
lack the negatively charged phosphate group) in the same 
conditions failed to produce iat in poly-r-lysine 
solutions. When a smaller poly-L-lysine (3,000 molecular 
weight) was used only solutions of guanyiie acid (GMP) 
developed extreme turbidity. This chain length depend- 
ence of turbidity indicates that the mechanism involves 
interchain interactions. The data show that the capacity 
to induce turbidity is in the order GMP > AMP > CMP > 
UMP, which agrees with that reported by Woese? for 
solutions of the mononucleotide and poly-L-arginine. 
Microscopie examination of the turbid solutions revealed 
that tiny spheres w 
ance. These spheres were 
solution (10,000 rp.m. for LO 
gelatinous pellet. 
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fig. 2. Effect of additions of potassium phosphate on the relative 
turbidity of already turbid mixtures of 5 i lys 











(125,000 molecular weight) at pH 75 and 
centration 29x 10° M (ysine residue ba 
s7™“ 10M. Duplicates shown, Abs p 
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Considering the high positive charge of the poly-L-lysine 
and the negative charge on the mononucleotide phosphate 
groups, the interaction leading to turbidity might be 
in part ionic; if so, the stability of the complex should be 
sensitive to inereases in ionie strength. We showed this 
sensitivity (Fig. 2.) by adding small amounts of phosphate 
to already turbid solutions of mixtures of poly-i-lysine- 
adenylic acid (AMP). Similar results were o tained by 
adding sodium chloride, but a higher concentration of salt 
was required. The effectiveness with which nucleotides 
produce turbidity, GMP>AMP>CMP> UMP, is in the 
same order as the extent of self association of mono- 
nucleotides. The turbidity increase is therefore probably 
produced by a two step process which involves: (a) tonic 
binding of the menonucleotides to the poly-L-lysine chains 
followed by (6) interchain nucleotide- nucleotide inter- 
actions of the bound nucleotides (Fig. 3). 
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Fig. 3. Suggested mechanism of aggregate formation when 5’-mono- 

nucleotides interact with poly-L-lysine. Nature of the interchain 

nucleotide-nucleotide interaction might be hydrogen bonding or base 
stacking or both. 
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If this is so, then the complex resembles double stranded 
DNA except that in the complex, the structure is stabilized 
by the poly-L-lysine chains rather than covalent bonds 
between nucleotides. Such complexes should be tempera- 
ture sensitive. Fig. 4 shows typical plots of the effect of 
temperature on turbid solutions of AMP and GMP with 
polylysine. The two AMP curves show a concentration 
dependence, and the GMP curve indicates that this 
complex is more stable than the AMP complex. The 
behaviour of the AMP and GMP complexes is similar to 
the behaviour of solutions of double stranded polyadenylie 
acid’ and polyguanylie acid? when heated. 


STOICHIOMETRY OF BINDING OF NUCLEOTIDES TO 100,000 MOLECU- 
LAR WEIGHT POLY-L-LYSINE 


Table 1. 





Approximate 


initial molar Molar ratio of nucleotide 


Nucleotite pH ratio nucleotide to lysine in residues PPT* 
to lysine residues 
GMP x0 ad OBS 
Lü 040 
L5 O43 
AMP 40 2 No PPT 
4 No PPT 
8 10 
55 1 No PPT 
2 G60 
3 Od? 
x0 1 No PPT 
2 0-50 
3 0-65 
4 0-50 
1d 1 016 
2 022 
4 0-23 
125 X No P.L, PPT 
4 No FEL. PPT 
8 No P.L. PPT 
CMP a0 2 No PPT 
4 0-58 
x 0-61 
UMP sO 10 O79 
10 0-60 
10 O89 


* Bach number is an average of duplicate analyses and was calculated by 
difference in concentrations before and after precipitation. Bxperiments 
were carried out at room temperature. The initial poly-L-lysine concentra- 
tion was 1x 10° M (lysine residue basis) in each experiment. The pKa of 
the e amino group of poly-t-lysine is 10-5. The nucleotides each bave a 
phosphate pKa at about 6-5. 


The ease of centrifugation of the complex means that the 
stoichiometry of binding of the mononucleotides to the 
polylysine can be examined. Beeause of the gelatinous 
nature of the precipitate, analysis requiring direct mani- 
pulation was not attempted. Rather. we analysed the 
mononucleotide and poly-L-lysine solutions before mixing 
and the supernatant solution after centrifugation; the 
composition of the precipitate was calculated by difference. 
Biuret analysis was used for poly-L-lysine determination, 
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and the nucleotide concentrations were ealeulated from 
ultraviolet absorption. The data (Table 1) indicate that 
the binding ratio is proportional to the iome charge. 
For example, at pH 4-0, the nucleotide has one negative 
charge on the phosphate, and the poly-t-lysine has one 
positive charge per residue. The binding ratio observed 
was one toone. At pH 8-0, the nucleotide has two negative 
charges, and the poly-L-lysine still has only one. The 
observed binding ratio is one nucleotide per two lysine 
residues. 

The pKa of the charge on the poly-L-lysine is 105, At 
pH 11-0, most of this charge is gone. Consequently, 
there is little nueleotide bound. At pH 12-5, there was 
not enough binding to produce an observable precipitate. 

The complex with UMP was difficult to produce and a 
high ratio of UMP to lysine had to be u ad. Even so, 
much of the poly-z-lysine remained in solution and the 
data for UMP are less reliable than the rest, The indirect 
method of analysis and the low sensitivity of the Bhwet 
method could have been responsible for the variations of 
the results (Table 1). The analyses were carried out at 
room temperature and slight temperature changes could 
also have produced some variations. 

All of our data are consistent with the mechanism of 
interaction shown in Fig. 3. We believe that the poly-.- 
lysine and the mononucleotides participate im a non- 
specifie interaction involving the phosphate end of the 
nucleotide and the e ammo group of the lysine side chain. 
The formation of turbidity reflects the ability of the 
bound nucleotides to interact. with themselves. Thus our 
data do not reveal a direct basis for determination of 
codon specificity. The specificity which we observe is 
related to nucleotide-nucleotide interactions. 

Our results suggest that future studies of mononucleo- 
tide-polyamino-aeid interactions should be carried out 
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using copolymers of the amino-acids containing fewer 
charges and having these charges spaced so as to prevent 
a cooperativity between ionic binding to the polyamino- 
acid and nucleotide-nucleotide interaction. They also 
suggest another type of investigation with poly-L-lysine; 
that is to carry out the experimcnts at high ionic strength 
in order to minimize jonie interactions. In this Case, 
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much higher concentrations or reacting species may 
required m order to form a complex, and different te 
niques, for example, nuclear magnetic resonance, mig 
be used to analyse the mixtures. 

Before doing such studies, we decided to determine 
whether or not a stereochemical arrangement was possible 
between a polvamino-acid and associated mononucleotides, 
that would give the genetic code stoichiometry of three 
mononucleotides to one amino-acid residue in the polymer, 
Using Corey-Pauling three-dimensional atomic models, 
we found that when the polyamino-acid is in an «-helix, 
it is indeed possible to associate a complementary strand 
of mononueleotides with the polyamimo-acid. Tho 
mononucleotides, however, must be in the “anti” con- 
formation (Fig. 5). NMR data indicate that this is the 
preferred conformation of the mononucleotides in solu- 
tion’. The mononucleotides in the complementary helix 
of the model are stacked. Fig. 6 shows the model for 
poly-L-lysine and AMP. Tt is difficult to display the 
stereochemistry of a three-dimensional model with a two- 
dimensional photograph; however, it maar be seen that 








Pig. 6. 
monomers Outsl 
an approxin 
bonding of 2/-OH on or 
of one adenine to th 













tary helix of associated 6’-AMV 
stacked and the nucleotides are in 

bose phosphates stabilized by hydrogen 
jel shows hydrogen bonding of the - t; 
tions and may not be operative in actuality. 
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the lysine side chains are intercalated between the first 
and second stacked nucleotides in a sequence of three. 
The organic bases face the centre of the complex and the 
outer surface of the structure is a continuous sequence of 
hydrogen bonded ribose phosphate. Fig. 7 is a generalized 
schematic diagram of the seme association. 


5'— 3' DIRECTION 
2A 





3c 


iC 


Generalized schematic of molecular model for mononucleotide- 
polyamino-acid interaction, Circled letters label the amino-acid side 
chains, A, B, ©, D, protruding from the a-helix in the centre, The 
larger outer circle represents a continuous sequence of ribose phosphate. 
The codon for amino-acid B is nucleotide 1B, 2B and 3B with B inter- 
ealated between base rings, 1B and 2B, which extend toward the centre 
of the complex. The helices are colinear, that is, the 5-3 direction of 
the mononucleotides is the same as the direction of the polyamino-acid 
a-helix. Represents one full turn of the a-helix. 


Vig. 7. 


Some important features of our proposed model for the 
origin of the genetic code are: (1) Tt assumes that peptides 
appeared on earth in abundance before polynucleotides. 
(2) It requires that the peptide be in a helical form and 
that the nucleotides be base stacked and in the “anti” con- 
formation. (3) In each codon, the amino-acid side chain 
is inserted between the first and second nucleotide of the 
codon. Thus the third nucleotide does not come into 
contact with the amino-acid side chain and is relatively 
less important for the specificity of the codon. This 
feature of the model is consistent with the observation 
that in the composition of the codons in present day 
biological systems, the third nucleotide is relatively 
unimportant for codon specificity. Variability of the 
third nucleotide then allows insertion of the one giving 
maximum interaction with the first nucleotide of the next 
codon. (4) It shows that polymer structure is important 
in the determination of codon specificity. Previous 
reports? have used models in which the only interactions 
considered were between amino-acid and codon. We 
believe that it is important to show a continuous relation- 
ship and that at least one of the reactants should be in 
polymeric form. The model shows such a relationship 
and in fact requires the helical form of the polymer for 
proper spatial relationships. (5) The model emphasizes 
thet it is the total interaction, including nucleotide 
nucleotide interactions, that determines maximum stabil- 
itv and codon specificity. 

Part of the nucleotide—nucleotide stacking interaction in 
the model is a hydrogen bond between the -OH of one 
nucleotide to the phosphoryl oxygen of a neighbouring 
one, Deoxyribonucleotides do not have a 2’-OH and 
could not participate in such bonding, which suggests that 
RNA evolved before DNA. Our model may explain the 
L-amino-acid, D-sugar specificity of biological systems, 
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that is, it may only be possible to associate nucleatides: 
containing p-ribose with an L-amino-acid peptide. 
opposite system p-amino-acid, -ribose nucleotide should 
also be possible but we have not constructed the pertinent 
models. 

These molecular models can only indicate steric possi- 
bility. While that is one important, aspect of the code 
origin, another equally important one is the stability of 
the whole complex of the mononucleotides and the amino- 
acid residues. Consideration of the complex shows that 
there are at least eight interactions involved (Fig. 7) and 
thermodynamic caleulations should include the following: 
(1) stacking, or ring-ring interactions, of 3A with LB; 
(2) interaction of 1B with amino-acid side chain; this 
might be ring stacking, for example phenylalanine with 
organic base rings, charge transfer complexes, or electro- 
statie interactions; (3) interaction of any H-bonding 
groups or ionic groups on B with ribose phosphate baek- 


bone; (4) B with 2B; (5) 2 B with > C=:O0 of peptide by. 


2B ring-ring interactions with 


for example, a H-bond; (6) 
(8) 4 total 


3B; (7) 3B ring-ring interactions with IC; 
H-bonds along ribose phosphate backbone. 

Thermodynamically, in an isolated system, the process 
which leads to the greatest decrease in free energy will 
be most favoured. We do not, however, have free energy 
data for all of these interactions, so we cannot make & 
precise calculation. A crucial missing piece of information 
is that for the amino-acid~nucleotide interaction, By 
considering a polyamino-acid which has no side chain, how- 
ever, we need not have these data. For the interaction 
of a polyglyeine o-helix with a helix of associated. mono- 
nucleotides, interactions 2, 3, and 4 do not apply. For 
this special case we must insert base stacking interactions 
of 1B and 2B. Consequently, except for interaction 5, 
all of the specifying interactions are nucleotide—nucleotide 
interactions, primarily of base stacking. Thus the pre- 
ferred codon for glycine would be the one with the greatest 
base stacking or self-associating tendency. Guan lic acid 
has this properiy to a greater extent than the other 
mononucleotides. sts 








The model therefore correctly predic 
that a glyeine codon is GGG. 

When more data are available, or when proper caleula- 
tions are made such as those of DeVoe and Tinoco", fur- 
ther codon predictions can be made from the ealoulation : 

g 
A GTotal = ZAG: 
imt 
where the AG;’s are the free energy changes for the listed 
interactions. 

Our experiments show that in conditions of low ionic 
strength, poly-L-lysine interacts with mononucleotides to 
form an insoluble, gelatinous complex. The stoichiometry 
of the complex is apparently dictated by the ratio of 
ionic charges and the reaction proceeds through ionie 
binding of nucleotides to the poly-L-lysine eham anc 
interchain nucleotide-nucleotide mteractions. The study 
of this interaction reveals therefore more about nucleoti 
nucleotide interactions than about nucleotide-amino- 
acid interactions. We believe that because a three- 
dimensional model can be constructed which accom- 
modates three mononucleotides for cach amino-acid in an 
a-helix, and because this model makesthe correct prediction 
for the glycine codon, the mononucleotide--polyamine- 
acid interaction must have been the defining one during 
the prebiotic formation of complementary proteins and 
polynucleotides. 

An important feature of the proposed model for the 
origin of the code is the 2’-OH to phosphoryl oxygen 
hydrogen bond. This interaction merits further study 
and we have begun to investigate it through use of 
NMR (J. ©. L. ef al, unpublished results). 

While we believe the polyamino-acid-mononueleotide 
interaction must have been the defining one, similar conr- 
plementary polvamino-acidpolynucleotide comp lexes 
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should be sterically possible. That is, with the poly- 
amino-acid in an o-helix, a complementary helical poly- 
nucleotide could be associated. The model we are pro- 
posing for the origin of the genetic code involves formation 
of specific polyarming: -acid-mononucleotide complexes 
followed by polymerization to give a complementary 
polynucleotide. The resulting polyamino-acid—polyribo- 
nucleotide complex could then be dissociated at higher 
temperatures. The polyamino-acid could serve again as a 
template for further polyribonucleotide synthesis and the 
polyribonucleotide could serve as a template for comple- 
mentary polyribonucleotide or polydeoxynucleotide syn- 
thesis. 
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Bacterial Sporulation as a Modified Procaryotic Cell Division 


by 
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sister cell. 


SEVERAL authors! *, observing that both bacterial sporula- 
tion and cell division involve compartmentalization of a 
cell by means of septum formation, have stated that 
sporulation is a modified or atypieal cell division. Because 
this idea has been mentioned rarely in reviews concerning 
sporulation’? 6-16) and only briefly in the context of 
sporulation s mehrony", we present here an evaluation 
of a hypothesis which explains sporulation in terms of the 
more general phenomenon of cell division. This hypothesis 
suggests that sporulation is a modified cell division and an 
expression of unbalanced growth resulting from shift 
down growth condition. It gives a logical framework on 
which to arrange much of w hat i is known about sporulation. 







‘Fable 1. 


Stage 


HYPOTHETICAL RELATIONSHIP OF SPORULATION AND CELL DIVISION 
Proposed relationship to cell division 
Slow separation of DNA replicated in late 

log and early stationary phases 


Sporulation event 
i Preseptation; DNA in 
axial filament form 


IE Septation Asymmetric cell division results in two 
unequal sized cells each with a part of 
the DNA Gnother cell and smaller germ 
cell) 

Membrane synthesis out of step with cell 
wall formation (stage IV). Envelopment 
begins encystment of germ cell 

Peptidoglycan synthesis: equivalent to 
cell wall formation. DPA is a product 
of secondary metabolism 


IO Envelopment 


IV Cortex and germ cell wall 
formation, Dipicolinic 
acid (DPA) made 


Vo Coat formation Coat and cortex encyst the germ cell, Coat 


protein a result of secondary metabolism 
Net result of asymmetrie cell division is 
erm cell encysted in products of the 
mother cell 
Lysis as a result of lack of further division 


VI Maturation of spore 





VEL Lysis of mother cell and 
release of free spore 

Sporulation requires an orderly sequence of seven well 
defined morphological steps for its completion. Table 1 
eal aes the morphological stages of sporulation as cur- 
rently described’, with sporulation interpreted as a modi- 
fied cell division. Sporulation seems to be the resultant of 
two factors. Factor one is the innate ability of spore 
forming cells to complete a round of DNA replication and 
to partition the replicated molecules by means of a 
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This article reviews the idea that the bacterial spore is a small cell, 
formed by an asymmetric cell division and enveloped by the larger 
Both processes seem to be morphological expressions of 
unbalanced growth resulting from shift down growth conditions. 


septum as late as 2-3 h after the end of growth. In 
essence this means cell division without net growth, The 
second factor is the effect of change of metabolic pattern, 
resulting from exhaustion of growth limiting substrate, 
on this cell division. The metabolism of the cells changes 
from that typical of logarithmic growth, through a shift 
down growth pattern, to a pattern of endogenous metabol- 
ism which includes turnover and consequent. reallocation 
of cellular materials. This results in unbalanced synthesis; 
there is an accumulation of new end products (secondary 
metabolism) and, most importantly, chemical modifica- 
tions and changes in the relative timing of synthesis of 
components common to the vegetative and sporulating 
cells. 

Perhaps such metabolic imbalance exerts its first effects 
on the DNA of the sporulating (dividing) cell. The fi 
visible effect of the change, however, is the marked si 
inequality of the resulting daughter cells (asymmetric 
division). This differential effect on the daughter cells 
becomes progressively amplified so that the later stages 
of sporulation bear little apparent. relationship to cell 
division. These stages include envelopment of the small 
cell by the large one and eneystment of the small cell in 
products of the large cell. F inally, the large cell lyses, 
freeing the encysted small cell. 

During the tirst stage of sporulation, the DNA assumes 
a linear “configuration along the long axis of the future 
sporangium (axial filament stage). This has usually been 
considered unique to sporulating cells. but similar con- 
figurations have been seen during normal cell division! 
and in a non-spore-forming organism!*®, Several facts 
suggest that axial filaments could be formed as a result 
of slow separation of newly replicated DNA molecules’. 
First. the last round of DNA replication. which prestum- 
ably starts in the late log phase of growth, continues 
during the axial filament stage*®, Seeond. the spore germ 
cell receives half of the DNA originally present in the 
sporangium!’1, Thus stage I can be regarded as the 
completion of the DNA replication stage of cell division. 
How spores with a reported. chromosome content of two?t?s 
fit into this interpretation is not clear. 
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Formation of Septum 


As in cell division, compartmentalization of the dupli- 
cated genome of the sporangium occurs during stage IH 
when a septum is formed due to membrane invagination. 
At the fine structure level, sporulation septation seems to 
be similar to cell division septation’: '§"5, but differs in 
that no cell wall material is formed between the two 
membranes of the septum. But when sporulation is upset, 
as in rejuvenation experiments?! or in certain mutant 
strains'*-*5, cel] wall material may be deposited. It should 
be noted that there is some recent morphological evidence 
for the presence of cell wall material between forespore 
septa in clostridia®®. In addition there is chemical evidence 
for peptidoglycan formation?’ during preseptation. 

This is probably due to turnover which is known to 
oceur in non-growing bacteria in some conditions**, but 
net cell wall synthesis may occur in Clostridium pecti- 
novorum which increases markedly in size during pre- 
septation':®, Much more precise correlation of the timing 
of peptidoglycan synthesis with that of septation has been 
demonstrated by the detection of significant incorporation 
of diaminopimelic acid during septation (unpublished 
results of R, Greene and R. A. S.) in pulse labelling experi- 
ments during synchronous sporulation. These data 
indicate that some rearrangement of cell wall material, if 
not complete resynthesis, is necessary for septum initia- 
tion. Whether the presence of a cell wall is necess wy for 
septation is not clear, however, even though work with 
sporangial protoplasts has shown that subsequent envelop- 
ment (stage TIT) requires the presence of an intact cell 
wall??, 

Antibiotics known to inhibit cell division by mhibiting 
cell wall synthesis also inhibit sporulation septation®’. 
This fact confirms the involvement of peptidoglycan in 
septation initiation but, more importantly. highlights the 
similarity of the sporulation and division septation pro- 
s8, This similarity is further accentuated by the 
fact that phenethylalcohol (PEA) inhibits both cell divi- 
sim and sporulation septation’?! although the two 
processes differ in sensitivity. This effect of PEA is 
especially noteworthy because the compound is believed 
to affect. the site(s) controlling DNA replication and cell 
division®®, 

Aseptate’’ and multiseptate!®** sporulation mutants 
and the peptidoglycan-less septa of wild type strains pose 
a problem for the hypothesis. If sporulation septation and 
division are related, how can sporulation septation be 
prevented or altered by mutations that do not also affect 
cell division septation ? One answer is that such mutations 
are conditionally expressed. A possibly analogous situa- 
tion exists in the abnormal cell division septation of 
Bacillus mutants. These are conditional mutants but 
unfortunately the effect of the mutations on sporulation 
septation was not reported. Conditional sporulation septa- 
tion mutants might, however. be expected to be more 
frequently isolated than non-conditional mutants accord- 
ing to the hypothesis. for routine methods for selecting 
sporulation mutants depend on the mutant being able to 
form a population? by normal cell division. 

Possibly the most important difference between cell 
division septation and sporulation septation is the asym- 
metric positioning of the sporulation septum very near 
to one of the sporangial poles. It must be noted, however. 
that asymmetric septation is not specific to bacteria. 
which produce spores. Tt occurs in minicell formation®’, 
division of filaments**, division of a blue-green alga” 
and in yeasts?®, The asymmetry of the sporulation septa- 
tion can probably be regarded as the first morphological 
expression of unbalanced growth resulting from the estab- 
lishment of shift down growth conditions®® during stage 
Teas, Sporulating cells have a physiology similar to 
cells growing on acetate’ in that during stage I sporulat- 
ing cells adapt to by-products of growth, acetate and 
pyruvate’, As these by-products are utilized, endogenous 
metabolism (as ev ideneed by macromolecular turn- 
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over) 114-16 begins to dominate sporulation physiology. 
The gradual | slowi ing of growth to the zero or near zero rate 
characteristic of the stationary phase, and the cell's 

increasing dependence on endogenous metabolism, could 
lead to unbalanced synthesis. This could then result in 
an asymmetric division as suggested for certain yeasts 
Microcyele sporulation? illustrates the effect that the 
condition of the medium can have on outgrowing spores in 
determining the choice between division or sporulation. 
septation. If sporulation septation is essentially a modi- 
fied cell division, then it is a division that can occur m 
conditions of virtually no net growth, Such relative 
independence of growth and cell division is sometimes 
apparent in vegetative cells®. 

One can only speculate as to the nature of the und 
ing macromolecular events which lead to the asymmetric 
septation, Presumably a relationship between membrane 
formation and DNA replication is involved. In conditions 
that limit growth, one of the daughter DNA molecule 
the last replication may be less active in the control of 
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synthesis. The dominant DNA molecule might affect the 
positioning and availability of membrane attachment 
sites! for the other DNA molecule as suggested in the 








site-territory model for the control of DNA replication. 
Attachment sites seem to be more important than the 
actual DNA molecules, because which of the two daughter 
DNA molecules—the “old” or the “new —enters the 
future germ cell of the spore is randomly determined’? in B. 
cereus just as is the segre anon of daughter DNA molecules 
in B. subtilis cell division* But the latter report is 
contradicted by a DA finding’? and the recently 
reported demonstration of DNA excretion (about 40 per 
cent) during B. subtilis sporulation® suggests that, 
daughter DNA molecule segregation patterns may be 
more difficult to determine than previously thought. 








Germ Cell Genome 

In addition, because the germ cell is several times smaller 
in volume than the sporangial cell, this may necessitate s 
different supercoiling of the DNA molecule, which in turn 
could affect the functioning of the germ cell DNA. Tt has 
been suggested on the basis of photochemical data that 
spore DNA is less hydrated than vegetative DNA‘ and 
that. the configuration is altered during germination’ of 
the spore to reform a vegetative cell. It is not clear at 
what stage of sporulation the spore’s new DNA configura- 
tion would be established. 

The apparent inactivity of the future spore or germ cell 
genome seems to be only temporary or partial. Thus the 
newly formed germ cell increases in size?” presumably asa 
result of net synthesis. Protein synthesis is knc 
occur in the germ ce ell compartment after septation”? but 
whether this is net synthesis is not clear, for the amount of 
protein degradation oceurring there is unknown. An 
interesting suggestion is that the engulfed germ cell is in 
a step-up growth condition, ee caused by amino-acids 
formed by the engulfing cell (H. L. Sadoff, personal com- 
munication). The location of the cortical membrane or 
germ cell wall suggests that it is synthesized by the germ 
cell. The larger size of the mother cell coupled with its 
probable synthesis of the coat layers, cortex and its 
membrane envelopment of the germ cell, however. sugg 
that it synthesizes more actively than the germ 
Studies on the relative types and amounts of metabolism 
by the germ and mother cells are hampered by the tech- 
nical difficulty of separating the two colls! Germ cells 
have been isolated some time after engulfment, however 
(D. Karp, D. Lang and D. G. Lundgren, personal com- 
munication), and this system should help to clarify some 
of the preceding problems. 

Sporulation further resembles cell division when the 
two compartments resulting from sport ulation septation 
behave like normal cells; they can both divide in certain 
conditions. Thus the mother cell will divide when re- 
juvenated?: u, There are positive’ and negative” reports 
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of germ cell rejuvenation just after septation but before 
its envelopment by the mother cell. The germ cell of the 
mature spore can either divide or resporulate without 
normal division after germination”. The two compart- 
ments also resemble cells in that each can form a proto- 
plast if the sporangial wall is removed just after septation 
but before engulfment®?95?, Association of mesosomes 
with septation in sporulation and cell division? suggests 
that the septation processes are related. The changes in 
mesosome structure during growth and sporulation are 
also very similar’, but the role of mesosomes and mem- 
branes in DNA replication and distribution between 
daughter cells is not clear, 

Events subsequent to septation can be interpreted as 
further expressions of the mother cell’s unbalanced syn- 
thesis as first manifested by the asymmetric toe 
Envelopment (stage TIT) of the germ cell protoplast by 
the mother cell protoplast can be regarded as the con- 
sequence of mother cell membrane aynthesis being out of 
step with net cell wall synthesis, which is delayed until 
stage IV (cortex formation); membrane synthesis within 
the confines of the sporangial wall inevitably leads to 
engulfment. This tends to be supported by the fact that, 
after treatment with lysozyme, the germ cell protoplast is 
not enveloped by the mother cell protoplast even though 
still attached to it?’. No data are available on the timing 
of membrane synthesis in relation to septation and 
envelopment although very active incorporation of labelled 
phosphate into phospholipid during stage I has been 
reported’? The use of Nomarski interference contrast 
optics enables easy quantitation of Bacillus megaterium 
septation and envelopment®*, and so it should now be 
possible to correlate more precisely biochemical events, 
such as phospholipid synthesis, with the earliest morpho- 
logical events of sporulation. 


Germ Cell Wall 


Cortex formation (stage IV) involves peptidoglycan 
formation, and it has been suggested that this is equivalent 
to cell wall formation by the mother cell’. The germ cell 
wall (cortical membrane) peptidoglycan appears before 
the cortex in B. subtilias. The delay in the synthesis of 
cortex is presumably a consequence of a continuation of 
unbalanced synthesis in the mother cell. 

The spore coat is believed to be synthesized by the 
mother cell!®3#5-%, for it is located there. As a result, 
some mother cell cytoplasm lying between the coat and 
the envelopment membrane is imcorporated mto the 
maturing spore!’. The fate of the envelopment membrane 
is not known. Continuation of unbalanced growth leads 
to lytie disruption of the mother cell, but the germ cell, 
being in a rejuvenated state and surrounded by a resistant 
coat, survives. Coat and cortex formation can be regarded 
as an encystment of the germ cell by the mother cell’. 
Thus the mature spore consists of a small cell (the germ 
cell) with its cell wall surrounded by products of un- 
balanced growth of a second cell (the mother cell). 

Many of the molecules involved in sporulation are 
similar to those involved in vegetative growth. These 
include proteins'®, lipids!*7, DNA! and peptidogly- 
can! 1458) This information i is consistent: with sporulation 
being a modified cell division. It implies that many of 
the cell’s genes function in both sporulation and growth. 
These molecular differences reported for peptidoglycan®*, 
proteins! and DNA? seem to be minor modifications. 

The morphological changes that oceur during sporula- 
tion seem to be principally the result of changes in the 

relative timing and quantity of membrane and cell wall 
materials that are synthesized. In this way, different, 
shapes may be made from similar materials. The mem- 
brane seems to play a particularly important part in shape 
changes, for it is likely that the cortex and coat shapes 
are determined by the membrane topography. The im- 
portance of unbalanced cell wall synthesis in shape changes 
has been reported in a non-sporulating organism® and the 
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effect of partial or complete lack of cell wall on shape in 
L forms is well known®. 

On the other hand, some substances are sporulation- 
specific and their production probably involves, except 
perhaps in the case of the exosporium, expression of 
genes not concerned with vegetative growth. These sub- 
stances!? 113 include the coat, dipicolinic acid (DPA), 
antibiotics, toxins, the exosporium, parasporal bodies, 
and certain enzymes. Most of these substances are prob- 
ably synthesized by the mother cell except perhaps the 
DPA. The exosporium, parasporal body, toxins and 
possibly the antibiotics are not produced by all sporulating 
organisms, These sporulation specific substances can be 
regarded as products of secondary metabolism’? con- 
sequent on the unbalanced growth conditions. Some 
genes expressed during vegetative growth are not ex- 
pressed or are only slightly expressed during sporulation 
as evidenced by the reduced amounts or absence of certain 
enzymes in spores}, 

Both vegetative and sporulation genes are expressed 
during sporulation, and so the RNA should be similar in 
sporulating and vegetative cells except for the mRNA 
involved in the transcription of sporulation- or vegetative- 
specific genes. Available evidence’ ™ does not refute 
this. Ribosomal RNAs from spores and vegetative cells 
of B. subtilis are reported to be genetically similar®. 

We feel the hypothesis that sporulation is a modified 
cell division is acceptable for the following reasons. First, 
the spore contains an independent cell (the germ cell) 
which must have arisen by cell division because, in 
accordance with Virchow’s postulate, a cell can only be 
formed by the division of a pre-existing cell. Second. the 
morphological and compositional evidence available is 
consistent with the hypothesis which emphasizes the 
similarities of spore and vegetative cell composition and 



















structure as well as accommodating the differences. The 
hypothesis incorporates the modern concepts of un- 


balanced growth, metabolic shifts, turnover and secondary 
metabolism im attempting to explain the dynamics of 
sporulation. Some of the evidence, especially that regard- 
ing the earliest stage, is only fragmentary or By | 
Likewise the details of how unbalanced growth conditions 
later lead to unbalanced synthesis when there is no net 
growth remain obscure. Several possible mechanisms have 
been suggested?) and will not be discussed here. The 
slowness of sporulation (6-8 h) and the similarity of the 

early stages to cell division, however, suggest that there 
is a gradual modification of the vegetative metabolic 
pattern, rather than a relatively sudden switch from a 

vegetative to a sporulation genome. Thus the sporulating 
cells become cornmitted to each stage of sporulation as it 
is approached, rather than becoming committed to the 
whole process all at one time®. Most significantly, the 
hypothesis suggests new areas of investigation. One such 
key area is the precise relationship of asymmetric septation 
to cell division septation. Although understanding the 
asymmetric septation may have to await advances in our 
knowledge of cell division, it is conceivable that knowledge 
of sporulation septation may be useful in understanding 
cell division septation. Sporulation septation studies are 
not as dependent on synchrony, although this is possible?’, 
as cell division septation studies where there are ov 
lapping cycles of septation in synchronous cultures. 
Indeed, the hypothesis suggests that cell division itself, 
rather than sporulation, is the simplest example of bac- 
terial differentiation at the cellular level of complexity. 
Other sporulation phenomena where the hypothesis may 
prove a useful guide to investigation include log phase 
sporulation™ and oligosporogeny?*. 
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Tar immunoglobulins all have a four-chain structure, 
consisting of two heavy chains and two light chains. 
Immunoglobulin G is the predominant class and antibody 
activity is associated with a fragment, the Fab-fragment, 
consisting of the light chain and the N-terminal half of the 
heavy chain, the Fd-fragment!. Antibodies are chemically 
very heterogeneous and it is assumed that part of this 
heterogeneity is related to their antigen binding specificity. 
In order to find out the relationship between specificity 
and chemical structure, attempts have been made to 
determine the amino-acid sequence of the constituent 
light and heavy chains. All antibodies are, however, 
mixtures of molecules, and sequence studies are therefore 
very difficult, but considerable information on the extent 
of the variations in sequence has been obtained by 
studying the homogeneous proteins produced in large 





The sequence of two yl heavy chains has revealed the extent of the 
variable region and the existence of subgroups. 


amounts by patients having myelomatosis or related 
disorders. It has been shown that the sequence of the 
N-terminal half of the light chain varies from one chain 
to another, but that, within a class, the C-terminal 
sequence is the same? *, 


Comparison between DAW and COR Fd-fragments 


In order to locate the extent of the variable and constant 
amino-acid sequences in heavy chains, a partial sequence 
of two pathological yl chains, both Gm a@tz*, has been 
determined. The sequence of DAW heavy chain from 
1-84 has already been reported! and the sequence of this 
heavy chain has now been extended to residue 225 (the 
C-terminal residue of the Fd-fragment). Preliminary 
work on COR y1 chain has also been reported‘ and this +1 
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ah Pe F 10 20 
DAW PCA- Val- Thr-:Leu- Arg- Glu- Ser- Gly- Pro- Ala- Leu- Val- Arg- Pro- Thr- Gin- Thr- Leu- Thr- Leu- Thr- Oys- Thr- Phe- Ser- Gly- 
COR PCA- Vale Thr-(Lys, Arg, Thre Sers Glx,, Pros, Gly, Ala, Val, Cys, Leu, Phe,) 
DAW Phe- § Se a i T 7 i re aa 
ie- Ber- Leue Ser- Gly- Gia- Thre Met- Cys- Val- Ala- Trp- Ile- Arg- Gin- Pro- Pro- Gly- Glu- Ala- Leu- Gln- Trp- Leu- Ala- Trp- 
COR Met- Cys- Val- Gly- Trp- He- Arg- Gin- Pro- Pro- Gly- Lys- Giy- Leu- Glu- Trp- Leu- Ala- Arg- 
3 60 70 
DAW Asp- Ile- Leu- Asn- Asp- Asp- Lys- Tyr- Tyr- Gly- Ala- Ser- Leu- Glu- Thr- Arge Leu Ala- Vale Ser- Lys- Asp- Thre Sere Lys Asn- 
COR Te- Asx- Trp- Asp- Asp- Asp- Lys- Tyr- Tyr- Asn- Thr- Ser- Leu- Glu- Thr- Arg- Leu- Thr- Ile- Ser- Lys- Asp- Thr- Ser- Arg- Asn- 
re: SPNO f 90 100 
DAW Gin- Val- Val Leu- Ser- Met- Asn- Thr- Val- Gly- Pro- Gly- Asp- Thr- Ala- Thr- Tyr- Tyr- Cys- Ala- Arg- Šer- Cys- Gly- Ser- Gln 
COR Gln-Val- Vale Les- Thr- Met- Asp- Pro- Val- —~ -— -——~ Asp- Thr- Ala- Thr- Tyr- Tyr- Cys- Ala- Arg- Ile- Thr- Val- Ile- Pro- 
A 110 
DAW ee Tyr- Phe- Asp- Tyr- Trp- Gly- Gln- Gly- He- Leu 115 i 120 
eet Val- Thr- Val- Ser- Ser- Ala- Sere Thr- Lys- Gly- Pro- Ser- 
COR Ala- Pro- Ala- Gly- Tyr- Met- Asp- Val- Trp- Gly- Arg- Gly- Thr- Pro ° aant 
DAW, 130 RONE i 140 150 
COR Val- Phe- Pro- Leu- Ala- Pro- Ser- Ser- Lys- Ser- Thr- Sere Gly- Gly- Thr- Ala- Ala- Leu- Gly- Cys- Leu- Val- Lys- Asp- Fyr- Phe- 
DAW r ¢ 7 A 160 170 
COR Pro- Glu- Pro- Val- Thre Val- Ser- Trp. Asn- Ser- Gly- Ala- Leu. Thr- Ser- Gly- Val- His. Thr- Phe- Pro- Ala- Val- Leu. Gin- Ser- 
DAW . 180 R g 190 2 
COR Ser Gly- Leu- Tyr. Ser- Leu- Ser- Ser- Val- Val- Thr- Val- Pro- Ser- Ser- Leu- Gly- Thr- Gln- Thr- Tyr. Ile- Cys- Asn- Val- Asn- 
DAW 210 220 225 


COR His (Lys, Pro, Ser) Asn- Thr- Lys- Val- Asp- Lys- 


Lys- Val- Glu- Pro- Lys- Ser- 


Cys- Asp- Lys- Thr- His 


Fig.1. Comparison of amino-acid sequence’of two yi Fd-fragments, DAW and COR. The long dashes indicate deletions; the full stops indicate that overlapping 


peptides at these points have not been isolated. 


chain has now been partially sequenced from residue 1 to 
225. These two sequences are compared in Fig. 1. There 
are variations in about 30 per cent of the positions up to 
residue 114; thereafter the sequence is identical for the 
two Fd-fragments, The stops after residues 160, 165, 170, 
176, 182 and 199, indicate that these five chymotryptic 
peptides have not been overlapped but they have been 
arranged as shown, because of the similarity in sequence to 
rabbit y1 chain in this region (unpublished results of R. G. 
Fruchter and 8. Jackson). This arrangement is in agree- 
ment with the complete sequence of another yl heavy 
chain, EU®. f 

It had been deduced, from a comparison of DAW and 
COR Fd-fragments, that the constant region starts at 
residue 115, but another yl heavy chain, HE, has an 
alanine at residue 116 (ref. 5) instead of threonine. The 
sequences near the beginning of the constant section in 
light chains and the y1 heavy chains are very similar (see 
Fig. 2; identical residues in box), and when more yl 
sequences are available it may be found that the constant 
region actually starts at residue 120 (DAW numbering) 
in a position analogous to that in the light chains. In 
fact, the incidence of variable residues is very low just 
before the constant region in the light chains, particularly 
within subgroups of 4 chains®. 

The number of positions between 34 and 99 at which 
COR and DAW heavy chains have different. residues is 
19 out of 65; that is, 71 per cent of positions have identical 
residues. In contrast, the number differing from 100 to 
114 is 10 out of 15; only 33 per cent of positions have the 
same residue. It has been noted that the corresponding 


Human light chain x 


Tdentical residues are in bold type. 


PCA stands for pyrrolid-2-one-5-carboxylie acid. 


region of light chain is more highly variable than the 
N-terminal region within subgroups of x and 4 chains*-®. 

The sequence of the residues 4 to 33 of protein COR has 
not been determined, but the composition is so similar 
to that of DAW (Fig. 1) that it is most likely that the 
sequence of COR will show very few differences. The 
order of variability in sequence between DAW and COR 
heavy chain (71 per cent of positions identical between 
34-99) is similar to that found within subgroups of x and 
4 light chains, and it is highly likely that these two heavy 
chains belong to the same subgroup of Fd-fragment. The 
two chains are not, however, precisely the same length: 
COR has a deletion of three residues 88-90, and an inser- 
tion of four residues after 104. Deletions and insertions 
have also been found in light-chain sequences within 
subgroups, for example, in x subgroup IT CUM has a two 
residue insertion relative to MIL*!°, Also in 4 chain sub- 
group I, HA has an insertion after 28 relative to NEW®. 

The intrachain disulphide bridges of several myeloma 
heavy chains have been studied and a constant feature is 
two intrachain bridges in the Fd-fragment!! and two in 
the Fe-fragment'*. DAW Fd-fragment, however, has 
three intrachain disulphide bridges. By comparing the 
sequences around the cysteine residues in DAW with 
those reported for other myeloma yl chains", we may 
assume that cysteine-22 is linked to 97, and 146 to 201 
(Fig. 3). Presumably, therefore, eysteine-35 in DAW 
heavy chain is linked to cysteine-101, and this is in 
agreement with the observation that the fragments pro- 
duced by cleavage of DAW Fd with cyanogen bromide: 
2b (1-34) and 4 (35-84) are both linked by disulphide 








“constant 


108 
Arg- Thr- Val- Ala- Ala- 










Pro- Sere Val- Phe 























109 
Human light chain 4 GIn- Pro- Dys- Ala- Ala- | Pro- Ser- Val- f Thr 
ONSTAAN + aneneen 
115 We 120 
Human yi DAW and COR Val- Thre Val Ser- Sere Ala- Ser- Thr- Lys- Gly-j Pro- Sere Val- Phe 
Leavy Chains — 115 
EU Vale Thre Val Ser- Ser- Ala- Ser- Thr- Lys- Gly-] Pro- Ser- Val Phe 
HE Vab Ala- Yal Ser- Ser- Ma- Ser- Thr- Lys- Gly-| Pro- Ser- Val- Phe 
Fig. 2. The N-terminal sequences of the constant regions of Hight and heavy chains. 


AUGUST 23, 


NATURE. VOL. 223, 1969 





Cr ttm 
2b 4 2a : 
Fig. 3. The intrachain disulphide bonds of DAW Fd-fragment. The 


vertical bars represent the points of cleavage by cy anogen bromide, 
giving rise to fragments 2b, 4 and 2a!, 


bonds to fragment 2a? (85-225) (ref. 13). The Fd-fragment 
of COR has only two intrachain disulphide bonds: 
cysteine-22 is linked to cysteine-97 and 146 to 201. There 
is, however, a cysteine residue at 35, as in DAW, but not 
at position 101. Because no other cysteine residues were 
found in COR Fd-fragment, apart from those at 22, 97, 
146, 201 and 221 (the interchain linkage with light chain), 
it must be assumed that the cysteine residue in COR at 
position 35 has a free SH group or is linked to a free 
cysteine residue, as found in a light chain™. 


Comparison with other Heavy Chains 


The sequences of two other human heavy chains have 
been reported. A u chain, OU, has been sequenced from 
1-105 (ref. 15) and another yl chain, EU, from 1-446 
(refs, 5, 16). The u chain sequence is remarkably similar 
to that of DAW yl chain, having 70 per cent of the 
positions between 1 and 99 occupied by the same residue, 
in contrast to the sequence of EU y1 chain, which has only 
29 per cent of the positions from 1-99 occupied by the 
same residue as in DAW. It seems probable that there are 
Fd-fragment subgroups as has been postulated for the 
variable part of the light chains. The two yl chains—- 
COR and DAW and the u chain OU—would belong to 
the same subgroup, and EU y1 chain to another subgroup, 
these subgroups being unrelated to the classes of heavy 
chain (y, u and a) which are characterized by determinants 
in the Fe-fragments of the heavy chains. Another yl 
chain, STE (Gm a-/*), has been partially sequenced in this 
laboratory and from its similarity to EU must belong to 
this second subgroup (unpublished work of C. E. Fisher). 
The subgroups may also be unrelated to the Gm groups: 
although COR and DAW were chosen for study because 






Glee Pr 








goo 


they belonged to the same Gm group*(@*z') and EU and 
STE heavy chains are Gm aft, the u chain does not. 
express Gm determinants. Bennett!’ has reported the - 


N-terminal pentapeptide sequence of 4 p chains, which.” 


may all belong to vet a third subgroup. 

Comparison of the sequences of DAW, COR and OU 
(Fig. 4) shows that the positions which are oceupied by 
different residues in DAW and COR are the same ones 
that vary in OU, so that the invariant residues are 
staggered in blocks of up to nine residues, for example, 
47-51 and 91-99. Although the yl chain, EU has only 
29 per cent of positions occupied by the same residues as 
in DAW, these also fall within the “invariant blocks”, 
namely 43 and 44, and 47-49. As noted, the region. 
just beyond cysteine-97 shows a higher incidence of 
variation; in fact, comparing DAW, COR, OU and EU 
from 100-106, the division into subgroups is not apparent 
(Fig. 4). The residues identical with DAW are in 
bold type and although COR and DAW sequences from 
107-114 are more similar, yl chain HE is also very 
similar to DAW. Sequence data are, however, not available 
on HE from 1-99, so it is not known to which subgroup the 
heavy chain HE belongs. It has also been noted that the 
sequence at this pomt (100-106) in light chains, bears no 
relationship to subgroup’. 

The C-terminal half of the Fd-fragment 116-225 has an 
identical sequence in the yl chains DAW, COR and EV, 
except for a substitution of arginine for lysine at position 
215 in EU compared with COR and DAW (DAW number- 
ing). This latter difference could be related-—-as noted by 
Edelman et al.'—to the difference in Gm group, for the 
om f* (EU) and Gm z> (DAW and COR) antigenic 
determinants are in the Fab-fragments. 

In conclusion, the comparative sequence studies on 
heavy chains reveal the existence of subgroups of variable 
regions, as has been noted for light chains. In contrast io 
the light chains, however, the same Fd subgroup may 
occur in heavy chains of different classes; whereas, 
and à chain subgroups are peculiar to the class of li 
chain. Thus the light chain classes, x and A, and the sub- 
groups of their variable region, appear to have evolved in 
a different way from the heavy-chain classes and sub- 
groups. The existence of subgroups of the variable part 
of the heavy chain, commen to two yl chains and one y 
chain, gives further support to the view that at least two 






wu Gite 


Trp Leu- 


Gin- Pro- Pro- Gly-| Lys- Gly-f Leue Glu- Trp- Leu- 


“| Leue Giu- Trp- Len- 





Trp- Val Arg- Gin- Ala- Pro- Gly- Gln- Gly- 








60 
DAW Asp- | Tyr- | TyrlGly- Ala- [Ser- 
COR Asp- Tyr- [| Tyr-}Asx- Thr-{S 
J 
CU Phe-| Tyrf Ser- Thr- 





EU Pro- Met Gly- Pro- Pro- Asu- Tyr-Ala- Gin- Lys- Phe- Gin- Gly- Arg- Val Thr- Ile- 









85 
DAW Lys [Asn- Gin- ‘ 
COR Arg- fAsn- Gln- Met-| Asp- Pro- f Val 
ou Lys-|Asn- Gln- 








Tle- Asn- |Val-| Asn- Pro- Val- 





70 rä 
Thr- Arg- Leud Ala- b Thre Sere] 
Thr- Arg- beuf Thr- spe ‘Thr Ser- 


Thr- Arg- Leud Ser- 





iue Ser- 


Thr Ala- Aspe € 
90 05 ag 


Asn- Lhe pVal-| Gly- Pro- Giy-[ Asp- THe 





Asp- Thr- Ala- Thre Tyr 
Asp Thr- Ala- Thr- 


Tye Cys- Alas Arge 


Pyr Tyr Cys- 


Ala~ Arge 


EU Thr- Asn- Thr- Ala- Tyr- Met- Glu- Leu- Ser- Ser- Leu- Arg- Ser- Ghr Asp- Thr- Ala- Phe- Tyr- Phe- Cys- Ala- Gly- 





100 110 IRE 
DAW Sero Cys- Gly- Ser- Gln —~ ==- —~ —— Tyr- Phe- Asp- Tyr- Trp- Give Gln- Gly- Hes Len- Val 
COR Ile- Thr- Val- Ile- Pro- Ala- Pro- Ala- Gly- Tyr- Met- Asp- Val Trp- Gly- Arg- Giy- Thre Pro- Val 
QU Val Vab Asn- Ser —- =e —— -——- —— Val Met 
EU Giy- Tyr- Gly- Tle = e Tyr- Ser Pros Glu- Gin- Tyre Asu- Gly- Gly- Leu- Val 
HE Akte Phe- Asx- Val Trp- Gly Gix- Gly- Thro Lvs- Val 


Fig. 4. A comparison between the variable region sequences of yl heavy chains DAW and COR and the g chain OU (ref. 15) contrasted 
with the y1 chain EU (refs. 5, 16). 
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genes are concerned in the synthesis of the heavy chain. 
It is possible: that the gene controlling the variable 
sequence is able to translocate to either of the genes 
controlling synthesis of a y chain or a y chain", 

The antigen binding site is presumably within’ the 
variable region of the Fab fragment, and it may involve 
the highly variable region between residues 100-106 
referred to above, but other techniques, such as affinity 
labelling, will have to be used to solve the problem. 
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§-GALACTOSIDASE is one of the three enzymes of the 
lactose (lac) operon in E. coli. Synthesis of these three 
enzymes is coordinated and induced by lactose but re- 
pressed by glucose, which together with galactose is the 
product of catabolism of lactose. Cyclic adenosine 
34,5’-monophosphate (cyclic AMP) stimulates the syn- 
thesis of §-galactosidase!, and overcomes the repression 
of §-galactosidase synthesis produced by glucos 
stimulation of 6-galactosidase synthesis by cyclic AMP 
oceurs at the level of transcription of RN Glucose 
represses the synthesis of @-galactosidase and other 
catabolic enzymes in E. coli in three types of experimental 
conditions. First, cultures of Æ. coli growing on glucose 
make less §-galactosidase than cultures growing on other 
earbon sources. This phenomenon has been referred to as 
catabolite repression’, Another effect of glucose is 
observed when glucose is added to cultures of E. coli 
growing on other carbon sources. In these conditions, 
glucose produces a severe transient repression of p- 
galactosidase synthesis, which lasts for about one-half 
a generation. This phenomenon has been called transient 
repression’. The two processes catabolite repression and 
transient repression may be separate processes’. Finally, 
glucose can decrease 6-galactosidase synthesis by lowering 
the intracellular concentration of the inducer’. We have 
shown recently that cyclic AMP overcomes the transient 
repression of 8-galactosidase synthesis produced by 
glucose?)3, 

Because glucose is known to lower the intracellular 
concentration of eyelie AMP in Æ. coli, we postulated 
that glucose causes transient repression by lowering 















Transient and catabolite repression of the synthesis of f-galacto- 
sidase in E. coli are related phenomena, the result of a decreased 
intracellular concentration of cyclic AMP. The lac operon promoter 
is the site of action of the cyclic AMP. 


eyclic AMP concentrations in the cell. We have now found 
that cyclic AMP also overcomes catabolite repression of 
8-galactosidase synthesis, whether produced by glucose 
or by glucose-6-phosphate. The nucleotide, however, 
does not affect the inhibition of inducer uptake produced 
by glucose. These findings, reported here, suggest that 
eatabolite and transient repression are related phenomena, 
and are both the result of a decreased intracellular con- 
centration of cyclic AMP. By contrast, the inhibition of 
uptake of inducers, such as lactose, by glucose is imde- 
pendent of cyclic AMP. We have also obtained additional 
evidence to support our previous proposal that the 
lac operon promoter is the chromosomal site through 
which the eyclic AMP mediates control of 6-galactosidase 
synthesis*. 

We studied the effect of cycle AMP on catabolite 
repression by measuring the differential rate of @-galacto- 
sidase synthesis by cultures of W. coli 3-000 growing in 
minimal medium with succinate, glycerol, and glucose 
as carbon sources, with and without the addition of 
eyclie AMP. The differential rate of §-galactosidase 
synthesis is lower in the cells grown on glucose than in the 
cultures grown on succinate or glycerol (Table 1). In 
this strain the differential rate of 8-galactosidase synthesis 
in the presence of glucose is about one-half that in the 
presence of succinate. Table 1 also shows the differential 
rates of §-galaetosidase synthesis in duplicate cultures to 
which 5x10- M cyclic AMP was added. Cyclic AMP 
greatly increases the rate of §-galactosidase synthesis 
in the glucose-grown cells, but has little effect on the 
suecinate-grown cells. In the presence of cyclic AMP, 
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the differential rates of §-galactosidase synthesis attained 
with the three carbon sources were similar. Thus cyclic 
AMP abolished catabolite repression of §-galactosidase 
synthesis. The severity of catabolite repression varies 
considerably from strain to strain. Different strains also 
vary in their sensitivity to cyclic AMP; the abolition of 
catabolite repression in strain 3-000 requires 3— 5x 10-3 M 
cyclic AMP. The increased differential rates of B-galacto- 
sidase production in the presence of cyclic AMP reflect 
stimulation of enzyme synthesis, not inhibition of growth, 
by the nucleotide??. 


Table 1. DIFFERENTIAL RATES OF -GALACTOSIDASE SYNTHESIS 
_Cyelic a 
Carbon source 6x 10° M 
units/mg 
Succinate (0-5 per cent) 350 368 
Glycerol (0-5 per cent) 313 378 
Glucose (0-5 per cent) 203 378 
Glucose-6-phosphate (0-2 per cent) 156 323 
Glucose (02 per cent) + gluconate (0-2 per cent) 87 271 


Cells of E. coli 3-000 were grown for several generations in minimal medium 
containing the carbon sources listed, IPTG was added to a final concentra- 
tion of 10-3 M, and incubation was continued for 1 h. -Galactosidase syn- 
thesis and growth during this 1 h induction period were measured; the 
differential rate of f-galactosidase synthesis is expressed as units of enzyme/ 
mg increase in wet weight. 


Growth of E. coli on a mixture of glucose and gluconate 
or on glucose-6-phosphate results in a particularly severe 
catabolite repression of 6-galactosidase synthesist™, 
Goldenbaum and Dobrogosz found, as we have, that 
cyclic AMP at 10-3 M has little effect on the catabolite 
repression produced in these growth conditions’. Cyclic 
AMP at 5x10 M, however, largely overcomes the 
repression of §-galactosidase synthesis in strain 3-000 
produced by glucose and gluconate or glucose-6-phosphate 
(Table 1). 

The addition of glucose to cultures of E. coli growing 
on other carbon sources produces a severe, transient 
repression of §8-galactosidase synthesis, lasting about 
20-30 min. Following this period of transient repression, 
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Fig. 1. Effect of cyclic AMP on transient and catabolite repression of 
-galactosidase synthesis. Æ. coli 3-000 was grown on minimal medium, 
supplemented with thiamine (5 ug/ml.) and glycerol (05 per cent). At 
the start of the experiment, isopropylthio-6-p- galactoside (IPTG) was 
added to a final concentration of 10-5 M. Ten miny later (arrow), the 
culture was divided into four parts, with the follov additions: none, 
©; 0-01 M glucose, @; 0-01 M glucose + 10-3 M cyclic 87,5’ adenosine 
monophosphate (cyclic AMP), A; 0-01 M glucose + 5x 10°? M cyelic 
AMP, W. At various times during the next hour, samples were taken 
for turbidity measurements and §-galactosidage assay, 
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Fig. 2. Effect of cyclic AMP concentration on 4-galactosidase sy 
Cultures of strains 3-000 (OG), L8 (D), and 64 (A) were row m On 
minimal medium, supplemented with thiamine and glycerol, and were 
then incubated with 10° M IPTG, in the presence of OOL M glucose and 
varying concentrations of cyclic A MP (plotted in the figure on log scale). 
The amount of enzyme formed during a 20 min induction period waa 
measured. For each strain, the amount of f-galactosidase made by a 
parallel culture induced in the absence of glucose was set to 100. Enzyme 
synthesis in all experimental finska ie irene as a percentage of this 
control value, 





6-galactosidase synthesis resumes, but at the lower rate 
character istic of glucose-grown cells. We have previously 
reported that, in E. cols 3-000, cyclic AMP at 10~ 
comes the transient repression of §-galactosidase synt , 
but has little effect on the subsequent catabolite repression. 
In those studies, 10-* M ecyelic AMP was the highest 
concentration tested, because in previous experiments 
this concentration of cyclic AMP produced a maximal 
stimulation of 6-galactosidase synthesis in glucose- 
repressed cultures of Crooke’s strain of E. coli, ATCC 
87397, A higher concentration of cyclic AMP (5x 10- M} 
overcomes both the transient repression and the catea- 
bolite repression of §-galactosidase synthesis in strat 
3-000 (Fig. 1). 

The sensitivity of §-galactosidase synthesis in strain 
3-000 to cyclic AMP is illustrated i in Fig. 2. In this experi- 
ment, we measured the amount of § galactosidase made 
during a 20 min induction period in Wren COLM glucos 
and varying amounts of cyclic AMP were added to ce 
growing on glycerol. Glucose alone represse galactosi« 
dase synthesis by about 80 per cent, Cyclic AMP produced 
a significant stimulation of B-galact osidase psh 
at 1x10- M, and at 3x10- M the nucleotide r 
enzyme synthesis to 80 per cent of its unrepresee i value. 

Previously, we found that in strain L8, containing 
a point mutation of the Jae promoter, glucose repressed 
-galactosidase synthesis and eyclic AMP at 10-? M had 
no effect?, Having found that higher concentrations of 
the nucleotide were required to overcome catabolite 
repression of -galactosidase synthesis in strain 3-000, we 
examined the effect of higher cyclic AMP concentr 
on strain L8 and on a phenoty pically normal 
of L8, strain 64. High concentrations of cyclic AMP 
do overcome the glucose repression of f 8-galactosid í 
synthesis in strain L8 (Fig. 2), Higher concentrat 
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of cyclie AMP, however, are required to overcome this 
repression in strain L8 than in either the parent or the 
revertant strains. It is clear that strain L8 has decreased 
sensitivity towards cyclic AMP. 
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Vig. 3. Effect of cyclic AMP concentration on the synthesis of 3-galacto- 

sidase (a) and galactokinase (b). Strains X7700 (©) and X8047 (@) 

were grown in minimal medium supplemented with thiamine, glycerol, 

and proline (50 ug/ml.). #-Galactosidase induction was performed as 

described in Fig. 2, Galactokinase was induced by incubation for 40 min 

with 0-05 M p-fucose. For each strain, the amount of enzyme made by 
a control culture induced in the absence of glucose was set to 100, 


We have also studied the control of §-galactosidase 
synthesis in another mutant of the lac promoter, strain 
X8047, and its parent strain, X7700. In strain X7700, 
the entire lac operon is transposed to a site adjacent to 
the trp operon. For some unexplained reason this 


organism exhibits particularly severe catabolite re- 
pression'?. We find that unusually high concentrations 





of eyelie AMP are required to overcome this repression 
(Fig. 3). The lac operon in strain X8047 contains the 
Li deletion, which covers a portion of the promoter, 
and extends into the i gene??, Strain 8047 makes about 
2 per cent as much §-galactosidase as does X7700. 
Whereas glucose greatly represses 0-galactosidase synthesis 
im, strain X7700, enzyme synthesis in strain X8047 is 
only minimally affected (Fig. 3a). Glucose repression 
of 8-galactosidase synthesis in X7700 is overcome by 
high concentrations of cyche AMP. By contrast, 6- 
galactosidase synthesis in X8047 is completely insensitive 
to cyclic AMP, even at concentrations as high as 3 x 10-? M. 

It was important to determine whether the insensitivity 
of strain X8047 was restricted to the lac operon and so 
we studied the regulation of galactokinase synthesis 
in strains X7700 and X8047. Galactokinase is another 
enzyme the synthesis of which is repressed by glucose 
and stimulated by cyclic AMP. Glucose repressed galacto- 
kinase synthesis and cyclic AMP overcame this repression 
to the same extent in both strains (Fig. 3b). Thus the 
loss of sensitivity of §-galactosidase synthesis in strain 
X8047 to cyclic AMP is a result of its laec promoter 
deletion. Our studies with this strain provide further 
evidence that the lac promoter is involved in the control 
of lac operon expression by cyclic AMP. Higher con- 
centrations of evclic AMP were required to overcome 
the glucose repression of galactokinase synthesis in 
X7700 than in 3-000. The reduced responsiveness to 
eyclic AMP is a general property of this strain, not a 
property peculiar to the lac operon. 

Because cyclic AMP stimulates §-galactosidase synthesis 
in constitutive mutants in the absence of inducer®', 
it must have an action independent of inducer uptake. 
It is possible, however, that cyclic AMP has an additional 
effect on inducer uptake. To investigate this possibility, 
we studied the effects of glucose and cyclic AMP on the 
uptake of “C-TMG. Glucose significantly decreases the 
uptake of TMG, while cyclic AMP at 5 x 10- M is without 
effect on inducer uptake, in the presence or absence of 
glucose (Table 2). 

Cyclie AMP ean overcome both catabolite and transient 
repression of §-galactosidase synthesis caused by glucose 
but is without effect on the inhibition of inducer uptake 
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Table 2. UPTAKE oF “C-THIOMETHYL-§-D-GABACTOSIDE 


140. MG uptake 


Glucose Cyelic AMP nanomeles/mg 
mo — 18-0 
— 5x103 M lea 
10M fate: 102 
10° M 5x10 M 11-0 


E. coli 3-000 was grown for many generations in minimal medium containing 
0-5 per cent succinate and 10" M IPTG. The cells were centrifuged, washed, 
and resuspended in the same medium lacking IPTG and containing 50 gg/ml, 
chloramphenicol. After incubation for 15 min at 37° © with 10°? M MC-thio- 
methyl-3-p-galactoside (4C-TMG), 0-05 «Ci/umole, 1 ml. aliquots were 
collected on ‘Millipore’ filters, washed with 10 mi. minimal medium, and then 
analysed for radioactivity. Uptake of 4C-TMG is expressed as nanomoles/me 
wet weight of cells. 


that is also produced by glucose. Beeause glucose lowers 
the intracellular concentration of eyclie AMP in Æ. coli, 
it seems that both transient repression and catabolite 
repression are mediated by this lowered concentration 
of eyclic AMP. By contrast, inhibition of inducer uptake 
by glucose is independent of eyclie AMP. 

Transient repression and catabolite repression have 
been regarded as separate processes for several reasons. 
First, ¢-methylglucoside and 2-deoxyglucose, sugars 
which are phosphorylated but not further metabolized, 
cause transient but not catabolite repression of §-galacto- 
sidase synthesis’. Second, Loomis and Magasanik 
isolated a mutant, strain LA-12G, in which glucose 
produced transient but not catabolite repression", 
This strain, however, was subsequently shown to have a 
defect in glucose metabolism, and to exhibit normal 
glucose-6-phosphate induced catabolite repression’, 
Finally, of course, the kinetics of transient repression are 
quite different from those of catabolite repression. 
Because cyclic AMP overcomes both transient and. cata- 
bolite repression, it now seems likely that both phenomena 
are due to lowered cyclic AMP levels. Makman and 
Sutherland reported that the addition of glucose to 
starved cultures of Æ. coli resulted in a rapid lowering of 
cyclic AMP levels?*. We have found (unpublished results) 
that glucose will also lower cyclic AMP levels within 
two minutes following its addition to cultures of E. coli 
growing exponentially on glycerol. This acute fall in 
cyclic AMP levels seems to be the cause of transient 
repression. Makman and Sutherland also found that the 
concentration of eyclie AMP was lower in cells growing 
on glucose than in cells growing on acetate’. This is 
presumably the basis of catabolite repression. 

Three distinct processes control the intracellular 
concentration of cyclic AMP: synthesis, degradation 
and release into the medium. Glucose and/or its metabolic 
products may affect one or more of these steps; the 
apparent differences between transient and catabolite 
repression probably reflect differences in the regulation 
of these three processes. 

We thank Dr Jonathan Beckwith for his generous 
gift of many of the strains used in this work, and for his 
helpful discussions. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 
Do Pulsars Turn Off? 


THERE are persuasive arguments, nearly independent of 
the chosen model, which indicate that pulsars do, in fact, 
turn off in a time short compared with the age of the 
galaxy. After indicating these arguments, we will show 
that this behaviour is to be expected on the basis of 
established physical theory and the particular pulsar 
model which wet? and others (refs. 3-6 and unpublished 
work of A. G. W. Cameron) have been developing, that 
the absence of long period pulsars can be quantitatively 
understood, and that fairly accurate predictions can be 
made for the rate of change of period P from other 
observed quantities. 

With only one anomalous temporary exception the 
periods of pulsars increase or remain constant. For the 
well observed (typical ~ 1s) pulsars, it will take w107 yr 
for the period to double at the present rate of increase. 
There are, at the last count, eleven pulsars with periods 
between 1-0 and 2:0 s but only one with a period between 
2-0 and 40s. Assuming that selection effects are not over- 
whelmingly important in these period ranges, and that the 
present epoch is not wildly atypical, we must ask ourselves, 
what has happened to the large number of «1-5 s pulsars 
that existed 10’ yr ago ? As has already been pointed out’, 
either the periods of those pulsars must have stopped 
Jengthening before they went past 2-0 s, or the radio 
huninosity must have decreased, or both; and it must 
have taken Jess than 107 yr for this to happen. As we shall 
show later, observations indicate that both phenomena 
oceur on atime scale of about 4 x 10% yr. The other general, 
and weaker, argument is based on numbers. Pulsars seem 
to be associated with supernovae. If there were, in our 
galaxy, only one supernova per five hundred years which 
produced a pulsar, and each had a very long lifetime, 
then we should find about 0-02 pulsars pe~? in the disk of 
the galaxy. Although the present sample is obviously 
incomplete and pulsar distance estimates uncertain, it is 
clear that within, say, 100 pe of the Sun the observed 
number falls short of the anticipated number by at least 
two orders of magnitude. The two readiest explanations 
for the deficit are either that the pulsars do not continue 
to emit pulses for 10!° yr, or, as Cameron has suggested 
(unpublished), geometrical effects prevent us from observ- 
ing a large fraction of the nearby objects. We shall 
explore the first explanation here. 

Given the rotating neutron star model, all methods of 
producing the pulses have required a magnetic field. 
Barring dynamo field production, how long should 2 
magnetic field last in a star before ohmic losses become 
important ? To answer this we caleulate the classical 
Cowling! decay modes which depend on the size of the 
star and the conductivity throughout the star. Using the 
recent work of Canuto® we find the conductivity is 


o==6 x 10? s= 
for typical neutron star conditions and is fairly constant 


throughout the star. The problem of finding the lowest 
mode in a spherical star of radius a and constant con- 
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ductivity was solved by Lamb. The field is given by ue 


f ees 7 
B= By > jt) | cos 9 exp(— tjta) 
had w 


i F I g 
B= hn Bpi) —joly) +~ ji (y) | sin 8 exp(~t/ta) (D) 
L ‘ = 


By=0, ysS=nrat 
where the decay time 


4a? 
tas om ig x 10" yr (2) 


for a 10 km neutron star. In equations (1), (r, G, 9) are 
measured in spherical polar coordinates about the mag- 
netic axis, jn is the spherical Bessel function of order 7 
and Bpi is the initial (¢=0) value of the polar field, 
Woltjer pointed out at the fourth Texas Symposium on 
Relativistic Astrophysics (1968) that magnetic fields 
present initially would be expected to decay on a time 
scale estimated at several million years. 

The non-zero magnetic moment of a rotating neutron 
star causes it to radiate large quentities of energy anel 
angular momentum via magnetic dipole radiation. Some 
of the manifold consequences of this have heen pointed 
out by Pacinit and by ustet, In particular, the period 
increases observed in pulsars follow automatically from 
the theory if the stars have fields of the order of 10° G. 
For decaying fields the period will depend on time in the 
following way! 

af ta. ted 7] 
P=Py 1+ 5 (let | (3) 
7h bd 
“characteristic time” 
tome (P/P)y (4) 
observed at the fiducial instant (say the present) when 
t=. We have neglected gravitational radiation snack 
alignment effects in equation (3). It is easy to show 
from equation (3) that the age of the object. ia 


age = }tqaln(1 + t5/ta) (5) 


and that the period will only increase up to the maximum 
value 


where Peis the period and the 


P max Pall + tafto) (8) 

This result, which is implied by the work of Pacini, 

Goldreich and us, has already been noticed by Hirth and 
Reinhardt (unpublished). For “standard” neutron stars 

the present and original average surface fields are* 

(Bòn? x 10" (PÈ G m 

<Bez; =< Ball + taftay® (8) 





~ 


Log <Bs>, (G) 





Log ta (yr) 


Fig. 1. Dots represent derived surface field and characteristic times 

for pulsars having both P and # observed (see equations (4) and (7)). 

Lines show the theoretical prediction for initial surface felda of (1-1, 
2-0, 3-8) « 10" G. 
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The quantities <Bs>, and t, are observationally. inde- 
pendent [compare equations (4) and (7)]; we plot them 
in Fig. 1 for the twelve pulsars for which both P, and P, 
are known (unpublished work of S. P. Maran and A. G. W. 
Cameron). Also plotted are the theoretical (equation (8)) 
curves for fixed decay time and three values of the initial 
field centred about 2x 10" G. It is also of interest to plot 
(Fi ig. 2) the radio luminosity (determined from flux and 
d dispersion measure with ne= 0 04) versus the character- 
istic time ty. In both figures we see a fall off in the plotted 
quantity at x10? yr, just where magnetic decay becomes 
important. We also plot on Fig. 2 the luminosity depen- 
dence expected if Lx B*. It seems that the radio lumin- 
osity is roughly proportional to the square of the surface 
magnetic field, In a separate investigation we have found 
that the radio luminosity is not dependent on the period 
itself when this proportionality is removed. The theo- 
retical curves have not been fitted in the horizontal direc- 
tion; ta has been calculated via equation (2). Finally, on 
the basis of the theory and the apparent Le œ B? depen- 
dence, we can calculate the expected distribution of pulsar 





periods. If observations are made to a given flux limit, 
we find 
n(P)dP =econst P erfin P — (InP max>)/o(InP max) ]dP 


Here Pmax has been determined for twelve pulsars by 
equation (6) (the average is weighted inversely as the 
volume surveyed) and o(InPmax) is the dispersion im 
In Pmax for the observed pulsars. Using the data in Fig. 1, 
we find that antiln <InPmax> and o(InPmax) are 0-49 s 
and 0-60 s respectively. The observed and the calculated 
period distributions are shown in Fig. 3. For short- 
period pulsars the coincidence of theory and observation 
is adequate, and for the long-period objects the agreement 
is quite good. Evidently the theoretically derived con- 
ductivity? is reasonably accurate—a change in o by a 
factor two would cause a displacement of the peak of the 
curve in Fig. 3 by 4/2 and destroy the agreement between 
theory and observation. 

There is one additional, but not very sensitive, check of 
these ideas. The Joule heat released per unit time —Ljn 
by the decaying magnetic field will contribute to the 
thermal luminosity Le of the neutron star. We find 
Lin > Lmtd x 108 (CB,5/101?)*==2-2 x 10% PP erg sa 
This radiation, which may show a weak periodic variation 
due to the anisotropie thermal conductivity in a magnetic 
neutron star, will be very difficult to detect. Finally, if, 
as indicated in Fig. 2, the radio luminosity is proportional 
to the square of the dipole field, then we can improve the 
prediction Po P- (refs. 1, 2, 4, 5 and 11) to allow for 
variations in field strength, and we find PaL,P-. 
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Fig. 3. Histogram showing the observed distribution of thirty-seven 
pulsar periods. Solid line shows the theoretical distribution described 
in the text. The rise on the left-hand side reflects the slowing down 
of the rotation rate; 
decay of the magnetic fleld. 





the drop on the right-hand side is caused by the 
The arrow designates antiln InP may >. 


Thus the conductivity in neutron stars is such that, 
after several millions of years, any initial magnetic field 
will have substantially decayed, the period will reach a 
maximum value of 1-2 s, and the pulsed luminosity will 
decrease considerably. The observed pulsars are less than 
10° yr old and we are only able to see a small fraction 
(10) of pulsars produced during the lifetime of the 
galaxy. Calculations of the rate of pulsar forming events 
(supernovae 7) must take into account the limited lifetime 
of these objects. Using the available data to determine 
the local pulsar density (neglecting geometrical effects) 
and equation (5) to establish pulsar ages, we find a rate 
of one event per seventy years in the galaxy if the galaxy 
is treated as a homogeneous disk. 

JEREMIAH P. OSTRIKER 
James E. GUNN 
Princeton University Observatory, 
New Jersey. 
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Search for an Optical Remnant of the 
Cassiopeia A Supernova 


EIGHTEEN plates obtained with the 200 inch (5 m) Hale 
telescope between 1951 and 1968 have been used to study 
the motions of the luminous filaments! associated with the 
radio source Cas A. The centre of expansion which is 
found from these motions is given in Table 1. The smaller 
mean errors of the present determination ‘of the centre 
of expansion are almost entire due to the longer time- 
base which is now available for the determination of the 
proper motions of individual filaments. Assuming a 
uniform rate of expansion the explosion which gave Hi 
to Cas A is found to have taken place in AD 1667+ 8 (m.e.) 
The position of the adopted centre of expansion is shown in 
Fig. 1. 





= 


OF CENTRE OF EXPANSION 
a (1950) 6 (1950) 


28h 21m 1ib4st02a +58? 32" 18-97% 43-1" 
BhmlsstO4s +58" 32°16" +8" 


Table 1. 
Period 


Present study 1951-1968 
Minkowski? 1951-1957 


POSITION 
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Fig. 1. 
associated with the radio source Cassiopeia A. The figure is 300” square. 


Position of the centre of expansion of the system of filaments 


Inspection of available 200 inch plates shows that there 
is no star brighter than mpg~ 23-4 and m,~ 22-0 within 
eight standard deviations of the adopted centre of expan- 
sion. A value V > 22-5 will be adopted for 
the stellar remnant of Cas A. This value is 
six magnitudes fainter than the value V= 
16-5 which Lynds, Maran and Trumbo# 
obtain for the pulsar in the Crab nebula. 
According to Trimble? the distance of the 
Crab nebula is 2-0 kpe, which may be 
compared with a distance? of 3-4 kpe for 
Jas A. Taking this difference in distance 
into account, it is found that the remnant 
of Cas A must be at least five magnitudes 
(100 times) fainter than the central star of 4 
the Crab nebula. 

This observation may be accounted for 
by the hypothesis that type IT supernovae, 
such as Cas A, do not leave a stellar remnant. 
Alternatively it might be assumed that the 
absorption in the direction of Cas A is very 
much greater than that in the direction of 40 
the Crab nebula. The fact that the super- 
nova outburst of Ap 1667 was not observed 
tends to support the assumption that the 
absorption in the direction of Cas A is quite 
large. The absence of [O IT] 43727 in the 
spectra of the moving filaments in Cas A also supports 
the hypothesis that the absorption in the direction of this 
supernova is high’. 


Counts/s 
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Clustering of Cold Hydrogen 
Gas on Protons 


Krasovsxit! has suggested that the presence of ion- 
clusters of hydrogen in gaseous nebulae could account for 
the absorption and polarization of stellar radiation. Tt 
has since been argued? that interstellar gas densities are 
too low for such processes. Hoyle and co-workers* 4 haye, 
however, proposed that condensation of hydrogen on 
graphite grains at ~3 K might promote the formation of 
galaxies and stars. The densities of hydrogen in inter- 
stellar clouds may thus be great enough for ion-clusters to 
form by interaction with radiation. 

In the laboratory, the temperature-dependence and 
weakness of ion/induced-dipole interactions preclude 
observations on the clustering of non-polar molecules on 
ions by normal mass spectrometric or discharge methods. 
Nucleation of H, molecules on ions has not been reported. 
We now report the ejection of ion-clusters of H, from solid 
hydrogen by low energy electron impact. 

Hydrogen gas is condensed on a copper surface at 3 R 
in a baked vacuum apparatus operating at ~ 10° torr. 
A focused electron beam (2 x 10-8 A) of 23 eV is swept over 
the surface by means of sawtooth voltages applied to & 
and Y plates beyond the electron gun. Tons emitted from 
the target are focused into a quadrupole mass filter 
located 3 cm away. Pulses from the multiplier-cutput are 
amplified and converted to a de voltage by a ratemeter for 
display on a recorder. During impingement of the electro: 
beam the gas density of hydrogen in the apparatus 
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Fig. 1. Ion-clusters of H, from electron bombardment of solid hydrogen: a, initial mass 


distribution; b, equilibrium mass distribution, 


increases to an equivalent pressure of 6-9» 10-" torr. In 
this condition contributions to the ion-count from ioniza- 
tion of gaseous H, are negligible. Estimates of the kinetic 
energy of the ejected ion species are made by retardation’ 
before mass analysis. 

At the onset of condensation protons and H,* ions are 
observed. As condensation proceeds ion-clusters of Ha 
begin to appear (Fig. la). The mass distribution of these 
gradually transforms into that shown in Fig. 1b. Beyond 
m/e 15 the ion-cluster count-rate decreases progressively 
up to m/e 99, the highest studied; in this region there do 
not appear to be any ion-clusters that are particularly 
abundant. It is found that the ion-chisters possess 
kinetic energy which can be correlated with that of 
protons produced by dissociative ionization of Ha, namely 


H,+e laa H+ +H- kinetic energy 





As the bombarding energy is increased the ki 
of the clusters increases to a magnitude similar to that of 
protons from the above process. This observation is 
strong evidence that protons are the primary nucleating 


tic energy 





816 


centres of the ion-clusters. Although H,* ions are müch 


more abundant than H+ ions in the electron impact 
spectrum of H,, only ions possessing kinetic energy can 
escape from the solid; the H,* ions remain trapped in the 
solid. Further evidence for the suggested mechanism of 
ion-cluster formation was obtained as follows. Hydrogen 
gas was chemisorbed as H atoms on the target at room 
temperature, Chemisorption was followed by monitoring 
protonsejected from the surface of the copper substrate by 
electron impact 


hä 
The surface was then cooled rapidly to 3 K and D, was 
physisorbed, whereupon the ions H+(D,), H+(D;)» and 
so on were observed. 

In order to account for the size distribution of ion- 
clusters, three types of interaction between protons and 
H, molecules should be considered: (i) ion/induced-dipole 
interaction; (ii) charge-transfer; (iii) three-body recom- 
bination. The interaction (i) gives rise to ion-cluster 
formation. The cross-section for process (ii) 


E H+ + Ho->H,t +H 


is reported’ to be zero at low impact energies and will 
therefore be neglected. The frequency, v, of the three-body 
recombination process (iii) 


H* +2H,—-H,* +H, 


tan be estimated using Thomson's expression for the 
4on~ion recombination frequency" 


vee Rd EV Aa, (874) 


where d, is the eaptive distance within which random 
diffusive drift is sufficiently affected by the indueed- 
dipole force and is given by ay,.e°/d,? œ 3/2 kT}; wy, is the 
polarizability of H,; k is the Boltzmann constant; T- is 
the proton temperature; ¢avd)/A, is the chance of recom- 
bination within dy; A, is the mean free path of the ion; 
“es is the proton velocity. For 7,211,000 K, nz 10% em- 
and v æl x 10° em s, væ3 x 10% s71, So the reeombina- 
tion process by which protons are converted to H,* ions 
is a highly probable one in our experiment, which suggests 
that H,* may be the nucleating centre of some ion-clusters. 
The ion at m/e 15 is the most abundant ion-cluster of H,. 
If this ion is H+(H,), then it is not easy to account for the 
particular stability of seven molecules packed around a 
central proton. The ion H,+(H,), would, however, be 
favoured sterically as six molecules packed in an octahedron 
around the H,* ion. Various spatial configurations for 
smaller and larger ion-clusters, involving either Ht or 
H,* as the nucleus, can be guessed at. 

Clustering of non-polar molecules on ions has been 
treated theoretically by Bloom and Margenau’, using a 
potential of interaction given by 

i Vir) = 20 rt 


where ìà and x are force-law constants, and deriving an 
equation for the ion-cluster size which can be written as 


N = A rè exp(aro?) 


where N is the number of molecules of the cluster; 
a=x/kT; x» is the dielectric constant of the gas; fo is the 
sum of the radii of ion and molecule, 40-3 nort? (ob- 
tained from their graph) and ne is the gas density. Cluster- 
ing may oceur when V(r) + Ey <0, where Ex is the relative 
kinetic energy of the interacting particles. For the 
H+-H, interaction, with T=3 K and ny 10" cem, N is 
several thousands. This derivation takes no account of 
steric factors which may dictate the size distribution. It is 
therefore possible that the spectrum of clusters we 
observed reflects the stability of H, molecules around 
H,* or H+ ions. 

Our experiments have shown that low energy electron 
bombardment of solid hydrogen produces protons which 
are ejected as ion-clusters of hydrogen. It may be 
possible to resolve the ambiguity concerning the nucleat- 
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ing centre, namely H+ or H,*, by searching for clusters 
around H~. If six H, molecules around a charge form the 
most stable ion-cluster, then, because H, is unstable, the 
size distribution should exhibit a maximum at m/e 13, 
corresponding to H-(H,),, instead of m/e 15 in the posi- 
tively charged clusters. 
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Relationships between Recent 
Middle East and African Earthquakes 


THE almost random occurrence of earthquakes seems to 


rule out any useful method of forecasting, at least until 
we understand and can closely monitor earth mantle 








processes. The probable influence of known natural 
factors like earth and ocean tides in triggering earthquakes 


is not sufficiently determining to be a forecasting aid. 
More hopeful are the results of ground deformation 
monitoring in the vicinity of such fault zones as the San 
Andreas, where patterns are emerging between ground 
deformation and ensuing local earthquakes'. 

A recent series of large earthquakes in the Middle 
East suggests a pattern to regional seismicity, on a broader 
scale than has generally been considered. Since Mareh 21, 
1969, there has been major seismicity in south-eastern 
Europe and eastern Africa, centred chiefly along a line 
marking the Red Sea axis and its extension northwards. 
The complete list of relevant events is presented graphie- 
ally in Fig. 1°. 

The largest events of the period have been three earth- 
quakes of magnitude 6-0 or greater which occurred 
successively in western Turkey, Sinai and the Afar region 
of Ethiopia. These three earthquakes show a remarkable 
time—distance relationship along their common N155- 
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Fig. 1. Chronological list of eastern European and African earthquakes 
for the period March 22-May 19, 1969. Lengths of event lines are 
proportional to ¢ rthquake magnitude. $ 
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Fig. 2, Situation of eastern European and African epicentres for the 
period March 22-May 19, 1969. Where numerous epicentres overlap, 
only the strongest event is indicated. 


aligament (Fig. 2). Tne published USCGS data are as 


follows 
Turkey March 28 0148 UT 88-5 N B84 E M 6-0 
Sinai March 31 0715 277 34.0 6-0 
Afar April 5 0218 42 62 





Time and distance intervals for the Turkey and Sinai 
earthquakes are 77-5 h and 1,320 km. The same para- 
meters for the Sinai and Afar earthquakes are 115 h and 
1.875 km. A hypothetical stress-release front can be 
conceived as migrating southwards along the Red Sea 
line, at a rate of 17-0 km/h between Turkey and Sinai, and 
16-3 km/h between Sinai and Afar; or an overall 16-6 km/h 
between Turkey and Afar. 

There were strong precursors to the major Sinai and 
Afar earthquakes as follows (see also Fig. 1) 


Sinai March 24 1145 UT 27-5 N 33-8 E M 5-2 
Afar March 29 0915 12-0 41-2 5-8 


Intervening time and distance values are 1175h and 
1,885 km, yielding a “rate” of 16-0km/h. In this case 
there was no corresponding, preceding Turkey earth- 
quake: the first Turkish shock of the present episode 
occurred on March 22 at 1800 UT (M 45), which in 
relation to the Sinai precursor of March 24 would yield a 
southwards “rate” of 32-9 km/h, about double the other 
values. 

In the week following the major Afar earthquake of 


April 5 there were two earthquakes in eastern Africa, 
both relatively small. 
Sudan April 5 1523 UT 44N BLS E M? 
Malawi April 9 1648 11S 3+6 t2 


Relating these to the major Turkey earthquake of March 
28 gives time and distance intervals of 205-5 h and 
3,805 km and 303 h and 5,550 km respectively. equivalent 
to supposed seismicity migration rates of 18:5 and 183 
km/h. If the Sudan and Malawi epicentres are pro- 
jected perpendicularly on to an N155-E line passing 
through the Turkey epicentre, then the respective dis- 
tances become 3,620 and 5,420 km, yielding “rates” of 
17-6 and 17-9 km/h. 


$ 


SET 


Obviously in a truly random sequence of events, 


relationships to fit any given thesis can be found IP 


enough events are considered. Such is not the purpose 
of this study, and therefore some interesting but “remote” 
connexions between the April Albania~Rumania earth- 
quakes (Fig. 1) and those of the Turkey-Afar line will be 
ignored for the present. 

There appears to be a crude periodicity to the largest 
shocks of the Sinai seismicity. The time intervals betw 





een 
the earthquakes of March 24, March 31, April 8, April 16, 
April 23 and May 10 (all with magnitude of 5-0 or greater, 
excepting the last) are 164, 189, 190, 173 and 400 hours. 
The absence of an earthquake in Sinai in early May makes 
the last interval approximately twice the preceding ones. 
This gap, however, is associated with a renewal of seismi- 

city in Turkey and Afar (see Fig. 1). A hypothetical 
Sinai event can be reconstructed to intervene between the 
Turkey and Afar shocks, according to our scheme, as 
follows 


Turkey April 30 2020 UT 39-2 N 28-6 E Mi 
(Sinai May 2 1530 27-5 34 
Afar May 5 0245 119 4ra 52 











This hypothetical Sinai earthquake would have split 
the 400 h interval into two 216 and 184 h intervals. In 
this case the seismicity ‘migration rate”, between Turkey 
and Afar is 32-1 km/h, of the same high order as for the 
initial Turkey and Sinai earthquakes. 

These Turkey and Afar earthquakes of late April-- 
early May were the first significant seismic events m their 
respective regions since the major earthquakes (and 

related aftershocks) of a month previously, excepting the 

Turkey earthquake of April 6. This earthquake followed 
218 h after the major Turkey shock of March 28, and can 
be compared with ensuing earthquakes in Sinai and 
eastern Africa. 


Turkey April 6 0349 UT 38-5 N 26-4 E M55 
Sinai April 8 1081 27-5 38-7 2 
Tanzania April l4 1853 4905 30-3 40 


Time and distance intervals from the Turkey event are 
55h and 1,400 km and 207 h and 4,830 km for Sinai and 
Tanzania respectively, yielding “migration rates” 
25-5 and 233 km/h. Thus the failure of an Afar e 
follow the Turkey- -Sinai sequence did not mean the al 
of a possible seismic front moving southwards through 
eastern Africa. It must be emphasized that no selection of 
earthquakes from the African rift system is being made: 
the Malawi and Tanzania events were the only significant 
ones recorded during this period. 

The seismic patterns suggested here have obvitus 
relevance to earthquake forecasting. Even if the sug 
gested patterns are real, however. problems remain, with 
apparently unpredictable irregularities in these patterns. 
Nevertheless the establishment of any pattern marks a 
beginning, and with this in mind the reports of the 
June 12 earthquake near Crete led to immediate private 
forecasts of impending events along the Red Sea line, 
despite the fact that the Crete epicentre lay 400 lan | 
west of this line. No events ensued in Sinai, but Pro- 
fessor Gouin has cabled that two earthquakes occurred 
at 690 km distance from»Addis Ababa, near midnight 
June 15-16, magnitudes 45 and 4-6. If these epicentres 
prove to be located north of Addis Ababa in the Masse wa 
region, then the time-distance intervals from Crete are 
81 h and 2,700 km, yielding a “rate” of about 33 km/h, 
identical with the Turkey-Afar sequence of April 80- 
May 5. 

The implhecation of regional relationships » 
major earthquakes opens a fascinating field for sp 
on global tectonics. But before this is entered on, it is 
considered necessary to establish firmly the meaningful- 
ness or otherwise of the sequences discussed here. For 
example, even to allow a factor of two within which to 
vary the spectrum of seismicity “‘migration rates’? may be 
sufficiently wide to enable unjustifiable relationships ta 
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be made. On the other hand, when the same seismic 
sequence along the Red Sea line is observed, moving at a 
constant rate southwards, differences in this rate from one 
sequence to the next do not necessarily indicate a 
random process. 

The enthusiastic cooperation of Mr R. W. Citron, 
manager of the Smithsonian Center for Shortlived 
Phenomena, enabled the rapid procurance of seismic data 
necessary for this study. Professor P. Gouin, director of 
the Geophysical Observatory, Addis Ababa, provided 
seismic and surface-deformation data for the Afar 
earthquakes. 
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Cambridge, Massachusetts 02138. 
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New Strain Meters for Geophysics 


Ty the past two months, three ultra long period linear 
strain meters have been successfully operated in the United 
Kingdom. Their design is novel and of interest because of 
the growing attention being paid to long period seismology 
and the study of earth tides. Here we ‘briefly describe the 
three, display the first records obtained from them and 
outline what we may expect to use them for in the future. 

They are installed NE/SW in a disused railway tunnel 
in Yorkshire (coordinates 53° 46’ N, 1° 51-5° W, 200 m 
above sea level). The environmental requirements for 
strain measurements are very stringent and it appears 
that Queensbury Tunnel is suitable for many reasons: it 
is more than ninety years old, has been partially sealed 
for more than six years, is more than 2-4 km long and is 
75 km from the nearest coastline. It is covered by an 
average 120 m of overburden consisting chiefly of hori- 
zontal shales and siltstones belonging to the Lower Coal 
Series. Its geological setting is such that it les in an 
Upper Palaeozoic basin believed to be more than 3 km 
thick at this point. 

The first two instruments use a laser feeding a modified 
Michelson interferometer (compare with the Fabry-Perot 
configuration of Bostrom and Vali'). The beam is split 
by a large optical flat into a reference beam and the beam 
that traverses the measurement interval of 55 m. Both 
the beams are returned by corner cube reflectors. The 
entire interferometer is evacuated to 5x 10-5 of an atmo- 
sphere; an innovation we have achieved by using push- 
pull bellows? at each end of the vacuum pipe. The vacuum 
housing is almost completely decoupled from the optical 
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system, rendering the interferometer virtually independent 
of changes of pressure or temperature of the vacuum pipe. 
Tests show that a 10° C change of temperature would be 
required to produce an apparent strain change of 1 part 
in 10%, The temperature near the apparatus has been 
measured to be constant to at least 0-1° C during the past 
two months. 

An Elhott He/Ne gas laser is used, frequently stabil- 
ized? into the Lamb Dip of the 3s--2p transition of T 
neon, giving a mean nominal wavelength of 6328 Å. 
wavelength modulation of 6x 107 À oceurs, causing à one 
and a half fringe oscillation to appear in the interfero- 
meter output. 

By coating the upper and lower halves of the optical 
flat with suitably chosen semi-reflecting films a phase 
difference of about 7/2 appears between the interferometer 
outputs. These feed a digital counting system incor- 
porating backlash to prevent the spurious registration of 
fringe increments (4/2) arising from laser or electronic 
noise. A digital interpolation system removes the back- 
lash from the display and provides digital increments and 
decrements corresponding to measuring length changes 
of 4/8 (strains of 1-5 5 parts in 10°). By virtue of the laser 
modulation and the time constants in the chart recorder 
feed, however, a purely analogue resolution demonstrably 
better than 2/50 is achieved (2-5 parts in 10"). Fig. 1 
shows a 36 h record from this system. 

In the second seismometer we use the same optical 
path but use a different measuring technique by mov- 
ing the distant corner cube with a transducer to maintain 
a fixed number of wavelengths between it and the semi- 
reflector. The transducer signal control is derived from a 
phase-sensitive detector which finds the maximum optical 
output (that is, a fringe peak) by making use of the laser 
stabilization modulation to sean the photocell output 
variations’. The transducer signal required to stay on the 
fringe is then a measure of the strain. This system is 
different from the first in that it gives a direct analogue 
output with fringe subdivision limited only by noise. 
Tt, too, has proved successful and a typical record is 
shown in Fig. 2 

The third instrument is a wire extensometer developed 

originally for industrial use®®. It uses as a length standard 
a prestressed horizontal invar wire. The device is simple 
and ean be installed in less than an hour. Two metal 
plates are bolted to the wall 10 m apart; on one of them a 
linear variable differential transformer (LVDT) is in 
direct contact with a low friction beam balance. The 
invar is fastened directly to the far plate and held under 
constant tension by this beam balance. Earth strains are 
monitored by the LVDT as small rotations of the balance 
and displayed on a chart recorder as a continuous trace, 
the resolution of which is better than 1 part in 10°, The 
wire, however, is sensitive to the changes of temperature 
and pressure of its environment and suffers from long 
term creep. Fig. 3 shows the outputs from the laser 
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Fig. 1. 


Earth tide record from 55 m laser interferometer with 10 s low pase filter. 
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Fig. 2. Earth strain record from laser interferometer showing “fringe 


following” analogue output. 
interferometer and wire extensometer plotted to the same 
scale. Contamination of the beam balance bearings by the 
corrosive elements of the atmosphere occurs toward the 
end of the period shown. 

All three seismometers produce comparable results. At 
any one time it is possible to run two completely inde- 
pendent strain measuring devices to observe linear strains 
in an NE/SW direction. The earth tide strain, its semi- 
diurnal and diurnal components clearly visible, is super- 
imposed on a slow extension of 2 parts in 10° per day. 
As yet there is no clear indication of the cause of the latter, 
but it is almost certainly a seasonal variation’. It is 
worth establishing that the earth tide record is at least 
approximately in line with other strain observations 
and we may compare our results with those of Ozawa’, 
He found from Japanese extensometer observations that 
the peak to zero amplitude of the semidiurnal (M,) com- 
ponent was of the order of 1 in 10° in the NE/SW azimuth 
and the diurnal component was about 0-5 in 10°. These 
results were all obtained at a latitude of about 34° N, 
but they do show that the two main components are 
comparable to those we obtained. More detailed analysis 
must await the further accumulation of data. 

During the week of recording shown in Fig. 3, the two 
curves diverge at a rate which would correspond to an 
expected creep extension of the invar wire of | in 10° per 
day, or to instability in the bolted joints of the wire 
extensometer, 

It is evident that a continuously stabilized laser can 
provide a suitable source for the interferometric measure- 
ment of earth strain. This resolution is more than ade- 
quate for tidal studies. For greater sensitivities a more 
stable optical source is, however, required. Laser noise is 
troublesome when dealing with variations smaller than 
1 in 10% in strain, and the development of yet more stable 
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lasers is awaited. Other sources of noise at long periods 
appear to be much smaller in magnitude. With a sensit 
ity of 1 in 10" the recording of large distant earthquakes 
and free vibrations in the Earth is possible and the advent 
of a simple, inexpensive extensometer for the study of 
earth tide magnitude strains provides a much needed 
device with which to study the variations of these strains 
on a regional basis. 

We thank Dr A. H. Cook, Dr W. R. C, Rowley and Mr 
D. Wilson of the National Physical Laboratory for their 
help in the work and Mr 5., Firth, undertaker of Denholme, 
Yorkshire, for the extensive assistance given to us. ‘The 
work is supported by the Natural Environment Research 
Council. One of us (V. B. G.) is a senior visiting fellow 
from the DSIR, Lower Hutt, New Zealand. 
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New Tertiary Volcanic Centre on the 
Rockall Bank, Eastern North 
Atlantic Ocean 


Tue islet of Rockall (57° 36-0’ N, 13° 41:1’ W) is the sole 
subaecrial of an extensive area less than 1,000 fathoms in 
depth located midway between Iceland and Ireland 
(Fig. 1, inset) known as the Rockall plateau and separated 
from the Scottish continental margin by the Rockall 
trough. Bullard et al, in their pre-drift reconstruction 
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Fig. 3. A week of earth strain measurement showing earth tides recorded on a 10 m wire extensometer (upper 
trace) and a laser Interferometer (lower trace). 
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of Laurasis, included the Rockall plateau to fill an un- 
acceptably large gap between the fitted continental 
margins of Europe and North America-Greenland. The 
inclusion of this area implied that it might be a continental 
fragment. Although the available geophysical data 
indicate that the Rockall plateau is continental in thiek- 
ness’ (my unpublished results) and probably im com- 
position*, the detailed geology and structure of both the 
Rockall plateau and the Rockall bank are unknown. 

A detailed geophysical survey, conducted by HMS 
Hecla, of the Rockall bank has, however, revealed an 
unusual pattern of magnetic anomalies in the vicinity 
of Rockall islet. The preliminary total magnetic intensity 
contour chart (Fig. 1) shows an arcuate belt of extremely 
high amplitude magnetic anomalies to the north and east 
of Rockall islet. Although the anomalies decrease im 
amplitude toward the west, they can be traced southwaid 
and eastward to rejoin the higher amplitude anomalies 
east of Rockall. This circular belt of anomalies encloses 
Rockall islet in an area of comparatively low amplitude 
anomalies. 

Although bathymetrie and Adie Seabee over tho 


have revealed no surfaco structures that ae be corre- 
lated with the anomalies, the quantities of basalt which 
have been dredged from the bank? and detected on 
underwater photographs of the area (personal communica- 
tion from N. H. Kenyon) show that basalt may outcrop 
locally on the bank. The lower Eocene age‘ of the aegirine— 
granite® of Rockall and the close similarity of the magnetic 
snomalies to those observed over the Tertiary volcanic 
eentres of the Hebridean area’ strongly suggest that a 
planated Tertiary voleanie centre underlies the Rockall 
bank in the vieinity of Rockall islet. 

The initiation of rifting in the north Atlantic Ocean in 
Lower Eocene time? is marked by extensive igneous 
activity in the Faroes’, the Hebridean area’? and East. 
Greenland!!, If the seamounts!*; in the Rockall trough 
are coeval, the Hebridean and Rockall voleanic centres 
may be more closely related to a lower Tertiary renewal 
of activity in the earlier Rockall trough (unpublished 
results and refs. 1 and 14) than to the igneous and tectonic 
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activity associated with the incipient Rekjanes Ridge 
between Greenland and the Rockall plateau. 

I thank Captain D. W. Haslam, who conducted the 
survey and obtained the data. 
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Palaeomagnetism of the Deccan 
Flood Basalts 


Tue Deccan Trap formations, of late Mesozoic-early 
Tertiary age, encompass a considerable part of peninsular 
India. These colossal lava flows are believed, much like 
the Tertiary lavas of Iceland, Mull and Skye, to have 
extruded sub-aerially. But the questions of their source 
and mode of eruption, and of their age and the time span 
of their eruption, are still debated’. Their palaeo- 
magnetism has also been extensively studied’. But 
even the results of these studies have no simple inter- 
pretation. 

Examining the remanent magnetism of 
the Deccan lavas, Sahasrabudhe*® observed 
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that the flows occurring at elevations below 
2,000 + 200 feet abow e the mean sea level 
are usually of “reversed? (R) magnetic 
polarity while those above this horizon are 
“normal” (N). He therefore suggested a 
two-fold stratigraphic subdivision of these 
into “lower” and “upper” formations, with 
R and N polarity respectively, with this 
elevation (2,000 +4 200 feet) as the dividing 
line, as opposed to the customary three-fol d 
subdivision’. This altitude- -polarity based 
subdivision has several interesting interpre- 
tations. It suggests that the geomagnetic 
field reversed only once during the entire 
period of Trappean voleanism® A corollary 
of this would be that either the Trappean 
voleanic episode covered a comparatively 
short time span’ or that the geomagnetic 
polarity inversions were infrequent during 
this period. 

A study of several flows in the ne ee - 
hood of Aurangabad (19° 52’ N: 75° 22° E), 
covering an elevation of 1,670 ae 3, 3.000 feet. 
above mean sea level, however, has indicated 
the presence of several horizons of R and N 
polarity’ (Fig. 1). Although the work is 
still preliminary, this polarity pattern seems 
to suggest that there were several inversions 
of the geomagnetic field while these flows 
were being extruded. Another noteworthy 
observation is that R directions are found 
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even at elevations of 2,500 to 3,000 feet, well above the 
generalized elevation boundary of the R-N transition I 
have mentioned. In another area, Sagar (23° 56’ N: 
78° 38’ E), in a sequence of eight flows, from 1,450 to 2,050 
feet above the mean sea level, the lower four flows have 
revealed R poy: overlain by one “intermediate” and 
two successive flows (my unpublished work). The 
uppermost re in this sequence also showed an ‘“‘inter- 
mediate’’ direction, suggesting that one more polarity 
inversion of the geomagnetic field had taken place. 

There are also some divergences from the two-fold 
subdivision of the Deccan Traps in Khambatkighat 
(17° 30 N: 74° 00’ EP and Amarkantak (22° 41’ N: 
81° 46’ E) (personal communication from R. K. Verma), 
where R flows occur at 2,500 and 3,000 feet respectively, 
and at Pavagarh (22° 28° N : 71° 34’ E)”, where N flows 
occur 1,125 feet above the mean sea level. There are 
several other deviations from this subdivision. The 
Trap flows of Linga (21° 58’ N: 78° 55’ E) are RY 
while their supposedly Peer eee Trappean out- 
liers of Rajahmundry (17° 03’ N:81° 47’ E) are N". 
Furthermore, even if the geologically deduced con- 
temporaneity of these two formations! is erroneous, the 
N polarity of the Rajahmundry Traps, which are at sea 
level, does not conform to the altitude—polarity sub- 
division. The N polarity of the Traps of Bombay 
(18° 58’ N : 72° 49’ E) is an identical case, though at sea 
level, while the Trap flows at nearby Kalyan (19° 13’ N: 

73° 03’ E) and Neral (18° 57’ N : 73° 19’ E) are R at the 
same elevations. This polatily difference between the 
latter three areas can be attributed to tectonic distur- 
bances®, In that case, if tectonic disturbances could 
cause the difference between such closely situated areas, 
the same cause might be advanced for the entire Trap 
country. 

Dips, warps, faults and so on are not unknown in the 
Deccan Trap country’ 4. The altitude—polarity classifica- 
tion, on the other hand, presupposes that the lava flows 
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Fig. 1. 


Bat 


found at similar altitudes and, incidentally, with a similar 
magnetic sense (or vice versa), although widely separated 
in the Trap country, erupted at the same time. Gieo- 
logical evidence suggests that all the flows in the Trap 
country did not erupt at the same time. The presence 
of voleanic eraters!®13 suggests that there were erupti 
of a central type in the Deccan Traps, as wel 
dominant fissure type eruptions, and palaeontological and 
other records'?* show that Trappean eruptions com- 
menced near the end of the Maestrichtian and continued 
well into the Tertiary. 

Palaeomagnetic data support these observations and 
show that, although flow-wise correlations can be made 
between altitudes and polarity in the Western Chats 
area, there are significant differences when these measure- 
ments are compared with those from other areas in the 
Trap country (Pig. 2). This would mean that while the 
generalized altitude-polarity subdivision holds good for 
the Traps in the Western Ghats, as Deutsch ef alt 
suggested, it does not preclude the possibility of more 
polarity inversions of the geomagnetic field durir 
the extrusion of the Deccan lavas. Consequently there 
should be a reappraisal of the corollaries of this sub- 
division: that either Trappean volcanism itself lasted 
but a short time, or the geomagnetic field reversals were 
infrequent during that period. 

The geomagnetic time scale prepared by Heirtzler 
et al’ from marine magnetic anomalies records 2-14 
reversals/m.y. since the late Cretaceous, with the frequency 
of reversals appreciably lower before 40 m.y. ago. Com- 
parison with continental data’? corroborate is pattern 
for the past 20 m.y., and so the corollary of infrequent 
geomagnetic reversals during Deccan Trap volcanism is 
hardly tenable. MeElhinny’s conclusion’ that Tr appean 
volcanism, ow ing to the presence of only two polarity 
zones, did not last longer than 5 m.y. is open to questi 
The presence of several polarity horizons in the Decca 
Traps invalidates this idea. Besides. it is dificult to 
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Flow-wise change of remanent magnetic directions in Deccan Traps of Aurangabad. 
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perceive Deccan Trap volcanism as one continuous 
sequence of eruptions, which probably took place in 
several eruptive phases with numerous time gaps between 
the extrusion of the flows. The intertrappean sediment- 
aries strongly point to this. Radiometric age determina- 
tionst®1, though not yet made in sufficient detail, suggest 
an eruptive phase during the early (60-65 m.y.) and 
late (40-45 m.y.) Eocene in the Western Ghats. It is 
therefore quite possible that many short term polarity 
events have been missed altogether, perhaps by sampling 
aps. 

With this in mind, we can say that (1) the Deccan 
Traps contain several polarity horizons; (2) there are 
exceptions to the two-fold altitude~polarity subdivision 
of the Traps; and (3) the Deccan Trap eruptions extended 
over a protracted period and, on the whole, covered a 
fairly long time span. 

I thank Professor V. L. 8. Bhimasankaram and Pro- 
fessor M. S. Krishnan for helpful discussions and sugges- 
tions. 

P. ©. Pan 
Department of Geophysics, 
Osmania University, 
Hyderabad, India. 
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Measurement of Light scattered from 
Density Fluctuations within a 
Collisionless Shock 


We have previously deseribed a collisionless shock with 
low Alfvén Mach number (Ma), which propagates perpen- 
dicular to a magnetic field’?. The shock is produced by 
the radial compression of an initial hydrogen plasma 
within a linear z-pinch. The initial plasma is 85 per cent 
ionized with electron density nea=64x 10 m, and 
temperatures Ta, = Ti, = 1-2 eV, and is in an axial magnetic 
field Ba =0-:12 Wb m-*. The shock propagates radially 
inwards through the initial plasma with a steady velocity 
V,= 240 km s (M4= 2-5), and with a steady structure of 
width L.,=1-4 mm and compression ratio f=2-5. The 
measured electron temperature behind the shock, T',.= 
44 eV, implies a resistivity within the shock about two 
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orders of magnitude greater than the classical collisional 
value, This demonstrates the collision nature of 
the shock. The effective mean resistivity (4), obtained 
from the power balance equation 
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corresponds to a collision frequency 
Y= d4x 10° Hz 


The currently accepted theories of such shocks®*:* invoke 
ion wave turbulence’? to explain the structure and collision- 
less heating. 

When light is scattered by plasma wav 
optical wave vector and frequeney from incident to 
scattered light is equal to the plasma wave veetor (k} 
and frecuency lo) 
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The differential scattering cross 
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of its Fourier transform 
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where o¢ is the appropriate 
section for a single electron. 

We have studied the light forward scattered from a 50 
MW ruby laser beam of diarneter 2 mm, during the passage 
of the shoek through the beam. 
35 ns is greater than the transit time of the shock through 
the laser beam (10 ns). The relative timing is obtained 
from the shock luminosity or from an electric probe which 
is azimuthally out of the optical paths. The incident and 
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of the scattered power are normalized to a moniter of 
incident laser power. 

The plasma waves responsible for this seattering have 
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Spectral resolution of this scattered light is 
by using interference filters with 3 A or 35 A pass band 
centred on the laser line, and a pressure scanned Fabry~ 
Perot interferometer with 0-08 A resolution within a 3 A 
free speetral range. The measured normalized eens 
power within the 3 Å and 35 A pass bands is th i 
the experimental accuracy (+16 per e 


sam. Although 
hin the shock, 
OPI aml conse- 










tained 



















ian 
scattering produces a one of w veeh AR T 5 A 
and must arise from plasma fluctuations with frequencies 
quency, 


appreciably |] less than the electron plasma fre 
for which Ak=5 A. Because there is no reason to 
appreciable Doppler shifting of the plasma fre 
result exeludes the possibility of an enhanced le 
electron plasma waves’, The measurements 
Fabry-Perot interferometer demonstrate that 
scattered light lies within the wavelength re ange 
from the centre of the ruby line (Fig. 2). The speebr: 
half width Ax=0-075 A, which is about twice that of the 
incident light, is equivalent to a frec change Se 
3x 10" Hz. This corresponds to seatt ’ 
waves with 











5 y, this 
zel of 

with the 
all the 



















om Ål pi 


824 


where the ion plasma frequency w,:=5* 10! Hz. The 
measurements provide clear evidence for the presence of 
enhanced ion wave fluctuations within the shock. 

The average scattering cross-section within the shock 
has been measured by comparing the power scattered from 
the shock with that Rayleigh scattered’ from nitrogen 
gas. This method of calibration has been cheeked by 
showing that the normalized power seattered from nitro- 
gen is proportional to gas pressure and independent of 
laser power, while giving the correct ratio to the scattering 
from neon gas to within 10 per cent. An independent but 
less accurate calibration of the laser power and photo- 
multiplier sensitivity agreed to within 30 per cent with 
that obtained from the Rayleigh scattering. 

The comparison of scattered power from the shock and 
from nitrogen gas yields a level of fluetuation within the 
shock 

<bne( km) = 42 x 10% mè 
This corresponds to 
o(km)=3°3 x 107 m? and S(hkm) = 430 
for the mean value of ne within the shock, while for the 
limiting values at the front and rear 
780 YS'(bm) > 28 0 
respectively. The same level of fluctuation is measured 
with end without the electrice probe in the plasma. The 
standard deviation of these measurements is 15 per cent, 
but some records vary by as much as a factor of two. It 
is interesting to note that this enhancement is not observed 
for the higher Mach number shock (Af4=3-7) reported 
previously, 

For a stable homogeneous unmagnetized plasma with 
T.2T; but no current, scattering theory? states that 
S(k) 1-0. The presence of a uniform current, unless very 
elose to instability, does not appreciably alter this result 
nor does the presence of a homogeneous magnetic field. 

The high value of S(km) observed in this experiment 
implies the presence of instability and subsequent non- 
linear limitation. The free energy driving this instability 
must be associated with the current flow or the inhomo- 
geneities within the shock. In a resistive shock these are 
interdependent and, although no complete theory exists, 
ion wave turbulence is predictcd’-*. 

Anon-linear theory of homogeneous ion wave turbulence 
has been developed by Kadomtsev’. For the mean shock 
conditions, this theory predicts a level of isotropic 
turbulence 

CSN (Em) = 1-2 x 10" m 
which is nearly three times the measured value. 

The measured level of fluctuation can be used to estim- 
ate the total energy in the turbulence, assuming that it is 
isotropic. The ion wave dispersion relations" are used to 
obtain the relations between the three forms of potential 
energy <dn32(k)>, ntk) and <#*(k)> in the waves 
for a given k value. The turbulence is assumed to have an 
electric field following a power law dependence on k, given 
by <H(k)y> x k. For such a spectrum to have finite 
total energy, we must have N= —J. This limiting value 
N=-—1, which is the form of spectrum predicted by 
Kadomtsev, gives the maximum turbulent energy. The 
measured level of fluctuation yields a maximum turbulent 
energy which is 9 per cent of the electron thermal energy. 

The effective collision frequency (v*) resulting from this 
turbulence can be estimated by considering an electron 
with the mean thermal velocity (eeh in an isotropic 
fluctuating eleetrie field. The Fokker--Planck perpendi- 
cular diffusion coefficient? is used to obtain the collision 
frequeney for ion wave fluctuations (@<<ker) in the form 


åp 
I zex? l EEIN 
vt mos e] mol AE kdk 
Or? Nim’ ced 
The upper limit for the integration is consistent with the 
rang g 
es predicted by both Stringer™ and Krall’. 
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for appreciable growth rate of ion wave instability- 
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The integration involvés the k-spectrum of the turbu- 
lence, while our measurements are, as yet, confined to a 
single value k=km. For a power spectrum of turbulence 
with finite energy (that is, N> —1), however, the above 
integral depends principally on the magnitude of fluctua- 
tions at the upper limit of integration k= (1/Ap), that is, 
at the ion wave resonance. Because our measurements 
of the fluctuation level are made near this upper limit 
(for example, «=1-3), our estimate of the collision fre- 
quency is not sensitive to the form of the k-spectrum 
assumed. 

We have assumed a spectrum of the form predicted by 
Kadomtsev (N= —1) and used the dispersion relations! 
to convert the measured <872(km)> into <E%(kn)>. The 
resulting collision frequency for the mean shock con- 
ditions is 





v= 4-5 x 10" Hz 
Even if the power law is changed to N= +2, v* is only 
halved. The limiting values of v* for conditions at the 
front and rear of the shock with N=—1 are 10 GHz) 
v*¥52-3 GHz respectively. 
The collision frequency (v*) for the meen shock condi- 
tions is only 30 per cent higher than that (5) derived more 
directly through the resistivity. The measured level of 
fluctuation within the shock is therefore sufficient to 
explain the observed electron heating. Thus we have 
obtained experimental evidence for a self-consistent model 
of a collisionless shoek based on ion-wave turbulence. 
We thank Drs R. J. Bickerton and I. Cook for their 
advice and Mr P. R. I. Hedley for his assistance. 
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Pink Afterglow of Nitrogen 


Nirrocen which has passed through a discharge contains 
free atoms: their recombination gives rise to the long- 
lived, yellow, Lewis--Rayleigh afterglow (LRA)! which is 
composed mainly of first positive bands (B'lTg--4°Xi 
with v’ < 12 (the dissociation limit). Microwave discharges 
in pure nitrogen also give a short-lived, pink afterglow 
(PA)**. In this case, the first positive bands are exeited 
to much higher vibrational levels and there i 








discharge and the PA in which only the weaker LRA is 
visible. The only additional energy carrier that has been 
ected’) is vibrationally excited, ground state nitrogen 
—-N,t; from Bass’s data, one can estimate Tyin~ 10* K. 
It is not known whether vibration—vibration exchange will 
lead to a Boltzmann energy distribution in the PA (~ 10 
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ms after the discharge), so the term Tyiv is used loosely, 
but it is certain that vibrational energy will not equilibrate 
rapidly with translation and rotation (the “gas kinetic” 
temperature will here be called Txin). On the other hand, 
equilibration between vibrational energy of N, and kinetic 
energy of the electrons (reaction (2) ) is very fast‘ and average 
electron energies of ~4 eV have been found in the PA’. 

As the gas flows out of the discharge, Tikin falls; im 
experiments similar to those of Beale and Broida*, we 
have measured rotational temperatures (of the first nega- 
tive bands) of 1,250 K at the “tail” of the discharge 
(6-5 em from the centre), 865 K at the beginning of the 
PA (17 om) and 780 K at its end (37 em downstream). 
We assume that these temperatures are equal to Txin. 
The slow drop in the PA confirms that a considerable 
amount of heat is liberated?**, Our aims here are to 
point out the importance of Txin and to make deductions 
about the excitation processes. In what follows, the 
following mechanism is assumed 


13M + 13M-~N,* + Ny + e (1) 
e+ N'N + e* (2) 
e,N,t walls (3) 

et +N, tot 3M+e (4) 
N,t(X) +NN: +B) +N, (5) 


1M and M represent metastable excited N, molecules; 
there are several states (at Tg, a Ng, w tA, 3A,, AER) 
which (with a little vibrational energy) have more energy 
than half the ionization potential’. There is evidence” for 
the occurrence of (1), but details are not known: one 
collision partner could be an excited atom, giving N,*, 
but reaction of N,* and N would give N,*. 

One consequence of the fall of Txin through the dark 
space is that the density must increase (pressure is nearly 
constant). Reaction (3) is very fast at the discharge 
tail!’ because of the high electron temperature, but its 
rate, which is (approximately) inversely proportional to 
the density, must decrease through the dark space. We 
suggest that there is no PA in the dark space because of 
the rapidity of (3), but that as Txin falls, the chain reaction 
(1), (2) and (4) leads to a very rapid increase in the ion 
concentration. It may be objected that the measured 
fall in Tin is not very great, but the values refer to the 
central glowing region--the gas must be cooler near the 
walls. This suggestion is consistent with the observed 
effects of tube diameter’ and magnetic field’; it explains 
the sharp onset of the PA and the observation that the 
application of heat to the dark space shifts the PA down- 
stream?, Oldenberg*? proposed that the metastables are 
formed in the dark space by atom recombination (which 
is probably correct?!) and that the breaking up of the 
PA into sections, sometimes observed’, is caused by a rise 
in Tyin which decreases the recombination rate. This 
effect must also occur in the dark space, but our proposed 
chain reaction, together with the temperature dependence 
of (3), appears more plausible. 

There seems to be considerable evidence® for 
the occurrence of (5), both in the discharge and in the PA, 
but the excitation of the first positive bands has not been 
explained previously; their high Tvi in the PA, greater 
than in the discharge, is particularly surprising. This is 
not just an enhancement of the high v’ bands, for our 
observations show a smooth change in distribution among 
the v’<12 bands. Again we propose that this is an 
effect of density, the lower levels being quenched more 
efficiently than the high ones and the effect increasing 
with density (collision rate a T-t at constant pressure). 
Quenching efficiencies depend on the relative rates of 
radiation and quenching. Little is known about the latter 
for individual levels, but the rates'® seem to decrease 
with v; the radiative rates increase with v as required", 
though measurements only extend up to v=12. 

This simple picture is not, however, adequate: studies 
of the LRA suggest that quenching of the B state is 
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extremely efficient at pressures of several torr!; if quench. 
ing is much faster than the radiative process for all levels, 
then changes in the collision rate cannot alter the intensity 
distribution. It is necessary to consider the quenching 
process in more detail. We distinguish three types: (a) 
conversion between electronic states of the same multipli- 
city with small cnergy losses (say, 1-2 vibrational quanta); 


(b) similar conversion with large energy losses, for example: 


N,(B) + Ny-*N2(A) + Net (6) 
and (¢) conversion between states of different multiplicity, 
whieh will be rapid only if the quencher has a multiplicity 
>I, that is, a nitrogen atom. Such processes involving 
A and B states have been observed in the LRA. The 
LRA data can be explained if (a) oceurs very rapidly in 
both directions producing a range of v’ in the B state from 
the initially formed v’=12 level, while (6) is somewhat 
slower but faster than the radiative rate in the pressure 
range usually studied. The difference between LRA and 
PA is that, in the PA, (6) will also occur in reverse; in 
fact, we propose that this process (direct or via the triplet 
metastables) is the excitation, mechanism of the first 
positive bands. Triplet states are produced by (4): 
there is rapid conversion between all the levels of the 
triplet manifold; A state molecules are re-excited after 
emission (as in the case of reaction (5)}*); and the rate- 
determining step for quenching is not (6) but a process of 
type (c), giving higher singlets (a,a’) which are deactivated 
rapidly in collisions with N,. In addition to the spectral 
distribution, this mechanism accounts for the effeet of 
magnetic field (which slows electron diffusion) in enhane- 
ing the first negative more than the first positive bands‘. 

This work was carried out while one of us (B. B.) was 
a visitor at York University, Toronto, supported by the 
Department of Defence Production of Canada. 
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Energy Transfer from Excited 
Gaseous Molecules to Solids 


Evercy transfers between atoms or molecules in a homo» 
geneous gas phase and in solid phases have been known 
for a long time! +, Numerous applications of this effeet 
have been made recently in gas lasers. It is surpriving 
that, as far as we know, no record of a similar phenomenon 
between gases and solids can be found. 

There is, however, one well known comparable effect: 





‘the change in electrical conductivity induced in zine 


oxide on bombardment with atomie hydrogen”. Although 
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this treatment produces an increase in the free energy 
of the zine oxide, it is not clear whether the effect should 
be considered as “physical” or ‘‘chemical’. By ‘‘chemi- 
cal” we mean a small and reversible change in the com- 
position of the solid, whether limited to the surface or not. 
By using the technique of ‘exo-electrons’* we have 
observed that eleetrons could be raised to excited states 
in zine oxide by bombardment with thermally excited, or 
plasma excited, molecules of CO,. 

This possibility is shown in the following experiment: a 
thin layer (4 microns) of zine oxide on glass, prepared by 
oxidation of metallic zinc, was submitted to a molecular 
beam of CO, molecules. The CO, molecules were ther- 
mally excited by streaming over a platinum filament 
heated to about 1,000° ©, The zine oxide film was then 
taken out of the vacuum system and put in an “‘exo- 
electron counter” similar to that deseribed by Fintelman', 
where it was examined under thermostimulation. Films 
bombarded with excited CO, molecules gave well defined 
and very reproducible “glow peaks” at the temperatures 
of 140° C and 229° C. Plasma excitation of the CO, gave 
similar results, as also did excitation by mixing the CO, 
with plasma excited N,. 


6 
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Thermostimulated emission of a zinc oxide film after treatment 
with excited CO, Heating rate 150° C/mim. 


Fig. 1 

Ti may be argued that this effect is caused by adsorbed 
ions. The probability of producing ions in CO, by 
contact with platinum at the temperature of 1,000° © is, 
however, very remote; and we found that a grid placed 
before the sample and biased at a potential of +400 V had 
no visible effect. It thus seems probable that neutral but 
vibrationally excited CO, molecules can transfer their 
energy to electrons of zine oxide. This may have some 
significance in the interpretation of the catalytic properties 
of zinc oxide. 

Fig. 1 shows typical results. 
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Detecting Radiation witha 
Supercooled Liquid | 


Ir is well known that if a supercooled liquid is exposed to 
ionizing radiation the probability of homogeneous freezing 
in it inereases'*, A plausible explan ation for this is that 
there always exist in a liquid fluctuational density varia- 
tions, and at some places molecules coming close to each 
other form a pera microsystem—a quasi-crystallite-— 
of a very short lifetime. The probability of formation of 
such quasi-crystallites increases with a lowering of tem- 
perature. In the supercooled state of a liquid this proba- 
bility is large enough to render the liquid metastable with 
regard to freezing. These crystallites thus play the part of 
“embryos” for erystal growth in the liqud. The change 
in the Gibbs free energy for embryo formation and the 
molecular density variations in the hquid are then the 
factors which decide whether, in certain given Seta 
the nucleation will take place. It can be shown that 
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Cosmic ray tracks. They are seen penetrating through 


Fig. 1, a and b. ks. J 
sealed partitions in the chamber, 
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Fig. 2. Cosme rayTtrarka. 








Appearance of shart hazy tracks in the chamber on exposure to 
The white mags at the bottom is the frozen ice. “Co-source, 
in a sealed tube, is placed at the bottom centre and is behind the frozen 
mäss, 





ionization significantly improves the condition for nuelea- 
tion. Detailed theory for this has been worked out by us 
and independently by Pisareyê. 

Some time ago we proposed’ making use of this pheno- 
menon to develop a technique for detecting high energy 
ionizing radiation. A liquid is supercooled to a tempera- 
ture at which the ionizing radiation can be detected by the 
tracks of ice crystals formed along its path. We have 
carried out some experiments using triple distilled, sus- 
pension free, pure water as the medium contained in a 
glass or ‘Perspex’ vessel of rectangular shape of inner thick- 
ness 0-5 em and cooled to —6° C (in keeping with our 
theory). Using cosmic rays as the ionizing radiation, 
we indeed observed the expected tracks (Figs. 1-3). The 
technique is at present being refined further. 

I thank the Department of Atomic Energy, Govern- 
ment of India, for financial support, Professor R. R. 
ge for encouragement, my research associates Messrs 
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Theoretical Basis for 
Coomber’s Relationship 


Tue almost linear relation found empirically by Coombert* 
between the dielectric constant e and internal pressure pi 
for several non-polar hquids appears so far to have received 
no theoretical justification. By making sorne a 3 
it is possible to show that a simple explanat 1 follows 
from the nature of intermolecular forces. The internal 
pressure of a liquid is detined as 
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where Æ is the potential energy of N molecules occupying 
a liquid volume V at absolute temperature 7. Hilde 
brand and Seott?+ have shown that E may be written in 
the form ~—a(T).V-" where n is approximately unity for 
many organic dielectric liquids’, a@(f) bemg slightly 
dependent on temperature, but not volume, so that 
pranalL). Ve, If molecular repulsion is umed’ to 
contribute negligibly to Æ, then for non-polar liquids Æ 
is due only to the attractive dispersion for F ton? 
According to London, the di: on energy of < ’ 
pair having random mutual entation and separation r 
may be written — #.7.2°. f(r), where f(r) =r- for monatomic 
atoms and is a more complicated fimction for polyatomic 
molecules; a and I are the atomic or molecular polariz- 
ability and ionization potential respectively. Nc 
that N molecules consist of $N? molecular pairs and m 
ing the usual assumption that E may be calculated from a 
pair interaction summation, then a(7’) may be factorized 
into a temperature independent part equal to J 2 and 
a temperature dependent part denoted by b(T) which 
includes numerical constants of the pair sumrnation 
arising from the interparticle geometry. Thus 
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Assuming the Clausius--Mossoti equation to be valid for 
non-polar dielectrics, then. 
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For the range 2<¢<3, in which most non-polar dielectric 





the function ) can be represented by 
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hquids lie, 





0-0975¢—0-1325 with a maximum error of + 0-2 per cent. 
Because n differs from unity by typically 0-1 and & varies 
slowly! with T, p: is seen to be a linear function of e, as 
found by Coomber. Values of I differ from molecule to 
molecule and so the linear relation found by Coomber 
between p: and e for different liquids cannot be explained 
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by the theory above. The theory does, however, 
predict that dielectric constants when extrapolated to 
zero p; have a value 1-36 for all liquids for which n= 1. 
Values of n have been given as 1-09, 1-09, 1-05 and 0-89 
for hexane‘, carbon tetrachloride’, benzene? and carbon 
disulphide? respectively. Coomber! (his Fig. 2) has 
plotted s against pı for the liquids hexane, carbon tetra- 
chloride, cyclohexane, benzene and carbon disulphide, and 
finds each graph to be linear as demanded by the above 
theory. Moreover, these lines intersect the pi=0 axis at 
values of 1-35, 1:37, 1-35, 1:40 and 1-54 respectively, 
compared with the theoretical intercept of 1:36. The 
large diserepancy in the case of carbon disulphide may be 
due to negléet of molecular repulsion forces in the theory. 
Hildebrand‘ has shown that its potential energy does not 
follow the V~-! law in the density range considered by 
Coomber. 
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Effect of Free Stream Turbulence on 
the Drag Coefficient of Bluff 
Sharp-edged Cylinders 


Tre effect of turbulence on the drag coefficient of spheres, 
circular cylinders and so on has been widely studied, but 
the effect on sharp-edged bodies, such as square cylinders, 
has received little attention. It has usually been assumed 
that as the point of flow separation is fixed (that is, at the 
corners) the flow around sharp-edged bluff bodies is 
independent of Reynolds number, and any possible effect 
of free stream turbulence has been neglected. 

As part of a study of the effects of scale on the wind 
tunnel testing of buildings, a series of experiments to 
measure the drag coefficient of square section cylinders 
has been carried out at the University of Nottingham. 

Square section cylinders of nominal size 0-5 inches, 
LO inches and 1-5 inches, fitted with end plates, were 
mounted in turn on a wind tunnel balance and the drag 
measured at various Reynolds numbers for each of three 
turbulence grids, fitted at the entrance to the working 
section. Each cylinder was mounted 22-5 inches behind 
the turbulence grid and the drag measured to +0-01 
pounds-force for each of seven values of wind speed. 

The wind tunnel used was an open circuit, closed work- 
ing section type with working section 30 inches x 36 
inches x 48 inches long. The fan speed was controlled by 
a Ward~Leonard drive unit, giving a wind speed range 
from about 25 feet/s to 90 feet/s. The turbulence grids 
used had a common mesh-to-rod diameter ratio of 5. 
The mesh sizes were 0-938 inches, 2-03 inches and 3-125 
inches, in order of increasing turbulence. 

Drag coefficient (Cp) and Reynolds number (Re) were 
caleulated for each cylinder and for each turbulence grid 
at six angles of incidence (a). Some of the results are 
shown in Fig. 1. For each value of « all values of Cp show 
a variation of approximately 10 per cent with change in 
Re; this may partly be a result of variation in intensity 
and scale of turbulence with change in tunnel wind speed. 

At a=0 each grid produces a level of Cp for each 
eylinder considerably different from the other two grids. 
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As « is increased to 15° this difference becomes small; then 
as « is increased further a difference in Cp for the various 
grids is again established. In all cases Cp inereases with 
decrease in size of cylinder, although the effect of turbu- 
lence on individual eylinders appears to depend on the 
size of cylinder relative to the scale of turbulence and the 
angle of incidence, that is, for the 1-5 inch cylinder, C» 
decreases with increasing turbulence at low angles of 
incidence, the effect. being reversed at large angles. 

At «=0, the value of Cp lies between 1-66 and 2-68, 
while at «= 48° the range is 1-11 to 207. Both these have 
a greater spread than the results of Delany and Sorensen’, 
who give Cp=2-0 at a=0 and 1-5 at a= 45°, within + 10 
per cent in all cases, for 12 inch, 4 inch and 1 inch square 
cylinders, irrespective of cylinder size. Their results would 
differ slightly from ours, for they arranged the section 
corners such that the ratio of the corner radius to the side 
was 0-021. 

The values of Cp are in no way corrected either for 
tunnel blockage or for any effect of the end plates. The 
worst case of blockage is for the 1-5 inch eylinder at 
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Fig. 1. Drag coefficient versus Reynolds number. 
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a= 45°, where the model occupies 4 per cent of the tunnel 
cross-section, which should not affect the value of Cp 
greatly. The largest correction for endplates was 2-8 per 
cent. 

The correlation between Cp, the seale of turbulence 
relative to the size of cylinder and the intensity of the 
free stream turbulence are at present under investigation. 

The drag coefficient and Reynolds number are given by 





2g D 
Cp = drag coefficient = a I, 
UH (cos a +8 sina) 





Re= Reynolds number = 


y 


‘where Am = projected area in feet? of cylinder, normal to 
mean air flow, D=measured drag (pounds-force), H, 
length of side of square (feet), L, length of eylinder (feet), 
U., mean free stream velocity, «, angle of incidence 
between top face of cylinder and mean wind direction 
(degrees), p, air density, and v, kinematic viscosity. 

We thank the Science Research Council and the 
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Preparation and Growth of Single 
Crystals of Metallic Azides by 
Controlled Diffusion in Silica 

Gel System 


Stupies of the solid state properties of metallic azides 
are at present restricted by the lack of availability of single 
erystal specimens because of preparative difficulties. 
According to reports, lead azide, for example, may explode 
spontaneously during solution growth, particularly when 
faster growth rates are used'*. Crystal growth in gels at 
near ambient temperatures seems to be an attractive 
technique for growing single crystals of such metal 
azidest-7, In gels, the diffusion controlled growth rates 
are lower than in solution and convection currents, which 
may be a causative disturbance for explosions are 
virtually eliminated. 

We report the successful growth of single crystals of 
lead azide in gels at near ambient temperatures in experi- 
mental conditions which reduce or eliminate the prepara- 
tive hazards of solution growth methods. This technique 
has also been used successfully for growing single thallous 
azide crystals. 

Single erystals of lead azide were grown in silica gels 
prepared by mixing equal volumes of sodium silicate 
(Fisher certified reagent) solution of specific gravity 1-06 
and 5-75 per cent by weight nitric acid solution. Five ml. 
of lead nitrate (0-1 M) was added for each 20 ml. of this 
mixture. The resulting solution, adjusted to a pH of 
6-5 if necessary, was poured into 25 mm diameter standard 
test tubes and permitted to gel--which occurred within 
5to 10min, This gel was allowed to stand for an additional 
1 to 2 h, in order to enhance its mechanical strength and 
resistance to deformation. An additional amount of the 
gel forming mixture, also made by mixing equal volumes 
of 1-06 specific gravity sodium silicate solution and 5-75 
per cent by weight nitric acid but containing no lead 
nitrate, was placed on this gel and permitted to gel. The 
ratio of the original gel volume to this second top gel 
volume was approximately 1; 1. 
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The resulting two layer gel system was covered with 
5 ml. sodium azide solution (2 M), permitting the azide 
ions to diffuse into the gel and reaet with the lead ion 
Experiments were carried out at constant temperatures 
ranging from 25° to 55° C with the gel systems being 
examined periodically for evidence of crystal growth, 

At 50° C lead azide erystals become visible to the naked 
eye after K to 7 days. After 2 weeks colourless crystals 
about 1-5-2 mm in size were attained. Using appropriate ` 
analytical methods these were identified as single erystals 
of orthorhombic alpha lead azide. Chemical purity was 
ascertained by carefully heating selected erystals to 
approximately 200° C for conversion to lead oxide which 
was then evaluated spectrographically. Although stand- 
ard grade, reagents that were not specially purified were 
used in these er ystal omamne stidis: the total metallic 
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Growth experiments at 25° C resulted in substantially 
higher nucleation rates due to the higher supersatarations, 
and the resulting crystals were opaque. Numerous 
individual experiments were thus carried out without any 
ease of spontaneous explosion. 

Thallous azide single crystals were grown following 
essentially the same procedure except that the bottom 
gel layer was prepared by mixing the sodium silicate 
solution with the nitric acid solution containing 5 ml. of 
0-4 M thallous nitrate solution. Five ml. of a 1 M sodium 
azide solution was poured on the top gel layer and per- 
mitted to diffuse into the gel as before. hisfactory results 

were obtained at 50° C where two to four erystals of thal- 
lous azide were obtained per 20 ml. of gel, after 3 to 4 days. 
These continued to grow to 3-4 mm size within a week. 
The identity of these pale yellow transparent tetragonal 
bipyramids was confirmed hy appropriate analyses. 

Experimental studies are continuing m order » obtain 
larger and more perfect high purity cry We thank 
the Explosive Chemistry ‘Branch labo Picatinny 
Arsenal, for the financial support of this work. 
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Thermal Stability of Metal Hydrides, 
Deuterides and Tritides 


Ixvrerest in the stability of metal hydride materials has 
been stimulated by their potential use as reactor modi 
tors and as target materials in neutron gene rating devices 
which could find widespread application in compact 
activation analysis equipment. Earlier work has scanned 
the thermal stability of most rare earth and vt riamn 
dihydrides and dideuterides'-*, and the effe 3 
the rare earth metal on the heats and entropies of forme- 
tion have been discussed in terms of lattice energies and 
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Table 1. ISOTOPE SEPARATION 
i f Dissociation 
os F 7 Atomic ratio Temperature Logyk = A~B/T? K pressure ratio Sa/S* 
System Tsotopic ratio range range °C 10? A -B PujP’'u Puju from literature or 
(see text) A?H) Sta 
THH HH =14 0-3-1-7 485-589 400 +87 42230 O78 s> “15 
Er/HPH HPH=1 0-2~1-98 773-937 422 458 59 £65 0-72 os 5 
BrP HPH HPH = 1 02-18 637-953 381419 65 +20 ood O-9L pee “08 
USH/H wee =4 02-23 198-385 292419 202 10 ome 0-88 0-82 108 
UPH?PH SH/*H = 0-25 O1-2-4 193-385 335 +10 L556 — 0-86 
parameters’, The differences from one author to another The effects of atomic ratio, isotopic ratio and temperature 


are quite large in many instances; accordingly, when we 
decided to determine the thermal stability of a rare earth 
tritide a method involving measurements of the isotopic 
separation in a mixed deuterium—tritium system was 
preferred. Erbium metal was chosen as suitable in view 
of its cheapness and comparatively high oxidation resist- 
ance’. Titanium and uranium systems were also investi- 
gated, the former because of its common use in targets 
and the absence of good data on deuteride stability, and 
the latter because of the availability of dissociation pres- 
sure data for comparison. 

The results give a useful confirmation of the theoretical 
treatment adopted in a study of hydrogen/deuterium 
isotope fractionation in the uranium hydride/hydrogen 
system by Bigeleisen and Kants. They concluded that 
the equilibrium constants for the reactions 


HEH + UH, e H, + UHH (K,) 


UH, + 2UH,= 3UH pH (Ka) 
EH = 4H, + YH, (K,) 
were related by 
K, = KPK, (Pa/P uy” (1) 


where Py and Px; are the dissociation pressures of uran- 
ium hydride and deuteride respectively at the experi- 
mental temperature. 

If a separation factor R is defined by R= (H*H/H.,) gas 
phase/(Total "H/Total H) solid phase and the constant 
K, allotted the statistical value of 27 (ref. 8) which 
implicitly assumes that the free energies of the UH 
bonds in UH, and UHH are ide ntical, then it can be 
shown that 


= ik, =K,(Pa/Pes)'”? (2) 
Simuarly for a dihydride system 
MH, + HH = MH?H + H, (Ko) 
MH; + MH, = 2 MEH (Ka) 


YR= = $4, = K,(Pu/ Pe) ye (è j 


with A, allotted the statistical value of 4. 
In our work titanium and erbium of 99-9 per cent purity 
or electrolytic uranium of 99-99 per cent purity were 
cleaned, weighed and reacted with carefully measured 
quantities of mixed hydrogen isotopes in a closed vacuum 
system. The gas mixtures were prepared from the pure 
isotopes (checked mass spectrographically), using a gas 
burette and constant volume manometer. The gas/solid 
system was allowed to equilibrate at a predetermined 
controlled temperature and samples of gas were withdrawn 
for mass spectrographie analysis as required, Successiy 
doses of gas mixture were added to vary the compe 








ition 
of the solid phase from low hydrogen isotope/metal atom 
ratios to near MH, for uranium or MH, for erbium and 
titanium. 

Isotopic ratios in the gas phase were measured mass 
spectrographically, and from the temperature, pressure 





and volume in the system, the quantities of hydrogen 
isotopes in the gas phase were calculated. The difference 
between these and the quantities of isotope dosed into 
the system gave the composition of the solid metal/metal 
hy dride phase. Small corrections allowed for the gas 
removed in sampling. At the temperatures used, equili- 
brum was established within 0-5 h, and no change in gas 
phase composition occurred over a further 4 h period. 


were separately investigated. 

The range of atomic ratios extended from the pure 
hydrogen solution region, through the two-phase region 
and for titanium and erbium into the single-phase hydride 
region. The two-phase limits for erbium and titanium 
at the temperatures used are 0-6-1-8 (ref. 1) and 0-8-1-5 
(refs. 9 and 10) respectively. The pressures recorded here 
confirmed that this was so. In spite of this no change 
was observed in the separation factor, indicating that the 
factors for both hydrogen solution in metal and compound 
hydride formation are very close. In the solution region 
the ratio R can be shown to be given by 


R = Sy/K Sn (4) 


where Sn and Sey are the solubility constants for hydrogen 
and deuterium respectively. The solubility ratio (Table 1) 
values are not as large as the inverse root of the isotopic 
molecular weights and in this respect differ from hydrogen 
in steels and nickel. The values of A, are taken from the 
work of W. M. Jones”. 

If the theoretical approach of Bigeleisen and Kant is 
valid the separation factors should be independent of the 
overall isotopic ratio in the system and the dissociation 
pressure ratios calculated using equation (3) should equal 
those found in direct experiment. Table 1 shows that 
this is so for a sixteen-fold variation of "HPH ratio in 
the uranium system within the anticipated +2 per cent 
error of R. The isotope separation factors determined 
here give ratios of dissociation pressures well within the 
experimental error of those determined from the dissocia- 
tion pressure equations for pure materials which are 
open to large errors resulting in part from the difficulties 
of measuring pressures between 1 micron and 1 mm accur- 
ately. The values for erbium/H,/*H, are from P. M. 8. J. 
etal (0-9+0-2) and C. E. Lundin (private communice ation 
(065 +015) and for the UPH PH, system from Flotow 
and Abraham! and Spedding™. 

The isotopic separation data can be used to calculate 
dissociation pressure equations for the unknown isotopie 
hydrides. 
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Scanning Laser Microscope 


We have designed and built a prototype of a scanning 
microscope for thick objects of low reflectivity and low 
optical contrast. As light source, we used a 5 mW He-Ne 
continuous wave laser (Spectra-Physies Model 120). 
An improved prototype is under construction; in a year or 
two we expect to have a microscope suitable for advancing 
studies of brain cells in living animals!~}. 

Our innovations, inspired by previous inventions*®, 
include scanning with the light beam instead of moving 
the object itself (as in Minsky’s original microscope), and 
taking advantage of the characteristics of parallel light to 
simplify the design. 
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Fig, 1. Schematic of scanning laser micrescope. 





A schematic is shown in Fig. 1. Parallel, plane-polarized 
light from a laser is reflected from a half-silvered mirror 
through an objective lens that focuses the light at a point 
in the specimen, with scanning by motion of the objective 
lens in the desired pattern. For high magnification micro- 
scopy, the total excursion of the scan in any direction need 
not exceed 0-1 mm. 

The light reflected from the specimen at the principal 
focal point of the objective is collected by the objective 
and projected in a parallel beam. The reflected light is 
collected by a large-diameter fixed lens. Reflected light 
originating from the principal focal point of the scanning 
objective is focused at the principal focal point of the col- 
lecting lens, where there is a pinhole exit aperture 
transmitting light to a photomultiplier detector which 
controls the intensity of an electron beam scanned i 
synchronism with the mechanically scanned light beam. 
An image is built up, point by point, on an oscilloscope 
sereen. 

Because only light reflected from the primary focal 
point of the objective is brought to a focus and selectively 
passes through the pinhole, it is possible to create a virtual 
“thin section” in the plane of interest within a thick 
specimen, screening out flare-light and scattered light that 
would degrade disastrously the image in a conventional 
microscope. Because the image is built electronically on 
an oscilloscope screen from electrical signals generated 
in a photomultiplier, we can use modern image-enhancing 
techniques’. 

To obtain an image it is absolutely necessary to suppress 
internal reflexions, as well as unwanted modulation effects 
caused by superposition of reflexions in coherent light. 
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We take advantage of the plane polarization of the laser's 
light and add a quarter-wave plate and analyser appro- 
priately, so that reflexions internal to the microscope, and 
all coherent superpositions occasioned by these internal 
reflexions, are suppressed. The crossed analyser in front 
of the exit pinhole intercepts all light that has not been 
shifted 90° by two transits through the quarter-wave 
plate mounted just beyond the objective’. 

Further suppression of internal reflexions and their 
interactions is provided by a chopper and lock-in amplifier 
system (only the chopper is shown in Fig. 1). Only light 
reflected from the object will arrive at the photomultiplier 
alternating at the frequency of the chopper; corre- 
spondingly, only electrical signals from the photomulti- 
plier that are alternating at the chopper frequency will be 
passed by the amplifier to the image display tube. 

Because the image will be formed point by point from 
light reflected, at any instant, only from the principal 
focal point of the lens, coherent superpositions should not 
be troublesome, as they can be in attempts to form an 
extended image with coherent light. 

Modifications of the microscope might incorporate 
pulsed lasers, so that very high instantaneous light ener- 
gies can be used with the dissipated power below threshold 
for damage to delicate tissues. Pulsed ultraviolet lasers 
might make possible ultraviolet absorption studies in vive®. 
Addition of fluorescent dyes might facilitate stuc 
nervous activity in vivo!, 

Our microscope could also be redesigned for trans- 
mitted light microscopy, and simple modifications 
would make possible variations like dark field or phase 
microscopy. All reflexions along the central axis of the 
objective (for example, from a highly reflecting surface m 
front of an object) could be eliminated by mounting a 
small axial stop immediately behind the objective. 

Research applications might include observations of 
other buried tissues as well as brain cella. Clinical ep ea 
tions might use ultraviolet light to treat turnov 
tively, avoiding much destructive surgery. E 
and localization of various types of tumours of the < 
nervous system and other organs could also be greatly 
facilitated; and it might be possible to make diag 
observations of subcutaneous tissue and organs in intact 
organisms, without exploratory surgery or other noxious 
procedures. 

We aa Professor W. R. Bennett, jun, Dr R. Galam- 
bos, W. Gezari, Dr M. Hadravsky an Dr M. Petran for 
Sane leading to the formulation of the proposed 
microscope, and S. Baer for suggesting the application 
of a laser to Minsky’s microscop e The Department of 
Engineermg and Applied Science provided funds. 
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BIOLOGICAL SCIENCES 


Abnormal Human Myoglobin: 53 (D4) 
Glutamic Acid~Lysine 


On starch or acrylamide gel electrophoresis, myoglobin 
divides into one major and one or more minor fractions. 
The major component-—which may divide into two parts 
depending on the state of the haem!——has been designated 
Mb* by Boyer, Fainer and Naughton®; and it has been 
suggested that the minor components which amount to 
not more than 10-15 per cent may be artefactual® and 
reflect no more than stages of unfolding of the myoglobin 
polypeptide chain*, 

These authors? deseribed two electrophoretic variants 
of Mbt, In both cases they were seen in a child (one of 
them stillborn) and one but not both of their parents. 
We have carried out an electrophoretic examination of 
myoglobin from psoas muscle obtained post mortem from 
2,500 individuals. Specimens of blood were also taken 
from each subject in order to determine whether haemo- 
globin variants were present. Two myoglobin variants 
were discovered, and in one of these the amino-acid 
substitution has now been identified. 

Muscle was stripped from fat and homo- 
genized with an equal volume of water 
and a half its vole of carbon-tetra- 
chloride. After centrifugation the super- 
natant was concentrated by dialysis 
against sucrose granules, until the con- 
centration of haem-protein, of which the 
majority is myoglobin and the rest 
haemoglobin, amounted to 5-10 g per 
cent. All samples were then screened by 
paper electrophoresis with tris buffer at 
pH 8-9 (ref. 4). By this method myo- 
globin travels behind and cathodal to 
haemoglobin A at the position of Pe 

- globin S; and a “fast moving”, that is, 
negatively charged, variant might coim- 
cide with haemoglobin A. For this 
reason all samples were also examined 
by acrylamide gel dise electrophoresis? 
using tris buffer pH 9-5 and a final acryl- 
amide concentration of 12 per cent. By this Fig. 2. 
method myoglobin travels in a position 
anodal to haemoglobin A and there- 
fore “fast moving” myoglobin variants will be discovered. 
“Slow moving’, that is, positively charged, variants 
might by this method eoincide with haemoglobin A, but 
these would have been recognized in the paper system. 
Two variants have been noted, both slow moving on 


e ? 


Norma! human myoglobin 
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“Fingerprint” (peptide chromatogram) of the myoglobin variant. 
between the fingerprint of the variant and that of normal human myoglobin (Fig. 1) 


1, “Fingerprint” (peptide chromatogram) of normal human myoglobin. 
The peptide at the extreme right is mis 
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paper electrophoresis. One is separated from Mb* by 
the same distance as haemoglobin 8 is separated from 
haemoglobin A; and the other by the same distance as 
haemoglobin C is from A. 

The first has not yet been fully identified and this 
report is concerned with the second, It eame from a 
67 year old native English woman who died of congestive 
cardiac failure and bronchopneumonia. There was no 
history of muscular disorder. Using paper electrophoresis‘, 
after elution the variant myoglobin was found to be 
39-7 per cent (estimated as acid met myoglobin) and 41-2 
per cent (estimated as carboxymyoglobin) of the total. 
With this system, the minor fractions ef myoglobin are 
not visible. On column chromatography using DEAE— 
‘Sephadex’ where the minor fractions separated from 
Mb the proportion of the variant to Mb* was 42 per cent. 

Normal myoglobin was purified by paper electrophoresis 
in ¿ris buffer pH 8-9 (ref. 4) or column ehromatography € 
and finally by paper electrophoresis using discontinuous 
barbiturate-iris buffer’. Purity was confirmed by ultra- 
centrifugation which showed only one component of the 
expected molecular weight. Fig. 1 shows a “fingerprint” 
(peptide chromatogram) of the tryptic peptides of normal 
myoglobin. The preparation of the fingerprint and the 
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specific staining of peptides for methionine and other 
amino-acids, and the amino-acid analysis of the peptides, 
were the same as those used for abnormal haemoglobins*. 

The purification of the variant was complicated by the 
fact that one of the muscle proteins has the same electro- 

phoretic and chromatographic properties. 
Purification was finally achieved by pressure 
dialysis. Fig. 2 shows the fingerprint of 
the variant. It will be noted that the most 
anodic peptide of Mbt is missing in the pep- 
tide chromatogram of the variant. 

The electrophoretic mobility suggested 
the acquisition of two positive charges per 
variant polypeptide chain, The genetic 

& code? permits this change in charge as the 
outcome of a single point mutation only if a 
glutamic acid residue has been replaced by 
one of lysine”. 

With a Glu->Lys mutation, one would 
expect the absent tryptic peptide of Mbt to 
be substituted by two variant tryptic pep- 
tides because the introduetion of a lysine 
residue in a peptide chain. creates an addi- 
tional cleavage site for trypsin. As expected, 
two new spots are present on the finger- 
print, one a new anodic spot, which does not 
stain for methionine and a cathodie peptide 
which stains for methionine. Tables l and 2 
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show the amino-acid compositions of the negatively 
charged methionine-containing peptide from normal 
myoglobin and of the two new peptides from the variant. 
Hill, Harris, Naylor and Sams!! have determined the 
partial sequence for human myoglobin and from their data 
it follows that the negatively charged methionine peptide 
corresponds to residues 50-55 of the Eta re chain. The 
composition of the new peptides (Table 1) of the abnormal 
myoglobin can be accounted for by a substitution of gluta- 
mic acid at position 53 by lysine. This substitution intro- 
duces a new site for tryptic hydrolysis so that two new 
peptides are produced: 50-53 which is negatively charged, 
but less so than the original peptide, and 54-55, a positively 
charged dipeptide of methionine and lysine. 


Table 1. AMENQ-ACED COMPOSITIONS OF PEPTIDES 


Normal myoglobin Atmormal myoglobin 


50-55 50-53 a455 
Asp 10 (1) 0:95 (1) 
Ser O77 (1) 7 G) 
Glu 2p- (2) 1-05 (1) 
Gly he 
Ala OL 
Val OOF 
Met 0-25"(1) 0-67(1) 
Tle Ong 
Leu O05 O15 
Lys ND (1) 0 d) 1-0 (1) 
Yield in umole per 
one residue 0-062 0-048 6-036 


Expected number of residues in parentheses. i 
* Methionine residues are partly destroyed on acid hydrolysis. 
ND, Not determined. 


Table 2. AMINO-ACID RESIDUES 50-55 OF THE HUMAN MYOGLOBIN CHAIN? 


Residue 50 51 42 53 54 55 
+ ~= ~ ~ +- 
Mpe Ser Ghi Asp GLE Met Lys 
+ - - +- + +> 
Variant Ser Ghi Asp LYS ? Met Lys 


The arrow indicates site of additional tryptic cleavage in the variant. 


Compared with the 153 residues of sperm whale myo- 
globin?*, human myoglobin has only 152 residues—heeause 
a leueyl at position 9 of the whale polypeptide chain is 
missing. The glutamie acid residue at position 53 (D4) 
is not at a site which seems to be important for the 
structure of tha molecule or for the bonding of the haem 
In the a chain of mammalian haemoglobins, the D helix 
is reduced to two residues, and in the $ chain, the D helix, 
including residue D4, shows considerable variation in 
different species'*, The p chain residues at sites D2 and 
D6 are involved in the contact of the «8 dimer in horse 
haemoglobin and presumably also in other mammalian 
haemoglobins't. The ability of single B and y chains of 
human haemoglobin to form tetramers (8, or Haemoglobin 
H, and y, or Haemoglobin Bart’s) is in contrast to the 
« chains and may be associated with the longer D helices 
of the B and y chains. 

The present variant is the first in which the amino-acid 
substitution has been identified. Of the two variants 
reported by Boyer, Fainer and Naughton, one-—named by 
the authors Mb Annapolis--had an arginine replaced by 
a neutral residue. This was stated to have taken place 
approximately fifteen residues from the C terminal of the 
chain. There are two arginine residues in human myo- 
globin, one at position 30 and one at position 139 (ref. 11); 
hence, this variant ean be assumed to have a mutation 
139 arginine—-neutral amino-acid. Mb Annapolis was 
found to be 41:8 per cent of total myoglobin in the pro- 
positus and 42-8 per cent in the mother. The minor 
components (13-4 per cent and 12-1 per cent respectively) 
were included in the total myoglobin. The variant named 
Myoglobin Aberdeen? was a fast moving variant obtained 
from a stillborn infant and a muscle biopsy of one of its 
parents, and presumably there was not enough material 
for further characterization. It represented approximately 
one-quarter of all myoglobin present. 

It is notable that in the myoglobin survey by the 
Baltimore group, two in 561 specimens showed an electro- 
phoretic abnormality’, and that in the present survey the 
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incidence was much lower—-two in 2,500. Because neutral 
amino-acid substitutions would not have been not 
actual incidence in the present survey is likely to be 
one in 500. This figure is similar to what is found in 
surveys for variants of human haemoglobin’. 
This work was supported by the Medical Research 
Couneil and the endowment fund of St oe Hospital. 
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Concerning the Proposed Existence of a 
One-iron~Protein Species of 
Conalbumin or Siderophilin 


THE iron-binding proteins siderophilin (transferrin) from. 
human blood plasma and conalbumin, an analogous 
protein from hen’s egg white, are known to bind firmly 
two ferric ions per protein molecule’. Controversy exists 
as to whether the two iron-binding sites show positive 
interaction leading to all-or-none binding of iron*®-*, or 
show equal and independent behaviour®*. One of the 
strongest arguments for the latter point of view has been 
the apparent demonstration of an mtermediate one-iron- 
protein species in electrophoretic experiments by moving 
boundary’? and isoelectric focusing? techniques at low 
pH. Our failure to observe this intermediate species on 
polyacrylamide gel electrophoresis at pH 7-5 and the 
reported failure to observe it at pH 9-2 (ref. 10) led us to 
investigate further the nature of the proposed “one-iron-— 
one-protein” species. 

Our isoelectric focusing experiments duplicated quite 
well those reported by Wenn and Williams®. When highly 
purified, monodisperse conalbumin was half-saturated with 
iron in a variety of conditions, for example, at pH 6-5, 
7-5 or 8-5, or by mixing equal amounts of conalburmin and 
Fe,-conalbumin, and then submitted to isoelectric focus- 
ing, three distinet protein bands emerged: (1) colourtess, 
iron-free conalbumin, (2) red iron—conalbumin with an 
iron/protein ratio of 1/1, and (3) red iron-conalbumin with 
an iron/protein ratio of 2 2/1. When the three bands were 

electrophoresed simultaneously at eat sample posi- 
tions in a 6 per cent polyacrylamide gel slab with a dis- 
continuous irnidazole-taurine buffer, pH 7-5 (ef. 11), 
only two protein bands were observed, corresponding to 
eonalbumin (slower) and Fe,-conalbumin (faster). The 
“Fe-conalbumin” sample resolved into two bands of 
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Fig, 3. A comparison of the relative electrophoretic 
various protein species in 6 per cent pol 'ylamide gel, pH Tò, 
imidazole-taurine buffer. CA, Conalbumin; Fe CA, Fe,-conalbumin; 
FeCA, ‘‘Fe-conalbumin”; FeSd, ‘“Fe-siderophilin’; Fe,8d, Feg-sidero- 
philin: Sd, siderophilin; ©, origin; f, bromphenol blue dye front. 


mobilities of 









equal intensity (Fig. 1), We have never observed an 
intermediate band corresponding to “‘Fe-conalbumin” in 
these conditions. Two possible interpretations of this 
result exist. Either the ‘“Fe-conalbumin”’ disproportion- 
ated in the conditions of gel electrophoresis 


2 e-CA —— Fe,-CA+CA 





(1) 
or the “Fe-conalbunin” consisted m fact of one Fe,-con- 
albumin and one eonalbumin, joined as a dimer, which 
dissociated into its components under the conditions of 
gel electrophoresis. 


Fe,-CA-CA ——- > Fe,-CA+CA (2) 
The finding of ‘“Fe-conalbumin” only below pH 7 in 
mobility electrophoresis and at a pH intermediate between 


those for Fe,-conalbumin and conalbumin in isoelectric 
focusing makes the latter hypothesis tenable. This com- 








munication presents evidence to show that both “Fe- 
econalbumin” and ‘‘Fe-siderophilin” are m faet such 
dimers. 





Conalbumin was isolated as previously described? and 
waa subjected to preparative isoelectric focusing in order 
to remove minor genetic variants’, This monodisperse 
conalbumin was half-saturated with iron trace-labelled 
with iron-59, then resubmitted to isoelectric focusing. 
Purified human siderophilin was similarly treated, but 
with non-labelled iron only. The “Fe- conalbumin” and 

“Fe-siderophilin”’ bands were isolated from their respective 
columns, mixed in equal amounts, and submitted to gel 
electrophoresis as before. Similar experiments were per- 
formed with ‘“#*Fe-siderophilin” mixed with conalbumin. 
The electrophoreses were done in an apparatus with two 
alae gel slabs!*, One gel was stained with amido black 
(Fig. 1) and was used as a guide to excise the conalbumin 
and Eha bands in the paired parallel gel. These 
non-stained protein bands were counted for radioactivity 
in a well-type gamma-seintillation counter. Had the 
original proteins been one-iron species which dispropor- 
tionated on gel electrophoresis, the radioactive iron should 
have beeome randomized between the two proteins. 


20°F eCA + 2FeSd -> #FeCAFe + FeSd™ Fe + CA 48d (3) 


Conversely, had the original proteins been dimeric, the 
radioactivity should have remained with the conalbumim. 


Fe CA-CA + Fo,Sd—-Sd —> **Fe,CA + FeS8d+CA+S8d_ (4) 





Results of such experiments are listed in Tables 1 and 2 
The radioactive iron remained with the originally labelled 
protein in all cases. This finding is consistent with scheme 
(4) but not with scheme (3). 

Were the “Fe-conalbumin” a dimeri¢ species, it should 
behave as a molecule tavice the size of conalbumin or 
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Table 1. PARTITION OF “Fe-LABEL AFTER GEL ELECTROPHOR OF A 
MIXTURE OF “S*Fe-CONALBUMIN” AND “Fe-SLDEROPHILIN 
Equilibration epmebg 
Run pH Time Conalbumin Siderophilin 
I 65 <5 min 1,806 ~ 10 
it 65 <p min 1,106 29 
iit 65 <5 min 906 -1% 
IV 5 § mi 1,274 ~ 11 
V 65 848 -7 
VI 8 <5 min O05 13 
Table 2. PARTITION OF “'Fe-LABEL AFTER GEL ELECTROPHORESIS OF A 
MIXTURE OF “8 Fe-3EDEROPHILIN’ AND CONALBUMIN 
Equilibration Cpa bE 
Run pH Time Conalbumin — Siderophilin 
I 76 Overnight ~2 679 
Ir a7 Overnight 0 285 
IiI T8 5 min 6 850 
Iv 5T <6 min -15 739 


Fe,-conalbumin. Each species from an isoelectric focusing 
column was allowed to pass through a column of ‘Bio-Gel 
P-150" equilibrated with 0-01 M acetate buffer, pH 6-0. 
The collected fractions were counted for radioactivity 
or read for Aggy. No significant differences were found in 
the retention volumes of the species conalbumin, ‘““Fe- 
econalbumin’’, and Fe,-conalbumin. The experiments were 
repeated on ‘Sephadex G-100° with protein solution 
volumes which were 20 per cent of the column bed volume 
in hopes of detecting a Gilbert effect. The analysis of 
effluent profiles indicated the presence of a Gilbert effect 
for ‘‘Fe-conalbumin”’, suggesting that it is a labile dimer. 
Refinement of our techniques will be required to establish 
this point quantitatively. These results together with the 
iron-transfer results provide substantial evidence for the 
dimerie nature of ““Fe-conalbumin”’ and cast serious doubt 
on the existence of stable one-iron-one-protein species of 
conalbumin or siderophilin. 

This investigation was supported by a US Public 
Health Service grant from the National Heart Institute. 
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€-N-Methyl Lysine in Myosin 

Durinc studies on the primary structure of certain 
regions of rabbit skeletal musele myosin, we have found 
that this protein contains an average of 5-9 moles of the 
unusual amino-acid, -N-methyl lysine, per 500,000 g of 
myosin. In analysing myosin digestion products we 
observed a trailing edge after the lysine peak which 
could be resolved from lysine and histidine only by 
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altering the elution programme and extending the basic 
column, The conditions which provided a satisfactory 
resolution of this peak, as well as of 3-methyl histidine, 
which has previously been found in actin and myosin}, 
are as follows. 

The column dimensions were 0-9x 40 em, and it was 
packed with ‘Phoenix X.X860-0 resin. The temperature 
of the column was 503°, the buffer 0-35 M citrate at 
pH 5:36, and the flow rate 80 ml./h. In these conditions 
the neutral and acidic amino-acids were off by 30 min, 
while tyrosine appeared at 36 min, phenylalanine at 40 min, 
lysine at 91 min, e-N-methyl lysine at 101 min, histidine 
at 111 min, 3-methyl histidine at 121 min, ammonia at 
136 min, homoserine lactone at 165 min and arginine at 
218 min. This proecdure allowed measurement of very 
small amounts (about 10-50 nmoles) of -N-methyl 
lysine and 3-methyl histidine in the presence of large 
amounts (about 1,000 nmoles) of lysine, histidine or 
ammonia. In a typical analysis the column was loaded 
with 2-5 mg of protein hydrolysate, and the neutral and 
acidic amino-acids were allowed to pass through the 
system before the nmhydrin pump was turned on. The 
material which was originally observed as a shoulder on the 
lysine peak in myosin hydrolysates is well separated from 
lysine and histidine and appears in the exact position of 
e-N-methyl lysine (Nutritional Biochemicals, Cleveland). 

The results of analyses of whole myosin, heavy mero- 
myosin and subfragment 1 (prepared by tryptic digestion) 
are summarized in Table 1. These results indicate the 
presence of 5-3-6-7 moles of e-N-methyl lysine per 
500,000 g of myosin, 5-8-6-3 moles per 360,000 g of heavy 
meromyosin, and 2-4-2:8 moles per 115,000 g of sub- 
fragment 1. The ratio between ¢-N-methyl lysine and 
3-methy] histidine is 31:1 in myosin and 29:1 in 
subfragment 1. Thus both ¢-N-methyl lysine and 
3-methy] histidine? are present in subfragment 1, which 
contains the ATPase activity and the setin combining 
site of the myosin molecule. 


Table 1. CONTENT OF e-N-METHYL LYSINE AND SELECTED OTHER AMINO- 
ACIDS IN MYOSIN, HEAVY MEROMYOSIN AND SUBFRAGMERXT l 


Myosin Heavy meromyosin Subfragment 1 

(a) b) (a) {b} (ay (e) 
Aspartic acid a7 85 89 82 a 91 
Glutamic acid 157 157 132 137 126 126 
Alanine T4 78 69 73 67 67 
Valine 43 43 54 48 48 51 
Leucine 83 81 76 73 76 rk: 
e-N-Methy! lysine 11st TITI 228% 
3-Methyl histidine 0-385 O78 
No. of determinations 5 3 6 


The values given for each residue represent averages expressed as residues 
per 10° g. Range: * 105-134; f 162-192; t 2-00-2-44, 


ý (a) Our data. (b) 8. Lowey and C. Cohen’, (e) J. M. Jones and S. V. 
Perry“, 


-N-methyl lysine has been previously reported in 
histones®* and in the flagellar protein of S. typhimurium’, 
while free ¢-N-methyl lysine has been found in human 
plasma’. Because strongly acidic conditions are required 
to extract histones*:* we believe it is unlikely that histones 
would be extracted in the mild conditions used to prepare 
myosin, 

The results presented here suggest that myosin contains 
six residues of e-N-methyl lysine per mole of protein, 
although the possibility of several partially methylated 
lysine residues cannot be excluded at this time. Experi- 
ments designed further to localize the ¢-N-methy] lysine in 
myosin are in progress. 

This work was supported by grants from the National 
Heart Institute, US Publie Health Service, the US 
National Science Foundation, the Life Insurance Medical 
Research Fund and the American Heart Association. 

Note added in proof. Since submission of this letter a 
paper has appeared (Hardy and Perry, Nature, 223, 300; 
1969) in which the presence of s-N-methyl lysine in myosin 
is suggested. Using musele homogenates and a methyl- 
donor, they have shown incorporation of “C-methyl 
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groups into 3-methyl histidine, ¢-N-methyl lysine and a. 
third unidentified peak. In our chromatographic systern 
mono, di, end trimethyl lysine are not resolved. 
GABOR HUSZAR 
MARSHALL ELZINGA” 
Department of Muscle Research, 
Retina Foundation, 
Institute of Biological and Medical Sciences, and 
Department of Neuropathology, 
Harvard Medical School, 
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Human Serum Beta Lipoprotein and 
Beta Apoprotein 


We have recently prepared the protein moiety or apopro- 
tein of beta lipoprotein (BLP) in a soluble form that is 
similar but not identical to the parent GLP with respect 
to immunochemical and optical properties!-?. The oceur- 
rence of lipid-free 8-apoprotein in the plasma of normals 
and patients with abetalipoproteinaemia (ABL) has been 
inferred from experiments in which antisera to ABL 
plasma and to the plasma fraction of density greater than 
1:21 (d 1-21 infranatant) were found to react with the 
acetyl and azo-derivatives of 8LP*. These derivatives 
differed in immunochemical properties from BLP and 
seemed to be identical to an antigen present in the plasma 
of normals or patients with ABL. It was concluded that 
this antigen was most likely §-apoprotein and that 6- 
apoprotein may exist in an altered antigenic and con- 
formational state in the d 1-21 infranatant fraction. 
Our study attempts to make a direct comparison of the 
immunochemical reactivities of §-apoprotein and the 
chemical derivatives. 

Plasma was obtained from a 30 year old white female 
patient (B. C.) with abetalipoproteinaemia, through the 
generosity of Drs David Law and Walter Nance of Vander- 
bilt University. BLP was prepared from normal, fasting 
subjects by precipitation with heparin and manganese 
followed by ultracentrifugal separation between, densities 
1-019 and 1-063 (refs. 2, 3 and 5) or by ultracentrifugation 
alone, and was immunochemically pure. §-Apoprotein 
was prepared from BLP by ether : ethanol (3 : 1) delipida- 
tion and solubilization with 100 mM sodium decyl sul- 
phate’. After solubilization, the concentration of deter- 
gent was reduced to 0:2 to 0-4 mM by dialysis without 
loss of solubility. A small quantity of the apoprotein 
could be solubilized in the absence of detergent by adjust- 
ing the pH to 11-4. This preparation reacted with all of 
the antisera to detergent-solubilized apoprotein, Sue- 
cinylation (suec-8LP)®, acetylation (ac-6LP)’, amidination 
{am-$8LP)’, and arsanilation (azo-6LP)®* of BLP were 
performed as previously described. Chemical derivatives 
of BLP were delipidated at protein concentrations of 4-0 
mg/ml. as described for BLP. Protein concentrations wee 
measured by the Lowry procedure after complete deacyla- 
tion of the acyl-tyrosine residues’, or by the ninhydrin 
reaction’! (for azo-8LP), based on the known lysine con- 
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tent of the protein. More than 90 per cent of the s- 
amino groups of lysine disappeared following acylation or 
amidination as estimated respectively by ninhydrin 
reaction and by amino-acid analysis for DNP-lysine 
after reaction with fluorodinitrobenzene and acid hydro- 
lysis!*, 











Fig. 1. 
BLP. -apoprotein aud amidinated-/ 


Schematic representation of the framunodiffiusion patterns of 
apoprotein tested agai antisera. 
LP and p-apoprotein, Panel s: rabbit antiserum to PLP. centre 
well, S-apoprotein in outer wells 1 and 2, amidinated--apoprotein in 
outer well 3 and SLP in outer weli 4. Panel B: rabbit antiserum to #LP 
in centre well, J-apoprotein in outer wells 1 and 2, BLP in outer wells 
Sand4. Panel C: as panel B, except for sheep antiserum to -apoprotein 
in the centre well. Details of the iramunodiffusion technique have been 
previously deseribet > ©, 












Our findings may be summarized as follows: (l) 
Chemical modification of the protem of BLP usually, 
but not always, results m detectable immunochemical 
changes. Antisera to BLP form immunoprecipitin lines 
of complete identity between BLP and am-8LP, but not 
between BLP and azo, acetyl and suce-SLP. The ¢-amino 
groups of lysine do not appear to contribute importantly 
to the immunochemical properties of BLP, for these pro- 
perties are not altered by amidination. (2) Despite the 
fact that chemical modification produced antigenic 
changes, there is a broad cross-reactivity between BLP, its 
chemical derivatives and their antibodies (Table 1). 
Antisera to whole plasma or 8LP react with all of the 
derivatives. Antisera to any one of the chemical deriva- 
tives reget with native SLP and all of the other derivatives. 
(3) Except for the cross-reactivity between SLP, am-6LP 
and their antisera, the cross-reactivity of the antibodies 
is abolished by delipidation of the reactant antigens. This 
loss of cross-reactivity might be attributable to conforma- 
tional changes of the protein or to the removal of reactant 
hapteni¢ groups during the delipidation procedure. (4) 
In double diffusion experiments on Ouchterlony plates, 
antisera to whole plasma and PLP form precipitin lines of 
complete identity between S-apoprotem and am-f-apo- 
protein, These same antisera, however, form lines of 
only partiel identity between SLP and B-apoprotein or 
am-3-apoprotein (Fig. 1). (5) Two antisera prepared to 
the protcin moiety alone, that is, to 3-apoprotein, form 
preeipitin lines of complete identity between BLP and 
4-apoprotein while a third forms small spur Hnes (Fig. 1). 


















Table 1. IMMUNOCHED 





ICAL ACTIVEPY OF BLP, 





Antisera t to: BLP Beapot Azo-pLP Azo-eapo 

Whole semurg + + + 0 
+ + + 0 

+ 0 + + 

; + Q + 0 
Ar-8LP + + + 0 
Suce-BLP + 0 + 0 
8-apoprotein + + + + 


* As determined by tmmunoelectrophoresis'? at donor's concentration of antiserum and at a usual antigen concentration of 4 


B-APOPROT 


Reactivity*® with: 
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1 a 3 4 
E Immunoeleetrophoresis of -apoprotein and its chemical deriva- 
ti versus antiserum to the plasma fraction of density > DEL of a 


patient with abetalipoproteinaemia (left-hand troughs) and rabbit antie 

serum to -apoprotein (right-hand troughs} The wells contained 

amidinated #-apoprotein (1), azo-A-apoprotein (2), acetyl-3-apoprotein 
63) and -apoprotein (4). 





Antisera to 8-apoprotein react with all of the derivative 
of the apoprotein, forming preemitin lines of identity 
with 8-apoprotein and am-S-apoprotem, but not with 
§-apoprotein and the other derivatives. (6) Antisera to 
3-apoprotein, as well as antisera to @LP and its derivatives, 
do not, however, form preeipitin lines with ABL plasma 
or with the fraction of d>1-2L from norme!l or ABL 
plasma (Fig. 2), either before or after three-fold concentra- 
tion of the latter. (7) Antisera to ABL plasma and to the 
fraction of d< L21 from ABL plasma form immuno- 
preeipitin lines with PLP, acetyl-BLP and azo-8LP, but 
not with 8-apoprotein or with any apoprotein derivative 
(Table 2). Antisera to the ¢> 1-21 from ABL plesma 
(the fraction expected to contain lipid-free proteins) 
react with azo-@LP, but not with BLP, ac-BLP, S-apopro- 
tein or with any derivative of the apoprotein. 

We conelude from our observations that ABL plasma 
contains an antigen of density < L21 which shares anti- 
genic determinants with BLP, acetyl and azo-pLP, but 
not with B-apoprotein or its derivatives. The nature of 
this antigenic substance is at present unknown. Its 
relationship to the previously described antigen’ in the 
plasma fraction of d>1-21 which elicits an antibody to 
azo-BLP is not understood. We were unable to detect in 
normal or ABL plasma either BLP or any §-apeprotein 














MIN AND THEIR ¢ MICAL DERIVATIVES 





Ac-GLP Acğ-apo Am-sLP Arm-§-apo SueepLP  Suce-f-apo 
+ 0 + + + 0 
+ 0 + + + 0 
+ 0 + 0 + 0 
+ + + 0 + 0 
+ ($ + + oe 0 
+ 0 + 0 + + 
+ + + + + + 


g 


mg of protein/ml. 


When a negative reaction was encountered, the antigen concentration was varied over a range from 1 to 8 mg of protein/ml. 


+ Sheep or rabbit antisera were prepared against PLP, derivatives 
$ B-ano = f-apoprotein. £ 
§ Commercial preparation from Hyland Laboratories, 





Table 2. 





yo ALP and -apoprotein as previously described” 


IMMUNOCHEMICAL REACTIVITY OF ANTISERA TO ABL pLasma* 


Antisera to: BLP Papo Azo-BLP Ano-B-apo Ac-BLP Acef-apo Srce-BEP  Suecef-apo 
ABL plasma + 0 + 0 + 0 Q 0 
ABL plasma, fraction of density d< L2I + 0 + ü + i) ü 0 
ABL plasma, fraction of density d> 121 D t + 0 0 ü 0 0 


* See Table 1. 


Sheen or rabbit antisera were prepared against ABL plasma and the fractions from ABL plasma of d> p21 and d< 1-21 by techniques previously 


deseribed 48, 


NATURE. VOL, 223, AUGUST 23, 1969 


comparable with that obtained from BLP by the methods 
of delipidation or solubilization used. It cannot be ex- 
cluded that some different, more sensitive method may 
yet detect. small quantities of such B-apoprotein. Our 
techniques do not exclude the occurrence of a partially 
degraded or incomplete apoprotein. It is noteworthy, 
however, that we have been unable to detect in ABL 
plasma any evidence of cross-reacting material of the 
kind frequently synthesized by genetic mutants. 

A. M. Gorro 

R. L Levy 

M. E. BIRNBAUMER 

D. 8. FREDRICKSON 
Molecular Disease Branch, 
National Heart Institute, 
National Institutes of Health, 
Bethesda, Maryland 20014. 
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Crystals of Fragment Fab’: 
Preparation from Pepsin Digests of 
Human IgG Myeloma Proteins 


INFORMATION concerning the three-dimensional structure 
of an antibody and the contours of its combining site can 
in theory be derived by X-ray erystallography. In view 
of the large molecular weight of antibody molecules 
(150,000 or greater). crystals of fragment Fab, which has 
a molecular weight of 50,000 and contains the combining 
site of an antibody, may be of particular value. ` 

We recently reported! the crystallization of fragment 
Fab isolated from papain digests of three myeloma pro- 
teins of the IgG-1 class New”, “Hil” and “Ger”). Since 
then, fragment Fab of two other myeloma proteins 
(“Smo” and “Nae”) have been crystallized (ref. 2 and 
unpublished results of G. R. and A. N). It thus seems 
probable that fragment Fab of a large number of myeloma 
proteins will prove to be erystallizable. X-ray diffraction 
studies have been initiated and data on space groups and 
unit cell dimensions have been reported?, It is of inter- 
est that the morphology of the crystals and the arrange- 
ment of molecules within the crystal lattice have proved 
to be different for fragment Fab of each myeloma protein 
investigated so far. Preliminary X-ray studies of crystals 
of a human myeloma protein of the IgG class have been 
reported by Terry ef al. 

Here we deseribe the crystallization of fragment Fab’ 
from a pepsin digest of two of these myeloma proteins 
(’New” and “Hil”). Human fragment Fab’. by analogy 
with the amino-acid sequence of rabbit fragment Fab”, 
probably contains nine residues at the C-terminal end of 
the heavy chain in addition to those present in fragment 
Fab. This estimate takes into account a deletion of three 
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amino-acids in this region of the rabbit heavy 
Comparison of the crystallographic patterns of the two 
fragments could eventually yield direct information about 
the spatial location of these extra residues, which lie in 
the region joining the Fab and Fe fragments. Also. it 
should be possible to introduce mereury atoms into frag- 
ment Fab’ through the -SH groups liberated on reduction 
of F(ab), If the product is erystallizable., such heavy 
metal substitutions could be useful for X-ray diffraction 
studies. 

Myeloma protein “New” was isolated as previously 
deseribed’. Protein “Hil”, a eryoglobulin, was precipi- 
tated three times at 5° C and further purified by stepwise 
elution from CM-ce » The following buffers, each at 
pH. 6-5, were passed through the column sucee 
0-01 M sodium phosphate, 0-08 M NaCl; 0-01 se 
phosphate, 0-045 M NaCl The bulk of the eryoglobulin 
was eluted with the second buffer. 

Fragment F(ab’), was isolated from a pepsin digest 
each purified myeloma protein®. The protein was treate 
with 2 per cent of its own weight of pepsin (Worthington 
Co., twice crystallized) for 8 h at 37° C in O-1 M sodium 
acetate buffer, pH 4:3. The pH was then adjustec 
and the mixture was dialysed against isotonic NaCl- 
borate buffer, pH 8-0. Fragment F(ab’), was precipitated 
with sodium sulphate at a final concentration of 18 per 
cent and purified by gel filtration on ‘Sephadex @-150". 
This removed undigested IgG and small peptides. Frag- 
ment F(ab‘), was then reduced with O02 M mercapto- 
ethanol at pH 8-0 and alkylated with a 50 per cent excess 
of iodoacetamide. The Fab’ fragment thus obtained was 
shown to be free of fragment Fe and undegraded IgG 
by double diffusion ana in agar gel. The sediment 
tion coefficients (Sow) of fragments Fab’ from proteims 
“New” and “Hil” were 3-45 S and 3-53 8 respectively. 

Crystallization was carried out by dialysing fragment 
Fab’ (5 mg/ml.) at room temperature, in tubing that had 
been extracted with boiling water containing 0-001 M 
EDTA, against ammonium sulphate solutions of increasing 
concentration, Crystallization occurred at 40 per cent of 
saturation, pH 7-0, for protein “Hil”, and at 42 per cent 
of saturation, pH 5-0, for protein “New”. Figs. | and 2 
are photographs of ¢ tals obtained m this way, Those 
of protein “New” closely resemble the crystals obtained 
with fragment Fab of a papain digest’. Crystals of Fab’ 
from protein “Hil” are different in morphology than 
those previously pictured for fragment Fab The pH 
and temperature in the present experiments, however, 
differed from those used for crystallizing fragment Fab 
in the previous investigation. In the conditions used 
here we have found that fragment Fab yields er 
similar in general appearance to those shown in Fig. 2. 
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Fig. 2. Crystals of fragment Fab’ of myeloma protein “HH”, x 100. 


The scale mark represents 0-12 mim. 


This work was supported by grants from the US 
National Science Foundation and the US National Insti- 
tutes of Health. A. N. is the recipient of a research career 
award of the US National Institutes of Health. We are 
grateful to Dr Leon LeBeau for preparing the photo- 
micrographs. 
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In vivo and in vitro Effects of 
Anti-macrophage Serum 


Passack through macrophages is necessary if certain anti- 
gous are to be immunogenic!-*, which suggests that anti- 
macrophage serum (AMS) may interfere with immuno- 
logical response as does anti-lymphocyte serum. In mice 
treated with AMS, however, antibody synthesis is not 
inhibited’*. This article reports preliminary findings of the 
effect of AMS on macrophages of mice and on antibody 
avnthesis induced with sheep red. blood cells (SRBC) and 
diphtheria toxoid (DT). 

AMS was produced in rabbits with peritoneal macro- 












phages from Swiss mice. The rabbits were injected 5-8 
times either intravenously with 10-13 x 10° peritoneal 


cells containing 85-95 per cent macrophages, or into 
the hind footpads with 4-13x 10% cells in complete 
Freund adjuvant. They were bled 8-13 days after the 
last injection. 

Agelutination of macrophages by AMS was tested in 
vitro using peritoneal cells incubated for 90 min at 37°C 
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with appropriate dilutions of inactivated AMS or normal 
rabbit serum (NRS). Controls were either mouse lympho- 


cytes obtained from mesenteric lymph nodes or mouse 


erythrocytes. The results are given in Table 1. 
Table 1. AGGLUTINATING ANTIBODIES IN AMS 


Titre of agglutinating antibodies to 


Macrophages Lymphocytes Bry thiacy tes 
A R 7 1/1 0 0 
AMS 1/4,096 4 1/2048 
AMS absorbed with 
mouse erythrocytes 1/2048 NT 1/32 


NT, not tested. 


The cytotoxicity of AMS was tested in vitro, Mice 
stimulated 4 days previously with thioglycollate medium 
were injected intraperitoneally with 0-5 ml. of sterile 
inactivated AMS or NRS; controls were injected with 
saline. Peritoneal cells were harvested 4h later. The 
results are presented in Table 2. 





Table 2. CYTOTOXICITY OF AAS in viro 


Percentage of 









Mice Total number Percentage Absolute macrophages 
treated of peritoneal of different numberof taking trypan 
with* ces t x 10° cell types $ blue 
Saline 137 M 90 7 
L 6 
P 4 
NRS 125 M87 13 
L 8 
P 5 
AMS 80 M 66 40 
L 18 
P 16 





* Four mice in each group. 

+The same amount of peritoncal wash was harvested in each mouse and 
pooled for comparison. 

tM, Macrophages; L, lymphocytes; P, polymorphonuclears. 





The effect of AMS on phagocytosis by macrophages 
was tested in vivo and in vitro (Table 3). For the in vive 
test, mice stimulated with thioglycollate medium were 
injected intraperitoneally with either 0-2 ml. of sterile 
inactivated AMS or NRS, or saline. Thirty minutes later, 
the animals received 500x 10° SRBC intraperitoneally. 
Peritoneal cells were harvested 2 h later, and extracellular 
SRBC were lysed with distilled water. The number of 
cells and the percentage of macrophages containing red 
cells were moderately decreased in AMS-treated animals. 





Table 3. EFFECT OF AMS ON PHAGOCYTOSIS BY MACROPHAGES fH tira AND 


in vitro 


In vivo tn vitro 
Total No. Total No. 
Total Per- Percentage of macro- of maero- Percentage 
Mice No. of centage showing phages be- phages showing 
treated cells of uptake of fore ineu- after uptake of 
with* »10® maero- SRBCH bation ineubation SRBC? 
phages x LO x 108 
Saline 93 86 67 285 1 
NRS 101 47 59 a 24 
AMS 60 35 50 Ef 6 





* Four mice in each group. f 

tand t Percentage of macrophages containing one or more SRBC in their 
cytoplasm. 

For the in vitro test, mice were injected as deseribed. 
Peritoneal cells were collected 30 min later and were 






incubated with 100 x 10° SRBC and 0-4 mi, of fresh normal 
mouse serum for 2h at 37° C. The percentage of maero- 
phages containing SRBC was significantly lower in the 





group treated with AMS than in that treated with NE 
but both groups treated with rabbit serum showed a 
higher degree of phagocytosis than macrophages of 
animals injected with saline. 

The effect of AMS on antibody synthesis was in- 
vestigated using SRBC and DT as antigens (Table 4). 
Groups A, B, ©, D, E and F were immunized intraper i- 
toneally with 4x 107 SRBC, and groups G, H and I 
were immunized intraperitoneally with 20 LE DT. During 
the 2 days before immunization, groups B, E and H re- 
ceived three intraperitoneal injections of 0-5 ml. of sterile 
inactivated NBS, whereas groups C, F and T were injected 
similarly with AMS. Groups B, C, H and I then received 
eight intraperitoneal injections of either NRS or AMS every 


` 
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other day. The total amount of NRS or AMS was 3-5 ml. 
Groups A, B, C. G, H and I were bled on day 25 for testing 
the primary response. On day 30, they were boosted, and 
they were bled again 10 days later. Following immuniza- 
tion, groups E and F received intraperitoneal injections 
of either AMS or NRS every other day for 10 days with a 
total of 2-75 ml. Groups D, E and F were bled on days 
5 and 10. 


Table 4. 
Group Treatment 


EFFECT OF AMS ON ANTIBODY SYNTHESIS 
Anti-SRBC agglutinins* Anti-SRBC haemolysins t+ 
L(25days)¢ II (4O0days)g (25 days)t T1(40days)s]] 


A None 3-9 (9/10) 9-7 (10/10) 3:3 (9/10) 9-0 (10/10) 
B NRS 1:2 (4/12) 8-2 (12/12) 1-0 (5/12) 89 (12/12) 
u AMS 0-5 (8/12) 74 (12/12) 0-4 (3/12) 6-2 (12/12) 
I5 days)! TI(10days) [(Sdaysy| II(10 days} 
D None 8-1 (12/12) 66 (12/12) 5-8 (13/12) 4-5 (12/12) 
D NRS 30 (11/12) +0 (10/11) 2-6 (10/12) 2-1 (10/11) 
r AMS 1-1 (6/10) 1-7 (6/8) 22(7/10) 22 (6/8) 
Anti-DT antibodies* 
1(25 days) { HI(40 days)§ 
G None O7 (2/10) 12-9 (10/10) 
H NRS QO (0/12) 0-5 (1/12) 
1 AMS 0 (0/12) 0-6 (2/11) 


Numbers in parentheses indicate the number of mice responding/total 
number of mice in each group, 









* Average of log, 5x) 





glut. titre 
tad 


5x 100% haemolysis titre 





+ Average of log, 


$ Primary response after 25 days. 

§ Secondary response after 40 days; that is, 10 days following booster, 
i Primary response after 5 days. 

€ Primary response after 10 days. 


Both NRS and AMS markedly inhibited the primary 
synthesis of anti-SRBC agglutinins and haemolysins. 
AMS appeared to be slightly more effective than NRS. 
The secondary response was less effective than in controls. 
Control mice immunized with DT generally did not develop 
a primary response, but they were primed. In mice 
treated with NRS or AMS, priming was inhibited and the 
animals made a primary-type response after the second 
injection of antigen. There was no difference between 
the results of treatment with NRS and AMS. All sera 
eollected from groups E, H and I were found to contain 
precipitins to various proteins of rabbit serum, and 
particularly to rabbit y-globulin as shown by the Ouchter- 
lony technique. 

In these experiments, antibodies to mouse macrophages 

were obtained with agglutinating and cytotoxic activity 
as already reported®*", In contrast to other reports'!, 
agglutinins were specific for macrophages (see Table 1). 
Cytotoxicity resulted in a decrease of the number and 
viability of macrophages. The remarkable inhibition of 
phagocytosis observed in vitro might be due to the absence 
of natural antibodies and complement. The macro- 
phages of animals injected with saline exhibited a low 
rate of phagocytosis im vitro, confirming previous 
observations!’ If rabbit serum has a potentiating effect 
on phagocytosis, this was partially obscured when this 
serum possessed anti-macrophage activity. 
- Although Panijel and Cayeux? reported inhibition of 
priming in mice treated with AMS, they did not mention 
controls treated with NRS. We found that NRS was 
almost as effective as AMS in suppressing the synthesis 
of antibodies to SRBC; both NRS and AMS inhibitec 
priming to DT at the same degree. This immunosuppres- 
sive effect could not be related to the toxicity of rabbit 
serum as evaluated by the mortality rate, the weight loss 
and the decrease of haematocrit value during treatment. 
Antigenic competition between rabbit serum and either 
DT or SRBC is probably a better explanation, and is 
supported by recent findings and by the existence of 
antibodies to rabbit proteins in animals treated with 
either NRS or AMS. 

This study was supported by a grant from the Swiss 
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Comparative Chemistry of Collagen 


COLLAGEN is a “young” protein present only in multi- 
cellular organisms, and the number of acceptable muta- 
tions of the amino-acid composition is restricted by the 
structural requirements of the secondary structure. In 
what follows we summarize some of our worki- during 
the past 6 years in which we have compared collagen 
from different species. 

Two main generalizations on the amino-acid composi- 
tion seem possible. First, hydroxy-arnino-acids make 
up about one-sixth of the total except in the earth- 
worm, Lumbricus. This constancy has been pointed out by 
Eastoe®, but has not been considered in regard to the 
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Serine + threonine 


Fig. 2. Content of serine and threonine in the collagens of various 
species. 
structural models. Second. it seems to us that there has 


been an increase in the stabilizing imino-acids during the 
eourse of the evolution at the expense of serine and 
threonine, which all differ in the genetic code by the first 
letter only??. The number of hydroxy-groups is main- 
tained by the hydroxylation of ‘proline. It should be 
possible to tell whether hydroxylation takes place pre- 
ferentially at proline residues which have replaced ali- 
phatic hydroxy-amino-acids. 

Fig. 1 illustrates a conspicuous difference in the acidic 
amino-acids of vertebrates and invertebrates. There is 
a marked step up in the total imino-acids from poikilo- 
to homothermic species with a complementary decrease 
in serine and threonine (Fig. 2). The ratio of mmino-acids 
to serine and threonine thus reaches a maximum in 
homothermie species. The sum of serine, threonine, 
imino-acids and alanine, all related by the genetic code, 
is constant in the collagens of vertebrates, but is higher 
in vertebrates than in invertebrates as also is the content 
of nonpolar amino-acids (that is, proline, glycine, alanine, 
valine, methionine. isoleucine, leucine and phenylalanine). 

Earthworm skin collagen, which is of ectodermal origin, 
does not fit these generalizations. Almost all proline is 
hydroxylated and the content of the hydroxy-amino-acids 
is high. Hydroxyproline also occurs next to glycine’. 

An attempt was made to determine the eventual rela- 
tionships between species by studying the compositions 
of their collagens. The differences in the contents of the 
individual amino-acids (expressed in residues/1,000 resi- 
dues) were summed for every possible pair of species and 
taken to indicate the number of mutations during the 
evolution from a common ancestor and thus the * 
tances” between the species. To eliminate the errors 
arising from eventual species differences in hydroxylation, 
the sum of proline and hydroxyproline and that of lysine 

















and hydroxylysine were used instead of the contents of 


the individual compounds. A similar approach was made 
recently by Metzger et al.®, The errors arising from the 
assumption are apparent and the result can be approxi- 
mate only. The two-dimensional “coordinates” of eight 
species (marked in Fig. 3 by black dots) were calculated 
with an electronic computer by minimizing the summed 
squares of the proportional “errors”. The third powers of 
the ‘errors’ gave almost the same coordinates. The 
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remaining species (cireles) were fitted with dividers to 
their nearest neighbours. The presentation shown in 
Fig. 3 can be extended to three dimensions by taking time 
as “the third axis. This kind of “map” is possible only for 
proteins where the number of mutations has remained 
low. Vertebrates and invertebrates are separated clearly 
as expected from the different contents of acidie amino- 
acids in their collagens. Whether this difference has any 
relation to bone formation remains to be clarified, as also 
whether the acidic amino-acids in invertebrate and alanine 
in vertebrate collagens occupy analogous positions as 
indicated by the amino-acid compositions. When an 
attempt was made to apply this approach to data col- 

lected from various sources in the literature’, the results 
were less definite. 

The helical structure and the charge profile of collagen 
are simular throughout the studied as (ref. 10 and 
unpublished work of J. P. and K. Kühn). Bornstein"! 
suggests that the variation in the primary structure 
of collagen between various species is limited to the 
non-helical regions. The denaturation temperature 
(fp) of soluble collagen seems to have risen during 
evolution and this ean be related to the pyrrelidine con- 
tent. This increase has been a condition for the develop- 
ment of species with higher body sera ie The ther- 
mal stability of collagen is high also in the parasites of 
higher vertebrates (for a discussion. see ref. 12). 

The thermal shrinking point (T,). which has been 
extensively used to assess the thermal stability of collagen. 
is the sum of the inherent stability of the tropocollagen 
macromolecule (Te) and the influence of accessory sub- 
stances; for example, the byssus-threads of sea mussel, 
Mytilus, shrink at a temperature about 40° C higher than 
its skeleton collagen’. 

































Table 1, SUMMED DIFFE BS IN AMINO-ACID COMPOSITION OF 
DIFFEREN? CHAINS IN COLLAGENS OF VARIOUS SPEC 
Species al ys a2 al vs a3 al va ad Refs. 
Calf 126 (2 53 (2) 82 (2) 15,16 
Chick 124 (1) 23 (1) 129 (1) 7 
Cod 76 (2) 36 (2) 60 (2) 4,16 
al VS ayyy G28 Guys. a3 V8 agys 
Mammals 262 (4) 240 (4) 15, 16,18,19 
Chiek 256 (1) 212 (1) 4 17 
Bony fishes 146 (4) 119 (4) T04 (2) 14, 16, 19, 20 


The number of amino-acid analyses referred to is given in the parentheses, 
Myx. = Myxine ghitinosa, hagfish. 

Fig. 4 shows our present views on the development of 
the three chains in tropocollagen? 7. If separate «l and 
a3-chains do not exist in mammalian collagen, the chain 
a3 of cod collagen” may have evolved after the “branch- 
ing point”. Table | indicates that the differences between 
the chains are larger in calf than in cod collagen. Also the 
al and «2-chains of rat collagen differ more than the 
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INVERTEBRATES VERTEBRATES 


Two-dimensional presentation of the summed differences in 
the compositions of ecllagen in various acies, ‘The dotted Hines are 
drawn to emphasize the difference between invertebrates and verte- 

E Inside the vertebrates the homothermic species occupy the 
-k-shadowed area. The mesodermal collagens are delineated Inside 
the invertebrates. 


Fig. 3. 
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Tentative scheme for the molecular evohition of collagen chains, 


respective chains of cod collagen from the composition of 
hagfish collagen which “shows that the chains have de- 
veloped dive rgently. The ratio of imino-acids to serine 
and SRE e yin is higher in the «l and «3-chains than in 
the #2-chain (Table 2). The three chains differ also in 
thermal stability?! and metabolic turnover rate®*. In all 
respects the al-chain is the most stable. The properties 
of collagens composed of one type of chain are not yet 
known well enough to decide whether the presence of 
different chains in the tropocollagen macromolecule leads 
to improved aggregation or other functional properties. 


Table 2. 





RATIOS OF PMENG-ACIDS TO SERINE AND THREONINE OF DIFFERENT 
CHAINS IN COLLAGENS OF VARIOUS SPECIES 
Species al a2 a3 Refs. 
Mammals 4:31 (4) B80 (H Es: 
Chick 451 1) B79 (1) 4 
Bony fishes 216 (4) ROL (4) 1-80 (2) 





Comparisons between the various species are difficult 
because the stability towards. for example, solvents 
depends on the metabolic age of the structural fraction. 
Some comparisons can be made of the solubilities of body 
wall collagens from full-grown species??. In the more 
highly developed vertebrates the solubility in acidic 
buffers both in the cold and at 40°-60° C is smaller than 
in lower vertebrates. The formation of an insoluble 
network from tropocollagens seems thus to be more 
efficient in higher vertebrate species. 
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Inhibition of Fibrinolysis by 
Human Epidermis 


AN inhibiter of fibrinolysis has recently been found in 
bovine mesothelum’, Recent experiments in our labora- 
tory, using Todd’s technique of fibrinolysis autography? 
on normal and traumatized human skin (unpublished 
results), suggested the possibility that human epid: erme 
contains an mhibitor of fibrinolysis. Experiments were 
therefore designed to determine if inhibition by the 
epidermis could be demonstrated. 

A suction device was used to produce subepidermal 
bullae on the forearms of four normal subjects. This 
procedure results in clear separation of epidermis from 
dermis*. Blister fluid was collected and frozen. The 
tops of bullae ee epidermis) were washed 
four times in cold veronal buffer (pH 7-4) and 
genized in a micro-wet grinder. The activity of the 
homogenate in inhibiting the bytie action of urokinase 
(Leo Pharmaceuticals) on fibrin plates was studied. 
Plates were made by mixing 6 ml. bovine fibrinogen 
(Bovme Plasma Fraction I, Armour) (1 per cent in 
veronal buffer), 0-lml. bovine thrombin (Topical Throm- 
bin, Parke—Davis) (25 ujmi. in serana] buffer) and 
0-2 ml, caleium chloride (1 M) in 9em Petri dishes. 

Fig. 1 shows a fibrin plate with (a) a 30 ul. drop of 
urokinase (1:25 u/ml.), (6) a 30 ul. drop of a mixture of 
epidermal homoge nate and urokinase (final concentration 
1-25 u of urokmase/mil.) and (c} a 30 wl. drop of a mixture 
of epidermal homogenate (heated to X 307 C for 15 mun) and 
urokinase (final concentration 1:25 u of urokinase/ml.). 
The plates were incubated for 45h. It is evident that. 








homo- 


















Fig. 1. 
homogenate plus urokinase: e, ¢ 
urokinase. 


Fibrin plate with equal amounts of: 


a, urokinase: 6, epidermal 
f dermal homogenate (heated) and 
Complete inhibition of lysis is seen with A. 





B42. 


inhibition of the aetion of urokinase was produced by 
unheated epidermis but not by the heated epidermis. 

Serial dilutions of blister fluid and of citrated plasma 
were similarly studied and were found to have inhibitory 
action, To rule out contamination of epidermis by blister 
fluid, equal weights of epidermis, blister fluid and plasma 
were suspended in equal volumes of veronal buffer. Serial 
dilutions of these demonstrated greatest mhibition by 
the epidermis. 

These findings indicate that human epidermis can 
inhibit fibrinolysis. The experiments do not define the 
nature of the inhibitory factor: that is, whether enzymatic 
and, if so, its site of action. Further experiments are 
needed to demonstrate inhibition of the lysis of human 
fibrin containing plasminogen. The inhibition produced 
by blister fluid is most likely derived from inhibitors in 
plasma, but some contribution by epidermis is possible. 

This project was supported by the Herbert E. Dunhill 
Trust; R. H. T. was the recipient of a Gillette research 
fellowship. 
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Tetanus Toxin, a Neuromuscular 
Blocking Agent 


Ix some cases of infectious tetanus a neuromuscular block 
with tetraplegia may follow the state of muscle spasms. 
We suggested! that this effect was caused by the tetanus 
toxin itself rather than to an after-effect of muscle relax- 
ants or other drugs. This hypothesis. however, had to be 
verified by experiments with animals. 

Local tetanus in rats appeared to be the best way to 
study the effect of tetanus toxin on the neuromuscular 
junction. The toxin was injected in various amounts and 
dilutions into one hindleg and the animals were tested at 
various intervals after the injection. Under urethane 
anaesthesia the peroneal nerve was cut in the thigh, and 
the distal stump stirnulated by single and repetitive elec- 
tric shocks. The tension of the anterior tibial muscle was 
registered by a strain-gauge attached to the tendon. 
The “healthy” opposite hindleg always served as a control. 
In addition, various neuromuscular blocking agents such 
as magnesium sulphate, ‘Alloferin’ and succinyleholine 
were tested in identical experimental conditions. 

The results can be summarized as follows: In severe 
local tetanus neuromuscular transmission may be abol- 
ished, for example, the muscle becomes unresponsive to 
indirect but remains fully responsive to direct electrical 
stimulation. A small response to a single supramaximal 
stimulus and a further decrement of amplitude on repeti- 
tive stimulation are observed in other instances. With 
tetanic stimulation the tension becomes almost equal to 
that of the healthy side. Post-tetanic potentiation is 
marked (up to 300 per cent) whereas post-tetanic depres- 
sion is lacking ormild, Edrophonium chloride (Tensilon) and 
‘Neostigmin’ improved the transmission only to a moderate 
extent. The neuromuscular block produced by tetanus 
toxin is similar to that observed in man and to that in rat 
after injection of magnesium sulphate. 

Our experiments in rats thus confirm that tetanus 
toxin, besides its central action causing muscle spasms, 
also had a peripheral effect interfering with neuromuscular 
transmission, It seems likely that tetanus toxin inhibits 
the release of acetylcholine from the nerve terminals, but 
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a post-synaptic action cannot be ruled out without further 
investigations. In man, the peripheral action of the toxin 
may be responsible for the so-called recruiting response on 
voluntary contraction, for cireumscript muscle weakness 
in local tetanus and for tetraplegia observed in a small 
percentage of patients with severe tetanus. Damage to 
the muscle fibres causing a reversible myopathy is another 
feature that may be responsible for the slow recovery of 
muscle strength. 
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Additional Site for the Action of 
Cholera Toxin 


Asiatic cholera is a disease of the gastrointestinal tract 
and its cardinal symptom is “rice-water” diarrhoea. The 
primary site of pathology is the intestinal canal where 
electrolytes and fluid are poured in the lumen and lost 
to the body. Primary systemic effects, if any, play little 
part in the pathogenesis of cholera. The gastrointestinal 
tract has naturally been the target of study for the action 
of cholera toxins'. Greenough’, however, provided 
strong evidence for the involvement of the duodenum by 
demonstrating that the aspiration of the duodenal con- 
tents in cholera patients reduced the diarrhoeal volume. 
Finkelstein ef al. found in infant rabbits? that the caecum 
is unresponsive to cholera toxin, while Leitch and Burrows? 
found the colon of rabbit unresponsive to cholera toxin. 
Surprisingly enough, no studies have been carried out on 
the stomach, probably because no vibrio can survive in the 
acidie conditions of the stomach. 

We have found that the stomach is responsive to 
cholera toxin and here we report our preliminary findings 
and their significance. Eight to twelve day old infant 
rabbits of either sex, bred at the Haffkine Institute, were 
used in the present experiments. The animals were given 
water freely for 48 h before being anaesthetized with 
ether, and their abdomens were opened and loops of the 
stomach formed by tying ligatures at both the pyloric 
and cardiac ends. One more ligature was passed round 
the duodenum near the pyloric end and the continuity 
between the stomach and duodenum was severed by 
cutting in between the ligatures. In the loop 15 mg of 
synease toxin® (0-5 ml.) was injected while the control 
group received 0-5 ml. of water, The abdomen was 
stitched and animals observed for 24 h. At the end of 
this period, the animals were killed and the loops exam- 
ined. Fluid from the loop was withdrawn, measured and 
analysed for sodium, potassium and chloride. The metal 
ions were determined by standard flame photometry*, 
while the chlorine was estimated by the procedure of 
Whitehorn’, pH determinations were made using E. 
Merck's narrow range pH papers. 

The control loops were dry, while those receiving toxin 
were full of fluid. The pH was highly acid (1-5-1-8). and 
large amounts of sodium and chlorides were present. 

It is very clear that the stomach responds vigorously 
to the toxin and pours out into the lumen its normal 
secretions, hydrochloric acid and sodium ions. The 
volume of accumulated fluid amounted to about 10 per 
cent of the body weight of the animal and this is very 
significant in view of the observation that when the le 
of fluid reaches to the level of 10-15 per cent of the body 
weight, the animals do not survive’. 

This raises the question of the possibility of the presence 
of cholera toxin in the stomach, for the cultivation of 























NATURE, VOL. 223, AUGUST 23, 1969 


vibrios in the host tissue can take place only in intestines. 
But in human cholera, rice-water diarrhoea is usually 
accompanied by vomiting, a process which invariably 
permits the back-flow of the duodenal and intestinal 
contents. The evidence for back-flow in human patients 
occurs even in the nineteenth century literaturen. 

Thus in human cholera the stomach may be playing an 
important part. This model of the gastric loop is suitable 
for detailed investigations of the site and mechanism of 
action of cholera toxin. The availability of gastric 
epithelium would render the work much easier, for this 
tissue has been much studied, 

We thank Dr N. K. Dutta, director, Haffkine Institute, 
for constant interest and encouragement. One of us 
(M. J. M.) gratefully acknowledges the receipt of the 
Haffkine Institute Diamond Jubilee research fellowship. 
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Antibody Formation: Premature 
Initiation by Endotoxin or Synthetic 
Polynucleotides in Newborn Mice 


THE competence of animals to respond. immunologically 
develops for different antigens at different. stages of onto- 
genyt. Thus C57 BI mice do not form antibodies to sheep 
red blood cells (sR BC) during the first 10 days after birth 


even though such newborns can respond to a number of 


other antigens?, We and others previously demonstrated 
that antibody formation to sRBC can be “turned on” 
prematurely when newborns are given macrophages 
from adults at or near the time of antigen administration? +. 
More recently we observed that such premature antibody 
formation can be achieved without the transfer of macro- 
phages provided that the antigen is administered in con- 
Junction with bacterial endotoxin (LPS) or double- 
stranded synthetic polynucleotides, agents that are known 
to enhance the metabolic activities of macrophages*-’, 
Table 1 shows the results of typical tests in which 10° 
sRBC were given either with or without 15 pg of S. 
INATCESCENS LPS (Difeo 511208) intraperitoneally to C57 
B1/6J newborns and the number of spleen cells forming 
anti-sRBC was assayed 96 h later’, Animals receiving 
antigen alone r responded not at all or poorly (only an 
occasional animal yielding 1 or 2 plaque-forming cells), 
animals receiving LPS alone showed similar negative 
responses, whereas animals receiving both sRBC and 
LPS showed highly significant responses that, however. 
were not of the same magnitude as in adult animals. 
Similar data have been collected for groups of C57 BI 
mice that were exposed to antigen with or without LPS 
4-6 days after birth, This premature initiation of antibody 
formation with the aid of LPS can also be evoked when 
animals are immunized with 10° sRBC; it is not restricted 
to sRBC but also occurs with other erythrocyte antigens 
(chicken and horse red blood cells; for example. in 4 day 
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spleen donors Assayed on 
shBC* cRBC* RECBC* 

15y LPS+ lO'sRBC 622-5 465-5 44d <1 
lay LPS <1 <i <l 
10° sRBC <1 <l ü 
None <1 <t i} 
Adult controls given 

10° sR BO 5 L212 + 905-3 keš Ne 





Data for 2-day old mice have been pooled from several experiments: data 
for 8-day old mice are from one experiment, Animals from several litters 
were used in all experiments but were randomized among the experimental 
groups. 

Number of animals per group: 8-15. 

* SRBC =sheep red blood cells; eR BC = 
horse red blood cells. 
71/8 animals showed 1 a.b.-forming cell/10*, the rest 0. 
+ 3/8 animals showed 1. 2 and 4 a.b-forming cell/ iO, respectively, the 





RRO = 





chicken red blood cells: 


rest 0. 
old C57 Bl mice: 10° cRBC: 3-042-0; 10° RBC: 
S8t2-0; 15 y LPS: 4942-4; 15 y LPS+10* «RBC: 


148-9+ 56-0); furthermore, preliminary data suggest 
that this phenomenon may also operate in the case of 
protein antigens (for example, bovine gamma globulin). 
Table 1 indicates that the non-specific stimulation of 
antibody responses. typical of responses to LPS m adult 
animals, does not occur in newborns; the slight stimula- 
tion of a response to chicken red blood cells (CRBC) after 
immunization with sRBC+ LPS may be attributed to the 
very weak cross-reactivity between cRBC and aRBC. 

In contrast to C57 BI mice, CBA/J and AKR mice failed 
to respond when exposed to sRBC+LPS 3, 4 or 6 days 
after birth. Nine day old animals which gave, 96 h af 
immunization, a weak response to sRBC or LPS alone 
(78-1457-9 and 54-34 13-0, respectively, for CBA mice) 
produced, however, a strong response after immunization 
with sRBC+LPS (1.394 + 362). This effect was produced 
only after intraperitoneal administration of 30 + LPS? 
oe and did not occur consistently in animals recei ving 

15 y LPS/mouse. Thus the dose and timing of effective 
administration of LPS are strain-dependent. 

In a number of experiments poly [.poly C or poly A. 
poly U, instead of LPS, were administered with the anti- 
gen. These stimulators also proved able to initiate a 
premature antibody response (Table 2). 

The consequences of premature initiation of antibody 
formation to sRBC on the response of adults to sRBC 
were tested (Table 3). Premature positive responses, 
initiated with the aid of LPS, preventec 
siveness of adults that results typically e 
are exposed to an antigen that was first expe R en 
a neonatal period of non-responsiveness to that anti 
In a number of tests, the response to sRBC in adult animals 
exposed as newborns to sRBC plus LPS was higher than 
in animals that received sRBC for the first time as adults. 
Animals exposed as newborns to LPS only (which in adults 
would produce haemolysin formation) showed poor 
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Table 2. EFFECT OF POLY 1+ POLY C AND POLY A + POLY € CHE UNUTLIATION 
OF ANTIBODY FORMATION TO 8RBC IN 4 DAY OLD CST BI MIUR 
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10° aR BC 

10° sRBC + 30 p IC* 

10° SRB +80" AU + 
10° sR BC + iby L PS 


Number of animals per group: 4-6, 
“Uy poly 1+ 15 y poly ©. 
t15y poly A+ lay poly V. 


Table 3. THE RESPONSE TO SRBC OF 4 WEEK OLD CST BUG MIOR WER 


RECEIVED NE TAL INJECTIONS OF LPS asp sR BC 
Treatment when Treatment  PFC/10* spleen celle + $.2. (48 h after 
mice were 3 days b at 4 weeks last treatment) assayed on aR BC 
10° sR BC 
10° sR BC 
10? sRBC 
1# sRBC 


per group: 10-15. 








108 SRBC 
None 


Number of animals 


844 
responsiveness to sRBC (Table 3). It remains to be 
determined whether such decreased responsiveness of 


adults, following exposure of newborns to LPS alone, 
is limited to sRBC. 

Our original motivation for studies on the premature 
initiation of antibody responses was an attempt to deter- 
mine whether the normal development of an animal’s 
capacity to distinguish lf from “non-self” was due 
to a late maturation of macrophages and an earlier matura- 
tion of stem-cells for antibody -forming lymphocytes. Tn 
such conditions, self-antigen, not “processed” by macro- 
phages (or any other antigen introduced early), might go 
directly to stem-cells and render them tolerant by elumina- 
tion or blocking of receptor sites'""!, The finding that the 
introduction of adult macrophages into newborns. or the 
administration of an antigen together with a known 
enhancer of macrophage metabolism, does indeed permit 
the premature activation of antibody-forming clones 
supports but does not prove the validity of such assump- 
tions. It appears reasonable to assume that the results 
are due to an artificial “ageing” of macrophages by LPS 
or synthetic polynucleotides, but the involvement of 
other possible mechanisms, including, for example, effects 
on the thymus, cannot be excluded, In any event, our 
data show that it is possible to modify the immune re- 
sponses of adults in a positive direction by exposure of 
newborns to an antigen in the presence of material from 
ubiquitous Gram-negative bacteria or synthetic poly- 
nucleotides. The possible implication of this finding 
for the immunological control of spontaneous tumours, 
such as murine mammary carcinoma, and for certain 
autoimmune responses, is now under investigation. 

This work was supported by grants from the US 
National Institutes of Health and the US National Science 
Foundation. 
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Exogenous Interferon and Inducers of 
Interferon in the Treatment of Balb/c 
Mice inoculated with RCiy Tumour Cells 


We reported previously that interferon 
mereased the survival of Balb/e and C57 
inoculated with RC, and EL, tumour cells’?. Levy, 
Law and Rabson’, and Zeleznick and Bhuyani, have 
observed a similar increase in survival time of tumour 
inoculated mice treated with an inducer of endogenous in- 
terferon, polyinosinie-polyeytidylie acid (poly 1. poly C)*. 
In previous studies it was found that exogenous interferon 
proved more effeetive than interferon inducers in the 
a of mice preinfected with encephalomyocardi 
(EMC) virus’. We report here the results of similar 


treatment 
BI/6 mice 
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experiments comparing the effect of these two forms of 
therapy in Balb/c mice inoculated with RC, tumour 
cells. 

Balb/e mice were obtained from the breeding colony 
of the Institut de Recherches sur le Cancer. The RC, 
ascitic cell line originated from Balb/e mice inoculated 
with Rauscher virus (laboratory of Dr J. P. Lévy). 
Electron microscopic examination of the cells revealed the 
presence of occasional type C virions. The number of 
tumour cells inoculated intraperitoneally in each experi- 
ment was determined by cell counts of ten-fold serial 
dilutions of tumour cells using trypan blue dye exclusion 
as a criterion of cell viability. 

Preparations of mouse brain interferon obtained from 
Swiss and IC mice inoculated with West Nile virus were 
concentrated ten-fold as previously described’. Assay 
methods of mouse interferon on monolayer cultures of 
L cells inoeulated with vesicular stomatitis virus have 
also been previously described®. A standard reference 
mouse brain interferon was included in each test and its 
titre (1: 1,600/0-2 ral.) rarely varied by more than one 
dilution in the different assays. Ten-fold concentrated 
mouse brain interferon preparations usually titred 
1: 8,Q000-1 : 16,.000/0-2 ml. 

Two inducers of endogenous interferon, 
disease virus (NDV) and poly I. poly C, were used. New- 
castle disease virus (Karzon Kan. Leavenworth 48. 
laboratory strain) was propagated in the allantois of 10 
day old embryonated eggs and titred by standard plaque 
assay methods utilizing secondary cultures of chick 
embryo fibroblasts. In each experiment the interferono- 
ge nicity of NDV was determined by bleeding mice 6 h 
after intraperitoneal moculation. Sera were diluted 1:5 
in phosphate buffered saline and maintained at pH 2 at 
4° C for 4 days before interferon assay. The serum inter- 
feron titre (at 6 h) varied between } : 400-1: 1.600/0-2 ml. 
Complexes of poly I. poly C were purchased from Miles 
Laboratories, Elkhart, Indiana, USA. To test the inter- 
feronogenicity of poly IT. poly C5, mice were bled 3 h 
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after intraperitoneal inoculation. Serum interferon 
titres ranged from 1 : 160-1 : 400/02 ml. 
One month old Balb/e mice were moculated intra- 





peritoneally with 2.000 RC,, tumour cells (equivalent of 
400 LD,- Twenty-four hours later, mice were treated 
(0-25 ml.) with 3-5 x 108 plaque forming units NDV. 50 ug 
poly I. poly € or 20,000 units of mouse brain interferon. 
All treatments were continued daily for one month. One 
group of tumour inoculated mice was kept without treat- 
ment. 

Treatment with either inducers of endogenous inter- 
feron (NDV or poly L. poly C) or with exogenous interferon, 
increased the survival time of Balb/c mice inoculated with 
RC, cells (Table 1). Treatment of mice with poly 
I. poly C proved less efficacious than treatment with NDV 
in experiment 1, equal to it in experiment 2, and more 
efficacious in experiment 3. Exogenous interferon treat- 








Table 1. BXOGENOUS INTERFERON AND INDUCERS OF INTERFERON IN THE 
TREATMENT 





OF BALB,c MICK INOCULATED EX TRAPERITONEALLY WITH 
RC), TUMOUR CELLS 
No, of mice Mean i 
Exp. surviving harmonie Confidence , 
No, Treatment survival interval significance 
(days) 0 ee 
t None 
NDV 
Poly T. poly € < OOO 
Interferon 
2 None 
NDV 
Poly f. poly © o A 
Interferon 30-47 aye 
3 None 
NDV rY 
Poly I. poly © OME Lows 
Interferon Pes 
Mice inoculated intraperitoneally daily for 1 month with 35x 10% PEU 


NDV; 50 ng poly E. poly C or 26,000 units interferon. 
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ment was more effective than either of the interferon 
inducers in the first two experiments. In the third, 
interferon treatment was superior to NDV treatment but 
no significant difference was observed between treatment 
with interferon or poly I. poly C. None of fifty-two 
untreated tumour inoculated mice, none of the fifty-two 
NDV treated mice and only two of the fifty-two (4 per 
cent) poly I. poly C treated mice survived more than 
60 days. In contrast. twelve out of fifty-six (21 per cent) 
interferon treated mice survived beyond this period. 

Tt was previously suggested that ‘interferon itself (or a 
factor intimately associated with interferon) was respon- 
sible for the prolonged survival in interferon treated RC, 
tumour inoculated mice'?. The finding that treatment 
with inducers of endogenous interferon also increased 
survival and that exogenous interferon therapy proved 
correspondingly more efficacious in both tumour inoculated 
and viral infected mice® adds further support to this 
interpretation. 

We thank Mr Philippe Lazar. Mrs Suzanne Gueguen 
and Mrs Sylvie Sonnenberg for analysing our experimental 
results and aiding us in their presentation, and Miss 8. 
Thomas and Messrs S. Gilly and J. M. Reymond for their 
technical assistance. One of us (L G.) also thanks Dr 
Sidney Farber of the Children’s Cancer Research Founda- 
tion for his continued interest and encouragement. 
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Inhibitory Effect of Interferon on 
Murine Sarcoma and Leukaemia 
Virus Infection in vitro 


THE interaction of tumour viruses with the interferon 
system has important implications for the pathogenesis 
of infection and transformation of cells by tumour viruses, 
The sensitivity of tumour viruses to interferon varies 
widely!) but at present there seems to be no marked 
difference in the sensitivities of DNA and RNA viruses. 
Viral functions reported to be inhibited by interferon are 
replication, virus-induced transformation and virus- 
specified T-antigen production in cels pretreated with 
interferon before virus infection. After transformation 
has occurred, in the case of simian virus-46 (SVa), T-anti- 
gen production i the morphology of transpiration 





pieces applied interferons u, 

Induction of interferon by tumour viruses is generally 
poort 12.186,18,- and certain RNA tumour viruses are 
reported to inhibit the capacity of host cells to produce 
interferon #16, 

In the case of the murine leukaemia-sarcoma complex 
of RNA tumour viruses, application of interferon or in- 
ducers of interferon can prevent or cause regression of 
mouse leukaemia and mouse sarcoma!t:1417.1%25,26 To 
help understand the effeet of interferon during murine 
leukaemia virus (MuLV) and murine sarcoma virus (MSV) 
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infection, a study was undertaken to define the relative 
in vitro sensitivity of these viruses to the antiviral action 
of interferon in comparison with a virus of known senal- 
tivity--—vesicular stomatitis virus (VSV). 

Mouse serum interferon was prepared m adult NIH 
Swiss mice with Hertz strain of Newcastle disease virus 
(NDV). Normal mouse serum pools subjected to the 
acid treatment procedure were used as controls. 

The interferons used in these experiments gave titres of 
3,000 units per ml. by the VSV plaque reduction me 
in NIH Swiss mouse embryo fibroblast (MEF) cultures. 
Thirty units per ml. was used in these studies. Tn the 
more sensitive VSV yield reduction assay*®, the titres 
were approximately eines times greater, 

Procedures used for the pre a of tissue caltures 
and virus stocks have been previously deseribed?? 0ta, 
The murine leukaemia viruses were assayed in MEF 
by the CF antigen induction method (COMuL test). 
The sarcoma virus titres were determined by focus assay 
in MEF cultures**. 

Secondary cultures of MEF were planted in a medium 
with interferon or normal mouse serum. The followimge 
day. the cultures were washed and infected with virus by 
adding 1 to 5 ml. per dish of growth medium contaming 
100 to 200 focus-forming units (FFU) af MSV or varying 
concentrations (1,000 to 2,000 infectious units) of MuLy 
A virus adsorption period of 6 h for MSV and 18 h for 
MuLV was used. The infeeted cultures were then washed 
to remove unadsorbed virus. Medium replacements were 
done at 3 day intervals with similar media. Cultures 
infected with MSV were maintained for 5 days; those 
infected with MuLV were transferred once at 10 days and 
maintained for 20 days. 

MSV foci were counted 5 days after virus inoculation. 
The replication of sarcoma and leukaerua viruses m inter- 
feron-treated and control cultures was tested by harvest - 
ing cells and determining their infectious virus and CF 
antigen contents’), 

Preliminary experiments suggested a slight but signifi- 
cant suppression of MSV replication and foeus mduction 
in MEF cells which were pretreated for 24 h with 30 units 
per ml, of mouse interferon. Considerable enhancement 
of the effect was observed when interferon was continu- 
ously reapplied after the period of virus adsorption 
(Table 1). MEF cultures which were continuously exposed 
to the same concentration of mouse interferon (except 
during the virus adsorption period) appeared to be fully 
resistant to challenge doses of 1 to LOO infectious units of 
Friend leukaemia virus (Table 2). Marked suppression of 
virus replication and CF antigen induetion was observed 
when challenge doses of 1,000 (Table 2) or 2,000 (Table 3) 
infectious units of Friend or Rauscher leukaernia viruses 
were used. Four to eight-fold lower titres of CF antigen 
and 2 to 4 log lower yields of infectious virus were observed, 

Our interferon preparations were active after procedures 
used in the manufacture of interferon, such as acid treat- 
ment and high speed centrifugation (35,000g for 1b). The 
interferon preparations were active against heterologous 
Table 1, BEFRCT OF VARYING PERIODS OF TREATMENT WITH BÒ UNITS PER 


ML. OF MOUSE INTERFERON ON MURINE SARCOMA VIRUS REPLICATION ANT 
VIRUS-INDUCED TRANSFORMATION OF MOUSE EMBRYO FIRROBLASTS 




































































MSY Y yield 
Period of Exp. fool dlish® FEU /O-2 ml. 
Virus treatment No. Control Inter- Control Inter- 
prep. feron prep. feron 
M-MSVI(FLV) 24 h pretreatment 1 101 TA ND ND 
we 153 ue 64 4 
24 h pretreatment: 1 2 19 92 # 
: y postin- 2 152 0 92 1 
3 XD ND 4 1 
M-MSV(RLV) 24 h pretreatment 1 140) tid Np ND 
2 138 40) 59 22 
234 h pretreatment; 1 150 16 35 1 
Sdays' post ine 2 137 14 ao 4 
tion + 3 ND ND 190 2 
* Average number of MSV foci in two dishes. 
+ Interferon removed at the time of virus adsorption 0 ta 6h, 
FFU, focus forming units. 
; WELV) Friend pseudotype of Moloney marine sarcoma 





RLV), Rauscher pseudotype of Moloney murine sarcoma virus. 
ND= Not done. 
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Table 2. EFFECT OF CONTINUED TREATMENT WITH 30 UNITS PER ML, OF 
MOUSE INTERFERON ON THE REPLICATION OF VARIOUS INPUT CHALLENGE 
DOSES OF FRIEND LEUKAEMIA VIRUS* 


Virus Control prep. Interferon 
challenge CF Virus CF Virus 
dose t titre: yield /0-2 ml. + fitret  yield/O-2 ml. t 
1 <4 10° <4 <10' 
10 32 10° <4 <10 
100 2382 10° <4 < 10! 
1,000 #82 10t 8 10% 


* Interferon and control normal mouse serum preparations were added to 
growth medium and removed at the time of virus adsorption 0 to 18 h 

t Determined by COMuL test, 

$ Reciprocal of titre. 


Table 3. EFFECT QF CONTINUED TREATMENT WITH 30 UNITS PER ML. OF 
INTERFERON ON THE REPLICATION OF MOUSE LEUKAEMIA VIRUSES IN MOUSE 
EMBRYO FIBROBLASTS 


Virus 
Leukaemia Exp. Cultures treated CF titre t day yield/O-2 mL 

virus* No. witht day§ 

5 13 20 13 20 

Friend leukaemia 1 Control prep. <4 x 32 ND 10 

virns Interferon <4 ND ND 10° 

2 Control prep, ND 16 382 10* 10° 

Interferon ND <2 4 1 10 

Rauscher leuk- 1 Control prep. <4 16 32 101 10° 

aemia virus Interferon <4 4 8 10° 10° 

2 Control prep. ND à 82 10 10° 

Interferon ND <2 4 10° 108 


* In these experiments a virus challenge dose of 2 x 10° infectious units of 
virus (COMuL test) was used. 

+ Interferon and contro] normal mouse serum preparations were added to 
growth medium and removed at the time of virus adsorption 0 to 18 h. 

t Reciprocal of titre. 

§ Determined by COMuL test. 

ND = Not done. 


viruses such as VSV and vaccinia viruses. A potent rabbit 
antiserum to NDV failed to lower or eliminate the virus 
inhibitory property of an interferon preparation for VSV, 
MSV and MuLV. At the dilution used, the interferon 
preparations failed to inhibit MEF cell growth and failed 
directly to inactivate MSV and MuLV. Treatment of 
one lot of mouse interferon with trypsin elimimated most 
or all of its inhibitory property for VSV, MSV and MuLV. 
Mouse interferon and rat interferon preparations failed 
to cause significant inhibition of Friend pseudotype 
sarcoma virus, Friend leukaemia virus and VSV in hetero- 
logous Fischer rat cells and mouse cells respectively. 
On the other hand, these interferon preparations caused 
more than 90 per cent virus inhibition in cells of homolo- 
gous species. 

Beeause the factor responsible for the inhibition of virus 
repheation and cell transformation in these studies has 
the properties of interferon, we conclude that the inter- 
feron mechanism itself is responsible for these effects. 

In an attempt to define further the effects of the inter- 
feron mechanism on events specified by the murine 
leukaemia-sarcoma complex of viruses, we studied the 
in vitro sensitivity of these viruses to interferon, The 
Friend and Rauscher strains of leukaemia virus and the 
same pseudotype strains of mouse sarcoma virus were 
moderately sensitive to interferon in comparison with a 
known sensitive virus-vesicular stomatitis virus. For 
example, 30 units of interferon mbhibited the vield of 
MuLV by an average of 3-0 logio and VSV yie dd by 40 
logio The sensitiv ity of the viruses of leukaemia- 
sarcoma complex appeared to be similar in mouse and rat 
cells. An important observation was the finding that the 
viruses were able eventually to replicate and transform 
cells if interferon was removed before virus challenge and 
not reapplied thereafter. Experiments with a synthetic 
interferon inducer, polyinosinic-polyeytidylie RNA®4, 
have given similar results. These findings are consistent 
with the reported sensitivity to interferon of murine 
sarcoma virus in vitro (refs. 26, 35 and G, F. Fitzgerald, 
personal communication), and with the inhibitory effect 
of interferon and interferon inducers on the development 
of the virus-induced leukaemia and sarcoma in 
and tA 15,17, 18, 25, 

Beeause the viruses of the murme leukaemia~sarcoma 
complex are sensitive to the antiviral action of interferon, 
any significant production of interferon during infection 
in vivo would result in substantial reduction of virus 
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replication and oncogenesis. These viruses seem to evade 
the interferon defence mechanism by being poor stimula- 
tors of interferon production and even inhibiting the cells 
from producing interferon!!:6, Such a situation suggests 
the application of exogenous interferon or artificial 
induction of endogenous interferon to inhibit these tumour 
viruses and their tumours'4:15,17,18,25,26,35, 

It has not been established whether the regression of 
virus-induced tumours in vivo following treatment with 
crude interferon! or inducers of interferon! 15:25.36 jg 
due to the interferon mechanism itself or to other actions 
of the interferon inducers. Even if the antitumour effect 
is due to interferon, it remains to be seen whether the 
antiviral mechanism of interferon is the cause or whether a 
second interferon effeet is responsible. Tt is even more 
difficult to explain by the known action of interferon the 
inhibitory effect on transplantable tumours which are not 
known to be caused by viruses!®“6. Because many of 
these viruses do not replicate in certain host systems in 
natural and experimental conditions (R. J. H. ef al, 
unpublished observations), it is possible that some of the 
natural viral repressor mechanisms involve interferon. 

This work was supported by the US National Institutes 
of Health. 
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Effect of 3,4-Benzo(a)pyrene on 
Mouse Lung Primordia in vitro 


OrcGAN cultures of mammalian lung primordium can 
acquire essentially all the adult cellular elements together 
with their chemical characteristies'-*. Several chemical 
carcinogens have been shown to induce neoplastic develop- 
ment in mouse lungs in vivo’. Here we show that 3,4- 
benzo(a)pyrene interferes with the normal development 
and differentiation of foetal mouse lung buds in vitro. 

Mouse lung buds, dissected from 12 day old embryos, 
were transferred individually to pieces of cellulose tissue 
floating on a medium consisting of 80 per cent medium 
199, 20 per cent foetal calf serum, and 100 units of 
penicillin/ml. 3,4-Benzo(a)pyrene (BP) and pyrene solu- 
tions were prepared as follows: 1 mg of the hydrocarbon 
was first dissolved in 1 ml. of dimethylsulphoxide (DMSO, 
spectrograde, Fisher) and then added to the culture 
medium to give final concentrations of 1, 2, 5 and 10 
ug/ml. Cultures were incubated at 37°C in a water 
saturated atmosphere containing 5 per cent CO, Controls 
were lung buds from litter mates in medium without 
hydrocarbon, or in medium+DMSO at different concen- 
trations (1-10 ul./ml.). Routine histological sections (5 
microns thick) were prepared at intervals from selected 
cultures, coleemid at 4 ug/ml. of medium being added to 
the cultures 4 h before fixation. One thousand cells in 
each lung primordium were surveyed to measure the rate 
of mitosis in lung tubules and mesenchyme after different, 
treatments. 

In medium 199 alone, in medium + DMSO, or in medium 
with pyrene at 2 ug or 5 ug/ml., there was no cytotoxicity. 
The 12 day old mouse lung buds explanted contained two 
primary as well as a few secondary and tertiary bronchi; 
on the mght side lobules had already begun to form. 
After 3 days the epithelial tissues had branched into 
smaller tubular struetures and begun to invade the 
mesenchymal tissue space. The larger bronchi were lined 
with columnar and the smaller ones with cuboidal cells 
(Figs. 1 and 2). After 6 days, although further branching 
of the bronchial tree had occurred, the tissue had also 
flattened out end the cells spread outward to form a 
sheet; the general architecture of the lung was no longer 
maintained (Fig. 3). 

Lung buds grown in BP at 1 ug/ml. did not differ from 
those grown without carcinogen; 5-10 ug of BP/ml. of 
medium was toxic to lung bud development, and pyknosis 
and cell degeneration were observed after only 2 days in 
culture, 

At 2 pg/ml. BP showed selective toxicity. On the 
second day branching of the bronchial epithelial tissue 
had a normal pattern. At the periphery of the lung 





Fig. 1. 
normal medium, 


12 day old mouse lung primordium cultured for 3 days in 


The bronchial epithelial tissues are organized into 
tubular forms. 
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Fig, 2. 12 day old mouse lung primordium cultured for 3 days in 
medium containing pyrene at 2 wg/mb of medinm. No significant dif- 
ference from controls, 








Fig. 3. 12 day old mouse lung primordinm cultured for 6 days 
medium containing pyrene at 2 gg/ml. of medium. Cells are spreading 
out to form a sheet, obliterating the tisaue architecture, 





explant, however, epithelial thickenings had appeared and 
the cells were not organized into duets and tubules zs in 
the controls. In certain areas, moreover, the epithelium 
exhibited a distinetive “pearl-like” appearance (Fig. 4a), 
On the third day the BP treated lings showed a 
pronounced eytotoxie change, pyknotie cells and debris 
appeared in the mesenchymal tissues, while the epithelia 
continued to proliferate, the cells in some areas exhibiting 
irregularities of nuclear shape, size and polarity; nucleoli 
were more prominent than in the controls, Bronchial 
tubules were often lined by more than one layer of cells 
(Fig. 4b). After 4 days, BP treated hing buds showed 
further deterioration, although the epithelial tissues still 
appeared in better condition than the mesenchyme. 
Table 1 shows the mitotic frequencies observed in 
lung buds grown for 3 days in the four different kinds of 
media. Lung primordia grown in medium containing BP 
had a higher mitotie rate in tubular tissue than in the 
controls; by contrast, the rate was depressed in the 








Table 1. METAPHASES PER 100 CALLS PER H OF LUNG PRIMORDIA 
GROWN FOR 3 DAYS in vitro IN DIFFERENT MEDIA 

No, af Average mitotie frequency per th 
lungs grown Tubule 
tes + 0-09" 
1-04 0-22 





Medium 
Normal 
DMSO (2 yl./ml.) 
Pyrene (2 xl./ml.) OS O16 
BP (2 al jml) L444 O18 
* Standard error of the mean of five observations. 





oe age 
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Fig. 4. 12 day old mouse lung primordia cultured for 2 (a) and 3 (4) 
days in mediun, containing BP at 2 2g/ml. of medium. Note differe nees 
from controls deseribed in the text. 


mesenchyme, Lung primordia grown in media contaming 
DMSO or pyrene grew at the same rate as im normal 
medium. 

The 11 day old mouse embryonic lung thus continues 
to develop for a few days in vitro apart from factors such 
as respiratory movements, aspiration of amniotic fluid 
and extensive vascular development, After this time, 
however, cultured lungs have bronchi with fewer branches, 
although the structural and chemical differentiation of 
pulmonary tissue appears comparable whether develop- 
ment takes place in vivo or in vitro’. perhaps because 
inductive activity between the lung stroma and the 
epithelium can still take place®?, 

Human foetal lung grown in media containing BP exhi- 
bits epithelial metaplasia and hyperplasia, the cells having 
large nucleoli, and nuclei with irregular size and shape’. 
Late mouse embryonic lungs treated in vit days 
with 20-methyicholanthrene E: gave rise to 
lung adenomata when implanted subcutaneously into 
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adult mice!!?2, In neither case is it known whether the 
neoplastic change observed was caused by a direct action 
of the hydrocarbons on the lung epithelia or by some 
change in the mesenchymal tissue triggering the e spithe slial 
neoplasia. In our work metaplasia was not n but a 
eytotoxie effect of BP on the mescuchyme similar to that 
seen in human foetal lung by Lasnitzki!’ was observed, 
as were disturbances of mitotic frequeney and epithelial 
morphology. Because growth and differentiation of lung 
buds depend on mesenchymal integrity'’® it is pos ible 
that growth of the epithelial tissues observed is initiated 
by a loss of a regulatory ability of the mesenchyme!, 
The appearance of the differentiating epithelial tissue 
after treatment with BP also suggests that more extreme 
changes would be seen if the cultures could be maintained 
longer. But further work is necessary to support the 
hypothesis that cytotoxicity for mesenchymal tissue is a 
common property of all chemical carcinogens capable of 
Causing epithelial tumours m the hing. 

We thank Dr D. Hoffmann for generously supplying 
us with chromatographically purified 3,4- benzo(a)pyrene 
and pyrene. This investigation was supported by grants 
from the American Caneer Society, the Spenadel Fund 
and in part by the US National Cancer Institute. 
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Mycophenolic Acid: an Anti-cancer 
Compound with Unusual Properties 


Mycorsenonic acid (UK patent applications 43131/66 
and 43132/66) emerged as a potential anti-cancer com- 
pound during routine sereening tests with mould filtrates 
for activity against mouse fibroblasts. Our aim was to 
detect substances having a more specifie action than 
general lethality: substances which, for example, inhibit 
cell division or interfere with the mitotie mechanism. 

Sterile culture filtrates from Penicillin stoloniferum 
were added to cells (Earle's L strain) previously grown for 
24 h in Eagle's medium! on microscope cover glasses, in 
doubling dilutions from 1: 10 te 1: 640, After a further 
24 h. mitotie figures were absent at all dilutions down to 
1: 320. Of special interest was not the dose level at which 
mite was totally suppressed but the lack of overt 
toxicity at much higher doses. The cells looked quite. 
normal (exeept for the absence of dividing cells) even at 
a 1:10 dilution, suggesting a relatively specific effect on a 
process essential to cell division. 

The active compound proved to be mycophenolic acid, 
a substance that was detected more than seventy years 
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ago’, subsequently isolated and named? and chemically 
characterized’ as 


CH3 OH 
HOOC - CHp~ CH3 = C + CHa -CH c 


H30 c 
CH 


Its antibacterial’? and antifungal®* properties are known, 
and it is remarkable that the finding of anti-cancer activity 
in such a venerable antibiotic should have had to await 
the independent and almost simultaneous” rediscovery” of 
the compound by ourselves and by Williams et al’. 
Mycophenolic acid exhibited the same activity towards 
L cells as the mould filtrate : mitosis was completely 
suppressed at 1 ug/ml., yet there was no morphological 
evidence of toxicity even at 100 ug/ml. 

Although mycophenolie acid, as the free acid, is active 
both im vivo and in vitro, it is sparingly soluble. In most 
experiments we have used solutions of the mono-sodium 
salt (prepared by dissolving the acid in 0-1 N NaOH and 
neutralizing with 0-1 N HCI) or solutions of the crystalline 
di-sodium salt. 








Table 1. EFFECT OF MYCOPHENOLIC ACID (DISODIUM SALT) ON SOLID 
TRANSPLANTABLE TUMOUHS IN RATS AND MICE 











Per cent 
Dose animal 
Tumour Hast (oral), Deaths weight T/C x 160 
ma/kge/day change 
Sarcoma 180 Mouse Control 0/8 + O4 
(Chester Beatty i, 000 O/8 — 166 
strain) 0/8 2 
0/8 
0/8 
Lewis lung Control 0/10 — 
500 1/10 28-0 
Carcinoma Mouse Control 0/10 — 
755 (C57 BD 500 0/10 3-0 
Walker 256 Rat Control O/8 mg 
{Alderley Park 50 0/8 157 
specific pathogen 25 0/8 34-9 
free) 
Yoshida Rat Control 0/8 — 
tumour (Alderley Park 50 0/8 9-7 
specific pathogen 25 0/8 13-3 
free) 125 (0/8 30-1 
The results of representative anti-tumour tests on 


The 


rodents bearing solid tumours are given in Table 1 


tumours were implanted subcutaneously in the flanks of 





anaesthetized animals and oral dosing was carried out 
daily for seven days following implantation. At the end 
of this period the animals were killed and their tumours 
were weighed. The results are given as the mean weight 
of treated tumours expressed as a percentage of the mean 
weight of control tumours (T/C x 100). 

Typical results from many experiments using sarcoma 
180 are presented in Table 1. In one experiment an 
apparently complete abolition of this tumour was obtained. 
Similar results were obtained when the compound was 
given by intravenous or intraperitoneal injection. Using 
an “established” sarcoma 180 (one which had been allowed 
to grow for five days before starting treatment) a reduction 
to 18 per cent of control tumour weights was obtained 
without deaths from toxicity at 1,000 mg/kg/day. Signifi- 
eant activity was also obtained against the Lewis lung 
tumour and carcinoma 755 in mice. Rats are much more 
sensitive to mycophenolic acid than mice--both in terms 
of active dose levels and toxicity. The blood levels 
associated with active doses are similar in the two species, 
however. The Walker 256 adenocarcinoma and the 
Yoshida tumour were both found to be sensitive to myco- 
phenolic acid. Table 1 shows the effect of daily oral 
dosing on these tumours. Similar results were obtained 
when the compound was injected into the peritoneal 
cavity. 

Mycophenolic acid was without significant action on 
three different types of ascites tumours (Ehrlich, Land- 
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schiitz and L. K. lymphosarcoma) in mice, as assessed by 
measuring the volume of ascitic fluid in treated and con- 
trol animals after treatment for 7 days. In view of this 
apparent difference in sensitivity between solid and ascites 
tumours, the Yoshida tumour was converted to an 
ascitic form to see if this would result in loss of sensitivity: 
it proved to be extremely sensitive. No trace of malignant 
ascites could be found in a group of eight rats treated 
orally at 30 mg/kg/day for 7 days. Mycop henolie acid 
also showed significant oral activity against leukaemia 
1210. At 500 mg/kg/day the average survival time in 
groups of ten mice was increased to 216 per cent of control 
values. At 250 mg/kg the corresponding figure was 
161 per cent. 

Many derivatives and analogues of mycophenolhe acid 
have been prepared, both chemically and microbiologic- 
ally, but none is as active as the natural product. Reduc- 
tion of the double bond, cyelization to compounds of 
types (1) and (2), modification of the phenolie group (for 
example, by methylation), or of the aromatic methyl or 
phthalide methylene groups. lead to destruction of activ- 
ity. Because simple synthetic analogues of type (3) are 
also inactive, it seems that a large part of the aromatic 
stem is essential. 




















adi (2) 
ne OH 
HOC CHa CHo £ CHCHs a R 
SA LAR 
Q 
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Acute toxicity tests were carried out in rats and mice 
Uuderley Park strain). The oral LD,, in the mouse was 

2,500 mg/kg and in the rat 700 mg/kg: the corresponding 
intravenous values were 550 and 450 mg/kg, respecti 
Chronic toxicity tests were performed in the rat and the 
rhesus monkey. Fresh suspensions of mycophenolie acid 
were prepared daily and given orally by catheter. The 
rats were dosed for up to 23 weeks and “the monkeys for 
28 weeks. After 5-7 weeks at 30 mg/kg/day the rats 
became lethargic and extremely pale; they lost weight 
and none survived longer than 9 weeks. Many died of 
heart failure due to the severe anaemia. Liver necrosis 
and lymphoid depletion were also common, 












The blood 
films showed distorted and fragmented red cells (schisto- 
eytosis) and a moderate reticulocytosis (up to 25 per cent). 
Osmotic fragility tests were normal and no Heinz bodies 
were found. No thrombocytopenia or leucopenia was 
produced and at post-mortem the bone marrow of anaemic 
rats showed a selective aplasia of the erythron with 
relative sparing of megakaryocytes and granulocytes, 
This is remarkable in an animal receiving a very high dose 
of an antimitotic agent. At 15 mg/kg/day the rats sur- 
vived the full period of 23 weeks. They developed only 
a moderate anaemia which improved spontaneously. 
Liver necrosis was found in three out of twenty animals 
in this dose group, but no myocardial necrosis was evident. 
Spermatogenesis was not reduced and the ed males 
all sired normal healthy litters. In the dosed females 
fertility tests showed a failure of implantation. After 2 
weeks’ oral dosing at 150 mg/kg/day the rhesus monkeys 
developed abdominal colic, watery blood-stained diar- 
rhoea and loss of weight. The symptoms rapidly subsided 
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when dosing was stopped and the effect appeared to be 
due to a cytotoxic effect on the intestinal epithelium. A 
moderate hypoplastic anaemia developed with a mean 
fall of haemoglobin of 2 g/100 ml. which resolved quickly 
and completely when dosing was stopped. There was no 
effect on the white cells or the platele At 50 mg/kp/ 
day the monkeys remained symptom free throughout the 
dosing period and they did not become anaemic. At 
post-mortem the only abnormality was cytotoxic damage 
to the intestinal mucosa in the animals receiving the 
higher dose. 

We have found that mycophenolic acid is a potent 
inhibitor of nucleic acid synthesis in “L” cells at concentra- 
tions which suppress mitosis in those cells™®. Because this 
inhibition can be reversed by guanine, but not by hypo- 
xanthine, adenine or xanthine, it was thought that the 
inhibition of nucleic acid synthesis might be due to inter- 
ference with the biosynthesis of guanine nucleotides. 
This was confirmed in “L” cells and Landschiitz ascites 
cells by demonstrating that mycophenolic acid effectively 
prevented the incorporation of labelled hypoxanthine 
into xanthine and guanine nucleotides, but not into 
adenine nucleotides. 

Preparations of inosinic acid dehydrogenase, which 
converts inosinie acid to xanthylie acid, were found to be 
strongly inhibited by mycophenoliec acid: indeed, this 
appears to be the main biochemical action of mycophenolic 
acid in mammalian cells and probably accounts for its 
anti-mitotie and anti-cancer properties. The inhibition 
showed “mixed” type kineties™ with a A; value of approxi- 
mately 4x 10 M. Some cells may be able to bypass the 
block imposed by mycophenolic acid by converting guanine 
to guanylie acid using the enzyme hypoxanthine-guanine 
phosphoribosy! transferase. The sensitivity of a cell 
may therefore depend on its ability to make this conver- 
sion. Because the enzyme concerned is inhibited by 
6-mercaptopurine™ this compound might be expected to 
potentiate the action of mycophenolic acid m resistant 
cells, and this should exceed any purely additive effect 
resulting from further inhibition of inosinic acid dehydro- 
genase by the ribotide of 6-mercaptopurme. 

The possibility of such potentiation between these two 
compounds was confirmed using mice bearing the Ehrlich 
ascites tumour. In groups of eight mice, the average 
volume of ascitic fluid in untreated animals after 7 days 
was li ml. In animals treated daily by mouth with myco- 
phenolic acid alone (at 250 mg/kg) and with 6-mercapto- 
purine alone (at 25 mg/kg) the average volumes of ascitic 
fluid were 8-5 ml. and 9-2 ml., respectively, but when the 
compounds were given together at these doses, the 
average ascitic volume was reduced to 28 ml. This 
indicates a potentiation rather than an additive effect 
and was reflected equally well in the total mass of malig- 
nant cells recovered from the peritoneal cavity. Clinical 
trials with myeophenolic acid against human malignant 
isease are in progress. 

Ve thank our colleagues A. Borrow, H. G. Hemming, 
E. G. Jeffreys, I. 8. Nixon and Dr R. H. Moore for fermen- 
tation work in the preparation of mycophenolie acid, and 
Dr K. W. Hellman of the Imperial Cancer Research Fund 
for testing the compound against the Lewis hing tumour, 
carcinoma 755, and leukaemia 1210. 
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Effect of L-Asparaginase on the 
Ability of Normal Mouse Bone Marrow 
to form Soft Agar Colonies 


THE enzyme L-asparagmnase has anti-turmour activity 
in man’. It was initially believed that the drug might 
act solely on malignant cells which were asparagine- 
dependent because they lack asparagine synthetase’, and 
considerable attention focused on L-asparaginase as a 
form of therapy which might, for the first time, exploit a 
specific nutritional difference between normal and malig- 
nant cells*. Extended elmical trials, however, have shown 
that L-asparaginase may have toxic side effects which 
reflect an action on normal tissue’, Moreover, L-asparagin- 
ase has been found to interfere in vitro with the blastogenic 
response of human lymphocytes to phytohaemagglutinin® 
and is toxic to normal lymphocytes in culture*. I have 
investigated the effect of L-asparaginase on the ability of 
normal mouse bone marrow cells to form soft agar colonics, 
Mouse bone marrow cells which form colonies in agar 
culture are elosely related to those haematopoietic stem 
cells (colony forming units, CFU) whieh produce colonies in 
the spleen’. 

The animals I used were random bred white Swiss male 
mice weighing 25-30 g. Each treatment and control 
group consisted of three mice. Treated animals received 
10 international units (1U), 100 ru or 1.000 1U of L-aspara- 
ginase intraperitoneally and 4 h later were killed. The 
marrow from the femora of each group was pooled and 
an appropriate dilution plated in soft agar, and cultured 
by a modification of Bradley and Metealf’s method’. 
Bone marrow was cultured in 30x 10 mm plastic Petri 
dishes. A feeder layer, consisting of 1 ml. of culture solu- 
tion containing CMRL 1066 (Grand Island Biological Co.), 
0-5 per cent agar, 10 per cent pooled human serum (Phila- 
delphia Blood Center) and 3x 10! mouse renal tubules, 
was placed in each dish. The top layer consisted of 1 ml. 
of culture solution made up of CMRL 1066, 0-3 per cent: 
agar. 10 per cent pooled human serum and the desired 
number of bone marrow cells, In some experiments the 
top layer was supplemented with 20 or 40 mg of L-aspara- 
gine. Pooled human serum was used in place of foetal 
bovine serum. Lower colony counts were obtained with 
the pooled human serum but results were more consistent. 
Plates were incubated at 37° C in a moist atmosphere of 
5 per cent CO, in air and colonies were counted at day 7 
of culture using an inverted microscope at 100 magnifica- 
tion. 

Table 1 shows the results. As little as 1010 of L-aspara- 
ginase was effective in lowering the number of agar colonies 
formed. There was no reversal of this effect with supple- 
ments of 20 or 40 mg of L-asparagine. Nor was normal 
colony formation augmented by t-asparagine. Colonies 
formed following treatment with 10 10 of L-asparaginase 
were smaller than normal—average of fifty-five cells 
compared with an average of 150 cells. Treatment with 
L-asparaginase at doses of 100 rv and 1,000 1w gave a 
marked reduetion in the number of colonies produced. 
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Table 1. In vitro SOFT AGAR BONE MARROW COLONY FORMATION IN PRESENCE 
OR ABSENOE OF L-ASPARAGINE FOLLOWING in vivo TREATMENT WITH 
L-ASPARAGINASE 


No, nucleated No L-asparagine L-asparagine 


cells plated supplement supplement 
Controls 6x 108 10 (10-15)* 15 (14-16) 
Sx 105 19 (17-21) 19 (18—20) 
1x 108 25 (25-26) 24 (24-26) 
2x 108 45 (44-46) 46 (43-50) 
4x 108 82 (80-85) 80 (78-86) 
10 10 L-asparaginase x 10° 5 (4-6) 2 (2-3) 
group 8x 105 8 (8-9) 6 (5-7) 
1x 10° 12 (10-13) 11 (10-12) 
2x 10° 25 (24-27) 22 (22-22) 
4x 108 45 (45-45) 43 (35-46) 
100 10 L-asparaginase 6x 10° 3 (3-6) 4 (4-5) 
group 8x 108 5 (5-6) 6 (4-8 
Lx 10¢ 9 (611) 12 (1-14) 
2x 108 12 (10-13) 21 (17-25) 
4x 10° 15 (18-16) 37 (36-38) 
1,000 10 L-asparaginase 6x 165 0 (0-1) 2 (1-2) 
group § x 10° 1 (1-1) 3 (3-3) 
1x 108 1 (1-3) 4 (4-5) 
2x 108 4 (4-5) 8 (7-10) 
4x 10° 7 (5-8) 16 (14-18) 


* Median values of three platings with range. 


Here, however, supplements of L-asparagine increased the 
number of colonies formed; also, the size of individual 
colonies was increased in the 100 re group from an average 
size of thirty-five cells to one of fifty-eight and in the 1,000 
TU group from an average of twenty-six cells to one of 
forty-seven. Additions of 20 mg L-asparagine or 40 
mg of L-asparagine give similar results and the results 
listed are for the 40 mg supplement. 

These results are important because they show that 
L-asparaginase affects normal myeloid cells. The eoncen- 
tration of asparagine synthetase in these cells may be 
low on their initial exposure to L-asparaginase in vivo. 
When they are placed in vitro the effect of asparagine 
depletion may not be reversible during the time of culture 
without the addition of supplemental L-asparagine. It is 
not clear why an increase in size or number of colonies 
was not seen in the 10 1 group supplemented in vitro 
with L-asparagine. 
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Chromosome Changes in Human Cells 
induced by Herpes Simplex, 
Types | and 2 


Herpes simplex virus (HSV) is of interest both as a com- 
mon infectious agent and because of its putative role 
(type 2 virus) in carcinoma of the cervix! *. The type 1 
virus induces chromosome damage in both established 
and primary cell cultures of the Chinese hamster?-, in 
cultured Syrian hamster cells? and in cultured monkey 
kidney cells’. In human leucocytes Aya et al. have 
described HSV induced breaks, while Stich et al.* described 
more extreme effects, including fragmentation, in human 
embryonic lung cells. But neither damage by HSV type 
2 nor the full range of effects in human cells induced by 
either types 1 or 2 has been described. Here we describe 
various chromosome abnormalities produced by both 


BS: 


forms of HSV, and point out similarities between some 
of these abnormalities and those which occur in human 
cancers, in permanent human leucocyte cell lines, and in 
human fibroblasts transformed by 8V40, 

HSV type 2 was obtained through the courtesy of Dr 
W. E. Rawls at Baylor University Medical College, Hous- 
ton. The virus was passed three times in human embryonic 
lung cells (HEL). HSV type 1 was obtained through 
the courtesy of the Utah State Department of Health. 
It was passed once on HEL. All virus preparations were 
titred in HEL cells by the end point dilution method and 
all titres were calculated according to the method of 
Reed and Muench’. 

Analyses of the chromosomal effects of both viruses 
were performed in HEL, human embryonic kidney cells 
(HEK) and in human, 72 h peripheral leucocyte cultures. 
With HEL and HEK, 24 h after the addition of fresh 
media, these media were removed and saved. œl mil. of 
virus suspension, diluted to 1 ml. in Hanks balanced salt 
solution, was added to the cultures. The virus was per- 
mitted to adsorb for 1 h followed by restoration of the 
original media. The cultures were then incubated at 
37° Č for an additional 3 or 21 b. In the latter case the 
addition of fresh media followed virus adsorption. At 
the end of virus exposure the cells were removed from the 
glass surface by incubation in solutions of either 0-25 
per cent trypsin or 0-25 per cent pronase. The cells 
were then prepared for chromosome analysis. Controls 
were treated similarly except that the addition of virus was 
omitted. 

In experiments with 72 b leucocyte cultures, 0-1 ml. of 
virus suspension was added to the cultures, which were 
then placed in a 37° C water bath shaker for 24h. The 
shaker was operated with the drive rotating at approxi- 
mately 100 revolutions per min. This allowed for maxi- 
mum mixing of virus and cells. The controls were then 
prepared for chromosome analysis. As before, controls 
were prepared without addition of virus. The technique 
used for chromosome analysis has been described! except 
that slide preparations were not flamed. 

Table 1 shows the results. When HEK and HEL were 
exposed with HSV-2 for 4 h, chromosome breaks, pulver- 
ization and attenuation of the secondary constrictions 
appear on chromosomes number 1, 9 and 16. The effect 
on secondary constrictions is most marked such that the 
secondary constriction may become continuous with 
the primary constriction (Fig. 1), Similar changes have 
been seen in attenuated paracentric secondary. con- 
strictions in normal cells (see Figs. 1b and 1k of Ferguson- 
Smith et al.}). The effects of HSV-1 were somewhat 
similar except that pulverization was not observed and 











Fig, 1. 

for 4h. 

strictions. Although the chromosomes sometimes appear broken, the 
connecting strands can normally be seen by direct inspection, 


Karyotype of human embryonic lung cell treated with HSV-2 
Arrows indicate chromosomes with attenuated secondary cone 


852 





Fig. 2. Metaphase of human leucocyte showing pulverization, HSV-2, 
24h. 


there was no apparent increase in secondary constrictions 
in infected HEL cells. Occasionally chromosomes with 
attenuated secondary constrictions appeared associated 
with each other on the metaphase plate. Similar observa- 
tions have been reported for secondary constrictions which 
oceur spontaneously in human established leucocyte cell 
lines”. Breaks of the chromatid and isochromatid type 
were observed in cells treated with both viruses. Dicen- 
trics and multiradials were not observed, but this may 
be because the cells were treated for only a short period. 
When cultures were exposed for longer periods (24 h) 
there was a marked reduction in the mitotic index and 
those mitoses which could be observed were so severely 
damaged that the chromosomes were difficult to identify. 
This latter effect has been seen by others*~’. 


rs OF HSV TYPES 1 AND 2 ON HUMAN CELLS 





Table 1, CHROMOSOMAL EFFE 





Attenuated 
, No. of secondary Total No. 
Cell type Virus Titre in cellswith constric- Pulver- of cells 
TCID: breaks tions on chro- ization scored 
mosome No, 
1 9 16 
HEK* HSV-1 10 9 16 16 10 0 178 
HSV-2 1G? 25 290 34 23 1 159 
Control _ 2 o 0 6 ü 175 
HEL* HSV-2 108. 27 15 27 27 4 808 
Control — 10 Oo 2 21 0 827 
HSY- 10° 55 Q- oR 2 ü 709 
Control ~~ 84 oO OO Lf D 700 
PBC-76f HSV-2 10 1 0 i 0 9 1,338 
Control — 0 o 0 0 0 507 
PBC-89t HSV-1 108 2 Oo 1 0 1 987 
Control — 2 0 i Q0 1 829 


* Virus exposure was 4 h. l ; 
+ Peripheral leucocyte culture. virus exposure was 24 h 


In human leucocyte cultures exposed to virus for 24 h, 
the only abnormalities which could be observed were 
chromosome pulverization (Fig. 2) and cells with ladder- 
like secondary constrictions. When cultures were treated 
for 4 h there was no apparent: effect. 

The data seem to suggest that HEK cells are more 
susceptible to the secondary constriction effects of both 
viruses and that HSV type 2 produces these effeets with 
greater efficacy. In HEL cells the incidence of chromosome 
breakage is similar with respect to both viruses, but 
HSV-1 has virtually no effect on secondary constrictions. 
Work is currently in progress with a number of strains of 
both viruses to determine if such differences are indeed 
real. Hampar and Ellison? and Waubke et al.® noted 
accentuated secondary constrictions in hamster cells but 
did not describe the chromosomes affected. Accentuated 
or attenuated secondary constrictions have been reported. 
in a number of experimental situations in human cells. 
Acecentuated secondary constrictions have been reported 
in human peripheral leucocyte cultures treated with 
mitomycin C" and 5-bromodeoxyuridine™, Moorhead 
and Saksela! described such constrictions in human 








NATURE, VOL. 223. AUGUST 23, 1969 


fibroblasts transformed by SV40 and it has also been 
demonstrated that these constrictions occur in human 
fibroblasts after only brief encounters with SV40 (ref. 16). 
The occurrence of attenuated secondary constrictions has 
also been shown in a number of permanent human 
leucocyte cell lines??? and a number of these cell lines 
have been derived from patients with leukaemia or 
Burkitt’s lymphoma. In addition there are reports which 
illustrate attenuated secondary constrictions in direct 
chromosome preparations from human turmours!*-*°, 

We thank Mr J. D. Anderson and Mrs L. MePhee for 
technical assistance. This work was supported by the 
Damon Runyon Memorial Fund and by a training grant 
from the US National Institutes of Health. Í 
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Genetic Mapping of an Endonuclease 
synthesized by Bacteriophage Lambda 


Tue synthesis of bacteriophage à DNA in host cells 
requires normal functioning of the bacteriophage genes 
O and P. These genes seem to be uniquely concerned with 
X DNA replication because a mutation in either the O 
or P cistron will completely prevent 4 DNA synthesis’. 
None of the other à genes so far investigated have this 
profound effect on the phage DNA replication®. The 
mechanism ‘by which cistrons O and P control » DNA 
synthesis is unknown, but here we report that both of 
these genes are required for the appearance of an endo- 
nuclease specified by ^. 

Infection of thymine auxotrophs of W. cola Ky, by 
bacteriophage 2. in conditions of thymine deprivation, 
leads to the formation of an endonuclease which destroys 
the twisted, circular form of 4 DNA (species I à) DNA)’. 
The synthesis of this endonuclease is under the control 
of the phage genome. Previous attempts to map the 
enzyme genetically using suppressor sensitive (sus) A 
mutants suggested that gene P might be implicated in 
its synthesis‘. Clear cut results, however, were not ob- 
tained in these earlier experiments presumably because of 
interference in the assay by other unknown nucleases of 
either phage or host origin. 
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STABILITY OF SPECIES I 4 DNA IN INFECTED BACTERIA DURING THYMINE DEPRIVATION 
Radioactivity at 0 min ep.m. Radioactivity at 70 min p.m. Per cent. Per ay 


Table 1 














Bacterial host and infecting Other Species I Other Species Iå Spec Per cent 
Pacte Dhage i ADNAt ADNA* ADNAt DNA* at O min DNA®* 4 change 
A. E. coli W3350 (A ind \s§ 
thy, non-permissive 
1. å Cy 857 sus* 7,281 38 
2, 4Cy, sust at 11,058 qi 
b. 0,079 22 
3. A Cir SUS Nosa 2,839 24 
4. A Cy, 808 Og, 3,488 3,696 B4 
5. ACY, sus g» 6,324 2,297 26 
6. AC sus O, 5 5 5 9, a $2 
FOr isus Pu 15,566 953 u 2 
B. E. coli W8350, thy“, non- 
permissive 
1, ACh; sus" 6,649 28,488 1,209 47,050 19 27 86 
2. À Cir SU8 Noe 1,302 7,139 186 8,138 15 22 om MO 
3. A Cy, 808 Ory 2,330 5,078 1,550 5,585 35 25 ~ 30 
4. AC, Bus Puo 3,960 9,7903 2,850 7,248 30 28 oe eF 
C. E. coli CRB4 (A tnd )§ thy’, 
permissive 
1. à Cy 857 aus* 10,414 12,316 6,341 7,890 46 44 -~ +8 
2. À Cy, 808 Org 2,142 9,307 517 10,285 18 48 = EB 
3. A Cy, BUS Pye 413 5,233 Undetect. 9,370 73 <10 > BG 
+ 


Covalently closed, twisted, circular double stranded A DNA. 


t Linear å DNA and circular å DNA containing one or more single strand breaks, 


į Two separate experiments. 
§ Non inducible by thymine deprivation or at 37° C. 


To eliminate some of these problems, we have used the 
regulatory mutant à C,,. This mutant expresses genes 
Cy, O and P functions constitutively on infection of 
homoimmune lysogenic hosts while almost all other phage 
functions are repressed’. Here we show that infection of 
a homoimmune lysogen with A Ci, in the absence of 
thymine, leads to the appearance of the A’ endonuclease 
as shown by the destruction of species I 4 DNA. If, 
however, the infecting 4 C,, phage contains either a sus 
O or a sus P mutation there is a marked decrease in the 
amount of species I 4 DNA destroyed in non-permissive 
hosts. These results suggest that the produets of both 
the O and P cistrons are required for the expression of the 
endonuclease activity which attacks species I circular à 
DNA in these conditions. Previous experiments have 
shown that the Cry gene is apparently not involved in the 
synthesis of the 4 endonuclease’. The bacterial strains 
used in these experiments have been previously described‘. 
The 4 C,, bacteriophages were the generous gift of Dr 
William Sly. 

Bacteria were grown to a concentration of 2x108 
cells/ml. in 50 ml. of synthetic medium supplemented with 
60 mM thymidine*. They were washed, resuspended in 
thymine deficient medium and infected with °H thymine- 
labelled bacteriophage at a multiplicity of five phage 
per cell’, After allowing the phage to absorb for 15 min 
at room temperature, the infected cells were centrifuged 
at 4° C and resuspended in thymine deficient medium. 
One half (25 ml.) of the infected bacteria were immediately 
chilled in ice while the remainder were incubated at 37° C 
for 70 min. They were lysed, treated with pronase and 
the DNA was sedimented in alkaline sucrose as previously 
described’. Two peaks of radioactivity were obtained. 
One peak contained species I 4 DNA and sedimented 3-5 
times more rapidly than the other one®7. The slower 
sedimenting peak of radioactivity contained both linear 
and open circular phage DNA**. The percentages of 
species I à DNA presented in Table 1 were derived from 
the total radioactivity present in these two peaks. 

Table 1 shows that when à Cy 857 infected either Æ. 
coli W3350 (2 ind-), pm- or E. cali CR34 (à ind-), pmt, 
the percentages of species I 4 DNA remained essentially 
unchanged during incubation of infected cells in a thymine 
deficient medium. The genes of the superinfecting A 
Cy 857 bacteriophage were repressed in these homoimmune 
lysogenic hosts and thus no A endonuclease was formed. 
When the mutant 4 C,, sust or à C,, sus N infected the 


A 
same homoimmune lysogenic bacteria so that genes O 








and P of the incoming phage were expressed, between 
73 and 84 per cent of species I phage DNA disappeared 
during incubation in the same conditions. If, however, 
the à Cı; bacteriophage carried a sus mutation in either 
the O or P cistrons, losses of 23 and 4 per cent respeetiv ely 
of species I 4 DNA were observed in the non-permissive 
host E. coli W3350 (4 ind-). Simultaneous infection of 
E. coli W3350 (> ind-) with à C,, sus O and 4C,, aus P 
resulted in an 82 per cent loss of species I 4 DNA suggest- 
ing that complementation between the two mutant 
genomes had occurred (see also ref. 5). 

The fact that genes O and P of phage A not only control 

2 DNA replication but also control the synthesi of an 
aa would implicate this enzyme in the replica- 
tion of the phage DNA. The need for a mechanism to 
introduce breaks in the DNA to permit initiation or con- 
tinuation of DNA replication is well known!*4, Te is 
also interesting that the functions of both genes O and P 
are necessary, in our experimental conditions, for the 
activity of the à endonuclease. This may indicate that 
more than one enzymatic step is required to introduce a 
break in the species I 4 DNA. 

This investigation was aided by a grant from the 
American Cancer Society, by the “McCandless Fund of 
Emory University and by a general research support 
grant from the US National Institutes of Health. 
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Breaks in DNA stimulate 
Transcription by Core RNA Polymerase 


Recentiy Burgess et al.) discovered a protein that can 
bind to E. colt RNA polymerase and greatly stimulate its 
activity on certain DNA templates. This “sigma” 
factor, which remains attached to the “core” enzyme 
through most purifications, has since been shown to act at 
the level of initiation’. The core polymerase alone can 
transcribe some templates quite well, for instance, calf 
thymus DNA, while it is virtually inactive on others, such 
as T-4 DNA. The existence of sigma and the suggestion 
that other similar factors may be involved in regulation 
of transcription raise the question whether there is any 
biological significance to the low level at which the core 
polymerase can read DNA templates. The experiments 
described here show that (a) breaks in the DNA template 
can stimulate RNA synthesis, but that (b) breaks or free 
ends cannot account for all of the synthesis by core 
polymerase. 

Fig. 1 illustrates the effect on RNA synthesis of pre- 
incubating DNA with different quantities of pancreatic 
DNase (Worthington, electrophoretically purified) before 
addition of core RNA polymerase. The production of 
RNA from 980 phage DNA can be maximally stimulated 
by a factor of three to five by this DNase treatment. 
At higher nuclease concentrations, of course, trans- 
seription is inhibited. The double label experiment in 
Fig. 1 also shows that incorporation of y-??-GTP and 
y-#P-ATP, a measure of the number of RNA chains*-‘, is 
stimulated. While G-starts and A-starts are equally 
frequent on intact 980 DNA, G-starts are enhanced 
relatively more by nuclease treatment, suggesting that 
the class of initiation sites apparently created by the 
nuclease may be qualitatively different from the class of 
sites on intact DNA. 

Another nuclease, E. coli endonuclease I, was also found 
to enhance several-fold the template properties of 
980 DNA in the presence of core polymerase. In con- 
trast to pancreatic DNase, which introduces single- 
stranded breaks, this enzyme breaks both strands of 
DNA at the same location’, The maximum level of 
stimulation by endonuclease I appeared to be slightly 
lower than that induced by optimal quantities of pan- 
creatie DNase. 

How many single-stranded scissions is the pancreatic 
DNase introducing at the point of maximum stimulation ? 
To answer this question, l ug of radioactive 980 DNA 
was incubated with nuclease in conditions similar to 
those in Fig. 1. After denaturation with NaOH, the 
DNA was sedimented through an alkaline sucrose gradient. 
The average sedimentation coefficient was reduced to 
0-54 by 10-*ug DNase and to 0:27 by 10 ug DNase, 
where the sedimentation coefficient of untreated DNA in a 
parallel gradient was teken as unity. From the empirical 
expression relating molecular weight of denatured DNA 
to its sedimentation coefficient in alkali, S = 0-0528 M940 
(ref. 5), one can estimate that these values correspond to 
about five and twenty-six single strand breaks per mole- 
cule, respectively. 

To confirm the expectation that the nuclease stimulation 
results from ereation of new initiation sites, an experiment 
was designed im which only one RNA molecule could be 
synthesized from each starting site. In such conditions, 
RNA synthesis should measure the number of initiation 
points. The experiment used rifampicin, a drug that has 
been shown to prevent RNA chain initiation, but not 
chain elongation’. The core polymerase in saturating 
amounts was allowed to begin chains in a 5 minute 
ineubation with nuclease-treated DNA plus three of the 
four nucleoside triphosphates. Then rifampicin and the 
fourth triphosphates, CTP, were added, permitting 
elongation of the short pre-existing chains without 
initiation of new chains. The data in Table 1 show that 
even when rifampicin prevents re-initiation, DNA frag- 
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Fig. 1. Stimulation of y-}P Incorporation by pancreatic DNase. DNase 
in the amounts indicated was added to 3-3 xg ¢80 DNA in a volume of 
100 wl. containing 0-05 M tris pH 7-8, 0-014 M MgCt,, 0-11 M KCI, 2 x 10“ 
M dithiothreitol, and 2-5 per cent glycerol, After 20 min incubation at 
37° C, the following components were added: 15 yl. core polymerase 
(0-7 mg/ml.) and 15 al, of a mixture of the four nucleoside triphosphates, 
containing either (a) *H-UTP and y-*P-GTP or ib) SH-UTP and y-” P- 
ATP. The final concentrations of nucleoside phe in the reaction 
were 0-26 mM CTP, 0-08 mM UTP, and (a) 0-21 ATP and 0-12 mM 
GTP, or (b) 0-14 mM ATP and 0-24 mM GTP. After 15 min incubation, 
the reactions were precipitated with 5 per cent trichloroacetic acid, 
filtered and thoroughly washed, and then counted in acintillation fluid. 
Backgrounds equivalent to 0-005 ag RNA and 0-03 zumoles *P have 

been subtracted. 


mented by nuclease treatment is a much better template 
than intact DNA. Thus it seems that core polymerase 
can begin synthesizing at free DNA ends or at adjacent 
single-stranded regions. 

The nuclease stimulation of core polymerase raises the 
possibility that all synthesis in the absence of the sigma 
factor may result from initiation at free ends of DNA. 
To test this possibility, a circular, double-stranded 
template was prepared from cells infected with phage 
eX-174, At least 95 per cent of this so-called RE-I DNA 
contained no nicks, as demonstrated in an alkaline 
sucrose gradient in which covalently closed RF-I circles 
sediment three times as fast as nicked circles. When this 
circular DNA was offered to the core polymerase, RNA 
synthesis resulted. Table 2 compares the transeription 
from the RF with thet from 80 and T-7 DNA. The 
circular DNA is approximately as efficient a template as 
980 DNA. For further comparison, RNA synthesis in 
the presence of sigma is also recorded. In these conditions 
sigma stimulates synthesis from RF seven-fold and from 
280 DNA two-and-a-half-fold. Thus it appears that not 
all transcription by core RNA polymerase is dependent on 
breaks or free ends. 

It is important to know in these experiments that 
polymerase itself is not introducing nicks into the circular 
DNA. This was shown by first allowing the enzyme to 
synthesize unlabelled RNA in a parallel reaction mixture, 
and then sedimenting the template DNA in an alkaline 
sucrose gradient. No breaks occurred during this incuba- 


Table 1. FRAGMENTED DNA IS A BETTER TEMPLATE 


(ug RNA synthesized/ug DNA) 


No nuclease 10 ug pancreatic DNase 
No rifamyein 0-085 0-360 
Rifamycin 0-016 0-184 


DNase or buffer was added to 1-0 ug DNA ina volume of 100 al. containing 
0-06 M tris pH 7-8, 0-014 M MgCl, 0:013 M KCI, 2 x 10+ dithiothreitol, 2-5 
per cent glycerol, 0-22 mM ATP, 0°27 mM GTP, and 0-10 mM *H-UTP. 
After a 15 minute preincubation at 37° C, 5 xl, of core polymerase (0-7 
mg/ml.) was added. The reaction mixtures were incubated another 5 min 
to allow initiation of synthesis, and then either 1 zl, rifamycin (0-1 mg/ml.) 
and 2 ul. CTP (13-5 mM) or only 2 ul. CTP was added before a final 15 min 
incubation, The synthesized RNA was precipitated with 5 per cent tri- 
chloroacetic acid and counted on nlancheta, A background equivalent to 
0-009 ug RNA has been subtracted from the figures, 
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Table 2. OOMPARISON OF TEMPLATE ACTIVITY OF VARIOUS DNAS 
(ug RNA synthesized/ug DNA) 
DNA Core enzyme Core enzyme plus sigma 
RF 0-04 0-30 
gee oüs 0-10 
-7 0-09 O74 


Reaction mixtures of 60 al. contained 0-1 ug DNA and 0-35 ug core poly- 
merase in addition to the following: 0-04 M tris pH 78, 0-011 M MgCl, 
015 M KCL, Lö x 104 M dithiothreitol, 2-5 per cent glycerol, 0-22 mM GTP, 
22 mM UTP, 0-22 mM CTP, and 0-16 mM “C-ATP (34 wCi/umole). After 
precipitation with 5 per cent trichloroacetic acid, the samples were counted 
in scintillation fluid, A background equivalent to 0-01 ug RNA/ug DNA has 
been subtracted from the figures, 


The RF DNA was prepared from cells infected with oX-174 in the presence 
‘of chloramphenicol and *H-thymidine, After treatment with RNase and 
phenol extraction, the DNA was centrifuged to equilibrium in a CsCl gradient 
containing 100 mg/ml, ethidium bromide. The small shoulder on the heavy 
aide of the DNA peak was isolated, dialysed and then further purified by 
centrifugation in a sucrose velocity gradient to yield the final RF, 


tion; at least 95 per cent of the DNA still moved as 
covalently closed circles. 

Two sorts of arguments can be advanced to vitiate the 
conclusion that core polymerase does not need DNA 
ends in order to synthesize RNA. First, perhaps only the 
few per cent of the templates that may contain a nick 
participate in the synthesis. Indirect evidence that this 
explanation is invalid stems from the effect of nuclease 
pretreatment of the RF. Synthesis can be enhaneed, as in 
the ease of 980 DNA, but in conditions where approxi- 
mately one break is introduced per RF molecule, synthesis 
is stimulated only two-fold, not twenty-fold as might be 
expected if the number of templates with free ends were 
increased from less than 5 per cent to 100 per cent. 

Second, one might ascribe the low level of synthesis by 
core polymerase to a small contamination of sigma in the 
enzyme preparation. From stained SDS gels it is possible 
to estimate that in a core polymerase preparation that 
has been purified over a phosphocellulose column, there 
are less than 2 per cent as many sigma molecules as poly- 
merase molecules. Indirect evidence suggests that in 
fact the sigma contamination is much lower, for after 
passage of the enzyme over a second phosphocellulose 
column, the activity and template specificity of the 
polymerase remain unchanged (unpublished results of C. 
Goff and N. Minkley). In experiments described here, 
the core enzyme had been prepared over two such columns. 
Further, addition of 1 per cent of the amount of sigma 
needed to saturate the polymerase produced no visible 
stimulation of core enzyme on any of the templates 
tested. 

The experiments described here suggest that core 
RNA polymerase from E. coli can begin synthesis both at 
double helical regions and at ends or on single stranded 
regions of DNA. The significance of this transcription 
by core polymerase remains to be established. The 
finding that a non-specific nuclease can stimulate trans- 
cription should serve as a note of caution to the several 
laboratories currently engaged in searches for factors 
similar to sigma. 
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Polysomes from Bacillus subtilis and 
Bacillus thuringiensis 


One of the limiting factors in attempts to set up cell-free 
systems for the manufacture of endogenous proteins is 
the preservation of intact polysomes. The strand of 
messenger RNA connecting the bacterial ribosomes is 
very fragile and is easily broken by mechanical cell dis- 
ruption!-*, In consequence the commonly used procedures 
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Fig. 1. Sedimentation profiles of polysomes isolated from cells of 


Bacillus thuringiensis disrupted in a Mickle tissue disintegrator or an 
MSE ultrasonic disintegrator for varying lengths of time. B. thuringiensis 
Serotype 9 (‘‘Tolworth”)'* was inoculated into the following medium : 
2 g Difco casamino acids, 0-5 g glucose, 50 mg KH, POs 50 mg RAHPO,, 
20 mg MgSO,-7H,0, 1 mg FeS8O,7H.0, 1 mg MnSO,, 48 ag CaHPo,, 
in 100 mi. distilled water at pH 7-0. 100 mi of medium was dispersed 
in a 500 mil. conical flask, sterilized at 121°C for 15 min and after 
inoculation incubated on a rotary shaker (200 r.p.m., throw 4-5 om) at 
30°C, Cells were harvested in the early exponential phase (EEL colori- 
meter reading 2-5-3-0 at 620 nm). Chloramphenicol was added to the 
culture to a final concentration of 100 ug/ml. to step protein synthesis 
which can occur at 0° C resulting in the breakdown of polysomes". After 
5 min the cella were poured onto buffered ice cubes (10 mM iris buffer, 
60 mM KCI, 10 mM Mg acetate and 6 mM mercaptoethanol, pH 7-6) for 
5 min and centrifuged in the International PR-2 centrifuge at 2,500 
rp.m. (1,2009) at O° C. AN subsequent operations were carried out at 
0°C, After weighing, the cells were resuspended at a concentration of 
1-5 g wet weight/10 ml. buffer to which 1 mM phenylmethylsalphony! 
fluoride was added. as a proteolytic enzyme inhibitor’?, This suspension 
was sedimented by centrifuging in the International HR-1 centrifuge 
at 13,000 r.p.m, (20,0009) for 15 min. The pellet was resuspended in the 
same volume of buffer, To 4-8 ml, cell suspension, 1 pil. No. 12 Ballotini 
beads (Mickle Co., Ltd, Gomshall, Surrey) was added. Cells were 
disrupted using the Mickle tissue disintegrator™ for the specified 
length of time. Seven mi. of cell suspension was treated for | mih 
periods with 5 min intervals during which the container was imroersed 
in ice water to keep the temperature below 4°C, An MSE 100 Ww 
20 kHz ultrasonic disintegrator was used. The probe was pre-cooled in 
ice water. Ultrasonic disintegration was carried out at maximum power 
for the specified time with 12-50 ml. volume of cell suspension in a beaker 
immersed in ice water, The temperature was monitored continuously 
and when it rose to 7°-8° C (about 10 s) ultrasonic disintegration was 
discontinued until the temperature dropped to 8°4°C. Deoxyribo- 
nuclease (Worthington) was added to a final concentration of 3 ugmal. 
and the broken cell suspension was incubated at 0°C for 5 min. To 
prepare total ribosomes sodinm deoxycholate was then added to a final 
concentration of 0-16 per cent and the suspension was centrifuged In the 
International HR-1 centrifuge at 13,000 r.p.m. for 15 min. For isolation 
of ribosomes attached to cell membranes detergent was not added at this 
stage. After centrifuging the deoxyribonuclease-treated suspension and 
centrifuging as here, the pellet was washed three times with buffer and 
finally resuspended in buffer containing 0-16 per cent deoxycholate. 
A sample containing 2-2 mg ribosomes in less than 3 ml. buffer was 
layered on a 50 mi. linear sucrose gradient containing 15-30 per cent 
sucrose, 10 mM tris buffer, 10 mM KCI and 10 mM Mg acetate, pH T8, 
and centrifuged in the Spinco model L-2 centrifuge in an SW-25-2 rotor 
at 25,000 r.p.m. for 3 h at 0° C. The gradient was then pumped out from . 
the bottom of the centrifuge tube using an LEB ‘Perpex’ pump through 
a Beckman microflow cell and the absorbance at 260 nm monitored by 
means of a Beckman DB spectrophotometer, Sedimentation shown 
here is from left to right. The position of the 705 monomer posk is 
indicated. Successive peaks to the right are dimers, trimers, tetramers, 
and larger polysomes, 
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Fig. 2. 
carried out for O min (top teft), 3 min (middle) and 9 min (right). 


Appearance of B. thuringiensis after varying times of Mickle disintegration or ultrasonic disintegration. 


Mickle disintegration was 


Ultrasonie disintegration was carried out for 30 s (bottom feft), 1 min 


(middle) and 2 min (right). 


for disrupting bacterial cells result in extensive degrada- 
tion. 

Hitherto, osmotic lysis has been the only available 
method of cell rupture permitting the isolation of eom- 
pletely intact polysor *, Studies have been carried 
out chiefly on Escherichia coli, Osmotic lysis of some 
strains of Æ. coli may be achieved after the use of lysozyme 
to digest the cell wallé-* or by adaptation to growth in a 
medium of high osmotic pressure and subsequent transfer 
to a medium of low osmotic pressure’. 

As a way of disrupting bacterial cell walls osmotic 
lysis has several limitations. Many species of bacteria 
are not susceptible to attack by lysozyme. Moreover, 
the ease with which the cell wall is digested by the 
enzyme may vary considerably with the age of the culture. 
In particular, cells of many Bacillus species in the station- 
ary phase of growth cannot readily be lysed in this 
manner, Certain other cytolytic enzymes have been 
isolated, but these again are limited in scope!!. The growth 
of bacteria in sucrose or other media to “‘fragilize”” the 
cell wall® is likely to have the disadvantage of inducing 
changes in the bacterial cell metabolism. 

In order to escape these limitations, we have reinvesti- 
gated bacterial cell disruption by mechanical procedures. 
Polysomes have been repeatedly isolated from two species 
of Bacillus disrupted by either Mickle disintegration or 
ultrasonic disintegration in the presence of glass beads. 
The polysomes obtained from B. subtilis by these methods 
are indistinguishable from those obtained by the use of 
lysozyme to disrupt cells. We conclude therefore that 
polysomes are not degraded. in the conditions we describe. 

Fig. 1 shows the effect of increasing duration of Mickle 
disintegration (above) or ultrasonic disintegration (below) 
on the sedimentation profile of ribosomes isolated from 
Bacillus thuringiensis. The percentage of broken cells 
was assessed by microscopie observation (Fig. 2; Table 
14 and 1B). Both methods of disrupting cells permit the 
isolation of a large proportion of ribosomes as polysomes 
containing three or more ribosomes (Table 2). Extending 
the length of treatment resulted in a higher yield of broken 
cells and/or ribosomes (Table 14 and LB). In the ease of 
ultrasonic disintegration, however, extending time led 
to destruction of some of the polysomes (Figs. 1 and 3). 
The best compromise between ribosome yield and poly- 
some integrity was obtained with an ultrasonic disintegra- 
tion time of from 30 to 60 s. A comparison of B. subtilis 
polysomes isolated from cells disrupted by Mickle dis- 
integration, ultrasonic disintegration, or lysozyme, is 

















shown in Fig. 3 (top). No significant differences in the 
polysome distribution can be seen. Quantitative measure- 
ments on the sedimentation profiles confirm this impres- 
sion (Table 2). The proportion of ribosomes apparently 
attached to cell membrane decreased with increasing time 
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Fig. 3. Comparison of polysomes isolated from B. subtilis cells by 
Mickle disintegration, ultrasonic disintegration and lysozyme. B. 
subtilis NCIB 7198 was grown as described in the legend to Big. 1. 
Mickle disintegration (with No. 14 Ballotini beads) was for 3 min, and 
ultrasonic disintegration was for 30 s. For lysozyme treatment, after 
washing, the cells were resuspended in buffer containing 20 per cent 
sucrose and egg white lysozyme (Sigma, 35,000 units/mg) at 1 mg/ml. 
and incubated for Lö h at 25°C. Protoplasts were cooled to 0° C, 
centrifuged for 10 min at 13,000 r.p.m. and resuspended in buffer for 
30 min to lyse. Deoxycholate and deoxyribonuclease were added and 
further steps were the same as for the cells disrupted by Mickle dis- 
integration or ultrasonic disintegration. Sucrose gradients contained a 
layer of 3 tal, of 50 per cent buffered sucrose at the bottom to prevent 
pelleting of the heavier polysomes. This permitted the calculation of the 
weight contribution of polysomes of various size as a percentage of the 
total weight of ribosomes from the areas subtending each peak in the 
sedimentation profile (Table 2}. In the lower half of the diagram is 
shown the effect of ultrasonic disintegration for 0, 0-5 or 5 min on the 
sedimentation profiles of isolated polysomes in buffer. 
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A funny thing happened on the way to Berkelium 


The smallest of the modern Van de Graaft But that describes the new Van dé Graafs as 
accelerators won't get you to Berkelium. (It produces teaching machines —- and they are more than that. 
particles up to 400 KeV, and that’s not enough.) Actually, they are the least expensive accelerators 
What it will do, though, is start you and your a physics department can buy and still do tunda- 
physics department on the way. And funny things mental research. (The smallest costs less than 
begin to happen. $25,000.) Many a Ph.D. thesis is based on original 
A lot of graduate students become nuclear work performed with one. i 
physicists, for example. Modern Van de Graaffs come big, too. Upto > 
The way to Berkelium is paved with Helium, Lithium, 32 MeV for the giant tandems. Those take you 
Fluorine, Phosphorous, Sulphur, and Iron, as. well as all the way up to Berkelium. 

Gold. And to get started, the smallest Van de Graafi 

is a rich and fruitful source of controlled-by-you 


protons, deuterons, alpha particles, electrons, HIGH VOLTAGE ENGINEERING 
neutrons, and photons, at a variety of energies. 
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GT-Va features 
greatest distal tip- 
flexion angle of 200°, 
giving best coverage. 
Thinnest tube of 
8.5mm for easiest 
insertion. 
Photographic 
examination possible 
within 10 minutes, 







Olympus Gastro Cameras and Fiberscopas are the most 






















GTF-A combines 
an integral 
fiberscope for 
direct observation 
(55° viewing angle 
and 12.5 eyepiece 


with distal tip 
camera 

for very sharp 
precision 
ohotography. 
Affected areas 
can simultaneously 
be observed 

and photographed. 
Distal tip- 

flexion angle 140°. 


magnification) s“ 


Olympus 
Challenges 
cancer! 


GFB Gastro 
Fiberscope for 
biopsy has range of 
: observation of 
10 to 100 mm, 

55° viewing angie 
and 12.5 eyepiece 
magnification, 
distal tip flexion 
angie 180°, 

length of metal 

tip $2 mm, 
diameter of 
fiberscope 11.5 mm. 

















the stomach with 32-exposure cassettes. 


ee S 








High resolution 


advanced aids for specialists and general practitioners 
for the early detection of cancer. Therefore they are a 
must for routine diagnosis and check-up of the stomach. 
This procedure is made possible by the ultra-precision 
mechanical flexian action of the distal end of the tube 
just above the distal tip. The bending section can be 
set to bend upward or downward by turning the angle 
lever. The highly flexible tubes are easily inserted for 
minimal patient discomfort. f 

Precision optics in the cameras of GT-Va and GTF-A give 
sharp, detailed, rapid-sequence color photography inside 





lenses feature a wide 80° angle of view, and aperture 
selected for depth of field fram 20 to 100 mm. 

Gastro Fiberscope GFB for biopsy permits easy handling 
and guidance of biopsy forceps to diseased parts for tak- 
ing tissue samples ina very short time. The fiber bundle, 
developed by Olympus, is colorless, has a high transmis- 
sion factor and superb resolving power. Olympus medi- 
cal camera ( Model FIT) can be attached atthe top. These 
invaluable instruments are currently used in leading hos- 
pitals, clinics and universities throughout the world. 


OLYMPUS 


OLYMPUS OPTICAL CO., LTD. 7, 3-chome, Kanda-Ogawamachi, Chiyoda-ku, Tokyo, Japan 
OLYMPUS OPTICAL CO., (EUROPA) GmbH. 2, Hamburg 1, Steindamm 105, Germany 
OLYMPUS CORPORATION OF AMERICA 2 Nevada Drive, New Hyde Park, N.Y. 11040, U.S.A. 
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Incubation at 0°C 


Untreated —— 


Anes 


Untreated 
Pelleted 





1 2 8 4 5 6 7 8 9 1 Li 1 


Time (min) 
Fig. 4. Stability of polvsomes. Cell-free extracts of B. thuringiensis 
were prepared by ultrasonic disintegration for 1 min, After adding 
deoxycholate and removing unbroken cells and debris as described in 
Fig. 1, extracts were treated in the following ways: (a) Extracts were 
stored at 0° C for 0, 3 or 24 h before sedimentation analysis. (b) A sample 
was frozen rapidly in a dry ice-acetone mixture and thawed at 4° C ten times 
in rapid succession and the sedimentation pattern compared with a con- 
trol not subjected to freezing. (e) A sample was pelleted by centrifuging 
at 105,000¢ for 2 h, redissolved in buffer and analysed. 


of cell disruption (Table 14 and 18). The sedimentation 
profiles of membrane-bound ribosomes extracted with 
deoxycholate were similar to those of free ribosomes. The 
damaging effect of long ultrasonic disintegration times is 


Table 1A. BFFROTS OF MICKLE DISINTEGRATION ON B. thuringiensis 


Disinte- Percentage Weight of ribosomes (mg)? Membrane- 
gration of broken Membrane- Supernatant Total bound/total 
time (min) cells bound ribosomes 

1 10 90 8-6 17-6 0-50 

3 50 6-0 158 21-8 0-27 

ü 100 48 21-8 44-7 0-10 


* Ribosomes for each sample were obtained from 1-3 g wet weight of 
cells, Details of the method are given in the caption to Fig. 1, 


Table 1B, BYFECT OF ULTRASONIC DISINTEGRATION ON B. thuringiensis 


Ultrasonic Percentage Weight of ribosomes (mg)* Membrane- 
disintegration of broken Membrane- Super- Total  bound/total 
time (8) cells bound natant ribosomes 

15 10 56 hd 17-0 0-33 

30 50 58 23-2 29-0 0-20 

6 50 6-6 52:5 59-0 011 

120 85 35 47-2 50-6 0-07 


* Ribosomes for each sample were obtained from 12 g wet weight of 
cells, Details of the method are given in the caption to Fig. 1. 
Table 2. POLYSOME DISTRIBUTION IN B. subtilis AND B. thuringiensis 


Weight percentage of polysomes 


B. subtilis A 

Polysome size Lysozyme Ultrasonic Mickle — thuringiensis* 

disintegration 

Monomers 19-0 24-5 28-8 24:1 
Dimers 145 V1 16-2 18-7 
Trimers 11-0 82 10-5 17-3 
Tetramers 9-9 73 85 10-4 
Pentamers 9-0 46 55 10-5 
> Pentamers 36-5 44-5 30-6 19-0 


* 30 8 ultrasonic disintegration (Fig. 1). 
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not due to the progressive release of nucleases from the 
cell debris. This is shown both by degradation. of isolated 
polysomes by ultrasonic disintegration (Fig. 3, bottom) 
and by the stability of the isolated polysomes (Fig. 4). 
Isolated polysomes were stable for several hours at 
0° C (Fig. 4, top). Rapid freezing in a dry ice-acetone 
mixture and thawing in a water bath at 4° C ten times 
had no perceptible effect on the sedimentation pattern 
(Big. 4, centre). Polysomes could be stored frozen for at 
least 6 weeks without any apparent degradation. Pellet- 
ing the ribosomes by centrifuging cell-free extracts at 
105,0009 for 2 h and redissolving in buffer resulted in some 
aggregation as shown by the increase in the dimer peak 
and the poor definition of the larger polvsomes (Fig. 4, 
bottom). 
These results are the first demonstration of polysomes 
of large size in appreciable amounts in the members of 
the Bacillus genus. Comparable results have been ob- 
tained with F. coli'-7.9, Azotobacter vinelandii and Mécro- 
coccus lysodeikticus*. In the latter studies lysozyme was 
used to disrupt the cells. Working with B. subtilia, 
Coleman was unable to demonstrate a significant propor- 
tion of polysomes even from cells disrupted with lyso- 
zyme. Our results differ from his. We have found that 
polysomes, sufficiently large (>pentamers) to contain 
undegraded messenger RNA for most bacterial proteins, 
may be isolated by the use either of lysozyme or of 
physical methods to disrupt cells. Assuming that the 
polysome distribution in cell-free extracts of lysozyme- 
treated cells represents the in vivo pattern, we conclude 
that in the conditions used the latter methods do not 
damage polysomes. 
Our success in obtaining polysomes from ultrasonically 
disintegrated cells is a consequence of limiting the time 
of treatment. A large proportion of the cells, approxi- 
mately 50 per cent, which are not broken must be sacri- 
ficed. A similar approach was previously used by 
Schaechter to show the presence of polysomes in Sal- 
monella typhimurium, This author used a French press 
at a pressure of 220 kg/cm*—less than half the value 
generally used to disrupt bacteria. The lower pressure 
was necessary to preserve the polysomes. In these 
conditions only 50-80 per cent of cells were broken. Even 
so, the proportion of polysomes larger than trimers was 
very small. 
We thank Miss Margaret Rutter, Miss Elspeth Horstield 
and Miss Sylvia Watson for technical assistance, Sir Ernest 
Chain for critical suggestion and Dr J. R. Norris of Shell 
Research, Ltd, for the gift of B. thuringiensis Serotype 9, 
and for many helpful discussions. 
Hannan GOULD 
B. N. Hersgwrt 
THERESE LOVINY 

MRC Metabolic Reactions 

Research Unit. and 

Department of Biochemistry, 

Imperial College, 

London SW7. 
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Actinomycetes in North Sea and 
Atlantic Ocean Sediments 


THERE have been few reports of actinomycetes in the 
sea, and then usually only in the littoral zone and inshore 
localities. While making extensive microbiological 
surveys Kriss et al.* found actinomycetes only occasionally 
and so it was assumed that these microorganisms are 
confined to the terrestrial habitat, and that those isolated 
from ocean sediments are forms not indigenous to the 
sea. 

In 1966 we investigated the population density of 
heterotrophic bacteria in the water and the top layer of 
sediment of the Weser estuary and the German Bight. 
Actinomycetes were rarely observed on agar plates 
inoculated with water samples, but they were seen 
more often if bottom sediment was used, when plates 
were incubated for 4—6 weeks at 18° C. We later made a 
survey for the selective detection of actinomycetes in 
the bottom sediments of the North Sea. 

During five cruises of the fisheries research vessel 
Anton Dohrn, between 1967 and February 1969, sediments 
were collected at 107 stations in various parts of the 
North Sea using van Veen and Shipek grabs. Material 
from the top 2 cm of sediment was immediately inoculated 
on pour plates with six of twelve previously tested culture 
media (Table 1). 








Table 1. COMPOSITION OF MEDIA 


Medium designation 








Components SWA DWA CA CHA STNA CZD 
Peptone (g) 5 5 = OG o o = — 
Peptone from casein 

(g) = I al OE’ 
Yeast extract (g) 1 1 Qi 
ENO, (g) — = —_ 3 — 
NaNO, (2) = = — 2 
Saccharose (g) ý oa os = 15 
Starch (py 00000 wee ~ 10 ese ig and 
Chitin, hydrolysed 

and precipitated íg)  -— — ao WO = = 
PePO, HO (g) OOH Ol 0-01 Oat 0-01 (RS 
Magnesium glycero- 

phosphate (2) == ee = OS 
Seawater (ml) 750 5 750 
Distilled water (ml) 1, 000 250 250 
Agar (g) 15 15 15 
pH 76 to 78 to 5 7-6 £0 

78 TR TR 





Of the 107 stations representing various types of sediment, 102 
colonies of actinomycetes in one or more types of culture medium, 
mycete colonies derived from different samples often grew best on different 
culture media, suggesting that there is a variety of physiological strains or 
species, 








There were 23-2,909 actinomyectes per em?. In coarse 
sand 30-69 m deep from the English Channel between 
Dover and the Isle of Wight were 92-1.485 per em 
(mean 510); in silt 435-690 m deep from the Skagerrak 
were 23-1,458 per em? (mean 764); in various sediments 
48-235 m deep from the central North Sea, including 
Devils Hole, were 23-115 per em? (mean 54); in various 
sediments 76-164 m deep from the northern North Sea 
(transect Haugesund-—Orkney Islands) were 23-230 per 
am? (mean 128), 

During a cruise of the research vessel Meteor in May 1968 
similar results were obtained in the Atlantic Ocean off 
West Africa from 19° 00’ to 20° 40° N. Sediment samples 
were taken from depths between 25 and 3,362 m and up to 
175 nautical miles offshore. Nine out of twelve samples 
yielded actinomycetes although fewer colonies developed 
on the pour plates than when samples werefrom the North 
Sea. There were between twenty-three actinomycetes per 
em? 175 miles offshore at a depth of 3,362 m and 136 actino- 
mycetes per cm? 40 miles offshore at a depth of 299 m. 

So far we have isolated 1,348 strains of actinomycetes 
from marine sediments. All pure cultures are being 
preserved in previously sterilized marine sediment for 
taxonomic investigation. The isolates include species 
of Nocardia, Méicromonospora, Microbispera and Strepto- 
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myces. About half the strains develop aerial mycelia 
in pure culture. 

In view of the high percentage of sediment samples 
that yielded actinomycetes and the fact that millilitre 
samples could be used for the detection of actinomycetes, 
these microorganisms m the sea seem to be neither 
random individuals nor temporary survivors of terrestrial 
run-off, but part of the marine ecosystem. 





H. WEYLAND 
Institut für Meeresforschung, 
Bremerhaven. 
Received May 5, 1969. 
? Grein, A. and Meyers, S. P., J. Bact., 76, 457 
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Partial Inhibition by Mepacrine of the 
Development of Sulphonamide 
Resistance in Plasmodium berghei 


Recentriy interest has revived in the activity of the 
sulphonamides and sulphones against strains of malaria 
parasites, especially P. faletparum, that are resistant to 
other drugs such as chloroquine and pyrimethamine. 
A number of acridine derivatives, including mepacrine, 
prevent the emergence in vitro of resistance to sulphon- 
amides and certain antibiotics in Staphylococcus spp.®™*. 
Because mepaerine itself is a potential antimalarial blood 
schizontocide it seemed of interest to explore whether 
the simultaneous administration of mepacrine and a 
sulphonamide in malaria would result in any change in 
the pattern of development of resistance of the parasites 
to either drug. 

The model selected was P. berghei (NK65 strain) in 
random-bred CFW mice free of Enerythrozoon. The first. 
experiment was divided into two halves. Al and B1, which 
were conducted side by side. In each half, three or four 
groups of five mice each were used for cach passag In 
each Al passage one group of five enimals served as 
untreated controls; the second group received a dose of 
sulphaphenazole known to be subcurative and the third a 
dose somewhat larger than this in solution or suspension. 
The drug was injected subcutaneously to all treated groups 
once daily. Pa es were made by injecting e 
toneally 107 infected erythrocytes from suitably diluted 
blood taken from a donor, this being the animal in which 
parasites of the previous passage had survived the highest 
dose of sulphaphenazole. Doses were adjusted so that, 
as far as possible, the erythroeyte infection rate (BIR) 
in at least a few treated ee (preferably in the group 
receiving the highest dos eae shed 5 5 per cent or more by 
the end of I week. Af ss made usually once 
a week. Occasionally it was necessary to stop drug 
treatment and delay the following passage until the EIR 
had built up to a sufficiently high level. The maximum 
dose of sulphaphenazole administrable by this method 
was 1,000 mg/kg; higher concentrations formed a suspen- 
sion too thick to pass through a syringe needle. No drug 
toxicity was observed in the mice at this dosage. 

Mice of the groups in BI were similarly treated but, in 
addition, the animals which received ther apy were given, 
as well as the sulphonamide, daily subcutaneous doses of 
mepacrine methanesulphonate in quantities from 1] to 
10 mg/kg body weight. The maximum daily dose that 
did not significantly reduce the level of malaria parasit- 
aemia by the end of a week compared with the untreated 
animals could be increased gradually from 1 to 6 mg/kg, 
but every attempt to increase this dose to 10 mg/kg 
resulted in almost total loss of the lime and, indeed, I 
finally lost the BI line. 
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‘Timing of passages 
Level of resistance developed by P. berghei to sulphaphenazoale when administered 


Fig. 1. 


alone or combined with a suboptimal dose of mepacrine to infected mice. Al, AZ 
Limits of shaded 
Bi, B2—experiments in 
which strains were submitted to mepacrine pressure as well as sulphaphenazole. 


ments in which the strains were subjected to sulphaphenazole alone. 
area indicate maximum and minimum doses used in each passage. 


indicate mepacrine doses used. 


Because of this the experiment was repeated, starting 
from the same parent strain of P. berghei NK65 that had 
been preserved in the meantime at — 196° C in liquid 
nitrogen. The Al line was continued uninterruptedly 
while the new lines (A2 and B2) were developed in pre- 
cisely the same manner as Al and B1. 

Fig. 1 summarizes the results of these two experiments. 
The maintenance dosage of sulphaphenazole in both Al 
and A2 lines could be raised to a level 100 and 50 times 
respectively the maximum dose level at which either the 
BI or B2 lines could be maintained. Al is at present 
maintained in the presence of a single dose of 1,000 mg/kg 
per passage for it is not considered necessary to submit 
the animals to more than this in order to maintain the 
resistance of this line. The dose level in A2 is still being 
increased. 

The response of the parent strain and of material from 
the resistant lines to mepacrine and sulphadiazine was 
checked in the suppressive test? at various times during 
their development. Because P. berghei is relatively more 
responsive to sulphadiazine than to sulphaphenazole, 
sulphadiazine might be expected to be a more sensitive 
indicator in parasites that were highly resistant to sulpha- 
phenazole. Table 1 summarizes the levels of resistance. 

Bishop and McConnachie*-*, who were the first to report: 
sulphadiazine resistance in a malaria parasite, the avian 








Table 1. RESPONSE OF SULPHAPHENAZOLE RESISTANT STRAINS OF P. berghei 


TO MEPACRINE METHANESULPHONATE, SULPHAPHENAZOLE AND SULPHA- 
DIAZINE 
Strain and passage number 

Parent Al A2 B2 

NK65 passage 53 passage 31 passage 33 

Mepacrine BD,” 2047-15 Pst045 244115 10+ 0-63 
RLF 1-0 0-9 12 05 

Sulphaphenazole EDs O18 + 0-11 100 30 204 245 
R LO 550 165 16 

Sulphadiazine ED.» Q-O1 + 0-005 2-2 40-60 4341-35 OB8+tO17 
RI 10 220 430 80 


* ED, =daily dose administered subcutaneously from D 0 to D +3 
which resulted in a 50 per cent reduction of parasitaemia on D +4 compared 
with untreated controls. 

+ RI. = resistance index = ED, treated strain/ED,, parent strain. 
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P. gallinaceum, found that the resistance 
extended to other sulphonamides so that 
the cross-resistance of the A and B lines 
to sulphadiazine is as expected, In 
bacteria, resistance to sulphonanides can 
arise by genetic mutation or by the action 
of infective agents, the episomal resistance 
transfer factors. In malaria, nothing is 
known of the mechanisms by which sul- 
phonamide resistance is expressed or of 
the origin of the resistance, although 
Ramakrishnan et al? suggested that 
resistant mutants are probably present 
and are selected out by drug pressure. 

Mepacrine resistance is itself diffieult 
to develop in Plasmodium’, Although 
in the present experirnents a significant 
level of sulphonamide resistance did build 
up in the lines treated with both sulpha- 
phenazole and mepacrine. this level never 
approached that attained by the lines 
exposed to sulphonamide alone. How 
mepacrine has limited the level of sul- 
phonamide resistance is unknown. Mt 
| seems possible that the first stages of 
| resistance in the conditions of these experi- 
ments were reached through some TRT 
tion mechanism or, more probably, the 
selection of pre-existing mutants w ith a 
low level of resistance, but that further 
mutation would be necessary for the 
highest levels to be acquired. Mepacrime 
and other acridines which have a strong 
affinity for DNA are said to exert an anti- 
mutageni¢ action against certain bacteria 
and viruses*, Although I have observed on two separate 
occasions in the conditions of my experiments that 
mepacrine has an inhibitory action on the development of 
sulphonamide resistance, [ cannot be certain that this 
would happen every time. I believe, however, that the 
principle shown by these observations is of such potential 
importance for the prevention of drug resistance in 
malaria that it merits further experimental study. 

I thank Mrs J. Portus for technical assistance im this 
study. I received partial support from grants from the 
Ciba Pharmaceutical Company, Basle, and from the US 
Army Research and Development Command. 
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Increased Attractiveness of Man to 
Mosquitoes with Induced Eccrine Sweating 


In studies on human attractiveness to mosquitoes, we 
not only found gross interhost differences’ but also that 
individuals were more attractive shortly after physical 
exercise. In in vitro studies whole lyophilized aswea 
attractive to mosquitoes*. We report here in vivo studies 
in which we induced eccrine sweating and compared 
attractiveness to mosquitoes before and after sweating. 


is 
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We used probing time 50 (PT50) to quantitate attrac- 
tiveness to mosquitoes! This involves placing six Aedes 
aegypti females, 5-6 days old, in a small cage positioned 
l em above the skin and recording time in seconds when 
three probe sirnultaneously towards the skin. The mos- 
quitoes were fed previously on sugar water only. Several 
PT50s were taken on each subject with mosquitoes from 
different populations before and after sweating. Each 
time the subjects sat and relaxed for 1 h before the 
first set of PT50s were recorded. They were then sweated 
and tested again with PT50. 

Sweating was induced in four ways. (1) Physical 
exercise: the subjects jogged or did other calisthenics 
for 30 min. PT50s were recorded soon after exercise. 
(2) Sauna bath: the subjects removed their clothing and 
sat in a sauna bath for 30 to 45 min. They were then 
allowed to cool for 10 min. Excess moisture was gently 
removed with a towel. PT50s were recorded on the fore- 
arm. (3) Methacholine 1 : 1,000 intradermally: compared 
with the previous two methods the whole body did not 
sweat with this and the following method; sweating was 
induced only at the injection site on the forearm. This 
was done by injecting intradermally a total of 1 ml. of 
methacholine (1: 1,000) at five points 2 em apart in a 
straight line running along the length of the arm. T his 
produced sweating in an area of 40 em*. PT50s were 
recorded on this area before and then 10 min after injec- 
tion. To ascertain whether increased flow of blood in the 
area due to injection injury and visible redness around the 
puncture marks on the skin might cause attraction, a 
control was run by injecting physiological saline on the 
other forearm of the same subject. Attraction to the 
mosquitoes was tested before and after the injection of 
saline. (4) Iontophoresis: PT50s were recorded first on 
the marked area of the forearm of a subject. Iontophoresis 
was performed with pilocarpine (1: 1,000) on a 4x4 em 
copper electrode for 5 min at 4 mamp (Gibson-Cook 
sweat apparatus Model IPS 3B, Farrall Instruments). 
Electrodes were then removed, the skin blotted to remove 
excess moisture and then tested for attraction to mos- 
quitoes. Pilocarpine applied to the skin on the second 
forearm without iontophoresis was run as control com- 
pared with its own PT50 before application of the solution. 


Table 1, ANALYSIS OF VARIANCE OF DATA ON INCREASE IN ATTRACTIVENESS 
OF HUMANS TO Aedes aegypti WITH SWEATING 
Source of 
Method variation af SS MS 

(a) Exercise Total 19 40,0068 4 
Replicates 9 15,660-8 1,740-0 
Sweating 1 16,245-0 16,245-0* 
Error 9 8,101-0 900-1 

(b) Sauna bath Total 21 88,1444 
Replicates 10 18,162-4 1,8162 
Sweating 1 9,368-9 9,368-9T 
Error 10 10,613-1 1,061:3 

(:) Methacholine intra- Total 11 28,450-3 

dermally Replicates 5 3,112°8 622-5 

Sweating 1 22,1021 22,102-1* 
Error ü 3,2354 647-1 

(d) Pilocarpine iento- Total 1i 243057 

phoresis Replieates 4 3.0607 733-9 

Sweating 1 18, 723-0 18,723-0* 
Error 5 2,0030 4008 

* P0005. 


+ P<0025. 


With all methods, the attractiveness of the skin to 
mosquitoes increased significantly. Highly significant 
differences (P < 0-005) were observed in the PT50s ob- 
tained before and after sweating (Table 1). The methods 
used in this study rank as follows in increasing attractive- 
ness of the skin to mosquitoes: pilocarpine iontophoresis; 
methacholine injection; sauna bath; and exercise. 

Sweat has been tested by several workers as an attract- 
ant to mosquitoes. Howlett®, Rudolfs and Reuter? found 
it unattractive. Parker*® found that A. aegypti aggregated 
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on the side of the cage where sweat was presented a 
short distance away in still air. Brown? found dummies 
with clothing soaked in human sweat from axillae more 
attractive to mosquitoes in the field than controls with 
equally moist clothing. Brown et al.” again reported 
diluted axillary sweat attractive in an olfactometer. 
Similarly, Rahm found air containing sweat odour more: 
attractive to A. aegypti than warm moist air alone. 
Skinner et al.? reported human lyophilized sweat and 
sweat components attractive to mosquitoes in a dual-port 
olfactometer. All these workers report attractiveness of 
sweat with in vitro studies. This study examines in vivo 
the effect of increased sweating on the attraction of mos- 
quitoes. Sweating induced by all methods enhanced the 
attractiveness of the skin significantly. 

It is not valid to interpret increased attractiveness of 
the skin on the basis of sweat alone after exercise or after 
a sauna bath, because these methods heated the whole 
body, raised the general metabolic level, increased general 
and peripheral blood circulation and affected the skin in 
several other ways. The induction of sweating by mtra- 
dermal methacholine and pilocarpine iontophoresis, how- 
ever, suggests that the increase in attractiveness is chiefly 
a result of sweat because general metabolism is then not 
affected. The controls run with water in ‘experiments. 
with methacholine and with pilocarpine without ionto- 
phoresis did not enhance attractiveness and further 
confirm this conclusion. 

Eecrine sweat glands are distributed over the general. 
body surface of man, but are most concentrated on the 
palms and soles and their secretion contams sodium. 
chloride, lactic acid, amino-acid, urea and ammonia; the 
apocrine sweat glands are largely restricted to the axillary, 
perigenital and perianal regions and their secr etion eon- 
tains carbohydrates, proteins and ammonia. Eccrine 
sweat is apparently odourless but the bacterial action on 
the skin debris in sweat may impart a mild odour™™*. 
The increase in attractiveness of the skin to mosquitoes 
with the increase in sweating could be either due to more 
sweat per s or its active components, or it could be 
due to the increase in its decomposition products by bac- 
teria or both. We are exploring this area in an attempt to 
isolate the chemical mosquito attractants in man. 

This investigation was supported by the US Army 
Medical Research and Development Command, Depart- 
ment of the Army. We thank Drs Lester Pope and 
Eugene Prout and the inmates of the California Medical 
Facility, Vacaville, California, for assistance. 
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Peroxidase Uptake by Glial Cells in 
Desheathed Ganglia of the Cockroach 


THE axons of some insect species are unusual in their 
ability to function for appreciable periods in intact ganglia 
and connectives bathed in sodium-deficient mediat, The 
action potentials of axons of the cockroach, Periplaneta 
americana, and those of stick insects, Carausius morosus, 
appear, nevertheless, to be mediated by conventional 
sodium-dependent mechanisms’. In both these species 
desheathing the nerves or ganglia before bathing in 
sodium-free solutions leads to a rapid decline in excit- 
ability’-*.5, suggesting that in intact preparations there is 
a regulation of the sodium concentration in the fluid 
immediately bathing the axonal surfaces. 

It has been variously suggested that the control of the 
extra-axonal sodium level could be achieved by the 
activity of the neural fat body sheath, when present*®, by 
the relative impermeability of the peripheral fibrous 
layer of the nerve sheath!7, by the properties of the 
underlying cellular perineurium®’ or by the activity of the 
glial elements*®. 

The available evidence seems to favour the latter 
hypothesis, namely, that the extra-axonal sodium regula- 
tion is achieved by the activity of the glial membranes in 
the region of the axonal membranes. In this case the loss 
of extra-axonal sodium regulation in desheathed prepara- 
tions could be postulated to result from the disruption of 
normal ghal function. The production of drastic changes 
in the underlying tissues, caused by the removal of the 
nerve sheath, can, in faet, be inferred from the massive 








Fig. 1 Unatained section from the neuropile in a desheathed prepara- 

tion of cockroach abdominal ganglion, incubated for 30 min in horse- 

radish peroxidase. The electron dense reaction produet is situated 

in the cytoplasm of the glial cells (arrows) which ensheath the axonal 
processes, x 19,500. 
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Fig. 2. Section through neighhourlug gial cells lying D 

axons in the abdominal ganglion of the ex pach. This 

was desheathed and incubated in horseradish peronda. for 60 mitn 

Note the tight junctions formed between adjacent ghal cells (arrows), 
x 50,500, 









increase m the measured inulin space observed m de- 





sheathed preparations'’®. The precise nature of these 
changes, however, remains obscure because eleatran 


microscopic examination of desheathed ganglia and con- 
nectives does not reveal any significant increase in the 
extent of the extracellular spaces. The present investiga- 
tion was therefore carried out im an attempt to determine 
some of the changes produced in the glial system by the 
desheathing procedure by studying the uptake of a 
relatively large molecule. 

When desheathed preparations of cockroach abdominal 
ganglia are bathed in solutions of horseradish peroxidase 
(Sigma Chemical Company; 2 mg/ml, dissolved in either 
0-9 per cent sodium chloride or Krebs-Ringer phosphate, 
pH 7-4, with added 10 ul./ml. glucose) for periods of time 
ara from 2 min to 6 h, the peroxidase is taken up 
into the cytoplasm of both the damaged perineurium and 
glial cells (Fig. 1). It rapidly invades the injured glial 
system, being transported from one glial element to 
another, apparently via transversely permeable tight june- 
tions (Fig. 2). The sites of uptake of the pone are 
visualized by incubation of sections in tris-buffered 3,3- 
diaminobenzidine tetrahydrochlor DAB) and hydrogen 
peroxide’. The longer the period of time the desheathed 
ganglia are exposed in vivo to this exogenous protein, the 
further it penetrates into the ganglion. Hence, after 6 h 
of exposure, nearly all the glial cells throughout the 
neuropile at the level of the desheathing contain reaction 
product for peroxidase. The dense reaction product is 
confined, after shorter pos of exposure, to the glia, 
but with longer times in the presence of the peroxidase it 
also penetrates the extracellular spaces, particularly near 
the periphery of the ganglion. 
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In intact ganglia, horseradish peroxidase is taken up 
by the neural lamella; it does not, however, enter the 
undamaged glial system, The fact that peroxidase is 
taken up by the outer glial cells in the desheathed pre- 
parations and then pervades the adjacent undamaged 
ones indicates not only that the desheathing process 
damages the outer glial elements, so that uptake of exo- 
genous material dees not proceed in the normal fashion, 
but also that the glial cells must be an interconnected 
cellular system with low resistance pathways from one 
cell to the next. These findings are of interest in that they 
demonstrate a structural basis for the electrical con- 
nexion demonstrated between glial cells in another m- 
vertebrate ganglion, that of the leech, Hirudo medicinalis, 
Ultrastructural investigation had failed to reveal any 
specialized contacts between adjacent glial membranes 
in this annelid preparation, a result which can, perhaps, 
be attributed to the difficulties imposed by the extreme 
complexity of the inter-digitating glial process in this 
species. Other investigators, however, have been able 
to demonstrate the existence of tight junctions between 
some glial cell types in the antennal lobe of Locusta 
migratoria, although there is no experimental evidence to 
indicate that these represent low resistance pathways 
between the glial elements. The present results also 
provide an explanation for the five-fold increase in the 
mulin space observed in desheathed cockroach ganglial® 
and for the fact that there was no appreciable inerease 
in the extent of the intercellular spaces in desheathed 
preparations. 

The results of these experiments using horseradish 
peroxidase clearly indicate that the removal of portions 
of the peripheral nerve sheath has a profound effect on 
the underlying glial system in cockroach ganglia. In 
particular, it appears that the standard desheathng 
procedure leads to an increase in glial accessibility to large 
molecules with a consequent rapid leakage of small intra- 
cellular ions and molecules. The present observations 
thus accord with the hypothesis that the regulation of 
the extra-axonal sodium concentration involves the 
activity of the glial cells>%715, This postulated role of the 
glial elements is also in agreement with electrophysiological 
data, which show that there is a difference in the magnitude 
of the resting potential and overshoot of the action 
potentials recorded in desheathed and intact preparations 
in cockroaches*, a result which would be predicted if 
there were higher concentrations of sodium ions main- 
tained in the extra-axonal fluid in intact preparations 
than in desheathed ones. 
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Effect of Solar Radiation on the 
Harvester Termite, Hodotermes 
mossambicus (Hagen) 


Tue ecological implications of the lethal effect of solar 
radiation on unpigmented insects appear to have been 
neglected by insect. ecologists, although the phenomenon 
has been extensively investigated in many other groups 
of animals’. It is often stated in the literature that 
light, per se, rarely has importance to insects. Its impor- 
tance is said to he in its value as a token stimulus not 
reacted to for its own sake but for some secondary reason 
generally connected with it®. 

The harvester termite (Hodotermes mossambicus) is 
widespread in the semi-arid regions of South Africa. 
About 15 per cent? of the individuals in a colony are 
darkly pigmented with black heads (adults) while the bulk 
of the colony are unpigmented and have a translucent 
appearance (larvae). All the castes have compound. eyes 
(which is unusual in the Isoptera), but only the pigmented 
adults leave the subterranean hive and forage for grass 
in the open during daylight hours. This species subsists 

















primarily on dry frost-killed grasses which are most 
abundant during winter and autumn. Most of the 


foraging is done during these seasons when the days are 
cool and sunny*. Winter and late autumn nights are too 
cold for foraging. 

As a rule, termites are exceptionally prone to water 
loss? and they exhibit various behavioural adaptations 
which minimize desiccation. In spite of the fact that the 
adult individuals of H. mossambicus forage in the open 
and are often exposed to relatively high temperatures 
and low humidity, they are no more efficient at conserving 
water® than the larvae which seldom, if ever, leave the 
ideal conditions of the subterranean hive. 

In experiments done during March 1969, groups of 
adults and fifth instar larvae (fifty individuals per group) 
were randomly selected from laboratory colonies and 
placed in Petri dishes the bases of which had been painted 
a brown colour (similar to the colour of the soil surface). 
The groups were then exposed to direct sunlight from 
0900 h to 1200 h, and precautions were taken to ensure 
that the temperature of the Petri dish bases remained 
between 20° and 25° C throughout the exposure period. 
The experiment was replicated four times and all controls 
were screened from direct sunlight. In the field, adults 
forage for approximately five minutes and then return 
below ground where they remain for a similar period 
(unpublished results of J. J. ©. N.) A collecting cycle 
usually lasts about 3 h, but it is not known whether the 
same individuals are active for the whole period. In an 
attempt to simulate these conditions, the experiment 
described earlier was repeated but the termites were 
exposed to direct sunlight for five minutes followed by 
five minutes in shade during the period 0900 h to 1200 
h. As a check on the field observations, similar groups of 
adults and larvae were irradiated with a Philips, TUV, 
30 W lamp, the main output of which was at 2537 A. 





Table 1. AVERAGE PER CENT CUMULATIVE MORTALITY OF LARVAE AND ADULTS 


ve H. mossambicus BXPOSED TO SOLAR AND ULTRAVIOLET RADIATION 
Source of Treatments; Hours after exposure 
radiation Termites Controls 0 24 48 96 
UV-lamp 2537 A Larvae Treatment 16 68 96 
30 min.” Control 0 2 2 
Adults ‘Treatment 1 3 8 
Control 0 0 4 
Sun: continuous Larvae Treatment 100 me ~e 
3h Control Q 0 6 
Adults ‘Treatment 5 29 37 
Control 0 ü 5 
Sun: intermittent Larvae ‘Treatment 17 29 42 76 
Control 0 9 10 42 
Adults Treatment 0 2 5 3i 
Control 0 i 5 20 


* A 2 h exposure killed 100 per cent of the larvae but only 22-4 per cent of 
the adults when a count was made immediately after exposure. 
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The height of the lamp above the termites was 30 cm 
and the exposure time was arbitrarily set at 30 min. 

That the pigmented adults of H. mossambicus were 
far more resistant to solar as well as artificial ultraviolet 
radiation than the unpigmented larvae to which both 
sources of radiation were lethal is shown in Table 1. It is 
obvious that the evolution of pigmented individuals 
within the H. mossambicus colony has enabled this 
species to invade an ecological niche that is closed to other 
members of the Isoptera in southern Africa. 
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Hybridization of Solubilized Membrane 
. 

Components from Different Mycoplasma 
Species by Reaggregation 

THE plasma membrane of mycoplasmas, like other bio- 
logical membranes, is built of protein and lipid and 
possesses several properties which make it an attractive 
model for membrane studies’. The molecular organiza- 
tion of the protein and lipid in the mycoplasma membrane 
has been much studied in recent years. Sodium dodecyl 
sulphate (SDS) has been shown to solubilize the membrane 
to separate protem—detergent and lipid-detergent 
micelles. In spite of the complete separation of the 
protein from the lipid by SDS, these components could 
reaggregate spontaneously and form typical triple-layered 
membranes on removal of the detergent by dialysis against. 
an Mg*+-containing buffer?-§. The re-formed membranes 
morphologically resembled the original membranes, and 
contained some of their enzymatic activities which resisted 
inactivation by the detergent (S$. R., Ne'eman and Ohad. 
to be published). The spontaneous reassociation of 
solubilized membrane protem and lipid appears to be a 
general property of biological membranes, for it could be 
demonstrated with membranes of diverse origin’. 
Closer investigation of this property may disclose the 
mechanisms governing the assembly of proteins and 
lipids into membrane structures, and possibly help in the 
understanding of membrane assembly in vivo. In the 
course of this investigation the question arose whether 
the solubilized membrane components of one organism 
will reaggregate with those of another organism to form 
a hybrid reaggregate. Because the reaggregate prepared 
from solubilized Mycoplasma laidlawit membranes was 
found to have no common antigens with the reaggregate 
of Mycoplasma gallisepticum membranes, and to differ 
in its buoyant density, we decided to use these membranes 
to investigate the specificity problem. 

The mycoplasmas were grown in Edward broth’, To 
label M. gallisepticum membrane lipids 10 wCi of 9,10-2H- 
oleic acid was added to each litre of medium. The mem- 
brane proteins of M. laidlawii were labelled with L-“4C- 
phenylalanine in a partially defined medium. Cell 
membranes were isolated by osmotic lysis of the organ- 
isms’, followed by a brief ultrasonic treatment to improve 
the isolation of membranes from the more osmotically 
resistant M. gallisepticum. The washed membranes 
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(4 mg protein/ml.) were solubilized m 10 mM SDS. 
Samples of each of the two membrane solutions and tk 
mixture (1: 1 by vol.) were dialysed agamst dilute buffer 
containing 20 mM magnesium chloride’, The membrane 
reaggregates were collected by centrifugation after 72 h 
dialysis at 4° C, and their density was analysed by centri- 
fugation on linear sucrose density gra dients (28 to 45 per 
cent). Fractions (0-21 ml.) were collected and their radio- 
activity was determined m a Packard “Tri-Carb’ liquid 
scintillation spectrometer’. Fig. 1 shows that the 
reaggregate of M. gallisepticum label led with "H bad a 
density of 1-195 g/em®, much higher than that of the 
“C-labelled M. laidlawit reaggregate (d= 1-162 gjem’h 
Dialysis of the mixture of the two solubilized membranes 
resulted in a reaggregate banding at an intermediate 
position, corresponding to a density of 1-180 g/em’*. The 
superposition of the *H and MC curves at the band of the 
hybrid reaggregate indicated that it was built of material 
from both M. laidlawti and M. gallisepticum mermnbranes. 
A mixture of reaggregates of M. laidlawii and M. gallisents- 
cum resolved into its components by centrifugation on a 
sucrose density gradient, indicating that the hybrid 
reaggregate does not consist of such a mixture. 

Evidence for the incorporation into the hybrid reaggre- 
gate of the specific antigens of M. late j 
gallisepticum membranes was obtained by double diffusion 
tests, Fig. 2 shows the serological species-specificity 
of the membranes and reaggregates of each myc 
and the positive precipitin reactions of the hybrid re- 
aggregate with both antisera. The presence of M. laidlawtli 
and M. gallisepticum antigens in the hybrid reaggregate 
was also demonstrated by the indirect immunofluorescent 
antibody technique’. Electron microscopy of the 
hybrid reaggregate showed the presence of triple-layered 
membranes accompanied by amorphous material. 

Our results indicate that the re aggregation process is 
not species-specific and that solubilized proteins and 
lipids from membranes of two different species may 
reassemble and form a hybrid reaggregate possessing the 
serological properties of hoth or ganisms. There is a good. 
indication that at least some of the hybrid material is 
organized in membrane structures. The formation of 
membrane structures by reaggregation of solubilized 
membrane protein of one bacterium with lipid from 
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Fig. 2. The antigenic relationship of the membrane reaggregates of 
AM. laidlawii and M. gallisepticum with the hybrid reaggregate. Centre 
holes contain antiserum to M. laidlawit membranes (AO) and anti- 
serum to Jf, gallisepticum membranes (AG). Peripheral holes contain 
M. luidlawii membranes (OM), M. laidlawii reaggregate (OR), M., galli- 
septiewm membranes (GM), M. gallisepticum reaggregate (GR) and hybrid 
reaggregate of M., laidiawti and M. gallisepticum membranes (HR). The 
membranes and reaggregates were solubilized In SDS (1 mg detergent/ 
1 mg protein). 





another has already been noted by Grula ef al". Our 
findings carry this further by showing that both the 
proteins and lipids from different membranes are able to 
reaggregate to a hybrid structure. The hybridization of 
material from different membranes may thus be applied 
to the formation of biological curiosities, such as mem- 
branes having the enzymatic and antigenic properties 
of two different organisms. The non-specificity of the 
reaggregation phenomenon speaks against its use as a 
model for the study of membrane biosynthesis, for synthe- 
sis of membranes in the cell must be selective in the types 
of proteins and lipids incorporated into the different cell 
membranes. On the other hand, the reaggregation process 
might be useful in elucidating the types of bonds holding 
membrane protein and lipid together. 

This investigation was supported by a grant from the 
US Department of Agriculture. We thank Dr I. Ohad 
for taking eleetron micrographs of the hybrid reaggregate. 
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Cholinergic IPSP by Stimulation of the 
Electrogenic Sodium Pump 


In recent years evidence has accumulated that part of 
the membrane potential of some cells can be due to the 
activity of an electrogenic sodium pumpi. This pump 
can have its activity increased by neurochemical trans- 
mitters*-? or decreased by light stimulating a photo- 
receptor. This communication describes the responses of 
two identified neurones in the right parietal ganglia of the 
snail Helix aspersa. Both cells are hyperpolarized by 
acetylcholine (ACh). In Type I the action of ACh is to 
increase the membrane permeability to chloride ions and 
so bring the membrane potential towards Eci. In the 
other cell (Type I1) the effect of ACh is slowly to increase 
the membrane permeability to sodium ions, and the in- 
ereased sodium concentration of the neurone stimulates 
the electrogenic sodium pump and so hyperpolarizes the 
cell, 
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Fig. 1. The effect of injecting chloride ions from a low resistance KCl 

filled electrode on the response to ACh of the Type I and Type IT cells. 

The Type I cell has its response to ACh changed from a hyperpolarization 
toa depolarization. The Type Il cell is unaffected. 


Fig. 1 shows the effect of injecting chloride ions through 
a low resistance KCl-filled microelectrode into both types 
of cell, The neurone was then tested by application of 
ACh. In Type I the effect of applied ACh changed rapidly 
from a hyperpolarization to a depolarization, as the 
internal chloride ion concentration of the cell increased. 
In the Type IT cell the effect of applied ACh remained a 
hyperpolarization in spite of the increase in the internal 
chloride coneentration. The effect of chloride ions can 
also be shown by reducing the external chloride ion con- 
centration. In the Type I cell there was a rapid reversal 
of the response to ACh from a hyperpolarization to a 
depolarization. The ACh induced hyperpolarization was 
restored when the external chloride ion concentration was 
returned to its normal level. In the Type TI cell, reducing 
the external chloride ion concentration had no effect on 
the cell’s response to ACh. The response to ACh was 
always a hyperpolarization. 

The application of ouabain at a concentration of 10-4 
g/ml. to the Type I cell had no effeet on its response to 
ACh (Fig. 2). Application of ouabain to the Type TI cell 
had a marked effect. on the response to ACh. Tt reduced 
and abolished the hyperpolarization. 

If the external sodium ion concentration of the Ringer 
solution is reduced by replacing the surrounding solution 
with tris HCI, or sucrose Ringer, the response of the Type 
I cell to ACh remains a hyperpolarization while the 
response of the Type H cell is reduced or lost. Injection 
of sodium ions through a sodium acetate filled micro- 
electrode had no effect on the ACh response of the Type I 
cell. Injection of sodium ions into the Type IT cell brought 
about a hyperpolarization of the cell. The byperpolariza- 
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tion reached a maximum level which could not be increased 
by application of ACh. 

There are thus clear differences between these two types 
of cholinergic hyperpolarizations. Type I is the classical 
type described by Eccles and his colleagues!* where the 
effect of ACh is to increase the permeability of the neurone 
to chloride ions. Type IT is a new type where the effect 
of ACh is to inerease the permeability of the membrane 
to sodium ions. The sodium ion concentration within the 
cell mereases and this stimulates the electrogenic sodium 
pump. The effect can be inhibited by ouabain or by 
removing the external sodium ions. The Type IT hyper- 
polarization may be of some importance in considering the 
funetioning of the neurones in the central nervor stem, 
for it allows a hyperpolarization that can last for seconds 
compared with the Type I which lasts for milliseconds. 
Tt may also indicate a way in which changes in the level 
of metabolism of the central nervous system might affect 
some synaptie activity, for the electrogenic sodium pump 
is sensitive to anoxia and to drug action’. 
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Effect of Barbiturates on 
Dream Content 


Ir is recognized that there are two kinds of sleep, often 
called rapid eye movement (REM) sleep and non- rapid 
eye movement (NREM) sleep, that differ in their physio- 
logy and psychology. Awakenings from the first generally 
yield reports of dreaming. The “demonstration of a rela- 
tionship between the profusion of eye movements and the 
“activity” or vividness of the accompanying dreamt? 
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and the finding that barbiturates not only decrease the 
overall amount of REM sleep but also reduce the profusion 
of eve movernents®* per minute of REM sleep led to the 
prediction that barbiturate administration would result in 
dream experiences of a more tranquil nature’, A corollary 
of this would be that withdrawal of barbiturates would 
result in dream reports indicative of a richer and more 
vivid dream experience than either barbiturate or pre- 
barbiturate conditions, for withdrawal of hypnotic drugs 
accentuates the profusion of eve movements during REM 
sleep** and is reported to lead to recall in the morning of 
vivid dreams during the night®". 

Three young men acted as subjects and each spent a 
total of four nights in the laboratory while the electro- 
oculogram, eleetroencephalogram and submental electro- 
myogram of each were recorded. The first laboratory 
night served as an adaptation night. Two awakenings 
were made from it, but the material was discarded. Each 
subject returned to the laboratory three days later and 
on this occasion was given a placebo, identical to a 200 mg 
capsule of sodium amylobarbitone, before retiring. 
Awakenings were made 10 min after the start of the 
second, third and fourth REM periods of the night and 
the subject was questioned regarding any mental activity 
he had been experiencing just before the awakenings. 
All reports were tape recorded. A standard interview 
format was used in conjunction with the prmeipal rating 
scale, namely, the Foulkes dream-like fantasy sealen, 
Subjects were given simular placebo capsules to take at 
home until the next laboratory session. Four days later 
the laboratory procedure was repeated, save that the 
subject was given a capsule of barbiturate. A supply 
of parbi arate capsules was given him to take at home. 
On the subject’s next visit to the laboratory, seven days 
later, a placebo capsule was administered, Awakenings 
and recordings were made as before. The dream reports 
were transcribed and given to two C raters, 
with instructions to rate the dreams on the Foulkes 
scale and also as “aetive” or “passive”. Both raters were 
unaware of the conditions from which the individual 
dream reports were derived., 

The Foulkes scale is an eight point scale (0-7) which 
attempts to indicate a progression from. conceptual think- 
ing through perceptual thinking to “dream-like” hallu- 
cimatory mental life. The score of 0 is indicative of no 
recall, 1-3 indicate dimensions of predominantly cen- 
ceptual recall, 4-5 are scored on the basis of perceptual 
imagery being present and 6-7 being assigned to reports 
indicative of hallucinatory experie nee (where the subject 
believed that the experience was “real” and actually 

taking place at the time). Apart from scoring the reports 
as “active” or “passive”, one of the raters noted any 
dream containing marked sexual symbolism or content 


(Table 1). 























Table 1. MEAN RATING (FOULKES SCALE) IN SUBJECTS EXAMINED 
REM Placebo 
period Placebo Barbiturate withdrawal 

Subject I 3 55 i 7 

3 G (AY 5 7 (A) 

4 7 GA) 4 GES) 
Subject 11 2 7 $ TLA) (SY 

3 5 i 6 

4 5 3 7 (A) 
Subject TL 2 TA) 5 3 

3 GEPS) 25 5 

4 6 (A) 2 4 (5) 





A, Dream rated “active”: S, sexual content. 


"e i Inter-rater reliability in 
both rating methods was high (r= 


94 and 0-00 respectively). 


Significant differences were found between seores of 
the pre-barbiturate and barbiturate condition (y*= 
10-89, P<0-01) and between barbiturate and withdrawal 
conditions (z*=501, P<0-02), All three dreams con- 
sidered sexual in theme oceurred in the withdrawal 
condition, It was further found, using Cochran’s Q-test+4, 
that the probability of obtaining an active report was 
different over all the conditions (Q= 5-429, P< 0-05). 
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Fishers exact probability test!? (one-tailed) revealed 
that this difference lay wholly in the differential probabil- 
ity of a passive report between the placebo and barbiturate 
conditions (P=0015). The withdrawal dreams did not 
significantly surpass the pre-barbiturate dreams in vivid- 
ness in the conditions of this experiment, The possibility 
that barbiturates merely inhibit recall, and that report 
differences are due not to any difference in dream experi- 
ence but to recall differences, seems unlikely in the light 
of Batten’s finding that barbiturates actually facilitate 
recalls, 

Alternatively, in the barbiturate condition it might take 
the subject “longer to come round”. It has been shown 
that more gradual awakenings elicit reports of a more 
mundane and “thought-like’, as opposed to “dream- 
like”, nature, No difference in time lag between the 
first awakening stimulus and the first verbal response of 
the subject was, however, discovered in any of the condi- 
tions. 

It is concluded that barbiturates alter the dream 
experience, making it more conceptual and loss perceptual, 
more “thought-like” and less “dream-like”. 
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Adaptive Responses to Cold in Arterial 
Smooth Muscle from Heterothermic 
Tissues of Marine Mammals 


PERIPHERAL heterothermy is essential for temperature 
regulation in many boreal, aquatic or subarctic mammals 
and birds. Dissipation of heat to the environment is 
controlled by changes in blood flow to peripheral tissues. 
Seal flippers are a typical example in which both the skin 
and deep tissues are normally maintained at temperatures 
near those of the surrounding water (1°-5° C)! but which 
may serve as heat dissipators when the seal bears a positive 
heat load. The tissues of a seal flipper are thus able to 
function normally through a temperature range as large 
as 35°C while the central or core body temperature is 
regulated within the narrow range typical of mammals. 
The present investigation was designed to determine if 
vascular smooth muscle in several species of seals is 
functional at temperatures near freezing and whether 
differences exist between central and peripheral vascular 
smooth musele. 

Arteries were excised from freshly killed specimens of 
sea lions (Humetopias jubatus), fur seals (Callorhinus 
ursinus), walrus (Odobenus rosmarus), harbour seals 
(Phoca vitulina) and ribbon seals (Histriophoca fasciata). 
Peripheral arteries were taken from the flippers. Cent ral 
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Fig. 1. Differential response to adrenaline of central and peripheral 

arterial smooth musele preparations from the harbour seal, Phoca vitulina, 

studied at different temperatures. A standard dose of 100 ug adrenaline 

in 50 ml, of Krebs solution was used for both preparations at all tem- 
peratures, 





arteries of comparable diameter (1-2 mm) were selected 
from renal, internal memmary or mesenteric arteries. 
Helical strips of arteries were prepared and their mechani- 
cal properties were studied by the methods of Furchgott’. 
Responses to vasoactive amines (adrenaline, nor- 
adrenaline, histamine) and polypeptides (pitressin, hyper- 
tensin) were studied at different temperatures within 8 h 
after the animals were killed. Tension temperature 
relationships of peripheral and central arteries were 
compared. 

The vascular beds from which arteries were excised 
differ in their responsiveness to sympathetic stimulation 
and to vasoactive substences, but they all show marked 
vasoconstriction in diving animals’. Smooth muscle 
strips from flipper arteries contracted im response to 
adrenaline even at temperatures from 5° C to 1° © (Phoca 
vitulina). By contrast, smooth muscle from central 
arteries showed no conclusive contractile response to 
adrenaline at temperatures below 15° ©. When rewarmed, 
mesenteric arteries became responsive at 25°C and 
above, while renal and internal mammary arteries showed 
slight contractile response at 15°C, Above 25° C, adrenaline 
evoked more rapid contractions of central arteries than 
peripheral arteries. 

Fig. 1 illustrates typical responses to adrenaline by 
smooth muscle preparations from a flipper artery and a 
renal artery in a harbour seal. A standard dose of 100 
micrograms in 50 ml. of aerated Krebs solution was used 
at all temperatures. The drug solutions and Krebs 
solution for blank injections were kept at the temperature 
of the muscle bath. The response time decreased with 
increasing temperature, from 90s or more at 1° C to less 
then 5s at 35° C. During rewarming the tension increased 
and reached a maximum for the flipper arteries at 20°- 
25° C, while the tension in central arteries continued to 
rise until about 35°~38° C. 

The effects of other drugs were similar with a loss of 
response of central arteries below 15°C. Histamine and 
noradrenaline at the standard dose level evoked con- 
tractions in peripheral arteries at ternperatures down to 
about 5° ©. Pitressin (1-2 units) in 50 ml. Krebs solution 
and hypertensin (01 mg) evoked no response below 
10° C, but again contraction resulted at lower temperatures 
in peripheral than central arteries. 

No similar comparison of peripheral and central 
arteries in a mammal appears to have been published 
earlier. Bernard’ and Bazett> demonstrated tem- 
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perature gradients between central and peripheral 
arteries in man. When cooled or warmed slowly, mamme- 
lian arteries are known to dilate and contract respectively®. 
Smith’ reported no major differences in the responses of 
femoral and carotid arteries from swine or dogs when 
exposed to vasoactive drugs at decreasing temperatures. 
At 17°C, his lowest temperature, the response time to 
adrenaline was increased four to six times in arteries from 
both sites. Keatinge® found that isolated ulnar arteries 
from bullocks failed to contract in adrenaline, histamine 
or pitressin below 10° C, and rewarming to 37° C restored 
their contractile ability. He proposed a mechanism for 
adrenergic stimulation of mammalian arteries and why 
it failed at low temperatures (5° C). 

My findings indicate that adaptive changes of vascular 
smooth muscle in selected marine mammals allow energy 
metabolism and electrical events of the contractile 
mechanism to remain functional almost to tissue freezing 
temperatures. A few experiments on newborn seals 
suggest that the response pattern is present at birth 
and thus is genetically established, rather than being 
related to the thermal history of the tissues through which 
the arteries course. The data show for the first time that 
the vascular smooth muscle in a homcothermic animal is 
adapted according to the thermal environment at which 
it will be required to function. 

This work was performed aboard the research vessel 
Alpha Helix during the 1968 Bering Sea expedition, and 
was made possible by support from the US National Science 
Foundation. Additional support was received from the 
US National Institutes of Health and the American Heart 
Association. 
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Synthesis of Acyclic lsoprenoids by the 
y-lrradiation of Isoprene 


THE presence of saturated “isoprenoid’”’ hydrocarbons 
pristane and phytane is often cited as evidence for the 
biogenic origin of organic compounds present in ancient 
sediments’. Although there is much evidence in support 
of this view, the possibility of an abiogenic synthesis 
should not be overlooked’. 

We have investigated whether branched chain acyclic 
polymers can be produced from isoprene in plausible 
geochemical conditions. Isoprene is a by-product in the 
thermal cracking of ethane and propane at 1,100 K’. 
These, in turn, may be produced by the ultraviolet 
irradiation®* or electric discharges on methane", a 
constituent of the primordial atmosphere. It seems 
likely that some isoprene may have been formed on the 
prebiotic earth. 

Of the primordial sources of energy considered, ionizing 
radiation is able to cause polymerizations without cata- 
lysts. In the presence of suitable catalysts, however, 
isoprene is known to form linear polymers in the 1,4-trans 
or 1,4-cis configuration”. 
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Two series of experiments were conducted: in the 
first, isoprene was irradiated by cobalt-60 y-rays im 
sealed tubes. In the second, isoprene was adsorbed onto 
the surface of vermiculite before irradiation. Vermicultte, 
a clay mineral, is known to possess catalytic activity 
(T. Sudo, private communication), and simulates a 
geological surface on which isoprene could be adsorbed 
without alteration by the action of short wavelength 
ultraviolet light. 

Isoprene, supplied by the Matheson Co. was distilled 
before use. After extraction with a 1:1 benzene/ 
methanol mixture for 24h, combustion analysis of the 
vermiculite showed that it was essentially free of organic 
impurities. For the first series, 5 ml. aliquots of isoprene 
were sealed in glass vials and irradiated with cobalt-60 
y-rays. The total adsorbed dose was approximately 
2x107 rads. For the second series, the isoprene was 
adsorbed on 8 g of vermiculite of 35-100 mesh size before 
irradiation. The products were then extracted from the 
vermiculite with 10 ml. of freshly distilled isoprene. 
Excess solvent was removed under vacuum. 

A portion of the products in each series was hydro- 
genated in hexane at atmospheric pressure, using hydrogen 
with 5 per cent palladium on carbon as a catalyst. The 
products before and after hydrogenation were analysed by 
gas chromatography and mass spectrometry. Parallel 
studies on the isoprene and the vermiculite before irradia- 
tion indicated that they were free of the compounds 
sought. 

Gamma irradiation of isoprene produced a mixture of 
unsaturated polymers. Ultraviolet analysis showed that 
there were only minor amounts of conjugated double 
bonds, which could be resolved by gas chromatography 
into a homologous series as illustrated by the peaks on 
Fig. 1. Comparison of the retention times of the products 
with known standards indicated that the first four 
groups of peaks corresponded to compounds containing 
10, 15, 20 and 25 carbon atoms, respectively. The mass 
spectra of the compounds isolated from the first group 
indicated a base peak at m/e 68. The last peak in this 
group had a gas chromatographic retention time and 
mass spectrum identical to limonene. After hydro- 
genation, however, the mass spectra of these Cy, com- 
pounds showed no m/e 68 peak, and molecular ions at 
m/e 138, suggesting that the initial products were eyclie 
unsaturated compounds. Similar homologous molecular 
ions for the higher polymers suggest that almost all were 
cyclic in structure. 

The gas chromatographic distribution of the hydro- 
genated products from isoprene irradiated on vermiculite 
is illustrated in Fig. 2. While this resembles Fig. 1, the 
mass spectra of the mixtures revealed that the major 
molecular ions were at m/e 142 for Cie 212 for Cy, and 
282 for Ca. The predominant peaks from the C,, and 
Cog groups were collected from the ‘SE-30 column and 
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reinjected onto a polyphenyl ether column. The Cis and 
Ca compounds having the same retention times on this 
column as the farnesane and phytane standards, re- 
spectively, were collected and mass spectra obtained, 
along with those of farnesane and phytane (Figs. 3 and 4). 
Together with the molecular ions at m/e 212 and 282, the 
Cis and Cy» compounds, some molecular ions are present 
of a lesser m/e, which might be due to minor amounts of 
cyclic hydrocarbons or to incomplete hydrogenation. 

Irradiation of isoprene produced a series of five carbon 
unit polymers, most of which were cyclic. This result is 
similar to that obtained by ultraviolet irradiation of 
isoprene in the presence of triplet sensitizers in which 
seven cyclic dimers were produced containing 4, 6 and 8 
membered carbocyclic rings’. The irradiation of isoprene 
on the surface of the vermiculite, however, yielded largely 
a series of open chain compounds. 

On the polypheny! ether column the retention times of 
the predominant hydrogenated C,, and Cy) were the same 
as those of farnesane and phytane, respectively. It must 
be noted that isomeric mixtures of isoprenoids are, 
generally, only partially resolved even on relatively long 
capillary columns™, although the rnass spectra of the 
synthesized C,, and Ca isoprenoids do not correspond 
absolutely to those of the standards to allow unequivocal 
identification of these compounds as pristane and phytane. 
The almost insignificant difference may be explained by 
traces of impurities in the geochemically derived samples 
which have been used as standards. 

The plausibility of the geochemical simulation may 
appear to be weakened by the use of high concentrations 
of isoprene. As yet unknown situations may, however, 
result in the accumulation of a specific hydrocarbon on 
active silicate surfaces. Further experimental work must 
establish lower limits of concentration of isoprene and the 
dose rate of radiation. The necessity of hydrogenation of 
the products to form saturated compounds is compatible 
with geological processes, for free hydrogen is invariably 
produced in the course of the irradiation of hydrocarbons. 
and may have been available for later in situ hydro- 
genation. 

These results indicate that a plausible abiogenic 
synthesis of acyclic branched chain hydrocarbons from 
isoprene has been accomplished. The validity of many 
excellent studies on the presence of pristane and phytane 
in ancient sediments is not questioned; however, we 
cannot exclude the possibility that isoprenoids found in 
ancient sedimentary rocks or extraterrestrial samples 
could have been formed by dual processes-—~one biogenic. 
the other abiogenic. As criteria for the evidence of 
life, therefore, isoprenoids should only be used in con- 
junction with proof that other biogenically important 
compounds such as amino-acids and porphyrins are 
present, supported by direct evidence of fossilized organ- 
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Book Reviews 


FAMILY PLANNING 


A Textbook of Contraceptive Practice 
By John Peel and Malcolm Potts. Pp. xiii +297. (Cam- 
bridge University Press: London, J uly 1969.) 50s; $8.50. 


THis is a realistic book, as one would expect when the 
joint authors are a sociologist and a doctor with scientific 
background who is now medical secretary to the Inter- 
national Planned Parenthood Federation. It is intended 
for doctors and comes at a time when the medical pro- 
fession is at last willing to learn something about the 
subject, having until now reluctantly dragged behind 
public opinion on family planning and abortion issues, 
while claiming to have the last word because they are 
medical problems. 

The stable population rates in the West have happened 
largely by chance. The practice of family planning by 
middle class couples arose out of economie motives: they 
used what they could find out about and what was 
available. The pioneers of the birth control movement, 
who opened clinics and began to investigate scientifically 
the question of fertility control, had to do so against the 
resistance of the medical profession. Before the advent 
of the pill and the IUD in this decade, a minority of 
couples got contraceptive advice from their own general 
practitioners and obstetricians, many did so from the 
hundreds of family planning clinics (staffed by women 
doctors) which mushroomed after the war, but the great 
majority used methods which did not require medical 
advice. The advent of the pill and the IUD came at a 
time when sexual attitudes and morals were being ques- 
tioned and openly discussed. These new methods brought 
inereased efficiency and were acceptable to a lot of people 
who had not found anything satisfactory hitherto. The 
publie were ready for them before the medical profession, 
who were hustled by the demands of their patients into 
overcoming their prejudices, helped by the ‘‘medical” 
nature of these new methods which soon proved much 
more acceptable to the doctors than previous ones had 
been, 

The authors trace the history of attitudes towards 
family planning and the methods used, and then provide a 
subsequent realistic appraisal of each of the methods in 
use today, throwing overboard, as they do so, many of the 
old wives’ tales and prejudices which still persist. The 
risks of the pill are put into perspective (one cigarette 
daily is three times as dangerous to life as one pill daily), 
and the authors rightly point out that the risks from 
pregnaney are higher than the risks from the pill, which is 
the only method which gives no involuntary pregnancies; 
indeed, adding up all the pregnancies which result from 
birth control failures, they conclude that the pill saves 
lives. 

There are some mistakes; for example, they equate mg 
dosage with potency in their table of oral contraceptives 
on page 97. Although the two available oestrogens have 
approximately the same potency, this is by no means so 
for all the nine progestagens; for example. ‘Ovulen’ with 
l mg ethynodial diacetate is as potent as “( tynoviar’ with 
3 mg norethisterone acetate (and has twice the oestrogen 
content) but it is shown as having one third of the potency. 

World population problems are discussed and an in- 
teresting account of social, cultural and religious influences 
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which affect the size of family and the use of birth control 
is given. This underlines the kind of problems that 
exist in attempting to solve the population explosion-—~ 
how to get people motivated to use family planning vey 
so recently high death rates have kept families small and 
the need has been to promote family wealth with as many 
pairs of hands as possible. d of the conventional 
methods of birth control are quite unacceptable to people 
new to family planning, and the pill and the TUD have 
achieved great importance as methods whieh are accept- 
able. The authors, however, call for a re-appraisal of 
abortion (still the most common method of birth control 
in the world) and sterilization, and emphasize how import- 
ant is the availability of many methods to give some kind 
of consumer choice. They also query the medical insist- 
ence on regular medical supervision for women on the 
pill, and the insertion of IUDs by medical personnel 
as being not only unnecessary but unhelpful i in view « : 
enormity of the problem (after all, we leave midwiv 
deliver babies and surely they can be taught to insert 
IUDs, which is simpler and potentially less dangerous). 

This is a good book for the doetor who desires a readable, 
up to date account of methods. Tt is guaranteed to make 
him re-think his role in this field. 

















Exeanor MEARS 


DECLINE OF A RAPTOR 


Peregrine Falcon Populations 

Their Biology and Decline. Edited by Joseph J. Hickey. 
(Proceedings: of an International Conference sponsored 
by the University of Wisconsin.) Pp. xxi +596 
plates. (University of Wisconsin Press: Madison 
London, February 1969.) $10: 95s. 


Tue peregrine faleon is a cosmopolitan species, which is 
found from Greenland to the Falkland Islands. It has 
been divided into twenty-two races. Peregrines have bred 
successfully on Salisbury Cathedral in England, the office 
of the Sun Life Insurance in Montreal, and the Law Cour 
in Nairobi, and in other cities, as well as in remote parts 
of the Arctic and tropical Asia and Africa. Incidentally, 

the photographs of peregrines and different types of their 
nesting sites are a valuable feature of the book. 

The peregrine preys on a wide variety of organisms, but 
essentially it is a predator of medium-sized birds; it 
prefers domestic pigeons whenever they are available, 
It prefers to breed on high eliffs, especially when these con- 
tain seabird colonies; but when cliffs are absent it breeds 
in the old nests of crows and other species in trees; and 
where there are no cliffs or trees it lays its eggs on the 
ground. The mean clutch size is lowest in the Arctic 
(2 95) and highest in the eastern United States (3-72). 
If the eggs are taken the species usually lays a second 

clutch. Peregrines do not usually breed in their first 
year. Individual birds are known to have lived up to 
17-20 years. Unlike the populations of many other 
raptorial birds, those of the peregrine are extraordinarily 
steady; associated with this characteristic is the pere- 
grine’s fidelity to certain nesting sites, some of which have 
been occupied for centuries. Much is known about the 
natural history of the peregrine falcon, whieh has excited 
man’s interest and admiration from the earliest days and 
which was the principal hawk of the falconer. 

During the late 1940s and early 1950s this very stable 
species underwent one of the most spectacular declines 
ever recorded in a vertebrate species: within a few years 
it became extinct in many parts of the north of its range 
as in Wisconsin. Massachusetts and south-east E nglend, 
or very much rarer as in Germany and Finland. Only in 
Alaska and Canada was there no evidence of a catastrophic 
decline during this period. Destruction of eggs by the 
birds themselves and reduced breeding success were 
associated with the population changes. The sudden 
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decline of a highly adaptable and stable cosmopolitan 
vertebrate species over a large part of its range was an 
unprecedented event of unusual interest to biologists, 
and it called for a far-reaching discussion on its causes. To 
meet the need the University of Wisconsin sponsored an 
international conference which was held at Madison from 
August 29 to September 1, 1965. This volume consists 
principally of the proceedings of the conference. A valu- 
able introductory chapter on the biology of the peregrine, 
together with a summary of the conference and its con- 
clusions, have been added by the editor, Professor Joseph 
J. Hickey, and his associates. Also, additional matter on 
behaviour and ecology has been incorporated. It is a 
pity that the proceedings of what was clearly an out- 
standing conference were not published for three and a 
half years; however, the delay did enable the editor to 
include valuable addenda, in particular a brief account of 
D. A. Ratecliffe’s important discovery that the thickness 
of peregrine eggshells declined significantly in the late 
1940s and has remained low ever since in most of Britain. 
A similar situation was found to have oceurred in North 
America. 

About one-fifth of the volume is concerned with other 
raptors, and shows that population declines similar to 
those of the peregrine occurred in other species with 
similar feeding habits. It also shows that declines in 
reproductive success occurred contemporaneously in some 
of these species, and in others, such as the golden eagle in 
Scotland, whose populations have not yet been affected. 

It was obvious to members of the conference that the 
peregrine population was “responding to a complex of 
factors”. By carefully sifting the immense amount of 
available information and the probable effects of climatic 
change, human disturbance and predation, scarcity of 
food and disease, the members of the conference came to 
the conclusion that all these factors had had some local 
effects on the peregrine population, but only the introduc- 
tion of persistent organochlorine insecticides could account 
for the widespread and unprecedented decline in repro- 
ductive capacity and population. Information obtained 
since the conference has tended to confirm this conclusion, 
although it is possible that the polychlorinated biphenyls, 
a related group of industrial pollutants, may have rein- 
forced the effects of the insecticides. In the absence of 
experiment—it is virtually impossible in this case—con- 
clusions have to be based on a total appraisal of the whole 
complex situation. This volume demonstrates the strength 
of conclusions when they are based on rigorous assessment 
of all relevant information. As R. C. Clement pointed 
out in one of the discussions, the only reason that there 
is still a conflict of opinion about the principal cause of 
the decline of the peregrine is “that there is a conflict of 
interest involving commercial considerations”. 

The editor has undertaken the wellnigh impossible task 
of turning the proceedings of a conference into a readable 
book; he has not succeeded wholly but he has done a 
very fine job. Peregrine Falcon Populations should be 
read by all who are concerned with population dynamics 
of vertebrates, with the control of environmental con- 
taminants, with conservation, and with the use and 
control of pesticides. N. W. Moore 





TROUBLE FROM RAGWORT 
The Pyrrolizidine Alkaloids 


Their Chemistry, Pathogenicity and other Biological 
Properties. By L. B. Bull, C. C. J. Culvenor and A. T. 


Dick. (North-Holland Research Monographs. Frontiers 
of Biology, Vol. 9.) Pp. xv+293. (North-Holland: 
Arnsterdam, 1968.) 1178. 


RANGING as it does from Pictou disease of cattle in Canada 
to Kimberley disease of horses in Australia, from veno- 
occlusive disease of the liver as the result of the consump- 
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tion of bush tea in the West Indies to bread poisoning 
caused by contaminated grain in South Africa, few 
examples of plant poisoning affecting both man and 
beast can have so wide a distribution as sencciosis (or 
pyrrolizidine alkaloidosis, as the authors of this book 
prefer to call it; a cumbersome if more accurate term, and 
one which comes unhappily to the tongue). Although this 
condition had been known by one name or another for 
many years, and although ragwort had been regarded with 
suspicion as long ago as the eighteenth century, it was 
not until 1903 that Winton disease in New Zealand was 
shown to be caused by the consumption of Senecio jacobea. 
The delay in the recognition of the causative factor was 
largely because there can be a delay of weeks, or even 
months, betwecn the ingestion of the offending plant and 
the onset of recognizable clinical symptoms. As time 
went on, various other syndromes characterized by ehronie 
liver damage were found to have been caused by the 
ingestion of plants of Senecio or other species. Chemical 
investigation of these revealed that they all contained 
pyrrolizidme alkaloids, a type previously unknown. 
Although the presence of these alkaloids was reported 
before World War I, little was known of their structure or 
mode of action until after World War IT. From that time, 
however, our knowledge has increased rapidly, much of 
the recent work having been carried out in Australia, and 
associated particularly with the names of the authors 
of this book, who are thus eminently qualified to deal 
with the subject. 

They consider pyrrolizidine alkaloidosis from all engles, 
introducing it with a brief historical and geographical 
survey and then proceeding to deal with the distribution 
of the alkaloids, the methods for their isolation and detece- 
tion, and thei chemical and physical properties. They 
describe the experimental work that has been done in 
attempts to elucidate the mechanism of the toxie action 
of these compounds, and discuss the various biological 
properties that have been ascribed to them. They deal 
with the pathology of the condition caused, and the relation 
between chemical structure and hepatotoxic effect. An 
excellent final chapter on summary and conclusions is 
followed by appendices listing the various pyrrolizidine 
alkaloids (no fewer than 106 of them), their molecular 
structure and physical properties, and the plants which 
contain them. 

Here is a book which will be of the greatest value to the 
organic chemist, the toxicologist and the veterinarian, 
who will thank Dr Bull and his colleagues not only for 
their own contribution to our knowledge of this compli- 
cated field, but also for collecting together so much mater- 
ial which is widely scattered through the chemical, 
pathological and veterinary literature. 

The book is well produced and clearly printed on 
excellent paper. The only serious criticism one can make 
is that it has no index, the provision of whieh would greatly 
have enhanced its value as a work of reference. 

E. G. C. CLARKE 





DEVELOPMENTAL BIOLOGY 


The Stability of the Differentiated State 

Edited by H. Ursprung. (Results and Problems in Cell 
Differentiation: a Series of Topical Volumes in Develop- 
mental Biology, Vol. 1.) Pp. xi+154. (Springer- 
Verlag: Berlin and New York, 1968.) 54 DM; $13.50. 


Waen Hydra is regenerated from an explant containing 
only digestive cells and gland cells, while the progeny of 
a single cartilage cell can be persuaded, reversibly, to 
produce matrix or not, with producers and non-producers 
growing side by side in the same dish, what is there in 
common to be learned? Primarily, that many of the 
classical views on the identity of the differentiated cell 
are likely to be revised on scrutiny with rnethods other 
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than those of conventional microscopy. Refined criteria 
of differentiation provided by biochemical analysis, 
great advances in in vitro technique, together with 
sophisticated kinetic methods and the electron microscope 
have, in the past two decades, provided opportunity for the 
re-examination of growth and development in a more 
objective way than was possible when the dogma of 
histology was laid down. In this volume topical reviews 
demonstrating “the bearing of different lines of thought 
and experimentation” on the nature and properties of the 
differentiated cell have been collected together. 

Chapters by Holtzer and Abbott, Lash, Whittaker, 
Hausehka, and Cahn deal with the results of in vitro 
methods, principally on cartilage, retinal pigment and 
muscle cells, and while each author tends to his idiosyn- 
cratic interpretation, it is made exhaustively clear that 
biochemistry provides a more sensitive index of similarity 
or difference between cell populations than does mor- 
phology, and that growth density and the immediate 
microenvironment are paramount in enabling a cell to 
maintain a manifest specialized activity. Rapid DNA 
synthesis and continued production of differentiated 
product are not always incompatible, and differentiation 
can be freely reversible in a cell line, but the controlling 
conditions have not yet been analysed in precise molecular 
terms, though that day is clearly approaching. 

In the last four chapters Hay, Burnett, Braun and 
Gehring turn attention to the situation in vivo. Meta- 
plastic transformation of the ‘‘differentiated”’ cell seems in 
many cases to be replacing the old concept of the “un- 
differentiated” interstitial cells as a source of regenerating 
population. In these chapters, again, there is to be found 
evidence for the importance of the local environment in 
governing the morphology of the cell. Gehring’s review 
of the work on determination in the imaginal disk is 
excellent in providing concisely the evidence that a very 
small number of switching events may trigger reversibly 
widely differing pathways of phenotypic expression. 

This book is the first of a series of such reviews. In 
most chapters, the intensive style of presentation means 
that, to get much out of it, the reader should be well versed 
beforehand in the problems covered. In spite of the 
unifying theme, one wonders whether a brief editorial 
preamble surveying the problems might not make the 
content more widely digestible. The volume is very well 
produced, and only at the foot of page 75 does one feel 
that complexity of presentation has run away with 
someone. I look forward with interest to the appearance 
of companion. volumes. R. PRESLEY 


FLOWER ORIGINS 


Flowering Plants 
Origin and Dispersal. By Armen Takhtajan. Pp. vi+310. 
(Oliver and Boyd: Edinburgh, June 1969.) 50s. 


To judge by the number of major works that have been 
published recently, these are exciting times for botanists 
concerned with the major systematics of flowering plants. 
Following closely on Cronquist’s Evolution and Classifica- 
tion of Flowering Plants (reviewed in Nature, 221, 293; 
1969) comes an important volume by the leading Soviet 
plant taxonomist and morphologist, Professor Armen 
Takhtajan, which is an extensively revised and amplified 
translation of the second edition of his The Origin of 
Angiospermous Plants (Moscow, 1961). As the title 
indicates, it is concerned not only with the origin of the 
angiosperms but with their dispersal in time and space. 

After a somewhat pedestrian introductory chapter, 
reminiscent of germanic-style lectures students used to 
suffer decades ago, the pace warms up in the two and a 
half pages of chapter two, where the author comes out 
strongly against the polyphyletic origin of the flowering 
plants. No new evidence is adduced and, as the preface 
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indicates, readers interested in other current arguments 
on the origin and evolution of the angiosperms should 
consult the works of Croizat, Lam, Melville and Meeuse. 
The difficulty or even absurdity of trying to derive the 
Urticales, Fagales and similar groups from the magnolia- 
type of organization that Croizat highlighted in a recent 
review, and which follows from insisting on a monophyletic 
origin, is not convincingly answered by pointing to the 
Hamamelidales as a linking group, although further 
arguments are put forward in a later chapter on the origin 
of the apetalous dicotyledons. 

By a process of elimination, the author arrives at the 
not unsuspected conclusion in chapter three that the 
angiosperms arose from some ancient group of gymno- 
sperms with a primitive secondary xylem of scalariform 
tracheids and primitive bisexual strobili. The next two 
chapters cover such topics as the probable upland origin 
of the flowering plants and the bearing of population 
genetics on such an origin, and a detailed and valuable 
discussion of the role of neoteny in evolution and of 
the relationship between insects and angiosperm flowers. 

Chapter six is devoted to a detailed hypothetical 
reconstruction of the first flowering plants in terms of 
vegetative organs, anatomy, floral structure and karyo- 
type, while chapter seven gives a survey of present-day 
angiosperms which display many primitive and archaic 
features (mainly Magnoliales, Laurales, Trochodendrales). 
Both these chapters are well documented and up to date. 

The origin of the monocotyledons is discussed in chapter 
nine and there then follow six chapters on palaeobotanical 
and historical phytogeographical probleras which form 
the most original and rewarding part of the book. A 
valuable feature is the frequent and extensive reference 
to Russian literature not otherwise familiar to the western 
reader. 

There are two large appendices, the first being an 
annotated outline of the classification of flowering plants 
based on Takhtajan’s 1967 system (published in Russian) 
with some changes at the ordinal and family levels. 
This system differs in many ways from those recently 
published by S06, Cronquist, Thorne and others, although 
there are some basic resemblances. The second appendix 
is a summary of the floristic regions of the world with an 
accompanying map. There is an extensive bibliography 
and a fairly detailed index. The text is attractively and 
clearly printed and illustrated with line drawings and 
twelve pages of well chosen plates. 

The translator, C. Jeffrey, has done his job well and 
placed us in his debt. Although the book still has a 
foreign-sounding ring to the British reader, this is largely 
due, I suspect, to the style of the original, the occasional 
use of uncommon terms and the unfamiliar subject 
matter of some of the latter half of the book. 

This is a valuable and important book which deserves 
to be widely read. Teachers of systematics and phyto- 
geography will find it invaluable, while their students, 
particularly the more advanced, will benefit from having 
detailed information on angiosperm origins and evolution 
brought together in a readable form. 

V. H. Heywoop 


NEUROLOGICAL DISEASES 


The Central Nervous System 

Some Experimental Models of Neurological Diseases. 
Edited by Orville T. Bailey and David E. Smith. (In 
national Academy of Pathology Monograph.) Pp. xit- 
364. (Wiliams and Wilkins: Baltimore, 1968. Distri- 
buted in the UK by Livingstone, Edinburgh.) 170s. 
Tue cover title is simply The Central Nervous Sysiem and 
is misleading. The book is, in fact, mostly about neuro- 
pathology, contained in some twenty-one chapters. 
Several of the studies invelve the use of the electron 
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mucroscope. Over the past decade, at meetings and in 
journals devoted to neuropathology, I have watched with 
increasing dismay the introduction of this powerful tool to 
this subject, for I fear that many neuropathologists 
have not accomplished a satisfactory transition from light 
to electron microscopy. How many of one’s early years 
are devoted to learning to understand what one sees 
down a light microscope on a normal, not to mention a 
pathological, preparation? So is it not reasonable to 
expect a neuropathologist to undergo a similar period of 
discipline in electron microscopy of the normal central 
nervous system ? Unlike other tissues, the morphological 
ramifications of nervous system fine structure are vast— 
fixation still presents innumerable problems, the nature 
of the extracellular space is a subject in itself, experts still 
disagree about the identification of the different sorts of 
neuroglia, and the literature on synaptic fine structure is 
in itself almost overwhelming. Yet the neuropathologist 
must surely have all this at his finger tips if he is going to 
make a competent analysis of the pathological changes in 
his micrographs. 

Thus the first two chapters on normal neuronal (Hart- 
mann) and neuroglal (Rosenbluth) fine structure are 
deceptively brief and lacking in key references. O’Leary 
et al. use the rabbit for model experimental studies in 
hereditary ataxia. In an otherwise interesting article, 
the electron microscopy seems so uncritical. An exhaus- 
tive study of exactly comparable sites in normal animals 
is needed before one can be persuaded that. for example, 
splitting of the myelin lamellae and glial swelling is strictly 
a feature of the pathological situation. Terry, on 
Alzheimer’s disease, describes the fine structure of the 
neurofibrillary tangles with the electron microscope. Kidd 
first. deseribed them as clusters of helical pairs of filaments, 
but Terry maintains that they are twisted neurotubules 
the illustrations surely favour Kidd’s interpretation. 
This article called for a detailed appraisal of the neuro- 
filament/neurotubule concept and the related problem of 
argyrophilia, both unfortunately side-stepped by Terry 
MecMenemey, incidentally, gives an interesting chapter 
on present concepts of Alzheimer’ a disease. 

Bornstein describes tissue culture experiments as valu- 
able experimental situations for investigating demyelinat- 
ing conditions--the pathogenic agents involved in, for 
example, multiple selerosis remain baffling. Especially 
inte ng is the finding that the application of a demye- 
linating serum produces an immediate functional block 
of axon transmission long before there is any visible 
evidence of demyelination. There ig some evidence that 
the 1aptic vesicles that carry the transmitter substance 
may be interfered with, If so, a completely new approach 
to the study of multiple selerosis is foreshadowed. 

There are several interesting chapters on geographic 
neuropathology. Alpers’s paper on kuru illustrates the 
complexity of factors involved-cannibalism, for example, 
and the mode of transmission from mother to offspring. 
The relation of kuru to scrapie is mentioned: a chapter on 
scrapie with its enigmatic agent responsible for transmis- 
sion should have been included in this book. 

Other chapters deal with preparative techniques, fluores- 
cence microscopy and the problems of human brain biopsy. 
The illustrations throughout the book are numerous and 
of good quality. There is a good author index, but a 
very inadequate subject index. E. G. Gray 



































BOOK OF COMPLICATIONS 


Atom, Man and the Universe 
The Long Chain of Complications. 
Translated by John M. Hoberman. Pp. 110. (W. H. 
Freeman: San Francisco, June 1969.) 32s. 

Ow reflecting about the world and space in all their corm- 
plexity, have you ever wondered where man fits in? On 


By Hannes Alfvén. 
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the one hand, we have the minute atom with its associated 
electrons, protons and neutrons; on the other, we have the 
universe, billions of galaxies containing billions of stars. 
In the centre stands man, trying to understand the atomic 
microcosm, trying to understand the universe which 
dwarfs him and most of all trying to understand himself, 
a living, thinking, sentient being. Between the atom, 
life and the universe lies a high chain of complicated rela- 
tions, with modern. science gainfully attempting to fit the 
links of this chain together. 

Professor Alfvén tacxles man’s dilemma by considering 
modern science advancing on three major fronts—the 
very large, the very small and the very complicated. 
The very large is studied by astronomers who are con- 
tinually worrying about the creation of the universe, the 
origin of the planet Earth and the Moon, and the problem 
of exclusiveness-—is man alone in the universe ? (or what 
is more to the point, could man ever find out if he was not 
alone ?). The very small is the world of atoms. Every- 
thing is made of atoms and man must strive to understand 
not only the atom itself and w hy the nucleons bind together 
but also why atoms combine with each other forming 
complex mo lecules. The ver y complicated is the spheres 
of biology and zoolo We are made up of individual 
atoms, but even if we understood them completely, would 
it be possible for us to understand why we live, see, think 
and die? Could we analyse the problems of our soul and 
conscience in this “atomic”? way? There is also the 
problem of evolution, with atoms and molecules combin- 
ing to form living cells and finally producing mankind 
himself. From cust we came, but is dust our only end ? 

Alfvén, looking into the future, tries to predict how 
man will develop, The incredible tempo of human history 
(which has only lasted about 6,000 years) is placed in the 
context of the ages-long development of the Earth. 
Will computers and space travel drastically change man’s 
relationship with the world ? 

Anybody who has at some time puzzled about man’s 
place in the universe will find this book stimulating. 
Alfvén poses a series of thought provoking questions; 


only time will provide the answers. 
Davin W. 
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VECTOR COURSE 


Vectors 
By John 
(Educational): 
18s. 

THis book covers a typical first course on vectors in a 
British university. It is a pleasantly presented, readable 
account with several attractive features, but contains one 
unsatisfactory chapter. 

After introducing veetors as represented by line s 
ments satisfying the parallelogram law. differentiation of 
vectors, scalar “and vector product follow a traditional 
pattern. The suffix notation and change of basis are 
quickly introduced and used where appropriate in the 
text. The author goes even further when introducing the 
idea of cartesian tensors. He uses this idea in application 
to deformations and for the permutation tensor eije 
Although the topics in the first half of the book are not 
particularly well motivated as they are introduced, many 
of the appheations im the text are from elementary 
mechanics with two chapters reserved for specific applica- 
tions to rigid body displacements and deformations. The 
chapter on displacements looks primarily at the problem 
of representing both finite and infinitesimal rotations. 
This is one of the best parts of the book and the Mlustra- 
tion of the use of quaternions for finite rotations, which is 
both elementary and illuminating, is particularly good. 
There are few, if any, books at this level that treat defor- 
mations and for this reason the chapter on this topic 
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provides an admirable introduction to a continuum 
mechanics course. 

The second half of the book concerns the gradient 
operator and vector integral theorems. The chapter on 
the gradient is the weakest of the book and is unsatisfac- 
tory on two counts. First, the author grapples with the 
difficulty of producing a coordinate free definition of grad, 
div and curl. He introduces grad f=n éf/én ina coordinate 
free way, but then introduces div and curl in a specific 
coordinate system and only refers to proof of invariance in 
a problem at the end of the following chapter. This 
inconsistency can only lead to confusion. Second, the poor 
definition of gradient leads to a deficient proof of the 
crucial result y (f+g)= yJ +yg:; the author proceeds 

aof dg 
s ‘an t Pap 


The last step indicates that n ef/dn=vf, but from the 
definition given, n is normal to the level surface of (f +g) 
and the identification is not true. The final chapter on 
vector integral theorems gives a reasonable account of the 
subject. 

The publishers have produced a well laid out book with 
few misprints and the author has tried, on the whole 
successfully, to blend a traditional introduction with a 
more modern approach to veetors, sprinkling the book with 
well graded examples, many of considerable mathematical 
or physical interest. D. M. BURLEY 


~ 0 
Vif+g) = ne (f+g) = yf + vg. 


COMPUTER GRAPHICS 


Emerging Concepts in Computer Graphics 

Edited by Don Secrest and Jurg Nievergelt. {1967 
University of Hlinois Conference.) Pp. ix+ 418. (Benja- 
min: New York and Amsterdam, October 1968.) $12.50. 


Tue book is a collection of papers presented at a con- 
ference at the University of Illinois in November 1967. 
Tt seems incredible that the publishing of the book con- 
cerned with such a rapidly changing area should take so 
long, and yet the publishers disclaim all responsibility for 
its late appearance, as the volume was printed direct from 
typescript as a quick method of publishing! The book 
contains no index, glossary, collected bibliography or 
information about the authors. The method of reproduc- 
tion necessitates diagrams and text appearing on separate 
pages so that they can rarely be studied together. 

There have been several properly one edited books 
published within six months of a conference and with 
careful planning this could be cut further. Conference 
organizers and publishers must realize that it is vital for 
conference material to be distributed rapidly. 

The papers are generally of a high calibre and cover 
most of the graphics topics emerging at that time, although 
there is inevitably some overlap and great variation in 
style. ‘The hardware papers describe plasma displays, 
hybrid processors, pattern recognition encoding, and a 
computer aided instruction system incorporating slides. 
The software papers discuss a picture calculus, the 
problem of directness, observations on a graphic system, 
computer aided programming, computer graphics for 
designers, computer graphics in macromolecular chemistry, 
and experience in the application of interactive graphic: s. 
The application papers relate experiences in experimental 
structures, computer-animated movies, automated graphies 
in structural steel fabrications, and a general review of 
applications. Regrettably, some of the papers presented 
at the conference, including one on laser beam deflexion, 
have not appeared in the book, and the films shown at 
the conference are not fully described. 

The most interesting hardware discussed is the plasma 
display, effectively a matrix of discharge tubes, 0-025 
inches apart in a glass plate. A 4 inch x 4 inch version has 





now emerged and there are no intrinsic difficulties expects 
in increasing the size. The device combines the display 
and storage facilities without the non-selective erasure 
disadvantages of a storage tube. It is transparent and 
ean therefore be superimposed on to a statie picture or on 
to slides. The 40 cells per inch is somewhat coarse 
resolution, but this may be countered by using a larger 
screen-—the usual 1,000 point sereen would be 25 inches 
square. 

Other hardware described include ARTIX, a hybrid 
graphical processor which could be used either as a stand 
alone terminal or as a satellite to a large digital machine, 
and PEPR (Precision Encoding and Pattern Recognition) 
for analysis of film recorded data from bubble chamber 
tracks. 

Among the interesting papers in the software section, 
the paper on “A Picture Calculus” describes an interesting 
method of building pictures from primitive elements; 
“Observation on a Graphic Console System” suggests a 
method of quantifying the assessment. of its effectiveness; 
“Computer Graphics for Designers” outlines a most useful 
method of manipulating pictures; and “Experience in 
the Application of Interactive Graphies” gives a valuable 
account of aircraft design work, 

The experimental structures paper describes a novel 
application of common interest to architects, A and 
designers, and in the review paper “Computer Graphics 
the exciting possibilities of an animated figure are 
described. 

This is an expensive book, but many of the papers 
contain valuable information on computer graphics, 
the newest and most exciting field of computing, and it 
must therefore be included in any scientific library. Te is 
unfortunate that it is not better produced and these 
conflicting aspects make it difficult to review con- 
structively. R. D. Parsrow 


Professor B. S. Platt 

BENJAMIN STANLEY PLATT, professor of nutrition in the 
University of London, died at his home in London, on 
July 18, 1969, at the age of 66. For twenty-five years he 
had combined the posts of director of the MRC’s Human 
Nutrition Research Unit, from which he retired two years 
ago, and head of the department of human nutrition at t 

London School of Hygiene and Tropical Medicine. Born 
in 1903, Platt graduated from Leeds University with first 
class honours in chemistry in 1923, later obtaining ; 
and PhD and graduating in medicine with honours in 1930. 

From 1932 to 1938 Platt was associate in medicine and 
head of the department of medicine in the Henry I 
Institute of Medical Research in Shanghai. His 
Shanghai set the pattern for the rest of his professional 
life. With his lifelong friend Gwei Djen Lu, he showed 
that the biochernical lesion of thiamine deficiency in the 
pyruvate oxidase stage of glycolysis, which Rudolph 
Peters and his associates had observed in vitro, oceurred in 
fulminating human beriberi. When he was able to obtain 
a few grams of the newly isolated vitamin in 1936, he 
observed that the intravenous injection of 5 mg of thiamine 
restored the blood level of pyruvic acid to normal and his 
patients recovered. 

This immediate application to clinical medicine of what 
Peters has described as a new and revolutionary approach 
to pathology, and the nice definition of the precise lesion, 
shows one aspect of Platt’s character: but it was a 
characteristic that he took a wider view, He related the 
occurrence and severity of beriberi to factors influencing 
metabolism—fever illness and muscular effe -and in the 
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social wilderness of Shanghai in the 1980s he persuaded 
employers to provide better rice for their workers. This 
all embracing grasp of the causes of nutritional disease and 
their relationship to other diseases and social conditions 
marked him to the end of his days. 

Joining the scientific staff of the MRC in 1939, as a 
senior member of the Central Organization for Coordina- 
tion of Nutritional Research in the Colonial Empire, he 
played a major part in the preparation of the report on 
nutrition in the Colonial Empire published in 1939, This 
was a key document at the United Nations Conference at 
Hot Springs in 1943, at which the Food and Agriculture 
Organization was conceived, and he was a United King- 
dom delegate to the First FAO Conference at Quebec in 
1945. He directed nutrition surveys in Nyasaland and 
Gambia, and in his report to the Colonial Office on nutri- 
tion in the British West Indies, published in 1946, he gave 
a model exposition of the technique of rapid clinical 
nutritional surveys. 

At the Human Nutrition Research Unit he directed the 
experimental investigation and measurement of the 
protein-calorie value of typical diets that he had seen to 
be consumed by under-developed communities. He repro- 
duced the pathological features of kwashiorkor in experi- 
mental animals and, by means of precise assays, measured 
the protein-calorie values of diets as they are consumed, 
showing the effect on these values of such variable factors 
as infection, calorie restriction and intoxication. 

Many of his students are now leaders in nutritional 
work throughout the world, but Platt was just as interested 
in the nutritional education of the health visitor in the 
village or the social worker in the city slum, and he took 
great pains to understand their difficulties. His reward 
has been their great respect and affection for a man who, 
showing deep understanding of their problems, would 
always point the way to their solution. 


Correspondence 


New Look for MRC 


Sm,--In your note on the Medical Researeh Councils 
annual report for 1968-69 and, in particular, concerning 
the report of the Radiobiology Committee under the 
chairmanship of Professor Paton (Nature, 223, 437; 1969), 
you make the statement that ‘radiological protection is 
not the pressing topie it used to be”. 

We are concerned lest your statement be misleading if 
it is read without reference to the full report of the Paton 
Committee. It might be correct if radiological protection 
were solely concerned with environmental contamination 
from nuclear weapons fallout, at any rate now that the 
present levels of radiation from this source are low and 
assuming they decrease further in the future. Nevertheless, 
it would be prudent to keep under review the problem of 
environmental contamination from all sources rather than 
have to do this in the emotional atmosphere which is 
likely to result if any future substantial release of radio- 
activity into the environment occurs. 

Our main point, however, is that radiological protection 
is concerned with a far wider field than fallout from 
nuclear weapons testing. This larger field has included in 
the past the safe use of radiation sources in medicine, 
industry, research and teaching. The need for continued 
supervision of these and other sources of radiation was 
foreshadowed by the Paton Committee in its reference 
to the forthcoming National Radiation Protection Board 
of the United Kingdom. 

The use of radiation sources is increasing throughout 
the world and, together with expanding nuclear power 
programmes, these will continue to require effective radio- 
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logical protection organizations, both at national and 
international level, if we are to strike a proper balance 
between the risks and the benefits from these sources 
and if we are to prevent a repeat of the runaway pollution 
problems which have beset so many of man’s advances. 
It would be unfortunate, therefore, if your remark were 
to undermine the important role that radiological protec- 
tion must increasingly fulfil. 
Yours faithfully, 

E. E. SMITH 

J. VENNART 
Radiological Protection Service. 

F. D. Sowsy 
International Commission on 
Radiological Protection, 
Clifton Avenue, 
Belmont, Sutton, 
Surrey. 


An Unhonoured Biologist 


SIR, —I am sorry that Dr N. Dewey (Nature, 221, 394; 
1969) derives so little benefit from Burton’s great work, 
but I take particular exception to his view that Burton’s 
work was “patching together the pros and the eons of 
an argument’. Burton himself shows his impatience 
with such work—~‘‘a thing of mere industry, a collection 
without wit or invention, a very toy 

Ido not observe any “question and tentative judgment” 
about Burten’s definite conclusion which I quoted, “But 
this diversity of air... .”. Here he is drawing the same 
conclusion as Charles Darwin drew--some 230 years later, 
be it noted-——from the same class of facts. “If we compare, 
for instance, certain parts of South America with parts of 
South Africa or Australia, we see countries closely similar 
in all their physical conditions, with their inhabitants 
utterly dissimilar.” When Dr Dewey writes of “lacking 
scientific method, his answers were a product of his 
imagination only”, I presume he is implicitly comparing 
Burton with later writers on evolution. Let me point to 
what L. T. Hogben wrote: “The contribution of Darwin 
and Wallace first gained general acceptance for the 
doctrine of descent. But the success of the latter cannot 
be said in the light of modern knowledge to have been due 
to the greater measure of experimental (as opposed to 
circumstantial) data on which their conception of the 
process was based: for, like Lamarckism, Darwinism was 
an essentially dialectical construction.”? Besides, as a 
product of the imagination only, what better example is 
there than Darwin’s imaginary description of how the 
eye possibly evolved ?* 

T consider the sweeping statements in the last paragraph 
of the letter to be valueless. In my book I presented very 
extensive evidence. If Dr Dewey has counter-evidence, I 
hope he will publish it. 











Yours faithfully, 


A. BROWNLEE 
509 Lanark Road, 
Juniper Green, 
Midlothian. 
1 Darwin, C., Origin of Species, 334 (Murray, 1885), 


* Hogben, L, T., Principles of Evolutionary Biology, 105 (Juta and Co). 
* Darwin, C., Origin of Species, 146 (Murray, 1885), 


Complementarity and Philosophy 


Str,—-It is somewhat disarming to read, in the article 
“Complementarity and Philosophy’ by T. Bergstein 
(Nature, 222, 1033; 1969), a philosophical appreciation 
of the doctrine of complementarity at a time when 
physicists themselves have expressed reservations about 
that doctrine as a permanent element of theory. I am 
not here concerned with discussing the value of comple- 
mentarity in disposing of traditional philosophy (although 
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a doctrine whose working hypothesis is a chameleon-like 
ability to avoid refutation should appeal as much to a 
metaphysician as to an anti-metaphysician). What I 
dispute is that modern physics necessarily supports such 
a view or can progress from it. 

The first point to be made is that indeterminism in 
quantum physics does not, of itself, call for a new epi- 
stemology. Bergstein seems to imply that it does, for, 
although he develops the idea of complementarity of 
language as an independent philosophical principle, he 
then adds “. . . (philosophers) have not yet realized how 
profoundly the discoveries of modern physics affect the 
whole of epistemology”. To say this is to imply that the 
uncertainty principle has a meaning which transcends 
quantum physics. But this is precisely what is in dispute. 
What the uncertainty principle tells us is that our know- 
ledge of nature is limited by the existing language of 
physies. It does not limit all that we can ever know 
unless the existing language is the only possible one. 
What Bergstein argues is that the existing language— 
“ordinary” language—is so inextricably bound up with 
our experience that any other language would be un- 
thinkable, even meaningless. But this is an independent 
assertion which cannot be inferred from quantum physics. 

The notion that “ordinary language is the ultimate 
source of the unambiguousness of physical description” 
seems to me to be a very restrictive hypothesis which is 
not evinced by scientific history. Relativity, for example, 
was opposed by philosophers on the ground that Euclidean 
space was part of everyday experience and therefore 
Riemannian space was unthinkable. Of course, one can 
argue (with hindsight) that the example is not a good one 
because both theories employ the same variables: but it 
would be absurd to suggest that the everyday meaning 
of time has not been modified. 

Although Bergstein regards ordinary language (and 
complementarity in it) as unavoidable, he does not, 
however, exclude the possibility of physical theory beyond 
quantum mechanics. He is prepared (as many who are 
otherwise his co-ideologists are not) for “a more funda- 
mental theory of matter and radiation which will contain 
quantum mechanics as an inherent sub-section”. If by 
this he means “a more detailed theory”, then he is being 
inconsistent. For, as Bohm has pointed out, such a 
theory is equivalent to an assumption of hidden variables. 
And, since these variables have not yet been observed, 
they will not be part of ordinary language. If he means 
“a logical extension of quantum theory” he should say 
so. But it is not clear what kind of extension can be 
meaningful in the face of an irreducible complementarity. 

Perhaps the way out of the difficulty is to relegate 
complementarity from the level of a fundamental principle 
to that of a heuristic description, as Landé has suggested. 
After all, the discoveries of modern physics were not 
revealed by complementarity in language, but by experi- 
ments designed as if there is an external world independent 
of what we think. Tt is this ontological view which has 
motivated science from Galileo to Einstein. But then 
motivation is also “no problem for the paper philosopher”. 


Yours faithfully, 


M. P. MELROSE 
Department of Chemistry, 
King’s College, 
Strand, London WC2. 


CORRIGENDUM. In the article “Multiple Forms of Rat 
Brain Monoamine Oxidase’ by Youdim, Collins and 
Sadler (Nature, 223, 626; 1969), the cathodes and anodes 
should be interchanged in Fig. 1, and lines 3-4 of the 
legend should read “MAO,-, migrated from cathode to 
anode and MAO, from anode to cathode”. 
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International Meetings 


September 1-4, Group Conflict and Mutual Accept- 
ance, San Francisco (Professor H. A. Enzer, Hofstra 
University, Hempstead, New York 11550). 


September 1-5, British Pharmaceutical Conference, 
Belfast (Pharmaceutical Society of Great Britam, 17 
Bloomsbury Square, London WC1). 


September 2-6, International Congress of Cyber- 
netics, London (Dr J. Rose, International Congress of 
Cybernetics, c/o Blackburn College of Technology and 
Design, Blackburn BB2 1LH, Lancashire, UK). 


September 4-5, British Pharmacological Society 
Meeting, Manchester (Dr G. E. Mawer, Departrnent of 
Pharmacology. Medical School, Oxford Road, Manchester 
13, M13 9PL, UK). 

September 15-17, Social Demography and Medical 
Responsibility, Budapest (Regional Secretary, Inter- 
national Planned Parenthood Federation, Europe and 
Near East Region, 64 Sloane Street, London SW1). 


September 19-20, Application of Microchemical Tech- 
niques in the Petrochemical and Allied Industries, 
Portsmouth (Society for Analytical Chemistry, 9-10 
Savile Row, London WIX LAF). 


September 24-27, Diamond Conference, Reading (Pro- 





fessor C. W. McCombie, Department of Physies, The 
University, Whiteknights, Reading, Berkshire, UK). 


September 25-26, Optimum Population for Britain, 
London (Institute of Biology, 41 Queen's Gate, London 
SW7). 

September 25-26, Biochemical Society Meeting, Cardiff 
(Biochemical Society, 7 Warwick Court, Holborn, London 
WEL) 

September 30-October 3, Non-Silver Photographic 
Processes, Oxford (Mr C. Roberts, Kodak Research 
Laboratories, Wealdstone, Harrow, Middlesex, UR). 
October 2-3, Autoimmunity Phenomena, Paris (Société 
Francaise d'Immunologie, Institut Pasteur, 28 Rue du 
Docteur Roux, Paris 15e, France). 





Sabbatical Itinerants 

In the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of families about to 


take up periods of sabbatical leave. To begin with, 

no charge will be made for advertisements like this. 

It is hoped that a period of experiment will show what 

form these advertisements could most usefully take and 
whether they are effective. 


Wanted: Furnished accommodation for 12 months 
from October 1969, within reasonable distance of 
Oxford, for English speaking young Swiss family 
of 3. Please contact Dr Max Dobler, Laboratorium 
für Organische Chemie, Eidg. Technische Hoch- 
schule, Universitatsstrasse 6, $006 Zurich, Switzer- 
land. 


Wanted: Furnished, centrally heated house in the 
country in the south of England for entomologist 
and family of 2 school-age children. Returning for 
1 year in February 1970 for writing-up. Please 
contact R. A. Farrow, OICMA (International African 


Migratory Locust Organization), Kara, Macina, Mali. 





Vacant: Spacious furnished apartment with 4 bed- 
rooms, central heating and garden, in central Edin- 
burgh, for 1 year from October 1969. Please contact 
N. Stebbing, Department of Zoology, West Mains 
Road, University of Edinburgh, Scotland. 
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Reports and Publications 


(not included in the monthly Booka Supplement) 


Great Britain and Ireland 


Trent River Authority. Third Statutory Annual Report for the year ended 
31st March 1968, Pp. 115. (Nottingham: Trent River Authority, 1969.) (227 

Discovery Reports, Vol. XXXV, pp. 135-178: Spirorbis Species (Poly- 
chaeta: Serpuidae) from the South Atlantic. By T. Harris. (London: 
Cambridge University Press, 1960.) 5hs.: $2.75, (227 
. Building Research Station. Current Paper 7/89: Electrical Design and 
Contracting, (A Study of Coding and Data Co-ordination for the Construc- 
tion Industry.) By H. P. Johnston, Pp. 70. (Garston, Watford: Building 
Research Station, 1969.) Gratis, (247 

Proceedings of the Royal Irish Academy. Vol. 6%, Section A, No. 1: 
A Note on the Classical Groups Over Semi-Local Rings, By J. Dennin and 
D. L. MeQuillan, Pp. 1- Is. 6d. Vol, 68, Section B, No. 1: Geochemical 
Survey of Ireland—Meath- Dublin Area. By P, V, Kiely, and G. A. Fleming. 
Pp. 1-28. 18s. Vol. 68, Section B, No. 2: Energy and N itrogen Balance of 
the Albino Mouse During Growth. By M. Greer Walker, Pp. 29-38. 2s. 
(Dublin; Royal Irish Academy, 1969.) [247 

Scientific Proceedings of the Royal Dublin Society, Series A, Vol. 3, 
No, 17: The Stratigraphy of the Cork Beds (Upper Devonian and Carbon- 
iferous) in Southwest Ireland. By D. Naylor, P. C. Jones and M, J. Clarke. 
Pp. 171-192 + plate 7, 10s. Series A, Vol. 3, No. 18: Variations in the 
Biogenic Carbonate Content of Beach Sands on the South Coast of Ireland, 
By Raymond Keary. Pp, 193-202 + plate 8. 7s. 6d. Series A, Vol. 3, 



















No. 19: The Effect of Leaf Roll Virus Infection on the Nucleotides of 
Potato Starch Grai 1 E. A, Harmey and A. C, Cassells. Pp. 203-208. 
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Kavanagh. Pp. 179-190. Ts. 6d. 
1969.) 

Anti-Locuat Bulletin No. 44: 





Temperate Fruit and Hops. 
(Dublin: Royal Dublin Soe 
> 





47 
Field Studies on the Australian Plague 
Locust (Chortoicetes terminifera Walk.) on the ‘Channel Country’ of Queens- 
land. By D. P. Clark, C. Ashall, Z, Waloff and L. Chinnick, Pp. 121. 25s. 
Anti-Locust Memoir No. 10: The Distribution of the Damage Potential of 
the Desert Locust (Schistocerca gregaria Forsk) By F. T. Bullen. Pp. 44 
(29 maps) 108. 6d. (London: Ministry of Overseas Development, Anti- 
Locust Research Centre, 1969.) 247 
Ministry of Agriculture, Fisheries and Food. Infestation Control: Report 
of the Director of the Infestation Control Laboratory 1965-1967. Pp. vii + 
















128 +12 plates, (London: HM Stationery Office, 1989.) 14s. 6d. net. 257 
Action Against Aircraft Noise. Pp. 16. (London: Board of Trade, 
1969.) 257 


_ Bulletin of the British Museum (Natural History). Historical Series, 
Vol. 3, No.8: A History of the First Hundred Years of the Mineral Collection 
in the British Museum, with particular reference to the work of Charles 
Konig. By W. Campbell Smith. Pp. 235-259, (London: British Museum 





(Natural History), 1969). 13s. 287 
The Age of Maturity. Pp. 48. (London: Office of Health Economics, 
1969.) 3a. 287 
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Natural Environment Research Council, Institute of Geological Sciences. 
ritish Regional Geology-—-Central England. By Dr B. A. Hains, and A. 
Horton, Third edition. Pp. ix+142. (London: HM Stationery Office, 
1989.) 6x, net, 287 
_ Society for Analytical Chemistry. Report of the Analytical Methods 
Committee 1968, Pp. 33. (London: Society for Analytical Chemistry, 
1969.) 287 
. University of Oxford. Annual Reports 1967-1968. Pp. 23. (Supplement 
No. 11 to the University Gazetle, Vol. 99, June 1969.) 5s. Lord Nuffield’s 
Benefaction for the Advancement of Medicine-—~Report 1967-8. Pp, 82 
(Supplement No. 12 to the University Gazette, Vol, 00, July 1969.) 
(Oxford: The University, 1969.) lg 

Atrodux in New Zealand Forest Research Buildings. 
Cambridge: Ciba (A.BR.L.), Ltd., 1989.) 

Steel Castings Research and Trad 
Part 2: Research Division. Pp. 27, 
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Other Countries 


US Department of Commerce, National Bureau of Standards. 
Publication 306-3: Bibliography on the Analyses of Optical Atomic Spectra, 
Section 3. By Charlotte E. Moore. Pp. vi+ 87. (Washington, DC: Govern- 
ment Printing Office, 1969.) $0.50. {177 

United States National Museum Bulletin No. 292: The Freshwater and 
Terrestrial Decapod Crustaceans of the West Indies with special reference to 
Dominica. By Fenner A. Chace, Jr., and Horton H. Hobbs, Jr. Pp. v- : 
(Washington, DC: Smithsonian Institution Press, 1969. Obtainable from US 


Special 












Government Printing Office.) $1.7. {187 
BC Research--25th Annual Report 1968, Pp. 20. (Vancouver: British 
Columbia Research Council, 1969.) {187 





Museum of Comparative Zoology, Harvard University, Breviora. No. $16: 
Cytotaxonomic Studies on some Unusual Iguanid Lizards Assigned to the 
Genera Chamacleolis, Polychrus, Polychroides, and Phenacosauris, with 
Behavioural Notes. By G, C. Gorman, R. B, Huey and E. E. Williams. 
Pp. 17. No, 817: Relationships of Two Cretaceous Lizards (Sauria, Teiidae). 
By Richard Estes. Pp. 8. No. 318: Leucolepidapa sunda Gen, Nov., SP. 
Noy. (Decapoda: Albuneidae), a New Indo-Pacific Sand Crab, By lan E. 
Efford. Pp, 9. No. 319: Competitive Exclusion Among Anoles (Sauria: 
Igianidae) on Small Islands in the West Indie: By A. Stanley Rand. Pp, 16. 
No, 320: Taimanawa, A New Genus of Brassid Echinoida from the ‘Tertiary 
and Recent Indo-Pacitic with a Review of the Related Genera Brissopatagus 
and Gilleehinus, By Robert A. Henderson and H. Barraclough Fell. Pp. 29. 
No, 3: Observations on the Agonistic and Breeding Behaviour of Lepto- 
dactylus pentadactylus and other Amphibian Species in Venezuela. By Juan 
A. Rivero and Andr 1. Esteves. Pp. 13. No, eh il Record of 
Amphiumil Salamanc By Richard Estes. Pp. 11. On the 
Earthworms of Ascension and Juan Fernandez Islands. By Gates. 







































Pp. 4. (Cambridge, Mass.: Museum of Comparative Zoology, Harvard 
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World Health Organization, Technical Report Series, No. 420: Com-. 
munity Water Supply--Report of a WHO Expert Committee, Pp. 2i 
(Geneva: World Health Organization; London: HM Stationery Office, 
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US National Museum Bulletin No. 269: United States Army Headgear 
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New Books! 


Molekulare Biologie der Zelle 


Bearbeitet von 15 Fachwissenschaftlern. Herausgegeben von Prof. Dr. rer. nat. habil. 
HEINZ BIELKA, Berlin-Buch. 
645 Seiten, 300 Abbildungen, 58 Tabellen, 16,7 cm*24 cm. 1969. Leinen 52,70 Mark 


In dem vorliegenden Buch wird der strukturelle und funktionelle Bauplan der Zelle unter dem 
Gesichtspunkt der Einheit von Morphologie und Biochemie insbesondere in den molekularen 
Bereichen, das heisst der Verankerung der biochemischen Prozesse in der biologischen Struktur 
dargestellt. 


Probleme des Determinismus 
und der Kybernetik in der 
molekularen Biologie 


Tatsachen und Hypothesen über das Verhältnis des technischen 
Automaten zum lebenden Organismus 


Von Dozent Dr. phil. habi. KLAUS FUCHS-KITTOWSKI, Berlin 
Etwa 400 Seiten, 23 Abbildungen, 14,7 cmx21,5 cm. 1969. Broschiert etwa 26, Mark 


Molekularbiologie und Kybernetik werden immer mehr zu entscheidenden Stützen einer wissen- 
schaftlich begründeten Weltanschauung. In dem Zusammenhang müssen das Verhältnis von 
Biologie und Physik sowie das Verhältnis von technischem Automaten und lebendem Organismus 
analysiert werden. Mit diesen und anderen Fragenkomplexen setzt sich der Verfasser vom 
Standpunkt des dialektischen Materialismus ausführlich, offen und kritisch auseinander. 


Grundriss der Genetik 


Von Prof. Dr. rer. nat. ELISABETH GUNTHER, Greifswald. 
Etwa 504 Seiten, 297 Abbildungen, 50 Tabellen, 16,7 cmx24 cm. 1969. Leinen etwa 40,30 Mark 


Hier liegt eine moderne Einführung in die Grundlagen der klassischen und molekularen Genetik 
vor. Es wird in zweckgebundener Kürze eine sehr gute, informative Darstellung aller Teilgebiete 
dieses grossen, in rascher Entwicklung befindlichen Faches gegeben. Zahlreiche grafische 
Darstellungen und Formelschemata erleichtern und vertiefen das Verständnis. 


Bestellen Sie bei Ihren Buchhändier oder direkt beim Verlag 


VEB GUSTAV FISCHER VERLAG JENA 


DDR-69 Jena, Villengang 2 Deutsche Demokratische Republik 


One of the largest Brewing Groups in the world 


with ten Breweries in Australia needs a 


PLANT BREEDER 


A vacancy exists with the above Company at our Nursery in Ringwood for a suitable graduate to assist 
our Hop Research Officer in our hop breeding programme. This work has been in progress for some 15 
years with considerable success and the Company is anxious to find a suitable young scientist to become 
associated with this programme. As this is a highly specialized field it is anticipated that the applicant will 
need some time to become familiar with the hop industry. 


THE REQUIREMENTS 
THE REWARD 


be paid. 


APPLICATIONS—should be in writing addressed to: 
The Personnel Officer, 
Box 753F, G.P.O., 
MELBOURNE, 3001, 
Australia. 





Tertiary education is required, preferably in the field of Agricultural Science, 
but a principal requirement will be fundamental knowledge of plant genetics. 


A generous salary will be paid to the selected applicant. Superannuation 
is available after a qualifying period. All reasonable removal expenses will 





CARLTON & UNITED BREWERIES LTD. 





UNIVERSITY OF QUEENSLAND 
AUSTRALIA 
SENIOR DEMONSTRATOR IN GEOLOGY 


The University invites applications for the 
position of Senior Demonstrator in Geology 
(Mineralogy and Petrology). An applicant 
should hold at least a Science degree {with 
honours} specialising in Geology. Experience in 
demonstrating is essential, and candidates should 
possess both organising and research ability. 
The successful applicant will be expected to 
carry out field and laboratory teaching and ad- 
ministrative duties as the Head of the Depart- 
ment may require, He will be expected to do 
his own research, The salary will be within the 
range SA4,275 to $A4,840 per annum, The Uni- 


versity provides Superannuation similar to 
F.S.S.U., housing assistance and travel allow- 
ances. 


Additional information and application forms 
will be supplied upon request to the Secretary- 
General Association of Commonwealth Univer- 








sities {Apps.), 36 Gordon Square, London, 
WC, Applications close in London and 
Brisbane on September 19, 1969. (695) 
UNIVERSITY OF QUEENSLAND 


AUSTRALIA 
INSECT PHYSIOLOGIST 


The University invites applications for the post 
of Senior Lecturer/Lecturer in Insect Physiology 
in the Department of Entomology. Applicants 
must have a higher degree, preferably Ph.D., 
and University teaching and research experience 
in Insect Physiology. The appointee will conduct 
classes in insect physiology, participate in courses 
on insect behaviour and ecology and contribute 
to the teaching of general entomology to the 
junior classes ; supervision of Honours and post- 
graduate students in insect physiology. Oppor- 
tunity for research work, 

Salary for a Senior Lecturer will be within the 
range $A7,500 to $A8,750 and Lecturer $A5.400 
to $A7,300 per annum. The University provides 
Superannuation similar to F.8.8.U., housing 
assistance, study leave and travel grants for 
permanent appointees of Lecturer status and 
above. 

Additional information and application forms 
will be supplied upon request to the Secretary- 
General, Association of Commonwealth Universi- 
Hes (Appts.), 36 Gordon Square, London, 
WCL Applications close in London and Bris- 
bane on September 15, 1969, (696) 


For further Classified advertisements see 











CAMBRIDGE 
UNIVERSITY 


Department of 
Inorganic Chemistry 


Applications are invited for an S.R.C. 
supported POST-DOCTORAL RESEARCH 
ASSISTANTSHIP to work on Transition 
Metal Carbonyl Fragments produced by 
low-temperature (15° K) photolysis using 
the matrix-isolation technique and exam- 
ined by IR, UV, and ESR spectroscopic 
methods, 


Starting date: October 1969, or as soon 
as possible thereafter, for up to two years. 


Salary: dependent on 


ence. 


age and experi- 


Inauiries to Dr. J. J. Turner, University 
Chemical 
Cambridge. 


Laboratory, Lensfield Road, 


(716) 





UNIVERSITY OF DURHAM 


A RESEARCH ASSISTANT or STUDENT 
RESEARCH ASSISTANT is required to work 
on the Population Dynamics of Selected Species 
in Upper Teesdale with Dr. M, E. Bradshaw. 
Applicants should have a good Honours Degree 
or Higher Degree in Botany. The appointment 
will be for one year in the first instance, renew- 
able for a second year and possibly for a further 
period. The successful applicant may be allowed 
to read for a Higher Degree. Salary: Research 
Assistant, £950 by £50 to £1,000 with F.S.S.U,: 
Student Research Assistant, £700 to £740. 

Applications (three copies), together with the 
names of three referees, should be sent by 
September 5, 1969, to the Registrar and Secre- 
tary, Old Shire Hall, Durham, from whom 
further particulars can be obtained. (740) 
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TECHNICAL OFFICER 
SCHOOL OF GEOLOGY 
UNIVERSITY OF MELBOURNE 
Applications are invited for the position of 
officer in charge of the X-ray fluorescence and 
diffraction laboratory in the School of Geology. 
Some experience in X-ray analytical techniques 
and/or electronics ig required and experience in 
the analysis of geological materials would be an 

advantage, 

After an initial training period the applicant 
would be responsible for the day-to-day running 
of a well-equipped X-ray laboratory and would 
also be expected ta become an active member of 
restarch groups working on a number of import- 
ant geographical problems including the analysis 
of lunar rock samples from Apollo missions. 

Depending on qualifications and experience, 
salary will be in one of the following ranges: 
Technical Officer Grade 1. SA3.431 to SAS 871 
per annum; Technical Officer Grade 2, $A3.891 
$A4,091 per annum: Senior Technical Officer 
Grade 1, $44,371 to $A4,671 per annum ; Senior 
Technical Officer Grade 2, $A4,811 to $AS.111 
per annum. 

Applications should be addressed in writing to 
the Staff Officer, University of Melbourne, Parke 
ville 3052, Victoria, Australia, stating age, quali- 
fications, experience and names of three profes- 
sional referees and giving position number 69427, 
eee date for applications is Seniembera S0 
1 (715) 





MIDLAND CENTRE FOR 
NEUROSURGERY AND 
NEUROLOGY 


LANE, SMETHWICK, WARLEY, 
WORKS, 


CHIEF E TECHNICIAN or BASIC GRADE 
BIOCHEMIST required for Regional Enzyme 
Assay Service, Whitey Council salaries and 
conditions of service. Major part of duties will 
be concerned with research and development. 

Applications, giving details of age, qualifca- 
tions, and experience, together with names and 
addresses of two referees, should be sent to the 
Group Secretary, West Bromwich and District 
Hospital Management Committee, Edward Street, 
West Bromwich. Applicants wishing ta view the 
laboratory should contact Mr. R. G. é 
021-558 231, 


HOLLY 





ET eT 





THE 
UNIVERSITY OF 
LEEDS 


Applications are invited for posts in 
the following Departments : 


SCHOOL OF 
AGRICULTURAL SCIENCES 


RESEARCH ASSISTANT 


IN PLANT PATHOLOGY-—Appli- 
cants should be graduates in Agricul- 
tural Botany or Botany and will be 
required to assist with an investigation 
of the effect of light on the early stages 
of infection of leaves, The appoint 
ment will be for a period of up to 
three years and the sucessful candidate 
will be able ta work for a higher de~ 
gree. 

Salary : £650 a year rising to £690 in 
second and third years, plus higher J 
degree fees for a graduate with 
Honours I or H @ degree, 

f Applications, stating age, qualifications 
and experience, together with the 
names of two referees. should reach 
Professor J. H. Western, School of 
Agricultural Sciences, The University, 
Leeds LS2 97T (from whom farther 
particulars may be obtained) not later 
than September 15, 1969. 


BOTANY 
DEMONSTRATOR 


preference may be given to candidates 
with an interest in Paleobotany, Palyn- 
ology or Pteridclogy but candidates 
with an interest in any aspect of 
Botany may apply. 
Salary; Within the range £810 to 
£1,208 a year. 
Reference No. 27/4/D. 
Applications {three copies), should be 
sent to The Registrar and Secretary, 
The University Leeds LS2 93T (rom 
whom further particulars may be ob- 
tained) not later than September &, 
1969, quoting the reference number. 
(105) 





INSTITUTE OF OPHTHALMOLOGY 
(UNIVERSITY OF LONDON) 
IUDD STREET, LONDON, W.C,1 


ELECTRON MICROSCOPY 


An experienced technician required im- 
mediately to carry out research on the 
ultrastructure of eye disease. Grading ac- 
cording to qualifications and/or experi- 
ence but there are unusual opportunities 
for promotion to higher grade. 

Apply, in writing, stating age, sex, quali- 
fications, experience and giving names of 
two referees to The Director, Department 
of Pathology, at above address. (694) 


SIR JOHN CASS COLLEGE 
LONDON 
DEPARTMENT OF BIOLOGICAL SCIENCES 


A TECHNICIAN is required to be responsible 
ta the Head of the Department and to work on 
the cytochemistry and fine structure of blue-green 
algae and bacteria. Preference will be given to 
an applicant with H.N.C. (Applied Biology) or 
Pass degree in a biological science. Salary ac- 
cording to age, experience and qualifications, in 
range £845 to £1,130. 

Apply, with names and addresses of two 
referees, to the Head of the Department of Bio- 
logical Sciences, Jewry Street, London, E.C.3. 

(708) 


HEAD OR SENIOR TECHNICIAN 


Applicants must have wide experience in 
Pharmacological Techniques. Position 


offers good opportunities with excellent 
conditions, 

Apply in writing ta: Research Director, 
Biorex House, Canonbury Villas, London, 
N.1. (667) 





© estan 
METAL 


The Broken Hill Proprietary Co. Ltd., Australia’s largest 
Company have a vacancy for an Experimental Officer at their 
newly opened Melbourne Research Laboratories. He will be 
required to assist with projects concerned with various 
aspects of solidification and the position calls for a person 
experienced in physical metallurgy and equipment design 
and possessing a capacity for original thought. 


QUALIFICATIONS 
A degree or other qualification giving a professional status. 
The age range would be between 25-30 years. 


SALARY 

A minimum salary of $5,000 per annum is envisaged but a 
higher salary would be negotiated for a person possessing 
higher qualifications or long post graduate experience. 


GENERAL CONDITIONS 

Free passages to Australia by air or by sea would be arranged 
for the appointee and his family. A settling-in allowance 
would be paid and after a short probationary period the 
applicant may participate in a generous pension scheme and 
medical benefit scheme and enjoy free life insurance. 
Subsidized housing would be available on arrival, 


Please apply for an application form to 


Mr. A. S. Cornell, 
THE BROKEN HILL PROPRIETARY CO. LTD. 
Hanover House, [4 Hanover Square, 
London WIR OND. (746) 





The Medical Department of Schering Chemicals Ltd. requires 
another Information Scientist. This newly created post pro- 
vides varied and interesting work which would suit a young 
graduate with a degree in chemistry or one of the biological 
sciences. Some training in biochemistry is required. 


(The Company operates a contributory pension scheme.) 


The salary would be negotiated according to age and experience 
of the applicant. 


Applications, giving full personal details should be sent to: 


Head of Information Services, 
Schering Chemicals Limited, 
Victoria Way, 

Burgess Hill, 

Sussex. 
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One of the largest Brewing Groups in the world 
with ten breweries in Australia need 


GIEMUS TS 


ORGAN l C In the Research Laboratories at Melbourne. Involves 
investigations in natural product chemistry, in par- 
ticular that of the structure and reactions of the 
components of the resins of the hop plant. This is 
an interesting and fertile field and offers the 
possibility for original research of direct practical 
importance. 


FLAVOUR Also in the Research Laboratories in Melbourne. 
Involves investigations in flavour chemistry and raw 
material utilization. In particular, the successful 
applicant will be required to investigate the nature 
and origin of the significant flavour components of 
beer as well as investigational work of a more general 
nature in the flavour field. This position offers 
opportunity for significant fundamental research in 
flavour chemistry. 


The successful applicants will need a Masters Degree or better in the appropriate 
branch of organic chemistry and must have experience with modern instru- 
mental techniques such as N.M.R., mass spectroscopy, gas chromatography, 
radiochemistry etc., and the ability to work as a member of a research group. 


THE REWARDS—The chance to work in a senior position with a progressive 
research team. You will find that the salaries we offer will be significantly 
higher than others in this field. Superannuation is available after a qualifying 
period. Naturally all reasonable removal expenses will be fully reimbursed. 


APPLICATIONS—shou/d be in writing addressed to: 


The Personnel Officer, 
Box 753F., G.P.O., 
MELBOURNE, 3001, 
Australia. 


CARLTON & UNITED BREWERIES LTD. 
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SALMON AND FRESHWATER 
FISHERIES LABORATORY 


MINISTRY OF AGRICULTURE, FISHERIES 
AND FOOD 
WEYMOUTH 

We require a SCIENTIFIC ASSISTANT 


(male or female) with GCE. “O” or “A” 
level passes (or equivalen in four subjects, in- 
cluding English Language and a science or mathe- 
matical subject. Candidates should have an in- 
terest in microbiology, Training can, however, 
be provided and some experience in this field 
would be an advantage. Salary: £452 (at age 
16) to £924 (at age 28) rising to £1,184 per 
annum. Prospects of permanent pensionable ap- 
pointment. 

Interviews will be held in Weymouth but ap- 
plications stating age and experience should be 
sent to Establishment Officer, SRE 2032c, 
Ministry of Agriculture, Fisheries and Food, 
Burghil Road, Westbury-on-Trym, Bristol, BS10 
SNI; not later than August 27, 1969. (730 


= CITRUS RESEARCH 


Applications are invited for the undermen- 
tioned posts of Citrus Research, University of the 
West Indies. Appointments will be made by the 
British Caribbean Citrus Association on a salary 
scale comparable with that of the University of 
the West Indies. The starting salary will depend 
on qualifications and experience and would be in 
the range £1,400 to £2,280 per annum. 

1, PATHOLOGIST, Preference will be given 
to persons with qualifications or experience in 
nematology and/or virology. The appointment 
is in British Honduras with the possibilty of a 
second appointment in Trinidad. 

2. AGRONOMIST. Preference will be given 
to persons with qualifications or experience in 
soil fertility, and soil management. ‘The appoint- 
ment is in Jamaica. 

Applications (six copies), giving brief details of 
education, personal information and nominating 
three referees should be submitted on or before 
August 31, 1969, to: Head, Citrus Research, 
cjo West India Committee, 40 Norfolk Street, 
London, W.C.2. England, from whom further 
particulars can be obigined: 34) 


CLINICAL PA’ THOL OGIST 


University of Alberta Hospital with joint ap- 
pointment in Department of Pathology (Clinical 
Pathology), University of Alberta. Applicants 
must have a medical degree and graduate train- 
ing in general clinical pathology or biochemistry 
and/or haematology. The responsibilities of the 
position include sharing the responsibility of 
supervision of the service laboratories in the 
hospital with a special responsibility for one or 
more sections of the laboratory depending on 
qualifications, interest and department needs. 
University functions include teaching of under- 
graduate and graduate medical students, and 
paramedical students in Clinical Pathology and 
Medical Laboratory Science. The university ap- 
pointment will be at the level of Assistant or 
Associate professor depending on qualifications 
and experience, The laboratory facilities are 
modern and well-equipped and there is a well 
qualified professional and technical staff as well 
as expansion to greatly expanded facilities and 
responsibilities in the Health Sciences Centre now 
under construction which will take place in the 
near future, Edmonton is a city with a popula- 
tion of 300,000 with many cultural and recrea- 
tional activities close to the mountain resorts of 
Jasper and Banfi. Salary open to negotiation. 

Applications should be addressed to Dr. R. E. 
Bell, Director, Department of Clinical Pathology, 
University of Al a Hospital, Edmonton 61, 
Alberta, before August 31, 1968, (737) 












IMPERIAL COL L EGE OF SCIENC E 
AND TECHNOLOGY 
DEPARTMENT OF CIVIL ENGINEERING 

Applications are invited for two posts of LEC- 
TUERER in public health engineering to assist 
in the teaching of a fulltime one year post- 
graduate course and of a final year, part-time 
option, for undergraduates and to undertake and 
supervise research. Applicants should either: 
(a) have a good degree m engineering, preferably 
with a postgraduate qualification in public health 
engineering and academic or design experience, 
or (Q have a good degree in chemistry or 
biology with experience relevant to the control 
of water quality. The appointed persons, suit- 
ably qualified would be given an opportunity to 
work for a higher degree. Salary in the scale 
for Lecturers £1,240 to £2,880 plus London 
allowance £60 depending on qualifications and 
experience with F.S.S.U. 

Apply Head of Department of Civil Engineer- 
ing, Imperial College of Science and Technology, 
Imperial Institute Road, London, 3.W.7, not 
later than September 15, 1969, (608) 








ANGLIAN FOOD GROUP 


GENETICIST 


to join a successful animal breeding team for further re- 
search on new lines of poultry and sheep. There are 
excellent facilities for working on new lines of poultry 
being developed and further potential for expanding these 
facilities. Candidates should be aged 26 to 40 and be 
graduates with a degree including a study of genetics. The 
opportunity offers an attractive salary, together with excel- 
lent conditions of employment and will be located in Essex. 
Applications should be addressed to: 


Research and Development Director 


COBB BREEDING 


COMPANY LIMITED 
Cut Hedge Farm, BRAINTREE, Essex. 


AGRICULTURAL RESEARCH COUNCIL 
INSTITUTE FOR RESEARCH ON ANIMAL DISEASES 
Compton, Berkshire 


Applications are invited from science or veterinary graduates with 
postgraduate experience. preferable to a doctorate level, in 
MOLECULAR BIOLOGY. The vacant post. in the Department of 
Microbiology, is for investigation of the structure, function and bio- 
logical properties of micro-organisms, especially animal viruses. The 
laboratories are well equipped for the application of the available 
techniques and facilities for related studies are available in other 
departments of the Institute. The appointment will be on the 
Scientific Officer (£1,071 to £1,827) or Senior Scientific Officer 42.021 
to £2,491) scales according to age and experience. Applications 
including the names of two referees should be submitted by September 
26 to the Secretary, Institute for Research on Animal Diseases, 


Compton, Newbury, Berkshire, quoting ref. 109. 
(723) 


FORESTRY COMMISSION RESEARCH STATION 


Alice Holt Lodge, Wreeclesham, Farnham, Surrey 


STATISTICGIAN/BIOMETRIGIAN 


(post graded Scientific Officer) 


required to help in providing a statistical advisory, analytical, and computing 
service in support of the research programme of the Forestry Commission. 
at Alice Holt. The work requires the application of statistical methods in 
silviculture, forest protection, mensuration and economics, tree breeding and 
work study, with opportunities to specialise, 


QUALIFICATIONS: First or second class honours degree or equivalent 
in mathematics or other appropriate subject. Candidates should be under 
29 years of age on December 31, 1969, 

SALARY: £1,071 to £1,827. 

APPLICATION FORMS from the Director, Forestry Commission, Re- 


search Division, Alice Holt Lodge, Wrecclesham, Farnham, Surrey (Tel 
Bentley 2255). Closing date September 20, 1969, 


CAR 
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& The central computing facility of the Laboratory is an IBM 360/65 with interactive terminals and 
extensive support for on-line data acquisition. 


tific programming. 


is desirable. 


Starting salaries will be assessed, according to 





BEECHAM RESEARCH 


LABORATORIES 
BROCKHAM PARK, BETCHWORTH 
SURREY 


YOUNG FEMALE 
TECHNICIAN 
for the 
BACTERIOLOGY UNIT 
of the DEPARTMENT OF 
CHEMOTHERAPEUTIC RESEARCH 


A young woman is required to assist in 
work concerned with the evaluation of the 
antibacterial activity of new antibiotics. 
The work involved is mainly of a biologi- 
cal nature and will entail working as a 
member of a team of scientists and techni- 
cians. 

should be of "O°" 

LE. standard in scientific subjects 
or hold an O.N.. Previous experience is 
not essential but would be an advantage. 

Applications, stating briefly age, qualifi- 
cations and experience should be sent to: 
The Personnel Officer, Beecham Research 
Laboratories, Brockham Park, Betchworth, 
Surrey. C707) 





THE NATIONAL HOSPITAL 
QUEEN SQUARE, LONDON, W.C.1 


PHYSICIST 


Required for developments in radigiso-~ 
tope scanning and thermography. First or 
second class Honours B.Sc. preferred, Ex- 
perience of medical physics desirable but 
not essential; work for a higher degree is 
possible. Salary £1,080 to £1,355 (first- or 
second-class Honours) or £960 to £1,353 
(third-class Honours or Pass Degree), de- 
pending upon experience. 


ications, with Getails and names and 
s af two referees to Geolfrey A. 
Robinson, Secretary to the Board of 
Governors, at the above address. CoD 














UNIVERSITY OF 
SOUTHAMPTON 


DEPARTMENT OF OCEANOGRAPHY 


MAGNETISM OF MARINE 
SEDIMENTS 


RESEARCH FELLOW needed to assist- 
in a study of the magnetic fabric of sedi- 
ments from the deep sea floor. The work 
will inchide the design and construction of 
instruments, the collection of material and 
the supervision of routine measurements. 
Previous experience of rock magnetism will 
be an advantage. 

Funds are available for two years in the 
first instance. Salary up ta £1,250 per 
annum according to qualifications and ex- 
perience, plus FSS. U. 

Applications should be sent as soon as 
possible to the Deputy Secretary, Univer- 
sity of Southampton, Highfield, Scuthamp- 
ton, SOG SNH, stating the names of two 
referees, Quoting Reference N. (732) 





UNIVERSITY OF BRISTOL 


Applications are invited for the post of 


LECTURER (GRADE II) IN 
VETERINARY PATHOLOGY 


on a salary scale of £1,585 by £115 to 
£2,850 together with superannuation. 


Applicants should have a good know- 
ledge of Veterinary Pathology with con- 
siderable experience of Histopathology. 
Experience in the teaching of Veterinary 
Pathology is also essential ; facilities for re- 
search are available. 


Applications, stating age, qualifications 
and experience should inchide the names 
of three referees; eight copies (except in 
the case of overseas applicants for whom 
one will suffice) should reach the Regis- 
trar, the Senate House, the University of 
Bristol, BSS ITH (from whom further par- 
ticulars may be obtained) on or before 
September 13, 1969. (609) 


The computer group has vacancies for 


APPLICATIONS 
PROGRAMMERS 


to work on projects associated with all aspects 
of computing for high energy physics includ- 
ing graphics applications and the provision 
and support of large data analysis programs. 
Applicants must possess at least a second 
class honours degree in an appropriate sub- 
ject and should have had experience of scien- tory. 
Experience in a high 
energy physics or nuclear physics environment 


age, qualifications and experience on the 
following scales: 
Principal Scientific Officer 
Senior Scientific Officer 
Scientific Officer 

The superannuation scheme is non-contribu- 
Advice and assistance to obtain house 
loans is available. 

Write for application form, quoting reference 
number DL. /336/T to: 

Closing date : September 8, 1969. oe) 


© Personnel Officer, 





% 
a 


£2,599 to £3,596 
£2,021 to £2,491 
£1,071 to £1,827 











Science Research Council 
Daresbury Nuclear 
Physics Laboratory, 


i Daresbury, Nr. Warrington. $ 





Rothamsted 
Experimental Station 
HARPENDEN, HERTS 


BOTANIST 


(Male) 


to work on physiclogy of growth of field 
crops. especially studies of root systems, 
Degree in Botany or Agricultural Botany, 
or equivalent qualification. Mechanical 
aptitude an advantage, 





Appointment in grade of Assistam Ex- 
perimental Officer (E872 at age 21; £1,208 
at age 26 (maximum on eny) to £1,454), 
Superannuation. 


Applications, naming two referees and 
quoting reference 1052/133 to the Secre- 
tary by September 25. CMT) 


UNIVERSITY OF LONDON 


Applications are invited for the post of 
SENIOR TECHNICIAN in the Biology 
section of the University Examination 
Laboratories, Brunswick Square, WCL 

Initial salary will be £1,026 to £1,281, 
according to age and experience, plus £125 
London Abowance and £30 for an ap 
proved basic qualification. 

Duties will include preparative work in 
connection with University practical exam- 
inations at all levels, and in particular the 
making of permanent biological micro- 
scopical preparations, A histological train- 
ing would be an asset. 

Applications. in writing, giving full par- 
ticulars should reach the Assistant Super- 
intendent of Examinations at above address 
by September 10, 1969, (700) 
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UNIVERSITY. OF EXETER 
DEPARTMENT OF CHEMISTRY 


Applications are invited for a post as 
DEMONSTRATOR in the Department of 
Chemistry, tenable from October 1, 1969, 
for two years. Applicants should hold the 
degree of Ph.D. or have equivalent re- 
search experience and have special interests 
in inorganic chemistry. Salary scale: 
£1,010 ta £1,125 per annum, with F.S.8.U. 
benefits. 


Further particulars may be obtained 
from the Secretary of the University, 
Northcote House, The Queen's Drive, 
Exeter, to whom applications (six copies ; 
overseas candidates, one copy), should be 
sent not later than September 15, 1969. 


(688) 





THE BRITISH COUNCIL 


CEYLON 


THE UNIVERSITY OF CEYLON, 
PERADENTYA, requires a PROFESSOR 
OF CHEMICAL ENGINEERING, who 
will also be HEAD OF A NEW DE- 
PARTMENT OF CHEMICAL ENGIN- 
EERING, by January, 1970. Candidates 
should have a first class honours degree, a 
postgraduate degree, research, and univer- 
sity teaching experience preferably of ten 
years or more. 








Salary: £4,186 to £5,853 per annum ac- 
cording to qualifications and experience. 
Married oversea allowances within the 
following range if wife resides at post: 
£63 to £nil. Children’s and home educa- 
tion allowances. Income tax refunded if 
levied. Free furnished accommodation. 
Out grant. Employer's superannuation 
contributions paid. Medical and insurance 
schemes. Fares paid for Professor and 
family, including mid-tour passages for 
children in Britain. Assistance with freight 
and import duty on approved car. Two- 
year contract guaranteed by the British 
Council. 


Write quoting reference number 90U33 
to Appointments Division, The British 
Council, 65 Davies Street, London WIY 
2AA for further particulars and application 
form to be returned completed as soon as 
possible, (724) 


THE UNIVERSITY OF ASTON 
IN BIRMINGHAM 


PROFESSOR AND HEAD 
OF THE DEPARTMENT OF 
PHARMACY 


Applications are invited for the above 
post. Further details and form of appli- 
cation may be obtained from the Staif 
Officer, the University of Aston in Birm- 
ingham, Gosta Green, Birmingham, 4. 

Applications should be returned within 
28 days of the appearance of this advertise- 
ment, Please quote Ref.: (716/6). 


(704) 


UNIVERSITY OF EAST ANGLIA 
SCHOOL OF ENVIRONMENTAL SCIENCES 


A GEOLOGY GRADUATE is required as 
soon as possible to assist a project concerned 
with abstracting current geological literature. 
The work is varied, but primarily concerns the 
identification of relevant material, and co-ordina- 
tion of abstract preparation and editing of pub- 
fications. An interest in the application of com- 
puter techniques to bibliographic and informa- 
tion retrieval work is desirable, but experience 
not essential, Salary, dependent upon experi- 
ence, in the range £950 to £1,200. 

Applications should be made to the Project 
Director, ABGACT, School of Environmental 
Sciences, University of East Anglia, Norwich, 
NOR 88C, with the names of two referees. 

(684) 


UNIVERSITY COLLEGE LONDON 


turer scales. 


M. D. Lilly. 730) 


CSIRO 


SOIL PHYSICIST/ 
HYDROLOGIST 


DIVISION OF SOILS 


GENERAL The Division of Soils of the Commonwealth, Scientific and 
Industrial Research Organization is undertaking research into the chemical, 
microbiological, mineralogical, physical and pedological aspects of soils, 
especially with reference to soil fertility and the relationship between plant 
growth and soil environment, The headquarters of the Division is in Adelaide, 
but the appointee will be located at the regional laboratories at Perth, Western 
Australia. 


AUSTRALIA 


DUTIES The appointee will lead the Soil-Physics/Hydrology group stationed 
in Western Australia. The first problem to be investigated will be the changes 
in hydrology and soil and ground water salinity following clearing of native 
vegetation for agricultural and pastoral development. This project involves 
the instrumentation of paired catchments to determine the complete salt and 
water balances. The goup will also be concerned with soil physical factors 
affecting yield responses in crops and pastures and irrigation from shallow 
ground waters. 


QUALIFICATIONS Applicants should have a Ph.D. degree or postgraduate 


research experience of equivalent standard and duration in physics, physical 
chemistry, or geophysics, supported by satisfactory evidence of research 
ability. Previous experience in hydrological or soil physical investigations is 
desirable, but not essential. Experience in automatic collection and processing 
of data would be an advantage. 


SALARY Depending upon qualifications and experience, the appointment 
will be made within the salary range of Research Scientist, $A5,321~$A6,693 
p.a., or Senior Research Scientist, $A6,963-$A8,045 p.a. Salary rates for women 
are $A428 p.a. less than the corresponding rates for men, Promotion within 
CSIRO to a higher classification is determined by merit. 


CONDITIONS The appointment, which carries with it Commonwealth 
Superannuation Fund or Provident Account privileges, will be conditional 
upon passing a medical examination. An initial probationary period of twelve 
months may be specified. Further particulars supplied on application. 


Applications, (quoting Appointment No. 270/380), and stating full name, 
place, date and year of birth, nationality, marital status, present employment, 
details of qualifications and experience, together with the names of not more 
than four persons acquainted with the applicant’s academic and professional 
standing, should reach: 


Mr. R. F, Turnbull, 

Chief Scientific Liaison Officer, 

Australian Scientific Liaison Office, 

64 Kingsway, 

LONDON, W.C.2, by the /9th September, 1969. 


Applications in U.S.A. and Canada should be sent to The Scientific Attaché, 
Australian Embassy, 1601 Massachusetts Ave, N.W., WASHINGTON DC 
20036. 


(689) 





HALIFAX AREA HOSPITALS 
MANAGEMENT COMMITTEE 
BIOCHEMIST 


GOWER STREET, W.C.1 


Applications invited for postgraduate and post- 
doctoral research workers in the Biochemical En- 
gineering section, Department of Chemical En- 
gineering to work on aspects of an enzyme 
technology programme which includes large-scale under supervi 
enzyme isolation and inselubilized enzyme general hospital laboratory. Facilities for 
reactor studies. Salaries will be on current lec- search available for applicants who wish to pur- 
sue further studies. Salary and conditions at- 
Applicants from either the biological or chemi- cording to Whitley Council Scales, 
Applications with particulars to the Group- 






engineering sciences should write to Dr. 
Secretary, Royal Halifax Infirmary. £666) 


(Basic Grade} required to work 
ion of a Senior Biochemist in a 



























EDITORIAL 
ASSISTANT 


required for International Medical Journal 
to work with 
Europe, 


Editors-in-Chief (wo) in 
Previous editorial experience not 
essential but a science degree preferred 
and ability to write good English an asset. 
Good working conditions and opportunities 
to use own initiative. Salary negotiable. 
Applications in writing to: Professor 
P. B. Bradley, The Medical School, Birm- 
ingham 15, (728) 





UNIVERSITY OF GLASGOW 
PATHOLOGY DEPARTMENT 
WESTERN INFIRMARY 


GRADUATE BIOCHEMIST or CHEM- 
IST for the study of triiodothyronine 
Chromatographic experience 
helpful, Project suitable for Ph.D. course 
or post-doctoral fellowship. 

Further details from Dr. W A. 
Harland, Senior Lecturer in Pathology, 
University of Glasgow, Western Infirmary, 
Glasgow, W.L (702) 


metabolism. 





CANADA (OTTAWA) 


interviews beginning in mid- 
January 1970. Last Day for the 
receipt of applications: 

5th December 1969. 


If you are in Canada 

please write to: 

Mr. H. G. Sturman, 

Senior UKAEA Representative 
in Canada, 

P.O. Box No. 1245, 

Deep River, Ontario. 
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Do you know 


a British Scientist in North America 
who wants to return to work in Britain? 


The Civil Service, the U.K. Atomic Energy Authority or the Central 
Electricity Generating Board may be able to help him, without his having to 
come home first. In addition his family fares back to a job may be paid. The 
work is mainly applied, in that it has a practical end in view, but fundamental 
research is frequently involved. There are likely to be openings in most 
branches of the physical and engineering sciences, especially in mathe- 
matics and computing. 


A Selection Board of Scientists will be visiting Centres as follows: 


U.S.A. (NEW YORK AND 
SAN FRANCISCO) 


interviews beginning in mid- 
March 1970. Last Day for the 
receipt of applications: 

9th January 1970. 


If you are in the U.S.A. 
please write to: 

Dr. J. M. Lock, Director, 
United Kingdom 
Scientific Mission, 
British Embassy, 
Washington D.C. 20008. 


Issued jointly by the Civil Service Commission, the U.K. Atomic Energy Authority 
and the Central Electricity Generating Board. 





UNIVERSITY OF QUEENSLAND 
AUSTRALIA 

READER IN CHEMICAL ENGINEERING 

The University invites applications for the 
position of Reader in Chemical Engineering, Ap- 
plicants will be expected to have reached some 
standing in the field of Chemical Engineering. 
They should have high academic qualifications 
and a strong research record. The appointee 
will be expected to participate in the administra- 
tion of the Department. He will be responsibie 
for the course work, including the develepment 
area of chemical engineering, the particular area 
selected depending on his interests and experi- 
ence. He will be expected to initiate and foster 
research programmes, including, where appropri- 
ate, the application of contemporary chemical 
engineering technology to Australian and Queens- 
land problems. 

The salary for a Reader will be within the 
range SA9,180 by $A240 (3) to $A9,900 per 
annum. The University provides Superannua- 
tion similar to F.S.S.U.. housing assistance, 
study leave and travel grants for permanent ap- 
pointees of Lecturer status and above, 

Additional information and application forms 
will be supplied upon request to the Secretary- 
General, Association of Commonwealth Universi- 
ties (Appts), 36 Gordon Square, London, WUC. 
Applications close in London and Brisbane on 
sepmember 30, 1969. #630) 





MEDICAL RESEARCH COUNCIL 
BIOPHYSICS RESEARCH UNIT 


BIOCHEMIST, preferably post-doctoral, age 
25-30, to investigate properties of subunits of 
flagellar proteins and their interactions with other 
molecules, Salary according to age and experi- 
ence, 

Apply Director, 26-29 Drury Lane, London, 
W.C.2, not later than September 30. (598) 








(673) 





WANTED: 
AGRONOMIST 


with experience in solls and tree crops 
especially citrus. Salary according to quali- 
fications and experience. Free house in 


May Pen, Jamaica, West Indies, and Land 


Rover for transportation. Applicants 
would be required to take up duties as 
early as practicable. 

Please apply to The Citrus Company of 
Jamaica Lid, May Pen, Jamaica, West 
Indies. (727) 


UNITED MANCHESTER 
HOSPITALS 
DEPARTMENT OF MEDICAL GENETICS 


Applications are invited for a graduate research 
worker for an established tissue typing laboratory 
associated with a recognized renal transplant 
unit, The work will involve the genetic, sero- 
logical and isotope study of Jeuce-platelet antie 
gens in transplantation and neoplasia. Previous 
experience in blood group serology, genetics or 
related fields an advantage. Salary according to 
appropriate N.H.S. scale. 

Applications stating qualifications, experience 
and the names of two referees, to Dr. R. Harris, 
Department of Medical Genetics, Manchester 
Royal Infirmary, Manchester 13 OWL. (686) 
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CSIRO 


RESEARCH SCIENTIST 
(EXPERIMENTAL PATHOLOGY 
OR BACTERIOLOGY) 


AUSTRALIA 


DIVISION OF ANIMAL HEALTH 


GENERAL The Division of Animal Health of the Commonwealth, Scientific 
and Industrial Research Organization has three major laboratories—The 


Animal Health Research Laboratory, Parkville, Victoria; 


the McMaster 


Laboratory, Sydney, N.S.W.; and the Long Pocket Laboratories, Indooroo- 


pilly, Queensland. 


The appointee in this instance will be located at the 


McMaster Laboratory, situated in the grounds of the University of Sydney 
with which a close association is maintained. 


DUTIES The McMaster Laboratory has a continuing programme of research 
into the epidemiology, pathogenesis and immunology of infective foot con- 
dition of sheep. The appointee will be required to work in collaboration 
with the research staff engaged on these projects, 


QUALIFICATIONS Applicants should have a degree in veterinary 
science, science, agricultural science or rural science from an Australian 
university or equivalent qualifications, and a Ph.D. degree in a relevant 
discipline, or postgraduate research experience of equivalent standard and 
duration, supported by satisfactory evidence of research ability, Postgraduate 
training in bacteriology and/or pathology would be an advantage. 


SALARY Depending upon qualifications and experience, the appointment 
will be made within the salary range of Research Scientist, $A5,321—$A6,693 


pa, or Senior Research Scientist, $A6,963—$A8,045 p.a. 


Salary rates for 


women are $A428 p.a. less than the corresponding rates for men. Promotion 
within CSIRO to a higher classification is determined by merit. 


CONDITIONS The duration of the appointment will be determined in 
consultation with the successful candidate; some applicants may prefer a 
fixed term appointment for three years. The appointment will be conditional 
upon passing a medical examination and an initial probationary period of 
twelve months may be specified. An indefinite appointment carries with it 
Commonwealth Superannuation Fund or Provident Account privileges. 


Further details supplied on application, 


Applications (quoting Appointment No. 202/340), and stating full name, place, 
date and year of birth, nationality, marital status, present employment, details 
of qualifications and experience, together with the names of not more than 
four persons acquainted with the applicant’s academic and professional 


standing, should reach: 


Mr. R. F. Turnbull, 
Chief Scientific Liaison Officer, 


Australian Scientific Liaison Office, 
64 Kingsway, LONDON, W.C.2, by the [0th October, 1969. 


Applications in U.S.A. and Canada should be sent to The Scientific Attaché, 
Australian Embassy, 1601 Massachusetts Ave. NWY, WASHINGTON DC 20036. 


UNIVERSITY COLLEGE OF WALES 
ABERYSTWYTH 
DEPARTMENT OF BIOCHEMISTRY AND 
AGRICULTURAL BIOCHEMISTRY 


RESEARCH ASSISTANT required for re- 
search into the biosynthesis of plant sulpholipids, 
under a grant from S.R.C. Suitable candidates 
will be permitted to register for higher degrees, 
and should have a good honours degree in 
Chemistry, Biochemistry or G.R.LC. 

Application forms may be obtained from the 
Registrar, to whom they should be submitted as 
soon as possible. (680) 


(710) 





PROTOZOOLOGIST 


Ph.D. required for 1970-71 session as a re- 
placement in an existing position, Teaching 
responsibilities, of approximately one course per 
term, will include a contribution to the core 
programme in Zoology in addition to a term 
course in Protezoology. It is expected that the 
candidate will establish a research programme 
in his own area of research interest. 

Inquiries and applications should be sent to: 
Dr. J. R. Adams, Department of Zoology, The 
University of British Columbia, Vancouver 8, 
BC., Canada. (735) 






XXIX 


UNIVERSITY OF SCIENCE AND 
TECHNOLOGY 
KUMASI, GHANA 
FACULTY OF AGRICULTURE 
Applications are invited for the following 
posts in the Department of Land Economy and 
Estate Management: 
(a) LECTURER /ASSISTANT LECTURER in 
Land Economy and Estate Management. 
tb) LECTURER/ASSISTANT LECTURER In 
Building Construction. 
DUTIES 
The successful candidate for (a) will be re. 
quired to teach Valuation and Central and Local 
Government Finance, and the other to teach 
Building Construction and Sanitation in the Dre 
gree and Certificate Courses in the Department, 
Applications are invited for the post of. 











SENIOR LECTURER/LECTURER “IN AGRE 
CULTURAL ENTOMOLOGY in the Departe 
ment of Crop Production. 

QUALIFICATIONS: 


A good honours degree in Agricultaral Ewmorm- 
ology and at least seven years Gor Senior Lec- 
turer) or four years (for Lecturer) post-quatiiica- 





tion teaching/research experience. Candidates 
must have wide Knowledge of all aspects of 


Tropical insect pests. Evidence of publications 
showing originality and critical analysis is neces- 
sary. 
SALARY: 
Senior Lecturer: 
N€4,500 by N@1SO to NES, 380 per annum. 
Research Fellow / Lecturer: 
N€2,720 by N@120 to NZI,S60/N@3,740 by 
NEIRO to N@4,640, NC4,.800 per anmum. 
Asst. Research Fellow/Agst. Lecturer: 
N€2,300, N€@2.400 per annum, 
(Non-taxable inducement allowance payable to 
expatriates : 
Senior Leeturer/Research Fellow / Lecturer : 
N€720 per annum. 
Asst. Research Fellow /Asst. Lecturer: 
NE€450 per annum. 
Official rate of exchange for the New Cedi: 
One pound sterling== NC 
One U.S. dollar= N 


Salaries of British Expa 
mented in Range £215 to £875 per annem sterl- 
ing (Assistant Leeturer/Leeturer/Senior  Lee- 
turer): normally tax-free, under the British Ex- 
patriates Supplementation Scheme. Subsidised 
accommodation, F.S.S.U. polcies maintained or 
similar superannuation scheme avaliable : family 
passages ; biennial overseas leave. 

Appointments are normally for foer or six 
years in the first instance, but a shorter period 
of secondment will be considered. 

Application forms and further information may 
be obtained from the Assistant Registrar, U S&T. 
15 Gordon Square, London, W.C.1. Completed 
application forms Geven copies), should reach 
him not later than September 5, 1969, 83) 

UNIVERSITY OF SHEFFIELD 

DEPARTMENT OF BOTANY 

Applications are invited for a post of BX. 
PERIMENTAL OFFICER in the DEPART- 
MENT of BOTANY tenstle from October 1 
1969, or as scon as possible thereafter, The 
duties will include responsibility for a garden 
and associated growth rooms used for experimen. 
tal work on plants. Candidates should be gradu. 
ates or have qualifications in horticahure with 
practical experience. Salary in the range £1045 
to £1,555 with F.S.8.U. provision. 

Further particulars from the Registrar to whom 
















iate Staff suppe- 


applications (three copies), should be sent by 
September 13. 1969. Quote Refi: R440. 





eof =" 187) 


CHELSEA COLLEGE OF SCIENCE 
AND TECHNOLOGY 
(UNIVERSITY OF LONDON) 
DEPARTMENT OF PHARMACY 
TECHNICIAN 


Applications are invited for the post of Tech- 
nician in the microbiology laboratories of the 
Department of Pharmacy, The past offers i 
teresting and varied work in both w 
and research laboratories. The s 
cant should be familiar w 
























niques, and will be requi 

maintenance of trical and my eguipe 
ment. The possession of the LST, CRy and 
Guilds Science ratory Technicians Certifi- 
cate, a similar qualification or relevant exper}. 





ence is desirable, 
per annum. 
Further details and application forma are obe 
tainable from the Superintendent of Laboratories, 
Department of Pharmacy, Chelsea College of 
Science and Technology, Manresa Road. London 
$.W.3. (O77) 


Salary scale £847 to £1,132 
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UNIVERSITY OF SURREY 
LABORATORY TECHNICIAN 


A Laboratory Technician is required for a 
responsible post in the Microbiology section of 
the Deparumeat of Biological Sciences. Duties 
will include the preparation of class material up 
to- honours degree level, and participation in the 
research programmes of the Department. Appli- 
cants should beceither familiar with basic micro- 
biological techniques, having qualifications and 
experience in bacteriology or mycology, or be 
prepared to undergo training in these techniques, 
Salary in the range £773 to £1,077 per annum. 
Certain qualification allowances possible in addi- 
tion. The ‘Department is scheduled to move to 
the new University buildings at Guildford in 
1970. Substantial assistance is given towards 
travelling expenses to staff travelling from Guild- 
ford whilst’ the University is in London. 





Application forms can be obtained from the 
Staff Officer, University of Surrey, Guildford, 
Surrey. (733) 








NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


Assistant Experimental Officer required to 
supervise the ranning of experimental animal 
colonies in the Physiology department. Candi- 
dates should have previous experience in the 
breeding and of experimental 
animals. LAT. qualifications, although not 
essential, would be preferred. Excellent oppor- 
tunities exist for further study, Starting salary 
up to £1,208 per annum according to age. 

Apply on forms obtainable from the Secretary, 








N.ER.D., Shinfield. Reading, RG2 9AT. Quote 
reference 69/228. (647) 


UNIVERSIDAD DE LOS ANDES 
MERIDA VENEZUELA 
PROFESSORS IN BOTANY AND ZOOLOGY 


There are vacancies for botany and zoology in 
the Department of Biology. The candidates for 
the senior posts should be able to organize re- 
search groups in the specialities as well as to 
programme basic and advanced courses. Salaries 
are in the range of Bs.4.000 to Bs.4,500 (U.S SI = 
Bs.4.50) monthly, depending on qualifications. 
Gandidates should have a working knowledge of 
Spanish and be able to assume their duties not 
later than January 1970. 

Further particulars and information can be 
obtained from Centro de Ciencias, U.L.A.. 
Mérida, Venezuela, to whom applications should 
alsa be sent, (367) 


UNIVERSITY OF SOUTHAMPTON 
TEACHING FELLOW 


Applications are invited for the post of Teach- 
ing Fellow in inorganic chemistry. Salary up to 
£1,375 per annum. Preference may be given to 
applicants with an interest in organometallic 
chemistry. The post. which involves demonstrat- 
ing to undergraduate classes, tutorial work and 
some lecturing, is tenable for one year in the 
first instance. A vacant lectureship exists to 
which it is hoped to appoint, during the year 
1970-71, a lecturer with interests in organo- 
metallic chemistry. 

Applications, giving a brief curriculum vitae, 
and the names of two referees, should be made 
to the Secretary and Registrar, The University, 
Southampton, SO9 SNH, quoting reference a 

{679 


RHODES UNIVERSITY 
GRAHAMSTOWN, SOUTH AFRICA 
LECTURER IN GEOLOGY 


Applications are invited for the above- 
mentioned post. The salary scale is: R3,300 by 
R150 to R4,800 per annum. (Note: Ri=:ap- 
proximately lis. 7d. stg.) A pensionable allow- 
ance of 10 per cent of basic salary up to R4,350 
and a vacation bonus are also payable. Pre- 
vious experience and qualifications may be taken 
into account in determining the initial salary 
and the person appointed will become a member 
of the University’s pension and medical aid 
schemes. Applicants are requested to indicate 
their special fields of interest. 

Full particulars and application forms may be 
obtained from the Secretary-General, Associa- 
tion of Commonwealth Universities (Appts), 36 


Gordon Square, London, W.C.1. Applications 
close on September 36, 1969, (THQ 


JUNIOR TECHNICAL OFFICER, WITH 
degree preferably in biology or chemistry, re- 
quired to assist with research work of Deputy 
Director of M.R.C. Rheumatism Unit, Canadian 
Red Cross Memorial Hospital, Taplow, Maiden- 
head, Berks. Post vacant beginning September. 
Applications, with names of two referees, to the 
Secretary. (671) 


UNIVERSITY OF READING 
DEPARTMENT OF GEOLOGY 


JUNIOR or ASSISTANT ANALYST 
required for Laboratory engaged in 
analysis of rocks and sediments. Previous 
experience in rock analysis desirable (for 


Assistant Analyst) but not essential. Salary 
in range £377 (minimum at age 16) to 
£1,077 per annum depending on age and 
qualifications. 


Applications to be sent as soon as pos- 
sible, quoting T.50, tọ Assistant Bursar 
(Personnel), University of Reading, 
Reading. (703) 





UNIVERSITY OF ESSEX 


DEPARTMENT OF ELECTRICAL 
ENGINEERING SCIENCE 


RESEARCH OFFICER IN 
POLYMER SCIENCE 


Applications are invited for the post of 
Research Officer (£1,125 to £1.700) tor ap- 
pointment from October, 1969, or as soon 
as possible thereafter, to work on data- 
processing techniques and new materials 
as a member of a multi-disciplinary team 
in Polymer Science. Applicants should be 
graduates or bave similar qualifications. 





Further particulars are available from 
the Registrar, University of Essex, Wiven- 
hoe Park, Colchester, Essex, to whom ap- 
plications Cone copy quoting reference PS/ 
17/N)} should be sent not later than 
September 6, 1969). (731) 





SELLY OAK HOSPITAL 
BIRMINGHAM, 29 


BIOCHEMIST— 
RESEARCH ASSISTANT 


Applications are invited for a one-year 
appointment in the Biochemistry Depart- 
ment to participate in a joint research pro- 
ject with the Birmingham University Insti- 
tute of Child Health, on neonatal calcium 
metabolism. 


The post is suitable for a recent graduate 
who should have a good Honours Degree 
in Chemistry or Biochemistry. Health Ser- 
vice Basic Grade Biochemist conditions of 
service apply. Salary approximately £1,080 
per annum. 


Further details from, and applications, 
naming two referees to: Mr, P. Scott, Bio- 
chemist. (721) 


INSTITUTE OF OPHTHALMOLOGY 
(UNIVERSITY OF LONDON) 
JUDD STREET, LONDON, W.C.1 


DEPARTMENT OF 
PATHOLOGY 


EXPERIENCED TECHNICIANS re- 
quired immediately for (a) Histopathology 
and (b) Clinical Pathology. Grading for 
each post will be according to qualifica- 
tions and/or experience. 

Apply in writing, stating age, sex, quali- 
fications, experience and giving names of 
uvo referees, to The Director at the above 
address. (693) 


BIOLOGISTS/BIOCHEMISTS 


interested in medical or industrial aspects of: 


bacteriology, biochemistry, immunology, haemat- 
ology, histology, pharmacology, physiology or 
virology. 


Contact G.K. Bureau 
Miss E. J. Brayley 01-734 7232 
NO FEES TO PAY ND 





SALFORD. H.M:C.. 
HOPE HOSPITAL, SALFORD 6 

BIOCHEMIST (Basie Grade) required, Candi- 
dates should hold appropriate- science degree, or 
Grad. R.LC. Salary (under review) scale £960 
to £1,845 according to qualifications and experi- 
ence. The post offers excellent training in 
general clinical biochemistry and opportunities 
for obtaining further qualifications. The Bio- 
chemistry Laboratory is well equipped and in- 
terested candidates may be shown round by ap- 
pointment with the Principal Biochemist. who 
will be pleased to supply further details and 
discuss career prospects. 

Applications, naming two referees to Hospital 
Secretary, (Ref.: 857), (713) 


UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF BOTANY 

Applications are invited for a post of TEM- 
PORARY LECTURER IN BOTANY tenable for 
one year from October 1, 1969 or as soon as 
possible thereafter. The successful candidate 
will be expected to lecture preferably in the 
field of plant physiology and to assist in practi- 
cal classes. Facilities for research are available. 
Salary in the range £1,240 to £2,850, 

Further particulars from the Registrar to whom 
applications (three copies) should be sent by 
September 13, 1969. Quote Ref.: R.46/G. 

(719) 








HANNAH DAIRY RESEARCH 
INSTITUTE 

Applications are invited for the post of 
ASSISTANT EXPERIMENTAL OFFICER from 
candidates, preferably male, with an ordinary de- 
gree, HLNLC., or other similar qualification. 
The duties are to assist in work concerning the 
physical and chemical properties of milk pro- 
teins. Salary on the A E.O. grade with entry 
according to age (£940 at age 22: £1,208 at age 
26 or aver; rising to maximum of £1,454), 
Superannuation. 

Applications, with the names of two referees 
to the Secretary, The Hannah Dairy Research 
Institute, Ayr, from whom further particulars 
can be obtained. 741) 





UNIVERSITY OF QUEENSLAND 
AUSTRALIA 
DEMONSTRATOR IN MINERAL 


PROCESSING AND CHEMICAL 
METALLURGY 


The University invites applications for a 
Demonstrator Group MI or IV to assist in 
undergraduate tutorial and demonstrating work 
in the mineral processing; chemical metallurgy 
field. The successful candidate will be encour- 
aged to undertake research for a higher degree 
and the appointment will in the first instance be 
for a period expiring on December 31, 1970, but 
renewal is possible; he will be required to take 
up duty in February, 1970, 

Salary for a Demonstrator Group PH will be 
within the range $42,530 to $A2,870 and Group 
IV $A3,375 to $A3,825 per annum. 

Additional information aad application forms 
will be supplied upon request to the Secretary- 
General, Association of Commonwealth Univer- 
(Appts), 36 Gordon Square, London, 

Applications close on September 30, 








(699) 
“INSTITUTE OF CANCER RESEARCH: 
ROYAL CANCER HOSPITAL. RESEARCH 


ASSISTANT required for work on the mechan- 
ism of action of enzymes in Chemistry Depart- 
ment. Starting salary in region £600 to £1,000 
and London Allowance. Two “A” levels in 
Science or Mathematics subjects if age 21 and 
under; degree or equivalent if 22 or over.-— 
Apply with names of two referees to the Sec- 
retary, 34 Sumner Place, §.W.7, quoting refer- 
ence 301/B/374. (738) 





FELLOWSHIPS AND 
STUDENTSHIPS 





UNIVERSITY OF MANCHESTER 
RESEARCH STUDENTSHIP IN 
PHYSICS 


Applications are invited from Physicists or 
Chemists with a first- or upper second-class 
honours degree (or equivalent) for an S.R.C. 
(C.A.P.8.) Research Studemtship of three years 
duration, to undertake studies on organic liquid 
scintillators. 

Applications (returnable ty August 30) to Dr. 
J. B. Birks, The University, Manchester M13 
OPL, (683) 
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UNIVERSITY OF NOTTINGHAM 
SCHOOL OF AGRICULTURE 


Department of 
Applied Biochemistry 
and Nutrition 


Applications are invited for a three- 
year RESEARCH STUDENTSHIP 
(£530 per annum) commencing October 
1, 1969, to investigate the effect of pro- 
teins upon the stability and behaviour 
of lipid emulsions. The project is 
being conducted in the Food Science 
Laboratories and has both important 
theoretical and practical aspects. 


















Applicants with chemical, bio- 
chemical or biophysical training 
would be especially welcome. The 





successful candidate will be eligible 
to submit for a higher degree. 






Requests for further information 
and applications, containing full de- 
tails of training and names of two 
referees, should be sent to the Secre- 
tary, School of Agriculture, Sutton 
Bonington, Loughborough, Leics. 
(718) 















UNIVERSITY OF 
SOUTHAMPTON 


DEPARTMENT OF CHEMISTRY 


Applications are invited for RESEARCH 
STUDENTSHIPS to undertake electro- 
chemical studies of molten sals and 
spectroscopic studies of structural relaxa- 
tion in liquids. 

Applicants, who must be first or second 
class honours graduates in chemistry, 
should write giving the names of two 
referees, to Dr. J. H, R. Clarke, Depart- 
ment of Chemistry, The University, High- 
field, Southampton SO9 5NH, quoting 
ref.: N. (691) 


UNIVERSITY OF MANCHESTER 


INTERNATIONAL 
COOPERATION IN SCIENCE 


Applications invited for a two-year 
Fellowship, financed by the Council for 
Scientific Policy, tenable in the Department 
of Liberal Studies in Science for work on 
the 28GeV CERN accelerator considered 
as a case study in international scientific 
relations. Background in physics or en- 
gineering preferred. Salary range £1,585 
to £2,735 per annum. F.S.S.U. 

Particulars and application forms (revurn- 
able by September 17) from the Registrar, 
the University, Manchester, M13  9PL. 
Quote ref. : 163/69/Na. (675) 


QUEEN ELIZABETH COLLEGE 
(UNIVERSITY OF LONDON) 
CAMPDEN HILL ROAD, W.8 


Applications are invited for a POST- 
DOSTORAL FELLOWSHIP in the Chem- 
istry Department for work on the synthesis 
of pyrazine nucleosides. Salary £1,415. 


Applications, stating age, education and 
experience and the names of two referees, 
should be sent to Dr. G. W. H. Cheese- 
man, Chemistry Department, by Septem- 
ber 8. (682) 











AUSTRALIAN NATIONAL 
UNIVERSITY 


INSTITUTE OF ADVANCED STUDIES 
RESEARCH SCHOOL OF CHEMISTRY 


Applications are invited for appointment to a 
small number of Post-Doctoral Fellowships and 
Research Fellowships in the Research School of 
Chemistry from persons with qualifications and 
interests in ane or more of the following fields. 
Theoretical Chemistry (Professor D. P. Craig, 

Dr. R. Bramley): 

Ultraviolet. spectroscopy, especially of crysal- 
line solids. Electron spin resonance spectroscopy. 
Broad line nuclear magnetic resonance spectro- 
scopy. 

Inorganic Chemistry (Dr. A. M, Sargeson, Dr. 
D. A. Buckingham, Dr. M. A. Bennett): 

Stereochemistry, synthesis, mechanism of sub- 
situation and reactions at co-ordinated ligands, 
including peptide synthesis and degradation using 
metal chelates. 

Synthesis, stereochemistry and reactions of 
organometallic complexes, with emphasis at pre- 
sent on arsine, stibine phosphine complexes of 
iridium, rhodium and ruthenium. 


Physical Organic Chemistry (Dr. A. J. Parker): 
Rates, equilibria and mechanism of organic 
and inorganic reactions in dipolar aprotic solvents, 
y2, E2C. E2H and E2 Hal reactions, displace- 
ments in Pı complexes, calorimetric and electro- 
chemical measurements. 


Organic Chemistry (Professor A. J. Birch, Mr. 
R. W. Rickards, Dr. J. K. MacLeod): 

Structures and biosynthesis of natural products 
including antibiotics and other biologically-active 
compounds, mould metabolites and plant pro- 
ducts ; insect chemistry ; total synthesis involving 
new reactions: organic aspects of organometallic 
chemistry ; organic aspects of mass-spectrometry. 


Normally, a Post-Doctoral Fellow would have 
recently completed the Ph.D. degree and would 
be appointed for not less than one year and not 
more than two vears. (Two years for overseas 
appointments.) Salary is not less than $A5,400 
per annum, 


A Research Fellow is normally appointed for 
three years, with possible extension to a maxi- 
mum of five years; the salary range is $45,400 
to $A7,250 per annum. 

Superannuation is on the F.S.S.U patern, 
with supplementary benefits. Reasonable family 
travel expenses are paid. Assistance with housing 
is provided. 

Further particulars may be obtained from the 
Association of Commonwealth Universities 
(Appts.), 36 Gordon Square, London, W.C.1. 
Applications close on September 15, 1969. 

(476) 


UNIVERSITY OF DURHAM 
Applications are invited fram Honours gradu- 
ates for a postgraduate studentship to investigate 
the visco-elastic properties of skeletal muscle on 
a project which is sponsored by the Muscular 
Dystrophy Group of Great Britain. Candidates, 
who must have reasonable mathematical ability 
and be prepared to learn to use the University 
computing facilities, should be either biologists 
with an interest in physiology or physicists or en- 
gineers who are interested in the physical proper- 
ties of living tissue. The successful applicant will 
be expected to work for the degree of Ph.D. 
Applications, together with the names of two 
referees, should reach Dr. Alan Crowe, Univer- 
sity of Durham, Department of Zoology, South 
Road, Durham by September 8, 1969, (739) 


INSTITUTE OF UROLOGY AND 
THE ROYAL COLLEGE OF 
SURGEONS OF ENGLAND 


Applications are invited for a RESEARCH 
FELLOW (with medical and/or scientific quali- 
fications), in the grade of Lecturer (Senior Regis- 
trar status), for an investigation into the patho- 
logy and ultrastructure of the kidney. The suc- 
cessful applicant will be attached to the Depart- 
ment of Pathology, St. Paul's Hospital, and 
the Anatomy Department, The Royal College of 
Surgeons, Appointment for one year in the first 
instance, subject to renewal. 

Applications to the Pathologist, St, Paul's Hos- 
pital, Endell Street, London, W.C.2. (726) 


POST-DOCTORAL FELLOWSHIPS IN 
electrochemistry ; available immediately. Open- 
ings in work on selected electrode processes, 
theory, and conductance studies.—For full de- 
tails, write to: Professor H. H. Bauer, Depart- 
ment of Chemistry, University of Kentucky, 
Lexington, Kentucky 40506, (364) 





XXXI 


LECTURES AND COURSES 


LIVERPOOL REGIONAL 
COLLEGE OF TECHNOLOGY 
M.Se. Courses in : 
RADIATION AND NUCLEAR CHEMISTRY 


INSTRUMENTAL CHEM GAL ANALYSIS” 


One year full-time courses commencing 
in September 1969. Both cotrses consist 
of formal teaching and practical work 
followed by a research project) which may 
be carried out in industry, 7 

Further details and application forms 
may be obtained from the Head of De- 
partment, Department of Chemistry and 
Biology, Liverpool Regional College p 
Technology, Byrom St, Liverpool SAF, 
051-207 3581. f 
*This course is accepted by the, Science 
Research Council for the tenure of its 
Advanced Course Studentships. IW 






















UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


DEPARTMENT OF CHEMISTRY 
ADVANCES IN CHEMISTRY SERIES 


OPERATIONS RESEARCH IN THE 
CHEMICAL INDUSTRY 


A series of nine evening lectures and tutorial, 
periods will be held in the Institute on Thursday 
evenings from 6.30 to 8.30 pm. beginning on 
October 2, 1969. 

Organiser: Mr, J, Dwyer (Department of 
Chemistry) 
Mr. C. Burrows 
Mr. R. Caukutt 
Mr. J. D., Chamberlain 
(imperial Chemical Industries 
Limited, Dyestuffs Division). 


Lecturers 


This course will provide an intredaction inte 
the application of operations research techniques 
but the emphasis will be on problems arising m 
the chemical and related industries. It shouki be 
of interest to Chemists, Engineers, ete., con- 
cerned with the development and operation of 
chemical processes and will me no previgus. 
knowledge of operations research. Each lecture 
will be followed by a practical peri af about 
one hour's duration during which realistic prote 
lems will be examined. 


Further information can be obtained fromthe 
Registrar, The University of Mancheste $ 
of Science and Technology, P.O. Box No. 8&6, 
Manchester, M60 10D. 1616) 











MISCELLANEOUS 





START YOUR OWN BUSINESS WITHOUT 
experience in association with and with the help 
of an international company. Capital required 


£600 to £1,000.—-Apply in writing to Inter. 
national Publishers, 184 West Regent reet, 
(8 


Glasgow, C.2. 


TIFIC AND TECHNICAL TYPE- 
Confidential.-—Julia Pratt, B.Sc., 
Tele- 
(X2) 


SCIE} 
writing Service, 
30 Craven Street, Strand, London, W.C.2, 
phone 01-839 2861. 








FOR SALE AND WANTED 


WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon House, Park Farm Rd., 
Folkestone, Kent, England, 


Tel.: Folkestone 57421. 
Offer top prices for: 
BACK RUNS OF JOURNALS 


IN SCIENCE AND THE MUMANITIRS 
¢ 





Wanted and for Sale 
Scientific and Technical Reviews 
SANTO VANASIA, 58 Via M. Macchi, 
20124 MILANO (xH 





WANTED—UNICAM 525. GONIOMETER 
and $35 Weissenberg Camera, any condition,- 
Contact P. Clifford, 22 Moray Avenue, Hayes, 
Middx., ‘phone 01-5 8958. C7299 
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If you're hunting for labelled nucleics it pays to look first 
at the range offered by The Radiochemical! Centre. Some 
are available nowhere else, others nowhere else at such 
high specification: and all at prices that are. to say the 
least, competitive 

Purities of 95% or better are achieved before our 
labelled nucleics are put into stock; batches are 
checked by dilution analysis, paper chromatography, 
electrophoresis, enzymatic analysis and ultra-violet 


For full details apply to 





Labelled Nucleics 


spectroscopic analysis as appropriate. Full details are 
given in the batch analysis accompanying each 
consignment 

Compounds of current interest include: 
Thymidine-C1 4(U) 

Guanosine diphospho|mannose-C14(u)] 

Uridine diphospho|galactose-C14(u)] 
Thymidine-(2-deoxy-D-ribose-5-T) 

Adenosine-5 -triphosphate-y-P32 

s RNA-P32 


The Radiochemical Centre Amersham England 
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membranes 


Thermodynamics 
and biology 


Modifiable synapse 
and learning 


Bird mortality rate 


Bikini Atoll 
radioactivity 
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Edwards new E180 


-high resolution partial pressure gauge 


1 Partial pressure measurement 
2 Total pressure measurement 
3 Leak detection 

4 System monitoring 


all in one inexpensive instrument 















Scan of gases present in an 
Edwards experimental coating 
unit during evaporation 
Emission: 40 uA 
Range: 3x 10-% torr 
Pressure: 5 x 107° torr 











Compare these features with those of any other 
similar mass spectrometer partial pressure gauge 


E Mass range 1 to 105. Push-button M Minimum detectable leak rate for 


selection of masses 1, 2, 3 and 4. helium 10719 torr litre/sec (sys- 
E Direct reading, linear mass scale. tem with 1 litre/sec helium pump- 
E Unit mass separation to mass 70. ing speed). 
A FE ; pressure measurement tO W Magnet and head bakable in situ. 

“10 torr, 

™ Total pressure measurement to ™ Automatically protected, long-life 

107% torr. rhenium filaments. 
E Fast and slow scanning speeds. What about your system? The chances are that the E180 can increase its efficient 
E Suppression facility for monitoring use enormously, Ring extension 311, and we'll tell you how. Or write for Publication 

single peaks in detail. No. 13852. 


Edwards Edwards Instruments Limited A member of the BOC group 


d 
442242 Manor Royal, Crawley, Sussex, England c 
Telephone Crawley 28844 Telex 87123 Edhivac Crawley Teer 


P2556 
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Technical books from 
BDH 


“ANALAR’ STANDARDS FOR 
LABORATORY CHEMICALS 


644 pp. 42/- 


6th edition, extensively revised and extended, 
covering 308 reagents. 

The book describes in detail the analytical tests 
applied to the ‘AnalaR’ range of laboratory chemicals. 
Since the first edition appeared over 30 years ago, 
the book has become a standard reference work in 
most analytical laboratories. 

In the new, exhaustively revised and substantially 
enlarged sixth edition, sixteen new items are in- 
cluded. To meet the need for more exacting criteria 
demanded by advances in analytical chemistry 
many specifications have been extended by the in- 
clusion of additional tests, and many impurity limits 
have been made more stringent. A number of 
individual tests have been improved or replaced 
by newer, more reliable or more sensitive procedures, 
including gas liquid chromatography where this can 
be advantageously applied. 


COMPLEXOMETRY WITH EDTA 
AND RELATED REAGENTS 

T. S. WEST, D.Sc, Ph.D. 

235 pp. 50/⁄- 

A new, revised edition of this authoritative work. 
The third edition of Professor West's well-known 
book, covers all the aspects of complexometric 
analysis in eight chapters and gives practical details 
for determining metals, non-metals and water hard- 
ness, 

Tables of stability constants of a large number of 
complexes are included, and the structural formulae 
of many complexones are illustrated. 


METHODS IN ZONE 
ELECTROPHORESIS 

J. R, Sargent, B.Sc., Ph.D. 

120 pp. 25/- 

2nd edition (1969), completely revised and rewritten. 
Dr, Sargent provides a complete, up-to-date introduc- 
tion to the increasing number of techniques in 
electrophoresis. In addition, typical apparatus is 
illustrated and discussed, together with full practical 
details of the preparation of buffers and of staining 
procedures. The book is illustrated by plates and line 
drawings throughout, 


BDH Chemicals Ltd Poole Dorset 


LLG. RADIO SCANNER 


FEATURING 
WINDOWLESS GASFLOW HIGH RESOLUTION 
DETECTOR 4 c.p.m. BACKGROUND. ` 


EXACT SYNCHRONISM OF 20x20 cm. PLATE 
AND CHART TRACE, 


AUTOMATIC MULTIPLE LANE SCANNING. 
TWO DIMENSIONAL SCANNING FACILITIES. 


POTENTIOMETRIC RECORDER FOR FAST 
RESPONSE AND ACCURACY IN LOW ACTIVITY 
REGIONS. 


PAPER SCANNING ATTACHMENT. 
INTEGRATOR WITH PRINT-OUT OPTIONAL. 
SCINTILLATION HEAD FOR GAMMA SCANNING. 
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The scanner accommodates a single 20 20 cm. radiochronyg 
gram plate or several plates up to the same area, andagi 
standard recorder providing perfect synchronism of thg 
active spot and chart trace. The very low gas cong 
detector can be programmed to completely sean 
as many different sections of the plate as requirej 
end of each scan the detector automatically moves 
pre-determined position on the T.L.C. plate. 


APPLICATIONS FOR OVERSEAS 


A) AGENCIES INVITED 


FURTHER DETAILS: 


PANAX EQUIPMENT LIMITE 


Holmethorpe Industrial Estate, Redhill, Sur ; 







Tel: Redhill 63511 





Classified Advertisements 


All copy is subject to the approval of the Pub- 
fishers, who retain the right co refuse or 
withdraw advertisements at their discretion, 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch. 
Minimum £3, each additional f/12th of an inch 
10s, Full page £158, Half page across £80, 
Colour (orange) £20 extra, 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number, 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T.G, Scott and Son, Limited, | Clement's 
inn, Serand, London, W.C.2. Telephone: 
Creare” Telegrams: Textualist, London, 








APPOINTMENTS VACANT 





LANCHESTER COLLEGE OF 
TECHNOLOGY, COVENTRY 


Applications are invited for the post of 
Senior Lecturer or Lecturer Grade H in 


MICROBIOLOGY 


Candidates should have high qualifica- 
tions and preferably experience in teach- 
ing at undergraduate level, 


Salaries (under review): 


Senior Lecturer: £2,280 to £2,593 per 
annum, 


Lecturer Grade Ti: £1,725 to £2,280 
per anmum. 


In certain circumstances the commencing 
salary may be above the minimum of the 
scale. 


Further particulars and application forms 
obtainable from the Principal, Lanchester 
College fF Technology, Priory Street, 
Coventry CVI 5 FB, to whom applications 
should be returned by September 17, 1969. 


(749) 








ANALYST 


fhe Medical Research Council Clinical 
Pharmacology Research Group requires a 
Chemist to develop techniques for the 
measurement and identification of drugs 
and their metabolites in biological samples. 
The Group is aboot to obtain a Gas 
Chromatograph/Mass Spectrometer. The 
Group’s main interest is in relating drug 
metabolism to drug action in man. 


Applicants should have about two years 
st-doctoral experience, preferably in gas 
-omatography and/or mass spectrometry. 
‘ly in writing to the S etary, Royal 
graduate Medical School, Hammersmith 
“al, London, W.12 (SHE 2030, ext. 
quoting ref.: 2/277. (758) 










EDITORIAL 
ASSISTANT 


red for International Medical Journal 
ork with Editors-in-Chief (two) in 
Previous editorial experience not 
but a science degree preferred 
ability to write good English an asset. 
d working conditions and opportunities 
use own initiative. Salary negotiable. 
pplications in writing to: Professor 
B. Bradley, The Medical School, Birm- 
kham 15. (728) 















































AGRICULTURAL RESEARCH COUNCIL 
INSTITUTE FOR RESEARCH ON ANIMAL DISEASES 
Compton, Berkshire 


Applications are invited from science or veterinary graduates with 
postgraduate experience, preferable to a doctorate level, in 
MOLECULAR BIOLOGY. The vacant post, in the Department of 


Microbiology, is for investigation of the structure, function and bio- 
logical properties of micro-organisms, especially animal viruses. The 
laboratories are well equipped for the application of the available 
techniques and facilities for related studies are available in other 
departments of the Institute. The appointment will be on the 
Scientific Officer (£1,071 to £1,827) or Senior Scientific Officer (£2,021 
to £2,491) scales according to age and experience. Applications 
including the names of two referees should be submitted by September 
26 to the Secretary, Institute for Research on Animal Diseases, 


Compton, Newbury, Berkshire, quoting ref. 109. 
(725) 


A JOB ON THE CONTINENT 


A leading West German pharmaccutical company 


wishes to engage several 
TECHNICIANS 
with experience in the clinical 
chemical field and interest in 
animal experimental work 
to work in the BIOCHEMICAL RESEARCH LABORATORIES con 
cerned with the development of new pharmaceuticals, 
_ Salary in accordance with age, qualifications and experience, Assistance 
in finding accommodation will be given. 
Up-to-date equipment. Canteen facilities, Knowledge of German not 
required. 
Applwants should write in the first instance giving full deisils of career 
to date to: 
C. H. BOEHRINGER SOHN 
~~Personalabteilung-~ 
6507 Ingelheim/Rhein, GERMANY, 


The Government of Venezuela and the Government of Israel jointly 
sponsor an Advanced Seminar on Agricultural Genetics. The seminar 
will be held on October 19 to 29, 1969, at Maracay, Venezuela. 


Six Sessions will take place: 
A The Use of Genetic Mechanisms for Facilitating Hvbrid 
Seed Production. ` 
B Gene Pools. 
C Plant Breeding for Arid Environments. 
D Use of Induced Mutations. 
E Animal Breeding. 
F Economic Criteria in Breeding Programmes. 


rectores will be given by invited specialists from Lutin America and 
srael. 


Latin American scientists are invited to write for application forms and 
further information to: 


Mr. Pedro Vega O, 

Exec. Sec, Seminario Avanzado de Genctics 
Agricola para America Latina, 

Maracay, 

VENEZUELA. 





further Classified advertisements see page vii 
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Si vous désirez obtenir des 
renseignements complé- 
mentaires sur tout article 
figurant dans les pages 
d'annonces, veuillez in- 
scrire les details appropriés 
sur la formule ci-contre, 
la détacher et l'adresser a 
T. G. Scott & Son Ltd. 
Nul affranchisement n'est 
requis en Grande-Bretagne 
ni Irlande du Nord, mais 
tous nos lecteurs à letran- 
ger devront affranchir leur 
carte au tarif habituel, 


Falls Sie an weiteren Einzel- 
heiten eines in den Anzeigen 
angeführten Artikels in- 
teressiert sein sollten, 
tragen Sie bitte das betref- 
fende Bezugszeichen in die 
nebenstehende Karte ejn. 
Die Karte ist dann abzutren- 
nen und an T. G. Scott 
& Son Ltd. zu senden. 
Fur Grossbritannien und 
Nordirland ist keine Brief- 
marke erforderlich, wohl- 
aber bei Aufgabe im Aus- 
land. 


Se desiderate ricevere ulter- 
iori informazioni riguardanti 
qualsiasi prodotto o articolo 
pubblicato, compilate fa 
scheda qui a fianco 
riportata. Distaccatela e 
inviate a: T. G. Scott e Son 
Ltd. Laffrancatura é a 
carico del destinatario se la 
spedizione viene effettuata 
calla Gran Bretagna o dall 
ilanda del Nord, mentre 
tutti į lettori esteri dovranno 
affrancare regolarmente. 
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IF you would like to receive further information on any product or service 
advertised in this issue, please enter the appropriate details on the form below, 
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INTERNATIONAL JOURNAL 
OF SCIENCE 


This 
ENQUIRY 
SERVICE 


has been instituted 
to enable you to 
obtain information 
on any product ad- 
vertised in the pages 
of NATURE easily 
and in the shortest 
possible time. Please 
make use of it. 


ENQUIRIES MADE 
WITHOUT OBLIGATION 


Please ensure that 
your full name and 
address are carefully 
indicated on the form 
overleaf. 
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QUEEN CHARLOTTE’S 
MATERNITY HOSPITAL 
GOLDHAWK ROAD, LONDON, W.6 


Applications are invited from graduates 
with honours degrees in science for the 
post of RESEARCH ASSISTANT IN 
HUMAN CYTOGENETICS. Salary and 
terms of service in accordance with Whitley 
Council Scale for Seientific Officers (£1,030 
to £1.77 plus London Weighting per 
annum). Previous experience in cyto- 
genetics not essential. The successful ap- 
plicant will be one of a team of three and 
the appointment is for one year in the 
first instance. 

Applications, with names of two referees, 
to Dr. Hurley at above address. (783) 





LIBRARIAN 
£1,184 to £1,816 


must be qualified. For scientific library of 
the Medical Research Council Air Pollution 
Unit. Five-day week, 34 weeks’ annual 
leave plus privilege and public holidays. 
Modern building in pleasant surroundings. 


Applications to Professor P. J. Lawther, 
Director, St. Bartholomew's Hospital Medi- 
cal College, Charterhouse Square, London, 
ECI (747) 





UNIVERSITY OF NEW SOUTH 
WALES 
PROFESSOR OF PHYSICS 
FACULTY OF MILITARY STUDIES 

The University of New South Wales has estab- 
lished a Faculty of Military Studies at the Royal 
Military College, Duntroon, Canberra, A.C.T. It 
is providing courses leading to the award by the 
University of the degree of Bachelor of Arts in 
Military Studies, B.A (Mil) and Bachelor of 
Science in Military Studies, B.Sc(Mil). Ut is the 
intention of the University and the Department 
of the Army to develop the Faculty towards an 
autonomous degree-conferring body. 

The Professer of Physics will be responsible for 
the courses in Physics for officer cadets special- 
ising in Physical Sciences and supporting courses 
for Engineering and Arts students. 

Research facilities at present exist in some 
aspects of solid state physics, including a wide 
range af X-ray diffraction and spectrometer 
equipment and electron microscope. There is 
ready access ro computer facilities, The ap- 
pointee will be encouraged to develop his own 
areas of research and funds will be available for 
these purposes. kt is planned to attract post- 
graduate students to work for the higher degree 
of the University. 

Appointment will be to the staff of the Uni- 
versity of New South Wales and normal 
academic conditions of employment will obtain. 
On establishment of the Faculty as an autono- 
mous degree-conferring body, however, the staff 
a ne Faculty will become members of the new 

ody. 





~~$A12,000 per annum. 
t to the consent of the University Coun- 
cil, professors may undertake a limited amount 
of higher consultative work. The University re- 
serves the right to Gill any chair by invitation. 
Details of appointment, including superannua-~ 
tion, study leave and housing scheme, may be 
obtained from the Secretary-General, Association 
of Commonwealth Universities (Appts), 36 
Gordon Square, London, W.C.1, 
Applications close in Australia and London on 
September 8, 1969. (762) 
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PHARMACOLOGY 


Due to expansion we are secking a Ph.D. to 
carry out research programmes in the field of 
biogenic amines. Responsibilities include partici- 
pation in multidisciplinary research, methods de- 
velopment and individual exploratory research. 
We are a large pharmaceutical company located 
in Montreal, Canada, We offer a full pro- 
gramme of employee benefits and excellent re- 
search facilities. 

Please write in confidence giving complete de- 
tails of education, experience, age and salary 
expected to: Personnel Department, AYERST 
LABORATORIES, P.O. Box 6118, Montreal, 
Que, Canada. (798) 
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quarters in Vevey, Switzerland. The job will involve co- 
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Personnel Department, The Nestlé Company Limited, 
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(768) 
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Drug Metabolism. The successful candidate will be required to 
assist in the development of new methods and techniques. 
Applicants should have skill and experience in GLC techniques 
and preferably some knowledge of F & M equipment. An interest 
in organic chemistry or biochemistry would be an advantage. 
The Wellcome Research Laboratories are situated in pleasant 
parkland surroundings within easy reach of Bromley and 
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Applications quoting ref. U. 130 should be addressed to the 
Personne! Officer, 


THE WELLCOME RESEARCH LABORATORIES, 
Langiey Court, Beckenham, Kent, 
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Total Steroid Synthesis 


By A. A. Akhrem and Yu. A. Titov, Laboratory of Corticoid Chemistry, Institute of Organic 
Chemistry, Academy of Sciences of the USSR, Moscow 


Graphically illustrated by 120 reaction schemes, this monograph gives a detailed discussion 
of the existing routes and basic reactions for the total synthesis of steroids. 
Classification is based on the type of synthesis which is connected with a definite sequence 
of the construction of the rings forming the steroid skeleton. The chapters are organized 
by schemes of synthesis, including experimental data. 

Although aimed primarily at those engaged in research in this field, the book alse will 
be of interest to post-graduate organic chemists and biochemists and to research workers 
in the steroid hormone industry. 


Approx. 350 pp. 1970 In preparation 


Semiconductor Solar Energy Converters 


Edited by V. A. Baum, Director, Physicotechnical Institute, Ashkabad, Turkmenian SSR 
A volume in Monographs in Semiconductor Physics 


Translated from Russian by Albin Tybulewicz, Editor, “Soviet Physics ™—— Semi- 
conductors”. 


A collection of twenty-four papers reviewing the state of solar energy physics and 
technology. Thermoelectric, thermionic, and photoelectric solar energy converters are 
discussed, including such applications as water pumping in arid regions and methods 
for solving the problems of the concentration of direct solar radiation and the thermal 
optimization of absorbers. 


222 pages August 1969 $27.50/£12 17s, 


Biological Effects of Magnetic Fields, Volume 2 


Edited by Madeleine F. Barnothy, Professor of Physics, College of Pharmacy, University of 
Illinois, Chicago 

Presents recent experimental data and proposals for the interpretation of new research, 
and suggests many areas of exploration for research workers entering this important field. 
Of current interest to the manned-space program are chapters on magnetic susceptibilities 
of biological materials, reactions of mammalian brain to static magnetic fields, and effects 
of magnetic fields on cellular respiration. 

The volume concludes with a thorough listing and discussion of the magnetic properties 
of biological materials. 

306 pages September 1969 $17.50/£8 2s. 


Protein Metabolism of the Nervous System 


Edited by Abel Lajtha, Ph.D., Director, New York State Research Institute for Neuro- 
chemistry and Drug Addiction, Ward's Island, New York 


The book covers protein metabolism of the nervous system from many aspects, including 
advances in membrane and control factors of cerebral metabolism. Pathological studies 
are treated from the point of view of immunological and nutritional changes, demyelination, 
and effects of drugs. 

It presents an up-to-date survey of the latest developments in the study of protein 
metabolism of the nervous system. 


Approx. 750 pages 1970 In preparation 


Magnetic Neutron Diffraction 


By Yurii A. Izyumov and Ruslan P. Ozerov, Karpov Physicochemical Institute, Academy of 
Sciences of the USSR, Moscow 


Readers are requested to Translated from Russian by Geoffrey D. Archard 

contact the publishers for further The theoretical treatment of magnetic properties and the application of neutron diffraction 

information: to their study is correlated with the most recent experimental evidence. This book 
reflects the present level of neutron-diffraction research into magnetic crystals which will 

Plenum Publishing Co., Ltd., prove useful to experimentalists and theoreticians directly concerned with neutron- 

Donington House, diffraction research as well as those working in the fields of ferro- and anti-ferromagnetism. 

30 Norfolk Street, An extensive bibliography is included. 


London, W.C.2 (Tel. 01-836 5238) 600 pages February 1970 In preparation 
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Up to one hundred times faster than X-ray Spectrometers can perform these 
conventional techniques, X-ray tasks more rapidly and accurately than 
spectrometry can detect concentrations any equivalent instrument. That's why 
of any single element from uranium they are essential for quality and 
down to fluorine, from fractional parts process control in a wide variety of 
per million to 100%. And response is manufacturing industries such as steel, 
element specific, glass, cement and ceramics, and in the 
Liquid. powdered or solid samples can pharmaceutical and chemical 
be handled non-destructively, which industries. 
means that many analyses not even Write or telephone for full details of the 
attempted by wet chemistry can be widest available range of manual, 
carried out. automatic, and computer-controlled 
The highly versatile range of Philips X-ray equipment. 
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NEW! 


MOLEKULE UND LEBEN 


Einführung in die Molekularbiophysik 


Von Prof. Dr. M. W. WOLKENSTEIN, Leningrad/UdSSR. Ubersetzung aus dem Russischen, Wissen- 
schaftliche Redaktion der deutschen Ausgabe: W. Beier, Leipzig 


XI, 443 Seiten, 205 Abbildungen, 1 farbige Tafel, 32 Tabellen. 16,7*24 cm. 1969. Leinen 56,— M 


In diesem Buch werden die molekularen Ursachen der Vererbung, Immunität und Stabilität der Arten 
behandelt. [Es enthält die biophysikalischen Grundlagen der Zell- und Gentheorie und gibt die modernen 
Hypothesen und Theorien der Eiweiss-synthese wieder. Die Beziehungen zwischen Biologie, Biophysik 
und Quantenmechanik, werden eingehend dargestellt. Das Buch ist eine zusammenfassende Darstellung 
eines Teilgebietes der Biophysik, der Molekularbiophysik. 


Bestellen Sie bitte bei Ihrem Buchhändler 


oder direkt beim Verlag. 


VEB GEORG THIEME LEIPZIG 
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BCM 200 REFRACTORY CUTTING MACHINE 


HIGH SPEED PRECISION CUTTING 
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ROCKS AND CERAMICS 
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Max. depth of cut 42”. 
@ Table mounted on vee guide rollers fitted with 
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Fully protected from abrasive sludge. 
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NATURE 
Be Fruitful and Starve 


Festive occasions, such as next week’s bank holiday, 
leave their mark in unexpected ways. If the accident 
statistics betoken how a large proportion of the 
population takes to the roads at such times, the 
Registrar General can deduce how people have their 
fling in other ways; the conception rate in England 
and Wales shoots abruptly upwards twice a vear, during 
the summer holiday season and in the period between 
Christmas and the New Year. These fluctuations are 
more than a demographer’s curiosity. As a demon- 
stration of how social institutions can influence the 
birth rate, they are of the utmost pertinence to the 
population explosion which is now afoot in almost all 
countries of the world. As awareness of the problem 
has grown, so too has the number of those who believe 
it is capable of solution. The grounds for optimism, 
however, have if anything diminished. 

Population projections are so often quoted that they 
have ceased to startle. It is taken for granted that 
world population will rise from 3,550 million te some- 
thing like 6,130 million (the United Nations median 
estimate) by 2000, although it is less well known that 
even a comparatively stable population such as that 
of the United Kingdom will suffer a 24 per cent increase 
from 55 to 68 million in the same period. This 
unnatural bloom has been sustained over the past 
quarter of a century by the worldwide institution of 
public health programmes and the use of insecti- 
cides and antibioties; in short, by tampering with the 
restraints on human ecology whose classic description 
is due to Malthus. It is entirely understandable that 
people should look for a cure to the same source that 
supplied the cause. From science and technology, the 
argument goes, will spring the new developments, such 
as the IR strains of rice, which will increase the food 
supply and buy the time to stabilize population growth 
with family planning programmes. 

There are limits to the confidence that can be placed 
in this argument. For one thing it reeks of the fallacy 
of scientific omnipotence. For another, there are 
ominous signs, to which two distinguished American 
demographers have recently drawn attention, that it 
rests on a mistaken diagnosis of the problem. The 
implicit assumption of family planning programmes is 
that people would have fewer children than they do if 
adequate means of contraception were freely available 
to them. Though this is certainly true to some extent, 
the fact remains that the desired family size in countries 
ranging from the United States to Taiwan is consider- 
ably greater than that required to produce a stable 
population. 

There is, too, the possibility that family planning 
programmes are largely irrelevant to demographic 
trends. Declining birthrate experienced by European 
countries in the nineteenth century was the consequence 


of the industrial revolution and the changing economic 
and social conditions it brought into play. People 
had fewer children because they wanted to, and the 
means at hand were demographically effective. Is the 
mere availability of modern contraceptives, together 
with a modicum of medical health propaganda, likely 
to persuade people to procreate less? Professor 
Kingsley Davis has argued (Science, 158, 730; 1967) 
that in countries such as Taiwan and South Korea, 
which are often upheld as models of what a family 
planning programme can achieve, it is hard to be sure 
that the programme has contributed more than margin- 
ally to a decline in birthrate that would have occurred 
anyway. Nor is it to be believed, if an analysis by 
Dr Judith Blake is correct (Science, 164, 522; 1969), 
that family size among the poor and uneducated in the 
United States is a consequence of their lack of access 
to family planning advice. The poor have ample 
access to such advice but have chosen not to take it. 
Those who are optimistic about the potential 
influence of family planning programmes would appear 
to neglect the several factors other than the availability 
of contraceptive techniques that determine family 
size. These include not only traditional and religious 
attitudes to child-bearing but the whole range of social 
and economic incentives which each society has devel- 
oped in order to assure its own continuity. These 














incentives are embodied in the structure of family 
life, the sanctity of which no politician, party or regime 
Unfortunately it is the 


4 


would publicly impugn. 
family, or at least people’s expectations of the family 
role in society, that must be altered if the number of 
children traditionally desired is to be reduced. The 
kind of measures that could be needed include govern- 
ment action to deter early marriages, to encourage 
women to take up careers outside the home as a deliber- 
ate alternative to child-bearing, to abolish child allow- 
ances and other economic incentives to fecundity and 
to influence sexual mores away from a direction that 
drives the maximum number of people into fertile 
union. 

Such radical measures are, for the moment. at least, 
politically infeasible in almost all countries of the world, 
which may be part of the reason for the relative 
acceptability of family planning programmes. These 
seem to promise a solution in terms of medicine and 
public health, they are comparatively innocuous to. 
political and religious sentiments, and they permit the 
impression that something is being done to contain 
the population explosion without the need for traumatic 
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social changes. The obstacles in implementing even 
family planning programmes are a discouraging fore- 


taste of those that will face the far more radical 
measures that may eventually be necessary. [t is 
significant that the Family Planning Act and the 


878 


Abortion Act became Jaw not because of their effec- 
tiveness as demographic tools but because their spon- 
sors were able to present them, as indeed they are, as 
measures designed to improve the quality of family life. 

The development of new methods of contraception, 
such as the “morning-after” pill or a pill for men, may 
indeed provide a fillip to family planning programmes 
in various areas of the world. But it would be perilous 
to suppose that these or any other advances can provide 
a scientific solution to what is essentially a sociological 
and political problem. The International Federation 
for Planned Parenthood has every right to take pride 
in the growing number of countries that support or 


Progress at Geneva 


Last week’s news that, almost at the last minute, the 
Russian delegation at the Geneva disarmament con- 
ference has accepted the principle of a limited ban on 
the deployment of arms on the sea bed is an encourag- 
ing sign that the two superpowers mean business. 
It is a significant step towards the stabilization of the 
balance of power and should nip in the bud another 
potential arms race. Last March, the two superpowers 
seemed to have reached a position of deadlock. At 
that time, the Soviet Union tabled the draft of a treaty 
calling for the complete demilitarization of the sea bed, 
and the United States replied with its treaty which 
would rule out the deployment under the sea of fixed 
nuclear weapons and other fixed weapons of mass 
destruction—the current euphemism for chemical and 
biological weapons. It seemed likely that the confer- 
ence, which was to have adjourned on August 28, would 
be going empty handed to the autumn session of the 
United Nations General Assembly. Now, however, 
as a result of the considerable Russian concession, 
the session of the Geneva conference is likely to 
continue at least until mid-September. In the 
next three or four weeks the United States and the 
Soviet Union must hammer out a mutually acceptable 
draft treaty to take to New York. There remain, 
of course, considerable differences separating the two 
sides, including details of verification and the size of 
territorial limits. The United States has all along been 
arguing for a three mile territorial limit which would be 
excluded from the ban, while the Russians have been 
arguing for a twelve mile limit. But these details are 
unlikely to prove insuperable obstacles now that the 
two sides are agreed in principle. Having won a 
major concession from the Russians, the United States 
may well be willing and would certainly be well advised 
to concede a 12 mile limit if that becomes the chief 
point at issue. 

It remains to be seen whether the Russian concession 
and a limited sea bed treaty signal a general change in 
attitude, perhaps leading, as many commentators 
hope, to the start of the delayed Russo—American 
bilateral talks on strategic arms limitations. But the 
important stabilizing effect of a treaty which prohibits 
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permit family planning activities, The fact remains 
that no government. yet has a programme to reduce the 
desired family size. Nor, even if family planning 
programmes were fully successful in their objectives, 
is there any guarantee that the volitional behaviour of 
individual families would lead to a containment of the 
population explosion. It is naive to hope that indivi- 
duals can be induced to regulate their family size in the 
best interests of society by persuasion alone, not by 
legislation. The seasonal fluctuations in the English 
birthrate are a vivid reminder that in these matters, 
at least, people are a law unto themselves and will 
remain so until otherwise instructed. 


deployment below the sea of fixed nuclear weapons 
while at the same time legalizing deployment of sub- 
marine detecting devices should not be minimized. 
The original Russian position, a total ban on nuclear 
and conventional weapons, was not only unrealistic 
but dangerous. Such a ban would be impossible to 
enforce and would be dangerous for the simple reason 
that prohibiting deployment of detection devices 
would lead to a situation in which an unscrupulous 
transgressor could at any time deploy submarines 
carrying nuclear weapons within a few miles of a poten- 
tial enemy's coast with no fear of detection. Nothing 
could be more guaranteed to increase tension and make 
the military on all sides trigger happy. 

A limited treaty, on the other hand, which accepts 
that the superpowers will not be content to manoeuvre 
their nuclear submarine within a three or twelve mile 
territorial limit, throws all the emphasis on develop- 
ment of more extensive and more effective submarine 
detection systems. Once the treaty is in force the 
Russian and United States navies will no doubt 
quietly step up their cable laying activities and once 
both sides feel sure that they know the whereabouts of 
cach other’s submarines, the tensions induced by un- 
certainty should inevitably be reduced. Indeed, there 
is a strong case for arguing that the United Nations 
should take an active part in the development of 
detection systems. It could, for example, convene 
technical conferences and study groups to evaluate 
detection systems in much the same way that SIPRI 
evaluated seismic methods for monitoring underground 
explosions, 


PHARMACEUTICALS 


There is a Gap 


Tue fourth in the OECD’s remorselessly thorough 
series of reports on technology gaps between the 
organization's members—in effect reports on the dis- 
parities between the United States and the rest-—-deals 
with the pharmaceutical industry (Gaps in Technology— 
Pharmaceuticals, OECD, Paris, 21s). The report makes 
no secret of the problems of defining meaningful 
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parameters to measure the output, efficiency and 
innovative capacity of the pharmaceutical industry; 
these problems are compounded by the differing 
national laws regulating patenting, testing and authoriz- 
ation of new drugs and the international character of 
many of the leading drug companies. Nevertheless it 
concludes that there is a gap between the American 
companies and most European companies, at least as 
far as the discovery and development of new drugs are 
concerned. The graph shows the dominant position 
in the European market which the US industry has 
won for itself, in many cases in the face of protectionist 
measures. In all the European countries covered by 
the report, the United States was the chief supplier 
of important new drugs, with Switzerland next. Out 
of the 138 new drugs marketed since 1950, 67 originated 
in the United States, 20 in Switzerland and 15 in 
Germany. 

The US companies employ fewer research workers 
than all the European companies put together, but 
US expenditure is, of course, substantially higher than 
all the other OECD countries except Switzerland. In 
1965 the United States spent $365 million, or $1-87 
per head, on pharmaceutical research, for example, 
while Britain spent $32-5 million, or $0-59 per head. 
Switzerland, however, spent about $20 million at home 
and reputedly twice that sum abroad (the report 
classifies expenditure by location, not by ownership 
of individual companies), which indicates a real expen- 
diture in 1967 of about $5 per capita. 

If the gaps between the United States and Swiss 
industries and the rest are not to widen, the European 
nations will have to go much further towards harmon- 
izing their drug laws. According to the report, until 
this is done the European market will remain a series 
of small idiosyncratic markets instead of becoming a 
single home market comparable in size and importance 
with that enjoyed by the American companies. Differ- 
ences in registration of drugs for marketing, labelling, 
publicity laws, failure to recognize foreign professional 
qualifications and different methods of paying for drugs 
in the various European social security systems are all 
crippling handicaps for the European industry. More- 
over, they encourage European companies to remain 
inside national boundaries and thus never reach the 
critical size at which research and development begins 
to pay off. No less than 4,000 companies are at present 
competing for the $10 million drug market of the 
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OECD area, but of these only 100 do substantial business 
and have substantial production in several countries, 
and only 20, mostly American and Swiss, can be re- 
garded as truly supranational. Unless the European 
companies merge, most of the 4,000 are doomed. 


SHIPPING 


Time for Assessment 


CONTAINER ships and the expanding Liberian flag-of- 
convenience merchant fleet as well as recording losses 
at sea, which in 1967 accounted for 0-46 per cent of the 
world merchant fleet and in 1968 even more, continue 
to preoccupy the shipping world, according to a recent 
OECD report, Maritime Transport (OECD, Paris, 
22s 6d). The Liberian fleet expanded at a faster rate 
in 1967-68 than in the previous year, increasing its lead 
as the world’s largest merchant fleet with 25-72 million 
gross registered tonnage.  Liberia’s two distant: 
flag-of-convenience competitors, Panama and Lebanon, 
fell further behind, and all the other countries offering 
flag-of-convenience facilities failed to get a look in. 
Maritime nations have, of course, learnt to live with 
flags of convenience and the seemingly inexorable 
increases in the proportion of world shipping lost 
in spite of improved navigational aids, but the con- 
tainer ship is only now making its presence felt. 

During 1968, the number of full container services 
on the North Atlantic route doubled from four to 
eight, and four more operators announced that they will 
be competing by the early seventies. Inthe Far East, 
four new services between the US and Japan, four 
between Japan and Australia, three between Japan 
and Europe and three between Australia and Europe 
were either started or announced last year. By the 
end of 1969, the OECD estimates, the world container 
fleet will have increased by 40 per cent, chiefly through 
the introduction of new purpose built ships rather than 
as a result of conversion of conventional vessels, to 
a total capacity of 100,000 standard 20 foot container 
units. Container ships currently account for about 
5-6 per cent of the total tonnage on shipbuilders’ 
order books for delivery in 1969-70; this more or less 
equals the total tonnage of all other dry cargo vessels 
on order. But the order books also indicate that once 
this batch of container ships is in service, ship owners 
are going to need two or three years to assess future 
developments and world demand; only 1-2 and 1-7 
per cent of tonnage on order for delivery in 1971-72 
is container shipping. By the mid-seventies, however, 
the labour problems and difficulties over insurance and 
liabilities that have followed the introduction of con- 
tainers should have been ironed out. Already, a new 
clause has been added to the Hague Protocol Rules 
defining the limit of liability of ship owners for con- 
tainer cargo. 


AIRPORTS 


Computerized Heathrow 


Tur Post Office National Data Processing Service 
(NDPS) is to place an order worth £3 million with 
International Computers, Ltd (ICL), to provide cus- 
toms, airlines and agents at Heathrow Airport with 
the world’s first computerized system to control im- 
ported cargo. The system, which will be ready by the 
middle of 1971, will be System 4-72, an enhanced 
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System 4-70, providing up to 25 per cent more power, 
and two machines will be used initially. Each machine 
will have 393 K binary digits of store and a backing 
store of drams, multiple disks and phase encoded 
magnetic tape. units. 

Known as LACES (London Airport Cargo Electronic- 
Data-Processitig-Scheme), this system will be operated 
by NDPS on behalf of the airlines, agents and HM 
Customs. It is hoped that not only will this system 
speed up the process, but that it will drastically reduce 
paperwork and provide a better measure of control 
“over cargo imports. The system will be linked to more 
than 200 visual display terminals through which the 
agent or airline can key information into the computer 
system. As parcels arrive, they will be keyed into the 
‘system as a patcels entry by the airline, then as a 
customs entry. In this way, customs will know when a 
consignment is expected and the decision whether to 
look at the documentation only, physically to inspect 
the consignment, or simply to let it through, will be 
made by the computer according to criteria laid down 
by the customs, This will greatly speed up the process, 
and agents and airlines will know the precise position 
of each parcel going through customs. This visual 
display has been designed by Cossor Electronics and 
‘has been thoroughly tested by the GPO at Heathrow 
in conditions of maximum noise and vibration and 
in the presence of radar and other signals. 

LACES will be implemented in stages, and it is 
likely to be extended later to include accounting for 
airlines and agents and export cargo. Other countries 
are planning similar systems and it is hoped that the 
Heathrow scheme will be the basis for an international 
airfreight data-processing network. The placing of the 
order with the British computer industry will put ICL 
in a very favourable position to tender for future 
contracts at overseas airports. 


COMPUTERS 


IBM Tries Again 


IBM’s recent announcement that two new computers 
are under development—the System /360-model-195 and 
the System/3—is an indication of the company’s 
determination to capture a larger share of the 
extremes of the computer market. The 360-195 will 
be the largest and most powerful computer in their 
production line, while the System/3 will be one of 
IBM’s smallest computer packages. 

The system 360-195 is designed for solving computing 
problems for a large range of applications, but the 
360-85 which is also in production at the moment is 
designed chiefly for the commercial market, so it seems 
likely that the 195 will be geared more towards the 
scientific and time-sharing markets. It will have an 
internal processing speed about twice as fast as the 
360-85, with a basic machine cycle of 54 nanoseconds, 
The storage capacity will be up to four million byter, 
organized into eight or sixteen interleaved elements, a 
modification which speeds up the cycle process. The 
195 will be completely compatible with other models in 
the 360 series. It will be able to run programs from 
other large 360 models, and most input/output devices 
used with other 360 models can be attached to the new 
computer. Moreover, the machine is large enough, to 
cope with several programs concurrently, using the 
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System/360 MVT (multiprogramming with a variable 
number of tasks). 

At the other extreme, the System/3 is designed for 
small firms employing between 100 and 1,000 people. 
In essence, it will be an accounting machine aimed at 
providing a company with greater automation at a 
price not much higher than it is currently paying. It 
will use punched cards about one third the size of those 
used in current machines, which means that present 
equipment in IBM’s range which uses punched cards 
will become obsolete. It also means that the System/3 
will not be compatible with other brands of computer, 
which suggests that this model is aimed at a new and 
restricted market. 

Several aspects of the [BM announcement have given 
rise to considerable comment in the computer world. 
In the past, IBM has been notably unsuccessful in the 
large computer field. The 360-90 series did not come 
up to expectations, and only 20 were sold, while its 
predecessor, the ‘Stretch’, hardly reached the pro- 
duction stage. The 360-195 is therefore IBM’s third 
attempt to muscle into the market for large computers. 
If 360-195 fails, [BM is unlikely ever to break into the 
large computer market. For some time, IBM's 
American rival, Control Data Ltd, has had the 
largest share of the market for giant computers with 
its 6600 series, which is being superseded by the 
7600. IBM’s announcement will probably give Control 
Data cause for concern because not only does it repre- 
sent a major assault on the market, but also the 
announcement of the 195, eighteen months before its 
scheduled delivery date, may affect advance orders for 
the 7600. In the past, Control Data has complained 
about IBM’s tactics of announcing products far in 
advance of the delivery date; it claimed, for example, 
that the announcement of the 360-90 series in 1964 was 
aimed at scooping the 6600 model. Many computer 
firms are adopting a “wait and see” attitude to the 
IBM announcement, and several are sceptical of 
IBM’s ability to achieve production by the 1971 
delivery date. 

The 195 will be available at a rental of between 
$165,000 and $300,000 a month, and the purchase 
price will be between $7 million and $12 million. The 
System/3 by contrast will cost from $42,375, and can 
be rented at a cost of $945 a month. 


FISHERIES 


An Industry Floundering 


Tue British fishing industry is in trouble on every 
front. The Joss of three Hull trawlers and their crews 
in January and February 1968 and the Report of the 
Holland-Martin Committee of Inquiry into Trawler 
Safety (HMSO, 14s 6d), set up after these accidents, 
exposed the archaic conditions of the industry, by a 
large margin the most hazardous occupation in Britain. 
The recently published Annual Report for 1968 of the 
Torry Research Station (HMSO, 6s 6d), the Government 
laboratory responsible for improving methods of 
handling fish from the time it is caught until it is in the 
shopping bag, adds to the gloom. Its opening sentences 
read: “At the time of writing the UK fishing industry 
is facing problems widely attributed to an over-supply 
of some of the major species such as cod. It is cer- 
tainly true that distressingly large quantities of fish 
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from British landings have failed at times to find 
buyers and have had to go for fish meal manufacture.” 

The problem is, of course, accentuated by increased 
landings from foreign vessels and imports of processed 
fish. The statistics for 1967, the latest available, show 
this trend even if they do not reveal its magnitude 
in 1968. Britain imported 162,000 tons of fish in 1967 
compared with 156,000 tons in 1966, 72,000 tons of 
canned fish in 1967 worth £35 million compared with 
61,000 tons worth £28 million in 1966, 395,000 tons of 
fish meal (£23 million) compared with 308,000 tons 
(£21 million) in 1966 and 282,000 tons of fish oil (£15 
million) compared with 178,000 tons (£12 million) in 
1966. And while imports of almost all fish and fish 
products have increased, exports have declined 
marginally from nearly £10 million in 1966 to about 
£9-5 million in 1967, 

In 1967 the Torry Research Station spent £377,000 
on research designed to halt and reverse these trends. 
Its work ranges from improving methods of freezing 
fish at sea to trying to persuade people that canned 
mackerel has the taste of canned salmon even if it 
lacks the appearance. At the end of 1967 there were 
twenty freezer-trawlers and seven factory trawlers in 
operation in the British fishing fleet, although since 
then three factory trawlers have been laid up as un- 
economic. The problems are simply that fish frozen 
at sea often looks of poor quality, with the muscle 
gaping and the colour unappetizing, even though the 
flavour may be good. Torry scientists went on seven 
voyages in an attempt to pinpoint the faulty steps in 
filleting and freezing and came up with a few seemingly 
elementary recommendations: the fish ought to be 
kept below 5° C from the time it is landed to the time 
it is frozen, the fish should be left to bleed, and each 
haul should be washed and gutted before the next is 
landed, for example. 

At the other end of the spectrum the Torry station, 
which now runs the British Food Manufacturing 
Industries Research Association’s fish canning unit, is 
trying to find products that can replace the £55 million 
worth of canned fish that Britain imported. Currently 
sprats and mackerel, fatty fish, are the white hopes. 
And for the first time Torry’s programme includes 
the development of machines to do many of the pro- 
cessing operations. For example, the station is trying 
to extend the range of a machine designed in the first 
place to gut only small fish. 


EXPEDITIONS 


Endeavour Sails Again 


Tue bicentenary of Captain James Cook’s first voyage 
of discovery has provided the impetus for a joint 
British and New Zealand expedition that is just about 
to set out for the South-west Pacific. Several parties 
of scientists will be engaged in biological, geological 
and oceanographical investigations in and around the 
Cook and Tonga Islands. The expedition is under the 
auspices of the Royal Society of New Zealand, and 
includes five British scientists selected by the Royal 
Society of London, which was invited to participate 
because of its close connexions with Cook’s expedition. 

Drs D. R. Stoddart, of the University of Cambridge, 
H. G. Vevers, of the Zoological Society of London, and 
P. E. Gibbs, of the Marine Biological Laboratory in 
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Plymouth, will spend four weeks on the coral atoll of 
Aitutaki. They will concentrate on the geomorphology 
and ecology of the atoll and its peripheral. reef and 
lagoon. They will be particularly interested in the 
bottom living fauna of the lagoon—-perhaps Dr Vevers 
will collect some exotic specimens for the aquarium at 
the London Zoo, of which he is the curator. 

Drs P. G. Harris, of the University of Leeds, and 
P. E. Baker, of the University of Oxford, will be joined 
by a New Zealand geologist for geological, volcano- 
logical and petrological surveys of Tofua and Kao, 
two small islands in the Tonga chain. There is appar- 
ently a good chance of discovering something about the 
origin of andesites—it has still to be resolved whether 
their source is the mantle or the crust of the Earth. 
There are also hopes of obtaining new information 
about the evolution of the Pacific Ocean and its margins 
during the expedition. 

Work at sea is to be based on HMNZS Endeavour, 
the New Zealand Navy’s Antarctic supply ship and a 
particularly appropriate choice for an expedition 
commemorating the voyage of Cook’s Endeavour. At 
the beginning of October the various land parties will 
board HMNZS Endeavour, which will take them to 
Gisborne where Cook’s first landing in New Zealand 
will be marked by national celebrations. 

















SPACE 


Pioneering Solar Activity 


Tae latest in the series of Pioneer spacecraft, Pioneer 
10, should be laumched from Cape Kennedy as Nature 
goes to press. This vehicle is expected to provide 
valuable information on solar activity for up to two 
years, and will be part of a programme including four 
previous Pioneers, Mariners 4 and 5 and seven of the 
Explorer series. The chief purpose of the mission is to 
monitor solar disturbances and to collect data on 
plasma, energetic particles and magnetic and clectric 
fields radiating outwards from the Sun towards the 
Earth. Data relayed simultaneously from several 
Pioneer spacecraft are processed by computer to pro- 
duce solar weather tables, which should throw light on 
solar processes, the interplanetary medium and the 
effects of solar activity on the Earth, 

Pioneer 10 is being launched by the well tried three 
stage Delta rocket into a unique solar orbit (see figure), 
which will keep it within ten million miles of the Barth 
during its operational lifetime. The spacecraft will 
pass inside and outside the Earth's orbit, alternately 
speeding up and slowing down relative to the Earth, 
and will transmit for between six months and two 
years. 

Investigations of solar disturbances are particularly 
valuable because of the possible effects of solar activity 
on the Earth. Geomagnetic storms, which are thought 
to be caused by solar disturbances, can modify the 
orbits of spacecraft, and charged particles degrade or 
damage solar cells and other instruments used in space 
vehicles. In addition, these storms have caused trouble 
for years for equipment which depends on a stable 
magnetic field. Disruptions, sometimes lasting for a 
week or more, are caused in wireline communications 
and in systems utilizing high frequency radio signals. 
With luck, increased knowledge of solar disturbances 
will result in more effective protection against these geo- 
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magnetic storms, but perhaps the most practical applica- 
tion of solar data is expected to be an improvement 
in the ability to predict or control certain aspects of our 
terrestrial environment. US weather statistics have 
already found correlations between solar disturbances 
and the frequency and intensity of Earth storms, and 
some theories suggest that climate, earthquake activity 
and even life pattern and growth rates are directly 
related to solar activity. 
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Fig. 1. Pioneer 10 positions relative to Earth for first 2°5 years 
of mission. 


The Pioneer programme has already provided infor- 
mation with immediate practical application. During 
the Apollo landings, hourly reports on solar activity 
were sent to Houston to guard against any unexpected 
arrival of intense showers of protons, and this type of 
monitoring will become more important as supersonic 
aircraft fly on the fringes of space. And a geomagnetic 
storm, forecast six days in advance from solar dis- 
turbances picked up by Pioneer spacecraft, took place 
within three hours of the predicted time. 

This mission does not, of course, possess the glamour 
of manned flights, but it could be just as valuable in 
terms of results which have immediate application on 
Earth. The Pioneer programme, if it leads to a clearer 
understanding of the links between solar activity and 
the climate on Earth, will strengthen the case for 
concentrating on unmanned explorations, rather than 
repetitions of the lunar stakes. 


RESEARCH 


Who Does What Where ? 


Tue Department of Education and Science and the 
British Council have again published their annual three 
volume guide-——Scientific Research in British Univer- 
sittes and Colleges, 1968-69 (HMSO, Vol. 1: Physical 
Sciences, £3 5s; Vol. 2: Biological Sciences, £3 2s 6d; 
and Vol. 3: Social Sciences, £3). In spite of its useful- 
ness, the guide is as usual marred by minor irritations 
and inconsistencies-—the fact that some of the entries 
are out of date, and the infuriating practice in a few 
cases of lumping all research projects together under 
the head of a department instead of crediting the 
individual members of the department. These incon- 
sistencies are perhaps inevitable in a series which has 
to rely on the cooperation of individual institutions, 
but the editors could surely smooth out a few of the 
irregularities, On the grounds of cost, the subject index 
cannot be expected to be fully comprehensive, but 
some categories are defined precisely and others much 
more broadly. One lapse which has persisted from the 
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previous year is the absence of an index entry for anti- 
lymphocytic serum which is currently the subject of 
so much exciting research. ALS cannot be traced 
under either antibodies or lymphocytes but only under 

serum (where seven projects are indexed). 

In spite of criticisms, however, the guide is invalu- 
able, and it must be wished that there were a similar 
comprehensive guide to research in progress in Govern- 
ment departments and research institutes. Social 
scientists are better served in this respect than biological 
or physical scientists, because the compilers of the 
social sciences volume in this series, helped by the 
Social Science Research Council, have continued their 
useful practice of including some of these and other 


institutions. It also includes research projects of 
PhD students. This volume has nearly 100 pages more 


than the last edition—it includes about 30 more 
institutions—and with some justification the publishers 
have increased its price by £1. The first two volumes 
have also increased their coverage by including more 
of the designated polytechnics such as the Leeds 
College of Commerce, the John Dalton College of 
Technology in Manchester, and the Oxford College of 
Technology, but with only 52 (Vol. 1) and 39 (Vol. 2) 
more pages there is less justification for a 30 per cent 
increase in price. 


BRAIN DRAIN 


Doctors Departing 


A survey of the present whereabouts of medical 
graduates of Aberdeen University who received their 
degrees in 1956-58, which was published in last week’s 
Lancet (ii, 427; 1969), has once again drawn attention 
to the large losses of medical graduates. A third of 
the 186 graduates included in the survey are no longer 
working in British medicine. Forty-nine of the 
graduates are now living permanently overseas; thirty- 
eight of these are emigrant Britons and eleven are 
people from other countries who were trained at 
Aberdeen and have since returned to their homelands. 
Of the emigrants the largest group chose Canada (13), 
followed by Australia (8) and the United States (6), 
and only three graduates emigrated and then returned. 
Eighteen, of the emigrants had received some sort of 
postgraduate qualification before emigrating. 

The reasons for emigration given by the twenty-one 


emigrants who completed questionnaires are all 
familiar; the GPs reported their frustration with the 


National Health Service, in particular the size of the 
executive council lists, the unlimited demands of 
patients and the lack of access to hospitals. Those 
who had been in hospital practice described the usual 
grievances of lack of prospects for promotion, the rigid 
career structure and the low wages. Emigration has 
provided not only better facilities and more satisfying 
work but also more pocket money. Family considera- 
tions tinged with a sentimental attachment to Britain 
kept forty-nine of seventy-five men who had considered 
emigrating from doing so. 

Of the fifty women in the survey, thirty-three who 
were living in Britain replied. Only four were in full- 
time medical employment, nine had regular part-time 
employment, four took occasional jobs and eight had 
nothing to do with medicine. The married women, of 
course, hope to return to medicine when their children 
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are off their hands but the lack of financial incentives 
does nothing to encourage an early return if only part 
time. Single women, on the other hand, had advanced 
as far in their profession as their male contemporaries. 

Assuming the Aberdeen medical graduate is repre- 
sentative, the survey suggests the profession and the 
Government should aim to provide an attractive career 
rather than to increase the output of doctors. 


ENGINEERING 


NEL needs Customers 


As the National Engineering Laboratory knows only 
too well, its initials are nowhere near as familiar as, 
for example, those of the NPL. But the NEL is now 
looking for customers and industrial collaborators and 
the glossy, free progress report which is an innovation 
this year is part of a publicity programme designed to 
make the NEL’s facilities more widely known and used 
by industry. Tucked away in East Kilbride, in Scot- 
land, perhaps the chief problem of the NEL is to break 
down the resistance of manufacturing firms to accepting 
help from a Government laboratory. 

The latest report takes pains to emphasize the 
NEL’s responsibility for solving problems of immediate 
importance to the community as a whole—for example, 
testing ropes, crane jibs and other machinery with 
which the public is in contact. But at a more sophisti- 
cated level the NEL is trying to ensure that computer 
programs for use in conjunction with machine tools are 
standardized and that individual machine tool manu- 
facturers jointly develop the necessary software. One 
of the weaknesses of the current international standard. 
language for automatically programming machine 
tools, known as APT, has its origin in the US aerospace 
industry. It is too sophisticated for most of the work 
it is used for in Britain and the NEL is looking for 
simpler alternatives. It has developed a national 
contour milling program, and drilling and turning 
programs are being assessed. Hopes that the German 
drilling program EXAPT might be used in Britain 
have not been realized and there are still a number of 
discrepancies. 

NEL is hoping to expand its collaboration with a 
number of local companies in East Kilbride for com- 
puter aided design. The companies are cooperating 
with the NEL in building up a library of relevant pro- 
grams and each has up to an hour’s computing time a 
month on the laboratory’s Univac 1108 computer. 
The NEL is particularly interested in equipment for the 
intermediate stages between design and machine tool 
control, such as Ferranti’s drawing measuring machine 
which picks off positional data from existing drawings, 
and the reciprocal device, a drawing generating 
machine. 

The NEL also has strong materials research groups 
currently concerned with testing components and 
structures in working conditions; it is becoming in- 
creasingly obvious that data on the materials them- 
selves are not always sufficient to predict the properties 
of a machined component and extrapolation from tests 
of models or short term tests can often mislead. The 
high temperature division is tackling similar testing 
problems, trying to bridge the gap between simple 
static tests and tests in realistic conditions involving 
cyclic loading and temperature fluctuation. 
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Last year only £186,000 of the Jaboratory’s total 
expenditure came from industry, with the Ministry of 
Technology footing the rest of the bill. The NEL’s 
chief problem therefore is to persuade industry to 
help itself by using the laboratory's facilities to the 
full. 


RUSSIAN METEOROLOGY 


Byelorussian Automated Weather 


A SERIES of automatic meteorological recording stations, 
at present under test in the Byelorussian SSR, will 
form the basis of the world’s first fully automatic 
system for recording and processing meteorological 
information. The system will be run by the republic’s 
Hydrometeorological Centre, which will be linked 
with the Hydromet Centre in the USSR and corres- 
ponding services throughout the world. Information 
from the Byelorussian network of automatic recording 
stations, together with data from weather satellites, 
will be processed automatically at the Hydromet 
Centre, where calculations will be made on variations 
in the current weather. Each recording station is 
equipped with a variety of sensors to record tempera- 
ture, speed and direction of wind, rainfall, water- 
level in lakes and reservoirs and hours of sunshine 
and each is linked to the centre automatically by 
teleprinter. 

The advantages of automatic recording stations are, 
of course, that they can give a better coverage of 
information throughout the day and night and they 
can be used in remote regions where it is difficult to man 
anormal station. It is claimed that this system in 
Byelorussia will greatly increase the capacity of the 
weather service and improve the accuracy of meteoro- 
logical information there. The current thinking in 
other countries, however, is that although automatic 
stations provide a very useful supplement to normal 
methods of data collection some meteorological para- 
meters cannot at present be obtained by fully auto- 
matic methods. For this reason, nobody has attempted 
to set up a complete system of automatic stations. The 
Meteorological Office has no such stations in operation 
at the moment, but there are plans for a small net- 
work which will include installations on the Lichfield 
TV mast and the GPO towers in London and Birming.- 
ham. But because of a shortage of money it is unlikely 
that these stations will be fully operational for at 
least two years. 





GRASSLAND RESEARCH 


Animals are Important 


Borany is not the only interest of the staff of the Grass. 
land Research Station near Maidenhead, as the latest 
annual report (price 15s) shows. The ecology division, 
which is concerned chiefly with the relationship be- 
tween animals and the grass and other forage crops that. 
they eat, has been investigating the efficiency of meat 
production by sheep. Mating three sizes of ewe— 
Devon Longwool (80 kg), Kerry Hill (60 kg) and Welsh 
Mountain (80 kg)—with Suffolk rams, the ecologists 
found that the size of ram relative to the size of ewe 
has a profound effect on the weight of lambs produced. 
The number of lambs that are born is also influential, 
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and results indicate that the most desirable combination 
would be a small ewe producing many lambs, and 
crossed with a large ram. 

Pregnant and lactating ewes apparently have prefer- 
ences for particular types of conserved foods. Ewes 

carrying twin foetuses have been found to eat more hay 
than silage t throughout the last six weeks of pregnancy. 
They obviously make a wise ¢ choice, for lambs born to 
ewes fed on silage were about twenty per cent lighter 
than those with mothers fed on hay. 

Members of the animal reproduction section have 

managed to produce larger litters in four breeds of 
sheep by exploiting the process of superovulation— 
the production of an exceptionally large number of 
eggs. There has not been an accompanying increase 
in deaths of lambs and progress so far looks promising. 
In conjunction with this work, a new ultrasonic method 
of detecting pregnancy and the size of litters has been 
developed. It is less expensive and involves more 
portable apparatus than radiography, but so far the 
new method has proved more efficient at diagnosing 
pregnancy than defining the size of Jitters. 

The cattle ecologists are busy improving methods of 
estimating milk vield. They were not satisfied with 
weighing calves before and after suckling to measure 
the amount of milk consumed, for this imposes a 
suckling pattern on the animals and makes no provision 
for assessment of the quality of the milk. They have 
measured instead the milk secreted into the udder in a 
given period. To ensure that all milk is remove d from 
the udders, injections of oxytocin are being given before 
milking. This hormone, produced by the mammary 
glands, as well as causing contractions of the uterus 
also brings about ejection 1 of milk, Results so far are 
apparently encouraging, although the necessary statis- 
tics are not yet available for the accuracy of the method 
to be estimated. 

















AIRPORT 


Architects’ Evidence 


Some British architects and planners want the Roskill 
Commission on the Third London Airport to consider 
the whole project: in its full regional and national 
context. In its memorandum of evidence to the com- 
mission, the Royal Institute of British Architects 
urges the commission not to interpret its terms of 
reference too rigidly and merely establish the com- 
parative disadvantages of the short listed sites at 
Foulness, Wing, Nuthampstead and Thurleigh. Un- 
fortunately, t the institute says, the very title of the 
commission seems to prejudge one of the chief issues: 
“In national and regional planning terms it is not 
clear whether the search is for a site for a Third London 
Airport, a South East Regional Airport, or an addi- 
tional National Airport to serve the Midlands, Kast 
Anglia and the South East’. The crucial regional 
planning issue is the distribution of potential users of 
the airport rather than just the distance from London. 
According to the RIBA the first consideration of the 
commission should therefore be a clear assessment of 
the need which the new airport is intended to meet. 

With changes in air travel—Jumbo jets and the 
like--and_ the complexities associated with the size 
of the “air city” it is suggested that the worst traffic 
problems will be on the ground. Good surface transport 
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links are considered to be of crucial importance in the 
choice of a site. 

Turning to considerations of the whole environment 
of a new airport—noise, landscape and so on—the 
memorandum suggests that a new type of airport 
development authority (perhaps similar to the New 
Town Development Corporations) should be set up 
with the power and resources to reinstate and improve 
the convenience and environmental attractions of the 
whole of the area affected by the airport. 

The RIBA considers that the noise problem should 
have an important bearing on the choice of site. It 
says that too little is known about the extent of areas 
affected by noise. Such data are fundamental and 
“can and must be available for the final arguments” 
The first priority in tackling aircraft noise ‘should be 
to seek further and more effective ways of reducing 
the noise at source, and the second should be the 
skilful use of the terrain. The cheapest and most 
effective way to protect a city from all the unpleasant 
side effects of an airport is to site it as far as possible 
from the airport. Residential areas should also be 
insulated by belts of mature trees, which would have 
to be planted as soon as the site is known, and any 
natural features exploited. 


RESEARCH COUNCILS 


New Man for the ARC 


Dr Kexnetu MATHER has been appointed to take the 
place of Professor F. W. Rogers Brambell, who retires 
from the Agricultural Research Council on September 
25 after ten years’ service. Dr Mather, a distinguished 
geneticist and vice-chancellor of the University of 
Southampton, already has plenty of experience of the 
ARC. He previously served on the council from 1949 





to 1954 and, after a year’s break, from 1955 to 1960. 
He has also recently been a member of the Science 
Research Council. Before going to Southampton Dr 
Mather was head of the genetics department of the 
John Innes Institute from 1938 to 1948, and professor 
of genetics at the University of Birmingham from 
1948 to 1965. 
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NEWS AND VIEWS 
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Iv is beginning to look as if the molecular biologist’s 
route to the brain will be by way of the eve. The inner 
layers of the retina are, after all, an extension of the 
brain and emerging from these roots are the bunches of 
long cylindrical structures called retinal rods. (There 
is a useful diagram of retinal rods in the article by 
R. D. Penn and W. A. Hagins in Nature, 228, 204; 
1969.) And it is the outer segments of these which are 
yielding to the tools of the biophysicist, chief among 
which—-for this purpose—are X-ray diffraction and 
membrane modelling. In the same way that the 
chemistry of vision was unravelled in terms of chromo- 
phores and their carrier proteins, so biophysics is 
translating the histology of the retina into the language 
of molecules and membrane substructure. The article 
by A. E. Blaurock and M. H. F. Wilkins on page 906 
demonstrates how data from these two approaches 
combine to give an exact three-dimensional picture of 
the primary site of visual excitation in the frog retina. 

The visual pigments are complexes of opsin (protein) 
and retinal (chromophore) and it is from these that the 
light-sensitive rhodopsin is formed, and to which it 
reverts on bleaching. Rhodopsin is situated in disks 
which are stacked within the outer segment of rods. 
Whereas in the cone the plasma membrane folds in 
to form the lamellae, in the rods the lamellae are 
pinched off inside the cell to give a series of individual 
closed disks. Such an ordered array of repeating units 
is, of course, eminently suited for analysis by X-ray 
diffraction. The results which accrue will, moreover, 
be directly relevant to visual physiology, for the pulse 
train registering the arrival of photons at the retina is 
initiated in these elements. The sheath enclosing the 
disks is not of significance in this respect, and it turns 
out that this membrane contributes very little to the 
diffraction pattern. 

Blaurock and Wilkins have refined the techniques 
used previously, particularly by using a fast camera 
which achieves an analysis within a day, and by ensur- 
ing that the material has the maximum amount of 
‘structure’. In 1953, J. B. Finean established the 
gross periodicity of the stacked disks (using fixed 
material). Worthington’s group and also J. D. Robert- 
son obtained three orders of meridional reflexions from 
an unfixed preparation, and this resolution has now 
been improved up to the seventh order by Blaurock 
and Wilkins—and also by W. J. Gras and C. R. Worth- 
ington, who have reached similar conclusions inde- 
pendently. An additional aspect of recent work is that 
diffraction has been noted in the plane of the disks. 
Equatorial reflexions were observed by J. K. Blasie 
and C. R. Worthington (J. Mol. Biol., 39, 407, 417; 
1969) and also by Blaurock and Wilkins, and are 
attributed to the ordered array of pigment molecules in 
the disk membrane (the diffraction from these will clearly 
be perpendicular to that from the stack of disks). 





Both teams set to work on a Fourier analysis of the 
diffraction ares. Various syntheses are, of course, 
usually possible, but whereas the final choice is often 
a matter of intuition for a completely unknown crystal 
structure, the choice in this case was simplified by 
extensive electron microscopie knowledge of the ultra- 
structure. Considerable chemical data also helped: 
fairly accurate estimates were available for water, 
lipid and protein contents, their respective refractive 
increments and their specific volumes. Simple arith- 
metic, and the use of the revised estimate of 300 A for 
the repeating period, led to a figure of 55 A as the 
thickness of the membrane. In the Patterson map of 
the diffraction data two large peaks were evident, at 
40 A and 85 Å. 

At this point it helps to make some reasonable 
assumption about the substructure of the disks and it 
is here that membrane modelling comes into it 
The model most likely to apply is the Danielli-Davson 
bilayer membrane model. This is a protein-lipid- 
protein sandwich recognizable by X-ray diffraction 
in terms of two electron dense peaks (corresponding to 
lipid head-groups and protein) separated by a trough of 
low electron density (lipid hydrocarbon chains). The 
Fourier synthesis constructed by Blaurock and Wilkins 
oscillated entirely in accordance with such a model, 
There is a clear alternation of peaks representing the 
protein boundaries of the bilayer and three types of 
areas of low electron density: those between the 
separate disks in the stack, those in the centre of the 
disk between the two bilayers, and those within each 
bilayer. The dimensions of 40 A and 85 A then fall 
into place as the width of the “liquid” hydrocarbon 
layer and the centre-to-centre distance between 
bilayers. The figure of 55 A then correlates with the 
thickness of an unhydrated membrane.  Danielli- 
Davson bilayers having dimensions of the same order 
of magnitude have been found for membranes in nerve, 
intestine, red cells, chloroplasts and elsewhere, and 
Finean points out (Quart. Rev. Biophys., 2, 1; 1969) 
that this structure could be almost universal for bio- 
logical membranes. 

The equatorial diffraction pattern supplements this 
interpretation and dissects the model even further: 
with a little speculation it is possible to draw qnite 
far-reaching conclusions on the location of rhodopsin. 
At this stage it is difficult to be sure whether the 
rhodopsin is on one or both sides of the membrane. 
Worthington’s group has gone into this in some 
detail, aided by the novel technique of using specifie 
antirhodopsin serum (J. Mol, Biol, 39, 395; 1969) 
to locate the rhodopsin in the outer segments. Low- 
angle X-ray diffraction data from both untreated and 
antirhodopsin-treated disk membranes were consistent 
with the idea that the photopigment moleeules occur 
as particles 40-50 A in diameter in the plane of the disk 
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membrane. More recent findings on the physical 
characteristics of rhodopsin (J. Heller, Biochemistry, 
8, 675; 1969; H. Shichi et al., J. Biol. Chem., 244, 529; 
1969) confirm the spherical model, but Blaurock and 
Wilkins feel that the molecule must be flattened in the 
plane of the membrane—perhaps down to about 10 A. 

Armed with this model, the biophysicist should have 
no difficulty in gaining access to the world of neuro- 
physiology and making a significant contribution, 
There is an added incentive too for the membrane 
modellers; indeed, there are already various groups 


High Quality Holes 


THe past year has seen a relatively unpublicized 
development in marine geology which has reflected 
great credit on the United States oceanographic com- 
munity. The JOIDES project was launched by five 
institutions who pooled their resources, know-how 
and money to enable a drilling ship, the Glomar 
Challenger, to undertake a worldwide programme of 
modestly sized drillings in deep water. Two events 
were strongly influential in getting the project under 
way. Mohole, the drilling to end all drillings, had gone 
from one crisis to another, and was eventually stopped 
when its involvement with politics and general loss of 
credibility among scientists became publicly known. 
Even as far back as 1963, when Mohole was still a 
going concern, there was some private canvassing in 
the United States of the possibility that universities, 
perhaps in a consortium, might do their own drilling. 
Viewed in retrospect, Mohole seemed doomed to failure, 
if only because there seemed to be no guarantee that 
any one particular site would be “typical” of the sub- 
oceanic mantle. A highly expensive effort to bring 
back one core of rock after drilling five kilometres 
through the oceanic crust was more likely to muddy the 
scientific waters than solve any problems. There is a 
close analogy between Apollo 11’s lunar samples and 
the proposed Mohole core. 

The second reason why the medium sized drillings 
became attractive was the enormous increase in con- 
fidence in predicting the past history of the ocean floor. 
The idea of a spreading sea floor and the Vine—~Matthews 
hypothesis of magnetic lineations, arising from an ocean 
crust “‘tape-recording” of the reversals in the Earth’s 
magnetic field, led to an unprecedented flurry of theor- 
izing. In particular, the marine magnetic records 
collated by the Lamont Geological Observatory and. 
Scripps Institution of Oceanography, in conjunction 
with known and dated reversals recorded. in lavas on 
land, made it possible for the geological clock to be run 
backwards and the ocean crust to be gradually pushed 
back down the mid-ocean rifts from which it came. 
At the same time, of course, continents were not 
independent of oceans and so geological time reversal 
led to continental “de-drift”. This exercise has on 
the whole been confined to the Tertiary, the past 
70 million years, where the record is well preserved, 
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working on the excitability and permeability character- 
istics of bilayer lipid and lipoprotein membranes which 
are of great relevance to biological systems (H. T. Tien 
and A. L. Diana, Chem. Phys. Lipids, 2, 55; 1968). 
Bilayers containing chlorophyll exhibit photoelectric 
responses analogous to those occurring in photosynthe- 
sis; and corresponding bilayers in which the additive 
is visual pigment will presumably be discovered to 
simulate aspects of the visual process, for example, ion 
transport, with obvious implications for energy 
transduction in the retina. 


although it is generally believed that the present round 
of ocean basin generation started earlier than this. 

A logical consequence of this hypothesizing was the 
JOIDES project to look at the sedimentary column and 
if possible to penetrate a little way into the underlying 
rocks. Characteristic deep-ocean sediments are about 
one kilometre thick---their configuration can be found 
by acoustic means---so the drilling problems of extract- 
ing a column of one kilometre of soft sediments in a 
depth of water of five kilometres, although formidable, 
are an order of magnitude Jess difficult than those 
posed by the Mohole. Careful sequences of holes 
located where there had been good magnetic surveys 
would be a crucial test of all that marine geology and 
geophysics had pinned its faith on for the past five 
years. 

The arrangements for analysis of the samples are 
strongly reminiscent of the Lunar Receiving Labora- 
tory. The scientists were expected to work constantly 
on their cores until their analysis was complete. This 
stipulation is very necessary in marine work where 
enormous back-logs can build up. 

After initial work in the Gulf of Mexico where deep- 
sea salt deposits of substantial thickness were found, 
reminiscent of similar deposits in the Red Sea, the 
Glomar Challenger concentrated for several months on 
the Atlantic Ocean. The results were, to say the least, 
highly satisfactory. Dating of the sedimentary columns 
showed an increase in age with depth until the under- 
lying harder rocks were encountered. The oldest 
sedimentary dates for each column were very close 
(often within 5 per cent) to the age at which it had been 
predicted that the appropriate part of the sea floor 
had been generated. Results in the South Atlantic 
were particularly good. Hess, Dietz, Vine and Matthews 
need lose no more sleep over the foundations of the 
superstructure they had seen grow. 

The latest reports from the West Pacific are just as 
exciting. It is reported that in the vicinity of the 
Marianas Islands the sedimentary column goes back 
140 million years. Palaeomagnetic studies of the sedi- 
ments will not only give some indication of the field 
reversal timetable a long way back, but also the age 
of the column is in general agreement with the idea of a 
Pacific Ocean created at the East Pacifice Rise and 
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travelling, in one direction, towards Asia to its ultimate 
destruction under the ocean trenches of the Aleutians, 
Kuriles, Japan, Marianas and Tonga. It would be 
naive to think that the pattern of development has 
remained constant for 140 million years, but data that 
JOIDES are producing now should help to show just 
how long the Pacific conveyor belt has been running 
at a rate of about five centimetres a year. This is 
great credit to those who took the risk of putting 
money into the venture. 


SEA FLOOR SPREADING 


Age of Anomaly 10 


from our Geomagnetism Correspondent 


Because hydrostatic pressure and rapid cooling impede 
the release of excess radiogenic argon-40 from rocks, 
the dating of oceanic basalts by the potassium—argon 
method is usually impossible. The only dating method 
which can be applied directly is the fission track count- 
ing technique, although this is only possible when the 
rock contains minerals or mineral states (glass, for 
example) able to record tracks. In view of these 
problems, even a single accurate date on an oceanic 
basalt is important as a test for the validity of sea floor 
spreading. 

One such date has been obtained by Luyendyk and 
Fisher (Science, 164, 1516; 1969) on a glassy tholeiitic 
basalt. from an abyssal hill in the North-east Pacific 
(82° N, 126° W). Because the hill was a product of 
post-depositional faulting of the oceanie crust, it was 
not immediately clear whether the basalt sample col- 
lected was part of the original crust or a product of 
volcanic eruptions accompanying the faulting. But 
the hill’s importance is its position within the younger 
positive event of magnetic anomaly 10 as defined by 
Pitman et al. (J. Geophys. Res., 73, 2069; 1969). This 
anomaly lies outside the region which can be compared 
directly with the continental polarity time scale, and 
thus in the absence of an experimentally determined 
age may only be dated assuming a constant rate of 
ocean floor spreading. 

The new age turns out to be 35+5 million years. 
This compares well with the age of 31-50 to 31-84 million 
years obtained assuming a constant spreading rate. 
Had the new age been less than about 30 million years 
the sample could have been attributed to eruption 
associated with the faulting. On the other hand, an 
age greater than about 32 million years would have 
indicated a non-linear spreading rate out to anomaly 10. 
As it is, the sample probably represents the age of the 
original oceanic crust in the area. Taking the true age 
as 35 million years, the spreading rate in the North-east 
Pacific over this period must have remained linear 
within about ten per cent. 


ELEMENTARY PARTICLES 


Lepton Number Test 


AFTER the discovery of separate neutrinos associated 
with muons and electrons, the concept of a lepton 
number assigned to all leptons (muons, electrons and 
neutrinos) was modified to include independent contri- 
butions from muons and electrons (with their associated 
neutrinos and antineutrinos). The muon lepton 
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number, La, is defined as +1 for u~ and ra; ~1 for 
wt and vy, and O for all other particles. The electron 
lepton number, Le, is defined in an analogous way. 

It is theoretically attractive to postulate the con- 
servation of XL. and XZ,, in an interaction, and several 
experiments have been carried out to determine the 
degree ‘of non-conservation, if any. Bardin ef al. 
(Phys. Lett., 26B, 112; 1967), working at Columbia 
University, looked for neutrinoless double -decay of 
Ca. The appearance of two electrons and no neutrino 
would have been an example of the non-conservation 
of Le because its value would be 0 for “Ca and +2 for 
the products of the decay. Their work provided no 
evidence for a violation of the conservation law. 

More recently, a test of the conservation of La has 
been carried out at CERN, Geneva, by Borer ef al. 
(Phys. Lett., 29B, 614; 1969), using the neutrino 
facility of the proton synchrotron, The test requires 
observation of a double process as follows 

ett A Vg 

vut AA’ + em 
where A and A’ are nuclei. If two positive muons are 
emitted in the process, Z, has not been conserved 
because, either a v, has been produced in the first 
interaction and thus ,* in the second, or & va has 
produced a u* in the second interaction. In both cases 
the change in LL, would be — 2 for one interaction or 
the other. 

The interactions were observed in a combination of 
spark chambers and a bubble chamber, but, as with 
most experiments of this type, there is a possibility of 
spurious events caused by the simultaneous passage 
of unrelated particles. This can, however, be allowed 
for when quoting an upper limit for a possible violation. 
A total of nine out of 3,300 double events contained 
two uw’, but, if the relevant corrections are made, the 
upper limit on the 90 per cent confidence level of a 
violation is 1 in 260. Further work will be needed 
to produce a conclusive result. 


CRITICAL POINT PHENOMENA 


Ultrasound in Nickel 


THERE has been a tendency in recent years to regard 
all critical point phenomena in solids as coming from 
the same stable. This theme is underlined in an article 
by B. Golding and M. Barmatz (Phys. Rev. Lett., 28. 
223; 1969) who have shown that ultrasonic propagation 
near the magnetic critical point of nickel bears a striking 
resemblance to the behaviour of sound near the lambda. 
point of liquid helium, They have investigated the 
propagation of sound in the megahertz region in nickel 
near the critical temperature, about 630 K, and have 
found that the attenuation maxima and velocity 
minima occur below 7, and are frequency dependent. 
These observations are novel fer a magnetic sy 

Impurity atoms seem to have a marked effect on 
the ability to observe intrinsic critical behaviour. 
R. J. Pollina and B. Luthi (Phys. Rev., 177, 841: 1969) 
have found that impurities obscure the separation of 
the ultrasonic attenuation in rare earth metals from the 
critical scattering of sound, and account for the finite 
attenuation near the Néel temperature. In liquid 
helium near the lambda point the effect of impurities 
is minimal, which makes the common behaviour of 
helium and nickel quite plausible. 
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There is at present a distinct lack of information 
about transport coefficients near phase transitions. A 
natural lead to transport behaviour is by studying 
ultrasonic attenuation, and Golding and Barmatz have 
found that for nickel the temperatures of the attenua- 
tion maxima at different frequencies can be quantita- 
tively related to the spin wave mode. They interpret 
their results in terms of the frequency of the critica] 
mode we, which is the mode that dominates the fre- 
queney spectrum of the magnetization fluctuations at 
long wavelengths near the critical point. Above T, 
they find that an acoustic relaxation time can be related 
to wp, but below 7, no such connexion exists, contrary 
to liquid helium. Near Te, however, the resemblance 
to helium is very close. 

Ultrasound has recently been put to a new use in 
magnetic solids. J. B. Merry and D. 1. Bolef (Phys. 
Rev. Lett., 28, 126; 1969) have studied the frequency 
dependent absorption of ultrasound in antiferromag- 
netic RbMnF,, and deduce a resonant phonon coupling 
to the magnetic Mn nucleus. The special feature of 
this method is that it does not rely on domain enhance- 
ment of the radio frequency nuclear magnetic resonance 
field, as does the standard technique, and makes acces- 
sible for the first time the study of the environment 
around the nuclei in an antiferromagnet. NMR 
spectroscopy has been applied frequently to ferro- 
magnetic materials, where domain wall enhancement 
exists, but there seems to be no way of achieving the 
same amplification inside antiferromagnets. The 
importance of obtaining ultrasonic spectra for anti- 
ferromagnets is that the line shapes contain a wealth 
of information about the interactions in the solid, 
including the magnetic field at the nucleus, possible 
quadrupole moments and the coupling mechanism 
between the nuclei and the applied field. 





APPLIED BOTANY 


Prospecting by Plant 


CANADIAN mineral prospectors would be well advised 
to pack a flora, a scanning spectrometer and a colori- 
metric analysis kit with their pickaxe and pan if they 
are looking for molybdenum and other rare metals. For 
in an experiment at a molybdenum deposit in west 
central British Columbia, E. H. W. Hornbrook of the 
Geological Survey of Canada has shown that bio- 
geochemical prospecting—the analysis of metals in 
plant ash--vields a more precise picture of local 
anomalously high concentrations of molybdenum than 
conventional drilling and soil sample analysis. The 
striking geometry of the Lucky Ship molybdenum 
deposit, an annulus of quartz containing high concen- 
trations of molybdenite surrounding a plug of granite 
containing little of the metal, makes it ideal for tests 
of the accuracy of plant prospecting techniques. The 
experiment was simply to see if the pattern of distribu- 
tion of molybdenum in the ash of alpine fir and lodgepole 
pine growing on the podzolic soil corresponded to the 
annular distribution of molybdenite detected by con- 
ventional prospeeting. As the two distribution maps 
show, the plant prospecting technique is more sensitive 
than conventional methods for revealing anomalously 
high molybdenum concentrations against the local 
background. Molybdenum at concentrations of up to 
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Distribution maps of molybdenum concentrations in parts 

per million at the Lucky Ship site in British Columbia 

determined (A) by analysis of the podzolic soil and (B) by 

analysis of the ash of alpine fir. The broken line marks the 
central granite plug. 


1,000 parts per million occurs in some of the pme needle 
ash samples compared with the 200 parts per million 
detected in soil samples from the same station. As 
Hornbrook says, “a plant prospecting programme 
to determine molybdenum in alpine fir needle ash at 
all the stations sampled by Amax Exploration Inc. (the 
owners of the site), during the 1964 soil programme, 
would have provided more effective and useful know- 
ledge than was obtained from the soil programme”. 
The needle ash survey provides a sharper demarcation 
between an outcrop of molybdenum and the back- 
ground than the soil survey. 

Moreover, comparison of the analyses of alpine fir 
and lodgepole pine needle ash indicates that in most 
circumstances one species can be substituted for the 
other if either is not growing at any particular sampling 
station. And the close comparison of Hornbrook’s 1967 
survey with a similar but less extensive biogeochemical 
survey at the same site in 1964 proves that the results 
of plant prospecting are not as susceptible to contamina- 
tion and annual variations resulting from annual elima- 
tic changes as their critics contend. Plant prospecting 
has one other, not inconsiderable, advantage in a 
country with an annual average temperature of only 38° 
F—it can be carried out even in the depths of winter. 
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NUCLEOSYNTHESIS 


Source of Stellar Neutrons 


THERE is strong evidence to support the theory that 
the mechanism for the production of elements heavier 
than iron in stars is neutron capture by nuclei (for 
example, Clayton et al., Ann. Phys. (New York), 12, 
331; 1961). The nature of the source of these neutrons, 
however, is uncertain, although there are currently 
two principal propositions (Marion and Fowler, 
Astrophys. J..125, 221; 1957, and Peters, Astrophys. J., 
154, 225; 1968), both of which involve a-particle 
reactions with a neon isotope 
2INe + a~->4Mg + neutron 


Ne + a> Mg + neutron 

The second reaction is known to proceed by way of 
the intermediate nuclide #Mg which is unstable and 
ejects a neutron to form Mg. Experiments carried 
out at the Lawrence Radiation Laboratory, University 
of California, by Berman et al. (Phys. Rev. Lett., 28, 
386; 1969), with a y-ray beam and a target of MgO 
enriched with “Mg, have shown that the rate of neutron 
production by the second reaction should be greatly 
enhanced because of the existence of a resonance at a 
neutron energy of 543 keV. This means that the 
probability that neutrons will be produced with about 
this energy may be several orders of magnitude greater 
than the probability for other energies. Berman et al. 
have shown that the spin and parity of the resonance 
are such that it is possible for a-particles with an 
energy corresponding to a temperature of about 2-5 x 
10° K to excite the resonance and thus to increase 
markedly the neutron production by the second reac- 
tion. The variation of the ratio of the respective 
reaction rates with stellar temperature is shown in 
the figure for an equal abundance of both isotopes; 
the ratio increases by a factor of about 10° as the tem- 
perature doubles. Berman et al. point out that, in 
relatively massive stars, the dominant hydrogen burr- 
ing process leads to the production of N, which, by 
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another chain of reactions, produces "Ne. They 
consider that this and their own experimental results 
strongly favour the *Ne(a,n)*Mg reaction as the chief 
source of neutrons for stellar nucleosynthesis. 


DRUGS 


Living with Parkinson’s Disease 


Tue Department of Health and Social Security 
announced on August 22 that the drug L-dopa will be 
restricted to clinical trials and will not be available 
on prescription to sufferers from Parkinson’s disease 
until it has passed the necessary screening tests, 

The symptoms of Parkinsonism, which afflicts up 
to a million people in the United States and may be 
as common as epilepsy, are rigid limbs, expressionless 
faces and tremors in hands and legs. Cures are infre- 
quent. 

When it was known that drugs which cause a decrease 
in amounts of monoamines, such as reserpine, in the 
brain can also cause Parkinsonism, the concentrations 
of these amines were investigated in Parkinsonian 
patients. In particular, dopamine, a neural transmitter 
in the basal ganglia, was found to be decreased. by these 
drugs. These findings suggested that a rational treat- 
ment of Parkinson's disease would be to increase the con- 
centration of dopamine in the brain. Dopamine itself 
cannot cross the barrier between blood and brain but 
L-dopa, its immediate metabolic precursor, can, and was 
used in clinical trials. At first these were not very 
encouraging, but in 1967 Cotzias, using massive 
doses (16 g) of p,t-dopa, administered orally, reported 
an impressive improvement in ten out of sixteen, 
patients. In four of the patients, the treatment was 
associated with a transient depression in the white 
blood cell count. This is thought to be caused by the 
p-isomer, for it is not observed in patients treated with 
the pure Ł form (see, for example, D. B. Caine ef al, 
Lancet, i, 744; 1969). L-Dopa has other side effects 
such as nausea, involuntary movement, agitation and 
lowering of blood pressure; but, if the massive dose is 
built up slowly, the patients mostly become acclimat- 
ized, probably because they feel the ‘drug helping them. 

Unfortunately, the drug only helps. a proportion, 
perhaps 50 per cent, of Parkinsonians. Tt is not known 
why this is so, and if it were known it might not be 
possible to do anything about it. It could be a question 
of absorption from the gut. The drug is not thought 
to cure the disease—it merely helps sufferers to live 
with it rather as insulin does for diabetes. Some cures 
have been reported but the number is small, and 
probably no more than that for spontaneous recovery. 
Just as for insulin, therefore, it must be possible to 
guarantee a continuous supply of the drug to each 
user, probably for the rest of his or her life. At present 
this is not possible, for L-dopa is very difficult to make ; 
a particular problem is the last step, the separation of 
the racemic mixture. At the moment, it can only be 
obtained, in small quantities, from Japan, although 
British drug firms are making strenuous efforts to get 

a large scale synthesis under way. As a result of this 
shortage, a sordid situation has arisen in the United 
States and some patients have pretended to he taking 
L-dopa in order to obtain some and then sold it at 
a huge profit. The restrictive measures announced 
by the ministry are clearly designed to avoid this. 
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Parkinsonians may also benefit from another new 
drug, amantadine, an antiviral agent for A2 influenza. 
During the Asian flu epidemic, amantadine was dis- 
tributed quite widely, and was taken as a preventive 
by a 58 year old woman who happened also to have 
Parkinson’s disease. While taking the drug she 
experienced a remarkable remission in her symptoms 
of rigidity, tremor and akinesia. These promptly 
returned when she finished her course of treatment. 
In subsequent clinical research (R. S. Schwab et al.. 
J. Amer. Med. Assoc., 208, 1168; 1969) two-thirds of 
a group of 163 Parkinsonians benefited from amant- 
adine. The optimum dose is 200 mg/day, much lower 
than that for L-dopa, and the two drugs can be used in 
conjunction. 


TRANSPLANTATION 


Matching Kidneys 
from our Social Medicine Correspondent 


ALTHOUGH the immunological barrier is still regarded 
as an important impediment to successful organ trans- 
plantation, there seems little doubt that, for kidney 
grafts at least, the prognosis is improved where donor 
and recipient are closely matched with respect to 
lymphocyte antigen determined by the HL-A locus. 
Tissue typing data for potential transplant recipients 
from eight teaching hospitals in the London area 
are now being centralized at the London Hospital so 
that a well matched recipient can rapidly be found by 
computer for every kidney that becomes available. 
The progress of the cooperative venture is described in 
the current Lancet (ii, 389: 1969) by H. Festenstein 
et al. 

Computer analysis of the frequency of thirteen 
HL-A specificities in 180 renal patients and healthy 
volunteers in the London region have shown that a 
pool greater than 120 is required to enable close 
matching (one or less differences between donor and 
recipient) of all available kidneys. Tissues were typed 
at the eight hospitals by means of a standard micro- 
cytotoxicity test using lymphocytes from peripheral 
blood, lymph nodes, spleen or thoracic duct lymph 
and lymphocytotoxic-type sera from several overseas 
sources. Results of the tests sent to the London 
Hospital were fed into Elliott 803 computers. One 
programme, a matching and probability-analysis 
programme, provided results which were used to caleu- 
late the size of an optimum recipient pool. A second 
programme was written to facilitate the rapid selection 
of the best matched recipients for any donor, All 
relevant recipient information was stored on five- 
track data tapes which were brought up to date each 
week. 

Festenstein reports that with a pool of twelve poten- 
tial recipients an identical match will probably not 
be obtained for any one recipient using a single London 
donor. On a statistical basis with a pool of 120 there 
would be at least two recipients with less than two 
mismatches for any London donor, and using these 
criteria it would be possible to use every available 
kidney. To be sure of having one identical match a 
pool of more than 240 would be required—a figure close 
to the total number of patients on chronic haemodialy- 
sis in the greater London area. 
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Actual results obtained while the cooperative ven- 
ture was being developed are promising. For thirty- 
two transplants carried out at the Royal Free and 
London Hospitals between September 1968 and June 
1969 the degree of mismatching between donor and 
recipient was reduced from 3-9 specificities when the 
pool was four or less to 1:8 when it was between fifty 
and sixty; two of the matches were identical. 

Sixty-three dialysis patients are awaiting transplanta- 
tion. To obtain good matching in each case a pool of 
240 would be required. Pools of this size could be built 
up, says Festenstein, by further increasing the number 
of cooperating centres, first of all on a regional basis, 
developing into a national or European network. The 
chief advantages of such a network would be to enable 
close matching of patients with uncommon HL-A 
grouping or preformed cytotoxic antibodies. 


COMPUTERS 


Putting Diseases on the Map 


MEDICAL geography could soon benefit considerably 
from computer graphics according to Professor G. 
Melvyn Howe of the University of Strathclyde’s Geo- 
graphy Department. Medical geography is concerned 
with variations in the incidence of disease in different 
areas and the link with possible causes connected with 
elements of the physical, biological and sociocultural 
environment. As such it is a topic in which maps 
should be valuable, but they are often of little use 
because of the time taken for such lengthy and repeti- 
tive processes as the calculation and statistical testing 
of attack rates, fatality rates, standardized mortality 
ratios and other disease indices. And it takes a long 
time to represent these indices in cartographic form. 
Computer graphics—the construction of maps and 
diagrams using the electronic computer—could have 
considerable potential in medical geography. They 
may, by the speed. efficiency and reliability of proces- 
sing and mapping medical data, lead to a more effective 
use of maps. 

A common method of describing the geographical 
distribution of morbidity and mortality is to calculate 
standardized ratios for appropriate mapping units for 
which data are available--for example, administrative 
subdivisions. The ratios are standardized for differ- 
ences in age between the populations of the mapping 
units, but not for differences in area of unit, nor for 
density and spread of the population within units. 
The procedure involves (1) calculation of probability 
factors for the morbidity or mortality under study in 
selected age groups for the total population; (2) for 
each mapping unit, multiplying the unit population 
in each age group by the respective age-specific 
probability for the total population (1): (3) summing 
the products in (2) to arrive at the number of cases or 
deaths that would be expected in the unit if the mean 
rate for all units applied; (4) expressing this expected 
number as a percentage of the actual number of cases or 
deaths reported, to produce the standardized ratio. 
A ratio of 100 is equivalent to the mean frequency for 
the total population, and ratios higher or lower indicate 
a percentage deviation. 

Standardized mortality can readily be calculated by 
a computer using a simple transformation program. 
The computer can also be programmed to break up the 












NATURE. VOL. 223, AUGUST 30. 1969 


1 saaku 23 Gud idasae aadaovededer~Ce AA, XALX MARA LG WERBRXKAKAAAK (ARK AKKMKANM MXR KY XY 
LekeeNO dd aad Re MAL at OVEN AOOM TETHER LAA. AK AXKKAMIORS SBMS BBN AKYAN AKKANY MARKEY N EX KAN 
BHO RA AONE aluan none 19 geese nAA KA XRUMERM NAMAS KEA ANAX KK RXNANK FD XMOUK RV ARKM KY, 
lth iis a i oa SOTO ede AAA KALK MMMM A BRNEXS AKL KR AKL KAM KKK IY LE KA KK 
Saheb AAR uOUS. ABE TIVOT VEO ot TO MHA ERB ML WM aa OK EX KKK AKAKAK KANK IM KN KKK x 
stéli 22 drodatttttioygrovvredh i 17 WWINRANGMABSRS o oeae reo (AKXAXN MARKKU KNYEKKY 
E E TT OTE T AARAA E EE NELLIE ERE T I M BB a cee nce ene ee XY MXKK LRN YY i L LETECLEURELT ELET DEE TET T TES T ei LLA ETS 
AAKAX suche ULL dat tettre bayer t+ eE ORME GATE HBO 6 oe cece eee owe ON KKM MR ME AP ANEDE ESA HATE A A R E E 


PES EN 


Eyn ESR A AANNK 


RAKAKARKAB Dae Mat EEG CETES EEE EEE TEER TS CET HTEH Het ee wees © ouso  SOUMORS CCA SEM TEM INR NAMES Ae RE 
RAMALnAnNBOR RAT ZBL CHEE ET 20 ted se rpePBEdtEFE ttt tt econ ene e  MOOMOMMGENA LEN GMO SH NBME MUM Ly ET mE MR A, 
AARKAL A REAR ARETE EEE ttti EEE TTT EEE PEE SEATS 10 AEEA? onee STO CHMONMEN TUR SEG TMNT ETN LIRR ER Oe ER RRO CE 


Dp T 
i i 
4 f 
1 ' t 
+ AdAMAR OS + 
í BAAXR Ka Mee E 
à ~ sR Aah A KAX 
i siiiadatodsa KARKAXA KM GLASGOW 1 
arr Terry) RAAAAXK XE t 
i bessljhduniiudai XXAAAAXAXXXMRAA 4 
I bed aRanaeebahsadd purereregy | I t 
ETT TETT TERTIT] AMD IKK AX ME aad 1 
I akahi 24 Hiioasi RAKAKARKKAR KES Lap-apearyinael t 
a hélakúsitšdcša . AKKARLAKARRK AK KAANAA One Mile t 
+ Pt oer nae rete ererecrvesrr ree rr Ti Ls * 
i Pee EEE en te | KAANAK BAKA ADA KIA RIK AX ila A r 
i heeO TKD dye did rpOK OEE AANA AWN AX CARR AMMO AR t 
i déit Rada wR det uyvArona ARN LB XXAXKAAX REAGAN R . XYXXYYX 1 
n CEEE PE ONT MESET RE URET. ELI EE PEEP TE ES LESE DOEE ET L ET BD SOOO IOC KI KK t 
ek MRES had dealt Bad HOI OME TOOK AAXAKAN KK ASSO GM GM OMG BMA KKK EKO KKA RNA AMM KEK XX 
X 
Li 
t 
» 
r 
T 
i 
i 
3 
t 
£ 
t 


SEP ET EEE Ee eee BRT ETE Pee Te PETE FEL EO KAN KOMI: Coens 
FERETE EEE TOES EEE TEE Eee et tthe etre ONAL 35 Goes 
SEEEEEEER OEE ee be ER Het bet tee tA AK tak AER oemet, 

tttettttettitttttt 32 teeeteetisitannans 33 KAMERREEBRERI CO FS 
ae nhe ee De ee erect et easel ee eter |eeereewese iris Fit tt bt 
STEFF EE EEE EEE ebro ee beet tet i, OO CRE 36 WEES 
eee Ce ee er lalate 
+4440 + RMR LRA RG REE, PEN DEKE BOR NSE; OER GUCRRRERER ERE NRE ESENE 
See imeem rere ribet mir itr eet rey 
MEURUERE LAUDS NEE), SAR LEEN Bd! GUE LEMAR ERASNORSE AAURARE NSE 


BRRSMMSBASRRALEMELRARCRUE BEKER 
Lo lstate leat oetaanednttorbtemestusbete: 1 
MEMAUERRUS ARG EREE 
ces latieahond eleetesenton aceatetentae 
a a cututaciateurtetechetucostacastaeteooe 
SSUMEUKORRE AMER ARERR 
SORUNUREE AMR aus. 
Kalakutas 


Canik adi E E E E E E ool E a E E Oe R oO 


vette danaren j oaea h a an a ot a m ae H han 5 ma aa ae A m8 mp mnt amc mc gm me T $b a et ft as aa E of on 8 


aYiht 


AXKKAAAA AAAA KAA ttt tttitassetttt 1J vttttttttttt**o oo es OOJVGOOOAONRENIAKETAE MEINAEM? T SHAMAN ATEN ENN ANAN 
AX AAR ARAN AK KARAT OOO ee OOP EEEEEEH | 9 TEETH Goo 0 0 0 eo MOTH er OM BM SY, MP I 4 R EA A a 
Anaan IO LAAAAAAX AAR ote ewetonnepeeceescrness 10 60h F8® 6 CPOQONESHISNEE NUANTA AMER TARA ENN OES MONN SRM SR T 
XAKAASA A DARA KAKO ANAX AMM oe LD wenn enw nene scene cas ere eaO MBM UT NAN MBE CRM Kem ANA Oe LO MET ON + 
AKAR AAR RAM AAR A 29 AX MEMS tse resentone LL seeecenes  SOOOOdreeONE CEMNSRNRREN SOMMER ENE FURAN BN Ey RET 
BOBBBARAXAK AAR AKALA ARK ARS AAS MER ONEM orc e tome er esse ean otterOr sashes MMMM Eee ER 
MOMSMMRMUBERER, KAKA AK Ase 28 BMEXNAAK ANA Ke eee ee thee tht++969 300009 H EEE EERE 
MEMSRURAKAD RAR ANBBRMEA AK: oA KBARUMMEAKARKKA CA AN ee a tetetsettroe® 5 Avas ENNSN 1 REE a 
MMMRURSM HAE ARORL MAE MBRNL MORMON KA 27 Kiddececeeet & ++enyHseneres MERE EESRMEEESEE 
SMRMMR GHAR AN OD MAS MMR RRR ER © BOM KAKKXAXANA 26 oe oo tttetOhG84006re MMAR EER RRE UREN 
MEGEGEUANE 31 RMARARANABEM ERAS tet etree eet ete ee cso seen tt t toes osgn OOM MEREREEER BEE CSREER EER 
Bat eet RAS MERE MMAAREM RYN) tet ett tee terete cee nese ne PEIRE INRO TO PERSONS CRUE ERRERRERE 
Ttttts ete et RMR MMA RRN AMS tet rere teteeettta.ess 25 rettore 3 206 NUENEN 2 NNSKENNESARENUNE 
PEE EH ESHEETS oR SE 104409 1 EEE EEE EE Et ITO. enaa oa AH RNORE 


BMBMEDEMEL. SHB AEAN MEE LUAE MER CUNEL aR RARER OMEN MEMERBUREET ER 
SBSRSRRERESEA 346 Suiälükkin NENESE LOREENA STONANRSTLENEMNRECEAS NEK 
RESEQEREREGRLBRE NORE RARES EEE S 

SRGEGRURNSERARNE REN 
BUGEER 37 UUNASNRANES 
SUNNSNKROGRNNAREERSNRARE 
SUUPERURRURERERERANE RE SS 
UESNRESASNESESENDETEENSEE 
KUSSEUNUENGNREREARNNARE 
NURNSARENESASEGNNEN 
ERAESGVE 8 BRRERREER 


WOUEREE EOC eMe Ae Ree NBR T 
SERRE E EES 


NENASUZSEEN 
vensoat SRRET ERED 
neba WERGRESESE 
v anne 


Wr bed bee ee HE pof ek bok emt ed pg pal et LB ok ed ind ot Ge aed kt eat Pd Ba 


Me ee 


Fig. I. Arteriosclerotic heart disease, including coronary disease (males) in Glasgow, 1959-63. This map, illustrating 


the use of computer mapping of standardized mortality ratios, is based on the 


synagraphic mapping system (SYMAP, 


version 5) prepared by the Laboratory for Computer Graphics and Spatial Analysis, Harvard Center for Environmental 


Design Studies, 


The program was run on the UNIVAC 1108 at the National Engineering Laboratory, East Kilbride, 


Scotland. The numbers represent the wards, and the symbols represent different ranges of standardized mortality 
ratios (SMR) as follows. 
Symbol ° + x e & a 
Minimum SMR 0-00 79-64 93-86 104-71 105-67 4-58 
Maximum SMR 79-64 93-86 101-71 105-67 111-58 121-60 


The map shows that with an average ratio of 100 for the United Kingdom, wards |, 2, 36 and 37 (Shettleston, Parkhead, 
Langside and Cathcart) have a particularly high mortality from this disease. 


array of such ratios into a small number of categories 
by reference to the frequency distribution and then 
plot symbols to represent each category. The plotting 
program directs the computer to place characters 
within a grid according to Cartesian coordinates. By 
giving the computer an X and Y coordinate and in- 
structing it to use a particular character, that character 
will be positioned precisely on the grid. This system 
can be used effectively to plot symbols conforming to 
standardized ratios at coordinates corresponding to 
the geographical units. 

Fig. 1 illustrates the use of the technique to display 
the distribution of standardized mortality ratios for 
arteriosclerotic heart disease, including coronary 


disease, for the male population of Glasgow, by wards 
for the period 1959-63. The ratio of 100 refers to the 
mean frequency for the total population of the United 
Kingdom during that period. The map may not be of 
a high aesthetic quality but, if required, can be used 
for the drafting of a more refined piece of cartography. 

Professor Howe says that computer graphic maps 
of this type offer tremendous advantages in speed and 
economy. They are excellent working maps and pro- 
vide valuable and versatile research tools for the 
medical geographer. They may also be used by 
planning, public health and other authorities to main- 
tain a continuing surveillance of the geographical 
distribution of disease. 
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NUCLEOHISTONES 


Histones and DNA 


from our Cell Biology Correspondent 

In the past two years, histone chemistry seems, even 
to the most dyed in the wool sceptics, to have regained 
respectability. Better techniques of separation have 
reduced the seeming chaos of histone fractionation to 
something like reproducible order; the discovery that 
histones can be acetylated and phosphorylated has 
suggested a possible mechanism for the derepression 
of DNA templates repressed by histones; and Smith 
and his collaborators have proved that the amino-acid 
sequences of the same species of histone from organisms 
as unrelated as peas and cows differ only by two 
amino-acids out of 102. The argument goes that if, 
during the evolution from the common ancestor of 
peas and cows, a protein sequence has been retained 
virtually unchanged, protein must be fulfilling a 
crucially important role. 

But in spite of all this activity, the precise structure 
of DNA histone complexes is still obscure. Does, for 
example, the histone fit into the larger of the two 
grooves along the DNA helix as Wilkins and his col- 
leagues suggested years ago or to some other part of 
the DNA molecule? Olins (J. Mol. Biol., 48, 439; 
1969) has just reported a series of physico-chemical 
measurements of complexes of DNA with lysine-rich 
histone which support the idea that the histone binds 
to the large groove of DNA. He finds, as others have, 
that the arginine and lysine residues of histone (fl 
from calf thymus) effectively neutralize DNA phos- 
phate groups. The DNA rem .ins in the B form when 
associated with the histone and can therefore still bind 
actinomycin, and the f1 histone itself, when complexed 
with DNA, has little or no helical structure. Evidence 
that the f1 histone is in the large groove of DNA comes 
from experiments with complexes of the histone and 
T? DNA. T2 DNA can be glucosylated and the glucose 
residues of the mono and di-glucosylated 5-OH methyl- 
cytosine residues of the DNA lie in the large groove. 
Olins therefore tested f1 to see if it would reduce the 
level of glucosylation of T2 DNA, presumably by 
competing for space in the large groove, and found 
that it does. He proposes two models of f1 nucleo- 
histone. In the first model, the non-basic residues of 
the histone are looped away from the DNA, enabling 
the basic residues to neutralize successive phosphate 
groups; in the second model, one histone is stretched 
along the length of about twelve turns of the DNA 
helix, a segment in which about seventy-five per cent 
of the DNA phosphate groups would not be neutral- 
ized by histone basic residues and are therefore free 
for interaction with other cations. 

In an attempt to define more clearly the interaction 
of DNA phosphate groups with basic amino-acids, 
Shapiro, Leng and Felsenteld (Biochemistry, 8, 3219; 
1969) have followed the binding of polylysine to DNA 
as a function of polymer chain length and solvent 
conditions. They find the binding stoichiometric, 
cooperative and unexplainably selective for AT- 
rich regions of the DNA. In the same issue of Bio- 
chemistry (page 3214), Brutlag, Schlehuber and 
Bonner report a technique which may be useful for 
separating nucleohistone complexes on the basis of their 
buoyant density. When nucleohistones are treated 
with formaldehyde the histone molecules become cross- 
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linked to the DNA, which means they can be banded in 
caesium chloride gradients without dissociating. 


ANAEMIA 


Red Cell Enzyme 


from our Medical Biochemistry Correspondent 


One type of non-spherocytic haemolytic anaemia is 
now known to be caused by the presence of an abnormal 
glutathione reductase in the red blood cell. This 
condition is particularly interesting because, although 
glutathione (GSH) has been known for a long time, its 
precise functions are still not clear. Staal, Hellemann, 
de Wael and Veeger (Biochim. Biophys. Acta, 185, 63; 
1969) have recently purified the abnormal GSH 
reductase from a patient with haemolytic anaemia 
caused by this abnormality and have compared its 
properties with those of GSH reductase from normal 
human erythrocytes (Staal, Visser and Veeger, Biochim. 
Biophys. Acta, 185, 39; 1969; Staal and Veeger, 
Biochim. Biophys. Acta 185, 49; 1969). 

It had been claimed that the abnormal enzyme has 
different kinetic properties from normal, but the work 
was criticized because the differences found were not 
great and could have been within the range of experi- 
mentalerror, Staal and Veeger found that the reactions 
of the normal enzyme with the two nicotinamide coen- 
zymes were very different. The maximum velocity 
of the reaction with reduced nicotinamide adenine 
dinucleotide phosphate (NADPH) was affected by the 
sodium ion concentration, while the reaction with 
reduced nicotinamide adenine dinucleotide (NADH) 
was not. NADP+ inhibited the NADPH reaction, 
which was also inhibited by high concentrations of 
oxidized glutathione (GSSG) and NADPH, but the 
reaction with NADH did not show similar effects. 

The activity of the abnormal enzyme changed in 
the same way with a change in the concentration of 
sodium ions and had the same pH optimum as the nor- 
mal enzyme. The Ka values for GSSG and NADPH. 
were also the same as for the normal enzyme. Unlike 
earlier workers, Staal et al. could not demonstrate any 
significant differences between the two enzymes with 
respect to the catalysis of glutathione reduction. 
There was, however, a big difference in the Kass 
determined for the reaction of the abnormal apoenzyme 
with its flavine adenine dinucleotide (FAD) prosthetic 
group. The activity of the holoenzyme (apoenzyme 
with FAD) was reduced if it was incubated with the 
similar but inactive flavin mononucleotide (FMN). 
Addition of FAD to the abnormal enzyme preparation 
made it more stable, for the enzyme was protected 
against heating and the loss of activity during purifica- 
tion was reduced. All these factors suggested that the 
chief difference between the normal and abnormal 
enzymes lay in the binding of the FAD prosthetic 
group. The abnormal erythrocyte may contain the 
same amount of apoenzyme, but much less active 
holoenzyme than normal erythrocytes. This suggested 
that it might be possible to treat this condition by 
giving relatively large quantities of flavine. In this 
particular patient, administration of FMN for a few 
weeks increased the activity of GSH reductase in the 
erythrocytes almost to normal and aetivity declined 
when the treatment was stopped—a good example of 
biochemical investigations leading to rational therapy. 
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Human Brain Protein, Drugs and Dreams 


iy Recovery of normal sleep after drugs, like other neuronal repair 


IAN OSWALD 


University Department of Psychiatry, 
Royal Edinburgh Hospital, 
Edinburgh 10 


I INTEND here to draw together several remarkably long 
term processes affecting brain cells. Inevitably, these 
“slow neurophysiological swings”? interest. the psychia- 
trist, for he sees, reflected in his patients’ behaviour, 
evidence of slow brain changes over weeks, months and 
years. A common illness is the endogenous or autonomous 
depression-——autonomous because, once started, it is self- 
perpetuating for many months. It can be treated 
successfully with a drug such as imipramine, yet although 
this reaches the human brain within hours, the mood does 
not begin noticeably to lift for 10 days or more and many 
more weeks or months of treatment are needed. There can 
thus be responses both delayed and gradual on a slow 
time seale. British neurophysiology, oriented more to 
milliseconds than weeks, has offered disappointingly little 
to the psychiatrist. Recently, however, things have begun 
to change, chiefly through work of neuropharmacologists, 
and it is the action of drugs on the hurnan brain that has 
been my starting point. 

Addiction to a drug both develops and decays on a 
time scale of weeks. My first laboratory encounter with 
a slow human brain change came while studying the 
sleep of amphetamine addict The measurements we 
made were of REM (rapid eye movement, paradoxical, 
or “hind-brain”) sleep, the phase of sleep especially 
associated with dreaming. Amphetamine suppresses this 
kind of sleep when first administered, but repeated 
consumption leads to tolerance, including a return of 
REM sleep to the normal 20-25 per cent of the night. 
Withdrawal of drug then causes a “rebound” increase 
to more than normal REM sleep (Fig. 1) and especially 
mikes REM sleep start early during the night?, Data 
from six addicts suggested a return to normal in about 
3 weeks, bub a more careful look suggested that recovery 
was actually taking a couple of months (Fig, 2). 

Barbiturates also suppressed REM sleep duration and, 
at the same time, reduced the profusion of actual eye move- 
ments®. Ifthe drugs were administered for 1-3 weeks the 
effects lessened, and after they were stopped a rebound 
increase of REM sleep above normal occurred! which once 
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Fig. 1. Effect of amphetamine ( Dexedrine’) withdrawal on REM sleep, 
the percentage of which in the whole night's sleep is shown on the 
ordinate, The patient had been an addict for several Years. An increase 
in the percentage of REM sleep occurs each time the drug is withdrawn. 
After the second withdrawal the percentage appears to decline to about 
the normal mean in about 3 weeks (hut see Fig. 2). From ref. 2. 
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processes, takes many weeks. 
increased protein synthesis in the brain. This article is based on a 
Medical Faculty lecture given at Aberdeen on January 9 this year. 
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Slow retarn te normal after withdrawal of dexamphetamine 
(x) and ‘Drinamyl’ (@) from two female addic The scale on the 
ordinate is of the delay in minutes of sleep between first al onset and 
first REM sleep of the night. In the normal person, or the fully tolerant 
addict, this is over 45 min. Drug withdrawal causes the sudden appear- 
ance of very short delays. Two montha after withdrawal are needed for 
these to disappear. Data from ref. 2. 


Fig. 2. 












more lasted more than a month (Fig. 3). The rebound 
was coupled with spontaneous complaints of vivid and un- 
pleasant dreams and also with more than the normal 
amount of eye movement during REM sleep**, These 
last observations have also been made by others’ and 
indicate that REM sleep rebound has both duration and 
intensity factors, 


Effects of Anti-depressants 

Recently, Lewis and I looked at REM sleep in patients 
who had taken overdoses of tricyclic anti-depressant drugs 
of the imipramine type®. These drugs powerfully suppress 
REM sleep and, after overdose, a rebound, with intense 
dreams, again appears and recovery to normal takes a 
month (Fig. 4), 

Suppression of REM sleep is not a property of all drugs 
that act on the central nervous system. Some, like 
fenfluramine and iprindole, have no immediate effect on 
REM sleep, while others, like t-tryptophan. or reserpine, 
increase REM sleep. Fig, 4 reveals an obvious difference 
from Figs. 1 and 3 in that the rebound curve does not 
ascend abruptly to a sharp peak but reaches its highest 
point 10 days after overdose and 7 days after REM sleep 
has returned. In these respects the curve resembles the 
sleep recovery curve after experimental administration 
of heroin, 7-5 mg given nightly for I] week. We have re- 
cently conducted these experiments on ourselves”. The 
REM sleep rebound after heroin persisted for more than 2 
months. 

Fig. 5 shows the time course of recovery after an 
overdose of a second type of anti-depressant treatment, 
namely, electro-convulsive therapy (ECT)". Tts aimilarity 
to Fig. 4 is apparent, ECT induces abnormal slow waves 
in the waking electroencephalogram (BEG) and it is the 
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amount of these, crudely measured, which Fig. 5 shows. 
After a conventional course of only twelve ECTs, sophisti- 
cated techniques show a 5-7 week EEG recovery’. 

There are very similar recovery curves in animal 
brains. The nerve gas, ‘Sarin’, an organophosphorus 
compound, rapidly renders inactive, or destroys, the 
enzyme cholinesterase and with it, in all probability, the 
machinery for producing brain cholinesterase. Recovery 
is believed to be dependent on synthesis within the brain 
cells of new machinery for the production of the enzyme. 
This process begins promptly but requires many weeks 
(Pig. 6). 

Recovery after another form of insult to cerebral 
neurones was studied by Watson, who injured nerve 
axons outside the skull and later measured the nucleic 
acid content of the nucleoli of the neurones concerned. 
His supporting experiments led him to conclude that the 
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Course of recovery after an overdose of an anti-depressant drug, 
riptyline (157 tablets, 3,025 mg), on June 19. REM sleep was initially 
abolished and retarned on June 23 which was also the day the young 
woman patient became fully alert and rational. Tt reached a peak ot 
45 per cent (which is far outside normal limits) on June 29, and subsided 
during the following 2 weeks. Broken rule shows the mean REM per- 
centage tor normal young women? at 24 per cent. The whole process of 
REM sleep recover en to last about 1 month. Data from ref. 8. 
a, First recording; b, one gin this p.m. 
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Effect of sodium amvlobarbitone on the sleep of two men, The verti 
e that sodium amylobarbitone reduc 
tr. A rebound appears after the drug is stopped and gradually, over several weeks, the REM pere 
í e nights when either or both voluntears spent more than 30 per cent of the whole night in REM sleep, hada delay of less than 45 min bet 
; falling asleep and first rapid eye movements, or spent more than 35 min of the first 2 h of sleep In REM sleep. 
abnormality, are seen only after drug withdrawal and peter out in the sixth recovery week. 
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These 
From ref. 4, 

recovery curve reproduced in Fig. 7 represented “changes 
in the ribosome-synthesizing system of the neurone”. 
Again recovery is on a time scale of 2 months or more while 
the repair synthesis is in progress. 


importance of Synthesis 

Previous reference has been made to the drug reserpine. 
It depletes the brain of monoamines 
catecholamines, which are present in certain neurones 
within special storage partie Administration of 
5 mg/kg of reserpine to rabbits makes brain catechol- 
amines abruptly disappear. The reserpine itself disappears 
from the brain in a few hours, The recovery curve 
has a now familiar appearance and is on a time seale 
of weeks (Fig. 8)'6 The catecholamine stores in the 
neurones ean be stained and photographed’, and the 
slowness of recovery led Iverson?" to propose that it was 
dependent on the formation of new storage particles in 
the cell bodies~-not a restocking of old cupboards, as it 
were, but a stocking up in new cupboards which have to 
be synthesized afresh during the repair process. 

I have pointed out that the peak of REM sleep rebound 
after the tricyclic drugs and after heroin is delayed for 
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Fig. 5. Course of recovery after very Intensive EC 
wave activity is indicated on the vertical scale. 
Data from ref. 11. 
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Fig. 6. Course of recovery of brain cholinesterase after ‘Sarin’ (a “nerve 
gas”), Compare especially with Figs. 2 and 8, Data from ref. 13. 


about 10 days. Drug-accentuated EEG sleep spindles 
after treatment with the tricyclic drugs disappear, 
and so do urinary products of heroin just before the night 
of peak REM sleep. It takes about a day for amphetamine 
and sodium amylobarbitone to be eliminated from the 
body, and peak REM sleep rebound then seems to occur 
following the first day of abstinence (Figs. 1 and 3). 
Nitrazepam, an effective and safe hypnotic, causes 
drug-induced fast activity in the drowsy EEG which 
persists for 48 h. We found that the peak REM sleep 
rebound after treatment with nitrazepam was delayed to 
the third night*. Hartmann! found increased REM 
sleep on the first night of reserpine administration, but it 
was even greater on the second and third nights after a 
single dose. 

The rate of increase of REM sleep seems to relate to 
the rate of disappearance of the particular drug from the 
brain; the peak of rebound seems to follow elosely on the 
final disappearance of the drug, and the increase in REM 
sleep after reserpine may be an immediate “rebound”, 
consequent on the exceptional rapidity with which 
reserpine disappears from the brain. Thus the term 
“rebound” may not always be apposite, and increased 
REM sleep may rather be a sign of certain types of 
neuronal repair. 

The examples in Figs. 6-8 each imply protein synthesis 
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Fig. 7. Time course of changes in nucleolar nucleic acid content of rat 

hypoglossal neurones in days after injury to the nerve outside the skull. 

From Watson's, who coneluded that the changes observed were changes 
in the ribosome-synthesizing system of the neurone. 
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within brain cells, and I suggest that Figs. 1-4 indicate 
a process of reformation of neuronal sleep-controling 
machinery through protein synthesis. The time e af 
synthesis must varyevith the individual protein. Studies 
with labelled amino-acids indicate a half-life for brain 
proteins of 3-37 days?! Tf we crudely took 15 days 
an average half-life we should expect in Figs. 1-8 a 50 per 
cent recovery in 2 weeks and about a 94 per cent recovery 
in 2 months---which is very close to what is actually see 
In Fig. 7 there is a suggestion of temporary over-swing in 
the course of repair and I can only say that experience of 
sleep studies has long made me suspect the same pheno- 
menon. 

I therefore propose that the REM sleep rebound after 
drug-withdrawal indicates a reshaping ol neuronal 
machinery through protein synthesis, a process of repair 
within brain cells. I am not proposing that all kinds of 
active repair in mammalian brain cells are accompanied 
by an increase in REM sleep, though I would suspect it 
whenever 5-hydroxytryptamine or noradrenaline played 
a major part in the machinery being repaired. 
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Fig. 8. Course of recovery of brain catecholamines after treatment with g 
reserpine. Compare especially with, Figs. 2 and 6. Data from ref4@ié. 


Dream Compensation 

Dement?! devised a technique for selective deprivation 
of REM sleep by behavioural means. On subsequent, 
undisturbed nights REM sleep was increased. The original 
explanation was in terms of “compensation” for lost 
dreams, for which, it was supposed, there was a compelling 
“need”. This explanation has fallen out of favour, but 
“compensation” could be advanced as the basis of post- 
drug REM sleep rebound. The degree of “compensation” 
seems to have been small in most experiments involving 
selective deprivation by Dement’s method, and completed 
within a week. 

The largest® “compensation” seems to have been about 
60 per cent. In terms of hours of REM sleep, the rebound 
after barbiturates, or overdose of trieyelic drug, or 
heroin is about 150 per cent. I have mentioned the 
intensity increase after drugs. It is present. too, after 
behavioural deprivation®!, but there is nothing to suggest, 
that it is greater after the latter. Dement? subsequently 
proposed the build-up of an “autotoxin™ which could be 
removed by REM sleep alone. As the proposal was 
formulated it is hard to see the autotoxin CAUSINg A 
150 per cent compensation in duration alone. The im- 
mediate increase of REM sleep caused by somet drugs 
certainly cannot be regarded as “eompensation”. 

Slow brain change is seen not only in recovery after 
drugs: when drugs such as morphine or barbiturates 
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are administered repeatedly, tolerance appears in days 
and increases to near completeness in weeks and 
months**5, The effects on REM sleep lessen (Fig. 3), 
but the adjustment process may betomplicated by short 
term mechanisms of the kind Dement described, and by 
induced adjustments of liver function which tend to 
inactivate the drugs before they reach the brain. Fig. 9 
shows some general curves of recovery. The period of 
drug exposure shown would be regarded as one in which 
not only the liver bus also the brain was adjusting to the 
presence of the drug, paralleling the development of 
tolerance. During the rebound period there would be 
simply a slow brain change uncomplicated by the liver, 


REM profusion ++ 
Dream vividness ++ 








40 


Base -ting 
mean 





20 
30 -50 Fo 
| “Compensation” 





REM 
AWAKE NINGS 
FOR WEEK 


REM profusion ++ 
Dream vividness ++ {often terrifying} 


ee S = 


100 -150 Yo 
“Compensation” 






40 


Percentage of REM sleep in night 









Base-line mean 





DRUGS 
FOR WEEK 


Fig. 9. A representation of the two conditions in which REM sleep 
rebound occurs. The upper figure depicts selective deprivation of REM 
sleep by the techniques of Dement®. Most reports indicate that after 
this the rebound is immediately maximal and lasts only a few days and 
that “compensation” is much less, in time, than the loss, though there is 
increase in REM sleep intensity, The lower figure depicts suppression of 
REM sleep by a drug, with diminishing effect as time passes. Drug 
withdrawal is followed by a rebound which may be maximal immediately 
if the drug disappears quickly from the brain, or may rise gradually to a 
peak if the drug leaves the brain tissue only slowly. The “compensation” 
exceeds the lost REM sleep and there is increase in intensity of REM 
sleep. Return to normal takes several weeks. It is postulated that this 
rebound reflects a time of repair within brain cells. 


In 1960, Weiss?’, emphasizing the “‘modifiability of the 
neurone” through perpetual renewal of its substance 
from the nuclear territory of the cell, suggested that here 


might be found the explanation of tolerance to drugs, a` 


proposal since echoed by others**-*. Inhibitors of protein 
synthesis prevent the development of morphine tolerance 
during repeated administration™*. In Fig. 9 the period 
of drug administration would be a period in which the 
machinery governing sleep would be modified gradually 
although other drugs, including reserpine, might be capable 
of modification through an abrupt destruction. The modi- 
fications in either case would persist after the drug had 
disappeared, would cause the REM sleep rebound, and 
would be slowly eliminated by new synthesis. But would 
this last synthesis be merely at a steady and inevitable 
pace or at a specially increased rate ? 

There are grounds for believing that the rate of intra- 
neuronal synthesis which accompanies the development 
of tolerance to morphine is increased above normal"? and 
the same might be suspected for the reverse process of 


NATURE. VOL. 223, AUGUST 30, 1969 


active recovery. I have, of course, already referred to 
increased intensity of REM sleep during recovery rebound. 
During the development of morphine tolerance an in- 
creased rate of synthesis of 5-hydroxytryptamine (5-HT) 
has been demonstrated**. 

It can now be noted that (1) withdrawal of the morphine- 
type drug, heroin, would presumably leave a persisting 
mechanism for increased synthesis of 5-H'T, which, soon 
unrestrained by the continuing presence of the drug, 
would accompany an increase of REM sleep above normal; 
(2) reserpine depletes stores of 5-HT but causes increased 
synthesis® of 5-HT and increased REM sleep, and (3) 
L-tryptophan and 5-HTP can enhance REM sleep”, 
presumably by temporarily increasing 5-HT synthesis, 
and comparable observations have made by 
others’® $7, 


been 


Amines and Sleep 

The role of amines in sleep is currently debated. Drugs 
like amphetamine or imipramine are very potent in 
suppressing REM sleep and inereasing free noradrenaline 
in the synaptic cleft. I have outlined evidence suggesting 
that 5-HT synthesis promotes REM sleep. Jouvet, by 
contrast, argued the same for catecholamines***. I was 
unconvineed**—-the REM sleep of the rat is unaffected by 
inhibition of noradrenaline synthesis''*, Now Jouvet 
and his colleagues? have suggested that suppression of 
REM sleep by para-chlorophenylalanine and nialamide 
(in a very large dose) arises from a decrease in the con- 
centration of metabolites of 5-HT. An alternative, 
however, is to point out that not only does para-chloro- 
phenylalanine suppress 5-HT synthesis, but so do 
large doses of monoamine oxidase inhibitors®* of which 
nialamide is one. 

I said at the beginning that clinical response to 
imipramine was delayed for 10 days or more. The same 
is true of clinical response to the other group of anti- 
depressant drugs, the monoamine oxidase inhibitors 
(MAOIs). Just as I believe we have got to devote more 
thought to slow and gradual brain processes, so we shall 
have more often to consider delayed processes. Again 
sleep research offers a tool. The administration of the 
MAOI, phenelzine, can sometimes seem at first to promote 
REM sleep at the beginning of the night, but, when used in 
clinical doses, it causes a moderate overall reduction in 
REM sleep in man. Akindele, Evans and I have, however, 
found that phenelzine, after a delay of up to 21 days of 
regular administration, will cause a further abrupt 
response, total REM sleep abolition. Far from such 
“loss of dreams” causing psychological impairment, the 
total abolition of REM sleep, which can last many weeks, 
is accompanied by improvement of the mood, Again we 
differ from Jouvet! in that we observe the eventual 
withdrawal of MAOI to cause REM sleep rebound. 

Having considered many slow brain processes, I can 
return to the subject of slow recovery of emotional 
balance. I must first add that healing of injured body 
tissues includes removal of clots through fibrinolysis. 
This process is brought about by plasmin, derived from 
plasminogen in the presence of plasminogen activator. 
The amount of this activator in blood is normally con- 
trolled by the brain***. Whether this implies direct release 
from, say, the hypothalamus, or hypothalamic control 
through a target organ, is not known. The scale along the 
ordinate of Fig. 10 is really a scale of plasminogen 
activator. When some Edinburgh medical students were 
faced with the anxiety of resitting final examinations, 
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their plasminogen activator level decreased. Recovery, 
despite prompt knowledge of examination success, was, 
for some, gradual and slow over many weeks**, This 
could be a reflexion of another slow brain recovery 
following a truly final insult. 

I have mentioned experiments with heroin. As others 
had observed, my colleagues and I found that in the 
healthy person heroin not merely failed to cause euphoria 
but was frankly unpleasant, Why should this be? If, 
as Fig. 10 suggests, neurones undergo active modification 
owing to involvement in the impact of emotional distress, 
whether of physical or social origin, it would not be 
altogether surprising if the response to heroin of the 
neurones of the distressed person were different from that 
m the normal person. 
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Fig. 10. Course of recovery of a brain-governed content of blood, namely 





plasminogen activator (which is involved in removal of clots and tissue 

healing), following the severe mental stress of resitting final examina- 

tions by some medical students, ELT, euglobulin lysis test. Individual 

differences in response to the stress are apparent but, where abnormal 

responses were induced, recovery in two cases took several weeks. 
From ref. 46. 


Synthesis within Neurones 


In conclusion, I suggest that REM sleep rebound 
betrays increased protein synthesis in the brain. I would 
go further and propose that REM sleep is a non-specific 
indication of many forms of synthesis within cerebral 
neurones, which would explain the “strange” finding that 
streptomycin (an inhibitor of protein synthesis capable 
of damaging human neurones) reduces REM sleep!s, 
The proposal is consistent with the uniquely high pro- 
portion of REM sleep in the 2 months both before and 
after birth in animals such as the human* in which the 
central nervous system is not mature at birth. During 
these months the finer differentiation of the brain occurs. 
It is also consistent with the increased brain blood flow®¢ 
and temperature®! during REM sleep. NREM (non-rapid 
eye movement) sleep is especially enhanced after strenuous 
physical exercise®?)5? and, in contrast to REM sleep, is 
accompanied by a high concentration of growth hormone 
in the blood‘, suggesting that its chief function is for 
bodily restitution, while REM sleep may be chiefly for 
brain repair. I could also predict that conditions associated 
with massive learning would cause high percentages of 
REM sleep, for example, when an “enriched” environment 
for growing rats leads to a heavier brain cortex and greater 
development of glial cells. Human mental retardates, 
it may be noted, have REM sleep reduced both in amount 
and intensity**, 

Finally, it seems to me that, in the study of brain and 
behaviour, we shall be compelled increasingly to think in 
terms of slow shifts of function mediated by protein 
synthesis. So far the latter has scarcely entered the 
psychiatrist’s conceptual framework, but it seems as 
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probable that it underlies personality modification through 
psychotherapy as that it underlies drug tolerance or 
REM sleep rebound. The healing of hurt minds proceeds by 
processes equally as slow as the healing of hurt brain cells. 

Figs. 1, 3 and 10 are reproduced by permission of the 
editor of the British Medical Journal. 
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Tuere is no doubt of the importance of the interaction 
of calcium with cell membranes. For one thing, calcium 
interactions may be the key to nerve excitation, for re- 
moval of calcium causes a nerve cell membrane to lose 
its characteristic negative resistance’. The barrier 
properties of cell membranes are also maintained, im 
part at least, by the interaction with extracellular 
calcium. Intercellular communication is dependent on 
active cell membrane transport removing calcium ions 
from the junctional area’. Then the movement of 
calcium through cellular and intracellular membranes 
regulates muscular activity. In excitation the per- 
meability of these membranes is increased and calcium 
ions move down their electrochemical gradient into the 
myoplasm where they activate the ATPase on the myosin 
molecules. Relaxation results from active accumulation 
of calcium by the membranes of the endoplasmic reti- 
culum in striated muscle’, In smooth muscle, active 
cell membrane calcium transport may contribute toward 
relaxation. Of importance in the study of excitation and 
excitation contraction coupling is thus the mechanism by 
which calcium interacts with and passes through cell 
membranes. 

Exchange diffusion (the increase of movement of mole- 
cules through a membrane in one direction by a flux of 
the same molecules in the opposite direction) is often 
attributed to carrier mediated transport+, There is 
evidence for calcium exchange diffusion in skeletal’, 
cardiac® and smooth muscle?® and nerve’. In smooth 
musele the increased “Ca efflux evoked by addition of 
calcium to the extracellular space followed saturation 
kinetics with a Km similar to the Kp for binding of 
calcium to red cell membranes*. These data suggested 
that the permeating caleium ions interact with a limited 
number of membrane sites. The smooth muscle pre- 
paration alone was, however, unsatisfactory for elucida- 
tion of a mechanism, because the molecular structure of 
the membrane and the intracellular calcium concentration 
are unknown. There is impressive evidence for the 
existence of pores in cell membranes?®, and recent findings 
suggest that these pores in excitable membranes are lined 
by fixed negative sites*!**. 

A model membrane which has narrow aqueous pores 
lined by the polar groups of phospholipids was designed 
by Tobias et al., and was used in the present study. 
‘Millipore’ filters of 100 A pore size were dipped in an equi- 
molar mixture of phospholipids (animal cephalin, Nutri- 
tional Biochemical Co.) and cholesterol in benzene and 
subsequently air-dried. Surface lipids were then washed 
off in 1 mM tris solution (pH 7) and the filters were mounted 
between two halves of a flux chamber as shown in Fig. 1. 
A peristaltic pump was used to circulate large volumes 
(200-1,000 ml.) of experimental solutions through the 
chamber, which allowed the maintenance of nearly con- 
stant 4°Ca concentration gradients across the membrane. 
Fig. 1 shows the appearance of “Ca on the trans side of 
the membrane (initially not labelled) as a function of 
time under the following experimental conditions. For 
the first 340 min the cis side of the membrane (labelled) 
contained an aqueous solution of 1 mM tris—0°5 mM CaCl, 


The passage of calcium ions through an artificial membrane by 
exchange diffusion may serve as a model for the transport of ions 
in biological membranes. 


(pH 7) labelled with #Ca and the trans side contained 
1 mM tris (pH 7). After a delay period of 90 min, the rate 
of “Ca permeation became constant. The addition of 
0-5 mM CaCl, to the trans side then caused a release of 
Ca from the membrane and a marked merease in the 
rate of Ca permeation. Addition of 0-5mM NaCl to 
the trans side (half the equivalent of 0-5 mM CaCl, for 
the self diffusion coefficient in water of Cat+ is about half 
that of Nat and binding to the negative sites would 
deerease it still further) gave only one quarter of the 
increase in calcium permeability, indicating that the 
stimulating effect of CaCl, was not due only to 
removal of rate-limiting co-ion diffusion in the salt 
diffusion process. The experiment thus demonstrates 
the existence of a calcium exchange diffusion in the 
artificial membrane similar to that observed in cell mem- 
branes. Exchange diffusion in cell membranes has been 
noted for a number of other molecules, notably monovalent 
electrolytes, sugars and amino-acids, and is usually 
attributed to the presence in the membrane of hypo- 
thetical mobile carriers. It is interesting that the same 
phenomenon can be obtained in a solid cation-exchange 
membrane with fixed sites which associate with the 
transported ion, as substantiated later. 

The permseleetivity of this membrane was characterized 
by measuring membrane potentials in the presence of vary- 
ing KCI concentrations: that in one half of the chamber 
remained constant at 10 mM KCI, while in the other half 
it was varied from 1-100 mM. Because the concen- 
tration potential wes positive on the side of the lower 
salt concentration, the net negative charge of the 
hydrophilic portion of the phospholipid served to create a 
cation-exchange membrane. The cation permsclectivity 
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Fig.1. The flux chamber shown in the inset is separated into two halves 
py the artificial membrane, containing narrow aqueous pores lined by 
the charged groups of phospholipids (dotted line). The left half is per- 
fused with 200 ml, 1 mM tris-0:5 mM “CaCl (pH 7), The right half is 
perfused for the first 340 min with 1,000 ml, 1 mM tris (pH 7). In one 
experiment (@— @) 05 mM CaCl, is then added, and in another (aA) 
0-3 mM NaCl. The radioactivity appearing on the right side of the 
membrane is plotted as a function of time. 
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of this membrane is high: the maximum slope of mem- 
brane potential against log KCI activity is 56mV_ per 
ten-fold increase in activity. The maximum potential 
for perfect cation permselectivity, calculated from the 
Nernst equation at 23° C, is 58-7 mV per ten-fold increase 
in activity. With increasing KCl concentrations but 
maintaining the same KCI activity ratio across the 
membrane, the potentials were less than at lower KCl 
concentrations. This is indicative of a solid ion exchanger 
and is the result of the decrease in Donnan potentials at 
the interfaces of the more concentrated solutions and 
consequent less effective Cl- exclusion!.16, Other evidence 
for a porous solid ion exchange nature of this preparation 
comes from streaming potentials and electron miero- 
graphs (ref. 17. and our work, manuseript in prepara- 
tion). 

If 1 mM CaCl, is added to both sides of a membrane 
separating a 5mM from a 50mM KCI solution, the 
membrane potential falls exponentially to half its original 
value. This depolarizing effect of caleium on the mem- 
brane potential arises from a decrease in the negative 
fixed charge density resulting from the association of 
ealcium with the negative binding groups of the phos- 
pholipids. That multivalent cations do bind and thus 
obliterate the fixed negative sites is especially obvious 
when both calcium and lanthanum ions are present in 
the solutions, for in these conditions the membrane 
becomes anion permselective as a result of the surplus 
positive charges of the bound multivalent eations!+. 

To investigate the hypothesis that this calcium mem- 
brane site association is part of the transport process we 
investigated the transport and binding of “Ca as a fune- 
tion of pH. 

The pH dependence of the “Ca flux through the arti- 
ficial membranes at a calcium concentration of 0-5 mM 
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Fig. 2. A, Permeability to “Ca as a function of the pH of the 1 mM iris 
solution on the two sides of the membrane. Both sides contain 0-5 mM 
CaCl, and one side is initially labelled with “Ca. B, The artificial mem- 
branes are allowed to equilibrate with a large volume of 1 mM tris— 
0-5 mM “CaCl; pH was varied between 1 and 9. The calcium uptake 
(in mM Ca per kg sepholin envision mixture) is plotted as a function 
of pH. 
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on both sides of the membrane (Pig. 24) exhibits three 
interesting characteristics: at pH 1 the system transports 
a negligible amount of “Ca; from pH 2 to 5 there is a 
large increase in flux, and from pH 5-5 to 9 the flux is 
drastically reduced. At pH 1 no calcium binding sites of 
this phospholipid mixture are dissociated. When the 
pH coincided with the pka's for the phosphate, 1-2~ 2, 
and for the carboxyl groups, 3— 5 (ref. 18), of the mixture, 
the flux increased markedly. This correlates well with. 
the increase in calcium uptake by the membranes between 
pH 1 and 4-5 (Fig. 2B). By measuring KCI concentration 
potentials at various pH, the isoelectric point for this 
membrane was found to be at pH 2, at which the negative 
charge on the phosphate groups is balanced by the positive 
charge on the primary amine group (pKa 9), so that 
the net charge is zero and permselectivity disappears. 
At lower pH the membrane becomes permselective 
towards anions. It is of interest that the isoelectrie pout 
for isolated rabbit gall bladder is 2-7 (ref. 19). The 
prerequisite of available phosphate and carboxy! groups 
for Ca transport of calcium was also demonstrated by 
addition of uranyl and lanthanum ions. These ions 
displaced calcium from the phospholipids and 0-5 mM 
UO, Cl, caused a six-fold decrease in “Ca flux, whereas 
0-5 mM LaCl, completely inhibits Ca transport across the 
membrane. This same LaCl, concentration also inhibits 
influx of calcium into smooth musele cells. 

Mere binding of calcium to the fixed negative sites 
seems not to be sufficient for transport, for, although 
most calcium is bound between pH 5-5 and 9, the rate of 
transport of calcium over this range steadily declines. One 
explanation could be that the fixed sites have an optimum 
affinity for calcium for efficient transport. To study this, 
we obtained experimentally caleium adsorption isotherms 
(membrane bound calcium plotted against [Ca] of the 
ambient 100 mM Natl solution at various [(CaCl,]) at pH 
values from 1-9, The sodium ions served to maintain 
eleetroneutrality inside the ion-exchange membrane as 
counter ions, assuming no association of Nat with negative 
groups. The apparent membrane calcium . association 
constant obtained from these adsorption isotherms 
increased forty-fold between pH 2 and 9. 

It is therefore possible that with the increased affinity 
of the membrane for calcium at higher pH the rate of 
dissociation of calcium at the trans side is decreased and 
that this in turn is responsible for the decreased rate of 
transport of calcium through the membrane. ‘Millipore’ 
filters dipped into the benzene~phospholipid mixture for 
only four seconds (so that the lipids were only super- 
ficially located on the filters) were used to measure the 
rate of dissociation of bound “Ca into a calcium containing 
solution. At pH 7-3 the rate of dissociation of “Ca from 
phospholipids was twice as fast as that at pH 9. 

Another way to test if the rate of Ca dissociation on the 
trans side is a rate limiting step in the permeation process 
is to add an impermeant calcium chelator to the trans 
side. Using YC labelled EDTA we first showed that 
EDTA does not cross the artificial membrane, but when 
0-5 mM of this caleium chelator was added to the trans 
side after measuring “Ca flux from a 0-5 mM “CaCl, -- 
1 mM tris (pH 7) solution through the artificial membrane 
to a 1l mM tris (pH 7) solution, the permeability of the 
membrane increased from 0-78 x 10-5 em s~ to 82x 10-4 
ems- The possibility that this resulted from a change in 
membrane potential was exeluded, because after addition 
of EDTA there was still a considerable electrical potential 
opposing the “Ca flux (our work, manuscript in pre- 
paration). Thus by chelating the “Ca frorn the trans 
membrane surface and thereby increasing the rate of 
release of “Ca from this side of the membrane, calcium 
transport through the membrane is accelerated. ‘This 
acceleration cannot be due to a decrease of contaminating 
calcium in the unlabelled solution, for a decrease in 
calcium concentration has the opposite effect. EDTA 
also accelerates “Ca flux from smooth muscle’. 
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Fig. 3. A schematic model for the transport of Cat+ across the artificial 
membrane, The “Cat ions bind to negatively charged sites (left). 
The lower portion of the pore represents calcium-stimulated *Ca"*t 
transport: the labelled ions move through the membrane by exchanging 
with unlabelled ions also bound to the fixed negative sites In the pores; 
the labelled Ca™ are released into the solution (right) by exchanging with 
the added unlabelled calcium, which i3 now being bound to the surface 
site. The upper half of the pore represents Na,EDTA stimulated “Ca 
oe the EDTA (right) removes “Ca from its binding site on the 
membrane by chelation and releases Nat ions. which serve as unbound 
counter ions in the pore and are being forced to the left by the electrical 
potential (indicated by the ~ and + near the top). The site vacated 
by the chelated Ca++ is then filled by a calcium ion from the left, the 
deficit of bound Ca++ being replenished by “Ca++ from the solution on the 
lefi. OG, Catt; @, Nat; ©, Ch. 


There is also evidence that the fixed negative charges of 
the phosphate and carboxy! groups facilitate “Ca transport 
in that it is faster than expected from diffusion: namely, 
the phospholipid accumulation inside the ‘Millipore’ filter 
decreases the cross-sectional area of the pore by about 
two orders of magnitude, but the calcium and EDTA 
stimulated “Ca flux is about as great in the phospholipid- 
cholesterol impregnated membrane as is the rate of Ca 
diffusion through the unimpregnated ‘Millipore’ filter. In 
addition, the almost total absence of “Ca transport at 
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pH 1 and in the presence of inhibitors such as uranyl and 
lanthanum suggests that there is very little free diffusion 
of calcium through the phospholipid—cholesterol impreg- 
nated membrane. 

In conclusion, calcium transport through a phospholipid 
~cholesterol solid ion-exchange membrane appears to 
involve the association of calcium with the negatively 
charged sites on the cis side of the membrane, the transfer 
from site to site in the membrane phase, and the dissocia- 
tion of caleium from sites on the trans side of the mem- 
brane (Fig. 3). The dissociation step appears to be rate 
limiting, especially at low calcium concentrations. 

The finding that fixed binding sites, in an artificial 
membrane prepared from cell membrane components, 
mediate ‘facilitated, exchange diffusion” (a criterion 
usually taken as evidence for mobile membrane carriers) 
may be of interest in interpreting similar transport 
phenomena such as those of Catt and Nat in muscle, 
nerve and red cells; Cl- in stomach mucosa; and sugars 
and amino-acids in a variety of cells. 
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Ir has been proposed that most changes in amino- 
acid sequence undergone by several proteins during 
evolution have been the result of a non-Darwinian 
process: the random fixation of neutral amino-acid 
substitutions (refs. 1, 2 and unpublished work of M. 
Kimura). The following lines of evidence have been cited 
to support this conclusion, First, data on the structure of 
cytochrome ¢, insulin, and « and 6 chains of haemoglobin 
and serum albumin from a wide variety of species suggest 
that these proteins have undergone amino-acid substitu- 
tions at a constant rate during evolution. A constant 
rate of evolutionary change in protein structure in different 
animal lineages would probably not be expected by a 
mechanism involving the selection of advantageous 
mutations. Second, amino-acid substitutions which are 


A test is made of the hypothesis that there is a relationship between 
the rate of evolutionary change and the degree of neutral allelic 
variation in populations using data on haemoglobin variants in man. 


apparently neutral in function have been found in several 
proteins. Third, the rates at which amino-acid substi- 
tutions have occurred in several proteins during evolution 
have been found to be consistent with a neutral allele- 
random fixation model utilizing reasonable estimates of 
neutral mutation rates. Fourth, the viability of E. colt 
strains subject to changes in guanine-cytosine content 
through the action of a mutator gene (Mut-T’) is apparently 
unimpaired. Fifth, there is also a significant correlation 
between the number of synonymous codons for each 
amino-acid and its respective occurrence frequency in a 
large number of proteins which have been examined. This 
would suggest that the structure of the genetic code itself 
may exert an important influence on the evolution of 
these proteins. 
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The Neutral Allele-Random Fixation Model 


The neutral allele-random fixation model (refs. 1, 2 
and unpublished work of M. Kimura) makes several pre- 
dictions concerning the rates of protein evolution. Letting 
N represent the number of individuals in the population 
and u equal the mutation rate to neutral alleles at the locus 
under consideration, then 2Nu neutral mutations would be 
expected to arise at this locus per unit of time. If there 
are n codons at a locus and each codon mutates at a rate 
Ue, then the neutral mutation rate per locus (u) is very 
nearly nueg, q being the mean probability that any single 
nucleotide substitution in a codon will be selectively 
neutral, According to the neutral allele~random fixation 
model, the probability that any newly introduced neutral 
allele will undergo chance fixation is about equal to its 
frequency in the population, 1/2N (unpublished work of 
M. Kimura). The rate at which newly introduced neutral 
alleles undergo chance fixation is then very nearly 


(1) 


Assuming that each newly arisen mutant is for all practical 
purposes a unique event, the model would predict that 
the rate of protein evolution (R), measured in amino-acid 
substitutions per unit of time, is constant and very nearly 
equal to the neutral mutation rate 


2N (nueq) x 1/2N =nugq=u 


R = u = nuq (2) 


Amino-acid sequence data for insulin, cytochrome ¢ 
and the « and 8 chains of haemoglobin suggest that these 
proteins have undergone substitutions at a constant rate 
during mammalian evolution and that most amino-acid 
substitutions may therefore have resulted from the random 
fixation of neutral alleles. The average numbers of amino- 
acid substitutions per locus per year are 14-0 x 10- for the 
g and 15-0 10-8 for the 8 chain of haemoglobin?. 

According to this model, these rates should be very 
nearly nueg for the corresponding loci. Dividing these 
per locus rates by the number of codons per locus (n) 
gives the rates of evolution in terms of amino-acid substi- 
tutions per codon per year. For the proteins under con- 
sideration these rates are 3-3 x 10-!¢ for insulin, 4-2 x 10-! 
for cytochrome c, 9-9 x 10-1 for the g and 10-3 x 10-9 for 
the 8 chain of haemoglobin. Assuming that the codon 
mutation rates (uc) are approximately equal, it follows that 
these observed differences in per codon evolutionary rates 
are due to differences in g, the proportion of mutant codon 
states that are selectively neutral. That is, under the 
neutral allele-random fixation model it would be expected 
that a codon mutation in either of the haemoglobin chains 
would more likely be neutral than would a mutation in 
either insulin or cytochrome c. 


Consequences for Neutral Allelic Variation 

Within a population, the allelic variants at a locus which 
has evolved primarily as a result of the random fixation of 
neutral alleles will consist most probably of selectively 
disadvantageous alleles as well as neutral alleles. The 
neutral allele-random fixation model makes very definite 
predictions concerning the degree of neutral allelic varia- 
tion in populations. Thus a test of the model could be 
made if it were possible to estimate which of the allelic 
variants are in fact neutral. 

Tt has been shown that the average number of different 
neutral alleles (na) in a population of size N and effective 
size Ne is approximately 


1 
4Neu [Q — x) Neyde (3) 
1/2N 


when the number of possible existing neutral allelic states 
is large*4, Again it is assumed that each newly arising 
neutral mutation will be appearing in the population for 
the first time. Although a general solution to this equation 
is difficult to obtain, Wright, Ewens and Kimura?-* have 
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shown that na is almost directly proportional to u over the 
range of the most likely estimates of u. Numerical 
integration of (3) was carried out by Kimura®. It was 
shown that if Neu is greater than 10-?, increasing values of 
u, holding Ne constant, result in an almost linear increase 
in na. Because, as will be shown, we will be utilizing 
values of u an order of magnitude within 10-*, linearity 
would be maintained in the relationship between u and 
na if Ne were a minimum of 105, The number of neutral 
alleles at a locus should therefore be almost proportional 
to the neutral mutation rate per locus, u. u is also about 
equal to the rate of protein evolution under the neutral 
allele-random fixation model, and so it follows that na 
would be expected to be roughly proportional to R. 
Thus, under the neutral allele-random fixation model, 
the number of different neutral alleles at a locus in any 
one population should be approximately proportional to 
the rate of evolutionary change at that locus. 

A test of the model could be carried out by using A as an 
estimate of u, assuming various values of Ne, and calculat- 
ing the expected value of ra for any of the loci discussed 
earlier. This value could then be compared with an 
observed value of na in the population. Because it is 
difficult to estimate accurately the value of Ne for even 
a single animal population, the following approach may 
be of interest for it does not necessitate any estimates of 
the value of Ne. 

Let us consider two proteins present within a population 
of animals. If both proteins had evolved at a constant 
rate and if their rates of evolution (R) were the same, then 
according to the neutral allele-random fixation model 
their neutral mutation rates (u) should also be the same, 
Because we are considering two proteins within the same 
population so that Ne will be the same for both loci, then 
according to equation (2) the average number of neutral 
alleles at both loci (na) should also be the same. Similarly, 
two proteins within a population having different but 
constant rates of evolution would be expected to have 
a different number of neutral alleles; that protein with a 
history of more rapid evolutionary change having a higher 
value of na than the one with a slower rate of evolution. 

In order to utilize these predictions to test the neutral 
allele-random fixation model, data on the degree of allelic 
variation for two proteins within the same population 
must be analysed. In addition, among the total range of 
alleles present in the population the number that are 
selectively neutral must be estimated. Among the four 
proteins previously mentioned as possibly having evolved 
by means of the random fixation of selectively neutral 
alleles only the haemoglobin loci have been examined 
extensively for allelic variants within natural populations, 
Most of the data come from electrophoretic surveys of 
hundreds of thousands of human blood samples. Eighty- 
four different amino-acid substitutions have been found 
at the « and 8 chain loci. Of these mutants, thirty-two 
are in the « chain and fifty-two are in the 8 chain. Because 
both of these haemoglobin chains have evolved at a con- 
stant rate in mammalian evolution and at approximately 
the same rate (140x10 and 15-0* 10-* amino-acid 
substitutions per locus per year for the « and § chains, 
respectively) it would be expected on the basis of the 
proposed model that the number of different segregating 
neutral alleles would be approximately the same for both 
loci. We are therefore faced with the task of deterrnining 
which of the mutants at each locus are selectively neutral, 

Several difficulties arise in attempts to determine which 
human haemoglobin mutants are neutral. For example, 
a mutant which is selectively disadvantageous may be 
classified as neutral, for most of the haemoglobin mutants 
are so rare that they are found almost exelusively in 
heterozygotes. In the homozygous condition they might 
be severely detrimental (haemoglobin §, for example). Tn 
addition, even homozygotes for some of the haemoglobin 
mutants may appear neutral even if they have a loss in 
fitness of as much as 10 per cent. Detection of this degree 
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of disadvantage is almost impossible even in laboratory 
populations of mammals. To circumvent these difficulties 
we have utilized an alternative criterion that can be 
applied to the haemoglobin mutants in order to assess 
whether or not they might be selectively neutral. 

The haemoglobin molecule has been studied more 
extensively than any other with respect to its amino-acid 
sequence and three-dimensional structure. X-ray analysis 
preceded the construction of an atomic model of the 
haemoglobin molecule facilitating a study of the structural 
and functional consequences of amino-acid substitutions 
to a degree never before attained. Using an atomic 

„model, the consequences of amino-acid substitutions for 
“the eighty-four mutants have been examined“, It was 
found that the clinical symptoms exhibited by carriers 
of some of these alleles could be explained by an analysis 
of the structural effects of the amino-acid substitution on 
the haemoglobin molecule. In some other cases the 
authors noted that even though no clinical symptoms 
were reported to be associated with carrying the mutant, 
struetural analysis suggested that the stability of the 
haemoglobin might be impaired. 

Among the eighty-four mutants that were examined by 
Perutz and Lehmann’, forty-eight had substitutions which 
would not be predicted to impair either the function or 
stability of the molecule. On the basis of what is now 
known about the structure and function of haemoglobin, 
therefore, there is no reason to suspect that any selective 
disadvantage would be associated with these forty-eight 
mutants. The mutants may in fact be neutral, This is, 
of course, a minimal estimate because even some of the 
mutants with obvious clinical symptoms may exhibit no 
loss of fitness. In addition, the majority of the mutant 
alleles at the « and $ chain loci were detected in popula- 
tion surveys as a result of their abnormal electrophoretic 
mobility. We are assuming therefore that the probability 
of a selectively neutral amino-acid substitution resulting 
in a change in the net charge of the haemoglobin molecule 
is the same for the g and 6 chains. Such assessments 
are, of course, subject to modification as new information 
on the relationship between the structure and funetion of 
haemoglobin is obtained. 

Utilization of these criteria of neutrality may be of value 
because estimates of fitness based on differential mortality 
and reproduction in human populations are, as discussed, 
subject to many difficulties. 

According to our hypothesis we would predict that the 
forty-eight presumed neutral mutations at the « and ß 
chain loci should be distributed almost equally between 
these two loci because the 6 chain has evolved only 7 per 
cent faster than the « chain. In fact, among the forty- 
eight neutral mutants, twenty-two of them are in the « 
chain and twenty-six in the 6 chain, With the assumption 
that there are a large number of potentially segregating 
neutral alleles at these loci the number of mutants found 
segregating at each locus would be expected to approxi- 
mate a Poisson distribution. A variance test for the 
homogeneity of Poisson distributors’ yields a y? value 
of 0-087, 1 df, which accepts our hypothesis between the 
0-80 and 0-90 levels. 

It is interesting to note that with respect to the haemo- 
globin alleles which produce clinical symptoms or would 
be predicted to impair haemoglobin function ten such 
alleles are known at the « chain locus and twenty-six such 
alleles are known at the @ chain locus. Ingram? has 
suggested that the greater number of observed deleterious 
8 chain mutants (y?=6-25; 1 df= 0-025; P=001) may 
be due to the different times during human development 
at which these two chains function. The fact that the 
8 chains of haemoglobin do not contribute significantly 
to oxygen transport until shortly after birth, whereas the 
a chains are continuously utilized beginning in late embry- 
onie stages’, would suggest that deleterious mutants in 
the 8 chain would have less serious consequences than 
similar mutants in the chain. 
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Assuming that the evolution of several proteins may 
have been primarily due to the random fixation of neutral 
alleles (refs, 1, 2 and unpublished work of M. Kimura), 
we suggested that there is a correlation between the rate 
of evolution of a protein and the number of different 
neutral alleles of that protein within a population, The 
agreement between the actual number of neutral alleles 
at the « and @ chain loci and the number predicted by 
consideration of the evolutionary rates of these proteins 
is consistent with the neutral allele-random fixation model. 

These data, of course, do not provide a rigorous proof of 
this model. Another theory which assumes that evolu- 
tionary significant gene substitutions result from the 
selection of “newly” advantageous mutations from a pool 
of neutral alleles in response to an environmental change 
might also predict that the rate of evolution would be 
dependent on the degree of neutral allelic variability. 
In order to explain the constant rates of evolution of the 
haemoglobin loci using this theory, however, it must be 
assumed that there were constant environmental fluctua- 
tions in different animal lineages throughout mammalian. 
evolution. We tend to view this alternative as less likely 
than the neutral allele-random fixation model. 

Although an observed correlation between the degree of 
neutral allelic variation and evolutionary rate can be 
viewed as being consistent with the model, data which 
do not show a correlation, although rejecting the model, 
may be informative regarding the maintenance of alleles 
within natural populations and the mechanisms of protein 
evolution. 

For example, the existence of duplications of the « and 
B chain loci in some mammalian species has been sug- 
gested!*-12_ Tn our analysis we have assumed that an equal 
number of x and 8 chain loci are present in man. In view 
of the hypothesis that man possesses an g chain duplica- 
tion it is clear that further data related to this possi- 
bility are needed. In order further to test the model along 
the lines suggested here more data are needed on the rates 
of evolution of proteins and on allelic variation within 
natural populations. 

Further comparisons of the number of presumed neutral 
x and B chain alleles in non-human populations will prove 
especially valuable, for the haemoglobin chains have 
evolved at a constant rate throughout mammalian evolu- 
tion. Detailed information on allelic variation on the 
haemoglobins of other species is not yet available. Tests 
of the model using proteins with different rates of evolu- 
tion will also be interesting. Such studies are, however, 
also not yet possible. With respect to cytochrome ¢ 
and insulin, both of which seem to have evolved at 
a constant rate, there are no data on the degree of 
allelic variation within any natural populations (see ref. J 
for a discussion of a possible human cytochrome ¢ variant). 
Such data on the scale needed will not be easy to acquire 
in man or even in other organisms. In addition, know- 
ledge of the relationship between structure and function 
for these molecules is not as advanced as in the case of 
the haemoglobins. 

Recent data suggest that a small protein fragment, 
fibrinopeptide A, may have evolved at a constant rate 
during mammalian evolution’. Although on a per codon 
basis, fibrinopeptide A has evolved about four times as 
fast as either of the haemoglobin loci, on a per locus 
basis, fibrinopeptide A has evolved at half the rate of the 
haemoglobins. A rigorous biochemical survey” of 125 
humans (250 genes) failed to detect any segregating fibrino- 
peptide alleles, but further studies on larger samples must 
be carried out before the data can be meaningfully com- 
pared with those on the haemoglobins. 

We thank Richard Lewontin, Jack Lester King and 
James S. Farris for helpful discussions. 
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Protein Synthesis : 
Template Control 
by 
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Prorern synthesis in F, coli requires both 308 and 505 
ribosomal subunits. The 30S subunit promotes inter- 
actions between the template and the anticodon loops of 
aminoacyl-tRNA and peptidyl-tRNA, while the 50S sub- 
unit interacts with the terminal moieties of the two sub- 
strates and catalyses peptide bond formation, peptidyl 
transfer (Fig. 1). As might be expected, the peptidyl 
transferase activity of 50S subunits is normally dormant 
in the absence of 30S subunits and template: if such a 
control mechanism did not exist, random polymerization 
of aminoacyl-¢RNA would occur in the cell. There is no 
a priori reason for supposing, however, that in suitable 
conditions the functioning of 50S subunits might not 
become uncoupled from that of 30.8 subunits and template. 

In the presence of ethanol or methanol, isolated 505 
subunits catalyse a peptidyl transfer reaction (the frag- 
ment reaction) between CCA-met-f and puromycin (Fig. 
2a), the product being fMet-puromycint +", The reaction 
is dependent on 50S subunits, Mg**, K> and alcohol}. n 
and is inhibited by several antibiotic inhibitors of protein 
synthesis!?, In the same conditions, 508 subunits also 
catalyse peptidyl transfer from fMet-tRNA, to puromycin 
(Fig. 2b)? (this reaction normally requires the additional 
presence of 30S subunits!* and template), The evidence 
indicates that these aleohol-dependent reactions are cata- 
lysed by the same mechanism as peptide bond formation in 
protein synthesis, and that alcohol has the effect of 
activating the dormant peptidy] transferase of isolated 
508 subunits. Here I show that alcohol also induces 505 
subunits to catalyse peptidyl transfer from fMet-tRNA, 
to aminoacyl-tRNA (Fig. 2e). Moreover, the products 
are also active as peptidyl donors, so that recycling takes 
place and a variety of di, tri and tetra-peptidyl-tRNA 
species is formed. 

tRNA was charged with (8) f{Met, (*S) met, and the 
nineteen complementary unlabelled amino-acids, and then 
incubated with 508 subunits, Met+, K+ and methanol. 
Samples were subjected to mild alkaline hydrolysis, 
followed by paper ionphoresis at pH 3-5, and autoradio- 
graphy. Non-incubated samples yielded **S-labelled fMet, 
met, the corresponding sulphoxides (oxidation products) 
and “U”, an unidentified contaminant of the preparation 
(Fig. 3.1). Incubation (60 min at 0° C) led to the formation 
of a variety of new compounds, some of which (“FP”, 
CAL”) had mobilities intermediate between those of met 
and fMet (Fig. 3.2). “FP” and “Al” were not formed 
when incubations were done with non-formylated amino- 
acyl tRNA (Fig. 3.4) or tRNA charged with only fMet 


(Fig. 4), Addition of puromycin inhibited the formation 
of “FP” and “AI” and, in agreement with previous 


results’, led to the synthesis of {Met-puromycin (Fig. 4). 
It was tentatively concluded that “FP” and “Al” were 


903 


* Lehmann, H., and Huntamann, R, G, Man's Haemoglobins Appincott, 
Philadelphia, 1968). 


1 Boyer, 8. H., Hathaway, P., Pascasio, F., Orton, Ca Bardiey, Ju and 
es Ma, Science, 153, 1680 (1968). 
u Huisman, H. Jo Wion, J. Bo, and Adams, H. Bo Arch. Bioechiins. 


Biophys., Ta 528 (1967). 
R Lehmann, H., and Carrell, R. W., Brit. Med. Jo 


n Doolittle, R. F., paper presented at th 
Related Topics, Princeton, New Jersey 


iv, 748 (1068), 
nee on Fibrinogen and 
, November 24, 1988, 









Uncoupling of Polymerization from 


Isolated 50S ribosomal subunits can be induced to catalyse polymeriza- 
tion of aminoacyl-tRNA in absence of template and 30S subunits. 


peptides of {Met with other amino-acids. (Uniormylated 
peptides were also formed (Fig. 3.4) but for brevity’s sake 


will not be dealt with here.) 
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Fig. 5 shows the effects of ionphoresis in a second 
dimension (at pH 6-5). The fingerprints were obtained 
from samples meubated at 0° C for 7, 20 and 60 min. 
The “FP” compounds migrated as expected for a hetero- 
geneous mixture of peptides with single negative charges 
at pH 3-5 and pH 6-5. Because of the evidence that they 
contained fMet and other amino-acids, I conclude that 
they were peptides composed of neutral amino-acid 
residues and a terminal fMet. Comparison with published 
mobilities!” indicates that the peptides ranged in size from 
two to about four residues. In agreement, an fMet-Gly 
marker migrated at pH 3-5 at the same rate as the fastest 
member of the group (results not shown), The proportion 
pi larger peptides increased with time of incubation (Fig. 
5). Although the peptides were clearly heterogeneous, it 
is not possible to deduce from the present data whether 
all aminoacyl-tRNA species were equally well incorporated, 
or whether some acted as better substrates than others 
The evidence does indicate, however, that not only neutral 
amino-acids were incorporated. The bands marked Al 
and A2 in Fig. 5 are in positions expected for dipeptides 
of {Met with asp or glu, and other data indicate that basic 
peptides were also formed. 

If samples were not hydrolysed before ionphoresis, the 
peptides failed to appear and nearly all of the radioactivity 
remained stuck at the origin (Fig. 3.11), coincident with 
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Fig. 2. Systems for the study of peptide bond formation with isolated 

508 subunits in presence of alcohol. The substrate-ribosome complex 

is depicted at the moment before peptidy! transfer. a, CCA-met-f 

and puromycin; 4, fMet-ORNA;: and puromycin: e, {Met-¢RNA; and 
aminoacylORN A. 
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Fig. 4. Tonphoretic analysis (pH 3-5) of reaction products. Conditions 

as in Fig. 3 except that lonphoresis was on Whatman No. 62 paper for 

50 min at 60 V/cm. The ribosome preparation was lesa active than in 

the other experiments. Treatments: 1, complete system; 2, plus 

puromycin (0-7 mM); 3, {RNA charged with only f-met (other amino- 

acids removed by pyrophesphorolysix'}; 4, as 3 plus puromycin 
(0-7 mM). 


the position taken up by ¿RNA in these conditions. 
Treatment with RNase led to the disappearance of this 
band, as well as the peptide bands, and new components 
appeared with mobilities in the ranges expected for the 
adenosine derivatives of fMet and its peptides (Fig. 3.12). 
These preliminary data suggest that the peptides were 
bound to the terminal adenosine of 7RNA by the same 
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Fig.3. Jonphoretic analysis (pH 3-5) of reaction product 
13 uM Mg acetate, 50 mM tris (pH 7-4), 33 per cent (v/v) 
cent formylated) and the complementary unlabelled amino-acids. 





3.00M paper for 1 h at 40 Viem, and autoradiographed, 
were slightly different. FM, {Met; M, met; 
preparation; FP, {Met-peptides 





plete system; 3, half concentration of (RNA; 
0-1 mM streptogramin A; 9, plus 1-7 mM gougerotin; 





The standard incubation mixture contained 1 mg/ml, of 505 subunits! 
feOH and 40 ug/ml, of (RNA charged? with (#48) methionine (0-25 uf 
75 pl. samples were incubated for 1h at 0° ©, 100 «lh. of 0 
were then added, and the samples were incubated for 30 min at 37° C, then evaporated, dissolved in water, ionphoresed at pH 1 ; 
The two autoradiographs are from the same experiment, but conditions of ionphoresis 
FMO, {Met-sulphoxide; 
Al, probably fMet-asp (see Fig. 5); P, unformylated peptides; 
as fMet-puromycin™); FP-AD, probably fMet-peptidyl-adenosine; FM-PM, fMet-puromycin'® +, i i e , 
4, unformylated aminoacyl-tRNA; 5, minus MeOH: 6, minus KCI, 7, minus Mg*+: 8, plus 
10, plus 1 mM sparsomycin; 11, no treatment with triethylamine; 
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RNase treatment (100 ug/ml., 10 min, 26° C) instead of triethylamine; 13, plus 0-7 mM puromycin. 
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type of bond as in aminoacyl-tRNA and in the peptidyl- 
tRNA intermediate of protein biosynthesis!’. 

The formation of peptides depends on the presence of 
Mgr, K+, methanol (Fig. 3.5-7), and 508 subunits. There 
was no requirement for 308 subunits, supernatant factors, 
initiation factors or GTP. Isolated 308 subunits were 
devoid of catalytic activity. Peptide formation was 
strongly inhibited by streptogramin A, gougerotin and 
sparsomycin (Fig. 3.8-10). These antibioties are specific 
inhibitors of ribosomal peptidyl transferase'*}", 

To explain these results, I propose that peptide forma- 
tion took place by the mechanism depicted for protem 
synthesis in Fig. 1 with the significant differences that. 
(i) methanol replaced 30S subunits and template in 
promoting interactions between the substrates and the 
catalytic centre on the 50S subunit, (ii) the interactions 
did not involve template-specifieation or translocation 
but took place by uncontrolled diffusion, and (ili) the 
peptides were of random amino-acid sequence. 

The results confirm, once again, that peptide bond 
formation is catalysed by the 50S subunit. Previous 
demonstrations depended on the use of puromycin as a 
substrate analogue! ®, but, in the present case, normal 
substrates of protein synthesis have been used. The 
identity of the reaction mechanism to that of peptide 
bond formation in protein synthesis is indicated by (a) the 
requirements for 50S subunits, Mg*+ and K+, and (b) the 
action of antibiotics’. There may be differences in the 
manner of interaction between some parts of the (RNA 
molecules and the 508 subunit, in presence and absence of 
alcohol, but it is probable that interections in the region 
of the catalytic centre are very similar’. 

The termination mechanism of protein synthesis was 
clearly not operative in the present system, because the 
peptides remained bound to (RNA. Although the peptides 
eontamed only 2-4 amino-acid residues, it is probable 
that a greater degree of polymerization would oceur if the 
concentrations of Mg++, K+, alcohol and substrates were 
optimized. Moreover, peptides of predetermined com- 
position, including homopeptides, could presumably be 
obtained by use of tRNA substrates charged with only 
the desired amino-acids. The system might be of some 
practical value as a means for synthesizing certain types 
of peptidyl{RNA. Another interesting possibility is that 
polymerization would still occur if derivatives of tRNA 





Two-dimensional ionograms of reaction products after 7, 20 and 60 min incubations. 
that after jonphoresis at pH 3-5 strips of paper with the samples were cut out, sewn into a fi 
Al and A? are probably {Met-asp and f Met-glu, respectively. 
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Conditions similar to those in Fig. 8, except 
a fresh sheet of paper, and ionphouresed at pH 6-5. 
Other abbreviations as in Fig. 3. 








were replaced by derivatives of CCA or other fragments 
from tRNA. The demonstration that polymerization of 
aminoacyl-tRNA can be catalysed by isolated 508 sub- 
units is not only of interest per se, but also provides a 
new system for study of interactions between (RNA and 
the 508 subunit, and for investigating the action of anti- 
biotie inhibitors of protein synthesis. 

This project was initiated while at the Medical Research 
Couneil Laboratory of Molecular Biclogy, and was corme 
pleted at the Instituto de Biologia Celular during tenure 
of a senior fellowship from the European Molecular 
Biology Organization. The work was aided by a grant 
from the US National Institutes of Health. 1 thank 
Dr Č. Millstein for advice about fractionation of peptides 
and Mr A. J. Harrison for technical assistance. 
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Structure of Frog Photoreceptor Membranes 


by 
A. E. BLAUROCK* 
M. H. F. WILKINS 


MRC Biophysics Unit, 
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26/29 Drury Lane, 

London WC2 


MEMBRANES of retinal rod outer segments are of special 
interest because they are closely associated with the 
primary sites of visual excitation. The well oriented 
periodic arrangement of the membranes provides a good 
opportunity to study membrane structure by physical 
methods such as X-ray diffraction analysis. In the first. 
X-ray diffraction study! of retinal outer segments osmium 
fixed material was used. The regularly stacked membranes 
gave low-angle reflexions from a 370 A periodicity. Later 
Blasie ef al.? obtained similar reflexions which were the 
first three orders from a lamellar arrangement of unfixed 
membrane disks 300 A apart in a pellet isolated from frog 
outer segments. Robertson’ recorded two similar reflex- 
ions (period 279 to 347 A) from rods in intact frog retina. 
In addition to the lamellar diffraction, Blasie et al? 
observed diffraction in the plane of isolated disks. This 
was attributed’ to ordered arrangement of rhodepsin 
molecules in the plane of the membrane. 

With intact frog retina, using focused X-rays, we have 
recorded, from the lamellar array of membranes, discrete 
reflexions up to the seventh order and continuous diffrac- 
tion at wider angles. From these data, which are of 
sufficient resolution to permit for the first time a study 
of the structure within one membrane, we have derived a 
possible electron density profile through the membranes. 
(Since we submitted this paper Dr R, Worthington has 
kindly sent us a manuscript? describing a somewhat similar 
study. Note added July 7, 1969.) We also observed 
diffraetion which may arise separately from the lipid and 
protein components of the membranes. This included 
diffraction which resembled that attributed to ordered 
arrangement’ of rhodopsin molecules, thus suggesting 
that a regular arrangement is present in intact retinae 
and is not an artefact produced by isolating disks. 


Apparatus and Material 

Point focusing X-ray cameras (Franks type? and Elliott 
toroidal type’) were used. The source of Cu Ka X-rays 
was a Hilger-Watts microfocus generator used at 50 kV 
with horizontal line focus (high power line with Franks 
camera; low power line with toroid camera). Frogs 
(Rana temporaria) were dark-adapted for 1 to 12 h, usually 
while chilled on ice. The retinae were dissected largely 
free of pigment epithelium in Ringer’s solution (110 mM 
NaCl, 6mM NaHCoO,; 25 mM KCl, 2-2 mM CaCl, 20 mM 


* Present address: San Francisco Medical Center. 


X-ray diffraction analysis defines the spacings of membranes in 
retinal rod outer segments, and begins to suggest how rhodopsin 
molecules are arranged in the membranes. 


glucose; approximately 5° C) in a dim red light (Kodak 
Wratten 1A), which did not bleach the retinae even after 
intense exposure. At first, cut fragments were sealed in 
thin-walled glass capillaries (1 mm diameter; Pantak Ltd, 
Windsor, England) and exposed at room temperature. But 
better orientation and more reproducible, though less 
intense, patterns were obtained when we used ‘Perspex’ 
cells (1 mm thick with mica windows) in which a fragment 
of retina was held oriented by a thin stainless steel spring. 
Specimen holders were mounted in the X-ray camera in 
a chamber at 4° C. The chamber was aligned visually with 
red light so that the X-ray beam was tangential to the 
convex surface of the retina and passed through the layer 
of outer segments. X-ray exposures were from 3 to 22 h. 
Before and after exposure the retina fragments showed the 
pink colour of unbleached retina. We assumed all diffrac- 
tion to arise from rods, for there is a considerable pre- 
ponderance of rod substance relative to that of cones”. 


Diffraction Patterns 


A fairly well oriented low-angle pattern (Fig. 1) from 
the lamellar array showed sharp reflexions which broad- 
ened with inereasing diffraction angle. The period was 
usually 290 to 300 A but in one case was 275 A. Orders 
up to the seventh were resolved. At wider angles con- 
tinuous diffraction, which subtended the same angular 
width at the centre of the pattern as the sharp reflexions, 
was also regarded as arising from the lamellar array. The 
maxima of the diffuse diffraction were at angles corre- 
sponding to 40 Afh, h= 2.3.4.5. In one ease, a bleached 
retina exposed at room temperature gave rise to orders 
of the period 310 A. 

Tt was difficult to ensure that the X-ray beam passed 
only through the layer of outer segments. Sometimes a 
strong continuous, unoriented diffraction up to angles 
corresponding to about 30 A was observed, presumably 
because the beam entered other parts of the tissue. When 
this background diffraction was weak, diffuse diffraction 
was visible on the equator at right angles to the lamellar 
diffraction. This equatorial diffraction could be recorded 
in 4h on the toroid camera; it was centred at 50 A and, 
when the disorientation of the specimen was allowed for, 
was found to spread off the equator. Equatorial ares 
were also observed at 10-5 A. These were rather diffuse 
and had the same degree of orientation as the lamellar 
orders. A diffuse 4-7 A ring was observed but, because it 
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was not strong compared with the background of water 
diffraction, it was difficult to determine the degree of 


orientation. It showed signs of slight equatorial orienta- 
tion, 





Orders 


Lamellar X-ray diffraction pattern from frog retina. 
3, 4, 6 and 7 of the period 291 A are plainly visible on each side of the 


Fig. 1. 


beam stop shadow; order 1 is overexposed. (Retina in Ringer’s at 4° C 
in ‘Perspex’ cell; 6 h exposure with Franks camera.) 


Interpretation of the Lamellar Diffraction 


Electron microscopy of the developing outer segments? 
indicates that each disk is formed by infolding of the 
plasma membrane at the base of the rod. The infolding 
forms disks which consist of two membranes; it is there- 
fore difficult to avoid the conclusion that each disk is 


symmetrical. The disks are stacked parallel and regu- 
larly!’ 4, The membranes in a disk appear to have a 


small space between them! but there is a relatively large 
clear space between the disks. 

The water content of outer segments may be derived 
by measuring their refractive index with the interference 
microscope. Working at 4° C and with green light (A= 
546 nm), we obtained values of 1:40 to 1-41 for the index. 
which agrees with 1-41 obtained by Sidman™. Chemical 
analysis of outer segments shows that their solid content 
consists of 40 per cent lipid and 60 per cent protein by 
weight (guinea-pig and cow; frog’), The refractive 
increment of such a solid will be about 0-0016 g/100 em, 
(We thank Dr H. G. Davies for refractive increment 
values.) The specifie volumes of lipid and protein are 
0-95 and 0-75 cm3/g respectively. Hence the rod solid 
content is 44 g/100 em! or 37 em?/100 emë. In a uniform 
rod the solids therefore oceupy the equivalent of 37 per 
cent of the rod length; in the 300 A period the solids 
occupy an equivalent thickness of about 110 A, that is, 
55 A per membrane. 

The intensities of the orders of the lamellar diffraction 
were obtained by measuring the areas under a densito- 
meter trace along a radius on the diffraction pattern and 
by multiplying the areas by the square of the order 
number. A Patterson map for the period 275 A was 
computed to a resolution of 14 A from the corrected 
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intensities including values derived from the continuous 
intensity produced by merging of eighth, ninth and tenth 
order reflexions (Fig. 2). 

Prominent features of the map are large pes near 
40 A and 85 A. We interpreted the map in terms of a 
Danielli-Davson bilayer membrane model, the thickness 
of the hydrocarbon layer not necessarily being twice the 
average length of the extended hydrocarbon chains. 
Bilayer model membranes have a fairly large degree of 
symmetry about a mirror plane at the centre. The 
presence of such symmetry will give rise to large Patterson 
correlation between the two membranes in a disk!®1, 

The optical measurements show that the solids in one 
membrane occupy 55 A. It follows that the peak at 40 4 
cannot represent the distance between centres of two 
bilayers in a disk if the membranes are symmetrical; 
it could only do so if there were three times as much 
protein on one side of the bilayer (the outside of the di 
as on the other. But the membranes would need to be 
unhydrated and tightly in contact; the protein asyim- 
metry would need to be increased considerably if this were 
not so. There is considerable water content in mem- 
branes, and it is much more likely that the d 
between centres of membranes is 85 A, their correlation 
giving the 85 A Patterson peak. There would then be 
room for the water expected between the membranes. 
The decrease in fluctuations of the Patterson function 
beyond the 85 A peak is consistent with a space of uniform 
electron density between one disk and another. 

One cannot be sure in electron microscopy of preserving 
the exact spacings between the membranes, but it is of 
interest. that the electron micrographs show inter and 
intra-disk spaces which agree with our interpretation of 
the Patterson map. The 40 A peak on the map is readily 
accounted for in terms of a bilayer model. Such a model 
has, on both sides of the hydrocarbon region, layers of 
high electron density. That these layers may be 40 A 
apart is consistent with the solids content of the meni 
branes. 
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The Patterson function of the lamellar diffraction. There are 
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mirror planes at the origin and at 1375 A, 
40 A and 85 A. 





On the basis of the electron microscopy? we assume 
that the disks are symmetrical, that is, a mirror plane hi 
in the centre of each disk, This symmetry greatly : 
X-ray diffraction analysis because it restricts the pt 
of the reflexions to values of 0 and m. Fourier syn 
were derived using the measured amplitudes of t 
reflexions and combinations of phases which were in 
aecord with our interpretation of the Patterson map, 
that is, we assumed that between the disks there was a 
uniform space of about half the period. Several of these 
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syntheses gave the highest peak at the origin; we ex- 
cluded these syntheses, not only for reasons given earlier 
for rejecting models with bilayer centres 40 apart, 
but also because the peak would be accounted for only if 
the membrane surfaces were fused in the centre of a disk. 
This fusion is not supported by electron microscopy!. 
Of the remaining syntheses, only one (Fig. 3) corresponds 
to a symmetrical bilayer membrane model. (Swelling 
and shrinking by changing the concentration of the 
Ringer’s solution give changes of diffracted intensity 
which support our phase assignment. Note added July 7, 
1969.) The map, which gives the electron density profile 
along a line perpendicular to a disk, necessarily has the 
dimensions deduced from the Patterson function but 
provides more information. At the membrane centre 
there is a deep trough of low electron density which 
corresponds to the layer of lipid hydrocarbon, chains in a 
bilayer model. On each side of the trough there are peaks 
of high density which correspond to the lipid head-groups 
and protein. At the origin, that is, between the two 
membranes in a disk, the electron density falls to about. 
the same value as in the large space between disks. This 
density is probably that of water (the salt content of the 
cell contributes little to the electron density). The small 
peak at 90 A may result from intensity errors or limited 
resolution. 

Assuming the membranes are uniform throughout the 
outer segment, the optical data show that the unhydrated 
substance in a membrane would be about 55 A thick. 
lipids oceupying 26 A of which 18 A is estimated to be 
hydrocarbon chains. As Moody!* has pointed out. this 
thickness is smaller than one might expect for a bilayer. 
If we assume the hydrocarbon chains contain about 
sixteen carbon atoms, the chains must be irregularly 
curled, tilted or partly interdigitated. It is not surprising 
therefore that the 4-7 A reflexion expected from the chains 
is not well oriented. It is of interest that the membrane 
lipids contain only 4 per cent by weight of cholesterol'+: 
bilayers of egg-lecithin and cholesterol thin when the 
cholesterol content is reduced (unpublished results, Y. K. 
Levine and M. H. F. W.). Myelin, which contains lipids 
with 25 per cent by weight of cholesterol”, has, taking 
published values for water content, a thicker lipid bilayer 
(35 A) than the disk membrane, though a model electron 
density profile®* suggests the value may be less. Forty A 
is greater than the separation of the lipid head-groups in 
the bilayer, and we therefore attribute much of each peak 
to concentration of protein in a fairly narrow layer. If 
in each membrane there were protein concentrations in 
sufficiently narrow regions at the positions corresponding 
to the peaks in the synthesis, the diffuse diffraction at 
40 Avh (for h=2,3.4,5), which was not used in deriving 
the Fourier synthesis, would be accounted for. 

















Non-lamellar Diffraction 


The diffuse equatorial diffraction centred at about 
50 A was distinct when the toroid camera was used, but 
the beam stop obscured diffraction at angles correspond- 
ing to spacings larger than 80 Å. (With the Franks 
carnera, a broad peak has been seen centred at 52 A when 
the exposure was sufficient to give intense lamellar reflex- 
ions. Note added July 7, 1969.) Although the rod surface 
membrane is correctly oriented, the diffraction cannot 
arise from it: the total energy of the diffraction was 
about one third that of all the lamellar diffraction, while 
the energy diffracted from the surface membrane must 
be less than 1 per cent of that from the disk membranes 
(this result derives from the geometry and relative areas 
of the membranes). If the intensity of the diffuse diffrac- 
tion is corrected so that the rotational symmetry of the 
rods about their axes is taken into account (that is, the 
observed intensity at a point on the pattern is multiplied 
by the distance from the meridian), the intensity of the 
diffuse diffraction becomes about equal to that of the 
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lamellar diffraction. This indicates that a large fraction 
of the membrane substance is divided into parts (which 
may be rhodopsin molecules) somewhat regularly arranged 
in the plane of the membrane. The diffuse diffraction is 
tentatively identified with that from isolated disks®:'. 

The diffuse equatorial diffraction was obtained using 
intact retinae, Thus one avoids the objection? raised to 
previous work? that the structure giving this kind of 
diffraction was produced during isolation of disks and 
preparation of the X-ray specimen. Failure in earlier 
work? to record the diffraction from intact retinae appears 
to have been the result of inadequate N-ray exposure. 
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Fig. 3. Fourier synthesis map (the same intensity data were used for the 
Patterson map) showing the possible distribution of electron density 
projected on to a line perpendicular to the disk. The disk is symmetrical 
about a mirror plane at the origin. The diagram shows, at one side of 
the centre of the disk, a bilayer membrane profile. There is another (not 
shown) on the left of the centre. The eguivalent (unhydrated) thick- 
nesses, derived from the optical measurements, of the membrane protein 
and lipid, are shown. Also, for comparison with the low density trough 
on the profile, the estimated width of the hydrocarbon layer (see text) 
is indicated by arrows. 





The 10-5 "A equatorial diffraction arises from some 
structural repeat parallel to the disk surface. Because 
lipid bilayers show no such diffraction, it may be attributed 
to the presence of protein in the membranes. Protein in 
«or 8 form gives diffuse diffraction at about 10 A, We 
have not been able to distinguish between the « and 6 
alternatives; we have observed neither a 5-1 A reflexion 
characteristic of « helices nor a sharp 4-7 Å reflexion 
characteristic of a well defined $ structure. Diffraction 
at 10 A could arise from tertiary structure of the rhodop- 
sin, considerable amounts of which are thought to be 
present (see next section) and which dichroism studies 
show to be oriented?! with respect to the rod axis. p sheets 
parallel to the membrane surface would give the wrong, 
meridional, orientation. Other membranes give similar 
oriented diffraction: for frog sciatic nerve a broad, weak 
meridional diffraction centred near 12 A is assumed 
to arise from the myelin sheath (unpublished results of 
A. E. B.); imperfectly oriented Mycoplasma laidlawi 
plasma membranes give rise to a diffuse 10-2 A diffraction 
which shows signs of orientation parallel to the membranes 
(unpublished results of D. M. Engelman). As for retinal 
rods, parallel « helices lying side by side on the surface 
of the membrane provide a possible explanation of the 
diffraction in these cases. 
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Diffuse diffraction at 10-5 A is given by specimens of 
other, unoriented membranes. We have observed a 
diffuse ring of diffraction at 10-5 A from unoriented speci- 
mens (our unpublished results) of rat brain nerve ending 
membranes*. Finean and co-workers? have observed 
diffraction at 10-3 to 10-4 A from several membranes, this 
diffraction not arising from the membrane lipids in 
water. The 4-7 A reflexion is probably due to the side- 
by-side packing of the hydrocarbon chains of the lipids 
in the disk membranes. 


Location of Rhodopsin in the Membrane 


Assuming as a working hypothesis that the choice of 
synthesis is correct, it is of interest to consider the location 
of rhodopsin in the membrane. An appreciable fraction 
of the mass of outer segments is rhodopsin. From the 
rhodopsin concentration caleulated by Liebman?! and 
recent values of the molecular weight?®?8, it follows that 
about a quarter of the membrane protein is rhodopsin. 
Using an earlier value for the mass of vitamin A associated 
with rhodopsin? and the molecular weight, about one 
seventh of the protein is calculated to be rhodopsin. 
Taking the distance apart in the plane of the membrane 
of particles regarded by Blasie ef al.4?* as rhodopsin 
molecules, the molecular weight, and our value of the total 
protem mass per unit area, it may be calculated that, if 
the rhodopsin is on one side only of each membrane, it 
comprises one quarter of the protein. In such amounts 
the rhodopsin will contribute significantly to an electron 
density profile of the membrane. If the rhodopsin were 
on one side only of an otherwise symmetrical membrane. 
the profile would show marked asymmetry. A large 
asymmetry is not observed. One might therefore conclude 
that the rhodopsin is equally on both sides of the mem- 
brane, but this conclusion cannot be relied on because 
the rhodopsin concentration is uncertain. 

The volume of an unhydrated rhodopsin molecule, 
calculated from its molecular weight of 27.000-28,000 
(refs. 25 and 26) and taking a density of 1-33 g/em3, is 
that of a sphere of diameter 40 A. The profile of such a 
sphere is not evident in the membrane profile in Fig. 3. 
If the rhodopsin concentration is high, then our profile 
indicates that the molecule is flattened in the plane of the 
membrane to a thickness well below 40 A; it could be less 
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than 10 A thick and still fit in the area per particle found 
by Blasie et al.. 

Because the diffuse diffraction from the membranes 
spreads off the equator, the diffraction can be used to 
define the extent of the rhodopsin molecule in a directi 
perpendicular to the plane of the membrane; analysis 
this kind is in progress. 

We thank Drs C. W. F. MeClare, D. M. Engelman and 
B. B. Boycott for discussion, and Mr F. Daniels for help 
with setting up experiments. One of us (A. E. B.) is a 
post-doctoral fellow of the US Public Health Service. 
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Ribosomal Subunits produced by Cold Sensitive Initiation 


of Protein Synthesis 


by 
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PROTEIN synthesis in Æ. coli seems to require an ordered 
association of the two ribosomal subunits, messenger RNA, 
formylmethionyl--RNA .and several protein factors'. 
When a 70S ribosome completes the translation of a 
messenger RNA molecule, it dissociates into 30S and 508 
particles? which are considered to be native subunits and 
are believed to be precursors of the complexes of ribosome 
and messenger RNA which can be isolated as either 708 


Lowering the temperature of E. coli to 8° C results in an accumulation 
of ribosomal subunits arising from a block in initiatin 
synthesis. It is likely that this explains the fact that cell division in 
E. coli does not occur at temperatures below 8° C. 


protein 


ribosomal particles or as polysomes, depending on the 
method of extraction from the cell, This suggests that if 
there were a block in the formation of the initiation com- 
plex, it would result in an accumulation of 208 and 508 
ribosomal subunits as the 708 ribosomes complete the 
translation of the messenger RNA. In the experiments 
reported here we demonstrate a substantial increase in the 
concentration of ribosomal subunits which accumulate 
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in Æ. coli when they are incubated at 8° C or below. When 
the incubation temperature is raised above 8° C, however, 
there is a dramatic decrease in the intracellular ribosomal 
subunits. We interpret these events as indicating a 
block in the formation of the initiation complex at 8° C 
even though ribosomes which are attached to a polysome 
can continue to complete their polypeptide chains. It is 
known that Æ. coli is unable to carry out cell division when 
incubated at temperatures below 8° C; we suggest that 
this is beeause of the failure to initiate new protein 
synthesis. 
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g. t. Sucrose gradient analysis of the polysomal material in control 
selis and cooled cells with and without chloramphenicol (CM). E. cali 
K12, strain Q13, and E. coli B were obtained from 5. Lurie. The cells 
were routinely grown on a tris-salts minimal medium (TS) containing 
OI Métris-HCT, pH 7-4, 0-09 M NaCl, 0-04 ME KC 0-02 M NHC 104 M 
CaCl, 10° M MgCl, 14x 10+ M Na,SO,, 74% 10 M KH,POQ,, 0-2 
per cent vitamin-free casamino acids (Difco) and 0-4 per cent ghico: 
The phosphate-based medium used was the one described by B. Da 
Enriched medium (LB) contained 10 g tryptone (Difco), 5 g yea 
extract (Difco), 5g NaCland 1 ml. of 1N NaOH per litre HO, To pre 
polysomes, 40 ml. of an E. coli culture at a density of 2 x 10° cells/ml. was 
pelleted and resuspended in 3 ml. 25 per cent (w/w) sucrose, 0-01 M Iris- 
HCI, 18-1. Three ml. of a solution of tris-HDTA-lysozyme was added to 
give a final concentration of 10 M disodium ethylenediaminctetraacetate 
(EDTA), 0-1 mg/ml. lysozyme (Mann) and 0-01 M tris-HCI, pH 8-1. After 
2 min at 0° C the celis were pelleted and gently resuspended in 0-2 ral, of 
OA per cent Brij 58 (Atlas Chemical Industries), 0-01 M magnesium 
acetate, COLM éris-HCI, pH 7-4, 0-04 M KCI, and 0-01 mg/ml. DNase 
‘Worthington, RNase free), After 4 min at 0° C the lysate was clarified by 
ntrifagation for 10 min at 1,000g and the supernatant was layered on to 
dink 15-80 per cent (w/w) linear sucrose gradient containing 0-OL M. 
tris-HCL, pH 7-4, 0-01 M magnesium acetate and 0-03 M KCL The grad- 
ients were centrifuged in a ‘Spinco’ SIV 25-1 rotor at 25,000 rpm. for 
2A hat t C. The tubes were then punctured and the gradient scanned 
at 280 mmicron with a Gilford flow-through spectrophotometer, ‘The 
chloramphenicol was added 5 min before cooling at 0-2 mg/ml, The 
culture was cooled by swirling in a dry iee-aleoho! bath for about 15 s 
io 12" C and incubated at the desired temperature in a rotary shaker 
bath, The addition of chloramphenicol 5 min before harvesting the cells 
which had been incubated for = D wt o C had no effect on the ribosomal 
distribution. 





































This effect can be simply demonstrated by incubating 
E. coli at a lowered temperature and examining the 
distribution of ribosomal and polysomal material. Fig. 1 
shows the distribution of ribosomes and polysomes of 
E. coli Q13. The solid line shows the ribosomes and poly- 
somes of a control culture which was incubated at 37° C 
while the dotted line shows a eulture which has been 
exposed to chloramphenicol, then cooled to 6° C and incu- 
bated for 2 h, The two polysome profiles are similar. 
Chloramphenicol is known to inhibit protein synthesis 
and the polysome distribution of chloramphenicol treated 
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cells does not change on cooling. The dashed line shows, 
however, that 2 h of incubation at 6° C without chlor- 
amphenicol has resulted in the disappearance of the poly- 
somes. Most of the ribosomal material is now at the top 
of the gradient as was observed by Das and Goldstein? for 
E. coli incubated for 4 h at 0° C. Protein synthesis 
continues at the lowered temperature and the experiment 
illustrated in Fig. 1 shows that protein synthesis is neces- 
sary for the disappearance of polysomes during low temp- 
erature Incubation. 

In order to resolve the 708 ribosomes from the ribosomal 
subunits, the sucrose gradients were centrifuged longer. 
To prevent polysomes from pelleting, they were converted 
to 708 ribosomes by alumina grinding or by adding a small 
amount of ribonuclease. The ribosome and subunit 
distribution obtained after various times of incubation at 
5° C is shown in Fig. 2. It can be seen that the fraction 
of material present as ribosomal subunits increases with 
time of incubation of the culture. The formation of 
subunits at low temperatures is inhibited by chlorampheni- 
col and sodium azide, as seen in Fig. 3. This result, taken 
with that of Fig. 1, shows that the polysomal ribosomes 
are converted to subunits in a process dependent on 
protein synthesis and ATP. This suggests that lowering 
the temperature may have introduced a block in initiation 
but not in the completion of previously initiated poly- 
peptide chains. 

The accumulation of ribosomal subunits at low tempera- 
tures is not dependent on the ionic conditions of the lysis 
buffer nor on the composition of the growth medium. 
The same relatively high levels of subunits are obtained 
if the cells are disrupted into a lysis buffer contaming no 
monovalent cation, or in 0-03 M KCI, 0:06 M KCI, 0-06 
M NaCl, 0-06 M ammonium acetate or 0-16 M ammonium 
acetate. The absolute fraction of the total ribosomes 
found in subunits increases with the given order, how- 
ever. Routinely, 0-03 M KCl was used in these experi- 
ments. The cells can be grown in an enriched medium 
(LB), in a minimal medium such as TS (see legend to 
Fig. 1), or the phosphate medium of Davis’. TS medium 
was used in these experiments. The same ribosomal 
subunit accumulation has been observed with Æ. colt B 
and Q13, as well as with both T4 infected Æ. coli B and 
CR 63. 

There have been previous reports of subribosomal 
particles accumulating in various conditions, such as 
treatment with chloramphenicol or starvation for a 
required amino-acid in relaxed strains of Æ, coli, It has 
been shown that these particles are neither ribosomal 
precursors nor subunits’. The ribosomal subunits made 
as described here are, however, indistinguishable from 
native subunits isolated from cells grown at 37° C. Ineu- 
bation of the cells at low temperatures does not change 
the sedimentation properties of the ribosomes or their 
subunits. Cells which had been incubated at 37° C with 
$H-amino-acids were mixed with cells incubated for 3 h 
at 4° C after being grown on “C-amino-acids, The com- 
bined culture was lysed and layered on a sucrose gradient 
containing 0-01 M Mg**. After sedimentation, the respec- 
tive peaks of radioactivity coincided. 

These subunits are also native by the definition of 
Green and Hall? since they do not associate in 0-01 M 
Mg% (Fig. 2). The subunits will not associate in magne- 
sium jon concentrations as high as 0-03 M in vitro, When 
the RNA extracted from these particles is analysed by 
sodium dodecyl sulphate polyacrylamide gel electro- 
phoresis’, the native subunits from cooled or uncooled 
cells show no 48 (RNA component, while the 705 particles 
isolated from uncooled cells show nearly two 45 molecules 
for each 59 RNA. This absence of 45 tRNA from the 
508 subunits is a property identified with the native 
subunit’. 

Furthermore, the subunits isolated from cold-incubated 
cells are indistinguishable from subunits prepared from 
unineubated cells as tested in an in vitro protein synthe- 
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Sucrose gradient analysis of the 704, 509 and 308 ribosomal particles after O min, 
70 min and 180 min incubation at 5° ©. The cultures were staggered so that all of them 
were harvested and analysed simultaneously. A small amount of pancreatic RNase (2-7 
uujml.) was added to convert the polysomal material to 70S ribosomes so that the relative 
amount of 50S and 30S material can be measured, Identical results are obtained by 
alumina grinding. The cells were cooled as described in Fig. 1. The procedure of Godson 
and Sinsheimert was used with some modifications to prepare monomers and subunits. 
Forty ml. of a culture (2 x 10* cells/ml.) was centrifuged for 5 min at 12,0009 at 2° G and 
resuspended in 0-2 ml. 25 per cent (w/w) sucrose, 0-01 M tris-HC], pH 81. To this was 
added Q-1 ml. of a freshly prepared solution of EDTA-lysozyme to give final concentra- 
tions of 10 M EDTA, 0-05 M fris-HCI, pH 8-1, and 0-1 mg/ml. lysozyme, After incubating 
at 0° C for 2 min, the spheroplasts were transferred to a tube containing 0-076 ml. of a 
solution to give final concentrations of 0-67 per cent Brij, 0-2 per cent sodium deoxycholate, 
0-01 M magnesium acetate, 0-05 mg/ml. DNase, 2-7 ug/ml. pancreatic RNase (Worthing- 
ton), and 0-04 M fris-HC], pH 8-1. The deoxycholate can be excluded without altering 
the fraction of ribosomes in subunits. After 4 min at 0° C the lysate was clarified by 
centrifuging at 1,000g for 10 min and 0-2 ml. was layered on to a 12 ml 15-30 per cent 
(w/w) linear sucrose gradient containing 0-01 M tris-HCl, pH 7-4, 0-01 M magnesium 
acetate and 0-03 M KCL The gradients were centrifuged in a ‘Spinco’ SH’ 41 rotor at 41,000 
r.p.m. for 6h at 4° C and measured as described in Fig. 1. 


Fig. 2. 


sizing system dependent on either R17 viral RNA or poly- 
uridylic acid as a messenger RNA. With either systern, 
these subunits are two to three times more active in net 
protein synthesis per milligram of ribosomal material 
than are 70S ribosomes prepared from the same cells. 
Using R17 RNA as the messenger the isolated subunits 
are very active and are able to incorporate about 200 
amino-acids per ribosome at 37° C. We have also com- 
pared the magnesium dependence for protein synthesis 
by the subunits and the 70S ribosomes. The subunits 
have two relative optima, one at 10 mM Mg*+, the other 
at 16 mM Mg++, while the 70S particles have a single 
optimum at 14 mM Mg*+. A similar double optimum in 
the Mg*+-dependence has been reported for an R17- 
primed preincubated 5-30 extract of E. coli. Pre- 
incubated S-30 extracts also contain native subunits, for 
we have observed that incubation without added messen- 
ger RNA results in the conversion of some of the 708 
material into subunits. The details of these in vitro 
experiments will be deseribed elsewhere. In summary, 
these experiments demonstrate that an exponentially 
growing culture that has been incubated at a low tempera- 
ture can be used to make active native subunits in high 
yield for in vitro studies. 

If the conversion of 708 particles to native subunits is 
due to a block in initiation at the lowered temperature, 
we would expect the process to be rapidly reversible on 
raising the temperature. The rate of in vivo amino-acid in- 
corporation at 4° C is 1 per cent of that at 37°C; it returns 
to its original rate immediately when the culture is brought 
back to 37° C, as has also been noted for a shift from 0° C 
to 37° C by Das and Goldstein®. Fig. 4a shows the incor- 
poration of 4C-amino-acids both at 37° C and at 4° €. 
When the 4° C culture is raised to 37° C, the rate of incor- 
poration parallels that seen in the control 37° C culture. 
The resumption of a rapid rate of protein synthesis on 
warming the culture is also accompanied by an abrupt 
loss of free ribosomal subunits in the cells. The formation 
of subunits is shown as a function of time at 5° C in Fig. 
4b. After 2 h of incubation about 65 per cent of the ribo- 


somal optical density is in subunits, Within a few minutes 
after restoration of the culture to 37° C, the amount drops 
to 32 per cent, which is the amount normally seen in a 
culture continuously incubated at 37° C. 

Fig. 5 shows the percentage of the ribosomes which are’ 
found as subunits as a function of time on incubating 
exponential cultures of Æ. coli at various temperatures. 
The percentage rises from 32 per cent to 47 per cent during 
4h of incubation at 0° C. Because there is approximately 
l hat 0° C between the time the cells are collected and the 
start of sucrose gradient sedimentation, some completion 
of peptide chains must have taken place during this period. 
The dashed line in Fig. 5 represents this ribosomal run-off 
during a l h period. A natural abundance of 27 per cent 
subunits at 37° Ç is also obtained by chilling the cells 
followed by adding chloramphenicol, thereby inhibiting 
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Fig. 3. The effect of chloramphenicol (CM) (LO mg/ml) and sodium, 
azide (NaN,) (0-01 M) on the accumulation of aubunite, The ce! 
cooled ta 4° C and the inhibitors were then added. pell 
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Fig. 4. Recovery of cells from the cold incubation. a, Recovery as 


measured by amino-acid Incorporation, A culture is grown at 37° € in 
TS to 2 x 108 cella/ml. and divided into two aliquots. One aliquot is kept 
at 37°C (,..), the other is cooled at 4° © ¢ ). One minute later, a 
mixture of “C-amino-acids (New England Nuclear) is added to a final 
concentration of 0-3 wCi/ml. After 2:75 h a portion of the cooled culture 
was shifted to 37° C (== -= -=}, One-tenth md. aliquots of the cultures 
were precipitated by hot 10 per cent trichloroacetic acid with 1 per cent 
easamino acids for counting in a low background gas flow counter. 
b, Recovery as measured by the return of the ribosomal distribution 
to that at 37° C. The percentage of material in subunits was measured 
as described in the legend of Fig. 3. The dashed curve shows the rate at 
which the distribution of subunits returns to the normal value when a 
5” C culture is shifted to 37° C., 





both the loss of subunits due to initiation of proteins and 
the formation of subunits by run-off of polysomes. At 
5° C and 8° C the percentage in subunits rises more rapidly. 
After 2-5 h at 8° C more than 80 per cent of the ribosomes 
are present as subunits. When the temperature is raised 
to 10° C, however, a remarkable discontinuity is observed. 
The percentage of ribosomes in subunits remains constant 
with time and is the same at 12° C, 20° C and 37° C. 
Because the decrease in free intracellular ribosomal sub- 
“units may be correlated with the resumption of the 
initiation of protein synthesis, this suggests that Æ. coli 
is able to initiate the synthesis of proteins above 8° C but 
not below this temperature. This may be further corre- 
lated with the observation of Ingraham" that cell division 
in Æ. colt does not take place below 8° C, as shown in Fig. 6. 
Most other metabolic activities of Æ. coli proceed normally 
below 8° C. We have found that RNA synthesis and DNA 
synthesis continue at 7° C. Furthermore, Das and Gold- 
stein? have shown that protein and RNA synthesis occur 
as low as 0° ©. Thus it may be that failure to initiate the 
aynthesis of new proteins is responsible for failure to carry 
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Fig. 5. The rate of formation of subunits as a function of temperature. 


‘The percentage of materials in subunits was measured as described in 

the legend of Fig. 3. Incubations carried out at the various temperatures 

were staggered so that all the cultures were harvested and analysed 

simultaneously. The dashed line is an extrapolation to account for the 

time required to work up the lysate for a measurement of subunits, If is 

estimated that 27 per cent of the ribosomes are in subunits at the begin- 
ning of the preparation. 
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out cell division, a process which naturally requires new 
proteins, 

There have been reports! that the natural distribution 
of ribosomal particles among subunits, 705 ribosomes and 
polysomes in growing E. coli is affeeted by the composition 
of the growth and lysis medium. The data presented here 
suggest that the amount of native subunits observed is 
also determined by the procedures used to obtain them. 
Because most investigators prepare lysates at low tempera- 
tures, the important parameters are the length of time 
which the cells are cooled below the critical temperature 
for subunit accumulation before being sedimented through 
a sucrose gradient and the rate of run-off at the low 
temperature. Polysomes have also been prepared in the 
presence of chloramphenicol. We find that if chlor- 
amphenicol is added to the warm culture just before 
harvesting, the lysate has only 18 per cent of its ribosomal 
optical density in subunits. Thus chloramphenicol has 
frozen the polysomes and prevented the formation of 
subunits, but one third of the free subunits have initiated 
and attached to polysomes during the time it takes to cool 
the cells below 8° C. 
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Fig. 6. The generation time of E. coli K12 as a function of temperature. 

Cell division is markedly slowed at 12° Ç and stops entirely at tempera- 

tures below 8° C. The curve ey obtained by plotting the data of Table 
in ref, 11. 


An alternative explanation of our observation that sub- 
units accumulate below 8° C might be that initiation occurs 
normally but the ribosomes dissociate at random from the 
messenger RNA after they make a few peptide bonds. 
This is not likely, however, for a comparison of proteins 
made at 0° C and those made at 37° C shows no major 
differences in the patterns obtained from several types 
of elutions from DEAE cellulose columns, Another 
possible explanation for our observations could be that an 
inactivation of one or more aminoacyl {RNA synthetases 
at low temperatures results in subunit accumulation. 
Das and Goldstein? have demonstrated, however, that 
leucine and phenylalanine activating enzymes function at 
0° C and show that it is likely that all of the synthetases 
are active at that temperature. Furthermore, using the 
procedures of Marcker and Sanger’*, we have shown that 
formylmethionyl<RNA is also made in cells at 8° ©. Thus 
it is likely that the low temperature protein synthesis 
represents a normal elongation and completion of poly- 
peptide chains, but not new initiation. In addition, the 
failure to initiate is not due to a lack of initiator (RNA. 

Blocks in the initiation of protein synthesis have also 
been reported in HeLa cells'* and in yeast" although not 
at lowered temperatures. It is possible that ribosomal 
subunits also accumulate in those systems. 

Our results confirm and extend some of the observa- 
tions of Goldstein and his co-workers*" on W. coli protein 
synthesis at 0° C. We have shown that protein synthe- 
sis is necessary to bring about the disappearance of 
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polysomes and to generate ribosomal subunits at low 
temperatures. In addition, we point out the remarkable 
discontinuity in subunit accumulation which occurs 
between 8° C and 10° C and have correlated this with the 
cessation of cell division. Preliminary experiments in 
which chick embryos were cooled also resulted in an 
accumulation of ribosomal subunits (J. Vournakis, private 
communication). It will be of interest to test the general- 
ity of this phenomenon in other organisms. Our conclusion 
from the present work is that some step in the condensa- 
tion of ribosomal subunits on E. coli messenger RNA is 
prevented by the lowered temperature. The exact step 
at which the cold-induced block occurs is at present. under 
investigation in an in vitro system. > 
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systems. 


We have discussed the stability of purely dissipative 
systems involving chemical reactions but no hydrodynamic 
motion—-for example, transport processes such as diffu- 
sion (refs. 1-4 and communication to international 
conference on theoretical physics and biology, Versailles, 
1967; the earliest reference to these systems is ref. 5). 
We placed special emphasis on the possibility of symmetry 
breaking instabilities leading to a spontaneous “‘self- 
organization” of the system from the point of view of 
both space order and function. Such low entropy situa- 
tions may arise in systems which cannot transform part 
of the energy or matter exchanged with the outside world 
into macroscopic internal order. States which have such 
properties have been called “dissipative structures”. 
Their occurrence characteristically depends, on the one 
hand, om a minimum level of dissipation (that is, the 
system has to be sufficiently far from thermodynamic 
equilibrium) and, on the other hand, on specific non-linear 
types of kineties leading to negative contributions to the 
thermodynamic stability condition (autocatalytic or cross 
catalytic effects). 

As has already been mentioned?)+, this type of require- 
ment is compatible in principle with chemical reactions 
currently being investigated in biochemical processes. 
We wish to go further and argue in favour of the idea 
that many metabolic reactions work beyond the transition 
pomt corresponding to the appearance of a dissipative 
structure. This would be an important finding, for it 
implies that, to some extent at least, space differentiation 
is a consequence of chemical kinetics. 


* Also at the University of Texas, Anstin. 


Some well known reactions can be used to illustrate that symmetry 
breaking chemical instabilities may be important in biological 


Space and Time Order in Chemical Systems 


The problems of structural order and time order 
(oscillations in time around the steady state values} are 
closely related®. The latter phenomenon is, however, 
much better understood. Theoretical and experimental 
data have accumulated recently about short frequency 
oscillations in biochemical reactions (for example, ref. 6). 
A way of testing the idea we have presented would 
therefore be to investigate the time order implications of 
these results as far as symmetry breaking instabilities 
are concerned. These instabilities result, from space 
dependent perturbations when diffusion is taken into 
accountit, It is therefore interesting to investigate 
systems which involve time oscillations, from the point 
of view of their stability, and to look for instabilities 
with respect to diffusion. 

Before we do that it might be useful to have in mind the 
general characteristics of chemical oscillations. (1) Tt is 
easy to show that oscillations around steady states can 
only oceur if the system is far from equilibrium (outside 
the range of linear thermodynamies of irreversible pro- 
cesses'7), and so systems where these oscillations are 
observed realize the basie condition for the possible 
occurrence of symmetry breaking instabilitie (2) 
Undamped oscillations may arise around stable steady 
states (the real part of the frequency corresponding to 
small perturbations then vanishes) or around unstable 
steady states. A simple example of the first is the well 
known Lotka-Volterra mechanism’. But in this case the 
characteristics of the oscillation depend on the perturba- 
tion. There is an infinite number of types of oscillation, 
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depending on the perturbation. On the contrary, if the 
oscillation proceeds around an unstable steady state 
there is only a very restricted number of limit cycles 
independent of the initial perturbations. (This distinction 
is based on the application of the Poincaré—Bendixson 
criterion; see, for example, ref. 9.) 

This type of behaviour seems to be observed in bio- 
chemical oscillations. The oscillations are reproducible 
and do not seem to depend on the initial perturbation. 

In agreement with this observation mathematical 
models based on the kinetic data available for some 
important biochemical reactions suggest that the oscilla- 
tions belong to the second category and occur around 
unstable steady states! ?, Machine caleulations on 
simple models” indicate that systems leading to oscilla- 
tions of this type may also lead, for slightly different 
values of the kinetic parameters, to symmetry breaking 
as a result of instability in respect to diffusion. 





Oscillations around Unstable Steady States 


We intend to illustrate the idea that as far as metabolic 
processes are concerned instabilities with respect to 
diffusion might be very common. We shall do this by 
investigating three characteristic examples, representing 
widely different catalytic properties, but typical of bio- 
chemical processes: (a) Chernavskaia and Chernavskii’s 
model for the dark reaction of photosynthesis; (b) a 
substrate and product-inhibited enzyme reaction; (c) the 
product-activated enzyme reaction catalysed by phos- 
phofructokinase in the glycolytic cycle. Each of these 
processes has already been studied in connexion with the 
problem of sustained chemical oscillations, and models 
giving satisfactory results from that point of view have 
been proposed. We do not wish to discuss possible im- 
provements in such models, but to show that within the 
framework of the approximation leading to a good repre- 
sentation of their time-dependent behaviour, the same 
biochemical systems may become unstable with respect 
to diffusion. This indicates that the existence of dissipa- 
tive structures is compatible with the experimental and 
theoretical data in the literature. 


Photosynthesis 


Calvin's eyele has been reduced by Chernavskaia and 
Chernavskii"! to the following simplified scheme 


C + X (la) 
(1b) 

Cs (le) 

C; (1d) 

C; (le) 





where C, represents the concentration of CO,, which may 
be considered constant in time throughout the system. 
The other products, X, Cy Cy, Cs Ce, Cy, are respectively 
NADPH), triose-phosphate, tetrose-phosphate, ribulose- 
phosphate, hexose-phosphate and heptulose-phosphate. 
Furthermore, the scheme is based on the following assump- 
tions: (1) NADPH, is furnished by the light phase at a 
rate proportional to the concentration of triose-phosphate 
in the system. (2) Triose-phosphate is furnished by 
the Krebs cycle and enters the system at constant rate. 
(3) The chemical transformations (le, d and e) are com- 
pletely reversible and much faster than the transforma- 
tions (la and b). Only the kinetic equations giving the 
time and space change of C, and C, need to be taken into 
aecount, and they ean be written in the simplified form 





ac. . “ec 

EZE = CE aC Cat tD . a) (2) 
fa ot 

ec i ec 

es = 8,0f-BCI-B.C.C.4+D. . Sf (3) 
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The only difference from the model of Chernavskaia 
and Chernavskii is that we have taken into account the 
diffusion of the products. Here 2«,C? represents the 
difference between the formation of C, from ribulose, 
CO, NADPH, (reaction la) and the dimerization of 
triose into hexose (reaction 1b). On the other hand, 
w is given by «=C, where «i is a constant coefficient 
dependent on the intensity of light. C, is the constant 
concentration of CO, a2C,C, results from the transforma- 
tion of C, following reactions (1c, d and e). a» represents 
the triose coming from Krebs’s cycle, B03, 6.02, BsC,C, 
represent respectively the formation of hexose from Cy, 
the conversion of C, mto disaccharide, and the transforma- 
tion of C, following reactions (le, d and e). 

It is easy to show that the stationary state solutions of 
equations (2) and (3) become unstable with respect to 
space dependent infinitesimal fluctuations when a, is 
greater than the critical value 


8 Da f 4 
Se = oy os re ee +a 

1c y D, 7 D, 6 (4) 
corresponding to a critical wavelength of inhomogeneity 
given by” 


ay 1 TDs, . Deve 
ie a } (5) 
Bike 7 
Because the ratio D,/D, is almost 1 and aa may be made 
small, the critical value (4) is of the same order of magni- 
tude as the value 


corresponding to the appearance of sustained oscillations. 
On the other hand, considering equation (5), it is clear 
that inhomogeneities can only be observed in a certain 
range. Indeed, if D,.D, is much smaller or much greater 
than the chemical term 6,.%,, the critical wavelength 
tends to zero or to infinity. As a result no observable 
change would appear in the system. 

We return to this pomt in more detail for our third 
example. But first we wish to consider an example in 
which the instability arises through a qualitatively differ- 
ent effect. In the strongly simplified model of photosyn- 
thesis just considered, the enzyme reactions play no 
explicit part. They have been absorbed in the definition 
of the kinetic constants. The instability therefore has its 
origin in the global autocatalytic nature of the photo- 
synthetic cycle. It is not necessary, however, to take into 
account. such a complicated global process in order to 
obtain chemical instabilities. Groups of elementary steps 
in which enzyme catalytic properties are explicitly taken 
into account can also lead to such phenomena. We believe 
that this is well illustrated by our next example which 
belongs to a rather common class of enzyme reaction. 


Inhibition by Substrate and Product 


We wish to consider Sel’kov’s model’ for an enzyme 
reaction inhibited by the substrate and product, 





v _ ktl ; 
senna Si + E or SE (6a) 
hn] 
k+? ry 
SE (6b) 
S, + SE (Ge) 





* Equations (4) and (5) were obtained assuming the same relations among 
the a and f parameters as Chernavskaia and Chernavskil, that is 


a= ay tigi, Bym fam By =O and fy = A-is fy=$ By 
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S, + E => BS, (6d) 


+ SE S\ES, (6e) 
+6 


S, + SSH == SSES, (6f) 
com 8 


where S, represents the substrate, S, the product, E the 
enzyme and S,£ the active enzyme substrate complex. 
ES,, SSE, S,BS, and S,S,ES, are inactive enzyme 
complexes; vi is the rate at which S, enters the system 
and is given by vj=v,—hk-iS,; vy is the rate at which S, 
disappears 





following an enzymatically irreversible reaction. V is 
the maximum rate when S,->00 and km is the Michaelis 
constant of this reaction. (The derivation of equations 
(7) and (8) assumes that s, ~ sæl e, € l; k+4=k+5 
ah+6; b~4=k-~5=k—-—6; ktl, k+2, k+3, kt4®l.) 
The kinetic equations describing the system are then 
given by 


Osi 











gis 


a — 
“EE? < y 

It is immediately clear that T (11) and (12) yield 
physically acceptable values when 


(13) 


Vo 

> < B < vy 
In that case, for almost equal diffusion coefficients of 
S, and Sa the instability is favoured when product: 
inhibition is great. 


Reaction activated by Product 


Catalytic processes of this type are rather exceptional 
in biology. But the phosphofructokinase reaction is 
well known, and can be described by the following 
model", (A slightly different scheme where y is replaced 
by an expheit inhibition of the enzyme by ATP gives 
similar results. A detailed analysis will be published: 
later.) 


cn 


(ida) 





(14e) 














k + 2e. o A,and A, are ATP and ADP; D,, D,, D, are respectively 
P aon NE EE De, . 2°83, (7) the active form of phosphofructokinase, the complex 
Sa ` 8; Ka 8X27 art enzyme substrate, and the inactive form of the enzyme. 
G + El l+ K, a F K ; ree | Reactions (14a, b, e and e) are simply the rate of entry 
of substrate and exit of product-~a Michadélis-Menten 
z process. This part of the mechanism, of course, is not 
OBR ecu up + responsible for the instability. It is reaction (14d) thet 
at destabilizes the time-independent steady states. In this 
8, case activation of the enzyme is catalysed by the produet 
k + Be. o> , of the reaction. The coefficient y must not be considered 
a shi SIO is 08, (8) asa stoichiometric coefficient, but rather as a parameter 
a i. 1 Le arier 78 s, \2 Gx? with a value adjusted so that the time behaviour of the 
KE yee +e 5 ENI Ka J j system is in agreement with experience. This takes mto 
account the fact that the enzyme activity is inhibited by 
the substrate’. Consequently we can expect to observe 
where instabilities for small values of v. (This is in agreement 
k k AE with experience. Also the calculations are made assuming 
Ky = k-l+k+2 ee k-3 Ke = k-4 (9) that v,<1.) Indeed, when this is the case, and under 
k+l f k+3 i k44 quasistationary conditions the critical value of v, beyond 
which the instability appears is 
and e, is the total quantity of enzyme. y me v- D, 5 
Putting (k—-1+k+2)b-3 ke i Wr) D n k| (18) 
K $ = ie oe es oe Fes Hi n Eee SA hn cig i di i AE np ti aR A siete pata 
a (10) (k+l. k+2.k4+3D,) [ka 4s (Vy—1). ke] 
è 
instability with respect to diffusion can be expressed in end 
terms of this parameter. The eritical value beyond which 2 z a 
the system becomes unstable is given by Ts (16) 
De. Ks, 5 (28 ~ va)? 1 The results ae here lead to the 
he = De. Ka 4 ee: nee ies ral F = ae conclusion that symmetry breaking 
[ 1+ d vo — 3 | E l B.I ap chemical instabilities may indeed be 
L pod L N w~ 8 important in biological systems. The 
space differentiation produced im. this 
way is characterized by the maintenance of the gradients 
and correspond to the critical wavelength of the chemical potentials of the substances involved 
in the chemical reactions. Such gradients may in tirn 
—8)4 vi D K modify the physico-chemical state of chemical cor- 
ae a BAASI, a2) pounds, even if they do not participate directly in the 
l E(28— v) k+ ep reactions involved in the chemical instability. 


with 


The state of such systems can no longer be understood 
through a mere extrapolation of equilibrium. or near 
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equilibrium conditions, for the instabilities imtroduce 
essentially new features. 

It may be significant that the characteristic lengths we 
find are of the order 10-*-10-* em (equations 5, 12 and 16). 
Such lengths are large with respect. to molecular dimea- 
sions. This justifies a posteriori a macroscopic treatment 
of the type we have applied. On the molecular scale we 
may speak of local thermodynamic equilibrium. 

The situation is somewhat similar to that when we 
compare fluids in laminar or turbulent motion. Again 
on the moleeular scale, we do not expect any difference, 
for the range of correlation which appears beyond the 
critical Reynolds number is much larger than the charac- 
teristic range of molecular interactions. 
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Modifiable Synapses necessary for Learning 


by 
A. R. GARDNER-MEDWIN* 


The Physiological Laboratory, 
Cambridge 


CHANGES in synapses in the bram may be the basis of at 
least some forms of memory. Several models have been 
put forwardi! to show that synapses which change 
in various different conditions can produce the input- 
output relations of learning behaviour in appropriate 
neuronal networks, And there has been some discus- 
sion®§-1° of the question of which of the many possible 
types of modifiable synapses could account for memory 
and which could not. This article shows that many of 
the simple types of modifiable synapses which were 
previously thought to be incapable of underlying memory 
are able to do so. The arguments that they would not be 
able to provide the basis of memory involved assumptions 
about the nature of temporal coding in the nervous 
system which cannot easily be justified. Thus a considera- 
tion of the logical capabilities of different types of modifi- 
able synapses does not provide reasons for believing in the 
existence of some categories and not of others. But if one 
considers the number of anatomical structures required in 
a memorizing network it is possible to justify a pre- 
ference for certain types of hypothetical synapses. 

I shall also show here that even if the modifiable 
synapses tend to revert rapidly to their original states 
after modification, a nervous system which was suitably 
organized could nevertheless maintain a pattern of synaptic 
changes indefinitely once it had been set up. Such a 
process for maintaining memories could also lead the 
synapses to become eventually more permanently and 
irreversibly altered. Thus a model ean be devised in 
which synaptic changes underlie both long and short 
term memory, and in which memories gradually acquire 
the increased stability in the face of disturbanees of the 
brain which is characteristic of long established memories 
in both animals and man. 
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Even the simplest types of synaptic modification might be the basis 
of memory; and both short term and long term memory may have 
similar mechanisms. 


Logical Capabilities of Modifiable Synapses 

Hebb! provided the first carefully defined model in 
which synaptic modifieation (requiring nearly simultane- 
ous firmg of the presynaptic axon terminal and of the 
postsynaptic cell) could account for learning behaviour. 
Shimbel? and Rosenblatt! have described in more quantita- 
tive detail various models in which postsynaptic thresholds 
and synaptic strengths vary when there are different. 
combinations of postsynaptic and presynaptic firing. 
Eccles? pointed out, however, that although some forms 
of modifiable synapse had been found in the nervous 
system, models such as these were postulating different 
and more complicated forms. He suggested that syn- 
apses showing something like prolonged post-tetanic 
potentiation could be responsible for learning; but he 
did not show in detail any configurations which could 
achieve in this way even the simplest forms of learning. 
Burns" has queried Eccles’s suggestion and proposed 
what amounts to a principle that alterations in the 
influence of a modifiable cell must depend on activity in 
more than just the cell which is modified. This principle 
seems to gain rigorous support from Brindley’, who showed 
that a certain class of modifiable synapses (class Aj), which 
includes simple facilitating and fatiguing synapses, 
cannot give rise to the input-output relations correspond- 
ing to even the simplest type of classical conditioning in 
nets with single spike inputs. This conclusion of Brindley’s 
only holds, however, for nervous systems with a particular 
sort of temporal coding. J shall not attempt here to 
define rigorously the classes into which different forms 
of temporal coding could be divided. But I shall show 
that if events recorded by the nervous system are coded 
as bursts of irapulses rather than as single spikes, then it 
is possible to use synapses the modification of which results 
only from their own presynaptic firing to devise a model 
of any sort of learning or conditioning. 
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Fig. 1 shows a network which involves a simple fatiguing 
synapse, which has the basic property of classical condi- 
tioning. A burst of spikes at the output R appears 
every time there is an input burst along the unconditional 
stimulus pathway US and, if bursts along CS and US are 
paired, eventually also when there is a burst of spikes 
along the conditional stimulus pathway CS. The dia- 
grammatic conventions (the same as those of Brindley’) 
are such that each cell requires nearly simultaneous 
activity in at least two excitatory synapses (hollow 
circles) before it will fire. Thus the cell I requires spatial 
summation of influences from CS and from R to fire it. 
The fatigable axo-axonic inhibitory synapse (black 
square) initially acts for long enough when it is excited by 
the first spike of a burst from CS that it prevents all or 
most of the subsequent spikes of the burst both from 
reaching R and from firmg cell I. But if bursts along CS 
and US are paired, then the cell I will also fire in bursts. 
This results in prolonged fatigue of the inhibitory synapse 
activated by I, so that subsequent bursts along CS will 
reach R without being cut off after the first spike. Unless 
the input bursts are very large the network may show to a 
significant extent the phenomenon of ‘“pseudo-condition- 
mg”, for repeated presentation of CS alone produces 
single impulses (though not bursts) in cell I and may 
gradually fatigue the modifiable synapse. To eliminate 
pseudo-conditioning it is necessary to postulate that 
bursts of spikes are effective at producing fatigue while 
spikes presented at low frequencies are not. But this does 
not violate the principle that the synapse is modified in a 
way which is determined directly by the firmg only of its 


own presynaptic axon, and it is not phy vsiologically 
implausible. Some degree of pseudo-conditioning may 


m any case be tolerated in the nervous system, and it 
could be counteracted by simple habituation in the sensory 
pathways. Thus a model can be derived with quite 
plausible assumptions in which a simple fatiguing synapse 
can provide the mechanism for basic classical conditioning. 
To show that the simplest types of modifiable synapse 
can form the basis for a network which can undergo 
modifications of any logical complexity whatsoever, it 4 
only necessary to construct the network shown in Fig. 2 
This has the property that a burst of spikes at A will 
reach B if and only if the history of the net inchides 
several bursts at some time fed into ©. Such “gating” 
networks can be used in a quite systematic way to connect 
up and disconnect appropriate unmodifiable nets when any 
complex conditions resulting in outputs from separate 
unmodifiable nets have been satisfied. Disconnexion is 
achieved straightforwardly by arranging that a con- 
nexion is origmally made through a relay cell which is 


Us 


m- X 


R 





it 


Fig. 1, A network showing the basis property of classical conditioning 
when it receives inputs of bursts of spikes. Two or more excitatory 
synapses (hollow circles) impinging on a cell must be active nearly 
simultaneously for the cell to fire. Thus cell I fires only if both R and 
CS are firing. The black square represents a (presynaptically) fatigable 
axo-axonic inhibitory synapse which after activation by a single spike 
prevents the adjacent excitatory synapse being effective for a period 
comparable with the length of an input burst. The inhibitory synapse 
fatigues if its axon from cell I fires several bursts. A burst of spikes at 
CS produces only one spike at R unless bursts at CS have previously been 
paired with bursts at US so as to fatigue the modifiable synapse. 
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Fig. 2. A “gating” network in which presentation of bursts of spikes 
at the gating input (C) modifies the network in sueh a way that the 
output (B) begins to transmit bursts of spikes from the input GA}. Twa 
unmodifiable inhibitory synapses are used (solid circles), one of which is 
an axo-axonic synapse rendering the adjacent excitatory synaps 
ineffective for a prolonged period, comparable with the duration of an 
input burst. The hollow triangle is a (presynaptically) facilitating 
excitatory synapse which is initially Ineffective but which becomes 
effective after its axon terminal has received several bursta of spikes, 


pre 


subject to “gated”? inhibition. There will obviously 
usually be more economical ways of constructing a net 
with complex logical requirements; but this is a possible 
way. 

The two networks of Figs. 1 and 2 involve two different 
sorts of simple modifiable synapse: a fatiguing mhibitory 
synapse, and a facilitating excitatory synapse. This 
simplifies the diagrams as does the inclusion (Fig. 2) of a 
cell the axon of which has both inhibitory and excitatory 
collateral terminals on different cells. But it ia always 
possible to replace a simple modifiable inhibitory synapse 
with an excitatory synapse and vice versa, or to swop a 
facilitating synapse for a fatiguing one, just by adding to 
the network one or more unmodifiable imterneurones 
This corresponds to the fact that any of Brindley s 
class A synapses can replace any other sort of class A 
synapse in a net with the same input-output relations“. 
The restriction of Brindley’s analysis to nets with single 
spike inputs is not relevant m the present argument; for 
if one synapse can replace another for single spikes, it 
can replace it for every spike of a burst provided, in some 
eases, that time constants are chosen suitably. 

We can say more than that any of the simple modifiable 
synapses ean form the basis for any modifiable net, and 
show that any modifiable synapse at all can form the 
basis for any net. For even in the conditions of Brindley's 
paper? both his class B and class C synapses can replace 
class A synapses. Replacement of class A synapses by 
class B synapses could not be achieved in networks without 
transmission delays. But Fig. 3 (devised independently by 
Brindley and myself) shows how it can be achieved in a 
network with delays, however small these are. An 
excitatory synapse which becomes effeetive only if the 
postsynaptic cell has fired often (class B) is used to replace 
a simple facilitating synapse (class A) which becomes 
effective only when its own axon has fired often. Every 
possible type of modifiable synapse belongs to one of 
Brindley’s three classes*, and so they can all be used to 
replace class A synapses and can therefore be used 
to construct nets which make possible manipulations. 
of any logical complexity on inputs which are. bursts of 
spikes. 

Arguments could be produced in favour of assuming 
either bursts of impulses or single spikes as the sig- 
nals in a physiologically relevant network. Neither 
assumption can necessarily provide a valid. basis for 
generalizing about the nervous system. But it ds hard to 
exclude the use of bursts of spikes as necessarily irrelevant. 
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Fig. 3. A network equivalent to a simple facilitating synapse which 
becomes effective oaly when its input has been activated frequently. The 
inputs may be single spikes or (provided the inhibitory synapse (solid 
circle) results in only brief inhibition) bursts, It uses a postsynaptically 
facilitating excitatory synapse (hollow triangle labelled post”) which 
becomes effective only when the cel on which it acts has fired often. 


In the terminology of Brindley’s paper* it is a class A network made with 
a class B modifiable synapse. 


Thus claims that particular sorts of modifiable synapse are 
ineapable of providing the basis for particular sorts of 
learning in networks of unrestricted size must be based on 
rather more complex arguments than attempted so far if 
they are to be of physiological relevance. 


Temporal Requirements 


There are at least two senses in which long term memor- 
ies may be consolidated in the nervous system. First, a 
memory after it has been established may come to be 
stored in a form in which the changes in the nervous 
system are intrinsically longer lasting than they were 
initially. Second, a memory may, and in fact does, 
become stored in a form which is more resistant to abnor- 
mal influences on the brain than it was imitially. The 
evidence that the second form of consolidation takes 
place is good, and comes from the phenomenon of retro- 
grade amnesia. Memories which are relatively weak in 
influencing behaviour, but longer established, can be more 
resistant to coneussion, electro-convulsive shock or 
spreading cortical depression than more recent memories 
which before the disturbance were stronger and may have 
been contradictory (for example, ref. 11). Consolidation 
defined in this way is probably, but not necessarily, 
associated with the first sort of consolidation I described, 
in which the changes underlying the memory become 
intrinsically longer lasting. It might alternatively, for 
example, be associated with the memory being duplicated 
and made more redundant. 

It is easy to imagine that if synaptic changes are to 
constitute the mechanism of a memory they must last 
for at least as long as the memory. Eccles, for example, 
has argued™™ that postulated changes in synaptic efficacy 
must be “of very long duration—days or weeks”. Al- 
though this is probably true there is no good evidence that 
it is so. A careful argument might show that a nervous 
system in which it were not so would have to be im- 
plausibly large. But a mechanism with only short lasting 
intrinsic synaptic modifications is certainly capable of 
forming the basis for prolonged memories; and it is 
possible that such a mechanism is the means by which 
memories are initially stored while the process of con- 
solidation acts to make the synaptic modifications more 
permanent. In this way the need to postulate a separate 
mechanism for short: term memory (such as the circulation 
of impulses in loops) can be avoided. A v crude 
mechanism by which memory can be maintained and 
consolidated will be described for the simple network 
of Fig. 1. 

For a relatively short lesting synaptic modification to 
form the basis for a long term memory it is necessary 





that the occurrence of the modification should result in 
the repetition of the local conditions within the nervous 
system which led to the modification. In a simple network 
this is simple to arrange. If in the network of Fig. 1 
the fatigue of the axo-axonie inhibitory synapse lasts only 
for some minutes or hours, then the CS must be presented 
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within this length of time or else the conditioning will be 
“forgotten”. To prevent this forgetting we can arrange 
that there is a source of bursts of spikes within the net- 
work which occasionally presents a ‘“‘pseudo-stimulus” to 
the conditioning network. We need to interrupt the CS 
pathway with a relay cell which can be excited either by 
the real CS or by the “‘pseudo-stimulus”; and we need 
to arrange that the output R is inhibited during the 
“pseudo-stimulus” so that there is no spurious output 
from the net. The overall errangement is shown in 
Fig. 4. 

If the time constant of “forgetting” of the modifiable 
synapse beeomes longer and longer the more often the 
conditions for its modification are repeated, rather in the 
way that the time constant of post-tetanic potentiation 
becomes longer with longer periods of tetanus", then the 
network shows memory consolidation. 

It is interesting that the model of Fig. 4 has a very strik- 
ing superficial resernblance to the organization of the nerv- 
ous system during sleep. During paradoxical sleep there 
are sporadic bursts of activity in the sensory relay cells of 
the lateral geniculate nucleus! and there is steady 
postsynaptic inhibition of motoneurones'*, The analogy 
is not so straightforward in detail, however, for in a ner- 
vous system capable of learning on the basis of many 
different patterns of sensory stimulation it is not easy to 
see how the memories eould be maintained by the injection 
of “pseudo-stimuli” into a sensory pathway so early. 
The hypothesis that sleep is important for memory 
consolidation is directly testable. 


Economy 


As T have shown, almost any sort of modifiable synapse, 
even if it does not undergo a long lasting modifieation, 
can in principle be the mechanism underlying memory in a 
network similar (within the limits of present knowledge) 
to the nervous system. Jt is obviously true, however, 
that in very simple networks some sorts of synapse permit 
particular input-output relations to be obtained with 
fewer cells and fewer synapses than do others. It is 
probably true that arguments about the number of 
elements required would favour certain types of synapse 
in complex networks as well; but this is hard to prove. 

One simple argument does favour some types of synaptic 
modification on very basic grounds. There is evidence 
that the number of synapses in the mammalian cerebral 
cortex exceeds the number of neurones by a factor of 
something like 104, and that one neurone on average has 
















Sporad iG: 
burst 
generator 


Fig. 4. A network in which a synapse with a short-lived modification 
produces long term memory. An element which sporadically generates 

ursts of spikes is added to the basic classical conditioning network of 
Fig. 1 s0 as to maintain the fatigue of the modifiable synapse after it 
has been initiated by the conditioning procedure (pairing of CS and US 
bursts), The sporadic bursts must occur at intervals shorter than the 
time in which the intrinsic change of the modifiable synapse would 
disappear. If the fatigue of the modifiable synapse becomes less and 
lesg reversible the more often Hs axon is made to fire bursts, then the 

network shows memory consolidation. 
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synapses on at least 10? other neurones’?, If we accept 
this last figure, then any mechanism which permits 
independent modification of the synapses between 
different pairs of neurones automatically has a maximum 
possible information storage capacity 10? times larger 
than a mechanism in which all the synapses from or to a 
particular cell are modified together. This argument 
would favour the kind of modification conditions (near 
coincidence of pre and post-synaptic firing) proposed by 
Hebb! and Griffith’, rather than the change in postsynap- 
tic threshold proposed by Shimbel®, the gating mechanism 
proposed by Burke*, or the facilitating and fatiguing 
synapses discussed here. But unfortunately we do not 
know to within a factor of 10? what, in any relevant 
sense, the storage capacity of the brain is. So the argu- 
ment is hardly conclusive. 

Arguments which took account of the means by which 
the memories were to be stored and retrieved might show 
discrepancies far larger than 10? between the memory 
capacities available with different types of modification 
mechanism. But such arguments have yet to be 
formulated. 


Relevance of Experiments 


Theoretical arguments about what sorts of synapses 
may and may not be present in the brain will perhaps 
turn out not to be essential to physiology, for the question 
of which types of synapse are actually present may be 
settled directly by experiment. Bliss, Burns and Uttley™® 
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have described relevant experiments which suggest that 
there are synapses which inerease their influence when the 
postsynaptic cell fires without the presynaptic axon, and 
which decrease their influence if the presynaptic axon 
fires. But even fairly direct experiments such as these 
are hard to interpret without ambiguity. Tf we consider 
the possibility that inhibitory pathways could be facilita- 
ted as well as excitatory ones, then the evidence of Bliss 
Burns and Uttley™ is quite consistent, for example, with 
there being only synapses which require coincidence of 
pre and post-synaptic firing to increase their strength, 
Received April 8; revised June 17, 1989. 
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THE nervous system is a pulse communication system. 
For most of the peripheral systems acetylcholine 
[(CH,),N*CH,CH,OCOCH,] is released at the end of one 
cell, diffuses across a synaptic space of approximately 
2x 104 pm, stimulates the next cell, either another nerve 
cell or a motor cell, and is hydrolysed by the enzyme 
acetyleholinesterase to choline {(CH,),N*CH,CH,OH]. 
In this article we describe the conformation of the labile 
molecule acetylcholine on interaction with the hydrolysing 
enzyme acetylcholinesterase on the basis of a correlation 
between the crystal structures of several different mole- 
eules and the relative rates of their hydrolysis. 
Acetyl-«-methyleholine is rapidly hydrolysed by bovine 
erythrocyte acetylcholinesterase, the L(—)S-enantiomer 
at 97 per cent of the rate of acetylcholine and the p(+ )R- 
enantiomer at 78 per cent! The L(+ )s-enantiomer of 
acetyl-8-methylcholine is hydrolysed at 54 per cent of the 
rate of acetylcholine and the p(— )R-enantiomer is a weak 
inhibitor of the enzyme!. Acetylthiocholine is hydrolysed 
at about the same rate as acetylcholine? by acetylcholin- 
esterase, as is also acetylselenocholine?. The recent 
analyses of the crystal structures of these and other 


Crystal structure analyses of several cholinergic molecules, combined 
with their relative rates of hydrolysis by acetylcholinesterase, allow 
one to determine the conformation of labile cholinergic molecules 
relevant to their interaction with the enzyme. 


cholinergie molecules, aided by model building with CPR 
space-filling and MRC wire atomic modela, make it possible 
to determine the optimum conformation of labile sub- 
strates interacting with the enzyme and to explain in a 
logical way the variations in the rates of hydrolysis. 

We have analysed the crystal structure of p(+ )R-acety1- 
w-methyleholine iodide? and found two different con- 
formations of the moleeule in the asymmetric unit. 
Torsion angles of both enantiomers of the two conforma- 
tions are given in Table 1. (The torsion angle 7 of 
the bonded group A- -B is the angle between the 
planes AXY and XYB. Viewed from the directic 
A it is positive if clockwise and negative if anticlockwise. 
Values of t= 0°, 60°, 120° and 180° are termed svn-planar, 
syn-clinal, anti-clinal and anti-planar, respectively.) 

One conformation is syn-clinal! at C5-—-C4, as are most 
cholinergic molecules*. The other conformation has 
T O1-C5-C4-N = 148°, midway between anticlinal and 
anti-planar. This conformation is unusual for N+—C-C-O~ 
groups® and indicates the lability of these molecules and 
the possibility of multiple stable conformations with very 
nearly equal energies, The rates of hydrolysis of acetyl-a- 
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methylcholine are large, but the rate of the p( + )Rr-enantio- 
mer is somewhat smaller than that of the L{— )s-enantio- 
meri, 

We have analysed the crystal structure of L(+ )-acetyl- 
8-methyleholine iodide’. The molecule has a conforma- 
tion ty pical of muscarinic agonists**, The L(+ )s-enantio- 
mer of acetyl-$-methyicholine is hydrolysed at about one 
half the rate of acetylcholine and the p(— )R-enantiomer 
is a weak inhibitor’. The erystal structure of acetyl- 
thiocholine has been analysed by Shefter et al’, The 
molecule is anti-planar, 7 O1-C5-C4-N=171°. The 
compound is hydrolysed by bovine erythrocyte acetyl- 
cholinesterase at about the same rate as that of acetyl- 
choline’, The crystal structure of acetylselenocholine 
has been analysed by Shefter and Kennard™, The 
molecule is anti-planar. It is hydrolysed at about the 
same rate as that of acetylcholine?, 





Fig. 1. iz 0 
in erystals of the iodide”, 
cent that of acetylcholine’. 


A drawing of the conformation of L( — )s-acetyl-a-methylcholine 
This enantiomer is hy droh sed at a rate 97 per 
t O1-C5-C * and r C6~O1-C5-C+ 








It can be seen from the two conformations of acetyl-a- 
methylcholine that acetylcholine and similar molecules 
can adopt a nearly anti-planar conformation with 
t OL-C5-C4-N = + 150°. Acetylthiocholine and acetyl- 
selenocholine do not adopt a syn-clinal conformation with 
+ O1-C5-C4--N = + 85° because of the increased size and 
lower electronegativity of the sulphur and selenium atoms 
relative to oxygen. The only two known syn-clinal 
sulphur compounds are 2-aminoethyl sulphonic acid and 
d, l-2-aminobutylthiosulphurie acid‘, which are zwitterions, 
The replacement of the three nitrogen methyl groups 
of the choline analogues by three hydrogen atoms makes 


Table 1. 






NATURE. VOL. 223, AUGUST 30. 1969 


the syn-clinal conformation possible and the electrostatic 
interaction between N+ and S makes it likely. With 
methyl groups on the nitrogen atom the syn-clinal con- 
formation is unstable with sulphur and selenium because 
of steric interference between the bulky methyl groups 
and the sulphur or selenium atoms*. We conclude that 
an approximately anti-planar conformation of acetylcho- 
line is that relevant to its interaction with the esterase. 

The ratio of the rates of hydrolysis of 1(—)s- and 
D(+)R-acetyl-x-methylcholine is 97:78 (ref. 1) In 
conformation B z O1-C5-C4-N is + 148% for the L(— )s- 
enantiomer and —148° for the Dp{-+)R-enantiomer’. 
Assuming that only one conformation is relevant to the 
esterase we conclude that t Ol-C5-C4-N = + 150° is the 
relevant conformation, Conformation B of L(— )s-acetyl- 
z-methylcholine in crystals of the iodide is shown in 
Fig. 1. It is possible for p(+ )R-acetyl-x-methyleholine 
to change conformation by rotation around the C5-C4 
bond so that + O1-C5-C4-—N = + 150° with little change in 
energy on the basis of an analogue energy calculation 





Ee 


done with CPK atomie models. Each conformation 
(7 O1-C5-C4-N = ~ 150° or + 150°) is determined primar- 


ily by the position of one or the other 8-carbon hydrogen 
atoms being between hydrogen atoms af the Cl and C2 
methyl groups on the nitrogen atom. 

L(+ )s-Acetyl-$-methylcholine is hydrolysed at a rate 
54 per cent that of aeetylcholine! and 7 O1-C5-C4-N= 
+85° (ref. 7). bi = jm-acetyl-dmmethylénoline is a weak 
inhibitor of acetylcholinesterase!. L(+ )s- acetyl-8- -methyl- 
choline ean adopt a conformation with + 
N = + 150° as shown in Fig. 2, whereas the p{ — 
mer cannot. The L{+)s 
around C5-C4 
being in a position approximately anti-planar to the 
nitrogen atom, is syn-clinal to it, just below the methyl 
group C2 analogous to the mirror image of the position 
occupied by the ester oxygen atom Ol in the usual mus- 
carinie conformation®:®. Sucha position, though energetic- 
ally unfavourable, is possible? and would be stabilized by 
the enzyme, The ß-methyl group C9 of the L(+ js-enantio- 
mer cannot be in a position between the nitrogen methyl 
groups C1 and C2 corresponding to t 
due to steric hindrance between the bulky ethyl groups. 

The orientation of the acetyl group, + z C6-O1-C5-C4, is 
approximately 180° in acetyl-x-met hylcholine and — 147° 
m L(+ )s-acetyl-8 -methyleholine. The change in acetyl- 
8-methyleholine is due to steric hindrance between the 
ear bonyl oxygen atom O2 and the §-methyl group C9 
(ref. 7). In most muscarinic agonists 4 r C6-O1-C5-C4 is 
approximately +145° (ref. 5). The torsion angle O2-C6- 
01-C5 is always 6° due to the partial double bond charac- 
ter of the C6-O1 bond, though, of course, during the pro- 
cess of hydrolysis this bond is broken and the conformation 
changes, In all known choliner gie molecules the trimethyl- 
ammonium ethylene backbone is antiplanar with 
+ C5-C4-N-C3 = 180°, 

We conclude that the conformation of acetylcholine 
relevant to acetyleholinesterase is + C5-C4—-N—-C3 = 180°, 
Tt O1-C5-C4-N = + 150°, t C6-O1-C5-C4 = — 150° to 180° 
and + 02-C6--O1-C5 = 0°, A drawing of this conformation 
of acetylcholine is shown in Fig. 3. The orientations 
of the methyl groups are epprosinatey staggered in this 
conformation. In Table 2 are listed interatomic distances 





je enantio- 
-enantiomer can do so by rotation 
so that the -methyl group C9, instead of 








TORSION ANGLES OF SOME SUBSTRATES OF ACETYLCHOLINESTERASE OBSERVED IN CRYSTALS AND THE RATE OF HYDROLYSIS BY BOVINE ERYTHROCYTE 
OR ELECTRIC BEL ACETYLCHOLIN ESTERASE 





Compound Reference O1-C5-C4-N C6-O1-C5-C4 02-86-01- C7-C6-O1-C5 Rate ofhydrolysis Reference 
Acetylcholine Br it vires 79° pe 167° 199 
Acetyl-a-methylcholine I (A) 3 ~ 90 ~170 9 175 ] 97 1 
Acetyl-a-methylcholine I(B} 3 +148 176 +10 177 : 
+ R- Acetyl a-methylcholine T C4) 3 +90 +170 9 175) 72 i 
1 + )R-Acetyl-a-methyleholine T (8) 3 ~ 148 176 -10 177 ; ‘ 
tt +)s-Acetyl-8-methyticholine I ve +84 ~147 14 175 54 1 
IX — R-Acetyl-f$-methylcholine T zd -85 +147 14 175 ü i 
Avcetylthiocholine Br 9 171 129 16 150 ~100 2 
Acetylselenocholine [ 10 175 124 19 155 ~ 100 2 
Optimum model +150 180 9 180 
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and angles of the model conformation of acetylcholine 
relevant to interaction with the esterase. 


Table 2. INTERATOMIC DISTANCES AND ANGLES OF THE CONFORMATION 
OF ACETYLCHOLINE ON INTERACTION WITH THE ESTERASE 


C — C = 64pm N = CS = 244 pm 
C — H = 109 N- Ol = 360 
C = N = 151 N — C6 = 472 
C — Ol= 144 N = Q2 = 480 
C6— OZ = 123 N — OF = 610 
H~- H > 192* at OL 109° 
at C, N 109° at C6 120° 


Values are consistent with observed data but are here measured on 5 em 
MRC wire models. 
* Except on same methyl group. 


Tt has been proposed that the syn-clinal conformation 
of the N+-C-C-O-— group is stabilized by an electrostatic 
interaction between the positive nitrogen atom and the 
slightly negative ester oxygen atom®®'4_ We think it is 
necessary that this interaction be broken in order for the 
ester to hydrolyse and this is done by interaction with the 
enzyme in such a way that the torsion angle O1-C5-C4-N 
is + 150°. This moves the ester oxygen atom O1 from a 
usual position®** about 315 pm distant from the nitrogen 
atom to a position approximately 360 pm distant from 
the nitrogen atom’, 

A test of these conclusions is possible by the relative 
rates of hydrolysis of threo-acetyl-a-§-dimethylcholine 
and erythro-acetyl-«-8-dimethylcholine, the conformations 
of which have been determined by Shefter®. ss-Threo- 
acetyl-a-B- eee ə has torsion angles t O1-C5-C4— 
N= +143° and + C6-O1-C5-C4= —95°. On the basis 
of an analogue energy calculation with CPK models it is 
possible for the ss-enantiomer to adopt a conformation 
witht C6-O1-C5-C4= — 150° as in L{ + js-acetyl-B-methyl- 
choline. It is impossible for RR-three-acetyl-«-3-dimethyl- 


Fig. 2. A drawing of the conformation of Li + )s-acetyl-d-methyicholine 

found in crystals of the iodide? with 7 O1-C5~-C4-N changed from the 

observed value of +85° to +150°. The b(—)R-enantiomer, which is a 

weak antagonist, cannot adopt this conformation, r C6-O1-C3-C4 = 

-150°. The methyl groups are staggered except for C1 and C2 for 

which z C4-N-CI-H = —155° and + G4-N-C2-H = +158° instead of 
180° for better hydrogen packing. 
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Fig. 3. £ 
interaction with the esterase. 






C4=180°, The methyl groups are staggered except for Cl, for which 
1 C4-N-C1l-H= ~ 150° instead of 180°. 
choline to adopt a conformation with + O1-C5-C4-N = 


+150°. The observed value for the RR-enantiomer is 
~ 143°. We would predict on the basis of the observed 
rates of hydrolysis of the enantiomers of acetyl-6-methyl- 
choline! that the ss-enantiomer of threo-acety|-«-6-cdi- 
methyleholine is hydrolysed by true acetyleholmesters 
and that the RR-enantiomer is not hydrolysed. 

Erythro-acetvl-x-(B)-3-(8) -dimethylcholine has observed 
torsion angles t O1-C5-C4—-N = + 76° and 7 CG-O1- : 
= ~ 156° (ref. 9), similar to L(+ )s-acety!-6-methyleholine. 
e : manner similar to L{ + )s-acetyl-S-methy Icholine the 

R)-8(s)-enantiomer can adopt a ‘conformation with 

7 Dae C4-N=4150°, and the {sj BtB)- enantiomer 
cannot. We would predict that the «(m)-8(s)-enantiomer 
is hydrolysed and the «(s)-8(R)- enantiomer is not hydro- 
lysed. Both these predictions of the hydrolysis of the 
enantiomers assume that the presence of the two 
methyl groups does not prevent the reaction by over- 
crowding the active site. 

We thank the Medical Research Council for support of 
this work and Dr Eli Shefter for communicating his results 
in advance of publication. 
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Natural Selection and the Development of 


Mortality Rates in Young Birds 





by 
R. E. RICKLEFS 


Department of Biology, 
University of Pennsylvania 


ADAPTATIONS are moulded by patterns of mortality (and 
fecundity) imposed by the environment, and natural 
selection proceeds to minimize the total force of selective 
mortality acting on the populatio The fitness com- 
ponent of a set of adaptations has rarely been compared 
among diverse species because the contribution of indi- 
vidual features of the lfe cycle to total mortality is 
difficult to estimate except when adaptations may them- 
selves be expressed directly in terms of mortality rates. 
This is approximately true of the post-natal development. 
of some birds. the course of which can be described by 
survival characteristics of the young. 
irds have many different development patterns. 
ranging from altricial species whose young are highly 
dependent on parental care for a long period after hate hing 
to precocial species whose young move with agility, locate 
their food and maintain their body temperatures from 
an early age. Development rates, whether measured by 
increase in body weight or by the maturation of other 
structures or functions, also vary among species. This 
diversity undoubtedly reflects the outcome of interactions 
between the development strategy and the environment 
of each species. Presumably, the development pattern 
of each species has been optimized through the processes 
of natural selection and evolution. Because the effect 
of natural selection on development rate is to minimize 
the total mortality (M) during the development period 
caused by environmental factors. the value M may reflect 
organizational properties or limitations of the organism. 
Changes in development pattern or rate alter other aspects 
of life history whose effects on fitness provide balancing 
selection. For example, increased survival rates of growing 
birds may, by usurping embryonic tissues for mature 
functions, reduce the overall development rate. Using 
AI as a measure of organizational properties of the organ- 
ism, we may ask how “this value, reflecting the outcome of 
natural sclection, varies among species. 
Briefly, analyses of published survival data for seven 
species Indicate a generalized developmental course of 
mortality rate--a decaying exponential—-whose slope and 
intercept vary among birds. The similarity of calculated 
values of AT, however: suggests that the outcome of natural 
selection on strategies of development, is constrained by 
properties of organization which are fairly constant among 
birds. 
Survival in each of the species studied (Table 1) was 
followed from hatehing, except for the English robin 
Turdus merula on which observations began when the 
young left the nest, about 2 weeks after hatching. The 
altricial fledgeling, — is frequently compared with 
the precocial neonate. Development is measured in this 
case by the decrease in mortality rates of the young with 
age. Mortality rates are expressed as percentage/day, 
and were calculated from survival data for each age inter- 
val 0 to a by the equation 
fA loge Sa ~ loge st (1) 
tp ty 
where s is the proportion, or number of young, surviving 
at any given time ¢. The regressions of mortality rate on 
age after hatching (mid-points of intervals) were fitted 


























Although different birds have evolved different patterns of develop- 
ment, the total force of mortality acting on the period of 
development is similar for each species. 


by the least squares method to the linear equation 


Mee = My — kt (Qa) 
to the semilogarithmic equation 
loge(am,) = loge(amg) — At, a (3a) 
Mi == My e$t (3b) 
and to the logarithmic equation 
loge(m:) = loge(imo) ~ k loget) or (4a) 
Met = Molk (4b) 


where m; is the mortality rate at time ¢; mọ is the initial 
mortality rate at hatching, tẹ; ¢ is the age in days from 
hatching; and k is the slope of the regression. In caleulat- 
ing regression constants, the data were arbitrarily weighted 
by the square root of the number of young lost during 
each interval because, as fewer young are lost, sampling 
errors progressively influence the observed mortality rate. 
None of the data is best fitted by the linear equation. 
The biological implications of this equation are best 
judged by the rate at which mortality rate decreases, 





(2b) 


Thus mortality would be reduced by a constant amount 
at all stages of the growth period regardless of the absolute 
mortality rate. This makes little sense biologically for 
organisms which change markedly during their develop- 
ment periods. 

Data for the red-billed and yellow- se tropie birds. 
and possibly for the glaucous-winged gull, are best fitted 








by the s mike ťgarithmie equation, where 
dm . 
-= oe hn (3c) 
dż 


and so mortality is reduced at a rate proportional to the 
mortality rate. This has interesting biological implica- 
tions because selective forces acting to change develop- 
ment rate during a given interval are proportional to the 
overall mortality rate during that interval. (This con- 
clusion was arrived at by George Williams through inde- 
pendent theoretical arguments (personal communication 
and unpublished work).) That is, a decrease in the 
length of a specific interval of development during 
the early stages when mortality rates are high would 
have a proport jionately greater effect on the overall survi- 
val of offspring than would a similar change in develop- 
ment rate when mortality is lower. As a hypothesis this 
relationship is tempting, but has several pitfalls. Most 
acer balancing selective forces are not specified. 

Williams (personal communication and unpublished 
al suggests that all changes in development rate 
may be equally easy to evolve if genetic variability i 
equivalent for all intervals during development. This 
follows from Fisher’s “fundamental theorem of natural 
selection” that selection increases population fitness at a 
rate equal to the variance in fitness within the population. 
But morphological and functional aspects of the or ganism, 
which change during the development period, probably 
affect ager selection, and thus genetic variabil ity, 
unequally during development. 
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Development of the California quail, ring-necked 
pheasant and dunlin conforms most closely to the logarith- 
mie equation, where 
dm 


am km 
dt 


Thus the rate at which mortality rate decreases is propor- 
tional to the mortality rate, as in the semilogarithmic 
relationship, but also is increasingly difficult to reduce with 
age. Because age per se cannot impede the reduction of 
mortality rates we must postulate some other parameter 
which is associated with age and has biological implication, 
or that equation (4) is an approximation to some other 
function and does not itself have any biological signifi- 
cance. 

The gradient of conformation to the semilogarithmic 
and logarithmic regressions is paralleled by the mode of 
development, from semi-altricial to precocial. It is tempt- 
ing to translate the mode of development into the form of 
the mortality curve, but the intermediate steps required are 
obscure. The term 1/t in equation (4¢), which distinguishes 
(4) from (3), could also be approximated by assuming 
some “adult” mortality rate which cannot be reduced by 
developmental processes. The presence of this com- 
ponent in addition to “juvenile” mortality, which is 
reduced to naught through development, will tend to 
deform a semilogarithmic regression in a manner that 
often resembles a logarithmic regression. As the young 
bird develops and its mortality rate approaches that 
of the adult, it would appear progressively more difficult 
to reduce the mortality rate because the juvenile com- 
ponent becomes a progressively smaller portion of the 
total. High adult mortality rates would increase the 
tendency towards the logarithmic form. 

Of the species analysed here, increased adult mortality 
rate parallels the progression from semilogarithmic to 


(4e) 
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logarithmic form (Table 18). But it was not sufficient to 
subtract the adult mortality rate from the observed 
mortality rates of the young to convert the logarithmic 
regressions to the semilogarithmic form. Larger factors, 
two to five times that of the adult rate, were required 
(Table 10). Adhering for the moment to the as amption 
that the semilogarithmic regression has biological signifi- 
cance, we could : explain the “high correction faetors by an 
“immature” component to mortality rate. The juvenile 
component could be reduced by morphological and 
physiological development, and the immature component 
could be reduced more slowly through Č 


ae 








“experience”, 
Accounts of high mortality rates during the first year or 
two of life in long lived species’ are consistent with this 
hypothesis. 

Semilogarithmic regression constants were calculated 
for adjusted data of each species (Table LD). The slope k 
is generally related to the initial mortality rate me (Fig. 1), 
suggesting a compensatory evolutionary response of 
development rate to environmental mortality factors. 

On the assumptions (a) that the force of selection acting 
to increase the development rate is proportional to the 
mortality rate at any given point, and (b) that develop- 
ment rate during each interval may be changed inde- 
pendently, that is, that all are under separate genetic 
control, the total force of selection M is the sum of mortal- 
ity rates during each interval of development. M may be 
evaluated by the integral 


M = Me T e-t de (ba) 
ba! a (5b) 


If, or the other hand, one set of genes were to control 
development rate more generally for the whole of develop- 


Table 1. ANALYSIS OF MORTALITY RATES OF YOUNG BIRDS WITH RESPECT TO THE TOTAL FORCE OF SELECTION ACTING ON DEVELOPMENT BATE 
(A) Materiais 
Species English Yeliow-billed Red-billed Glancous- California Ring-necked DPunlin’ 
blackbird® tropic bird* tropic bird? winged gull* quail’ pheasant (eandpiper) 
Loeality England Ascension I, Ascension I. Mandarte I. New Zealand? NE United Finland 
Br. Columbia Statessa 
Mature body size (g) 80 300 750 1,050 170 1,100 58- 
Mode of developmentè Altricial Semi-altricial Semi-altricial Semi-precocial Precocial Precocial Preeocial 
Initial number of young in sample 140 395 227 188 e c 85 
Duration of observations, days from hatching 204 4 84 35 60 70 18 
Number of intervals sampled 2 6 8 5 4e 4 _ 4e 
Range in mortality rates, per cent/day 4:18-1:64 0-91-0-084 1-62-0-086 4683-0-42 615-072 187-050 76-008 
(B) Initial correlation coefficients (r) for regressions 
Linear — -091 — 0-89 — 0-91 ~ 0-80 ~ O00 = BO 
Semilogarithmic ~ ~ 0-98 — 0-98 ~ 0-98 ~ 9-90 ~ PHA ~~ BS 
Logarithmic m — 0:93 ~ 0-905 ~ 0-98 ~ 0-99 = OOS wm Qe OEE 
{C Analysis of adjusted data 

Adult mortality rate per cent/day About 0-208 0-037 0-03f 0-060 0-19" 0-22" 254 
Correction factor use 0-508 None None 0-30 0-85 045 6-98 
New correlation coefficients } 

Semilogarithmic co — ooo 0-98 ~ 0-98 OO? ~ OD 

Logarithmic os — me -094 — O98 = IG = OT 

(D) Analysis of selective mortality 
Intercept (to), per cent/day 525 1:08 2-01 126 6-16 198 8-98 
Development rate (4) 0-140 0-032 0-041 0-110 0108 MHE% Ueto 
Total force of selection (M) 38 84 49 57 58 35 18 
Growth rated About 34 6-0 65 91 40 Bl About 14 
(E) Total force of selection calculated from equation (6¢), and including mortality during the incubation period 

Incubation period (1), days 26k 41 43 27 22 24 About 22 
Approximate mortality rate (my), per cent/dayt* 28 es oo I7 About 30 34 LO 
Survival through incubation, e~ afl 0-55 0-48 O68 0-63 0-62 O44 9-80 
Post-natal survival (eq. 80) 0-68 O71 0-61 0-57 0-56 0:70 O88 
Overall survival 0-37 0-34 0-42 0:36 0-29 0-81 0-70 
Overall mortality (per cent) 63 66 58 64 71 69 30 


a, Introduced species. 
b, From ref. 1. 


Preeocial chicks are down-covered at hatching, leave the nest quickly and feed themselves. 


Semi-precocial chicks are similar, but 


usually remain at the nest site and are fed by their parents. Both semi-altricial and altricial young remain in the nest, being unable to walk when amall, 
and are a by their parents; the former hatch with a down covering, the latter are generally naked and blind. 


t, A decrease in average brood size was recorded. 

z From fledging. 

e, Some intervals were pooled to increase sample size, 
J, Estimated less than 10 per cent per year, 

7, Estimated from data for other species in Farner, 

h, Estimated from data for other species in Boyd", 
i, Arbitrary value based on other species. 


3, From Rickiefs"' and in preparation, expressed as the rate constant of the Gompertz growth equation??? x 100, 


&, Includes the nestling period. 
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Fig. 1. The relationship between k and ma, for: (1) English robin, 

Turdus merula; (2) yellow-billed tropic bird, Phaethon lepturus; (3) red- 

billed tropic bird, P. aethereus; (4) glaucous-winged gull, Larus glauces- 

ceus; (5) California quail, Lophortyx californicus; (6) ring-necked pheas- 

ant, Phasianus colehichus, dunlin, Erolia (Calidris) alpina. Point No. 7 
lies off the graph in the direction indicated (see Table 1D). 


ment, M would equal the overall mortality suffered, or 
1 minus the proportion of young surviving. Overall 
survival S is the product of survival rates s during each 
interval of the development period 


S=8,8....800 (6a) 


Setting m: (equation 36) equal to (1—s:) we may evaluate 
S by the integral 


W0 
logeS = f loge(1—m,e*)dt (6b) 
t=O 


: loge(1 
=k Ofe( 1 ~ mo) 
which for small values of m, is approximately —m,/K. 
Because M is less than —logeS, values of M are somewhat 
lower when calculated in this manner compared with 
equation (5b). 

The approximately nine-fold range in initial mortality 
rate me is reduced to about a four-fold range in M (equation 
5b) or two-fold range if the dunlin is excluded, through 
adjustments in &. This range is decreased substantially 
by using equation (6c) and including mortality during the 
incubation period (Table 1#). This suggests that the 
overall pace of development may be genetically controlled 
quite generally rather than independently for each seg- 
ment of the development period. That the form of the 
body weight growth curve varies little among birds 
and that incubation periods and growth rates are closely 
Imked in passerine birds'® are consistent with this hypo- 
thesis. k seems not to be sufficiently flexible to adjust 
the total force of selection to the same level for all species. 
Both k and m, are developmental adaptations and may 
to some extent be interdependent due to internal con- 
straints of organization, that is, the adjustment of k 
to reduce the total force of mortality may result in 
increased mp Adjustment to minimize M will continue 
only while the relative change in k is greater than that in 
mM, (equation 5b). 

In Fig. 2, k is compared with the rate of growth in body 
weight, used here as a measure of physical development. 
k is larger with respect to the growth rate in species 
exhibiting progressively more precocial development. 
It seems, however, that for each mode of development, 
k may increase with growth rate. The extremely high k, 
and resulting low M, of the dunlin may be related to the 
small clutches and extremely large eggs of most shore- 
birds, traits which are not typical of precocial birds. 
Of course, estimates of M are also limited by the restricted 
samples. 


(6c) 
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The total force of selection M on the development 
period of the species examined here is strikingly inde- 
pendent of breeding habits or mature size. The evolved 
values k and m, are functions both of the mode of develop- 
ment and rates of physical growth. Growth rate for species 
with a given mode of development is a strict function of 
mature body size and is not altered appreciably by natural 
selection (ref. 11 and my unpublished results). It can be 
demonstrated that the tendency of natural selection acting 
through ecological relationships of the species is to increase 
growth rate, and it is postulated therefore that observed 
growth rates are physiological maxima for each mode of 
development (my unpublished results), k is therefore 
determined by body size and mode of development. 
Altering the latter seems to be the major evolutionary 
recourse for adjusting k, though m may also be linked to 
the mode of development. The interrelationship between 
these factors is sufficiently complex that it is not yet 
possible to prediet the optimum development strategy 
for a given set of conditions by this method of analysis. 

The contribution of parental care to the survival of the 
young incurs some risk to the parent which should be 
included in the total force of selection. Precocial chicks 
are brooded and otherwise protected by the adults, 
but parental care is most highly developed in altricial 
species, in which the early part of nestling development is 
essentially a continuation of the egg stage. The voung 
have relinquished the burden of survival to the care of 
the adults, permitting the maximum allocation of energy 
and tissue to growth. It is not until the young leave the 
nest, after most of their growth has been completed, that 
they contribute substantially to their own survival. 
Furthermore, to the extent that embryonic and post-natal 
development rates are linked. mortality during the 
incubation period will contribute to the selective force 
acting on development of the young. 

Environmental mortality factors which exert selective 
pressures on development wary among species. For 
example, nest mortality rates of altricial landbirds were 
found to be related to (a) the mature body size of the 
species, (6) the placement of the nest, and (c) the diversity 
of predator species in the nest areas, These factors must 
similarly affect the young of precocial species, and pre- 
sumably contribute to variations in M beyond the capacity 
of birds to adjust their developmental course. 

Tn conclusion, the species analysed have evolved varied 
strategies of development in response to their respective 
environments. But in spite of this diversity of adaptation, 
or perhaps, more correctly, because of it, the total force of 
mortality acting on the development period, the ‘“out- 
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Fig. 2. The relationship between & and rate of increase in body weight 


for the various modes of development. Species as in Fig. 1. Points No. 
1 and 7 lie off the graph in the directions indicated (see Table 1D), 
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come” of natural selection, is similar for each species. The 
extent to which birds can reduce the cost of development 
through evolution must be limited primarily by counter- 
adaptation of other organisms causing mortality. That 
the outcome of this interaction is so uniform may be the 
result of competitive interactions which set limits for 
evolutionary success, 

This study was completed while T was an NRC (USA) 
visiting research associate at the Smithsonian Tropical 
Research Institute. 
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External Radiation on Bikini 


by 


BURTON G. BENNETT 
HAROLD L. BECK 


Health and Safety Laboratory, 
US Atomic Energy Commission, 
New York, NY 10014 


A survey of the islands of Bikini Atoll has revealed 
several interesting features of the residual environmental 
radiation in an area of heavy local fallout several years 
after the initial deposition. Bikini Atoll is the former 
weapons test area in the mid-Pacifie where more than 
twenty nuclear tests were conducted between 1946 and 
1958. Our survey in May 1967 included measurements 
of the external radiation levels and determination of the 
principal isotopes contributing to the total external 
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Atoll 


Wide variations in external exposure rates and a large number of 
radionuclides were found contributing to the residual radiation fields 
on Bikini Atoll. 


exposure rates on each island of the atoll. We were able 
to detect many long-lived fission and activation products 
which have not been detectable in previously surveyed. 
fallout areas. The pattern of the residual radiation on the 
atoll can be related to the locations of the ground zeros 
of various tests, the meteorological conditions affecting 
local fallout at the time of the tests, and the subsequent 
weathering and radioactive decay. 

Bikini Atoll consists of some fifteen islands and two 
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Fig. 1. 


Bikini Atoll showing locations with code names and years of nuclear weapons tests. 
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island complexes, located on a coral rim surrounding a 
lagoon twenty-two miles long and thirteen miles wide 
(Fig. 1). Total land area of the atoll is 2-32 square miles. 
More than half the area is included in the three largest 
islands, Bikini, Eneu and Nam. The largest island, 
Bikini, is 2-5 miles long and 0-5 mile wide. 

The survey techniques utilized were largely those 
developed by the Health and Safety Laboratory for de- 
tailed investigations of the properties of the external 
radiation environment in the United States'-*. The 
instrumentation ineluded a high-pressure ionization 
chamber, an Nal(Tl) field spectrometer system for in situ 
yray spectrometry, and a number of hand-held survey 
instruments (Geiger-Miller counters and scintillation 
detectors). Because of the number of islands to be sur- 
veyed and the difficult logistical problems and environ- 
mental conditions (difficult access, dense vegetation, high 
temperatures, humidity and so on), we restricted spectro- 
meter and ionization chamber measurements to representa- 
tive locations on the main islands of Bikini, Eneu and Nam. 
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or south-westerly direction, so the heavy fallout areas were 
primarily the islands of the south-western reef. There 
were exceptions to the normal wind pattern, however, 
most notably for shot Bravo in 1954 when unexpected high 
altitude winds carried fallout eastward over Bikini Island 
and on to the Marshallese natives of Rongelap Atoll. 
Thus non-blast, low fallout areas, which include the islands 
of Bikini, Eneu and the eastern half of the Aerokoj- 
Eneman Complex, experienced lesser but not insignificant 
amounts of local fallout. Eneu on the south-eastern rim 
of the atoll was the most favourably situated to avoid 
local fallout and exhibited some of the lowest exposure 
rates measured (3-7 ur./h), 

In addition to this general pattern of radiation levels 
around the atoll, we found considerable variation on 
individual islands, similar to that shown in Fig. 2 of a 
typical radiation profile across the middle of Bikini 
Island. The lowest levels were measured near the shores 
where the vegetation was sparse and the soil very sandy, 
conducive to weathering and deeper penetration of 
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Fig. 2. Exposure rate profile of a survey transect across central Bikini Island from the lagoon shore to the ocean beach. The dotted lines 
enclose the various measurements with the scintillation detector (@), the Geiger-Miiller counter ( x ) and the ionization chamber (ġe). 


The hand-held survey meters were used to extend the 
survey throughout the atoll so that variations in radiation 
levels from island to island and on individual islands could 
be studied in some detail. 


Pattern of Radiation Distribution 


The external y-radiation levels were found to vary 
considerably from island to island around the atoll. 
We can, however, roughly classify most islands into three 
general areas, characterized by the relative exposure 
rates and also the composition of the radiation fields: 
blast areas immediately surrounding the ground zeros of 
tests where the highest exposure rates were measured, 
heavy fallout areas down-wind from the blast areas with 
intermediate exposure rates, and non-blast, low fallout 
areas with the lowest exposure rates. 

The location, code name and year of each announced 
nuclear weapons test‘ are indicated on the map in Fig. 1. 
It ean be seen that the blast areas include the western tip 
of Eneman, Lomilik near the centre of the Aomen—Iroij 
Complex, and the north-western reef near Nam. The 
prevailing winds in the area are generally in a westerly 


fallout. Other significantly low exposure rate levels 
could be associated with weathered areas, such as former 
roadways. Higher levels were recorded in the central 
parts of the islands, where the vegetation was much more 
dense and where increased amounts of organic matter in 
the soil apparently influenced the retention of fallout 
near the surface of the ground. 


Exposure Rates and Isotopic Contributors 


Representative exposure rates in air 1 m above the 
ground from y-ray emitters in the soil obtained from the 
analysis of the field spectra and ionization chamber meas- 
urements on Bikini, Eneu and Nam are given (Table 1), 
Exposure rates from cosmic radiation (3-4 ur./h) are not 
included. More detailed data on the measurement. of the 
radiation fields on Bikini Atoll are given in ref. 5. 

The exposure rates for Bikini Island were in general 
20-40 ur./h near the shore, 50-80 wr./h in the interior, and 
up to 120 pr./h at scattered hot spots. The field spectro- 
meter measurements showed the exposure rate levels on 
Bikini Island to be due primarily to three radionuclides, 
with about 75 per cent of the exposure rate at a given 
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Table 1. EXTERNAL y-RAY EXPOSURE RATES AND MAJOR CONTRIBUTORS 
TO THE RADIATION FIELDS AT REPRESENTATIVE LOCATIONS ON BIKINI, ENEU 


AND NAM 
Exposure rates (ur./h) 
Components Total 
Location Field Toniz- 
IC's PCG 18h spectro- ation 
meter chamber 
Bikini 
1 Near lagoon shore 1907) 8002) 281) B48 24-0 
2 50 feet along transect 17-8 (73) 2-4 (10) 2-7 (12 22-9 22-8 
3 50 feet along transect. 
(in brash) 89(78) 21 (9) BB (14) 24-3 25-0 
5 300 feet 22-8 (81) 11-3 (80) 35 (0) 376 41-2 
6 400 feet 27-2 (62) 125 (29) 4+0 (9) 487 ARS 
T 1,800 feet. RZB (74) 195 (17) 103 (9) 118-4 103-2 
8 1,410 feet 28:1 (76) 408) 3810) 368 36-1 
Eneu 
1 300 feet inland—mid- 
island PLCS) 6512)  Ö4(10) 40 +i 
2 1,200 feet north of 1 3-0 (63) L531) 03 (6) 48 51 
Nam 
1 Near lagoon shore 181 (50) 172 (48) 0-6 (2) 35-9 B41 
2 Island centre 25-8 (39) 39-4 (59) 11 (2) 66:3 T5 
3 Near NE corner 60-6 (33) 119-5 (66) 20 (1) 1824 204-0 


The sums of the component exposure rates, obtained with the field spectro- 
toeter, are compared with the total exposure rates obtained with the ioniza- 
tion chamber (percentages within parentheses). 


site due to "Cs, 15 per cent to Co and 10 per cent to 
155b, Natural emitters (uranium, thorium and potas- 
sium) were almost entirely undeteetable in the field 
spectra. The composition of the radiation field on Eneu 
was quite similar to that of Bikini, that is, predominantly 
17Cs with some “Co and 'Sb, even though the exposure 
rate levels were much lower. Nam, however, because of 
its proximity to several test sites, had several properties 
of blast areas, including high exposure rates and increased 
amounts of Co and Sb in the soil relative to “Cs. 
The maximum exposure rates measured on Bikini 
Atoll m 1967 were in blast areas very near the ground 
zeros of tests. At one isolated area on West Eneman 
near the ground zero for two surface tests we measured an 
exposure rate just over 500 ur./h. Vegetation in the blast 
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areas is generally sparse and the organic content of the 
soils quite low, so weathering may accelerate the reduction 
of radiation levels in these areas compared with the more 
densely vegetated areas. Also the greater proportional 
contribution of the shorter-lived “Co and Sb relative 
to 87s to the exposure rates in these areas will also cause 
these radiation levels to decrease more rapidly with time. 

To complement our field spectrometry and to character- 
ize the composition of the radiation field on islands where 
we were unable to obtain field spectra, a large number of 
soil samples were collected from throughout the atoll, 
These samples, usually obtained in several depth mere- 
ments, were analysed quantitatively by laboratory Nal(Th 
y-spectrometry and also qualitatively by Ge(Li) spectro- 
metry. We found that in high activity areas most of the 
activity (two-thirds or more) was usually in the top 
2 or 3 inches of soil. Because of large local variations im 
soil activity on all the islands, we could not calculate 
accurate exposure rates in air from the one or two soil 
samples obtained per site. The soil samples proved very 
useful, however. for identifying and determining relative 
activities of the isotopes present, which were then used to 
estimate the relative contributions of these isotopes te 
the exposure rates at the various sites’, The relative 
exposure rate values obtained for the same sites with the 
apectrometer-ionization chamber system and from soil 
sample analysis agreed quite well. Beeause the Held 
spectrometer and ionization chamber “see” large areas 
{approximately 30 feet in diameter), local variations are 
averaged out and these measurements are very relueble. 

The composition of the radiation field on Lukoj, a 
densely vegetated heavy fallout area, where exposure 
rates varied from 60 to 200 ur./h, is indicated by the 
Ge(Li) spectrum (Fig. 3}. Approximately 60 per cent of 
the exposure rate at the soil sampling site m the high 
activity interior of the island was from *Co, 30 per cent 
from 18b and *™Rh and the remainder principally from 
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Fig. 8, Ge(Li) spectrum with’peak identification and approximate energies in keV of a soil sample taken from Lakoj Island, a hoavy fallout 
area on the south-western rim of the atoll. 
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87Cs. The relatively large "Co and "8b activities relative 
to Cs contrast with the Bikini Island situation. The 
peaks characteristic of the recently identified! long-lived 
isomer (2-9 yr) of rhodium, which we have designated 
1e2mRh, are quite prominent (Fig. 3) along with the °°Co, 
128b and Cs peaks. Also easily identifiable are *44Am, 
Eu, Rh, Rh, Ce and Zn. 

All of the isotopes identified in Fig. 3 along with "Eu 
and “Mn were present in spectra of soil samples from 
blast areas. In soils from non-blast, low fallout areas we 
usually found only trace amounts of Am, “Eu and 
Eu along with the major contributors, "Cs, Co and 
8b, We also detected *’Bi in a soil sample from the 
Bravo crater on the north-western reef and have tenta- 
tively identified 1°Ba in a soil sample from Nam Island. 

Although most of the isotopes which we found contribut- 
ing to the radiation fields on the atoll are familiar Jong- 
lived fission products, such as 17Cs (30 yr), Sb (2-7 yr), 
16 Ru-Rh (367 days) and “Ce (284 days) or frequently 
observed activation products such as *Mn (303 days) 
and “Zn (245 days). other isotopes such as Co, Bi, 
Pu, Eu and !’™Rh are rarely detected with such 
prominence in environmental samples. Many of the 
weapons tests were conducted on barges, and the resulting 
activation of "Co and °°Ni in the steel of the barges accounts 
for the large amount of "Co activity. Eu (12-7 yr), an 
apparent activation product, has been found previously? 
in trinitite, an artificial mineral produced in the first 
nuclear explosion in New Mexico in 1945. Rh (3 yr) 
and Rh (206 days) are also activation products. Rh 
is known to have been used as a tracer material in several 
weapons tests. HAm indicated the expected presence of 
plutonium isotopes. 

The measured external exposure rates along with 
the fractional contributions due to various short and long- 
lived components were used in estimating time integrated 
doses from external radiation to a returning population. 
Account was taken of the time breakdown of inhabitation 
of various areas of the islands. Because of the low 
cosmic-ray and negligible natural radioactivity levels, 
and the radioactive decay of the large fraction of short- 
lived components, these estimates rapidly become com- 
parable with or, in some cases, as for Eneu Island, much 
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lower than integrated doses from natural radiation in the 
United States. 

In addition to our measurements of external radiation 
at Bikini, intensive sampling by other investigators of 
flora, fauna, marine life, birds, soils and ground water 
was carried out in 1964 as well as in 1967, All these data 
were considered carefully by government officials and a 
special scientific committee of consultants in arriving at 
the recent decision to allow resettlement of certain islands 
of the atoll. 

The radiation situation on Bikini Atoll provided a 
unique opportunity for investigating an aged, relatively 
intense fallout field. We were able to relate exposure 
rates on the atoll to test locations and environmental 
conditions at and subsequent to the times of the tests. 
A large number of radionuclides, including several unusual 
for environmental samples, were found contributing to 
the wide range of external y-radiation levels. Utilization 
of the combination of ionization chamber and field spectro- 
metric measurements with laboratory Ge(Li) spectro- 
metry of soil samples proved to be a very effective method 
of analysing this complex radiation environment. 

The 1967 Bikini environmental survey was sponsored 
by the Division of Biology and Medicine of the US Atomie 
Energy Commission. We thank Edward Held, University 
of Washington marine radiobiologist, the survey leader; 
his assistant, Robert Erickson; Tommy McCraw, USAEC 
Division of Operational Safety; Arnold Joseph, USAEC 
Division of Biology and Medicine; Jack Tobin, former 
Trust Territory district anthropologist; James Hiyane, 
Trust Territory district agriculturist; and Francis 
Tomnovek and Edward Jones. US Naval Radiol ogical 
Defence Laboratory. 
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Extraordinary Tidal Currents near St Kilda 


by 
D. E. CARTWRIGHT 


National Institute of Oceanography, 
Wormley, Surrey 


Ir is a commonplace fact that almost all tidal effects 
around the British Isles, and indeed throughout most of 
the Atlantic Ocean, are predominantly semi-diurnal in 
character. The diurnal wave appears as a slight “‘in- 
equality” in the heights of the morning and afternoon 
tides, usually of about one tenth of the main amplitude. 
The vertical tide at Village Bay, Hirta (57° 48° 36” N, 
8° 33’ 54” W), in the St Kilda islands-—see map, Fig. 1—- 
is no exception. The topmost curve in Fig. 2 shows a 
typical progression from springs to neaps from a 5 month 
record made by a National Institute of Oceanography 
(NIO) pneumatic gauge installed there last summer 
(the first substantial tide record ever taken at St Kilda). 
Table 2 lists the principal harmonic constituents of this 
record, and their relation to the tidally well documented 
port of Stornoway, some 150 km distant. They are normal 





Recent measurements show that although the vertical tide at St 
Kilda has a normal diurnal inequality, the diurnal tidal currents 
are unusually strong. 
tidally induced continental shelf wave. 


The evidence points to a non-divergent 


apart from a slight anomaly in the phase relation to 
Stornoway at K,, to which I shall refer later. 

It is therefore remarkable to find that the tidal currents 
over the whole continental shelf within about 100 km 
of St Kilda contain diurnal variations with magnitudes 
comparable with those of the semi-diurnal current. and 
which in certain directions even exceed them. The 
northerly and easterly components of current at two 
typical places, for the period simultaneous with the selected 
sea level record, are depicted below it in Fig. The 
diurnal current wave is strongly evident even at semi- 
diurnal springs, but as the semi-diurnal wave dirnin- 
ishes, the diurnal variation progressively dominates the 
motion. 

The currents were recorded at an array of six stations by 
‘Bergen’ current meters? moored 25 m above the bottom 
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for periods of 28-31 days during June-July 1968. (The 
moorings also included ‘Braincon’ current meters at a 
height of 75 m, but these have not yet been analysed.) 
The positions of the moorings, numbered 1-6, are shown in 
Fig. 1. They were laid and recovered by the research 
ship Discovery, using acoustic monitoring and releasing 
systems? developed by M. J. Harris and D. I. Gaunt, and 
organized during this operation by D. I. Gaunt. 

The only place in the vicinity where a strong diurnal 
current has been reported seems to be in the Sound of 
Harris, a shallow channel between the Hebridean islands 
about 100 km east of St Kilda. The tidal regime there 
was described as long ago as 1665 by Sir Robert Moray’, 
although to my knowledge no explanation has ever been 
given. Commander N. C. Glen, RN, superintendent of the 
Admiralty’s Tidal Branch, has sent me some results of 
analysis of 2 day measurements (1 day at springs, 1 day 
at neaps) made in the Sound of Harris by HMS Cook in 
1954. They show proportions diurnal : semi-diurnal 
very similar to those described here. The effect, however, 
is apparently not remarkable in the Sea of the Hebrides 
or in the Minch. The Admiralty Atlas of Tidal Streams 
round the British Isles is blank in the region of St Kilda. 
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The present current data were analysed by methods 
very similar to those which Munk, Zetler and T advocated 
recently for all short-term pelagic tidal records‘. In brief, 
the tide at Stornoway is chosen as “reference” because 
of the several years’ record available there. The long 
record makes it possible to express the reference tide in 
terms of the elements of the gravitational potentials of 
the Moon and Sun and of the radiational effect of the Sun, 
using the Munk-Cartwright “response method". A 
synthetic Stornoway tide is thereby generated in terms of 
the lunar and solar ephemerides for the period of the cur- 
rent (and Hirta sea level) records, providing a noise-free 
input series with which the current and other records can 
be correlated using spectral and other techniques. One 
finally obtains the “admittance” of the given record to 
the reference tide at the relevant tidal frequencies. The 
standard harmonic constituents follow by multiplying 
the constituents of the reference tide by the admittance 
at the appropriate frequencies. 

Consider first the ee spectra of a typical current 
record, position No. 6, 29 d 3 h long, shown in Fig, 3. 
No smoothing was ned in frequency, se that the main 
tidal groups are fairly well resolved. The spectrum is 
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Fig. 2. Sea level at Village Bay, Hirta (top), and north and east com- 
ponents of current at positions 1 and 6 during 9 days of mostly fair 
weather, The scale markings are 1 m and 0-25 m/s apart. 


continued up to 6 c/d so that one can see that second or 
third harmonic distortion, which would appear near 4 or 
6 e/day, is negligible. The small but noticeable peak 
labelled MK,, however, seems to be due to a species 1/ 
species 2 interaction (Table 1). 


Table 1, SPEOTRAL VARIANCES 
Band centre Be “6 10 1-5 20 2-5 30 3-5 
Data North 23 567 23 109-6 10 12 0-5 
East 24 353 15 160-7 1-0 6-2 0g 
Residual North 23 21 23 22 1-0 t1 05 
East 24 24 tö 20 16 57* 0-6 


Measurements are given in (em/s)*. 
* The larger residuals in species 8 arise because the actual tide is a non- 
linear effect (ME,) while the reference tide is expressly linear (Ma). 


The energies in tidal species 1 (diurnal) are large, as 
expected from Fig. 2, but it is also remarkable that the 
energy of the K, group is an order of magnitude greater 
than that of O,. For the vertical tide (Hirta) at the time, 
the log energy ratio (K,/O,) is only about 0-38. This is 
another essential difference in character between the 
diurnal current and vertical tide, which is reflected in a 
non-constant admittance at diurnal frequencies. By 
contrast, the admittances at species 2 are nearly flat. 
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indicating a simple relationship between semi-diurnal 
current and vertical tide. Figures for the admittances 
to the Stornoway reference, and for the harmonic con- 
stituents On Ki Ma S, for all positions are listed in 
Table 3. 

The first two rows of Table 1 show the spectral variances 
for position 6 in frequeney bands 


(4 M e/lunar day + 44 e/month), Ms L(1)7 


obtained by summing the spectra depicted in Fig. 2 over 
the appropriate ranges. Even values of M give the tidal 
variance in species $ M; odd values give non-tidal ‘“‘con- 
tinuum” level. The second two rows give the correspond- 
ing values when the appropriate convolution of the refer- 
ence tide is subtracted from the data. The essential faet 
is that the residual variance at tidal frequencies is com- 
parable with that of the non-tidal continuum, showing 
that the tidal energy of the currents in both species 1 
and 2 is very precisely coherent with the Moon’s and 
Sun’s elements. This proves that the currents are not 
associated with internal tides, which would be largely 
incoherent, due to slow variations in the density structure 
of the sea. 


Table 2. PRINCIPAL HARMONIC CONSTANTS AT VILLAGE BAY, HIRTA, WITH 


ADMITTANCES REFERRED TO STORNOWAY TIDE 






Admittance Station Reference 
Imag- Amp- E 
Real inary litude Arg.’ H cem Ge Hem Ge? 

Q, 0748 OOl 0-744 316 25 287-9 33 2911 
O, 0708 —0-004 0-708 ~ 0°32 65 353-4 G2 353-1 
P, 0718 0-125 0-729 9-87 26 1198 85 120-7 
K, @718 0125 0-729 87 9S 124-6 130 134-5 
N, 0-659 0-246 070i 20-49 20:2 153-7 287 1742 
M: 0-674 0278 0729 22388 1018 1749 1397 1973 
S, 0-666 0-277 0722 22-60 302 2071 544 OF 
K, 0-666 0:277 0722 22-60 108 205-5 149 31 
The period analysed was May 1 to September 27, 1968. Admittances 


were derived from ensemble averages of five consecutive 29 dav erosa- 
spectral analyses. 


The figures in Tables 2 and 3 reveal some interesting 
facts about continuity and pressure gradients. These 
will be discussed in a later publication, when the vertical 
structure of the currents has been explored more 
thoroughly from other data taken during July 1968. 
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ig. 3. Spectra of variance of north and east components of current at mooring position 6. The length of the 
is record analysed was 699-5 h. 
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PRINCIPLES OF GENERAL 
NEUROLOGY 


An Introduction to the Basic Principles of Medical and 
Surgical Neurology 


Barry Wyke, Senior Lecturer in Applied Physiology, Institute 
of Basic Medical Sciences, University of London; Head of 
the Neurological Laboratory, Royal College of Surgeons of 
England 


CONTENTS: Preface; list of tables; list of illustrations; 
list of abbreviations, symbols and units. Part |, CeMular 
Neurology—The Individual Neurone. \ntroduction; cytology 
of neurones: the structure of nerve cells; cytology of 
neurones: the structure of nerve cells; cytology of neurones 
-—the structure of nerve fibres; physiology of neurones-— 
excitation and impulse conduction; physiology of neurones- 
factors affecting neuronal activity; pharmacology of neurones. 
Part Il. Central Neuronal Communication Processes, Intro- 
duction; central synaptic transmission—structural aspects; 
central synaptic transmission—structural aspects; central 
synaptic transmission—functional aspects. Part lll. Electrica/ 
Activity of the Brain, introduction, the normal electro- 
encephalogram; genesis of the electroencephalogram: 
factors influencing cerebral electrical activity, Part IV. 
The Neurological Basis of Surgery Anaesthesia introduction; 
‘levels’ and ‘stages’ of surgical anaesthesia; the neurology 
of general anaesthesia: electrographic monitoring of surgical 
anaesthesia. Part V. Pharmacodynamics of Central Communi- 
cation Processes. introduction; general principles of synaptic 
drug action; drugs acting on central synapses—soporifics; 
drugs acting on central synapses—sedatives, relaxants and 
tranguillizers: drugs acting on central synapses—narcotics, 
analgesics and anaesthetics; drugs acting on central synapses 
-~anti-ictals; drugs acting on central synapses~—activators 
(stimulants, antidepressants, analeptics and convulsants). 
Part Vl. Visceral Neuronal Communication Processes, 
Introduction; ganglionic synaptic transmission—structural 
and functional aspects; drugs acting on ganglionic synapses 
—-ganglion-blocking and stimulating agents. Part VI, Neuro- 
muscular Communication Processes. introduction; neuro- 
muscular synaptic transmission—structural aspects; neuro- 
muscular synaptic transmission—functional aspects; drugs 
acting on neuromuscular synapses--neuromuscular blocking 
(peripheral relaxant) agents. Part VIH. Cerebral Circulation 
and Metabolism, \ntroduction; assessment of cerebral 
blood flow and metabolism; cerebral haemodynamics; factors 
influencing cerebral blood flow; cerebral metabolism; 
cerebral circulation and metabolism during surgical anaes- 
thesia. Part IX. The Cerebrospinal Fluid. —§ \ntroduction— 
the nature of cerebrospinal fluid; cerebrospinal fluid dyna- 
mics—formation, circulation and removal; cerebrospinal 
fluid hydrodynamics and intracranial pressure; compo- 
sition of cerebrospinal fluid; pharmacological aspects of 
cerebrospinal fluid. Index, 


1969 75Spages 192 illus 41 tables £12 0 0 





Some new and recent NEU ROLOGY titles from Elsevier ... 


FUNCTIONS OF THE NERVOUS 
SYSTEM 


Marcel Monnier, Professor of Physiology, Physiological Insti» 
tute of the University of Basel, Switzerland 


Volume 1: General Physiology-—-Autonomic Functions 


CONTENTS: Preface--The work of W. R. Hess, Part i. 
General physiology of the nervous system—electrophysio- 
logical methods for investigation of the nervous system: 
function of the neurone and nerve fibre: Part Il. Organiza- 
tion of visceral functions by the autonomic nervous system 
peripheral organization of visceral functions; the rr 
rhombo-spinal organization of visceral reflexes 
bencephalic organization of visceral performances; dien 
phalic organization of visceral performances; rh hali 

















organization of the viscerosomatic behaviour; neocortical 
organization of visceral functions; Part ll, Control of special 







visceral functions; neurohumoral regulation of hermopale 
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nity; neurohumoral regulation of blood circulation; 
humoral regulation of respiration; regulation of food y 
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ism; regulation of temperature; neurohumoral regul 
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blood circulation; regulation of the cerebrospinal fi 
circulation; influence of the autonomic nervous system on 
the eye; influence of the autonomic nervous system on the 
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autonomic nervous system on somatometar fi 
hormonal activities and psychic functions; biorhythn 
autonomic visceral systems; tests for autonomic ner 
regulation; subject index. 


1968 640 pages 280 illus. 


CEREBRAL CIRCULATION 


Progress in Brain Research, Volume 36 


Edited by W. Luyendijk, Professor of Neurosurgery, Division 
of Neurosurgery, Academic Hospital Leyden, The Netherlands 
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CONTENTS: Section |. Anatomy/embryology. Section 2. 
Physiology. Section 3. Neuropathology. Section 4. Neuro 
radiology. Section 5. Other methods of investi 
Section 6, Occlusive vascular lesions. Section 7. In al 
aneurysms. Section 8 Arteriovenous aneurysms. Section 9. 
Miscellaneous. 


1968 998 pages 


JAKOB-GREUTZFELDT DISEASE 


Walter R. Kirschbaum, Associate Professor, Departmen? of 
Neurology and Psychiatry, Northwestern University Medical 
School, Chicago, Ilinois, U.S.A. 


CONTENTS: Preface; the original description; tabulation 
of the case reports: comments on the tabulated cases and 
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NEW TITLES FRO 
THE BUTTERWORTH GROUP 


High Temperature Technology—3 


International Union of Pure and Applied Chemistry ; 

This high level volume records the proceedings of the 3rd International Symposium organized and directed by Stanford Research Institute 
at Asilomar, Pacific Grove, California, 1967. It will be of particular interest to materials scientists, metallurgists, physicists and chemists. 
1989 768 pages illustrated £16 10s. 


Microwave Study of Chemical Structures and Reactions 


by P. HEDVIG, D.Phil and G. ZENTAI, BEng., English translation edited by E, D. MORGAN, BSc(Dal), MA, DPhil(Oxon), FRIC 

This book is a comprehensive guide to users and potential users of microwave spectroscopy, covering both theoretical and practical 
aspects. Microwave rotational-inversion, electron spin resonance, nuclear magnetic resonance, and nuclear quadrupole resonance 
are described together with dielectric spectroscopy and electrical conductivity in solids. The design and operating principles of spactro- 
meters of each type are described and many illustrations of spectra and diagrams of apparatus and explanatory figures included. 

1969 445 pages 188 illustrations 105s. 


Named Organic Reactions 


by RONALD C. DENNEY, BSe(Hons), PhD, ARIC 

The 72 named reactions chosen for this boak are those most commonly dealt with by undergraduates in their degree studies. Each is 
described in detail under the following sub-headings: Nature of the Reaction. Historical Development. Mechanism. General Reaction 
Conditions, Applications. in order to cater for the needs of the student, the author has tried to weld together the historical, practical 
and theoretical aspects of each reaction, and has included an extensive list of references with each. 

1969 288 pages illustrated limp 38s. 


Ninth European Congress on Molecular Spectroscopy 


international Union of Pure and Applied Chemistry 

The authoritative lectures presented at the Congress in Madrid, Spain, 10-15 September, 1967, include: Infrared Study of Transient 
Molecules in Chemical Lasers (Pimentel, U.S.4.); The Theory of Intensities in the Infrared Spectra of Polyatomic Molecules (Gribov, 
US.S.R.); Force Field of Large Molecules (Califano, Italy). 

7969 178 pages 65 illustrations 58s. 


Homogeneous Catalysis with Special Reference to Hydro- 
genation and Oxidation 


Faraday Society Discussion No. 46 

The record of a general discussion held at the University of Liverpool from the 17~19 September, 1968. The President, Professor 
C. E. H. Bawn, CBE, PhD, FRS, was in the Chair and 208 members from the UK and overseas were present. 

1969 290 pages illustrated £5 5s. 


Structure of Organic Solids 


International Union of Pure and Applied Chemistry in conjunction with the Czechoslovak Academy of Sciences and 
Czechoslovak Chemical Society. 

The main lectures presented at the Second Microsymposium held in Prague, Czechoslovakia, 16-19 September, 1968, include: The 
Structure of Amorphous Solids (Ruland, Belgium); Neutron Diffraction Studies of Organic Molecules (Bacon, U.K.); Optical Methods 
as an Aid in Structure Determination (Taylor, U.K). 

1969 92 pages 94 illustrations 58s. 


21st International Congress of Pure and Applied Chemistry 


in conjunction with the Czechoslovak Academy of Sciences and Czechoslovak Chemical Society 

This record of the Congress Lectures presented in Prague, Czechoslovakia 4-9 September, 1967, is divided into three sections as follows: 
Automation in Analytical Chemistry. Toxicological Chemistry. Chemistry of Nucleic Acid Components. 

1969 278 pages 148 illustrations £5 


The Use of Chemical Literature—(2nd Edition) 


Edited by R. T. BOTTLE, BSc, PhD, FRIC, MllnfSc. 

This new edition marks the formal start of literature guides entitled /nformation Sources for Research and Development. The information 
is designed to enable the new graduate to get the practice he needs in efficient use of the chemical literature before tackling his own 
literature problems. The range of contributors is very wide, including members of university chemistry departments, libraries, commerce 
and industry. Every effort has been made in selecting the material and its layout to make this a vital reference tool. 

1969 320 pages 6s. 
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RECENT SCIENTIFIC and TECHNICAL BOOKS 


Volumes marked with an asterisk {*) have been received at “Nature” Office 


Mathematics 


ANDREYEV, N.I. Correlation Theory of Statistically Optimal Systems. Trans- 
lated by Scripta Technica, Inc. Edited by W. H. Fleming. (Saunders Mathematics 
Books.) 9} in.x 6} in, (24 em x 16 em). Pp. x-+370, (Philadelphia and London: 
W. B. Saunders Company, 1969.) 123s,* 

BOUSSINESQ, J. Application des Potentiels à l'Étude de lEquilibre et du 
Mouvement des Solides Elastiques. Nouveau Tirage. 10 in.» 6} in, (255 cm» 
16 cm). Pp. 734. (Paris: Librairie Scientifique et Technique Albert Blanchird, 
1969.) 84 francs. * , 

BOX, George E. P., and DRAPER, Norman R. Evolutionary Operation: a 
Statistical Method for Process Improvement, (Wiley publication in Applied 
Statistics.) 94 in. x 6ł in, (23-5 em x 16 em). Pp, xi+237, (New York and London: 
John Wiley and Sons, 1969.) 103s.* 

CERCIGNANI, Carlo. Mathematical Methods in Kinetic Theory, 9} in,» 
(23-5 cmx 16 em). Pp. ix +227. (New York: Plenum Press, 1969.) $15.* 


6} in, 


CHAMBERS, LI, G. A Course in Vector Analysis. 82 in, » 54 in. (22 em » 15 cm). 
Pp. vili+23t. (London: Chapman and Hall, Ltd., 1969.) 45s.* 
COOPER, B. E. Statistics for Experimentalists. 94 in, x 6 in, (23-5 em ~ 15-5 em). 


Pp, ix+236. (Oxford, London and New York: Pergamon Press, 1969.) 70s. $9.* 

CUNNINGHAM, J. Vectors. 82 in. x 54 in. (22 cm» 14 cm). Pp. viit 153, 
{London: Heinemann Educational Books, Led., 1969.) 35s. net. * 

DONOGHUE, Jr., William F. Distributions and Fourier Transforms, (Pure and 
Applied Mathematics, Vol. 23), 94 in,» 6 in. (22-5 cmx 15-5 em). Pp. viii +315, 
{New York and London: Academic Press, 1969.) 149s.* 

GOLDEN, Sidney. Quantum-Statistical Fo indations of Chemical Kinetics. 
(Oxford Mathematical Monographs.) 9% in. = 6 in, (23-5 em» 15:5 em). Pp. 163. 
(Oxford: Clarendon Press; London: Oxford University Press, 1969.) 55s, nec. * 

KENDALL, Maurice G., and STUART, Alan, The Advanced Theory of Statistics, 
Vol. I: Distribution Theory. Third edition, 10 in.<7 in, (25-5 em» 18 cm), 
Pp, xii+439. (London: Charles Griffin and Co. Ltd., 1969.) 90s.* 

KOWALIK, J. and OSBORNE, M. R. Methods for Unconstrained Optimization 
Problems. (Modern Analytic and Computational Methods in Science and Mathe- 
matics.) 94 in. x 6 in. (23-5 cmx 16cm). Pp. xii +148. (New York and Barking: 
American Elsevier Publishing Company, 1968.) 100s.* 

LAKSHMIKANTHAM, Y., and LEELA, S. Differential and Integral Inequalities : 
Theory and Applications. Vol. |: Ordinary Differential Equations. (Mathematics 
in Science and Engineering, Vol. 55). 94 in. x 64 in, (23-S cm x Ié cm). Pp. ix +390. 
(New York and London: Academic Press, 1969.) 173s.* 

LOONSTRA, F. Introduction to Algebra. 9} in, ~ 64 in. (23-5 em x 16 em). 
Pp. ix+317. (Maidenhead: McGraw-Hill Publishing Co., Ltd., 1969.) 54s.* 

SARIO, L., and OIKAWA, K. Capacity Functions. (Die Grundlehren der 
Mathematischen Wissenschafcen in Einzeldarstellungen mit besonderer Berück- 
sichtigung der Anwendungsgebiete, Band 149). 94 in. x 6% in. (23-5 cm x 16 cm). 
Pp. xvii+-361, (Berlin und New York: Springer-Verlag, 1969.) 96 DM.; $24.* 

SAVAGE, |. Richard. Statistics: Uncertainty and Behaviour. 9} in. x 64 in. 
(24 em x 165 cm). Pp. xiii +344, (Boston and New York: Houghton Mifflin 
Company, 1968.) $8.95.* 

SIMONS, $. Introduction to the Principles of Quantum Mechanics. 9 in, x 54 in. 
(23 cm x l4 cm). Pp. vit 116, (New York: Plenum Press; London: Logos Press, 
Ltd., 1968.) n.p.* 

VILENKIN, N. Ja. Fonctions Spéciales et Théorie de la Représentation des 
Groupes. Traduit par D. Hérault, (Monographies Universitaires de Mathé- 
cee 9} in.» 62 in. (ZS cm = 16 cm). Pp. xxxii + 626. (Paris: Dunod, 1959.) 

rancs. 


Astronomy 


FIRSOFF, V. Axel. The World of Mars. (Contemporary Science Paperbacks” 
No. 35). 7 in. « 44 in. (1B em E15 em). Pp. vit 124-17 plates. (Edinburgh: 
Oliver and Boyd, Ltd., 1969.) 7s. 6d.* 

MINNAERT, M. G. 5. Practical Work in Elementary Astronomy. 9} in. 62 in, 
(25 cmx I7 cm). Pp. xxiii+247, (Dordrecht: D. Reidel Publishing Company, 
1969.) 35 florins.* 

MOORE, Patrick. The Development of Astronomical Thought. (Contemporary 
Science Paperbacks, No. 36.) Zin. x 44 in, (18 em x them). Pp. vii+119-+8 places. 
(Edinburgh: Oliver and Boyd, Ltd,, 1969.) 7s. 6d.* 

VORONTSOV-VEL'YAMINOV, B.A, Astronomical Problems: an Introductory 
Course in Astronomy, Translated by P. M. Rabbitt, Translation edited by 
Arthur Beer and John B. Hutchings. 8? in. x 52 in. (22 em x 15 cm). Pp. xi +344- 
19 plates, (Oxford, London and New York: Pergamon Press, 1969.) 80s.; $10.* 

WEEKES, Trevor C. High-Energy Astrophysics. 9 in, x 5} in. (23 cm = 14 cm). 
Pp, xi +207. (London: Chapman and Hall, Ltd., 1969.) 60s,* 


Physics 


ABIR, David (edited by). Contributions to Mechanics, (Markus Reiner 
Eightieth Anniversary Volume.) 9} in,» 64 in, (23-5 em x 16 em). Pp. xiii t 445, 
(Oxford, London and New York: Pergamon Press, 1969.) 160s.; $21.* 

ADAIR, Robert K. Concepts in Physics. 9} in. x 64 in, (24 cmx 165 cm), Pp. 
xiv 4-785. (New York and London: Academic Press, 1969.) 1}7s.* 

ALLEN, L. Essentials of Lasers. (The Commonwealth and International Library 
of Science, Technology, Engineering and Liberal Studies: Selected Readings in 
Physics.) 8 in. x 5 in, (20 em x 12-5 cm). Pp. ix+233. (Oxford, London and New 
York: Pergamon Press, 1969.) 45s.; $7 hard cover, 35s.; $5.50 flexi-cover.* 

BARANGER, Michel, and VOGT, Erich (edited by). Advances in Nuclear Physics, 
Vol. 2, 94 in. x 62 in. (23-5 em x 16 em), Pp. xiii-+430, (New York: Plenum Press, 
1969.) $18.50,* A 

BEAUDOUIN, L. La Radiographie Eclair. 94 in. « 6} in, (24 cmx 16 cm). 
Pp, 220. (Saclay, S.-et-O.: Institut National des Sciences et Techniques Nucléaires; 
Paris: Presses Universitaires de France, 1968.) n.p.* 

BLAKEMORE, J. S. Solid State Physics. 10 in, x 6} in. (25-5 cmx I7 cm). Pp. 
xii+391. (Philadelphia and London: W. B. Saunders Company, 1969.) 115s.* 

BOGOLYUBOY, N. N. (edited by). Structure of Complex Nuclei. (Lectures 
presented at an International Summer School for Physicists, organized by the 
Joint institute for Nuclear Research and Tiflis State University in Telavi, Georgian 
SSR.) Translated from the Russian. 102 in. x Bł in. (27 em» 2t cm), Pp. vii+2I7. 
(New York: Consultants Bureau, 1969.) n.p.* 


BOHR, Aage, and MOTTELSON, Ben R. Nuclear Structure, Vol, t: Single» 
Particle Motion. 103 in.x 7 in, (26 cm < IB cm). Pp. xiii 471. (New York and 
Amsterdam: W. A. Benjamin, inc., 1969.) $25,* 

BROWN, Sanborn C. (edited by). Collected Works of Count Rumford, 
Vol.2: Practical Applications of Heat. 92 in. x 6} in. (24 em w (60m), Pp. with} 523, 
(Cambridge, Mass.: The Belknap Press of Harvard University Press; London: 
Oxford University Press, 1969.) 95s, net,* 

BURHOP, E, H.S. (edited by). High Energy Physics, Vol. 4. 9b in. Gf in, (23-5 
cm 16 em). Pp. xii+442, (New York and London: Academie Prass, 1969.) 
$22; 205s. 4d.* 

BURSTEIN, Elias, and LUNDQVIST, Stig (edited by}, Tunnelling Phenomena 
in Solids. (Lectures presented at the 1967 NATO Advanced Study institute, Risd, 
Denmark.) 94 in,» 64 in, (235 cm 16 cm). Pp. x +579, (New York: Plenum 
Press, 1969.) $35.* 

CHADDERTON, Lewis T., and TORRENS, lan McC. Fission Damage in Crystals, 
Shin. © 6} in. (24 cmv 16 cm). Pp. xi +265, (Londan: Methuen and Co., Led,, 
1969.) 85s.* 

CHAMBADAL, P, A la Recherche de la Réalité Physique. Bin.» 3 in. (20 cm 
13cm}. Pp. xii-+257. (Paris: Librairie Scientifique et Technique, 1969.) 26 francs,* 

COLLOQUE INTERNATIONAL SUR AL DOSIMETRIE DES IRRADIATIONS 
DIES A DES SOURCES EXTERNES (Dosimetry of frradiations from External 
Sources), Paris, 23-27 Novembre 1964. (Section Francaise de ta Health Physics 
Socisty.) Tome |: Pp. 164. Tome 2: Pp. 181. tO} in, x8} in. (26-5 em xti emh 
(Le Vésiner, France: Service Central de Protection contre les Rayonmements 
lonisants, 1967.) n.p.* 

CRACKNELL, Arthur P. Crystals and their Structures. (The Commonwealth 
and international Library of Sciance, Technology and Liberal Studies: Physics 
Division.) 72 in. x5 in. (19-5 em 2EL5 em). Pp. ix-+23l. (Oxford, London and 
New York: Pergamon Press, 1969.) 45s.; $7 hard cover: 35s,; $5.50 flexi-cover,* 

DAVIES, Kenneth, lonospheric Radio Waves. 9 in.» 6 in. (23 em 15-5 emh 
Pp. xvii-+460, (Waltham, Mass,, and London: Blaisdell Publishing Company, a 
Division of Ginn and Co npany, 1969.) $13.50.* 

DECAUX, Bernard, et GUINOD, Bernard. La Mesure du Temps, (“Que Saipe?” 
No. 97.) Zin. x4hin. (Bom HS om), Pp. 125, (Paris: Presses Universitaires de 
France, 1969.) n.p,* 

EINSTEIN, A. Grundzüge der Relativicdtsthearie, 5., cugleich 7., erweiterte 
Auflage der “Vier Vorlesungen liber Relativicdestheorie’’. (Wissenschaftliche 
Taschenbücher, Reihe Mathematik-Physik, Band 53.) 7 in. » 44 in. {IB em x t emh 
Pp. 166, (Berlin: Akademic-Verlag; Oxford: Pergamon Press; Braunschweig: 
Vieweg und Sohn, 1969.) 9.80 DM paperback .* 

EINSTEIN, A. Uber Spezielle und Allgemeine Relativitdistheorie. 21. Auflage. 
(Wissenschaftliche Taschenbücher, Reihe Mathematik-Physik, Band 59), 7 in. x 
4} in. (1B cmx Them), Pp. 130. (Berlin: Akademie-Verlag: Oxford: Pergamon 
Press; Braunschweig: Vieweg und Sohn, 1969.) 6.80 DM paperback.” 

FAIN, V. M. and KHANIN, Ya. i. Quantum Electronics. Yol, |: Basic Theory, 
(international Series of Monographs in Natural Philosophy, Vol. 13.) 94 in. x 6} in. 
{23-5 emx 16 cm}. Pp. xix +314. (Oxford, London and New York: Pergamon 
Press, 1969.) 105s.; $15.50.* 

FAIN, Y, M., and KHANIN, Ya. i, Quantum Electronics. Yol, 2: Maser Ampli- 
fiers and Oscillators. Translated by H. S. H. Massey. Edited by J. H., Sanders, 
{international Series of Monographs in Natural Philosophy, Vol. 14). Sinex étin, 
{23-5 cmx t6 em). Pp. xix-+-3IL (Oxford, London and New York: Pergamon 
Prass, 1969.) 105s.; $15.50.* 

FISTUL’, Victor 1. Heavily Doped Semiconductors. Translated fram the Russian 
by Albin Tybulewicz. (Monographs in Semiconductor Physics, Vol. 1). 9} in. x 
é} in. (23-5 em x 16 on), Pp. xi +418, (New York: Plenum Press, 1969.) $25," 

GERHOLM, Tor Ragnar. Physics and Man: an Invitation to Modern Physics. 
8} in. 54} in, (21-5 ems I4 cm). Pp. xi +362. (Totowa, N.J: The Bedminster 
Press, 1967.) $10.* 

GLASOV, Vasilli M., CHIZHEVSKAYA, Svetlana, and GLAGOLEVA, Natal'ya N, 
Liquid Semiconductors. Translated from the Russian by Albin Tybulewicz, 
(Monographs in Semiconductor Physics, Vol. 2.) 9} in. 6) in. (23-5 cm x 16 cm). 
Pp, xii-+-362. (New York: Plenum Press, 1969.) $22.50. * 

HAIDEMENAKIS, E. D. (edited by). Physics of Solids in intense Magnetic Fields, 
{Lectures presented at the First Chania Conference, heid at Chania, Creve, 
July 16-29, 1967.) 9} in. 6} in, (23-5 cm = t6 cm). Pp, xx +483. (New York: 
Flanum Press, 1969.) $27.50. * 

HO, C. Y. and TAYLOR, R. E. (edited by). Thermal Conductivity, (Proceedings 
of the Eighth Conference held at Purdue University, West Lafayerte, indiana, 
October 7-10, 1968.) Thin. =x 8) in. (2B cmx 21-5 cm). Pp, e+ 116% (New York: 
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JANCOVICI, Bernard. Physique Statistique et Thermodynamique, Premier 
Cycle. Bf in. x 52in, (22cm = (Sem), Pp. xii 184, (Paris: Ediscience, 1969.) n.p,* 

KELLER, William E. Heliun-3 and Helium-4. (International Cryogenics Mono- 
graph Series.) 9% in, x 6} in. (23-5 em x 16cm). Pp. xit 431, (New York: Plenum 
Press, 1969,) $18.50.* 

KESTIN, Jaseph. A Course in Thermodynamics, Yol, 2. 102 jn. 7 in. (26.600 x 
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pany, a Division of Ginn and Company, 1963.) $15.50," 
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LANDSHOFF, Rolf K. M., and MAGEE, John L. (edited by), Thermal Radiation 
Phenomena, Vol. i: Radiative Properties of Air, Pp, xvit 647. $28. Vol. 2: 
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LIVINGOOD, John J. The Optics of Dipole Magnets, Fh in. x él in. (23-5 om x 
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NUDELMAN, Sol, and MITRA, S. S, (edited by). Opcical Properties of Solids. 
(Papers from the NATO Advanced Study Institute, August 7-20, 1966, Freiburg, 
Germany.) (Optical Physics and Engineering.) 9} in. x éi in. (23-5 ce f6 em}. 
Pp. xi-+641. (New York: Plenum Press, 1969.) $35.* 

PARKS, R. D. (edited by). Superconductivity. Vol. i: Pp. xv} }-864. Vel, 2: 
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PLASMA PHYSICS AND CONTROLLED NUCLEAR FUSION RESEARCH, 
Vol. |. (Proceedings of the Third International Conference held by the inter- 
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national Atomic Energy Agency at Novosibirsk, 1-7 August 1968. Proceedings 
Series.) 94 in. 64 in. (24 cmx 16 cm), Pp. 998. (Vienna: international Atomic 
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POHL, Herbert A., and PICKARD, William F, (edited by). Dielecerophoretic 
and Electrophoretic Deposition. 9 in.« 6 in. (23 em 15-5 em). Pp. vii+ 129, 
(New York: Electrochemical Society, 1969.) n.p.* 

RESONANCES MAGNETIQUES. (Recueil de Travaux des Sessions de Per- 
fectionnement, Institut National des Sciences Appliquées—Lyon, No. 4. Mono- 
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ROMAN, Paul, Introduction to Quantum Field Theory. 9} in, x 62 in. (235 
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ROSS, Dieter. Edited by ©. S. 
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STEPHENSON, Reginald J. Mechanics and Properties of Matter. Third edition, 
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STROKE, George W. An Introduction to Coherent Optics and Holography. 
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TEBBLE, R. S. Magnetic Domains. (Methuen’s Monographs on Physical Sub- 
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TRILLING, Leon, and WACHMAN, Harold Y. (edited by). Rarefied Gas 
Dynamics, Vol. I. (Proceedings of the Sixth international Symposium held at 
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TRUELL, Rohn, ELBAUM, Charles, and CHICK, Bruce B. Ultrasonic Methods 
in Solid State Physics. 94 in, x 6 in. (23-5 cm 16 cm). Pp. xiv +464. (New York 
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WEGENER, Peter P. (edited by), Nonequilibrium Flows, Part I. (Gasdynamics: 
a Series of Monographs.) 9} in. x 6} in, (23:5 cmx 16 cm). Pp. xii+254. (New 
York and London: Marcel Dekker, 1969.) $13.75.* 

WYARD, S. J. (edited by), Solid State Biophysics: Applications of Electron 
Spin Resonance, Dielectric Measurement, the Mossbauer Effect, and Lasers to 
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ZIMAN, J. M. (edited by). The Physics of Metals. 1: Electrons. 92 in. x 6b in. 
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ABRAMOVICH, G. N. (edited by). Turbulent Jets of Air, Plasma, and Real 
Gas. Translated from the Russian, 103 in. x 8} in. (27 cmx 21 cm). Pp. viit 144, 
(New York: Consultants Bureau, 1969.) n.p.* 

ABUNDANT NUCLEAR ENERGY. (Proceedings of a Symposium held at 
Gatlinburg, Tennessee, August 26-29, 1968.) 9 in. 6 in. (23 cm 1555 cm), 
Pp. 352. (Oak Ridge, Tennessee: U.S. Atomic Energy Commission, Division of 
Technical information, 1969. Available from Clearinghouse for Federal Scientific 
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APPLICATION OF ON-LINE COMPUTERS TO NUCLEAR REACTORS. 
(Proceedings of Sandefjord (Norway) Seminar, 2-6 September 1968.) 104 in. x 72 
in, (265 em 195 cm). Pp, 903. (Paris: European Nuclear Energy Agency, 
OECD, 1969.) 95 francs: 145s., $20; 70 DM,* 

BAKER, Sir John, and HEYMAN, Jacques. Plastic Design of Frames. Vol, I: 
Fundamentals, 94 in.» 6} in. (23-5 cmx 16 cm). Pp. vii4+-228. (London: Cam- 
bridge University Press, 1969.) 55s.: $9.50.* A 

BEVANS, Jerry T. (edited by). Thermal Design Principles of Spacecraft and 
Entry Bodies. (Progress in Astronautics and Aeronautics, Vol, 21, An American 
institute of Aeronautics and Astronautics Series.) 94 in, x 62 in. gi cmx 16 em). 
Fp. xx+855, (New York and London: Academic Press, 1969.) 163s,* 

BLAIR, G. W. Scott, Elementary Rheology. 9} in.» 6 in. (23:5 cmx 15-5 em). 
Pp. xi +158, (London and New York: Academic Press, 1969.) 35s.; $5.50.* 

BUNSHAH, R. F, (edited by). Techniques for the Direct Observation of 
Structure and Imperfections, Part 2, (Techniques of Metals Research, Vol. 2, 
Part 2.) 94 in. x 6} in. (23-5 cm >= 16 em). Pp. xii +501-952+50. (New York and 
London: Interscience Publishers, a Division of John Wiley and Sons, 1969.) 234s. * 

CHAMPION, K. S, W., SMITH, P, A., and SMITH-ROSE, R. L. (edited by). 
Space Research IC, (Proceedings of Open Meetings of Working Group of the 
Eleventh Plenary Meeting of COSPAR, Tokyo, 9-21 May 1968.) 9} in.x 6} in. 
(24 emx 16:5 cm), Pp. xvii +770. (Amsterdam: North-Holland Publishing 
Company, 1969.) 280s.* 

DE VEUBEKE, B, Fraeijs (edited by). Advanced Problems and Methods for 
Space Flight Optimization, (Proceedings of a Colloquium held at the University 


of Liège, Belgium.) 9} in.x 6} in. (235 cmx 16 cm). Pp. vii+292, (Oxford, 
London and New York: Pergamon Press, 1969.) 120s.; $16.* 
DER WASSERGUTEATLAS: METHODIK UND ANWENDUNG. (Atlas of 


Water Quality: Methods and Practical Conditions.) (Münchener Beitrage zur 
Abwasser-, Fischerei- und Flussbiologie, Band 15.) 92 in, x 6b in. (235 cmx 16 
cm). Pp. 874-64 tafeln. (München und Wein: Veriag R. Olderbourg, 1969.) 
94 * 


DM. 

DICKSON, Ill, James F,, and BROWN, J. H. U, (edited by). Future Goals of 
Engineering in Biology and Medicine, (Proceedings of an international Conference 
held at Washington, D.C., September 1967.) 9} in.» 6b in. (235 cmx 16 cm), 
Pp, xv 4359. (New York and London: Academic Press, 1969.) 1495.* 

ERNST, George W., and NEWELL, Allen. GPS: a Case Study in Generality 
and Problem Solving. (ACM Monograph Series.) 9} in, » 6} in, (23-5 cm x 16 cm), 
Pp. x+297, (New York and London: Academic Press, 1969.) 140s,* 

FAIZULLAEV, Ozharulla F. Laminar Motion of Multiphase Media in Conduits. 
Translated from the Russian, 10} in, x 84 in. (27 cm x 21 em). Pp. vie t44. (New 
York: Consultants Bureau, 1969.) o.p.* 

FOWLER, Lewis, CONNELLY, B, L. and KRUEGER, R. G. (edited by). Analysis 
Instrumentation, Vol, 6. (Proceedings of the Fourteenth Annual Analysis Instru- 
mentation Symposium, May 19-22, 1968, Philadelphia, Pennsylvania.) Ein. x Bd in. 
(28 cm x21 cm). Pp. viiit-375. (New York: Plenum Press, 1969.) $18.50.* 

GOSMAN, A, D., PUN, W, M., RUNCHAL, A. K., SPALDING, D. B., and 
WOLFSHTEIN, M. Heat and Mass Transfer in Recirculating Flows. 10 in. 64 in. 
(25-5 em x l6 cm). Pp. xii+338, (London and New York: Academic Press, 1969.) 
60s.; $9.50.* ` 

GRAY, T. J., and FRECHETTE, V. D, (edited by). Kinetics of Reactions in 
ionic Systems: Proceedings of an International Symposium on Special Topics in 
Ceramics, held June 18-23, 1967, Alfred University, New York. (Materials 
Science Research, Vol. 4.) 9} in. «62 in. (235 cmx 16 cm). Pp. x+571, (New 
York: Plenum Press, 1969.) $27.50.* 


HUDSON, jun., Richard D. Infrared System Engineering. (Wiley Series in 
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Pure and Applied Optics.) 93 in. x 64 in. (23-5 cm x 16 cm). Pp. xxvi-+642. (New 
York and Landon: John Wiley and Sons, 1969.) 185s." 

LANGTON, N. H. The Space Environment. (Space Research and Technology, 
Vol. L} 83 in,» 54 in. (22 em x 14 em). Pp. 238-+-16 plates. (London: University 
of London Press, Led., 1969.) 35s,* a ii 

LOH, W. H. T. (edited and authored by). Re-entry and Planetary Entry Physics 
and Technology. 1: Dynamics, Physics, Radiation, Heat Transfer and Ablation. 


(Applied Physics and Engineering: an international Series, Vol, 2.) 94 in. 6h ini 


(23-5 em» 16 cm). Pp. viii-+ 487. (Berlin and New York: Springer-Verlag, 1968.) 
79.20DM; $19.80.* : 

LOH, W. H. T, (edited and authored by). Re-entry and Planetary Entry Physics 
and Technology, 2: Advanced Concepts, Experiments, Guidance-Consrol and 
Technology. (Applied Physics and Engineering: an International Series, Vola) 
9t in. = 6} in, (23-5 cm x 16 cm}. Pp, x4+293, (Berlin and New York: Springer- 
Verlag, 1968.) 49.60 DM; $12.40.* 


MARTIN, Josephine N., (edited by), Biomedical Sciences Instrumentation, 


Vol. 5, (Proceedings of the Sixth National Biomedical Sciences Instrumentation =$ 


“ha 


Symposium, held May 21-23, 1968, Pittsburgh, Pennsylvania, on “Instrumentation 
in Acute Medicine’’.) II in, x 8} in, (28 cm 21 cm). Pp. viii-+ 167, (New York: 
Plenum Press, 1969.) $10.* 

MARTIN, J. W. 
for Schools and Universities.) B} in. x54 in. (2QL5 cmx {4 cm). Pp, xit 133. 
(London and Winchester: Wykeham Publications (London), Ltd., 1969.) 20s.* 

MEYER, Eppler E, Grundlagen und Anwendungen der tnformationsthearie, 
2. Auflage, neubearbeitec und erweitert von G, Heike und K, Lohn, (Kom- 
munikation und Kybernetik in Einzeldarstellungen, Band 1.) 94 in. 6} in. 
(23-5 cm 16 cm). Pp. xxvii-+5494-1 tafel. (Berlin und New York: Springer- 
Verlag, 1969.) 98 DM; $24.50.* 

ROZENBERG, L. D. (edited by). Sources of High-intensity Ultrasound, Vol. |. 
(Ultrasonic Technology: a Series of Monographs.) 9} in.» 6 in. (23-5 em «x 15-5 
em). Pp. xx +315, (New York: Plenum Press, 1969.) $25.* 

SEARS, William R. (edited by). In association with VAN DYKE, Milton, Annual 
Review of Fluid Mechanics, Vol. I. 9 in. x6 in, (23 cmx 15-5 cm), Pp. viid-459, 
{Palo Alto, California: Annual Reviews, Inc., 1969,) $9.* 

STRUKTUR UND FORMEN DER MATERIE: Dialektischer Materialismus 
und Moderne Naturwissenschaft. 8} in. x 52 in, (22cm x 15m). Pp. 559, (Berlin: 
Veb Deutscher Verlag der Wissenschaften, 1969.) 28 DM.* 

TOU, Julius T, (edited by). Advances in Information Systems Science, Vol. |. 
Ae «6h in. (23-5 cm x 16 cm). Pp. xv-+-303. (New York: Plenum Press, 1969.) 

* 

TYE, R. P. (edited by). Thermal Conductivity, Vol. 2. 94 in. 6% in. (23-5 
ma temi Pp. xxii +353, (London and New York: Academic Press, 1969.) 
105s.; Ka 

YOUNG, Leo (edited by). Advances in Microwaves, Vol. 4, 94 in,x 6$ in. 
we m x 16 cm), Pp. xiii-+-384. (New York and London: Academic Press, 1969.) 

s. 4d, 

YOUNG, Leo, Systems of Units in Electricity and Magnetism. (Electronic 
and Electrical Engineering Texts.) 8} in.x 54 in, (21 emx 13 em). Pp, <v+235. 
(Edinburgh: Oliver and Boyd, 1969.) 425.* 


Earth Sciences 


AKASOFU, Suyn-Ichi. Polar and Magnetospheric Substorms. (Astrophysics 
and Space Science Library.) 9} in.x 6% in. (25 cmx I7 cm). Pp, xviii +280, 
(Dordrecht: D., Reidel Publishing Company, 1968.) 55 florins. * 

BARKLEY, Richard A. Oceanographic Atlas of the Pacific Ocean, 17} in. w 124 
in, (44-5 cmx 31 cm). Pp. 20-+156 figures. (Honolulu: University of Hawaii 
Press, 1968.) n.p.* 

BARDACH, John, Harvest of the Sea. 84 in. «54 in. (21-5 emxt4 em). Pp. 
viii +303. (London: George Allen and Unwin, Led., 1969.) 55s, nee.* 

COPPENS, René, et ROUBAULT, André. Précis de Géologie, Tome 2. 
(“Euclide"’: introduction aux Etudes Scientifiques-—Physique du Globe, Astron- 
omie Physique et Sciences de la Terre.) 7} in, < 52 in, (18:5 cmx 43 cm), Pp, 
257-582. (Paris: Presses Universitaires de France, 1969.) n.p.* 

COTTON, C. A. Climatic Accidents in Landscape-Making. (A sequel to 
“Landscape as Developed by the Processes of Normal Erosion’”’.) Facsimile of the 
1947 edition. 8} in,x 5} in, (22 cm ~ 15 cm). Pp, xx+354. (New York and 
London: Hafner Publishing Company, 1969.) $15,* 

COTTON, C. A, Volcanoes as Landscape Forms. (Facsimile of the second 
edition, 1952.) 8} in. x 53 in. (22 em 15 cm). Pp. 416. (New York and London: 
Hafner Publishing Company, 1969.) $13.50.* 

LANDSBERG, H. E., and VAN MIEGHEM, J. (edited by), Advances in Geo- 
physics, Vol. 13. 9} in. 6 in. (23-5 em 16 cm). Pp. x--267. (New York and 
London: Academic Press, 1969.) 135s. * 

LEFOND, Stanley J. Handbook of World Salt Resources, (Monographs in 
Geoscience.) Th} in. x 8h in. (28-5 cmx 20-5 cm). Pp, xxiii+384. (New York: 
Plenum Press, 1969.) n.p.* 

MILLMAN, Peter M, (edited by), Meteorite Research. (Proceedings of a 
Symposium on Meteorite Research held in Vienna, Austria, 7-13 August 1968.) 
(Astrophysics and Space Science Library.) 9} in. 62 in, (25 cmx I7 cm), Pp, 
xv+940. (Dordrecht: D, Reidel Publishing Company, 1969. Published for che 
International Atomic Energy Agency.) 160 florins.* 

RUNCORN, S$. K. (edited by). The Application of Modern Physics to the Earth 
and Planetary Interiors. (NATO Advanced Study Institute.) {0} in. 6% in. 
(26 cm x 17 cm). Pp. xiv-+692, (New York and London: Wiley~Interscience, a 
Division of John Wiley and Sons, 1969.) 260s.* 

SPRY, Alan. Metamorphic Textures. (The Commonwealth and International 
Library of Science, Technology, Engineering and Liberal Studies: Geology Divi- 
sion.) Gin, «6 in, (23 cmx 15-5 em). Pp. vili +350, (Oxford, London and New 
York: Pergamon Press, 1969.) 60s., $10 hard cover; 50s., $8 flexi-cover,* 

STICKLAND, A, C. (general editor). The Proton Flare Project (The July 1965 
Event). (Annals of the iOsy, Vol. 3.) Ipin, x 64 in, (24 em» 16 em). Pp, xiii4 Sth. 
(Cambridge, Mass., and London: The M.ET. Press, 1969.) 2tIs.* 

THORNBURY, William D. Principles of Geomorphology, Second edition, 
I$ in. x 6} in, (23-5 emx 16 cm), Pp. xi+594, (New York and London: Joha 
Wiley and Sons, 1969.) 130s.* 


Chemistry 


BAINES, A., BRADBURY, F. R., and SUCKLING, C. W, Research in the 
Chemical Industry: The Environment, Objectives and Strategy. 9 in.x 5% in 
(23 cms 15 cm), Pp. xvi+-298, (Amsterdam, London and New York: Elsevier 
Publishing Co., Ltd., 1969.) 80s. * 

BOCKRIS, J. O'M., and CONWAY, B. E. (edited by). Modern Aspects of 
Electrochemistry, No. 5. 8} in. 5% In, (22 cmx I5 cm). Pp. xii+497. (New 
York: Plenum Fress, 1969.) $22.50.* 

BOWEN, H.J, M. Chemical Applications of Radioisotopes. (Mecthuen’s Mono- 
graphs on Chemical Subjects.) 7% in.x5 in, (19 cmx 12-5 cm). Pp. xi-t 13f, 
{London: Methuen and Co., Ltd., 1969.) 30s.* 

BROWN, William E. {edited by), Testing of Polymers, Vol. 4. 94 in. « 64 in. 
(23-5 em x 16 cm}, Pp. vii+480. (New York and London: Interscience Publishers, 
a Division of John Wiley and Sons, 1969.) 211s.* 


Elementary Science of Metals. (The Wykeham Science Series ` 
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f ROWNING, D. R, (edited by). Chromatography. (instrumental Methods 
Series!) B} in. x $4 in. 25 cm t4 em), Pp. viit t51. (Maidenhead: McGraw- 
one HiH Publishing Co., lids, 1969.) 32s.* 

i> BROWNING, D. R. edited by). Electrometric Methods. (instrumental 
» Methods, Series.) -84 in. x54 in. (21-5 cm x t4 em). Pp. viiit 4131. (Maidenhead: 

McGraw-Hill Publishing Co., Led., 1969.) 325.* 

yBROWNING, D. R. (edited by). Spectroscopy. (Instrumental Methods Series.) 

"ag in, «Sh in, QES em 4 cem). Pp. vii+ 183. (Maidenhead: McGraw-Hill 

ie “Publishing Co., btd;, 1969.) 34s.* 

w BRUINS, Paul F.{edited by). Polyurethane Technology. (Polymer Engineering 
sand Technology.) 9} in. x 6} in. (23:5 em» 16 cm). Pp. ix +289. (New York and 
tendons Interscience Publishers, a Division of John Wiley and Sons, 1969.) 
” P405. * 

“i BURNETT, George M, and NORTH, Alastair M. (edited by). Transfer and 
‘Storage of Energy by Molecules, Vol. I: Electronic Energy. 9 in. x6 in. (23-5 
em» 15-5 em). Pp. xv +234. (London and New York: Wiley-interscience, a 
ivision of John Wiley and Sons, 1969.) 75s.* 
wl GROSS, A. D., and JONES, R, Alan, An Introduction to Practical Infra-Red 
ets | Spectroscopy. Third edition. 9} in. 6 in. (24 cmx 15-5 em). Pp. vili+ 102, 
pho e(Londen: Butterworth and Co, (Publishers), Ltd., 1969.) 20s.* 

DELMON, Bernard. Introduction à la Cinétique Hétérogene. (Publications de 
Institue Francais du Pétrole. Collection “Science et Technique du Pétrole”, 
No. 15.) 9bin. «7 in. (24cm I8 cm). Pp. xvii+695. (Paris: Editions Technip, 
1969.) 130francs.* 

ELECTRODE REACTIONS OF ORGANIC COMPOUNDS. (Discussions of the 
Faraday Society, No. 45.) 10) in.» 7 in. (26 em» 18 em). Pp. 281. (London: 
The Faraday Society, 1969, Distributed by Butterworth and Co. (Publishers), 
Ltd.) 100s, * 

FERRARO, John R., and ZIOMEK, Joseph $. Introductory Group Theory and 

Its: Application to Molecular Structure. 9} in. x 6} in. (23-5 cm» 16 cm). Pp. 
xiii+240, (New York: Plenum Press, 1969.) $15.* 
- FRANKLIN, J. L., DILLARD, J. G., ROSENSTOCK, H. M., HERRON, J. T., 
DRAXAL, K., and FIELD, F. H. lonization Potentials, Appearance Potentials, 
and Heats of Formation of Gaseous Positive lons. (NSROS~NBS 26.) (US Depart- 
ment of Commerce: National Bureau of Standards.) lO} in. « 73 in. (26-5 em & 195 
em). Pp, iv+285. (Washington, D.C.: National Bureau of Standards, 1969. 
Availablefrom U.S. Government Printing Office.) $4.* 

HOCHSTIM, Adolf R, (edited by). Bibliography of Chemical Kinetics and 
Collision Processes. 11} in. x8} in. (28-5 em «22 cm). Pp. ix+953. (New York: 
IFt/Plenum Data Corporation, Plenum Publishing Corporation, 1969.) $35.* 

HOMOGENEOUS CATALYSIS WITH SPECIAL REFERENCE TO HYDRO- 
GENATION AND OXIDATION. (Discussions of the Faraday Society, No. 46.) 
10} in, x7 in, (26 cmx 18 cm). Pp. 227. (London: The Faraday Society, 1969. 
Distributed by Butterworth and Co. (Publishers), Led.) 100s.* 

HUMMEL/SCHOLL. Infrared Analysis of Polymers, Resins and Additives: An 
Atlas. Vol, t: Plastics, Elastomers, Fibres and Resins. By D. O. Hummel. Pare 
2: Spectra, Tables, Index. 114 in, « 8} in, (28-5 cm™ 21-5 cm). Pp. 616. (New 
sar and London: Wiley—tnterscience, a Division of John Wiley and Sons, 1969.) 

Ea 

KAUFMAN, Morris. The History of PVC: The Chemistry and industrial 
Production of Polyvinyl Chloride. Fin. x 5% in. (23 cm x 1S cm). Pp, I91. (London: 
Maclaren and Sons, Ltd., 1969.) 84s.* 

“KORKISCH, Johann. Modern Methods for the Separation of Rarer Metal lons. 
9} in, x 6} in, (23-5 em x 16 cm). Pp. xi+620. (Oxford, London and New York: 
Pergamon Press, 1969.) 150s.; $20.* . 

MORAND, Geneviève, et HLADIK, Jean. Electrochimie des Sels Fondus. 
Tome t: Propriétés de Transport. (Collection de Monographies de Chimie.) 
Db in. 64 in. (24m x 16-5cm). Pp. 200. (Paris: Masson et Cie., 1969.) 80 francs.* 

MORAND, Geneviéve, et HLADIK, Jean. lectrochimie des Sels Fondus. 
Tome 2: Thermodynamique et Cinétique aux Electrodes. (Collection de Mono- 
graphies de Chimie.) 94 in.» 64 in. (24 cm x 16-5 em). Pp. 177. (Paris: Masson 
et Cie., 1969.) 80 francs. * 

MURT, E., M., and GULDNER, W. G. (edited by). Physical Measurement and 

Analysis of Thin Films. (Progress in Analytical Chemistry, Vol. 2.) 92 in. 64 in, 
“(23-5 cm x l6 cm). Pp. xi+ 194. (New York: Plenum Press, 1969.) $12.50.* 

PETROV, Tomas G., TREIVUS, Evgenii B., and KASATKIN, Aleksei P, Growing 
Crystals from Solution. Transtated from the Russian by A. Tybulewicz. 10% 
rien in, (27 cmx 21 em). Pp. «+106. (New York: Consultants Bureau, 1969.) 

REILLEY, Charles N., and McLAFFERTY, Fred W. (edited by). Advances in 

Analytical Chemistry and Instrumentation, Vol. 7, 9} in.» 64 in, (23-5 cm x 16 
cm). Pp. vit+-229. (New York and London: Interscience Publishers, a Division of 
John Wiley and Sons, 1968.) 110s.* 
_ RHODES, Edward, and SCOTT, Donald $, (edited by). Cocurrent Gas-Liquid 
Flow: Proceedings of an international Symposium held at the University of 
Waterloo, September 18-19, 1968. (Symposium Series of the Canadian Society 
for Chemical Engineering, No. 1.) 104 in. x 6} in. (26 cmx 17 cm). Pp. ix-+698, 
‘New York: Plenum Press, 1969.) $27.50.* 

RIECHE, Alfred. Outline of Industrial Organic Chemistry, Third improved 
and enlarged edition, Translated by F. Sterne. Technical editor for English 
edition; K. Littlewood. 9} in. «7 in. (25 cmx IB cm), Pp. xix+572. (London: 
Butterworth and Co, (Publishers), Ltd., 1968.) 98s.* 

ROBINSON, George H. (edited by), Instrumentation in the Chemical and 
Petroleum Industries, Vol. 5, (Proceedings of the Ninth International Chemical 
and Petroleum Instrumentation Symposium, April 22-23, 1968, Wilmington, 

i Delaware, on “The Challenge of Computers in the Chemical and Petroleum 
1 industries.) H in.» 8} in, (28 cm» 21 em). Pp, vii+88. (New York: Plenum 
ob Press, 1969.) $7." 

i ROUTH, Joseph I., EYMAN, Darrell P., and BURTON, Donald J. Essentials 

of General, Organic and Biochemistry. 10 in, x 6% in, (25-5 cmx 17 cm). Pp. 

x+718. (Philadelphia and London: W. B. Saunders Company, 1969.) 84s.* 

4 ROWLINSON, J.S. Liquidsand Liquid Mixtures. Second edition, 83in, x Stin. 
(22 em x J4 em). Pp. xv-+-371, (London: Burterworth and Co, (Publishers), Ltd., 
1969.) 130s.* 

SHAPIRO, Hymin, and FREY, F. W. The Organic Compounds of Lead. (The 
Chemistry of Organometallic Compounds: a Series of Monographs.) 94 in. x 62 in. 
(23:5 cm « 16cm). Pp, xiii +486. (New York and London: Interscience Publishers, 
a Division of John Wiley and Sons, 1968.) 170s,* 

THE CHEMISTRY OF NATURAL PRODUCTS 5. (Plenary Lectures presented 
at the Fifth Internacional Symposium held in London, 8-13 July 1968. International 
Union of Pure and Applied Chemistry, Division of Organic Chemistry; in con- 
junction with the Chemical Society.) (Pure and Applied Chemistry, Vol, 17, Nos. 3-4 , 

$968.) 10 in, x6} in, (25-5 cmx 16 cm), Pp. v-+313~-547, (London: Butterworth 
+ and Co. (Publishers), Led., 1969.) 655. 

TOROPOV, N. A. (edited by}. Chemistry of High-Temperature Materials. 
Translated from the Russian by C. B, Finch. 102 in. x8 in. (27 emx2! cm). 
Pp. vii-+-237, (New. York: Consultants Bureau, 1969.) n.p.* 

TSURUTA, Teiji, and O'DRISCOLL, Kenneth F, (edited by). Structure and 
Mechanism in Vinyl Polymerization. 94.in. x 6}in. (23-5 cm x 16cm). Pp. xii-+-540. 
(New York: Marcel Dekker, Ine., 1969.) $29.50; 280s.* 
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VALETTE, G., et al. Médicaments Organiques de Synthèse, Volume I. 8} 
in. x $$ in, (22 cmx I5 cm}, Pp. 226, (Paris: Masson et Cie., 1969.) 88 frances.” 
WEISS, Philip, and CHEEVER, G. Dale (edited by}. interface Conversion for 
Polymer Coatings. (Proceedings of the Symposium, General Motors Research 
Laboratories, Warren, Michigan, 1967.) 9% in. © 64 in. (23-5 cm x 16 em). Pp. 
xiii+ 389. (New York: American Elsevier Publishing Company, 1968.) 190s,* 


Biological Sciences 


BAJUSZ, Ears, and collaborators. Physiology and Pathology of Adaptation 
Mechanisms: Neuro-Neuroendocrine-Humoral. (International Series of Mono- 
graphs in Pure and Applied Biology. Division: Modern Trends in Physiological 
Sciences, Vol. 27.) 9b in. x 64 in, (235 em t6 cm). Pp, xili-+ 583, (Oxford, 
London and New York: Pergamon Press, 1969.) [60s.; $20.* 

BALIS, M. Earl. Antagonists and Nucleic Acids. (North-Holland Research 
Monographs: Frontiers of Biology, Voi. 10.) 9% in.» 6% in. {25 em 17 om}, 
Pp, x+-293. (Amsterdam: North-Holland Publishing Company, 1968.) 1265,* 

BIOLOGICAL INTERFACES: FLOWS AND EXCHANGES, (Proceedings of a 
Symposium sponsored by the New York Heart Association.) [0b in,x? in, 
(26 cm x I8 cm), Pp. 326. (Boston: Little, Brown and Company; Landon: J, 
and A. Churchill, 1968.) 65s.* 

BORTOFT, G. The Biology and Energetics of Nutrition. (Structural Corm- 
munication Topics 3.) 9} in. x 7} in. (25 cem w 18-5 cm). Pp. 96. (Landon: Univer- 
sity of London Press, Ltd., 1969.) 15s. net. 

CHRISTOMANOS, Anastasios A. Struktur und Eigenschaften der Hamoglobine 
der Fische der Amphibien und der Reptilien, (Monographien zur Struktur der 
Proteine.) 94 in. 6} in. (24 cmx 17 em), Pp. 105. (Athans: Scientific Press, 
Gr. Parisianos, 1969.) n.p.* 

DIAMOND, Milton (edited by). Perspectives in Reproduction and Sexual 
Behaviour. 9} in. = 6) in, (24 em x l6 em). Pp. x+532. (Bloomington and London: 
Indiana University Press, 1968.) 186s.* 

EASTMAN, Rosemary. The Kingfisher. 84 in.» 5} in, (21-5 cm 14 om), 
Pp. 159414 plates. (London: William, Collins, Sons and Co., Led., 1969.) 30s, 
net,” 

GERKING, Shelby D. Biological Systems. 10) in. = 7} in. (265 om x 18-4:cm), 
Pp. xiv +480. (Philadelphia and London: W, B, Saunders Company, 1989.) 725. 

GERLACH, Dieter. Botanische Mikrotechnik: Eine Einführung, Frin xst in, 
{I9 cmx 2cm). Pp, x +298. (Stuttgart: Georg Thieme Verlag, [969.) FEBO DM.* 

GOEBEL, K. Organography of Plants especially of the Archegoniate and 
Spermaphyta, Parte |; General Organography, Pp. xwi+-270, Part 2: Special 
Organography, Authorized English edition by isaac Bayley Balfour, Facsimile of 
the 1900 and 1905 edition. 9} in. <6 in. (23:5 em» 15-5 cm), (New York and 
London: Hafner Publishing Company, 1969,) $32.50 the two volumes. * 

HADEK, Robert. Mammalian Fertilization: An Atlas of Ultrastructure. 10% in. 
x7 in. Q6 cm < 1B em), Pp. xii+-295. (New York and London: Academic Press, 
1969.) 135s.* 

JOHNSON, C. G. Migration and Dispersal of insects by Flight. 9} in. x 62 in, 
(24 cm x 16 em). Pp. xxii +763. (London: Methuen and Co., Led., 1969.) 1509.* 

JURAND, A. and SELMAN, G. G. The Anatomy of Paramecium aurelia, Hin. x 
7} in, (25-5 cm x 19 cm). Pp. xii+218. (London: Macmillan and Co., Led,, New 
York: Se. Martin's Press, Inc., 1969.) 100s, net.* 

KRISHNA, Kumar, and WEESNER, Frances M. (edited by). Biology of Termites, 
Vol. 4. 9f in. x6} in. (23:5 em = 16 em), Pp. xiii +598. (New York and London: 
Academic Press, 1969.) 298s.* 

LAITHA, Abel (edited by}. Handbook of Neurochemistry, Yol. i: Chemical 
Architecture of the Nervous System. 9 in. x 64 in. (235 cm x 16 cm). Pp, xxiii- 
484, (New York: Plenum Press, 1969.5 $35.* 

LEVINE, Louis. Biology of the Gene. 10} in. x7 in. (26 em x JB cm). Pp. xit 
334, (Saint Louis: The C, V, Mosby Company, 1969. Distributed in Great Britain 
by Henry Kimpton, London.) 89s.* 

LEVITT, Jacob. introduction to Plant Physiology. 10i in. x 7 in, {26 em x 18 cm), 
Pp. vii +304. (Saint Louis: The V.C. Mosby Company, 1969, Distributed in Great 
Britain by Henry Kimpton, London.) 86s, * 

MANNING, Raymond B. Stomatoped Crustacea of the Western Atlantic. 
(Studies in Tropical Oceanography, No. 8.) 9i in. ~ 62 in, (23-5 cm 16 cm), 
Pp. viii+380. (Coral Gables, Florida: University of Miami Press, 1969.) $20,* 

MAZOKHIN-PORSHNYAKOV, Georgii A. Insect Vision. Translated from che 
Russian by Roberto and Liliana Masironi. Translation edited by Timorhy H. 
Goldsmith. 93 in, x 6} in. (23-5 cm x [6 cm}. Pp. xiv+ 306. (New York: Plenum 
Press, 1969.) $22.50, * 

NEMESKERI, J., and DEZSO, Gy. (edited by), Evolutionary Trends in Fossil and 
Recent Hominids. (Symposia Biologica Hungarica, Yol. 9). 92 in. x6? in. (25 em 
x17 em). Pp. 140. (Budapest: Akadémiai Kiado, 1969.) 50s.* 

PLESCIA, Otro J,, and BRAUN, Werner (edited by}. Nucleic Acids in Immuno- 
logy, (Proceedings of a Symposium held at the Institute of Microbiology of Rutgers, 
The State University.) 94 in. <6} in. (24 cmx 16 cm). Pp. xvii+724. (Berlin 
and New York: Springer-Verlag, 1968.) 88 DM.; $22.* 

RASPE, G. (edited by). Advances in che Biosciences |-—Schering Sympasium on 
Endocrinology, Berlin, May 26 to 27, 1967. 8t in. x Gin. Qt cmx iPS em), Pp, 322. 
(Oxford, London and New York: Pergamon Press, 1969.) 75s: $9.* 

ROHLES, F. H. (edited by). Circadian Rhythms in Nonhuman Primates. 
(Bibliotheca Primatologica, No. 9), t0 in. «7 in. (25-5 cm x 1B cm), Pp. w+ 127, 
(Basel and New York: S. Karger, 1969.) 33 Sw. francs; 66s.: $7.90." 

ROSEVEAR, D. R. The Rodents of West Africa. (Publication No, 677). Hin. « 
7} in. (25:5 cmx 19 cm). Pp. xii +604+11 plates, (London: British Museum 
(Natural History), 1969.) 240s.* 

ROUILLER, Charles, and MULLER, Alex F., (edited ae The Kidney: Morphos 
logy, Biochemistry, Physiology, Vol. 1. 92 in.» 6b in. (23-5 cm x 16 em), Pp, xiv 
561. (New York and London: Academic Press, 1969.) 26!s5.* 

ROUND, F.E. introduction to the Lower Plants. 82 in. x S$in. (22 cm x 15 em). 
Pp, xii+170, (London: Butterworth and Co, (Publishers), Led., 1969.) 205.* 

RUSSELL, Hunter W. D. A Biology of Higher Invertebrates. (Current Concepts 
in Biology Series.) 9} in. «6 in, (23-5 cmx 15-5 cm), Pp. xi+- 224, (New York: 
The Macmillan Company; London: Collier-Macmillan, Led., 1969.) 38s.* 

TAKHTAJAN, Armen. Flowering Plants: Origin and Dispersal, 8} in, x 5? in, 
(22 cmx I5 em). Pp. x+310, (Edinburgh: Oliver and Boyd, Led., 1969.) 50s, 

TAVOLGA, William N. Principles of Animal Behaviour. 9 in, x 6 in. (23-5 om 
w 15S om). Pp. xi+ 143. (New York and London: Harper and Row, Publishers, 
1969.) 33s.* 

VUILLAUME, Monique. Les Pigments des Invertebrés: Biochimie et Biologie 
des Colorations. (Collection “Les Grands Problèmes de la Biologie", Monographie 
10). 94 ing» 64 in, (25 cm 16-5 cm), Pp. 184. (Paris: Masson et Cie, 1969,) 
73 francs.* 

WASER, P. G., and GLASSON, B. (edited by), With the collaboration of 
Benakis, A., Cohen, Y., Colier, R. A., Keberle, H., and Straub, R. international 
Conference on Radioactive Isotopes in Pharmacology, Geneva, 20-23 September 
1967. 94 in, x 6 in. (23-5 em 15-5 em). Pp. xii +487. {London and New York: 
Wiley-Interscience, a Division of John Wiley and Sons, 1969.) 210s. 

WEISS, Paul A. Dynamics of Development: Experiments and inferences, 
(Selected Papers on Developmental Biology.) 94 in. «7 in, (24 emib em). 
Pp. xii +624, (New York and London: Academic Press, 1968.) $9; Bdr.” 
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WILKINS, Malcolm B, (edited by). The Physiology of Plant Growth and Develop- 
ment, 9} in, x 64 in, (23-5 cm x 16 cm), Pp, xxi+695, (Maidenhead: McGraw- 
Hill Publishing Co., Lid., 1969.) 1263.* 

YON, Jeannine. Structure et Dynamique Conformationnelle des Protéines, 
{Biologie Moléculaire). Shin. SP in. (25cm x 5cm). Pp. 320, (Paris: Hermann, 
1969.) 45 francs.* 


Applied Biological Sciences 


ASDELL, $, A. Cattle Fertility and Sterility. Second edition, 8} in. ~ 57 in. 
(21-5 em |S cm). Pp. xii+ 276. (London: J, and A. Churchill, Ltd., 1969.) 75s.* 

BAN, Thomas. Psychopharmacology. 10} in.» 7 in, (26 cm « IB cm). Pp, xiv + 
485, (Baltimore, Md.: The Williams and Wilkins Company, 1969. Distributed in 
the U.K. by E. and S, Livingstone, Lrd., Edinburgh.) 135s.* 

BITTAR, E. Edward (edited by), assisted by BITTAR, Neville. The Biological 
Basis of Medicine, Vol.3; Pp. xiii 493, $17.50; 120s, Vol. 4: Pp. xii +396. $14; 
ee Y in.x 6} in. (25-5 cmx 16cm). (London and New York: Academic Press, 
1969, 

BOGOCH, Samuel (edited by). The Future of the Brain Sciences, (Proceedings 
of a Conference held at the New York Academy of Medicine, May 2-4, 1968.) 
94 in. x 6} in, (23-5 cm» 16 cm). Pp. xxxix +603, (New York: Plenum Press, 
1969.) $19.50* 

BRAIN, the late Lord, and WILKINSON, Marcia (edited by), Recent Advances 
in Neurology and Neuropsychiatry. Eighth edition. 8} in.« 54 in. (21 cmx 
lem). Pp, viii+252. (London: J. and A. Churchill, Led., 1969.) 60s.* 

BUCHNER, F., LETTERER, E., und ROULET (redigiert von). Prolegomena 
Einer Allgemeinen Pathologie, (Handbuch der Allgemeinen Pathologie, Band I). 
10 in. « 62 in. (25:5 cm x 17 cm), Pp. x+3it. (Berlin und New York: Springer- 
Verlag, 1969.) 138DM.; $34.50.* 

CATTY, David. The immunology of Nematode Infections, Trichinosis in Guineas 
Pigs as a Model. (Monographs in Allergy, Vol. 5). 9} in. » 6f in, (25 cm = 17 cm), 
Pp. xiii + 134. (Basel and New York: S. Karger, 1969.) 39 Sw. francs; $9.35.* 

COLE, H. H. and CUPPS, P. T. (edited by). Reproduction in Domestic Animals. 
Second edition, 94 in. » 64 in. (23-5 em 16 cm). Pp. xvii 657. (New York and 
London: Academic Press, 1969.) 182s.* 

CUSHING, Harvey, Selected Papers on Neurosurgery. Edited by D. D. Matson 
W. J. German and a Committee of the American Association of Neurological 
Surgeons, lO} in. x7} in. (26 cm 18-5 cm).. Pp. xvili~ 669. (New Haven and 
London: Yale University Press, 1969.) $20: 180s.* 

CUTHBERTSON, Sir David (edited by). Nutrition of Animals of Agricultural 
importance. Part |: The Science of Nutrition of Farm Livestock. Pp. xiy -+ 1-592. 
Part 2: Assessment of and Factors Affecting Requirements of Farm Livestock. 
Pp. xvi+ 593-1443, (International Encyclopaedia of Food and Nutrition, Vol. 17.) 
9} in, x 6F in. (23-5 cmx 16 cm), (Oxford, London and New York: Pergamon 
Press, 1969.) 420s.; $56 the two parts, * 

DAVIDSON, Sir Stanley, and PASSMORE, R. Human Nutrition and Dietetics. 
Fourth edition. 10 in. x 64 in, (25-5 em x 16 cm). Pp. xii +899-+31 places. (Edin- 
burgh and London: E. and $. Livingstone, Led., 1969.) 105s, * 

EYSENCK, H.J. The Biological Basis of Personality. (Monograph in the Banner- 
stone Division of American Lectures in Living Chemistry.) 92 in, « 6} in, (23-5 cm 
“16 me Pp. xvii-+399. (Springfield, IH.: Charles C. Thomas, Publisher, 1968.) 

18.50.* 

FATTORUSSO, V, (edited by). Biomedical Science and the Dilemma of Human 
Experimentation, (ClOMS Round Table Conference, No, 1), 8} in. x 54 in. 
Ri emx i3 em). Pp. 110. (Paris: Council for International Organizations of 
Medical Sciences, 1968. Distributed by S. A. Desoer, Liège.) 100 FB.* 

GARDNER, Ernest, GRAY, Donald J., and O'RAHILLY, Ronan, Anatomy: a 
Regional Study of Human Structure. Third edition, 10} in.» 7} in. (26-5 cmx 19 
cm). Ag xiv+812. (Philadelphia and London: W. B. Saunders Company, 1969.) 
téis. 6d.* 

GILBERT, Stephen G. Pictorial Anatomy of the Cac, II in. « 8b in, (28 cmx 
21-5 cm). Pp. vii+-120, (Seattle and London: University of Washington Press, 
1968.) 42s. paper.* 

HANOK, Albert. Manual for Laboratory Clinical Chemistry. 94 in, < 64 in. 
(24m = 165cm). Pp, 4064-35, (Los Altos, California: Geron-X, Ine., 1969.) $12.* 

HEALEY, Jr.,John E. In collaboration with SEYBOLD, William D. A Synopsis 
of Clinical Anatomy. 114 in. x8 in. (29 cm 20 cm), Pp. xiii+ 324. (Philadelphia 
and London: W., B. Saunders Company, 1969.) 153s.* 

HOLMES, William L., CARLSON, Lars A., and PAOLETTI, Rodolfo (edited by). 
Drugs Affecting Lipid Metabolism. (Proceedings of the Third International Sympo- 
sium held in Milan, Italy, September 9-11, 1968.) (Advances in Experimental 
Medicine and Biology, Vol. 4), 10 in.» 64 in, (25-5 cm =~ 16:5 cm). Pp. xii+ 68t. 
{New York: Planum Press, 1969.) $27.50.* 

JANICK, Jules, SCHERY, Robert W., WOODS, Frank W., and RUTTAN, 
Vernon W. Plant Science: an introduction to World Crops. (Series of Books in 
Agricultural Science.) 10d in x8 in. (26cm x 20 cm). Pp. viii+-629, (San Francisco 
and Folkestone: W., H. Freeman and Company, 1969.) 100s.* 

JÄNISCH, Werner, und SCHREIBER, Dieter, Experimentelle Geschwilstedes 
Zentralnervensystems: Unduktion, Morphologie, Transplantation und Anwen- 
dung. 94 in.» 64 in, (24cm x 165cm). Pp. 180. (lena: Yeb Gustav Fischer Verlag, 
1969.) 75s. 1id.* 

KEARNEY, P. C. and KAUFMANN, D.D, Degradation of Herbicides. 94 in. x 
6) in, (23-5 cmx 16 cm). Pp. xi4-394. (New York: Marcel Dekker, Inz., 1969.) 
$18.75; 1785.* . 

LAVALLEE, Marc, SCHANNE, Octo F., and HEBERT, N. C. (edited by). Glass 
Microelectrodes. 94 in, « 6} in. (23-5 cm x 16 cm). Pp, xv-i-446. (New York and 
London: John Wiley and Sons, 1969.) 211s.* 

MANUAL OF THE INTERNATIONAL STATISTICAL CLASSIFICATION OF 
DISEASES, INJURIES, AND CAUSES OF DEATH. Vol. 2: Alphabetical Index. 
9} in.» 6t in. (25 em x 16 cm), Pp. xiv-616. (Geneva: World Health Organiza- 
tion, 1969.) n.p.* 

MIRAND, Edwin A., and BACK, Nathan (edited by), Germ-free Biology: 
Experimental and Clinical Aspects, (Proceedings of an international Symposium 
on Gnotobiology, held in Buffalo, New York, June 9-11, 1963.) (Advances in 
Experimental Medicine and Biology, Vol. 3). 10 in. « 6} in. (255 cm x 165 em). 
Pp. xii-+423. (New York: Plenum Press, 1969.) $22.50.* 

MOORE, Dan H, (edited by). Physical Techniques in Biological Research. 
Vol. 2, Part B: Physical Chemical Techniques. Second edition. 9} in, x 6} in, 
a 16 cm). Pp. x+334. (New York and London: Academic Press, 1969.) 

MULLAN, D. P. Studies in Clinical Enzymology. 82 in. x 5% in. (22 cm x 15 em). 
Pp, xi+ 238. (London: William Heinemann Medical Books, Ltd., 1969.) 42s, ner.* 

NORTON, Alan. The New Dimensions of Medicine. (Twentieth Century 
Studies.) 94 in. x 6} in. (24cm x 16cm), Pp, 288. (London: Hodder and Stoughton 
Led., 1969.) 50s,* 

PEEL, John, and POTTS, Malcolm. Textbook of Contraceptive Practice. 9} in. 
x 6 in. (23-5 em x 15-5 em), Pp. xiii+297. (London: Cambridge University Press, 
1969.) 50s.; $8.50.* 

RAYNER, A.A, A First Course in Biometry for Agriculture Students, 10 in. x 
s in. Gran xiS5 cm). Pp. xix-+626. (Pietermaritzburg: University of Natal 

ress, $ 
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RODGERS, IH, Andrew, Denny. Bernhard Eduard Fernow: a Story of North 
American Forestry, 9) in 6} in, (23-5 cm x 16cm). Pp, 623. (New York and 
London: Hafner Publishing Co., 1968. Facsimile of the 1951 edition.) $11.* 

_SHAPTON, D, A. and GOULD, G. W. (edited by). Isolation Methods for Micro- 
biologists. (The Society for Applied Bacteriology Technical Series, No. 3). 9} in. x 
6} in. (23-5 cmx 16 em). Pp, xii+ 178, (London and New York: Academic Press, 
1969.) 50s.; $7.50.* 

THATCHER, F. S. and CLARK, D. S. (compiled and edited by), Microorganisms 
in Foods: Their Significance and Methods of Enumeration, 9} in,» 62 in, (23-5 cm 
x 16 em), Pp. xiii+234. (Toronto: University of Toronto Press: London: 
Oxford University Press, 1969,} 120s, net. * 

VISHNIAC, W., and FAVORITE, F. G. {edited by). Life Sciences and Space 
Research VI’. (Proceedings of the Open Meeting of Working Group V at the 
Eleventh Plenary Meeting of COSPAR, Tokyo, 14—16 May 1968; and the Sympo- 
sium on Biological Effects of Radiation in Space, Tokyo, 10 May 1963}. 93 in, . 62 in, 
(25 cem = I7 em). Pp. ix+210, (Amsterdam and London: North-Holland Publish- 
ing Company, 1969.) 117s.* 

WEINER, J. S., and LOURIE, J. A. (compiled by). Human Biology: a Guide to 
Field Methods. (IBP Handbook No. 9), 8i in. 5} in. (21 em = IS om). Pp, ood- 
621, (Oxford and Edinburgh: Blackwell Scientific Publications, 1969. Published 
for the International Bislogical Programme.) 27s, 6d.* 

WHITTY, C. W. M., HUGHES, J. T., and MACCALLUM, F. ©. fediced by). 
Virus Disease and the Nervous System: a Symposium. Din.» S2in. (23 em < 15cm). 
Pp. xii +259, (Oxford and London: Blackwell Scientific Publications, 1969.) 65s. * 


Psychology 


BIESHEUVEL, $. (edited by), Methods for the Measurement of Psychological 
Performance. (A Handbook of recommended methods based on an IUP/IBP 
Working Party. IBP Handbook No, 10), Bin. « Stin, (2f emv fSemi. Pp. xi + 98. 
{Oxford and Edinburgh: Blackwell Scientific Publications, 1969. Published for the 
Internacional Biological Programme.) 20s. * 

BILODEAU, E. A, (edited by). With the assistance of BILODEAU, Ina McD. 
Principles of Skill Acquisition, Fin.» Gin, {23cm 15-5 em}, Pp. xit-~ 369. (New 
York and London: Academic Press, 1969.) 56s,* 

MAHER, Brendan (edited by). Clinical Psychology and Personality: The Selected 
Papers of George Kelly. 9} in. <6} in. {235cm = t6 cem). Pp viii 361. (Naw York 
and London: John Wiley and Sons, 1969.) 79s.* 

PARRY, John. The Psychology of Human Communication. (Unibooks). 8} in. < 
Shin. (25cm 13cm). Pp.248. (London: University of London Press, Led., 1969.) 
25s. ner,” 

RICHARDSON, Alan, Mancal Imagery. 8} in. - 57 in. (22 cm 
xii+ 180, (London: Routledge and Kegan Paul, 1969.) 35s. ner.” 

SMITH, F. V. Attachment of the Young: Imprinting and other Developments. 
(Contemporary Science Paperbacks, No. 38), 7 in.» 4} in, (8 em 41 cm). 
Pp. viii 1184-5 plates. (Edinburgh: Oliver and Boyd, Led., 1969.) 7s. 6d.* 


15 cm}. Pp, 


General 


ALFVEN, Hannes. Atom, Man, and the Universe: The Long Chain of Complica- 
tions, 8} in, x 54 in. (Qi cmx I4 cm). Pp. HO. (San Francisco: W. H. Freeman 
and Company, 1969.) 32s.* 

BARR, John. Derelict Britain. (Pelican Original). 7} in. 4) in. (18-5 em x 
il cm). Pp. 2404-11 places. (Harmondsworth: Penguin Books, Lid., 1969.) 7s.* 

BEAZLEY, Elisabeth. Designed for Recreation: a Practical Handbook for all 
concerned with providing Leisure Facilities in the Countryside, i0 in. «7 in. 
(25-5 em» 19 em). Pp. 217 +-134 photographs. (London: Faber and Faber, Led., 
1969.) 100s.* 

CAINE, Sir Sydney. British Universities: Purpose and Prospects. 8} in.» 
Si in. (22 cmx 15 cm). Pp. 272. (London, Sydney and Toronto: The Bodley Head, 
1969.) 42s, net.* 

COLEMAN, D.C. Courtaulds: an Economic and Social History. Vol, 1: The 
Nineteenth Century—Silk and Crape. Pp. xx-+- 2934-20 plates. Vol. 2: Rayon. 
Pp. xxiit-521+33 plates. 9) in. = 64 in. (24 cm 16 cm). (Oxford: Clarendon 
Press; London: Oxford University Press, 1969.) 150s. net per set.* 

EALES, Nellie B. The Cole Library of Early Medicine and Zoology: Catalogue 
of Books and Pamphlets. Par: H: 1472 co 1809. 10 in.» 7h in, (25-5 om > 19 cm), 
Pp, xiv+425. (Oxford: Alden and Mowbray, Led., 1969, Published for the 
Library. University of Reading.) n.p.* 

GARIN, Henri. Les Mines. (“Que Sais-je?"" No. 465). 7 in.» 44 in. G8 cm © 
H-5 cm). Pp. 125, (Paris: Presses Universitaires de France, 1969.) 9.p.* 

KENT, Allen, and LANCOUR, Harold (edited by). Assisted by Nasri, William 
Z. Encyclopedia of Library and information Science. Vol. 2: Associate to Book 
World. 10} in. «7 in. (26 cm~ 18 cm), Pp. ix+-707. (Naw York and London: 
Marcel Dekker, 1969.) $45,* 

LEWIS, John, and TOWERS, Bernard. Naked Ape or Homo Sapiens? (The 
Teilhard Study Library.), 8) in. «6 in. (20-5 ems 155 cm). Pp. xx +134. 
(London: Garnstone Press, 1969.) 21s, net.* 

MEETHAM, A, R. (editor-in-chief), HUDSON, R, A. (associate editor}. Encyclo- 
paedia of Linguistics, Information and Control. 10 in. x 74 in. (25:5 cmx 19 cm). 
Pp xiy +718. (Oxford, Londen and New York: Pergamon Press, 1969.) 300s.; 
$40.* 

O'MANIQUE, John. Energy in Evolution. (The Teilhard Study Library). 84 in. 
x6in, (24-5 om 155m). Pr, xili-+ t15. (London: Garnstone Press, Led., 1969.) 
2is. nex, 

O'NEIL, W. M. Fact and Theory: An Aspect of the Philosophy of Science. 
8} in. x 5$ in. (21-5 cm x 14cm}. Pp. xiv-+193. (Sydney: Sydney Univeristy Press; 
London: Methuen and Co., Ltd., 1969.) A$7; 66s,* 

PURSELL, Jr., Carroll W. (edited by). Readings in Technology and American 
Life. Fin. x 6 in, (23 em x 15:5 cm), Pp.ix+470. (London and New York: Oxford 
University Press, 1969,) 42s, net.* 

REAGAN, Michael D, Science and the Federal Patron. 8} in. 5} in. (2) cmx 
ba em). Pe. vi-+346. (London and New York: Oxford University Press, 1969.) 

iS, net, 

REID, R. W. Tongues of Conscience. War and the Scientist's Dilemma. 8] in. « 
52 in, (22 em x 1S cm). Pp. 352~-18 photographs, (London: Constable and Co., 
Ltd., 1969.) 50s, net.* 

SHAH, Idries, The Sufis. 72 in, x4? in. (19-5 cmx 12 cm), Pp. xxvi~ 404. 
(London: Jonathan Cape, 1969.) 2is. paperback.* 

VAN PUERSEN,C.A. Ludwig Wittgenstein; an Introduction to his Philosophy. 
Translated by Rex Ambler. 8 in.» 54 in, (20 cmx I4 cm). Pp. 120. (London: 
Faber and Faber, Ltd., 1969.) 30s.* 

VON FOERSTER, Heinz, and BEAUCHAMP, James W. (edited by). Music by 
Computers. 10} in. x 7? in, (26 em < 19-5 cm), Pp. xviii+ 139. (New York and 
London: John Wiley and Sons, 1969.) 140s.* 

WALLIS, Robert. Time: Fourth Dimension of the Mind, Translated by Betty B. 
and Dennis B. Montgomery. 84 in. x 52 in, (21-5 em [5 cm). Pp. xv+ 247, (New 
York: Harcourt, Brace and World, inc., 1968.) 63s.* 

WATTS, Alan. The Book on the Taboo Against Knowing Who You Are. 
8 in.x 54 in. (20 cm x 13 cm). Pp. «+146. (London: Jonathan Cape, 1969.) 25s, 
net. 
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Berlin 
Heidelberg 

New York 


Foundations of 
Mathematics 


Symposium Papers Com- 
memorating the Sixtieth 
Birthday of Kurt Godel. 
Edited by J. J. Bulloff, T. C. 
Holyoke and S. W. Hahn. 
With 1 portrait. 207 pp. 
(incl. 66 pp. in German). 
1969. Cloth DM 39,— 


Die Grundlehren der 
mathematischen 
Wissenschaften 


Vol. 78: P. Lorenzen, 
Einfuhrung in die operative 
Logik und Mathematik. 2nd. 
edition. 306 pp. 1969. In 
German. Cloth DM 54,— 


Vol. 149: L. Sario and 

K. Oikawa, Capacity Func- 
tions. With 2 fig. 378 pp. 
1969. Cloth DM 96,— 


* Distribution rights for 
Japan: Maruzen Co. Ltd., 
Tokyo 
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Vol. 150: M: losifescu and 
R. Theodorescu, Random 
Processes and Learning. 
314 pp. 1969. 

Cloth DM 68,— 


Vol. 153: H. Federer, 
Geometric Measure Theory. 
690 pp. 1969. 

Cloth DM 118,— 


A. lonescu Tulcea and 
C. lonescu Tulcea, Topics 
in the Theory of Lifting 


Approx. 184 pp. 1969. 
(Ergebnisse der Mathematik 
und threr Grenzgebiete, 

Vol. 48) 

Cloth DM 36,— 


*Lecture Notes in 
Mathematics 


Vol. 85: P. Cartier and 

D. Foata, Problèmes com- 
binatoires de commutation 
et réarrangements. 

92 pp. 1969. In French. 
DM 8,— 


Vol. 86 : Category Theory, 
Homology Theory and their 
Applications 1. Pro- 
ceedings of the Conference 
held at the Seattle Research 
Center of the Battelle 
Memorial Institute, June 
24—July 19, 1968. Volume 
One. Edited by P. Hilton. 
222 pp. 1969. 

DM 16,— 


NEW 
BOOKS 
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Vol. 87 : M. Tierney, 
Categorical Constructions 

in Stable Homotopy Theory. 
A Seminar given at the ETH, 
Zurich, in 1967. 68 pp. 1969. 
DM 6,— 


Vol. 88: Séminaire de 
Probabilités IH, Université 
de Strasbourg. Octobre 
1967—Juin 1968. 233 pp. 
1969. 

In French. DM 18, — 


Vol. 89: Probability and 
Information Theory. Pro- 
ceedings of the Internationa! 
Symposium at McMaster | 
University, Canada, April 
1968. Edited by M. Behara, 

K. Krickeberg and : ue 
J. Wolfowitz. 260 pp. 1969. 
DM 18,— 


Vol. 90: N. P. Bhatiaand — 
O. Hajek, Local Semi- 
Dynamical Systems. 159 pp. 
1969. DM 14,— 


Vol. 91: N. N. Janenko, Die 
Zwischenschrittmethode 
zur Losung mehrdimen- 
sionaler Probleme der 
mathematischen Physik. 
202 pp. 1969. In German. 
DM 16,80 


R. Sikorski, Boolean 
Algebras 


3rd. edition. 247 pp. 1969. 
(Ergebnisse der Mathematik 
und ihrer Grenzgebiete, 

Vol. 25) 

Cloth DM 38,— 
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Practical Optical 
Crystallography 
Second Edition 
H. H. HARTSHORNE and A. STUART 
75s. net 


Throughout the new edition of this well known text the 
clarity of the descriptive material has been markedly 
improved and descriptions of apparatus brought right 
up-to-date. References to the literature have also been 
extended and brought up-to-date. A considerable amount 
of new material has been added and the SI unit equivalent 
to the traditional unit has been given as an altarnative in 
many places in the text. 


The Wave Mechanics of 
Atoms, Molecules and lons 
C. J. H. SCHUTTE 84s. net 


"The book can be thoroughly recommended for advanced 
undergraduates and postgraduates for the light and under- 
standing it sheds on various aspects of theoretical chernistry 
and its inherent mathematical manipulations. -Education 
in Chemistry 

‘This work is a refreshing addition to the bibliographies of 
physics and chemistry and can be recommended fer ali 
libraries serving degree students. -Chemistry in Industry 


Organometallic Chemistry 


PETER L. PAUSON 
30s. net (paper) 50s, net (boards) 


‘By providing a comprehensive, lucid, and yet concise, 
survey on organometallic chemistry, Professor Pauson has 
rendered a signal service to students and to research workers 
and others who wish to improve their knowledge of this 
rapidly-expanding subject. The text is clearly written, 
abundantly supplied with structural formulae and equations 
illustrating the reactions under consideration.’—-Chemistry 
in Industry 


Metal-Ligand and Related 
Vibrations 


DAVID M. ADAMS £6 net 
‘The book reads like a copious review and is well ilus- 
trated with several figures and tables... it is recommended 


as a very useful addition to all spectroscopic laboratories 
and also to the preparative inorganic chemist who wishes 
to have a comprehensive text to hand to aid in identification 
purposes using vibrational spectra, -Journal of Molecular 
Structure 


The Structure and Reactions 
of Heterocyclic Compounds 
M. H. PALMER 75s. net 


‘The author gives a summary of the preparation, structure, 
and reactions of the main types of heterocyclic systems. 
A valuable feature is that the book is up-to-date... / 

Chemistry in Britain 


Edward Arnold—/7 


41 Maddox Street, London, W.1 
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` Table 3. HARMONIC CONSTANTS H(cm/s), G° AND ADMITTANCE AMPLITUDE 
RG) AND PHASE LEAD 6° RELATIVE TO STORNOWAY VERTICAL TIDE, OF 
NORTH AND RAST COMPONENTS OF CURRENT 25 M ABOVE BOTTOM 


Position 1. Period analysed June 20-July 18, 1968, 6730h 


North East 
R 0 H G R ð H G 
0, 0:2960 1757 272 1774 8646 1208 3-35 2828 
Kı 04973 1528 64 341-7 05354 096-0 6-96 038-5 
M, 00989 0096 13:12 187-7 0-0488 020-1 E82 177-2 
EA 0-0833 027-9 +53 201-8 0-0643 0050 850 LAT 
Position 2. Period analysed June 20-July 18, 1968, 670-0 h 
North East 
R ü H G R Ho Q 
0, 01994 199 183 1565 02459 1384 226 214-7 
Ky 0344400 181-0 $48 13-5 04393 0 111-4 57l 023-1 
M, 00943 026-06 13-18 1707 0-0623 0052 870 1921 
By O-O883 035-1 480 1946 00610 3503 332 233-4 
Position 4. Period analysed June 21-July 22, 1968, 7420 h 
North East 
R ü G R 0 H G 
On 039024 185-1 361 168-0 00806 166-4 O82 1867 
K, 06004 164-3 792 330-2 0-2028 1213 264 013-2 
M, 00829 0507 1158 146-6 0-0898 0538 976 143-7 
Sa 00538 0507 293 1790 0-0645 076-5 $651 1532 
Position 6. Period analysed June 22-July 21, 1968, 699-5 h 
North East 
R 9 H G R 6 H G 
Or 03586 1987 3830 154-4 M2621 083-5 2-41 269-7 
K, OSDIR 1755 TI? 319-0 0-4382 0663 ST 068-2 
Mi 01068 1141 14092 O8B-2 O1286 0478 17096 140-5 
Sa 00466 1254 254 1043 00962 0872 523 146-5 


For the present, I focus only certain features which 

point to a geophysical interpretation of the currents. 
Figs. 4a and b show the essential details of the current 

ellipses as calculated from the harmonie constituents 


K, and M,. 


As one proceeds northwards, the major 


axes of the M, ellipses do not change direction very much, 
but those of K, turn clockwise, in sympathy with the 


change in direction of the shelf contours. 
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lags relative to Greenwich increase northwards, indicating 
a predominantly northward phase velocity with wave- 
length about 500 km for both tidal species, 

Now from the common theory of a progressive tidal 
wave of amplitude a in elevation, wavelength L, period T, 
in water of uniform depth h, would be expected currents 
of amplitude (a L/AT). For the M, wave, with a(Hirta) = 
102 em, h= 150 m, this gives currents of amplitude 8 cm/s, 
which is of the observed order of magnitude. For the 
K, wave, however, @=10 em, giving only 0-4 em/s, too 
low by a factor of about 20. Again, the difference in 
phase between Hirta elevation and the mean of the 
phases of northward current at positions 2 and 4 is about 
16° for M,, 171° for K,. So the power transmission veetor 
<Cu> is northwards for M, but southwards for Ke 
opposite to the apparent phase velocity. (The fact that 
diurnal northward velocity is greatest at diurnal low tide 
is also obvious in Fig. 2.) 

These properties confirm the suspicion that while the 
semi-diurnal wave is a normal Kelvin~Poincaré progressi 
wave, the anomalous diurnal current wave is scarcel 








wave, controlled by geostrophie forces. 
the pressure gradients confirm this diagnosis. 


Theoretical Interpretation 

Non-divergent waves, that is waves consisting of ewr- 
rents with little disturbance of the surface elewation, have 
been the subject of several theoretical studies in the past 
5 years, with only fragmentary evidence for their existence 
in the ocean. Here is a clear case of their existence. and 








the most appropriate theory must be found: Among o 
theories of non-divergent waves associated with sharp 


changes in depth are the “double Kelvin waves” of 
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Fig. 4. a, Tidal ellipses for the constituent K,, 25 m above the bottom, at the four recovered moorings in Fig. 1: b, a8 a for M, 
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Fig. 5. a, A typical westerly profile of the shelf (lat. 57° 20°) compared 
with the Buchwald~Adams profile, b=22. 6, The relations between 
frequency relative to inertial frequency and wave number parallel to the 
shelf edge, normalized to the shelf width for modes m = 1 and 2, according 
to the theory of ref. 9, The small rectangle represents the spread of the 
data, and the horizontal broken line the frequency of the low frequency 
peak in the continuum from Fig. 3 (wave number as yet undetermined). 


Longuet-Higgins® and the “continental shelf waves” of 
Robinson’, Mysak*, Buchwald and Adams*°, and others. 
The two categories are closely related, but I shall refer to 
ref. 9 because the Buchwald—Adams exponential shelf fits 
the present situation very well, even though Longuet- 
Higgins® carries the general theory of monotonic depth 
profiles to a higher approximation. The theory of ref. 9 
requires that e=f?L?/gho < 1, where f is the inertial 
frequency, L the shelf width and A, the mean depth. In 
the present case, with E= 180 km, hy=1 km, ¢=0-016, 
which seems satisfactorily small. 

The essential properties of continental shelf waves, 
apart from being non-divergent, are that (i) they are 
trapped to travel parallel to the shelf-edge with shallow 
water to the right (in the northern hemisphere); (ii) their 
frequency is less than the local inertial frequency (cycle 
per pendulum day), and (iil) they are most likely to be 
generated near the peak frequency of their dispersion 
curves, where the group velocity reverses its sign. 

T have shown that (i) manifestly applies. The inertial 
frequency at latitude 57° 35’ is 1-695 c/day; the spectra 
(Fig. 3) show distinet energy at this frequency. The diurnal 
tides, but not the serni-diurnal, satisfy (ii), and the ratio 
a of the K, frequency to the inertial frequency is ($+sin 
latitude) = 0-592. , 

Fig. 5a shows that the local shelf is well approximated 
by a Buchwald-Adams® profile with width unit 180 km 
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(25 m to 2,000 m depth) and “b” =2-2. Fig. 5b shows the 
first and second mode dispersion curves for such a shelf 
plotted against “jy!” which in this case is (1,131 km/ 
wavelength). The range ofo from K, to O, and a range 
of |y] allowing for different interpretations of the data, 
form the small rectangle shown, which fits very convin- 
eingly on the theo al curve, fairly near the peak, in 
accordance with (iii). The peak of the second mode wave 
occurs at c= 0-362, corresponding to 0-61 ¢/day. This is 
below the frequency range of diurnal tides, but all north 
and east spectra (for example, Fig. 3b) have peaks in 
their continuum close to this frequency, suggesting a 
weather-generated wave of this character. 

The agreement between theory and nature seems un- 
usually good, but there is an apparent anomaly. The data 
rectangle being to the left of the dispersion peak implies 
a group velocity de/dy with the same sign as the phase 
velocity o/y. This per se would imply a northwards power 
transmission, whereas we have seen that this vector is 
towards the south. There are, however, two qualifications. 
First, Longuet-Higgins'' has shown that, for waves of 
this nature, power vectors derived from C?8o/8y and from 
<u> ean differ considerably. Second, the group velo- 
city method in this case applies strictly to the non-diver- 
gent wave for which [=0. whereas <gu> depends on 
the observed wave amplitude [, which is probably largely 
due to the normal divergent diurnal wave with relatively 
little associated current. For the same reason, it would 
be inappropriate to use {, and a value of 8¢/8x derived 
from the acceleration equation, to derive the wave number 
y of the shelf-wave mode. At the same time, the shelf 
wave probably does have some associated vertical motion, 
which would account for the small anomaly in the K, 
admittance of the Hirta record, mentioned in the first 
paragraph. 

Finally, the question arises whether the shelf wave is 
generated by the direct action of the diurnal gravitational 
forces, or by some form of coupling with the normal 
divergent wave modes, I think the latter is the most 
likely, for the following reason. The vertical diurnal tide 
in the eastern part of the North Atlantic Ocean has a most 
peculiar admittance to the gravitational forces, whereby 
the relative phase changes by some 150° between O, and 
K, at a frequency separation of as little as 2 c/month. 
This (unexplained) phenomenon is doubtless the result of 
the ocean basin as a whole reacting to the input forces. 
We have seen that the admittance of the currents to the 
reference tide is itself unusual in magnifying K, relative 
to O, (probably because K, is closer to the point of zero 
group velocity), but its phase difference is not remarkable, 
and the phases relative to Greenwich of the K, and O, 
currents (Table 3) differ by the same sort of values as in 
the vertical tide. The large phase difference could hardly 
have been produced by the local response of a small 
stretch of shelf to the gravitational forces, and is therefore 
probably the result of local coupling from the divergent 
wave motion. The dynamics of such a coupling mechan- 
ism deserve further study. 

I thank Professor Walter H. Munk for valuable discus- 
sions relevant to this work. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Age and Initial Helium Abundance of 
Globular Cluster Stars 


Ir has already been shown that the number of horizontal 
branch stars (Nin) relative to the number of red giant 
stars (ra) brighter than an appropriate magnitude could 
be used together with other observable cluster charac- 
teristics to estimate the age and initial helium abundance 
of stars in globular clusters?. 

With the metal abundance parameter chosen as Z~ 
2x 10-4, the initial helium abundance of stars in the 
cluster M15 was estimated! to be Y~0-25-+0-27 and 
cluster age t~(8->104) x 10° yr. Only that uncertainty 
in estimated quantities due to an uncertainty in the 
observational quantity Nun/Nre was considered. An 
estimated uncertainty of +20 per cent in Ny n/N ro led 
to the possible spread Y ~ 0-20-+-0-31 and t,~ 7—12. 

The estimates in ref. 1 were on the basis of stellar 
models constructed with early approximations to the 
radiative opacity (Hoyle, as reported in ref. 2) and to 
the conductive opacity’. 

In this article we repeat the analysis on the basis of 
(a) main sequence and horizontal branch models con- 
structed with new radiative opacities calculated by Cox 
and Stewart! and of (6) models at the red giant tip 
constructed by Eggleton’ using radiative opacities that 
agree quite well with those of Cox and Stewart. 

We emphasize at the outset that, just as the results of 
the analysis in ref. 1 are quantitatively provisional, the 
results obtained here are to be regarded primarily as an 
additional step toward an eventual solution of the age and 
helium abundance problem-~in so far as such a solution 
relies on comparisons between observations and theoretical 
models of the stellar interior. 

The luminosity level of the theoretical horizontal branch 
depends sensitively on the mass in the helium core of a 
star when it first reaches the horizontal branch. This mass 
is essentially identical to that of a precursor star at the 
red giant tip. Eggleton’ has recently estimated the 
dependence of core mass on initial composition and has 
also investigated its sensitivity to uncertainties in the 
opacity. Values of core masses interpolated and extra- 
polated from Eggleton’s standard set are given in Tables 
l and 2, The core masses in Table 1 obtain if neutrino 
losses are at a rate predicted by the current—current 





Table 1. CHARACTERISTICS WHEN CORE MASSES ARE LARGE 
Log Z -3 -4 -3 a4 -8 -4 
Y 030 0-30 0-20 0-20 0-10 0-10 
MelM co 0-481 0-500 0-508 0-525 0-535 0-551 
Loger Lo) 1-604 1-780 1-584 1-690 1-505 1-505 
te{10° yr 113 12-2 17-2 17-8 23-2 25-8 
Log(Luepil o>) 1:78 1:90 1-64 174 1-52 1-61 
tap/l0" yr” 49 45 48 4-5 48 45 
Cup/tre O85 0-97 0-56 0-64 0:39 O44 
Table 2. CHARACTERISTICS WHEN CORE MASSES ARE SMALL 
Log Z -3 -4 -3 ~ 4 -3 -4 
Y 0-30 0-30 0-20 0-20 0-10 O10 
Me! M o O44] 0-460 0-468 0-485 0-495 511 
Log(Ler/l o) 1-658 1-738 1-505 1599 1-430 1-510 
to/10° yr 14:3 159 21:2 224 283 81-5 
Logiran Lo) 1-75 1-86 157 1-66 145 1-53 
upg/10 yr 5T 53 5-6 a3 Bore 53 
Can/tre O04 1-08 O57 O65 O41 O45 
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theory of weak interactions; those in Table 2 obtain in 
the absence of such neutrino losses. 

Using Eggleton’s core masses and appropriate Cox-- 
Stewart opacities, we have constructed horizontal branch 
evolutionary sequences. At the same time we have con- 
structed time constant loci representing hydrogen-burning 
stars in main sequences and early giant branch phases of 
their evolution, 

The observations of stars in clusters such as M15 and 
M92 indicate that the luminosity Lar of horizontal 
branch stars that are of the same colour as stars near 
cluster turnoff is related to the luminosity Lio of turnoff 
point stars by log(Lrr/Lto)~ 1-36. On insisting that this 
relationship be satisfied, we obtain both Err and elu 
age. These are given in columns 4 and 5 of Tables 1 and 
for the two sets of initial helium core mass. 

In general, for each composition, RR Lyrae luminosities 
in Tables 1 and 2 are approximately 0-3 magnitudes 
dimmer than those obtained from earlier evolutionary 
model analysist®?, This is due to two effects: (a) core 
masses given by Eggleton are smaller than those used. 
earlier (by ~ 0-04 Mo at ¥~0-3); (b) for a given core 
mass and composition, horizontal branch models. con: 
structed with the new opacities are roughly. 0-25 mag- 
nitudes dimmer than those constructed with the old 
opacities. : 

Because horizontal branch luminosities are lower (by 
about 0-1 to 0-2 in log L), turnoff point luminosities are 
also lower by the same amount and derived ag 
correspondingly increased by roughly 3-6 billion years 
(depending on the choice of composition). 

The lower RR Lyrae luminosities presented here remove 
one of the chief discrepancies between evolutionary model 
results and other lines of evidence. The method of 
statistical parallax*, in conjunction with estimates of 
interstellar reddening’, suggests that log (Laa/Lo) ~ PaT- 
1-87. Comparison between the pulsation calculations of 
Christy’ and properties of variables in metal weak 
clusters such as M15 and wCen yield log (Lan/Lo 

To establish, from observational estimates of Nua/N as, 
a relationship between the composition variables F and 
Z, we require theoretical estimates of the horizontal 
branch lifetime tug and of the red giant lifetime tng. 
Horizontal branch lifetimes are given in column 7 of 
Tables 1 and 2. We claim accuracy to no better than 
10 per cent, the uncertainty being due to (a) the variation 
of lifetime with total stellar mass (we now believe that. 
in order to explain the observed width of the horizontal 
branch, there must be at least a 15 per cent spread in 
mass along the horizontal branch), (6) the uncertainty 
in the reaction rate for the C¥(a,y)O™ reaction, and 
(c) the uncertainty in whether to assign a model to the 
horizontal branch or to a secondary giant branch. 

In M15, as well as in several other clusters, the hori- 
zontal branch extends into the giant branch. If we can 
identify this intersection theoretically, we eliminate the 
uncertainty in estimating Nero due to the difference in 
bolometric correction between horizontal branch and red 
giant stars of the same visual magnitude, but different 
colour. The theoretical horizontal branch slopes upward 
in the sense that redder horizontal branch stars are more 
luminous than bluer horizontal branch stars. The inter- 
section of the theoretical horizontal branch and the 
theoretical giant branch occurs at a luminosity Lunas 
given in column 6 of Tables 1 and 2. In most clusters, 
the extension of the horizontal branch toward the red 
giant branch is poorly populated, if at all. In these cases 
one may count Nag beginning at a magnitude Veer 
on the giant branch that is identical with the magnitude 
Ver of RR Lyrae stars in the cluster. This is possible 
because, when Vrop~ Ver, bolometric magnitudes Mya 
are related by Mras~ Mrar—-0-2; from Tables 1 and 2, 
one finds that (for the higher Y cases) logbaaa~ logar + 
0-1, corresponding to a difference of ~ 06-25 in bolometric 
magnitude. 
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choices of Z and two choices of Me. 


We shall estimate the giant branch lifetime tre of a 
star beyond Lrosg from the approximation tre ~ 244 x 10° 
yr (1— Y) (Lres/Loy "t, which is derived from calcula- 
tions using old opacities!! when Z= 2x 107. We do not 
yet know by how much this estimate will change when 
giant branch calculations are repeated with new opacities. 
Nor do we know how sensitive tre is to Z. 

Our final provisional result for tu»/tre is shown in 
Fig. 1 as a function of composition and in Fig. 2 as a 
function of assumed cluster age. Adopting the number 
Nun/Nao~ 0-875 for M15 (ref. 1), we conclude that if 
10-*#<Z<10-% and e,=0, then Y~0-26-0-29 and t~ 
183-15. If e,%0, then Y~0-28-0:31 and t,~ 134— U1. 

Both derived Y and derived age are larger here than in 
ref. 1. The fact that RR luminosities are now more 
consistent with those estimated by other means suggests 
that more weight might be given to the order of magnitude 
of the present results. We have also established here that 
the uncertainty in age due to the uncertainty in the 
appropriate choice of Z is of the order of 3 or 4 billion 
years whereas the uncertainty in Y due to the same source 
is of the order of 0-02—-0-03. 

We withhold final judgment on the uncertainty in the 
absolute values of mean derived Y and ¢ until we have 
completed our reinvestigation of giant branch evolution 
with the newer opacities (giving us better estimates of 
fac) and our reinvestigation of the magnitude of the 


helium core mass at the red giant tip (as it is affected by 
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recent improvements in the treatment of electron con- 
ductivity). 

This work was supported in part by the US National 
Science Foundation and in part by the US National 
Aeronautics and Space Administration. 
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Relativistic Beaming of Radiation from 
Pulsars 


Tu observation that the pulsar CP 0328 radiates single 
pulses which seem to be basic elements of the total radio 
radiation, and which are highly polarized’, led at first to 
the suggestion that the mechanism of radiation was that of 
synchrotron radiation, forming a beam of radiation which 
swept across the observer as the sourse rotated. The shape 
of the elementary pulse, and the pattern of polarization 
across the pulse, were seen to be very similar to the angular 
distribution of radiation from a highly collimated beam of 
electrons, and it was suggested that the ratic of the pulse 
duration of the period of the pulsar provided a measure of 
the beam width of the radiation, and hence a measure 
of the energy of the electrons. On this hypothesis the 
width and polarization of the pulse would be expected to 
change with radio frequency. We have now looked for 
any such change in the elementary pulses from CP 0328, 
and we find none. 

The observations are as follows: (È Polarimeter 
observations both at 151 MHz and 408 MHz show that 
the commonly observed short pulses follow the same typi- 
cal, highly polarized, pattern. (1) Plane polarized re- 
ceivers at 151, 408 and 1,420 MHz show that these pulses 
last the same time on all three frequencies. The width 
to half power is 4:5+0-3 ms. 

We first discuss the variations in width and polariza- 
tion to be expected on the hypothesis that the radiation is 
synchrotron radiation from electrons with high relativistic 
energies. If the pulse showed toe precise pattern of 
polarization displayed by a beam of completely collimated 
and mono-energetic electrons, the pulse length would 
define an angle which is nearly equal to y“, where the 
electron energy is y m,c?. This angular width only applies, 
however, near the critical frequency ve; at lower frequen- 
cies the angular width varies as v-!", while very little 
radiation is emitted at frequencies much above ve. 

If the energy of the electrons covers a wide spectrum, 
then the radiation at any frequency v comes predominantly 
from electrons the energy of which is proportional to 
vt, so that in this case the angular width varies as 
y-12, In both eases the pattern of polarization is un- 
changed apart from the expansior. of the angular width. 
Tt seems therefore that the duration of individual elemen- 
tary pulses should vary at least as v3, contrary to obser- 
vation. 

The width of the pulse might be determined. partly by 
an angular spread in the electron velocities. This cannot, 
however, be important, because the cireular polarization 
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expected from a perfectly collimated beam is an even 
function of the angle from the beam centre, and any 
angular spread tends to reduce the amount of circular 
polarization. The best measurements of polarization have 
been made at 408 MHz; these show that the angular 
spread cannot be greater than twice the intrinsic beam 
width at this frequency. We would then expect to see a 
broadening of at least 10 per cent of the pulse width at 
151 MHz, well outside our observational error. The most 
sensitive test would evidently be to measure the degree 
of circular polarization at a higher frequency; sore 
observations at 610 MHz do indeed show the same polar- 
ization pattern with a high degree of circular polarization. 
We therefore consider that there is no possibility of 
explaining the constancy of the pulse width by an angular 
spread in electron velocities. 

It now seems necessary to attribute the beam width to a 
geometrical effect which acts independently of frequency. 
I therefore suggest that the radiation mechanism itself is 
isotropic, and that the effect of a beam is solely due to a 
relativistic effect of the rapid rotation of the source. 
(The importance of the high relativistic velocities to be 
found close to a pulsar was first noted by Gold?.) 

If a source moves towards an observer with velocity v, 
radiation leaving the source with velocity ¢ at angle « to 
the line of sight, as measured in its own frame of reference, 
arrives at the observer at angle x’ given by 





where 


The intensity of a pencil of rays increases in the ratio 


faa? ae Sag ok 
Mae? which for large 8 and «<< 1 is given by 


Radiation reaches the observer mainly within the range 
of angles x)= +%-'; at these limits the radiation was 
emitted at angles «= + 7/2. The width of the beam 
appears to the observer to be 1-38-1, as measured to half- 
power points. 

We now suppose that the source revolves in an orbit at 
angular speed w, and at such a radius R that okR= V, 
which nearly approaches e. As seen by the observer the 
radiation is confined to a conical pencil with half-width 
1-3 8 sweeping in angle at a rate w. Because the pulse 
is observed when the source is approaching the observer, 
a further factor of 8 occurs in measurements of time. The 
duration of the pulse is therefore given by 


q= 1-38-83 


This expression can be used to derive a value for 8, giving 
the velocity V and the radius R at which the source is 
situated. (The value of V would, of course, be incorrect 
if the group velocity of the radiation differed appreciably 
from c; this does not seem likely when the pulse duration 
is observed to be the same over such a wide range of 
frequencies.) 

The observed pulse width and pulse power can now be 
combined with any available information about the dis- 
tance d of the pulsar to obtain the power P radiated con- 
tinuously and isotropically from the source. The maximum 
observed power Pm is 482 times larger than the required 
power, so that 


1 5 T 
= age 4nd? Pm = 3e nad? Pm 

The radiation can only be observed within a range of 
angles 1/8 wide centred on the equatorial plane. 
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The pulses are observed to be highly polarized, in general 
with an elliptical polarization which changes smoothly 
through the duration of any one pulse. The major axis 
of the ellipse remains fixed in space, while the ellipticity 
and the hand change. Some pulses exhibit only one hand, 
while others change hand, quite often near the centre of 
the pulse. The polarization can be nearly completely 
cireular for part of the pulse. 

We therefore suppose that the source radiates with an 
elliptical polarization varying smoothly over a solid angle 
of 2m centred on the direction of the observer. The 
polarization could then be plane in this direction and 
circular perpendicular to it, or a rotation of the whole 
system could bring circular polarization into the direction 
of the observer. The only familiar system which matches 
this pattern is the cyclotron radiation from non-relativistic 
electrons in a well-oriented magnetic field. If, for example, 
the field is directed along the line of sight at the middle 
of the pulse, the radiation will be mainly circularly 
polarized, becoming plane only at the edges of the pulse. 
If the field is parallel to the axis of revolution, then only 
plane polarization will be observed. If the field is perpen- 
dicular to both these directions a pattern of changing hand 
will be observed. 

Cyelotron radiation is not completely isotropic. The 
intensity is a maximum for the circularly polarized 
radiation along the magnetic field line, and minimum in an 
equatorial plane perpendicular to it where the polarization 
is plane. The ratio of intensities is, however, only two to 
one between maximum and minimum, and the pulse shape 
is therefore not much affected by the orientation of the 
field. 

The difficulties in adopting the eyclotron theory He 
in the wide spectrum and the high field strength of the 
radiation. 

Cyclotron radiation from electrons with non-relativistie 
energies is at a single frequency, the Larmor frequency vi. 
By contrast the pulsar radiation is very broad band. There 
are two ways of meeting this difficulty: either the source 
must be made broad band, or the Doppler shift in fre- 
quency due to the high peripheral velocity must be made 
to cover a broad ratio of observed frequencies. The second 
possibility cannot be important, at least in the radio 
frequency part of the spectrum, because the angular 
width would again be found to vary with frequency. We 
must suppose therefore that the magnetic field differs in 
strength over the excited region sufficiently to cover the 
radio frequency spectrum, A range of at least 10 to 1 
in field strength is required to cover the radio frequency 
band; if it is found that the same individual elementary 
pulses oceur in the radio, optical, and X-ray emission from 
the Crab pulsar, it will become very difficult to visualize 
a region excited all at the same time and containing such 
a wide range of magnetic field. There seems a good 
possibility, however, of explaining the radio emission in 
this way. 

Measurements on the pulsar ( P 0328 yield the following 
values 


m= 45 ms, ow =9 rad s~, dal kpe, 
Pm=3x 10-4 W m Hz- (at 408 MHz), 
band width a 10° Hz. 


We deduce the following characteristies of the emitting 
region, on the assumption that the beam of radiation is 
formed by a relativistic effect 

B? = 32: v= 09850; PB= 2-6 10 W 
The region is situated at a radial distance B= 3-3 x 107 m 
from the centre of revolution. The lateral extent cannot 
exceed about 1 per cent of this distance, giving a flux at 
the surface at least 10% W m-t, corresponding to an electric 
field strength of 6 x 10° V m~ and a magnetice field strength 
of 200 Oersted. We note immediately that the high field 
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strength means that electrons cannot be regarded entirely 
as non-relativistic particles, as required in the cyclotron 
theory. 

If the radiation is cyclotron radiation from electrons, 
the frequency of generation is 87? times the observed fre- 
quency. Thus the radiation at 408 MHz would be gener- 
ated at 13 MHz, corresponding to a field strength of 5 
Oersted. The energy density of the static magnetic field 
therefore seerns to be less than the energy in the total 
radiation field, which again leads one to suspect that the 
simple cyclotron theory does not provide a sufficient 
explanation. 

We may conclude that: (i) the beaming of pulsar radia- 
tion is due to the relativistic effect of rapid rotation of the 
source, (ii) the radiation mechanism is roughly isotropic, 
(iii) the polarization follows the pattern of cyclotron 
radiation, (iv) if electron cyclotron radiation is to provide 
an explanation, a non-linear theory must be developed to 
account for the high radiated field strengths. 

I thank D, A. Graham for help with the observations, 
and Professor F. D. Kahn for a discussion of the radiation 
mechanism. 

F. G. SMITH 
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Jodrell Bank. 


Received July 11, 1969. 


t Clark, R. R., and Smith, F, Gu, Nature, 221, 724 (1969), 
? Gold, T., Nature, 218, 731 (1968), 


Magnetic Fields and Highly Condensed 
Objects 


Ir has become conventional in astrophysics to accept the 
widespread presence of magnetic fields, but not to worry 
much about their origin. Because of the very long time 
scales for ohmic decay in most objects it is usual to aseribe 
the present magnetic field to a field that existed at earlier 
epochs. By repetition of this process one can trace the 
fields back to the beginning of a big-bang universe—-for 
example, one attributes the magnetic fields of stars to 
that which existed in the ges cloud from which the stars 
condensed, the fields in such clouds to the galaxy contain- 
ing them, the field of the galaxy to the universe, and the 
latter to the first moment of time. Then one need no 
longer trouble oneself with the problem, which is con- 
venient beeause the problem is otherwise awkward: a 
voltage ~ 101! V would have to be applied across the 
galaxy for 10 yr in order to build a galactic field of 
~ 10° G. 

Recently, it has become clear that highly condensed 
objects are important energy sources, and the question 
evidently arises as to whether they augment the galactic 
field by dynamo action. This could happen through the 
winding by rotation of a field that emerges from the object. 
Consider an object of mass M with a surface field Hs. 
Let the rotary energy converted to magnetic energy be 
written as fMc?. The fraction f of the rest mass involved 
in this way may be quite large, > 10+ say for a suffici- 
ently condensed object. The equation 


{Me = (H.2/8n)V (1) 


ean be interpreted as meaning that the rotary energy 
converted to magnetic energy is sufficient to fill a box of 
volume V with a field of intensity Hs. 

The volume V given by equation (1) is small, for any 
reasonable values of M, Hs, compared with the volume 
Fg 1067 cm of the disk of the galaxy. Hence to obtain 
a galactic magnetic field we must next imagine the box 
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V to be expanded adiabatically to volume Vg. The 
resulting field intensity H is given by 
H~ Hg V/V _)?" (2) 
Eliminating V between equations (1) and (2) leads to 
H x Ho? (82fMct/V_)2! (3) 


With M=109 Mo, f=10-', Vg=10% cm’, Hy=10°G, 
equation (3) gives H~10°G, In our own galaxy 
M~10* Mo would perhaps be a better estimate for the 
mass of the extreme nucleus. We might therefore expect 
that the overall galactic magnetic field that could be 
produced by such a nucleus would be somewhat less than 
103G. On the other hand, Hs~10°G is close to the 
maximum. permitted by the gravitational stability of the 
object, and decreasing Hs increases H, although not 
sensitively. Evidently H~ 10-5 G is not much affected 
by uncertainties in M, Hs, and this estimate is indeed 
close to the actual field of the galaxy. 

It is of interest to consider a very different case, appro- 
priate to the Crab nebula. With M=Mo, f=10", Ve 
taken now as ~ 105% em}, Hs» 10° G, equation (3) gives 
H~10 Q. This is again close to estimates for the ectual 
field of the Crab. It therefore seems possible that the 
magnetic field of the Crab nebula might have been pro- 
duced by the central object-——if the original rotary energy 
was large enough. 

While the present process does not explain the origin 
of an initial field, it permits amplification of an initial 
field. We have to consider the field in two stages. Start- 
ing from diffuse material of density p; in the galaxy, 
and from an initial field intensity Hi, we form a condensed 
object of density ¢ and field Hs. For isotropic condensa- 
tion. 

H= Hi( p/p)” (4) 
For a highly compact object near its Schwarzschild 
radius p is related to M by 
em LOM(AL o/M yg em (5) 
Taking oi x 10-2! g cem in the galaxy, and using equation 
(5), we have from equation (4) 
Ha~ (10 Mo/My Hi (6) 
Putting f210-, Vg ~10%em* in equation (3), and 
using equation (6) for Hs, it is easy to see that 
H pL? ] 473 Ne oy 
and hence that the field is amplified provided the right 
hand side of equation (7) is greater than unity, that is, 
provided 
Hy< x10- (M/M o)" G (8) 
For M|Mox10, expression (8) gives Hi< ~3x 10- G, 
which is close to the actual field of the galaxy. The fact 
that the actual field agrees with the limit set by expression 
(8) suggests that field amplification in the galaxy is now 
essentially complete. 

Finally, we note that many small masses are less 
efficient than one object of the same total mass unless 
the fields produced by the small masses have the same 


sense. 
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Solar Wind Tail and the Anisotropic 
Production of Fast Hydrogen Atoms 


Tue flow of supersonic solar wind is supposed to be reduced 
to subsonic velocities and randomized at a so-called 
shock front somewhere between 5 and 50 av from the Sun. 


NATURE. VOL. 223, AUGUST 30. 1969 


The position of the shock front is roughly determined 


by the condition that the energy density of the solar , 


wind plasma should be comparable with that of the 
interstellar magnetic field. Patterson et al. have found 
that half the flux of the solar wind protons is returned 
to the heliosphere at the shock front in the form of fast 
neutral hydrogen atoms produced in charge exchange 
processes supposed to take place in a thin shell around 
the shock front. This return flux is a consequence of 
the thin shell model and the assumption that all the solar 
wind protons which pass the shock front undergo charge 
exchange with interstellar hydrogen. 

This model has been modified by the assumption that 
charge exchange occurs in a more extended region beyond 
the shock front, the transition region. In this ease, less 
than half the solar wind protons would be fed back as 
fast neutral atoms into the heliosphere, because the 
viewing angle by which the heliosphere is seen from an 
outer point of the transition region is smaller than a solid 
angle of 2n. The total conversion of solar wind protons 
into fast neutrals in the transition region would mean 
that there exists no subsonic expansion of the solar 
wind corona by fast protons beyond the transition region. 
All the fast protons become converted into slow protons 
and are accumulated in the turbulent magnetic field. 

Interesting problems arise from the conditions of 
continuity of neutral atoms and protons for the case 
total conversion on which Patterson’s model is based. 
Each spherical shell within the heliosphere is pene- 
trated by the same total flux of solar wind protons. 
This flux is 4zre x 2x 10° protons s-t, where re is 1-5 x 10 
em. 

Total conversion requires that the influx of neutrals 
from interstellar space into the transition region is at 
least as high as the number of solar wind protons which 
penetrate into this region from the direction of the helio- 
sphere. Taking an average hydrogen density of n»=1 
cem in the surroundings of the solar system we find 
that the shock front must be at a distance greater than 
85 av, if interstellar hydrogen atoms in the vicinity of 
the solar system have random motions corresponding to a 
temperature of about 100 K. Patterson, however, has 
taken a value of 50 av, which seems to be too small unless 
higher densities n, are assumed. The same applies to the 
modification due to Hundhausen?. 

At the same time the assumption of random motion 
of interstellar hydrogen is suspect because the solar 
system itself has a peculiar velocity of 20 km s-t with 
respect to the local standard of rest of nearby stars. 
It is also known, from radioastronomy, that interstellar 
hydrogen clouds possess individual velocities of the same 
order relative to their local standard of rest. There is 
therefore probably a preferential, macroscopic velocity 
of 10 to 40 km s~ of interstellar hydrogen relative to the 
solar system, in which case the influx of neutral interstellar 
hydrogen into the transition region would obviously be 
highly anisotropic. It follows that the flow of neutrals 
from the direction of approach will be enhanced, while 
there is expected to be a ‘hydrogen-shadow” region at the 
opposite hemisphere or a cone of rarefied interstellar 
hydrogen which is mainly characterized by a hot turbulent 
solar wind plasma. To a first approximation, the opening 
angle « of this cone equals are tan (va/v)) where va is the 
average diffusion velocity which is of the order of 100 m 
s71, and the velocity of approach v, is about two orders of 
magnitude greater. 

The position of the shock front, chiefly determined by 
the interstellar magnetic field, is not greatly influenced 
by the existence of a macroscopic velocity v, with which 
interstellar hydrogen approaches the Sun, so that the 
idea of a nearly spherical shock front will be in accor- 
dance with our tail model. On the other hand, the shape 
of the transition region is highly aspherical (Fig. 1). 

The transition region is characterized by the density 
decrease of hot turbulent protons entering from the helio- 














Fig. 1. The interaction of interstellar hydrogen in macroseopie motion. 
towards the solar system with the expanding solar corona crtaide the 
heliosphere (H). The shock (SF) is shown, A highly anisotropie tran- 
sition region (TR) and a backward shadow cone (tail) will be produced. 


sphere and being converted into slow protons. The 
density of interstellar hydrogen will also decrease from 
the outer regions of the transition region towards the shock 
front, so that the transition region terminates at dis- 
tances where the density of the hot protons has prac- 
tically vanished. Up to such distances there must be a 
total conversion of hot outgoing protons into fast neutrals, 
so that the influx of interstellar neutrals must at least 
be as high as the influx of hot protons from the heliosphere 
boundary. If the influx of neutrals at these distances is 
greater, some of the neutrals will get directly into the 
heliosphere. 

It follows that at the front side of the solar system 
{pointing towards the hydrogen inflow) the minimum 
required extent of the transition region can be reduced 
by a factor of ten in comparison with the diffusion-deter- 
mined value of 85 av. If the shock front is situated at 
distances greater than this minimum value, it must be 
expected that, in addition to the total conversion of the 
hot solar wind plasma, most of the interstellar hydrogen 
will directly enter the heliosphere. At this front side, 
Patterson’s thin shell approximation would nearly be 
fulfilled, but would give only a small contribution to the 
hydrogen density within the heliosphere. At the back 
side, however, where the influx of interstellar h ydrogen into 
the transition region is determined by diffusion, the outer 
boundary of this region will be located at distances of 
about 85 av from the axis of the backward shadow cone, 

Thus we have obviously to expect an anisotropic dis- 
tribution of fast collision generated neutrals within the 
heliosphere, because the spherical shape of the transition 
region will no longer be valid. In the shadow cone there 
will be a turbulent subsonic motion. of the randomized 
hot solar wind protons. The results of a detailed num- 
erical calculation concerning the above mentioned prob- 
lems will be presented elsewhere. 


P. W. Brem 
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Solar Motion with Respect to the High- 
velocity HI Clouds and. to: the Local 
Group 


We have derived! the solar motion, wi 
at different distances and have shown how. the solar apex 
varies systematically with the distance of the reference 
objects, 

The intriguing suggestion of Kerr? that the high-velocity 
HI clouds may be satellites of the galaxy has been recently 
examined by Verschuur’, who goes further and considers 
them as possibly extragalactic and purely gaseous mem- 
bers of the local group. We have re-examined the problem 
in terms of the solar apex and velocity which by compari- 
son with corresponding values for the local group may 
give some indication of the relationships between the 
galaxy, the local group and the system of the low-velocity 
HI clouds. 

Revised solutions for the local group, including two 
possible new members, IC10 (ref. 4) and 10342 (ref. 5), 
are shown in Table 1. Solutions with and without a K 
term are shown for equations of the form 












V=Vo eos A (1) 
VeC+Vo cos A (2) 
V=KA+Vo cos A (3) 


where Vo is the solar velocity in km s~, A is the angular 
distance from object to solar apex, C is the assumed zero 
point error in red-shift data, K A is the expansion velocity 
if the law of red-shifts operates within the local group 
(K is the expansion parameter, A the distance in Mpe). 
Galactic coordinates |, b of apex are in system IT; all 
errors are mean errors; o is r.m.s. residual of solutions. 

All solutions point to Lœ 95° + 10°, b= — 15°+ T, Vo= 
325430. Note in particular that, although the longitude 
does not depart significantly from 90°, the apex is con- 
sistently south of the galactic plane. and the velocity is 
higher than the current value (250) for galactic rotation. 
This may or may not be significant depending on the 
unknown. contribution of the motion of the galactic centre 
in the local group (ref. 1 contains solutions corrected for 
solar motion toward classical apex and galactic rotation). 

Solutions for solar motion with respect to the high- 
velocity HI clouds were based on the seventeen cloud 
complexes listed by Verschuur*. The observed velocities 
used were values with respect to the local standard of rest. 
Solutions for equations of the forms 1 and 2 are listed in 
Table 2. No solution for the form 3 is possible as long as 
A is unknown. Cloud complexes are numbered C1 to C17 
as m Table | of ref. 3. 

Solutions of type 1 have a certain similarity with corre- 
sponding solutions in Table 1; the apex is still south of 
the galactic plane. Its longitude is, however, shifted 
50° from that of galactic rotation and the velocity is 
over 100 km s~ less, resembling that of solar motion 
solutions with respect to the system of globular clusters‘, 
1=O1°047°3, b= —4°147°6, Veo(e@) = 168 + 27 (n= 70). 
If, as seems plausible, the correct: interpretation for the 
low value of Vo(e) is that the system of globular clusters 
as a whole has a net angular momentum with respect to 
galactocentric inertial axes, the same interpretation could 
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be placed on the low value of Vo with respect to the HI 


© gloud complexes. The high-velocity HI clouds would then 


à respect'to galaxies 


clearly be close satellites of the galaxy or loosely bound 
wisps of turbulent gas in the galactic corona. 

Note, however, that solutions of the form 2 give widely 
different values for 1, b and Vo and a much better fit as 
judged by the r.m.s. residual o. This instability of the 
solution for the solar apex with respect to the HI clouds 
is not observed in the case of local group members. A 
possible cause is incompleteness of the data, especially 
in the southern hemisphere, giving an artificial asym- 
metry. We have observed that this effect is quite pro- 
nounced and leads to spurious solutions, especially in the 
presence of a K term, as for galaxies; it seems unlikely, 
however, that a large K term would be present in the case 
of the HI clouds, even if they should prove to be distant 
members of the local group rather than close fragments of 
the galactic hydrogen layer. 

After this study was completed we learned that Kerr 
and Sullivan’ are studying the problem of the high- 
velocity clouds by several methods, including the solar 
motion approach, so that we do not propose to follow up 
the subject unless these clouds do eventually turn out 
to be truly extragalactic. On present evidence this hypo- 
thesis does not seem particularly probable to us. 

We thank G. L. Verschuur, F. J. Kerr and W. T. 
Sullivan for communication of their results in advance of 
publication. 
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Primordial Helium Production in 
‘‘Magnetic’’ Cosmologies 


O'Connell and Matese! and L. Fassio-Canuto (private 
communication) have shown that in the presence of a 
very intense magnetic field (BZ10% G) the neutron 
should decay more rapidly than in the field-free case. 
Tf such fields had existed during the very early stages of 
a big-bang cosmology, they would clearly have altered 
the primordial helium abundance to be expected. O’Con- 
nell and Matese! pointed out that the decrease in the 
neutron half-life would tend to reduce this abundance. 
We give here an analysis of the other effects auch a field 
would have, and conclude that for 104% G SB 310” G at 
the epoch of nucleosynthesis either too much helium or 
too much deuterium and helium-3 would have been 
produced. This is good evidence that such fields could 


Table 1. SOLAR MOTION WITH RESPECT TO LOCAL GROUP 





Solution l b y (2i K c n Largest residuals Rejected 
la : -1249 BIL48 — one 91 14 1C10 (— 98), 1C342 (+217) 
ib -8+5 315 + 26 —_ ~ 57 13 IC1613 (— 70), A1009 (+91) TC342 (+ 268) 
2a ~2549 241+ 40 7234 — 7 14 IC1O (— 129), 10342 (+ 174) 
3b ~A7 4G 333 + 23 46 +22 aai 49 13 IC10 (— 87), NGC221 (+53) TCUB42 (+ 234) 
3a -1587 342437 => 85437 77 14 IC10 (~ 148), 1842 (+ 153) 
Table 2. SOLAR MOTION WITH RESPECT TO HI CLOUD COMPLEXES 
Solution 1 b ¥ (94 a n Largest residuals Rejected 
ia 1394+16 -1313 184 + 66 a 107 17 C12 (~ 881), C16 (+85) 
1b id&t 7 -124 5 234 + 20 aries 50 16 C6 (~ 75), C16 (+75) €12 (~ 389) 
2a 334+ 96 +664 34 87424 127413 45 17 C1 (- 50), C12 (+97) 
26 332 4 21 +832414 58+21 11011 32 16 C6 (— 50), C4 (+ 44) €12 (+ 143) 
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not have existed during the big bang. It is not likely that 
still stronger fields existed at that epoch!: if they did.the 
primordial clement abundances to be expected would be 
zero. Weaker fields have no effect on element production, 

In the standard cosmological model helium is synthes- 
ized during the big bang in the following general way?++. 
At temperatures 7'2>10'!° K the universe is flooded with 
photons, neutrinos and positron-—electron pairs. Through 
inverse beta decay reactions the leptons establish a 
thermal equilibrium between neutrons and protons. As 
the temperature drops the equilibrium progressively shifts 
towards a state containing fewer and fewer neutrons. By 
the epoch Tax 10° K, these reactions are proceeding 
so slowly that the neutron—proton ratio has frozen out 
of equilibrium. As time passes the neutrons decay, further 
reducing this ratio. At 7'’~10° K nuclear reactions begin 
which combine essentially all the remaining neutrons with 
protons to form light elements, mostly ‘He. The *He 
abundance is almost entirely determined by the neutron- 
proton ratio at T’~ 10° K, which in turn is determined by 
a competition between two rates: the rate of expansion 
of the universe and the rates of the beta decay and inverse 
beta decay reactions. 

The only reasonable suggestion of which I am aware 
which would reduce the ‘He abundance while keeping it 
non-zero is that of Tayler’, who pointed out that the 
recent reduction® in the measured value of the neutron 
half-life would have the effect of lowering the neutron— 
proton ratio at ZJwl0°K. Explicit calculation of this 
effect: shows that the primordial ‘He abundanee by mass 
should lie in the range 23 per cent (if the universe is open) 
to 28 per cent (if it is closed). The ‘He abundance can be 
still further reduced if a universal neutrino degeneracy is 
invoked*-+; whether this is “reasonable” is a matter of 
taste. 

The effeet under consideration, however, would lead 
to an increased ‘He abundance. This is because the energy 
density in a magnetic field B10 G is some 100 times 
greater than that in all other forms at the epoch of 
nucleosynthesis (10° K). If the field is sufficiently 
tangled over distances small compared with the event 
horizon at this epoch, it will have no effect on the geo- 
metry, which will still be deseribed by the Robertson— 
Walker metric. In these conditions the rate of expansion 
of the universe is proportional to the square root of the 
energy density and will be increased by a factor of ten. 
The neutron is expected to decay only slightly more 
rapidly in these circumstances than in the field-free case 
(ref. 1, and private communication from L. Fassio- 
Canuto), so the net effect is to increase the neutron~proton 
ratio at T10 K. The *He abundance will then be 
increased. 

Using explicit caleulations of the ‘He abundance to 
be expected in accelerated field-tree conditions?:+,7, I 
estimate a primordial ‘He abundance of the order of 50 
per cent by mass for the case B=10"G. This is un- 
acceptably high. If the field is increased significantly 
beyond 10” G the neutron half-life becomes proportional? 
to B, as does the rate of expansion of the universe. The 
two effects then cancel each other and the neutron—proton 
ratio at the onset of nucleosynthesis is unchanged. The 
nuclear reactions, however, become unable to “burn” all 
the neutrons to ‘He: rather H and *He are produced in 
very great quantities. The "H and/or *He abundances 
produced in this way are orders of magnitude greater 
than their observed values for B10" G. Beyond this 
field strength no element production whatever takes place. 

A very precise adjustment of the field is possible 
(B=10%G at the epoch T=5x10° K) in which the 
universe is not too accelerated and the neutron half-life 
is somewhat reduced. This highly ad hoc model may lead 
to acceptable abundances. 

The work of Thorne! strongly indicates that, if the field 
is ordered over distances greater than the event horizon 
at the epoch of nucleosynthesis, the universe will become 


“general proof of this” statement.) 
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anisotropic and ateclerated. (I am not aware of any 
Without a compre- 
e relevant cosmological models, it 
is probably: safe e that accelerations similar to 
those in the isotropic case will pertain in this case also. 
The particular modéle studied by Thorne and by Hawking 
and Tayler® agree with this assumption. My discussion is 
therefore probably quite general. 

This analysis has not included any effects of the mag- 
netic field on the nuclear reaction rates. Such an effect 
should be negligible if the interaction energy of a nucleus 
with the field is less than the Q-value of the nuclear 
reaction it undergoes. The condition is met if BZ 10% G. 

This research has been supported in part by a grant 
from the US National Aeronautics and Space Administra- 
tion. 
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Lunar Oscillations in the D-Region 
Absorption at Singapore 


Luwaxr oscillations in the D-region, deduced from the 
analysis of absorption of vertical pulsed radio waves 
reflected from the E-layer of the ionosphere, have been 
reported for the stations at Slough!, Pennsylvania®, Frei- 
burg’, Ibadan‘ and Colombo’. For high latitude stations 
(Slough, Pennsylvania and Freiburg) the lunar time of 
maximum. absorption is about 10 h as against around 3 h 
for the equatorial stations (Ibadan and Colombo), suggest- 
ing a possible phase reversal of lunar tides in the D-region 
between high latitude and equatorial regions. This 
communication describes the results of lunar semi- 
monthly variations in the noon values of absorption (D) 
averaged for the frequencies 2:0, 24 and 2-6 MHz at 
Singapore, during the period April 1951 to May 1955. 

The deviations (AZ) were obtained by subtracting the 
respective monthly median values from the corresponding 
daily absorption values, and these were grouped accord- 
ing to lunar age vg (for Greenwich noon) separately for 
three seasons: D-months (November, December, January, 
February), E-months (March, April, September, October} 
and J-months (May, June, July, August). Tt was found 
that for any one season the lunar variation curves were not 
significantly different for the three frequencies 20, 2-4 
and 2-6 MHz. Seasonal curves were derived by averaging 
the individual curves for the three frequencies. Fig. 1 
shows the resultant curves for the three seasons, while 
Table 1 gives the values of amplitude and time of maxi- 
mum absorption from harmonic analysis of the individual 
curves. 

The amplitudes of the lunar tide are 0-86, 0-48 and 0-55 
dB for D, E and J-months respectively. The amplitude 
of the annual average lunar variation is 0-57 dB. Thus 
the amplitude of tide in D-months is more than that in 
E or J-months, which is similar to the seasonal variation, 
of lunar tides in D-region absorption at Colombo’. The 
lunar time of maximum absorption varies with season 
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! Possible impact Structure in Southern 
D-MONTHS Aad Cyrenaica, Libya 


A NUMBER of impact structures, or astroblemes (resulting 
from the collision of asteroids with the Earth), have now 
been recognized and a similar structure was found by 
Mr D. J. R. Sheridan and myself in the Gebel Dalma area 
of Southern Cyrenaica in Libya. At about the same time 
Mr W. M. Johnson recognized it as a possible impact 
structure while preparing photogeological maps of the 
area. 

This structure occurs as a group of unnamed low hills 
rising above the generally sand-covered surface in the 
south Oyrenaican Desert. Its precise position was not 
fixed at the time it was examined, and the following 
location details are based on dead reckoning and therefore 
subject to revision. It lies approximately 75 miles east- 
south-east of Gebel Dalma and some 100 miles north-east 
of the Kufra Oasis at approximately 25° 20° N and 24° 
20’ E (Fig. 1) on the broad Nubian Sandstone outcrop 
that forms the core of the synecline between the Gebel 
Dalma massif on the west and the Gebel Abd-el Malik 
massif on the east. These two massifs consist of Palaeo- 
zoje strata (Fig. 1) with the Nubian Sandstone (Lower 
Mesozoic) as the youngest unit of the syncline. Within 
the structure itself Nubian Sandstone is the only forma- 
tion exposed. The flanking massifs are well exposed and 
the local succession consists of a sequence of Palaeozoic 
shelf clastic sediments in which neither voleanics nor 
evaporites occur. The nearest known igneous intrusions 

0 2 4 #6 8 10 12 are those of the Gebel Arkenu end Gebel Uwainat: areas, 

Lunar time (h) some 150 to 175 miles to the south, where Tertiary acidic 

5 E i intrusions are common. The structure (Fig. 2) consists 
Fie. 1, Average variation of the noon value the Dreyion absornion of three near circular, eoncentrie rock outerops. The 
for different seasons of the year, Frequencies 2-0, 2-4 and 2-6 MHz. innermost ring comprises strata having high-angle and 
chaotie dips forming a jumbled mass of craggy outcrops 


Table 1. SUMMARY OF LUNAR SEMI-MONTHLY OSCILLATIONS IN THE D-REGION pising ak 50 feet £ oe ne . ; T 
5 a ; eet above the general ground level. e 
ABSORPTION OF RADIO WAVES OF THE IONOSPHERE rising about 5 BP the general ground level. Th 


Ampl, Time of max. 


s of noon absorption (dB) 














Stations GiB) lunar H . EEN 
Slough? 0-26 10-9 
Pennsylvania? 0-39 pA 
Freiburg’ 08B 10-6 
Tbadan* 0-85 27 
Calombo* 0-38 3-3 
Singapore 
Annual 0-57 $0 ; 
D-months 0-86 9-6 PA ESS Is Senet 
E-months O48 oo i i ¢ 
3-months 0-55 88 


between 6-9 and 9-6 h; the phase of the annual average E 
oscillation is 8-0 lunar h. 

The lunar tide in f)/, at Singapore? has a phase of 
about 04 lunar h. From our results the lunar tides in 
the D and F-regions of the ionosphere over Singapore 
have almost opposite phases. The latitudinal variation® 
of phase of lunar tides in fef has a reversal at about 11° 
magnetic latitude. The tidal behaviour in the F-region 
for Singapore (magnetic latitude 9°), which lies close to 
the transition region, is equatorial in nature, while the = 
variation in the D-region is of the high latitude type. The 
reversal of phase of the tides in the D-region may therefore 
be taking place at latitudes slightly lower than that for 
the tides in F-region. Further observations of absorption 
at low latitude stations are necessary to determine the 
transition region of the lunar tides in the D-region of the 
ionosphere. 
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middle ring comprises uniformly outward dipping strata 
of dips between 30° and 50° forming a less prominent 
inward dipping scarp. The third, outer ring dips inwards 
at between 5° and 15° and forms a low scarp barely pro- 
trading above the sand in places, more prominent in the 
southern and north-western quadrants. Beyond the 
structure, the desert locally is generally flat, sand-covered 
with occasional ridges and bluffs exposing solid rock. In 
all these peripheral outcrops the surrounding strata are 
sensibly flat. The uniformly concentric nature of the 
structure is only marred in the south-west by a small 
north-west/south-east trending fault of uncertain but 
small displacement. Between the concentric outcrops, 
the ground is covered with flat, firm sand. The diameter 
of the outer ring is approximately 1-7 miles, that of the 
middle ring 1-0 to 1-2 miles, and of the inner ring 03 
miles—though these figures are approximate. 

There is little or no evidence to show either an evaporitic/ 
diapirie or igneous mode of origin for this structure, and 
tectonic deformation may be ruled out because, apart 
from the form of the structure, it is disharmonie with both 
the regional post-Palaeozoic north-east/south-west trend 
in the area and with the strongly developed post-Lower 
Cretaceous north-west/south-east trend. The latter trend 
is invariably associated with fault and joint development 
and undoubtedly the small fault cutting the south-west 
quadrant is associated with this complex. The third 
possibility as to the origin of the structure is that it is an 
impact structure or astrobleme. 

Tektites have been known from the Libyan Desert for 
many years (personal communication by D. J. Milton), and 
these have a general age of 35 m.y. for which no satisfac- 
tory source has yet been suggested. In general form the 
structure bears a close resemblance to other ackncow- 
ledged impact structures, for example, the Sierra Madera 
structure, West Texas', and Gosses Bluff, Northern 
Territory, Australia’, although these two examples are 
much larger than the Cyrenaican example, for example, 
the Sierra Madera has a minimum diameter of 7-5 miles 


and Gosses Bluff 10 miles. At the time it was mapped, 
shatter-cones and other small-scale criteria for determin- 
ing impact structures were not recorded, although. they 
may have been overlooked. Finally, while its formation 
cannot be precisely dated, it is probably Upper Cretaceous 
or younger in development and could well be Tertiary in 
age. It is therefore suggested that the strueture described 
results from the collision of an asteroid with the Earth 
and is in some way connected with the occurrence of the 
formation of ths Libyan Desert tektites, this event 
occurring during the Oligocene. There is the possibility 
that the structure is one of a group which, if Oligocene in 
age, may now be buried beneath the Plio-Pleistocene 
gravel of the Calanscio Serir. 

I thank Dr D. J. Milton of the USGS for his comments 
and interest, 

A. J. Mantis 
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Fracture of Fibre Reinforced Materials 


A SIMPLE experiment has been carried out which shows 
the importance of the rate of loading on the fracture 
characteristics of a unidirectional composite, Three 
specimens of flexibilized epoxy resin, 12-7 mm x 6-4 mm 
in cross-section and 50 mm test length reinforced with 3 
volumes per cent continuous silica fibres in unidirectional 
array, were loaded to fracture at 0-051 mm/min, 8-1 
mm/min, 510 mm/min respectively, at room temperature, 
Fracture was deliberately encouraged by forming a small 
notch at one side of each specimen and a tensile crack 
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Figs. 1, 2 and 3. Broken halves of the specimens. 


then spread in the resin to the opposite side. Fibre 
fracture did not coincide with resin fracture but was 
spread over a region on either side of the resin crack. 

If the rate of loading were slow, this region was large (up 
to 10 mm wide on either side of the crack), but the higher 
the rate of loading the more limited the zone of fibre 
fracture (3 mm for medium strain rate, 1 mm for the 
fastest). 
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Fig. 4. Frequency distribution of Abre lengths as a function of distance 
from the crack, 


The appearance of the broken halves of each specimen 
is shown in Figs. 1, 2 and 3 and a frequency distribation 
of fibre lengths as a function of distance from the crack is 
given in Fig. 4. 

A qualitative explanation for the difference in, behaviour 
at different rates of loading could lie in the change of 
resin modulus with rate of loading. When a fibre breaks, 
the resin in its vicinity is suddenly stressed in shear and 
this stress is spread along the fibre over a “transfer 
length”, which is the length over which tensile loading in 
the fibre is balanced by shear in the resin. This length is of 
order ./E/G@ (ref. 1) where Æ isthe fibre Young's modulus 
and G is the resin shear modulus, which decreases with time 
from an unrelaxed value Gy to a relaxed value Gr. 

Jn the immediate neighbourhood of the broken fibre the 
zone of localized stress im the resin will increase with time, 
spreading the stress concentration in the fibres adjacent 
to the broken one over a longer length. 

At low rates of strain therefore—-and at low overall 
strain, when few fibres are breaking-—-fibva breakage 
should be fairly random throughout the sample. As the 
strain increases, even at low rates of strain more and more 
fibres will break in any given time interval as the peak of 
the fibre breaking strain distribution function is reached. 
Thus at the average fibre breaking strain the rate of frac- 
ture of fibres will be a maximum, the time available for 
stress relaxation least and the zone of fracture will be 
small. 

We should therefore expect a preponderance of fibre 
breakages in or near the resin crack with, at low rates of 
strain, a large zone on either side where the initial fibre 
breakages took place and where time for stress relaxation 
was available. At higher rates of strain the fracture should. 
approach more and more to the brittle type where fibre 
breakage is concentrated near the resin crack, 

More precisely, let there be Na fibres initially in the 
cross-section. Then the number X broken at a strain g 

















willbe N= Ny Flax), where r= , € being the mean and s 





the standard deviation of breaking strains of the fibres. 
F is the cumulative distribution function. If the rate of 

ae f de aN . .. E aF 
straining 18 p= then ~ Ny flx) =, where f= 7m 
: dt dt 8 dr 
Hence the time dt for breakage of one fibre will be 
di~a/(Nof(eyv). If dt<-, the relaxation time of the resin 
at the temperature of the test, then the stress caused by a 
fibre breakage will not relax appreciably, a stress concen- 
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tration will exist and further breakages in the vicinity of 
the first will be likely. If dt> + the stress will have relaxed 
and further breakage will be randomly distributed in the 
sample. 

t= 8/(Nof(x)v) should therefore be a condition separat- 
ing brittle from fibrous fracture. 

Clearly, the shape of the fibre breaking strain distribu- 
tion function, the relative elastic moduli of fibre and resin, 
the temperature (because the resin modulus is strongly 
temperature dependent) and the concentration of fibres 
will all affect the type of fracture. A further factor will be 
the strength of the interface between fibres and resin. It 
is hoped to examine these variables in later work. 

T thank the Ministry of Technology for financial support. 
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How the Intensity of X-Radiation affects 
the Late Stage Coloration in Very 
Pure KCI Crystals 


SEVERAL authors'~* have studied how the intensity of an 
X-ray beam, Æ, affects the parameter ‘‘a” which ‘defines 
the rate of generation of the late stage anion vacancies. 
Mitchell et al> have shown that ax E. Abramson and 
Caspari?, however, have suggested that for large values 
of E, a should vary linearly with # and for low intensities 
a should vary as #*. According to Pooley*, the power æ 
of E in the relation aa Er should be unity for large values 
of # and should increase to a limiting value of 1:5 on 
decreasing E. We have made investigations with very 
pure KCl crystals using the thermoluminescence tech- 
nique’ to find the variation of x in the relation aa Et for 
low and high X-ray intensities. 

Single crystals of very pure KCI (background divalent. 
cation impurity <1 p.p.m.) were grown by the Kyropoulos 
methodi. The methods used for X-irradiation, heat treat- 
ment and thermoluminescence have been described earlier*. 
A Philips PW 1009 X-ray diffraction unit with a Mo 
target operating at 35 kV and 5, 10, 15 and 20 mA was 
used for X-irradiation. The X-rays from the Mo target 
at 35 kV consisted of a mixture of continuous and charac- 
teristic radiations with an intense Ka doublet near 0-71 A 
and a less intense Kz line at 0-63 A. The intensity of soft 
X-rays on the long wavelength side of the Ka doublet 
falls rapidly. Because of the filtering effect of the mica- 
beryllium window in the X-ray tube the intensity of the 
background at 0-8 A is less than 1 per cent of the intensity 
of the characteristic radiations at 0-7 So, to reduce the 
intensity of the continuous beam of X-rays, Al filters 
(1 mm thick) were used in some of the experiments. The 
intensity of the X-rays, E, was taken to be proportional 
to the plate current, J, of the X-ray tube. 

Several neighbouring identical slices cleaved from an 
extremely pure KCl crystal were divided in four sets, 
each set consisting of about six to eight slices. Each of the 
four sets of slices was X-irradiated with different X-ray 
intensity corresponding to 35 kV and 5, 10, 15 and 20 mA 
plate current, without any filter. Similarly, each of 
another four sets of slices from the same crystal was 
X-iradiated with similar plate voltage and plate current 
values, but the intensity in each of these four sets was 
reduced by a 1 mm Al filter. The rate of growth of the 
-area A, under the 190° © thermoluminescence peak* (corre- 
= sponding to the bleaching of the second stage F centres) 
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with the time of X-irradiation was studied in esch case. 
From the plots of A; versus the time of irradiation the 
values of a for each intensity of X-ray were determined. 

The log-log plots of a versus the X-ray tube current T 
for the slices X-irradiated with and without an Al filter 
are shown as curves 1 and 2 of Fig. 1. Because the inten- 
sity of X-rays, E, is proportional to the tube carrent, J, 
the slopes of these two curves have the same values ea if 
log a had been plotted against log E. From the slope of 
the straight line plots, it is found that for slices X- 
irradiated with 1 mm A1 filter (for lower X-ray intensities) 


ac et 


and for slices X-irradiated without a filter (that is, for 
comparatively higher X-ray intensities) 





ac Bit 


The results obtained by thermoluminescence measte 
ments are thus in agreement with the results of Abrarméon 
and Caspari? as well as those given by Pooley’. 
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Bute Inlet Wax 


Bure Inlet is one of the larger fiords on the mainland. 
coast of British Columbia: it discharges into a complex - 
system of channels at the north end of the Gulf of Georgia. 
at a latitude of about 50° 30’ N. During unusually cold 
winters a yellowish wax-like substance has been observed. 
floating on the waters of the inlet’, The natural oceur- 
rence of lipid material in massive form is of possible 
interest in relation to the elaboration of petroleum: and 
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other fossil hydrocarbon deposits and we have therefore 
examined the constitution of Bute Inlet wax in some 
detail in an attempt to throw more light on its origin. 

A preliminary chemical examination had been made by 
L. A. Swain, and was reported by Williams®. Swain 
showed that glycerides were practically absent, and that 
the wax consisted of esters of fatty acids and fatty 
alcohols. A hydrocarbon fraction and unsaturated com- 
ponents were detected. The wax was stated to be of 
vegetable origin, and was recent (carbon-14 dating). 

Thin-layer chromatography has now confirmed the 
general composition of the wax, and the major (and 
several minor) components have been isolated and identi- 
fied. Bute Inlet wax (m.p. 9-3-11-1°, b.p. ~ 245°/0-05 mm) 
was saponified to give acidic and neutral fractions (ratio 
acidic : neutral ~ 0-85). The acidic fraction was methyl- 
ated, and the methyl esters were separated by gas-liquid 
chromatography. Subsequent purification and identifica- 
tion of the methyl esters revealed a composition sum- 
marized in Table 1. Significant amounts of components 
of cham length greater than C,, were not detected. 


Table 1, MAJOR COMPONENTS OF THE ACID FRACTION (MEASURED ON THE 


METHYL ESTERS) FROM BUTE INLET WAX 





Relative 
Component abundance Basis of 

{per eent) structural assignment, 
Tetradecanoic acid 536 MS, NMR*t 
18-Methy! tetradecanolc acid 08 MS, NMR 
Pentadecanoic acid L4 : 
Hexadecanoic acid 16-3 
Hexadec-9-enoic acid 66 
Octadecanoic acid 09 
Octadec-9-enole acid 20 NMR*S§ 
Eicos-9-enoic acid 16-1 MS, NMRtS§ 
Docos-Li-envie acid 8:3 MS, NMRTS& 

* Mixed gas-liquid chromatography with authentie compound (methyl 
esters), 


t Mixed m.p. of anilide with authentic compound. 

t Oxidation with KMn0O,-NalO, and identification of products. 

$ Hydrogenation of the ester, followed by mixed gas-liquid chromato- 
graphy with authentic saturated ester. 

MS, Mass spectrometry; NMR, nuclear magnetic resonance. 


The neutral fraction was treated with acetic anhydride— 
pyridine to acetylate the alecholic components. The 
resulting mixture was analysed by gas-liquid chromato- 
graphy and the components were isolated and identified 
as indicated in Table 2. Components of chain length 
greater than Čs, were detected (by gas-liquid chromato- 
graphy of the hydrocarbons resulting from hydrogenolysis 
of the alcohol tosylates) but did not comprise more than 
3-6 per cent of the neutral fraction. 


Table 2, MAJOR COMPONENTS OF THE NEUTRAL FRACTION (MEASURED ON 


THE ACETYLATED MIXTURE) FROM BUTE INLET WAX 


Relative 
Component abundance Basis of 
{per cent) structural assignment 
Pristane* 43 MS, NMRt 
Tetradecanol oe MS, NMRt 
Hexadecanol 25 MS, NMRt 
Hexadec-d-en-1-ol 75 MS, NMR ft § 
Ovtadecanol 03 t 
Octadec-9-en-1-0l 3-0 MS, NMR {S$ 
Eico gen1 a 44-6 MS, NMRI€ 
oOcos-Aean-L-ol geo i 
Docos-11-en-}-al 37-2 MS, NMR §! 


* Since this work was completed other workers have identified this com- 
onent®, 

n + Mixed gas-liquid chromatography with authentic compound (as acetates 
for alcohols). g : i 

t Hydrogenation, followed by mixed gas-liquid chromatography with 
authentic saturated acetate, . 

§ Hydroxylation, followed by mass spectrometry of tris trimethyl silyl 
ether! 

i} Reduction to corresponding paraffin, followed by mixed gas-liquid 
chromatography with authentic compound. 
~ Hydroxylation followed by mass spectrometry of tris trimethyl silyl 
A small proportion of elcos-t1-en-1-ol was revealed by this method. 
MS, Mass spectrometry; NMR, nuclear magnetic resonance. 






ES 


The chemical composition of Bute Inlet wax is very 
unusual. Although tetradeeanoie acid is widely distri- 
buted in plant and animal lipids, it usually occurs in 
small amounts: the high content observed here is com- 
parable, indeed, with that found’ in certain fats of the 
Myristaceae. The resemblance of Bute Inlet wax to the 
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liquid seed wax’ of Simmondsia californica has been 
pointed out?, (This wax is also essentially free of gly- 
cerides, and is reported to contain eicos-ll-enol and 
docos-13-enol as the major alcoholic components: it con- 
tains little tetradecanoic acid, however.) This resemblance, 
and a consideration of the forestry survey of the area, led 
Williams? to postulate that Bute Inlet wax was derived 
from the pollen of the Lodgepole pine (Pinus contorta). 
This attractive hypothesis is not supported by the avail- 
able evidence. Thus the composition now revealed does 
not resemble at all closely that recorded? for fresh pollen 
from this source, and the gross characteristics of the 
lipids of a “matured” pollen preparation? do not resemble 
those of Bute Inlet wax. Although the virtual absence 
of glycerides and polyenoic acids is remarkable, the con- 
stitution of the wax, and in particular the presence of 
pristane (which often oceurs in marine organisms, but 
rarely in land plants*), suggests a marine animal origin®:*, 
We have not been able to match the reported lipid con- 
stituents of any marine organism with those of Bute 
Inlet wax, and, indeed, we cannot be certain that the wax 
is derived from a single source. One of the closest simi- 
larities is to be found in the Coelenterata, certein members 
of which are rich in lipids containing high proportions of 
myristic acid, eicosenol and docosenol!", We suggest, that 
Bute Inlet wax may have originated from a wax-producing 
source at present unrecognized but possibly similar to 
this, and that during maturation any of the more reactive 
lipids (triglycerides, polyenoie acids) originally present 
have been preferentially removed. 

We thank Professor M. Y. Williams for discussion and 
for a sample of Bute Inlet wax, Professor L. D. Hayward 
for bringing this problem to our attention, and Dr J. D. 
White for preliminary experiments. 
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BIOLOGICAL SCIENCES 


Tissue-specific Inhibition of Lung 
Alveolar Cell Mitosis in Organ Culture 


THE existence of a growth-regulating system has now 
been established in several tissues, but has been thoroughly 
investigated only in mammalian epidermis!’ and granulo- 
cytes’. Essential components in this controlling mechan- 
ism have been found to be chemical messengers, known 
as chalones, produced by cells which themselves form the 
target tissue. As a result of chalone activity, the mitotic 
eycle of the cell is modified and the rate of growth of the 
whole tissue potentially depressed’. It is not yet known, 
however, whether the growth-regulating chalone is a 
feature common to all tissues. 
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The present experiments attempt to demonstrate the 
presence of mitotic inhibitors in the adult mammalian 
lung using the Colcemid metaphase-arrest technique. It 
has already been shown that lung maintained for 3 days 
in organ culture is a suitable experimental model‘. 

Using Trowell’s organ culture method’, 1 mm cube 
lung explants from 4-8 week old A2G mice were main- 
tained for 3 days in T8 medium supplemented with 20 
per cent foetal bovine serum, and in an initial atmosphere 
of 5 per cent CO, in O,. Organ extracts and hormone, 
together with Coleemid, were added for the final 4 h 
before fixation, and mitotic incidence analyses (the pro- 
portion of arrested metaphases/10° alveolar cell nuclei) 
were made on 5 um thick histological preparations. 
Approximately ten explants were examined for each 
experimental group; most experiments were repeated, 
and the results pooled. 

Water-soluble organ extracts were prepared in the 
following way: before excision, the organs were perfused 
with normal saline containing 0-001 per cent sodium 
citrate; each organ was then homogenized in an ice- 
jacket, suspended in normal saline or T8, and spun in a 
refrigerated centrifuge at about 1,000g for 15 min. The 
resultant supernatant was added to explants at a con- 
centration, expressed as the approximate equivalent dry 
weight of original tissue, within the range 2 to 8 mg/ml. 
of culture medium!. Control groups were treated with an 
equivalent volume of normal saline or TS. 

Early experiments were designed to examine the 
potential species or tissue specificity of organ extracts 
alone; Bullough ef al.* have already shown that the 
epidermal chalone is tissue specific, but neither species 
nor class specific. In pursuing the question of species 
specificity it was found that preparations of hing extract 
from rat or mouse produced mouse alveolar mitotic 
depressions of 20 per cent and 36 per cent respectively. 
A comparison, using Student's ¢ test, showed no signifi- 
eant difference between the two species (P=0-2). 
In subsequent experiments examining tissue specificity 
and where either rat or mouse material was used, the 
results were therefore pooled. Table 1 summarizes the 
observations on the effects of lung, liver and kidney 
extracts on lung explants. A significant depression of 
alveolar cell mitosis was achieved by lung extract alone, 
in contrast to the non-significant values obtained with 
liver and kidney extracts. 


Table 1. EFFECT OF AQUEOUS EXTRACTS OF VARIOUS ORGANS ON THE 

MITOTIC ACTIVITY OF LUNG in vitro 

Organ Average mitotic incidence + S.E. 

extract Average 

2-8 mg/ml. Saline Extract percentage P 

medium control ees depression 

Lung 415 + 22-6 B06 + 26-3 0+005-0-001 
(52) if 

Liver 3464 4-9 07-06 

364 + 24-0 
Kidney (32) 8614 2{ 08 0:95-0:90 





Figures in parentheses represent the number of explants analysed. 


Stress hormones inhibit mitosis in mammalian ear 


epidermis both in vivo? and in culture! and the effect of 


adrenalin on lung cultures was therefore examined. Table 
2 shows the effects of a series of adrenalin concentrations 
on alveolar cell mitosis and the observations were similar 
to those described for epidermis!, namely that adrenalin 
depresses mitotic activity in proportion to its concentra- 
tion. 

It appears that neither the epidermal chalone alone 
nor the stress hormones alone can depress the epidermal 
mitotic rate, but that the inhibitory factor is an unstable 
complex of stress hormones and chalone!*, Addition of 
chalone to epidermal cultures inhibits mitosis but it is 
believed that this arises from its complexing with traces 
of stress hormones present in the freshly explanted tissue. 
Likewise the inhibitory effect of stress hormones alone 
is probably the result of a complex formation with the 
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endogenous chalone of the cultured tissue? The observa- 
tion that the mitotic incidence in alveolar tissue is inme 
hibited both by lung extract and by adrenalin suggests 
that in this tissue, as in epidermis, the inhibitory agent is. 
a stress hormone-chalone complex. Because adrenalin is 
a fairly unstable compound it is possible that ling cultures 
maintained for 3 days no longer contain this hormone, 
The mitotic inhibition achieved with lung extracts alone 
may therefore be due to chalone complexing with traces. 
of circulatory adrenalin which remain in extract prepara- 
tions even after perfusion of the organ. Such postulated 
traces of hormone may also account for the slight depres» 
sion observed in cultures treated with extracts of other 
organs (Table 1) although these effects were not shown to. 
be significant. Throughout the 3 day peried the different. 
lung tissues contained in the explants continued as ciserete 
and apparently normal elements and it is therefore possible 
that they remain capable of producing chalones. The 
antimitotic effect of adrenalin alone may therefore be 
ascribed to its complexing with chalone already present 
within the lung tissue. 





Table 2, EFFECT OF A SERIES OF CONCENTRATIONS GP ADRENALIN ON YRR 


MITOTIC ACTIVITY OF LUNG in vitro 





Concentration Average 
of adrenalin Average percentage 
(g/ml. medium) MISE depression, 
0-0 428 + 24-4 Contro 
(52) 
0-0004 376 + 50-7 Ii 
ay 
0-004 B54 4107 16-2 
(12) 
0-04 285 + 10-5 37-4 
{21} 
O4 206 + 22-1 BUR 
(13) 
2-5 155 + 13-1 3-4 
(10) 
40 1574100 g2a 
{31) 


Figures in parentheses give the number of explants analysed. 


A preliminary attempt has been made to investigate 
the possible synergistic action of stress hormones and 
lung extract by adding these two factors to the culture 
medium (Table 3). With a high concentration of adrenalin ~ 
(4 pg/ml.) there was a large mitotic depression and no. 
pane effect was achieved by adding the extract: Ata 
lower concentration (0-0025 ug/ml.) addition of the extract 
produced a further inhibition of ho per cent. This was 
somewhat greater than when extract alone was added 
(see Table 3), which supports the view that the lung 
“chalone” may act synergistically with stress hormones. 


Table 3. EFFECT OF COMBINING ADRENALIN AND AQUEOVS LONG EXTRACT 


ON THE MITOTIC ACTIVITY OF LUNG in vilro 








Control Treatment 
MILS.E, 
415 + 22-6 MISE. SEG i 27 CATS 
(62 Lung extract Percentage depression ; 
of control 263 
P DORSA OOL 
MILSE, 14h e206 (19 
Adrenalin Percentage depression 
4 wae, of control Ta 
495 + 88-5 ve PGL 
(20) , MIESE. Lito 24-6 (20) 
Adrenalin Percentage depression 
4 weird. + of hormone alone yü 
tung extract P — 
MIr SE. 497E AB CLIJ 
Adrenalin Percentage depression 
00025 ngiml, of control 40-8 
839 477°5 P OOL- OOF 
(11) MI t S.E. Batt 281 (10) 
Adrenalin Percentage depression 
00025 ug/ml. of hormone alone 350 
+ lung extract P. «OG 


Figures in parentheses give the number of explants analysed. 


The observations so far made suggest that the rate of 
mitosis in lung alveolar tissue is regulated by ‘a tissue- 
specific chalone or group of chalones which may act by 
forming inhibitory complexes with the stress hormones. 
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Analysis of Meiotic Exchange by 
Tritium Autoradiography 


Mrroric sister chromatid exchanges (SCE) are currently 
the subject of research and controversial discussion!’. 
In contrast, there is uncertainty as to whether this type 
of exchange ever occurs in meiotic chromosomes, but cyto- 
logical studies on ring-rod heterozygotes in Zea? and 
Antirrhinum’ certainly suggest that sister as well as non- 
sister crossovers occur during meiosis. A few direct 
attempts at this problem have been made using the 
technique of tritium autoradiography>’, but by and large 
the results have proved inconclusive. The detection of 
meiotic exchanges by this method depends on the fact 
that germ line chromosomes, like those of somatic cells, 
replicate in a semi-conservative manner. Thus chromo- 
somes labelled with *H-thymidine during the pre-meiotic 
S-phase enter meiosis with both chromatids labelled, 
while chromosomes labelled one cell cycle earlier, that is, 
during the S-phase of the last gonial mitosis, enter meiosis 
having one labelled and one unlabelled chromatid. This 
system clearly provides an opportunity to test for the 
occurrence of sister chromatid exchanges in meiotic 
chromosomes using procedures analogous to those widely 
applied to mitotic chromosomes. On a simple view this 
would involve the detection of label switches involving 
sister chromatids, but in practice the situation is far more 
complex and the detection and estimation of meiotic SCEs 
are made difficult by a number of complicating factors. 
The most obvious of these is the occurrence 
of another class of exchanges in meiotic cells, 
namely, the crossovers which involve non- 
sister chromatids of homologous chromo- 
somes. The most irritating feature of these 
crossovers is that in suitable combinations 
they can mimic the effect of SCE by produ- 
cing label switches which are reciprocal be- 
tween sister chromatids of AT or MII 
chromosomes (see Fig. la). This fact led 
Taylor" to conclude that “ . when ex- 
changes are observed they cannot readily be 
classified as SCEs or as crossovers’, The 
results presented here permit a more optimis- 
tic view of the situation. 

Young male imagines of Schistocerca gre- 
garia were given a single injection containing 
20 uCi of H-thymidine in a volume of 0-05 
mhl., then maintained in an insect cage at ap- 
proximately 82° C while individual insects 


Figs. 2-4. Labelling patterns in single AI chromosomes. i 
some showing complete label segregation between sister chromatids. ES o 
showing a reciprocal exchange of label between sister chromatids, indicating previous 
SCE. (4) L autosome showing a proximal sister exchange and a distal non-sister exchange 
of label, Centromeres are Indicated by double arrows, label switch points by single arrows. 
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Fig. 1. The expected patterns of label distribution in AI chromosomes 

following various patterns of meiotic exchange. q, One proximal 

“hidden” crossover and one distal “visible” crossover; b, one proximal 

hidden crossover and two distal “visible” crossovers; e, one proximal 
SCE and one distal “visible” crossever. 





were sampled at half-day intervals and their testes dissec- 
ted and fixed. Feulgen stained autoradiographs of testicu- 
lar material were prepared (Kodak AR10 stripping film) 
and exposed for 7 weeks before processing. The meiotic 
chromosomes of one individual sampled on day 115 
showed a pattern of partial labelling such that the equiva- 
lent of one chromatid per chromosome was labelled. This 
means that in such experimental conditions, cells take 
roughly 11-5 days to progress from the S-phase of the last 
spermatogonial division to AI of meiosis. The labelling 
pattern was studied, and typed for exchanges, in every 
available AI and MII cell from this individual. For 
practical reasons attention was confined to the three 
longest (L) autosome pairs and the univalent X chromo- 
some; weakly labelled or overlapped chromosomes were 
excluded. In all fifty-two complete L pairs from AL 
cells and 170 individual L chromosomes from MIT cells 











(2) Unexchanged X chromo- 
(3) X chromosome 
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were recorded. A complete analysis of the label switches 
in these chromosomes:is in preparation; for the present, 
attention will be confined to three separate aspects of the 
investigation which have a bearing on SCE. 

First, given that 1 chromatid per homologue is labelled, 
we should expect one half of all crossovers to produce a 
visible exchange of label in Al or MII chromosomes; the 
remaining half would involve two chromatids of the same 
labelling status and would thus be undetected. Because 
each “visible” crossover produces two label switches, 
the mean chiasma frequency per bivalent can be used to 
predict the expected mean number of label switches due 
exclusively to crossovers. Any excess of label switches 
over this number would suggest the occurrence of SCE. 
Taylor applied this test in Romalea microptera and obtained 
a good fit with expectation based on the observed chiasma 
frequency, from which he concluded that SCE was absent 
in meiotic cells, or else occurred at a very low frequency’. 
The same comparison in Schistocerca gives a similar result 
(mean chiasma frequency per bivalent = 2-65; mean label 
switches per chromosome = 1-34) and could be interpreted 
in the same way. This need not be so, however, for the 
rather low degree of precision of the autoradiographic 
technique when related to the size of Schistocerca chromo- 
somes could lead to an underestimate of exchange fre- 
quency. It is hoped to remove this uncertainty in future 
experiments by using species with much larger chromo- 
somes but comparable crossover frequencies. 

Second, the single X chromosome of Schistocerca males 
has no homologous pairing partner and thus cannot engage 
in crossing-over, A reciprocal label switch within this 
chromosome must therefore indicate previous SCE. There 
are, however, some problems of identification, particularly 
in MIT cells, but the X chromosome can generally be 
recognized unequivocally in AI cells both on a positional 
basis and by its slight negative heteropyenosity. Twenty- 
one AI X chromosomes were examined and six contained 
one or more SCEs (five singles and one double), giving a 
mean exchange frequency of 0-33 per chromosome, These 
observations provide indisputable evidence for SCE in 
the X chromosome of Schistocerca gregaria, but it is rather 
dangerous to extrapolate from the X to the autosomes, 
for they may have very different exchange properties. 

Third, of the varied patterns of labelling switches found 
among the autosomes one in particular deserves special 
attention, namely, the simultaneous occurrence of a 
proximal sister exchange and a distal non-sister exchange. 
This exchange pattern in itself constitutes evidence for 
SCE as it cannot be derived from any combination of 
crossovers. It is true that a proximal “hidden” crossover 
{involving two labelled or two unlabelled chromatids) 
will convert a distal visible crossover to give an apparent. 
SCE, but it has not been previously realized that additional 
visible crossovers, in excess of one, will be converted in 
the same way. Thus a combination of one proximal 
“hidden” crossover and two distal visible crossovers 
will give two apparent SCEs in AI chromosomes (Fig. 1b). 
The combination of a proximal sister exchange and a distal 
non-sister exchange can only result from a proximal SCE 
and a distal visible crossover (Fig. 1c). This class of 
chromosome has been observed several times in the present 
investigation (Fig. 4) and apparently in previous investiga- 
tions’ (see Taylor’s Fig. 11), although its significance 
seems to have been missed. 

These observations established the possibility that SCE 
occurs regularly in meiotic cells. It is worth remembering, 
however, that a proportion of SCEs originate not in the 
immediately preceding interphase but one cell eycle 
previously), These are the exchanges which give rise 
to twin SCEs in polyploid and endoreduplicated nuclei. 
The sister exchanges of meiotic chromosomes may there- 
fore be a legacy of events which occurred in the last 
spermatogonial interphase. Future experiments must 
clearly attempt a distinction between gonial and strictly 
melotie SCEs. 
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Induction of Rat Kidney Tumours by 
Ethyl Methanesulphonate and Nervous 
Tissue Tumours by Methyl Methane- 
sulphonate and Ethyl Methanesulphonate 


THE N-nitroso compounds include a large number of very 
potent and versatile carcinogens. Administration of the 
most simple of these compounds, dimethylnitrosamine, 
results in methylation of nucleic acids and proteins’ and: 
the highest levels of methylation were achieved in those 
organs in which tumours eventually appeared*. Alleyin- 
tion of nucleic acids has since been found with other 
carcinogenic nitroso compounds, but the significance of 
alkylation in the carcinogenic activity of these corapounds 
is still unknown, and one criticism of any hypothesis 
suggesting a connexion between alkylation of cellular 
constituents and carcinogenesis has been that the carcino- 
genic activity of most known alkylating agents is low’, 
and none compare in carcinogenic activity with some 
nitroso compounds. For example, no alkylating agent has 
carcinogenic potency comparable with that of N-methyl- 
N-nitrosourea, which will induce tumours of the intestinal 
tract, the kidney and the brain after a single dose. 
Several groups have reported that some alkylating agents 
will increase the incidence of lung adenomas in. mice, and 
there has been an interesting report by Alexander and 
Connell’ that ethyl methanesulphonate will also induce 
kidney tumours in mice. Unfortunately their work. did 
not include histological data and one of the authors 
suggested that the tumours might have been metastases 
from the tumours in the lungs. Here we report that the 
simple alkylating agent ethyl methanesulphonate will 
induce a high incidence of primary kidney tumours, 
indistinguishable in histological appearance from those 
induced by dimethylnitrosamines and N-methyl N- 
nitrosourea, and also report a small but significant 
number of tumours of the nervous system occurring in 
rats treated with methyl methanesulphonate and ethyl 
methanesulphonate. 

Twenty-four female Wistar albino rats of the Porton 
strain, weighing 100 g at the start of the experiment, were 
each given three separate intraperitoneal doses of 27-5 mg 
of ethyl methanesulphonate (EMS) (Koch-Light Labora- 
tories, Colnbrook, England) dissolved in 1 ml. 0-9 per cent 
sodium chloride. The EMS was distilled under vacuura 
before use and the refractive index (14170) checked, 
The second dose was given 2 days after the first, and the 
third 7 days later. Kidney tumours were prodùced in 
twelve rats. Two of the rats had tumours in both kidneys. 
The first tumour was found 7 months after the first dose. 
The tumours varied in size but some were very large 
(Fig. 1). Histologically all the tumours were similar; and 
were indistinguishable from those induced ‘by dimethyl- 
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nitrosamine®:?, N-methyl-N-nitrosourea, and the related 
carcinogen cyeasin®’. The experiment is now being 
repeated. Exactly the same dose of ethyl methane- 
sulphonate has been given to female rats reared in this 
institute and maintained in an animal house where, as 
far as can be ascertained, nitroso compounds had not 
pr ily been administered. To guard against the 
possibility of the tumours in the first experiment having 
been produced by a highly active contaminant m the 
sample of ethyl methanesulphonate, a sample was obtained 
from a different supplier (Eastman Kodak, Rochester, 
NY). This experiment is not yet complete, but kidney 
tumours identical to those found in the first experiment 
have been found in eight rats. No kidney tumours have 
been found in the control rats from the first experiment 
nor in the control rats from the second experiment. 

In an investigation of the correlation between the 
methylation of nucleic acids by dimethylnitrosamine and 
N-methyl-N-nitrosourea and their carcinogenic activity, 
the amount of methylation produced by single doses of 
the two nitroso compounds has been compared with that 
produced by dimethyl sulphate and methyl methane- 
sulphonate’. It was shown that the amount of N-7- 
methylguanine produced in DNA of kidney of rats given 
a single dose of methyl methanesulphonate (120 mg/kg 
body weight) was higher than that produced by a single 
dose of dimethylnitrosamine (30 mg/kg body weight) 
or N-methyl-N-nitrosourea (90 mg/kg body weight), both 
of which are carcinogenic to the kidney; and also that 
the methylation of the brain DNA was higher than that 
produced by N-methyl-N-nitrosourea which is carcino- 
genic for the brain. Later it was shown that the spectra 
of methylated bases produeed by methyl methane- 
sulphonate and dimethyInitrosamine are very similar’. 
These results suggested that it would be worthwhile 
testing a single dose of methyl methanesulphonate for 
carcinogenic activity in brain and kidney. 

Rats weighing between 150 and 170 g were given either 
120 mg/kg body weight (eight females, nine males) or 
96 mg/kg body weight (ten females, nine males), or 
72 mg/kg body weight (ten females, ten males). A group 
of rats were kept as controls (fifteen females, fifteen 
males). No kidney tumours were produced, but two brain 
and two nervous tissue tumours were found (Table 1). 























ig. i. Large and smal kidney tumours ina rat given three doses ; 
5 tug/kg body weight of ethy! methanesulphonate 9 months previously 
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Fig. 2. Brain of rat killed 21 months after a single dose of methyl 
methanesulphonate. On the left ia a normal brain for comparison, The 
tumour appeared to be an oligodendroglioma. 


Another brain tumour has since been found in one rat in 
a group of fifteen given three doses of 100 mg/kg body 
weight of methyl methanesulphonate, and another in one 
of twenty-two rats given 350 mg/kg of ethyl methane- 
sulphonate. All the tumours were large and easily found 
on routine autopsy (Fig. 2). These tumours have been 
classified by Professor J, B. Cavanagh. No brain tumours 
have previously been found in untreated rats of our 
colony and there have been very few spontaneous brain 
tumours reported in the literature’, but tumours of brain 
and nerve have been produced in very high incidence by 
N-methyl-N-nitrosourea, ethyl-N-nitrosourea, other 
nitrosamides and triazenes, all of which may possibly 
act as alkylating agents in vivo, 





Table 1. TUMOURS OF THE NERVOUS SYSTEM INDUCED BY METHYL METHANE- 


SULPHONATE AND ETHYL METHANESULPHONATR 





Dose 


Organ Histological type Compound No. < mg/kg 





administered body weight 
Brain Olgodendroglioma ix 96 
Brain Oligodendroglioma 3x 100 
Brain Astrocytoma 1x 72 
Brain Ependymoma 1x 360 
Fifth nerve ganglion Malignant neurofibroma yx 86 
Spinal cord Meningioma MMS lx 72 


The induction of tumours of the kidney and of nervous 
tissue of the rat by ethyl methanesulphonate and of 
nervous tissue by methy! methanesulphonate lends support 
to the hypothesis that the carcinogenic activity of nitroso 
compounds is the result of their ability to produce alkyla- 
tion of cellular constituents, The ability of ethyl methane- 
sulphonate to induce tumours of the kidney in high yield 
even though the molecule does not contain nitrogen would 
suggest that the nitroso group in the carcinogenic nitros- 
amines and nitrosamides need not have a direct role in 
carcinogenesis, 

Alkylating agents are in use in cancer therapy and there: 
has been a great deal of interest in their power to produce 
transient infertility in male rats. In view of the results 
reported here it would seem advisable to be eautious in 
their clinical use. 

We thank Professor J. B. Cavanagh, MRC Group in 
Applied Neurobiology, Institute of Neurology ondon WH, 
for classification of the nervous tissue tumours, and Mr 
R. F. Legg for the photographs. This research was begun 
at the MRC Toxicology Research Unit, Carshalton, and 
has since been supported by the British Empire Cancer 
Campaign for Research. 
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inhibition of the Immune response in 
vitro to Sheep Red Blood Cells 
by Passive Antibody 


‘THE immune response can be inhibited by passive admini- 
stration of specific antibody. It is generally assumed that 
the antibody, presumably by covering the antigenic 
determinants of the antigen, prevents the interaction of 
antigen with the receptors on the target cells. The 
immune response to sheep red blood cells (SRC) can 
be studied in vitro with Mishell and Dutton’s? technique. 
We have investigated the conditions of antibody inhibi- 
tion of this in vitro response to understand better the role 
of antigen in antibody stimulation. 

Colony bred NMRI mice and random bred rabbits were 
used, Mice were injected intravenously with 10° SRC 
and subsequently twice weekly with 107 SRC. Antiserum 
was obtained 7 days after the fifth SRC injection and found 
by sucrose gradient analysis to contain 7S antibody only. 
The serum pool had a haemagglutination titre of 2° as 
determined in Takatsy microplates, using a suspension 
of 2x 10° SRC/ml. Rabbits were hyperimmunized with 
SRC* 7S antibody was precipitated by 50 per cent satur- 


108 


10* 


PFC per 10° recovered cells 


10+ 





Days in culture 


Fig. 1. The plaque-forming cell (PFC) response of mouse spleen cells to 
SEC: inhibition by anti-SRC antibody. For inhibition, 6-06 gl. rabbit 
anti-SRC antibody was added to the cultures. Mouse anti-SRC antibody 
had the same effect. @, Spleen cells only; ©, spleen cells plus 10* 
SRC; +, spleen cells plus antibody; x, spleen cells pius 10° SRC plus 
antibody. On day 0, there were 0-6 PFC per 10° spleen cells, 
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Fig. 2. Inhibition of the PFC response of mouse spleen cells to SRG by 
anti-SRC antibody: variation of the dose of antibody. Mouse antiserum 





to SRC was used. The response was measured on day d. @, 10° SIM! 
per culture; ©, 10' SRO per culture, 


ation with ammonium sulphate and further purified: by 
passage through a column of ‘DEAE-Sephadex 4-50" 
equilibrated with 0-02 M phosphate buffer gii T3 ‘The 
preparation had a haemagglutination titre of 2° and was. 
free of 195 antibody, as shown by sucrose gradient analy- 
sis. Mouse spleen cell cultures were set up and evaluated 
as originally described?. 
The in vitro response to SRC is inhibited by 78 anti- SRE 
antibody (Fig. 1). Antibody does not suppress the 
appearance of background plaque-forming cells (PFC); 
this has been verified for all doses of antibody used in the 
present experiments. Fig. 2 shows the degree of inhibition 
obtained by adding to the cultures various doses of anti- 
body. The expected dose relationship is obtained and the 
dose of antibody required for inhibition depends on the 
amount of SRC used for stimulation. The latter finding 
immediately suggests (Fig. 2) that, at low concentrations, 
antibody to SRC is not toxie for the cultures, bat inhibits 
the response to SRC specifically. This was confirmed: 
by two other types of experiment. Antigen together with 
enough antibody to inhibit the response was added to the 
cultures at time 0. 6-12 h later, a second dose of SRC was 
given. A typical experiment is illustrated in Table LO- 





showing that a normal response could be obtained ino 


these conditions. It was also found that anti-SRC 
antibody did not inhibit the response to horse red cella, > 
which do not cross-react with SRC. 
Table 1, INHIBITION OF THE PFC RESPONSE OF MOUSE SPLEEN CHUL RY 
ANTI-SRC ANTIBODY: OVERRIDING BY ANTIGEN 
Mouse anti-SRC 


SRC antibody SRO PYC/10° spleen attie 
Oh aL per culture éh day 3 `; 
sal ~e a 18 

~= o2 = vis 

107 ae — 182, 216 

10° 0-2 — 70, 7 

10 01 189, 307 

10° ome m 213, 130 

10¢ 2 -~ 14, 22 

10% Oy ee Bed, 46 

10° ma 1 150, 182 

10° Od iw B34 240 


Suppression of the response to SRC is achieved with 
surprisingly small doses of anti-SRC antibody. As can 
be calculated from the data, somewhat more antibody is. 
needed to suppress the response than to agglutinate the 


SRC present in the cultures, but the two doses-are in the. a 


same order of magnitude. Because about 105 78 antibod 
molecules per SRC are sufficient for agglutination ( 
sonal communication, J. H. Humphrey), whereas there a 
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Fig. 3. Inhibition of the PFC response of mouse spleen cells to SRO by 
RC antibody: variation of the time of antibody addition. Monse 
antiserum to SRC was used in this experiment, but similar results were 
obtained using rabbit antibody. The PFC response on day 6 is plotted 
against the time at which antibody was added to the cultures, Spleen 
cells only, no antiserum; @, spleen cells pius SRC, no antiserum: A, 
spleen cells plus 10° SRC, 0-2 al. antiserum per culture; A , Spleen cells 
plus 10° SRC, 2 wl. antiserum per culture, 









probably many more determinants on the surface of an 
SRC. the response to SRC seems to be suppressed in 
conditions where only a minor fraction of the determmants 
of the antigen is covered by antibody. On the other hand, 
there is an indication that suppression in this system is to 
some extent determinant-specific, because 78 anti-Forss- 
man antibody (raised in rabbits according to Kabat and 
Mayer*) proved to inhibit the im vitro response to SRC 
incompletely or not at all. These points elearly need 
further study. 

At which stage of the immune response does antibody 
interfere with the immune stimulus? Antibody at con- 
centrations shown to be non-toxic for the cultures was 
added to the cultures at various times, and the plaque- 
forming cell (PFC) response was recorded on days 4 and 5. 
Fig. 3 shows a typical result of one of a series of experi- 
ments. It is evident that inhibition can be obtained only 
during the very early stages of the response. This result 
is in agreement with experiments on the in vivo inhibition 
of the immune response to SRC by passive antibody? 5, 
The data in Fig. 3 can be interpreted to mean that for the 
induction of an immune response, antigen is needed. for 
only a short period, and that proliferation and terminal 
differentiation of the antibody-forming cell precursors go 
on after that without the need of further contact of the 
cells with antigen. There are, however, other possible 
interpretations, which imply that antigen is needed in the 
system for a longer period than appears at first sight; 
as pointed out to us by Dr N. K. Jerne, the exponential 
inerease of PFC in Fig. 3 can be taken as an argument for 
continuous stimulation of the target cells by antigen, 
if one assumes that, for reasons not known, antibody 
acquires its activity in the system only after a 36 h period; 
we favour the view, however, that after a short initial 
period antigen is present in the cultures in a form which 
makes it inaccessible to antibody. In the concentrations 
used, antibody could hardly compete with cellular recep- 
tors for antigen, if the latter is already multivalently 
bound to cellular receptors. Multivalent binding of anti- 

“gen would be expected if cooperation of antigen-sensitive 
eells. occurs in the induction of the immune response. 
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The recent experiments of Mosier* support this interpreta- 
tion, 
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gemeinschaft. i 
W. Lana 
S. Nase 
i a ; K. Rasewsky 
Institut fir Genetik der Universitat Köln, 
5 Koin-Lindenthal, 
Weyertal 121, W. Germany. 


Received May 28, 1969. 


2 Uhr, J. W., and Miller, G., Advane, Immunol., 8, 81 (1968). 

2? Mishell, R. J., and Dutton, R. W., J. Ezp. Med., 126, 423 (1967). 

3 Kabat, E. A. and Mayer, M. M., Experimenta b mistry (C. C 
EE a RE A Sanl M., Experimental Immunochemistry (C0. C. 

1 Möller, G., and Wigzell, H., J. Exp. Med.. 121, 969 (1965). 

$ Henry, C., and Jerne, N. K., J. Exp. Med., 128, 133 (1968). 

6 Mosier, D. E., J. Exp. Med., 129, 351 (1969). 


Structural Relationship and Complement 
Fixing Activity of Sheep and other 
Ruminant Immunoglobulin G Subclasses 


Two major 75 immune globulins in sheep serum have 
been deseribed'?. The electrophoretically more anodic 
of these is seereted selectively into colostrum! and milk*. 
Harrison and Madge* showed in double diffusion tests 
that heavy chain preparations from the two immuno- 
globulins partially cross-reacted, and claimed that they 
were subclasses of IgG. We have found the same relation- 
ship using an alternative method. 

A rabbit antiserum to sheep IgG was absorbed with 
Fab fragments, resulting in an antiserum (aFe) to the 
Fe part of the heavy chain. Antiserum aFe reacts only 
with the anodic Fe fragment in the papain digest E (Fig. 
16), and not with the cathodic Fab fragment. Using this 
antiserum, the arcs of the two Ig components partially 
fuse (D in Fig. 1b), showing that the Fe regions of their 
heavy chains are antigenically related. This supports the 
view of Harrison and Madge* that they can be considered 
as IgG subclasses. We would like to support the nomen- 
clature IgGl and IgG2, for we have used this nomen- 
clature for the corresponding bovine immunoglobulins®. 
We base this correspondence on antigenic relatedness and 
on similarities in complement fixing activities, which were 
established as follows. 

A sheep was injected with horse spleen ferritin and S. 
paratyphi flagella in Freund’s complete adjuvant, and re- 
injeeted after 2 weeks. Bleed A was taken 3 weeks later, 
and bleed B and a colostrum sample were taken after a 
further 3 weeks, just post-partum. When antiferritin 
activity was demonstrated in Fig. 1b, using ferritin in the 
trough, it was clear from the double arc that both IgG 
components contained antibody (B). In the colostrum 
(C), the principal immune lactoglobulin was IgGl and 
antiferritin activity was evident only in this component. 

Serum from bleed B was fractionated using a DEAE 
cellulose (Whatman DE32) column, equilibrated with 
0-01 M tris phosphate buffer, pH. 8:0. Pure IgG2 emerged 
with the buffer front, and IgGl was eluted by establishing 
a gradient with 0-45 M NaH.PO,. IgGl was similarly 
isolated from the colostrum, and the patterns of the purest 
pooled samples are shown in Fig. 1. 

Rabbit antisera were raised to the purified serum IgG 
components, and by subsequent cross-absorption anti- 
IgGl and anti-IgG2 sera were prepared. The anti-IgG 
reacts with both sheep and ox IgG1 isolated from either 
serum or colostrum, but not with IgG2 from either species 
(Fig. 2a). The anti-sheep IgG2 reacts also with ox IgG2, 
but not with IgGl (Fig. 2b). The antigenic correspondence 
of the ox and sheep subelasses is thus established. 
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Table 1. COMPLEMENT FIXATION TESTS 
(#) Guinea-pig complement . 
IgG IgG? IgG) 
Antigen added serum serum colostrum 
None 4 <4 8 
2 ug ferritin 128 <4 64 
S, paratupha A 1,024 «<4 512 
(h) Rabbit complement 
i IsGt IgG2 IgG4 
Antigen added serum Sort colostrum 
None 8 <2 32 
2 ug ferritin 64 <2 128 
S, paratypht A 1,024 <2 512 


All fractions contained equal quantities of antibody. I" he dilutions (0-1 ml} 
required to fix two minimal haemolytic doses of guinea-pig (0-1 ml. of 1/200 
guinea-pig serum) and rabbit (0-1 ml. of 1/20 rabbit serum) complement are 
expressed as reciprocals. Dilutions of antibody were incubated for 30 min 
at 37° C with standard doses of antigen in 01 ml. volumes (2 xg horse spleen 
ferritin and 1/25 standard H-aggiutinable suspension of S. paratyphi A). 
0-1 mi. of 0-5 per cent sheep erythrocytes sensitized with ten minimal haemo- 
lytic doses of rabbit antibody was added to each tube, and further incubated 
for 30 min at 87°C. The end point was assessed as the last tube showing 
less than 50 per cent lysis. 











The relative mobilities of ox and sheep IgG subclasses 
were demonstrated when these antisera were used to 
develop immunoeleetrophoretic patterns of ox, sheep and 
goat sera (Figs. 3 and 4). It can be seen that, whereas the 
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patterns. Troughs 







rations from B; 
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arly and late sheep antiferritin serum: 
C1, IgGl preparation from € 
immun 

oH f, 0: ag, rabbit anti 
akc, rabbit anti-sheep IgG, absorbed with sheep Fab fragment. 











Fig. 2. Precipitin patterns of sheep and ox IgG preparations, 
pheral wells contained; sheep (a) serura IgG, (b) colostrum -f 
(e) serum IgQ2; ox Cf) serum IgG1, (e) colostrum IgGl, (i) sera f 
Central wells contained : 1, rabbit anti-sheep IgGl, absorbed 


IgG2,; 2, rabbit anti-sheep [gG2, absorbed with Tet. 





IgGl component has in each species a similar mobility, 
the IgG2 components form a series approaching IgGl 
mobility in the sequence sheep—ox—goat, Goat IgGl and 
IgG2 coincide in mobility, and indeed it would be difieult 
without the aid of antisera to the separable sheep com- 
ponents to detect their separate existence in the gout. 
Of particular interest is the failure to detect IgG% in 
goat colostrum. Quantitative double diffusion tests 
showed that IgG2 was present in goat colostrum ab jess 
than 1/200 of the serum level. This selectivity for TeGd 
secretion in goat colostrum, corresponding to the selec- 
tivity in sheep? and ox‘, rules ont explanations for such 
selectivity based on net charge differences between the 
subclasses. Nor can the selection be explained on the 
grounds of molecular weight di ap seruri 
IgGl and IgG2 have identical 4 aw values 
of 668 s and 408x107 em?/s respective ACTON 
closely with those for colostral IgGl. Assur ing y to be 
0-74 fref. 7), a molecular weight of 154,000 is found’. We 
find similar values using high speed sedimentation equi- 
librium studies? in phosphate buffered saline sod im 6 M 
guanidine hydrochloride. Moreover, as was the 
ox’, maps of the tryptic diges 
colostrum IgGl polypeptide chains are identical. 
The complement fixing properties of IgG subele 
are known to differ in man” and guinea-p 
complement fixing properties of bovine Ig 
antibodi 8 to a itin were 
and act 
{unpub ined wW ase of p 
A. F, and A. E. Pierce). We have pawe 
gated the activity of sheep IgG antibe 
in fixing two minimal ha mele de 
guinea-pig and rabbit. comple 
lj. Serum and colostrum 
had siar activities, which 
at least 2 
in rok no a 
strated, 
Complement components fixed on sensi 
tized bacterial flagella appear as sheaths 
around the flagella, visible in the electron 
microscope when a negative staining teeh- 
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nique is used’. Using this method, com- 
plement. fixation can be studied at high in 
more physiological levels of complement 
than m a conventional haemolytie 











plement uptake test. When bacter 
sitized with twice the minimal agglutin- 
ating concentration of either IgG i 
were incubated with neat gum 
rabbit serum, showing no fixation | 
selves, almost complete complemen 
ing was seen. Using unsuckled lamb 
as @ source of complement, similar res 
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Fig. 3. Tmmunoelectrophoretic patterns of sheep and ox serum. Wells 
contained: SS, sheep serum, BS, ox serum. Troughs contained: as, 





rabbit anti-sheep serum: al, rabbit anti-sheep IgGl, absorbed; 
rabbit anti-sheep Ta@G2, absorbed. 


and A. E., in preparation). Because this source of com- 
plement is devoid of immunoglobulins, the possibility 
that naturally occurring antibodies against the antigen 
or antibody are responsible for complement fixation is 
eliminated. 

It was interesting to investigate a system in which 
sheep complement causes haemoly Table 2 shows the 








SS Gs Gs GC Gs GC 


TImmunoelectrophoretic patterns of sheep and goat sera and 
goat colostrum. Wells contained: SS, sheep serum; GS, goat serum; 
GC, goat colostrum. Troughs contained: as, rabbit anti-sheep serum; 
al, rabbit anti-sheep IgG], absorbed; a2, rabbit anti-sheep IgG, 
absorbed. 


Fig 4. 
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haemagglutinin and haemolysin titres of IgGl and I[gG2 
fractions of a sheep antiserum to human erythrocytes 
(O Rh+). As before, unsuckled lamb serum was used 
as a source of complement. Only small differences in the 
specific haemolytic activity of the IgG subclasses were 
observed. 






Table 2. HABMAGGLUTINATION AND HARMOLYSIS 


TeGy Iga 

Haemagglutination 80 80 
Lysis with sheep & doses 5,120 5,120 
complement 2 doses 1,280 160 


Doubling dilutions of antibody fraction were made in 0-3 m1. volumes of 
C.F.T. buffer, and 0-3 ml. of 1 per cent wman group O Rh+ cells added 
and the mixture incubated for 80 min at 37° The cella were spun down 
gently, the supernatant removed, and agglutination estimated by resuspen- 
sion of the pellet. The cells were washed twice with 1 mi CET. buffer and 
resuspended in 0-3 ml. Ci ml aliquots were incubated for 30 min at 37° C 
with dilutions of unsuckled lamb serum containing eight and two minimal 
haemolytic doses of complement. Titres are expressed as reciprocals of the 
dilution of antibody in the last tube to show haemagglutination or more 
than 50 per cent lysis. 





These results show how dangerous it would be to argue 
from in vitro tests using heterologous complement at low 
doses to the in vivo situation, The two sheep IgG sub- 








classes both activate sheep complement, but only IgGl 
fi ibe doses of guinea-pig and rabbit complement. 


Using increased concentrations of the latter complements, 
approaching physiological levels, however, the activity 
of the TgG2 is again manifested. 

We thank N. Buttress for assistance in the ultracentri- 
fuge experiments. This work was carried out during the 
tenure (by M. J. H.) of a Horserace Betting Levy Board 
veterinary research scholarship. 
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IgA with ‘‘Secretory Piece” in Bovine 


Colostrum and Saliva 


We have shown that in bovine colostrum and. saliva there 
is a secretory IgA with a sedimentation cooffic 
and a secretory piece, previously unknown and comparable 
with the 115 IgA described in human and rabbit external 
sretions. The retory IgA contain molecules of 7S 
A with an additional protem segment called the trans- 
port or secretory piecel, Furthermore, the free form 
of the secretory piece is identified in bovine colostrum 
and algo in mature milk which contains very little IgA. 

In the bovine species there are two major immuno- 
globulins which have been well studied: one of slow 
ae mobility called y-globulin or IgG, (Fig. 

14) and a faster y- globulin, formerly called T- globulin’, 
now called IgG, (Fig. 1B). This last protein is seleetively 
secreted m the colostrum by the mammary gland’ n, 
Because of ita faster mobility and its high concentration 
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in colostrum this fast y-globulin has been taken for an 
IgA“. It is now generally agreed, however, that these 
two proteins both belong to the same IgG class because 
of their low hexose content and antigenic similarity’, 
Thus it seemed that. in the bovine species, as well as in 
most ruminants", an IgG with no specific “secretory” 
antigenic determinants had taken the place of the secretory 
type IgA discovered in human and rabbit. This report 
shows that a real secretory IgA is nevertheless present in 
amall amounts in bovine external secretions. 

On immunoelectrophoresis, using bovine colostrum whey 
(obtained according to Smith)’ as the antigen in the well 
and an antiserum against colostrum whey in the trough. 
a line in the B, to y region is demonstrable even after total 
absorption of the antiserum with normal bovine serum 
.1C). This indicates that the protein giving this line 
pecific antigenic determinants not present in bovine 
serum. This protein was purified by DEAE cellulose and 
‘Sephadex G-200' fractionation. On DEAE cellulose 
with stepwise fractionation this colostrum-specific protein 








Fig. 1. 
serum and colostrum. The Sos antigens were applied to the wells: 
A, normal bovine serum: B, C, D and Æ. total colostrum whey: F, 1LS 
fraction from immune pee Are against horse ferritin, obtained after 
DEAE cellulose and ‘Sephadex G-200" fractionation (see text). Rabbit 
antisera were used throughout as indicated in the picture. Absorptions 
were done as indicated in the text. (The IgG, was obtained from a 
DEAE cellulose fractionation of serum with a 0-01 phosphate buffer, 
pH 7-4.) In D, T.P.= secretory piece. G shows the autoradiograph of 
the stained slide represented in F. Lab. ferritin = iron-59 labelled horse 
ferritin which was applied to the oe es trough of the slide represented 
in f 


Immunoelectrophoretie analysis and autoradiograph of bovine 








9 
ia 
w 






Zones of elution of 
Immunoglobulins 





Gel filtration of total Coletti whey protein on ‘Se 
' fne, (C lmn 120 em length, 37 cm diameter, ge 
1,420 om4, thre 2 mi were eluted per hour. 5 y 
tion of the BOIN oF elution of immunoglobulins and free 
piece (Free T. Pi was done by immunoplat th the sam 
as shown in Pigs, Tand 8, 


















On 





was eluted with a 0-05 M phosphate buffer pH 7-0, 
‘Sephadex G-200° gel filtration the protein aq : 
first shoulder before the major 78 IgG, peak, 
ing its large size. Also present in this first shoulder frac- 
tion was some IgG, probably in ag form. Te had 
been observed in 1956 that a s tage of th 
“euglobulin™ and “pseudoglobulin’ of the bovine plasma 
and colostrum could be in 1085 or 11S fornt, A second 
Sephadex G-200° filtration using this first s ider 
































fraction as a starting material gave a homogenous peak 
but did not help to eluninate the aggregated IgG, 


The protems of this latter peak were t in the 
analytical ultracentrifuge and a major symmetrical peak 
was obtained (Pig. 37). The sedimentation of this peak 
tested at three different concentrations and extrapolated 
to zero gave an S°20,W of 104 As previously rey ae 
ultracentrifugation of the major IgG, peak gave an 
of TIS and the IgM (see below) an OW of I9 
These results were confirmed on different fractions | 
several colostra. 

















the y Iy 
one y-line (Fig. 1D), mach pe ; er eh ani ion with 
bovine serum. A small well-curved Bline shown in Fig 
34 proved later to be due to the free seeretory pi lee, 
Specific antisera were also made 
from the major peak of the fi Sephadex’ filtration Fi ig. 
1). The IgM which had already been isolated by others 
from bovine serum®*2 was isolated from colostrum, Tb 
was eluted from DEAE cellulose with a 0-2 M phosphate 
buffer pH 6-0, and further purified by twa ‘Se 
G-200" filtrations. Specific antisera were made ag bab 
(Fig. 1E). Neither IgG, nor IgM showed any specific 
colostral antigenic determinants. ‘The zones of elution on 
‘Sephadex @-200° of these different proteins were deter 
mined by their specific antisera on tmmunoplates according 
to Mancini (Fig, 2). 

The antibody activity of the 11S eolostrum-ape 
protein was tested by the method of radioimmunodiffusion 
originally described by Yagi et al, Four pregnant cows 
were immunized with one injection of 90 mg of horse ferri- 
tin with incomplete Freund’s adjuvant into both back 
thighs. About 20 days later immune colostrum was col- 
lected. Labelled horse ferritin was applied to the lateral 
troughs of immunoelectrophoresis, in which the 
was immune colostrum or a fraction of immune colostrum 
(Fig. LF} The results, obtained by autoradiograph, 
showed that the labelled ferritin was bound by the colos- 
trum-specific line as well as by the IgG, line, thas proving 
its antibody activity (Fig. 1G). Controls with non- 
immune colostrum were Pace. 
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Fig. 3. Immunoelectrophoresis, double diffusion in agar and analytical 
ultracentrifugation of bovine colostrum, milk and saliva. The following 
antigens were applied to the wells; A, colostrum whey; B, mature 
milk whey. Rabbit antisera were used throughout as indicated In the 
picture. C, D and E, antigens : Sal.=concentrated total cow saliva: 
ILS col. = 115 fraction containing IgA and IgG; Col. = bovine colostrum 
whey; IgA = purified 118 fraction; T. Piece = fraction 115 of ‘Sephadex’ 
filtration shown in Fig. 2. Antisera: A.IgG anti-IgG non-absorbed; 
A IgA =anti-IgA absorbed with IgG. Anti IgG, =anti-IgG, absorbed 
with IgG., same antiserum asin Fig. 1 B. F, Analytical ultracentrifuga- 
tion of an 11S fraction identical to the one shown in Fig. 1 F. Photographs 
taken 32 and 40 min after reaching 52,640 r.p.m. Migration from left 
to right. 














Determination of the hexose content, an essential test 
for the identification of an IgA, was done by the 
orcinol method (Winzler)?* on three different 115 fractions. 
obtained after DEAE cellulose and ‘Sephadex G-200° 
fractionation, containing only the colostrum-specific 
proteins plus some aggregated [gG,, and on three fractions 
of pure 78 IgG for comparison. Results gave 5-6 per cent 
of hexose for the 118 fraction and 1-2-1-5 per cent for the 
pure 7S fraction. It ean be assumed that the marked 
difference in hexose concentration is due to the colostrum- 
specifie immunoglobulin. 

Thus a protein with antibody activity, distinct from 
IgG and IgM (Fig. 1D), has been identified. The 10-85 
sedimentation coefficient, the specific colostral antigenic 
determinants, the high hexose content, indicate that this 
protein is the secretory IgA of the bovine species. This 
hypothesis was confirmed by the presence of the same 
protein in much higher relative concentration in cow saliva, 
Double diffusion in agar showed the complete identity of 
colostral and salivary IgA (Fig. 3D). IgA was not demon- 
strablo in saliva from newborn calves. The presence of 
a shared antigenicity between IgA and IgG is demon- 
strated by the fusion of their preeipitin lines (left side of 
Fig. 3C), while their different antigenicity is proved 
by the crossing of their preeipitin lines, when a specific 
anti IgG, serum was used (right side of Fig. 3C). Tn 
colostrum the very low concentration of IgA eom- 
pared with IgG can be grossly evaluated by the concen- 
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tration of protein in the respective zone of elution in 
Fig. 2. Even with concentrated antisera, IgA was not 
yet demonstrable in bovine serum. 

Finally, the well-curved §-line shown in Fig. 34, re- 
vealed in colostrum by antisera against 11S material, was 
identified as the free secretory piece. This protein was 
not demonstrable in serum. It was identified on immuno- 
sctrophoresis in fractions of colostral whey filtered on 
‘Sephadex G-200", eluted just after the major 7S peak. 
Absorption of antisera with these fractions removed this 
B-line (compare Fig. 34 and Fig. LD). The common 
antigenicity of the secretory piece with a portion of the 
IgA was demonstrated in the following way: (a) Partial 
fusion of the IgA line and free secretory piece line on 
immunoelectrophoresis (Fig. 3.4); (6) reaction of partial 
identity in double diffusion in agar (Fig. 32); (c) the free 
secretory piece ia revealed by the antisera of the four 
rabbits immunized only by 11S material (Fig. 34); (d) an 
antiserum raised against the free secretory piece fraction 
revealed on immunoelectrophoresis the IgA and the free 
secretory piece in complete fusion. 

The zone of elution of the secretory piece on ‘Sephadex 
G-200°, determined on immunoplates (Fig. 2), gave by 
gross estimation a molecular weight of 80,000-100,000. 
The two secretory pieces known m the literature, from 
human and rabbit species, have been given a molecular 
weight varying from 50,000 to 76,000 (refs. 23-28). 

Free secretory piece was found not only in bovine 
colostrum but also in mature milk, produced months after 
delivery and containing almost no IgA (Fig. 3B). This 
last fact shows that during mature or normal milk produe- 
tion the cow's mammary gland can synthesize free secretory 
piece independently from IgA, behaving in some way like 
the salivary gland of a human newborn or of an agamma- 
globulinaemic patient®®. This new demonstration of the 
independent production of the two parts of a secretory 
IgA gives support to those who argue that these two parts 
are synthesized by different types of cells: the plasmo- 
cytes producing the monomer of IgA and the secretory 
epithelial cells synthesizing the secretory piece***), 

This is the first report of a secretory IgA in a ruminant 
species??? and probably the third speeies where such a 
secretory system has been clearly established. 

We thank Dr J. Hurlimann. our first adviser, Professor 
B. Sanders for his useful collaboration, Dr H. Hilpert who 
gave us our first antiserum and colostra, Dr Vet. A. 
Zbinden, and Miss Karin Goldmann for excellent technical 
work. We also thank Nestlé 8. A. Vevey, Switzerland, for 
financial support. 
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Insulin Secretion in Sheep with 
Autotransplants of the Pancreas 


Tue adrenal gland?:?, the ovary®4 and the thyroid gland’ 
have been transplanted to the exteriorized carotid artery- 
jugular vein loop in the neck of the merino sheep, where 
it is readily accessible for physiological studies. Recently, 
successful transplantation of a portion of the pancreas to 
a similar neck loop in the merino sheep has been achieved’. 
The blood supply to the pancreas in sheep is such that 
the tail of the pancreas is supplied by a single branch of 
the splenic artery, and the venous drainage is by way of the 
splenic vem. By sacrificing the spleen, this part of the 
pancreas can be resected with its blood supply intact 
and transplanted to a vascular anastomosis with the 
vessels in the neck. To reduce the secretion of the exocrine 
panereas, the pancreatic duct was ligated 2 or 3 months 
before the pancreatic transplantation. 

Histological examination of biopsy specimens and 
occurrence of insulin secretion from the gland prove that 
transplants in the neck contain viable islet tissue. We 
have prepared four animals bearing viable pancreatic trans- 
plants and studied factors controlling insulin secretion 
at monthly intervals for periods up to nine months after 
panereatic transplantation. 

Details of maintenance of the animals and the procedure 
for catheterization and collection of the venous effluent 
have been deseribed?. Close-arterial infusions were given 
using a Harvard constant infusion pump connected through 
a three-way tap to a needle inserted in the left carotid 
artery between the caudal cuff below and the pancreatic 
transplant above. When test solutions were not being 
infused, the needle was kept clear by the slow infusion of 
normal saline. 

After the insertion of catheters, the animal was allowed 
to stand quietly for at least 3 h before infusing test 
solutions. During this period, simultaneous samples of 
pancreatic venous blood and peripheral (right jugular) 
blood were taken hourly so that baseline conditions could 
be determined. Blood sugar was measured by the 
Technicon auto-analyser ferricyanide method and plasma 
insulin by a modification of the radio-immunoassay method 
of Yalow and Berson’. Insulin secretion from the trans- 
plant (uv/min) was calculated from the difference between 
pancreatic venous and peripheral venous concentrations, 
and the plasma flow through the gland (ml./min). We 
found no significant difference between the peripheral 
venus (right jugular) and loop arterial blood concentra- 
tions of insulin or glucose. 

Fig. 1 shows an example of the response of the pancreatic 
transplant to test solutions. When a 10 per cent glucose 
solution was administered by close infusion into the 
pancreatic artery at a rate of 0-33 ml./min, a brisk response 
in Insulin secretion occurred within 4 min of the start of 
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Fig. 1. Insulin secretion rate (uv/ml.) and corresponding bleed sugar 
levels (ing per cent) in the venous efluent during the infusion of glucose 
and tolbutamide through a panereatic transplant. Catheters were 
inserted approximately 3 h before the start of the infusion, Glucose was 
infused at a rate of 33 mg/min for 12 min and tolbutamide (Hastinon, 
Hoechst) at 5 mg/min for 12 min, Venous effluent was collected con+ 
tinuously throughout each infusion and for 2 min after the infusion, 
preventing entry of the test substances into the general circulation, 
Sampling was continued intermittently as shown, 






the infusion and a peak response occurred after 12 mim. 
The subsequent infusion of glucose 90-100 min later 
evoked an even greater insulin response in sonie animals. 
Brisk responses have also been observed following the 
close arterial infusion of short-chain fatty acids such a 


butyrate, glucagon and acetylcholine solutions. The 


response of the transplant to tolbutamide solutions has 
been variable and generally less than the response to 
glucose (Fig. 1). One animal, however, responded vigor- 
ously to tolbutamide infused at a rate of 5 mg/min, the 
peak response being 20 min after the start of the infusion: 

These experiments show that insulin seeretion fram 
the pancreas continues for at least 9 months after denerva- 
tion and transplantation to a vascular anastomosis in the 
neck of the sheep. Apart from the significance of the 
experiments to future transplantation of the pancreas. in 
humans, our data indicate that the preparation offers. a 
unique opportunity to study factors directly influencing 
insulin secretion, with the minimal disturbance to the 
animal. : 

This work was supported by grants from the New 
Zealand Medical Research Council and the Canterbury 
Medical Research Foundation. We thank Miss Jennifer 
Smith for assistance with the insulin assays. 
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Stimulation of Deoxyribonucleic Acid 
Synthesis in the Liver Parenchymal 
Cells of the Intact Rat 


ONE approach to the problem of how DNA synthesis and 
cell division are regulated in liver has been to try to under- 
stand how partial hepatectomy leads to regeneration of 
the organ. There is little information on this point 
although it appears that the stimulus is carried in the 
circulating blood'-*. Another approach has involved 
efforts to induce DNA replication and mitosis in intact 
rats. We have tried for several years to enhance the 
synthesis of liver DNA in unoperated animals, and report 
here that the injection of a mixture of two fractions of 
bovine serum into normal rats markedly stimulates DNA 
formation and mitosis in the parenchymal cells of the 
liver. 

The stimulatory mixture, a solution of Cohn’, serum 
fractions IH (“beta globulins’) and TV (“alpha globulins”), 
was obtained from Pentex Inc. and was given as a single 
intraperitoneal injection to albino rats (specific pathogen- 
free, Fischer strain) of both sexes, weighing 90 to 110 g. 
DNA synthesis was measured by the incorporation of 
*‘H-thymidine. Liver nuclei were isolated by repeated 
homogenization in 0-1 M citric acid and sedimentation 
in 0-34 M sucrose. Purified DNA‘ was estimated colori- 
metrically and counted in a hyamine-phosphor solution, 
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Fig. 1. Intact rats were injected intraperitoneally (7 ml.) at zero time 

with Ringer's solution (4) or with a mixture of Cohn fractions IH (350 

mg) and IV (125 mg) of bovine serum (B). A third group of animals was 

artially hepatectomized® (C), At the times indicated, 10 ”Ci of *H- 

hymidine was given in the tail vein and liver samples (right lateral 

lobes) were taken 1 h later. The values in parentheses describe the 
number of animals used to establish each point. 


Injection of the serum fractions into intact animals 
caused about a ten-fold increase over the control level of 
‘H-thymidine incorporation by the right lateral liver 
lobes. Partial hepatectomy provided about a thirty-fold 
stimulation.: Thus, with rats labelled between 24 and 
25 h after treatment, the averages of the results for eighty- 
nine intact animals given Ringer’s solution, 183 intact rats 
given the serum fractions, and thirty-six partially hepatec- 
tomized animals were 750, 10,100 and 23,450 e.p.m./mg 
DNA, respectively. 

Fig. 1 shows the time curve of the response of the intact 
rats to the mixture of the serum fractions (curve B). 
Control rats (curve A) received Ringer’s solution instead 
of the protein mixture. For comparison, the figure also 
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shows the results that were obtained with partially 
hepatectomized animals (curve C). As ean be seen from 
the figure, the kinetics of the responses to the injection 
of the serum fractions and to the removal of 70 per cent 
of the liver were similar. 

Autoradiographie analysis (Kodak Nuclear Track 
Emulsion, type NTB 3) of histological sections of liver 
showed that the enhanced incorporation of 3H-thymidine 
by the intact rats, just as with the partially hepatectom- 
ized animals, was the result of an increase in the number 
of parenchymal cells that formed DNA (Table 1). The 
table does not show the results of the measurements of 
nuclear labelling in non-parenchymal cells. In the animals 
given Ringer’s solution, less than 1 per cent of the radio- 
active nuclei were in non-parenchymal cells, and in the 
animals that received the serum fractions the value was 
less than 0-1 per cent. 


Table 1. AUTORADIOGRAPHIC ANALYSIS OF LIVER SECTIONS FROM INTACT 


RATS INJEOTED WITH THE SERUM FRACTIONS 








Injected DNA synthesis Cpm /mg DNA 
material C.p.m,./mg Per cent labeled Per cent labelled 
or treatment DNA nuclei nuelei 
Ringer's 07 (0-4-1-0) 13,143 
Serum fractions 11 (23-18) 12,536 
Partial hepatectomy 24 1-47) 10,138 





The animals were tri as in Fig, 1. At 24 h, each rat received 100 Ci 
of *H-thymidine in the tail vein and liver samples (right lateral lobes) were 
taken 1 h later. Only the nuclei of parenchymal cells were scored, Each 
value is the average of the results obtained with six (Ringer's), ten (serum 
fractions) or seven (partial hepatectomy) rats. The ranges of the individual 
values for “per cent labelled nuclei” are shown in parentheses, 

















Table 2, ESTIMATION OF LIVER PARENCHYMAL CELLS IN MITOSIS IN INTACT 


BATS INJECTED WITH THE SERUM FRACTIONS 
DNA Cpm/mg DNA 
synthesis — er cent 
epi img DNA mitotic cells 


Mitotic cells 
per cent of total 
parenchymal cells 


Injected 
material 
or treatment 












Ringers 800 0-05 (002-015) 18,000 
Serum fractions 10,900 42 (08-16) 2,595 
Partial hepatectomy 25,900 15 (13-17) 1.727 


The conditions were as described in Fig. 1 except that at 25 h each rat was 
injected intraperitoneally with 0-15 mg of colchicine and liver samples were 
taken at 30h. Each value is the average of the results obtained with seven 
(Ringer's), fourteen (serum fractions) or four (partial hepatectomy) rats. 
The ranges of the individual mitotic counts are shown in parentheses, 


The increases in *H-thymidine meorporation produced 
by the serum fractions and by partial hepatectomy were 
accompanied by proportionate rises in the number of 
liver parenchymal cells that could be trapped in mitosis 
(Table 2). The control animals, however, consistently had 
fewer mitotic cells than would have been predicted on the 
basis of thymidine uptake. A possible explanation for 
this discrepancy would be that DNA replication in the 
control rats led more frequently to polyploidy than to 
nuclear division. 

The following additional points have been established: 
(1) fraction IIT alone was capable of causing some increase 
in DNA synthesis, fraction IV was by itself inactive and 
fraction IV enhanced the effect of fraction HI by two or 
three-fold; (2) just as after partial hepatectomy*, the 
stimulatory effect of the serum fractions on liver DNA 
synthesis in intact rats could be prevented by low levels 
of actinomycin D given at the time of the injection of the 
serum fractions and soon afterwards; (3) the stimulation 
of DNA synthesis and mitosis caused by the injection 
of the serum fractions was only about one-half as great 
in the left lateral liver lobe of the intact rat as in the right 
lateral lobe; (4) the serum fractions neither inhibited nor 
stimulated *H-thymidine incorporation by the kidneys 
and spleens of the intact animals (the averages of the 
results with eight untreated rats were 520 (kidneys) and 
2,120 (spleen) e.p.m./mg DNA; the comparable values 
with twelve animals that were given the serum fractions 
were 540 and 2,250; and (5) the serum fractions did not 
affect *H-thymidine uptake by the residual liver after 
partial hepatectomy. We believe that the regulation of 
hepatic DNA replication and cell division are related to the 
metabolism by the liver of some of the serum proteins 
represented in Cohn fractions TIT and IV. 
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Initiation Factor Requirements for the 
in vitro Synthesis of T, Lysozyme 


Prorein synthesis requires initiation of translation at 
the correct site on MRNA. Two initiation factors, A and 
C (ref. 1), or F1 and F2 (ref. 2), promote the ApUpG-depen- 
dent attachment of formylmethionyl-tRNA (fmet-¢RNA,) 
to Escherichia coli ribosomes?-+, and account for initiation 
AUG triplets", A mechanism must exist, however, for 
the discrimination between internal and initial methionine 
codons. In order to study the possible role of the third 
initiation factor, B, in this selection mechanism, we have 
examined the role of the three factors in the synthesis of 
lysozyme promoted by T, mRNA’. We assumed that 
polypeptide synthesis as measured by amino-acid in- 
corporation should not necessarily require correct 
initiation, while active enzyme formation should be 
highly dependent on this process. We have used the 
ratio of enzyme formed to valine incorporated as a 
measure of the proportion of polypeptide molecules 
correctly initiated. 

Lysozyme synthesis in a system consisting of well 
washed Æ. coli ribosomes and high-speed supernatant 
requires initiation factors, and is most efficient when all 
three factors are included (Table 1). It was verified that 
the presence of the factors does not affect the assay for 
lysozyme. Although the patterns of enzyme activity 
shown in Table 1 and Fig. 1 were reproducible, the 
absolute levels of enzyme formed sometimes showed 
considerable variations. In one experi- 
ment these levels were five times higher 
than those of Table 1, and approached 
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Table 1, EFFECT OF INITIATION FACTORS ON TOTAL POLYPEPTIDE SYNTHESIS 
AND ON LYSOZYME FORMATION 


Factors Valine incorporated Enzyme formed Enzyme 
added (e.pam. x 10-*) (anits) Total polypeptide 

None 4 t3 O75 
A 16 Od 0-26 
B 19 p9 Od? 
C (5 gh) 12 oo O75 
C (10 pl.) 21 20 O03 
A+B 42 £1 0-08 
A+ (5 wh) 36 a8 1-90 
A +C (10 al.) 46 46 100 
A+B+C (5 wl.) 68 os 14S 
A+B+C (0 al) 76 107 143 
None 8 15 LRT 
A 21 p2 0-68 

21 i3 oaz 
c 17 14 0-82 
Bra 50 65 130 
B+C 38 35 ogg 
C+A (5 ul) 36 ad Onin 
C+A (10 xl.) a7 ba 105 
A+B+C 75 128 172 


Data, which represent two separate experhnents, are expreased.ag amounts: 
for O1 ml, reaction: ratios lysozyme/polypeptide are multiplied by DORs 
Ribosomes, high-speed supernatant fraction and initiation factors wate: 
prepared as described previously‘, and RNA from Ty-infected cells (20 tnin, 
was obtained by the method of Salser ef ai’, Reaction mix hires, covtamiag 
120 ug of ribosomes, 20 xl, of 150,0007 supernatant and 150 saz of), RNA 
in a total volume of 0-12 ml, were incubated at 37° C for 30 min as deseribed 
before’, All factors were used in 5 pl, amounts, unless noted other wike |: 
protein concentrations were, per 5 ul., 25 ag for 4, 6% ag for Band 5 ug toro. 
For determination of valine-“C (100 c.p.nJuumole) incorporation dito. bot 
acid-insoluble material, 20 xl, samples were taken, and the test wag used for 
lysozyme assays, 





place in the presence of A, because its addition to C alone. 
has no significant effect on the ratio enzyme) polypeptide 
(Table 1). 

Factor C is known to promote the formation of 308 
ribosomal complexes containing ApUpG and fmet-4BNAy. 
In the presence of 50S subunits, these are converted to 
70S initiation complexes. The latter process appears: to 
be strongly enhanced by factor A. While the combination 
A plus C should be fully adequate for initiation at AUG 
codons, these two factors appear not to be sufficient for the 
effective translation of a natural mRNA, possibly because 
some of the initiations would be at wrong AUG sequences. 
Indeed, addition of factor B raises the level of fidelity by 
about 50 per cent. 

We should like to propose that the initiation signal on, 
mRNA is more complex than AUG, and that factor B 
recognizes this signal, thus enabling the ribosomes to 
discriminate between the initiation triplet and internal 
AUG sequences. Iwasaki et al? suggested that their 
factor F3 (most probably equivalent to B) funetions in 
the binding of natural mRNA to ribosomes. Such an 
activity would be compatible with the present scheme. 
The occurrence of initiation sequences at the beginning of 
each cistron has been suggested on the basis of genetic 











the values obtained with $30 preparations. | (a) (b) (c) | ox 
This points to the possibility of additional a | a c | À 
requirements for active enzyme synthesis @ | +A+C s +C | ) 
which were not well controlled in our | 15 F 120.5 
experiments. ° Z 
The present results suggest that factor  ~ 3 
A by itself cannot, promote the correct. 2 w pf 
translation of lysozyme mRNA, but can Z 2 
lead to random initiations as evidenced ž | | z 
by its effect on total polypeptide synthe- g | a 
sis. Factor C appears capable of promoting # 5+ 44002 
correct initiations to a limited extent as = | | É 
shown by the ratio enzyme/polypeptide, oo > 
and its action is considerably enhanced 4 re beloa i 
by A. Increasing A beyond a certain i in ô ag ~ a0 


range leads to further rises in poly- 
peptide, but not in enzyme activity (Fig. 
1). Factor B promotes an increased 
proportion of correct initiations when 
added to A plus C. It appears that the 
effect of B on correct initiation only takes 


Fig. 1, 


Factor C (ag) 





Factor B (ug) Factor A (ag) 


Effect of varying concentrations of initiation factors on lysozyme 
formation and on total polypeptide synthesis, 
three separate experiments. 
and 62 ug of B; (6) 20 ug C and 10 ug A; (0) 20 Hee. 


Data in (a) and (c) are from 
Amounts of factors used were: (a) 25 pg of A 
For other details sae 
Table 1, 
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considerations’®:", Such complex initiation signals could 
provide a possible mechanism for regulation at the level of 
translation, because a series of initiation sequences with 
different affinities for factor B could govern the prob- 
ability of ribosome attachment to different mRNA 
CUSTOMS, 
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Digestion of an Arg~Pro Bond by 
Trypsin in the Encephalitogenic 
Basic Protein of Human Myelin 


Most bonds in proteins involving the sequence Arg-X 
or Lys-X are readily digested by trypsin, but where X is 
proline no digestion is assumed to occur, This assumption 
is based on numerous reports on the failure of trypsin to 
split such bonds in proteins and peptides!. In this 
article the hydrolysis of an Arg-Pro bond by trypsin in 
the basie protein of human myelin is described, This 
protein in doses of 1 ug (60 proles) in Freund’s complete 
adjuvant is able to induce the disease “experimental 
autoimmune encephalomyelitis’’ in guinea-pigs”. 

The method described by Kies? was used to isolate the 
encephalitogenic basie protein from human brain. The 
protein (58 pmoles) was digested with trypsin (1-3 mg 
Worthington bateh No. 6111 treated with L-1L-tosylamido- 
2-phenylethylchloromethy] ketone) in 13 ml. 1 per cent 
ammonium bicarbonate buffer for 4 h at 39°C. The 
digest was dried on a rotary evaporator, Water was 
added and drying was repeated several times to remove 
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most of the ammonium bicarbonate. The digest was 
applied along a 39 em line on Whatman 3 MM paper 
and separated by electrophoresis in pyridine acetate at 
pH 6-5 (ref. 4). A 1-5 em strip was stitched to a sheet of 
Whatman 3 MM paper for chromatography at right 
angles. Two Ehrlich positive spots were observed on 
the peptide map. These peptides were isolated from the 
remainder of the digest by paper chromatography in 
n-butanol—pyridine-acetic acid—water (15 : 10: 3: 12) fol- 
lowed by paper electrophoresis at pH 3-5 in pyridine 
acetate. The composition of these peptides (T10 and T5) 
is given in Table 1. To obtain the tryptophan content 
T10 (0-15 umole) was digested with 5 yg pronase for 16h. 
In addition a peptide T12 which stained a permanent 
yellow colour with ninhydrin was fractionated from the 
digest. 





Table 1. AMINO-ACID COMPOSITION OF PEPTIDES FROM ENCEPHALITOGENIC 
BASIC PROTEIN OF HUMAN MYELIN 
Amino-acid TIO Li 2 Lisa Lise Ci C2 C3 T5 The 
Ser 0-9 0-0 0-9 00 12 00 OOF LT 00 
Glu 20 0-0 Vd t1 00 23 00 20 00 
Pro Li 0-0 oo 09 0-0 p 00 00 iil 
Gly 63 3-2 1d 19 00 38 L8 20 36 
Ala 10 0-0 ri 00 00 10 00 10 00 
Tyr 0-9 10 0-0 00 00 O88 GO Of O8 
Phe 20 0-9 os 00 10 11 00 O8 10 
Trp Os n p n p n n p n 
Arg 22 1-0 on 10 OO 12 10 09 10 
Yield per cent t7 37 43 66 41 9 9 40 43 7:5 
Mobility at pH 
65 ref Asp +0-21 CO +035 -034 O47 me meme OF OBE 
Purification 


lst E65 BOS EGOS E65 EGOS E35 E35 E35 E65 R65 
2nd ch ch ch ch ch 
3rd E35 E35 E3-5 


T, Trypsin; L, thermolysin; ©, chymotrypsin; S, subtilisin: p, present: 
n, absent: +, mobility to cathode: —, mobility to anode; E, paper electro- 
phoresis at pH given; ch, paper chromatography. 


The “dansy!’'~Edman sequencing technique’ gave the 
N-terminal sequence Phe-Ser-. Digestion with leucine 
amino peptidase confirmed this sequence. Digestion of 
0-75 umole T10 with 50 yg thermolysin for 40 min at 
pH 8 yielded a neutral peptide L1 and a basie peptide L2. 
L2 was shown by the “dansyl’’-Edman technique to 
have the sequence Phe-Gly-Tyr-Gly-Gly-Arg. LI had 
the N-terminal sequence Phe-Ser-. When LI was digested 
with subtilisin a basic peptide L1Sb and an acidic peptide 
LISa were obtained. LISb was shown to have the 
sequence Gly-Glx-Arg-Pro-Gly, and from its eleetro- 
phoretic mobility at pH 6-5 Gin rather than Glu appeared 
to be present. The N-terminal amino-acid of LISa was 
Phe and from its electrophoretic mobility Glu rather than 
Gin appeared to be present. Tn addition a thermolysin 
digest of the whole protein yielded a peptide identical 
to LI. 










Phe-Ser-Trp-Gly-Ala-Glu-Gly- 


ann LS 


Vig. 1. 
tein of human myelin, 
thermolysin. Trypsin splits the s 

peptides 





Amino-acid sequence of peptide T10 from encephalitogenic pro- 
C, Chymotrypsin, S$, subtilisin on TIOLI; L, 
equence anderlined at Arg-Pro to yield 


TS and T12. 






When T10 (0-37 umole) was digested with chymo- 
trypsin (50 ug) for öh three peptides were obtained. 
The N-terminal amino-acids of Cl and C3 were Phe and 
Gly respectively. The N-terminal sequence of C2 was 
Gly-Ala-Glx. From this evidence the structure proposed 
for T10 is given in Fig. 1. Eylar and Hashim’ recently 
reported the sequence of a peptide from bovine spinal 
cord which is analogous to peptide T10. The bovine 
peptide has an additional Gly between Phe and Ser and 
the Arg at position 9 in the human is replaced by a Ser 
in the bovine peptide. Although the bovine peptide and 
T10 do not induce disease, they form part of an encepha- 
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litogenic determinant, for Eylar and Hashim*® have 
shown that peptic peptides which contain the sequence 


-Ser- Arg -Phe-Gly-Ser-Trp - Gly- Ala-Glu -Gly-Gin- 


are highly encephalitogenic. 

The other tryptophan peptide T5 present in the tryptic 
digest was a neutral peptide with the same overall com- 
position as the first nine amino-acids in T10. Its N- 
terminal amino-acid was shown by the dansyl procedure 
to be Phe. Digestion of T5 with aminopeptidase O 
released free amino-acids in the ratio Phe 1-0 Ser 0-6 
Trp 0:5 Gly 0-4 Ala 0-3. Digestion with carboxypeptidase 
A mixed with B showed the C-terminal sequence was 
-Gin-Arg. 

Peptide T12, which gave a permanent yellow colour 
with ninhydrin and a blue colour with isatin, had a com- 
position equivalent to the C-terminal half of peptide T10. 
The “dansyl’~Edman technique showed the N-terminal 
sequence was Pro-Gly-Phe-Gly-Tyr-. 

It is clear from the above evidence that trypsin has 
hydrolysed an Arg-Pro bond in the protein to yield 
peptides T5 and T12. The yield of these two peptides 
(uncorrected for losses during the isolation) was only 
20 to 25 per cent of the average yield of the other peptides 
present in the tryptic digest, which suggests that this 
bond is resistant to digestion by trypsin. 

Another Arg-Pro bond close to the N-terminal end of 
the protein was not digested by trypsin’. It is interesting 
that the Arg-Pro bond which is hydrolysed oceurs in the 
sequence -Gln-Arg-Pro-Gly-, for Milstein®? has found this 
same sequence in two Bence Jones proteins and that the 
bond is also split by trypsin. Again the yield was lower 
than that of the other tryptic peptides. In another two 
Bence Jones proteins where Lys is substituted for Arg he 
found that no detectable digestion occurred®. In the 
Bence Jones proteins the sequence of amino-acids adjacent 
to Gin and Gly in the sequence -Gln-Arg-Pro-Gly- is 
different from that in the encephalitogenie basic protein. 
Thus it would appear that the presence of Gln adjacent to 
Arg and Gly adjacent to Pro renders the Arg-Pro bond 
susceptible to digestion by trypsin. 

T thank Dr C. Milstein for information on his studies. 
Miss M. Pat provided skilled technical assistance, and 
financial support was received from the National Multiple 
Sclerosis Society, New York, and the Australian Research 
Grants Committee. 
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Alkaline Phosphatase insolubilized by 
Covalent Linkage to Porous Glass 


Enzymes have been covalently linked to organic poly- 
mers'~’ or immobilized in starch® and acrylamide gels’. 
These derivatives are susceptible to microbial attack, 
and, when used in chromatography columns, vary 
in flow rates and apparent pore size with changing pH 
and solvent conditions. Here I describe the covalent 
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coupling of bacterial alkaline phosphatase (Worthington 
Biochemical Corp., Freehold, NJ) to an inorganic carrier, 

porous glass, thereby eliminating many problems inherent 
in the use of organic carriers. Inorganic carriers, for. 


example, are not susceptible to microbial attack; by on 


using a glass in which the pore diameter is smaller than” 
that of a bacterial cell, the enzyme cannot be utilized 
as substrate unless the organism produces an extra, cellular 
protease, and porous glass is unaffected by the changes in. 


pH and solvent conditions generally associated with the ie 


use and study of biological molecules. 

Alkaline phosphatase was covalently coupled to 
porous, 96 per cent silica glass with a silane coupling agent. 
The glass (100 mesh particle size containing pores of. 
790 A+50 A diameter, Corning, NY) was refluxed in a 
toluene solution of y-aminopropyltriethoxysilane’. The 
amino alkyl group was converted to an aminoaryl group 
by coupling p-nitrobenzoic acid. This was reduced, dingo- 
tized and added to a solution containing the enzyme, The 
product was washed with distilled water and stored at 4°C. 


Enzyme activity was assayed with p-nitrophenyl- a 


phosphate as substrate in 0-5 M tris-HC! buffer, pH 8-0, 
at 23°C. To 0-1 g of insolubilized enzyme, 25 rol. of O01 
M substrate was added. The reaction was continued: for 
2 min and the product concentration determined spectro- 
photometrically at 410 nm (molar adsorbancy index for 
p-nitrophenol is 1-62 x 104 em). The insolubilized enzyme 
contained the equivalent of 0-74 mg of active alkaline 
phosphatase per g glass. 

The continuous flow method was used for all otber 
studies. One gram of the enzyme-glass derivative was 
packed into a small chromatography column PO cin wid 
and 5-0 em long, with volume of 25 ml. Substrate wos 
dissolved in 0-5 M tris-HCl at various pH values to give 
concentrations ranging from 6-001 M to 0000083 M. 


The products were passed through a continuous-recording: 


flow-through spectrophotometer and monitored at 410 nim. 

Because flow rate was held at 2-5 ml./min and the void 
volume of the column was 25 ml, the enzyme rernained. 
in contact with a given aliquot of substrate for 1 min. 
In these conditions, observed changes in opticel density 
per unit time were assumed to be directly proportional 
to the enzyme velocity at the concentration of substrate 
and pH used. 

Several experiments were carried out at various sub- 
strate concentrations (S) and the apparent velocities 0} 
were determined (Fig. 1). The maximum velocity and 
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Fig. 1. Plot of i/v against 1/(S). The substrate was p-nitrophenstihos 
phate in 0-6 M tris-HCl, pH 8-0 at 28° 0, 
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dissociation constant (Ks) (ref. 12) as calculated from the 
plot were 6-25 x 10-* moles/s and 6-10x 10-* M, respec- 
tively. 

The pH optimum was determined by passing 0-001 M 
substrate through the column and increasing the pH 
values. The flow rate was held constant. The optimal 
pH was spread over a wide plateau between pH 9-0 and 
pi aa (ig. 2) and published optimal pH values between 

oD alc "2, 


eto, 


~e 


Activity (arbitrary units) 








10-0 
pH 


Fiz. 2. Plot of pH against activity in arbitrary units evaluating the pH 
optimum, Substrate was p-nitrophenylphoaphate at 0-001 M concen- 
tration in 0-5 M tris at 23° C. 


A reversal of the enzyme reaction was attempted by 
passing 0-02 M p-nitrophenol in the presence of 0-02 M 
inorganic phosphate through the column. The recovered 
product decreased 10 per cent. The experiment was 
repeated at 40° C by placing the enzyme-glass derivative 
in 50 ml. of the above product containing inorganic phos- 
phate. The solution was sampled after 60 min and 120 
min. Product loss was 19-3 per cent after 60 min and 
120 min. The reversal of alkaline phosphate reaction in 
solution has been reported by Stadtman? and was 
therefore not altogether unexpected. 
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Infrared Evidence for an Oxo-bridged 
(Fe-O-Fe) Haemin Dimer 


IRON-PORPHYRIN complexes are important components 
of a variety of biological catalysts. The ferrie~proto- 
porphyrin IX complex, haemin (usually isolated as the 
chloro-complex, chloro-protohaemin or haemin chloride), 
exhibits, in a primitive form, the catalytic properties of 
the haemoproteins, catalase and peroxidase, of which it 
is the prosthetic group, and is therefore a valuable model 
system. Although the erystal structure of chloroproto- 
haemin is established}, there remains considerable uncer- 
tainty about the nature of haemin in solution. Many 
lines of evidence (magnetic®.’, polarographic!, ultracentri- 
fuge’, kinetic®, spectroscopic and complexation studies*®7) 
suggest that haemin exists in aqueous alkaline solutions 
mainly in dimeric form(s). Recent studies in this labora- 
tory of the electronic spectra of haemin solutions, both in 
water (private communication, T. C. Dean) and in dipolar 
aprotic solvents (8. B. B. and I. R. L., unpublished results), 
have shown that dimerization is accompanied by dramatic 
spectral changes in the Soret band region. Sore authors 
consider that further aggregation’ (for example, tetra- 
merization) may occur to some extent, but this is less 
certain, and there are undoubtedly other complicating 
factors, particularly if the solutions are exposed to the 
atmosphere’, 

The structure of dimeric haemin has not been estab- 
lished, although a number of possibilities have been 
canvassed. Schugar et al.® pointed out that the low 
magnetic moment of alkaline haemin solutions is consistent 
with the idea of anti-ferromagnetic spin exchange behavi- 
our, associated with an Fe-O-Fe bridge. The existence 
of an Mn (IIT)-phthalocyanine complex dimer, containing 
an Mn—O-Mn bridge”, suggests the possibility of a parallel 
behaviour in the metallo-porphyrins. The lack of evidence 
for aggregation of metal-free porphyrin may imply that 
the ferric centre is involved in haemin dimerization. 
Hydrophobic bonding’? between the porphyrin rings has 
also been suggested as a mode of dimer formation. Other 
possibilities include iron-carboxylate and vinyl-vinyl 
interactions, but we regard these as unlikely because both 
etiohaemin (no carboxyl group) (unpublished work of 
S. B. B.) and deuterochaemin (no vinyl group) show 
spectroscopic behaviour characteristic of dimerization. 

Here we report infrared evidence that a dimeric haemin 
species is an oxo-bridged (Fe-O-Fe) compound. There 
have been important advances in the characterization of 
oxo-bridged binuclear metal complexes m recent years. 
These species show an infrared absorption band between 
800 and 900 cm-t which has been assigned as v, the asym- 
metric stretching vibration of the oxygen—atom between 
the two metal complex residues'!. Table 1 lists the 
observed infrared frequencies for a number of complexes 
of this type, and also, where available, the M~O-M bond 
angles and M~O bond lengths from X-ray erystallographic 
studies. 

The infrared spectrum of haemin (Fluka, chromato- 
graphically pure, chlorohaemin) in the region of 900 em~ 
is shown in Fig. la. The dimeric material was obtained 
as @ green precipitate, either by the addition of sodium 
hydroxide (solid) to aqueous alkaline haemin, or, in 
higher yield, by the slow addition of 1 M sodium hydroxide 
to a hot solution (80° ©) of haemin in dimethylsulphoxide 
(DMSO). Rapid addition of sodium hydroxide or the use 
of cold DMSO in the latter method yielded a red-brown, 
monomeric material which, on heating, changed slowly into 
the green dimer. The green material dissolved in neutral 
aqueous solution to give an electronic absorption spectrum 
characteristic of dimeric haemin. The infrared spectrum 
of the green dimeric substance is shown in Fig. 16 and 
reveals a strong band at 903 cm~, which is absent in 
Fig. la. We suggest that this band corresponds to 
the va, asymmetric stretching frequency of an oxo-bridged 
Fe-O-Fe dimer. Confirmation of this interpretation 
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comes from isotopic labelling experiments. The spectrum 
shown in Fig. le was obtained from material prepared 
using #0 labelled sodium hydroxide (#O/*O~1). The 
band at 903 cm- has been reduced to about half its 
intensity in Fig. 1b and a new band of approximately 
equal intensity has appeared at 858 cm-t. Other bands 
have not been affected. We suggest that the new band 
derives from an Fe-'*O-—Fe species; the direction and 
magnitude of the isotopic shift are consistent with this 
interpretation (compared with an isotopie shift of 46 cm- 
observed for the substitution of 18O for “O in K, Ru, 
O Clio H,O) (ref. 19). Using deuterated sodium hydroxide 
solution (~ 33 atom per cent D) the band at 903 cm~ was 
unaffected, suggesting that a hydroxo-bridge is not in- 
volved. It seems likely that hexacoordination of each 
of the iron atoms in the complex is completed by the bind- 
ing of either water molecules or hydroxyl ions, although 
we have no direct information on this point. 

We have const -ucted a molecular model for an oxo- 
bridged haemin dimer, assuming both iron atoms to be 
0-5 A out of the plane of the porphyrin ring! in the direction 
of the bridging oxygen atom. With an Fe-O bond length 
of 1-8 A and a van der Waal’s distance of 1-8 A for the 
influence of the n-system of the ligand, the minimum 
Fe-O-Fe bond angle which can be tolerated without 
aistortion of the porphyrin rings is about 165°. The 
electronic spectrum of dimeric haemin suggests, however, 
that significant distortion of the ligand may well occur, 
removing the two-fold degeneracy of the An->Eg transi- 
tion. A bond angle < 165° would not be inconsistent with 
the results for other oxo-bridged dimers of iron com- 
plexes (see Table 1). We have not, as yet, obtained erystals 
of dimeric haemin suitable for X-ray studies, but such 
measurements could be of considerable importance because 
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Fig, 1, Infrared spectra (Nujol mull) of (a) chlorohaemin, (b) dimeric 
haemin and (c) dimeric haemin (30 enriched). 
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Table 1. INFRARED AND X-RAY DATA FOR SOME OXO-BRIDGED BISUCLEAR 
METAL COMPLEXES 
M-O M-0-M 
Metal complex nem? Bond length A Bond angle Bef, 

K, Ru, O Cho 886 1-80 180° 11, 12 
Ka Re, O Ch, 855 1-86 180° 11, 18 
CrO (NOs) Cl, 873 = 180° 11, 14 
(NHM O80 Cho BAB awe co 11 
(PeMn),O _— 17 180° 16 
(Fe-Salen),O0 Py, 840 179 139° 15, 17 
(CHEDTA-Fe),0}?- 830 1-79 165° B, 16 
Hy ase 850 — con 14 

(Mo O; (0,0,) (H,0),0]* 8360 1-88 180° 18 


(Pc=Phthalocyanin, Salen®bis-salicylidene-ethylencdiaming, HEDTAS 
GATT eth lenediaralastetnoetats, py=pyridine, Phen=iphenan- 
roline, 


the characterization of changes in electronic spectrum 
arising from porphyrin ring distortion may have some 
general relevance in haemoprotein chemistry. 

We thank the Shell International Petroleum Co. for a 
research fellowship (to 8. B. B.) and the Science Research 
Council for financial support (to I. R. L.). 
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Effect of Ultraviolet Light on 
Nuclear Fusion in Ustilago violacea 


THE production of vegetative diploid strains in eulture 
was first reported in Aspergillus nidulans’, The diploid 
nuclei were produced by rare nuclear fusion ina balanced 
heterokaryon formed from two different uninucleate 
colour mutants. Diploids have been synthesized in many 
other species of fungi by modifications of this method, 
and used chiefly for the study of mitotic segregation?. 
The spontaneous frequency of diploid formation in fungi 
varies from 10-5 to 10-8 in the Ascomycetes and Fungi 
Imperfecti, and from 10- to 10-4 in the Basidiornycotes?. 

The factors which affect and control diploid formation 
have been virtually ignored. Roper’ used camphor to 
increase the frequency of diploid formation ten-fold in 
A. nidulans. Ishitani et al.* and Ikeda et al.* achieved a 
similar result with A. sojae and A. oryzae and reported 
that ultraviolet light increased diploid formation. Doses 
of ultraviolet light giving a survival of 1 per cent or less 
were reported to produce a frequency of about 10 
diploids whereas the spontaneous frequency in untreated 
controls was about 10-7. The frequencies of diploids in 
A. sojae and A. oryzae were estimated from the total 
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number of conidia plated, but because more than 80 per 
cent of the conidia are homokaryotic diploids the fre- 
quencies are underestimates. When the frequency of 
heterokaryotic conidia is taken into account, it is apparent 
that treatment with ultraviolet light imcreased diploid 
formation from the spontaneous level of about 10- to 10-1 
in these species of Aspergillus. 

Many fungi are unsuitable for precise quantitative 
analysis of factors which control nuclear fusion in vegeta- 
tive and sexual cells. There have been no confirmed 
reports of vegetative diploid formation in Neurospora 
crassa, and the use of species of Aspergillus and Peni- 
cillium presents a number of technical difficulties?, 
Ustilago violacea is very suitable chiefly beeause of its 
yeast-like growth on artificial media. A method for pro- 
ducing almost complete induction of diploids has been 
devised for U. violacea, and is available for quantitative 
studies of the efficiency and effect of irradiation and 
ehemicals on nuclear fusion. 

The production of vegetative diploids and the accurate 
determination of nuclear fusion in dikaryotic cells of 
Ustilago violacea have been reported’, Diploid colonies 
arise directly on minimal medium from the binucleate 
cells formed by fusion of two haploid auxotrophic sporidia, 
The cells and colonies of diploid strains can be distin- 
guished easily from those of haploid strains and selection of 
diploid cells is especially convenient because the dikaryon 
does not grow on artificial media and is therefore transi- 
tory. This removes the problems of the selection and 
clonal distribution of diploid nuclei which complicate 
this analysis in the heterokaryons of most Aspergillaccae?. 
Suspensions of binucleate sporidial pairs can be irradiated 
or treated with chemicals and the effects of these agents 
analysed quantitatively. We have examined the effect of 
ultraviolet light on diploid formation by U. violacea, and 
its photoreactivation effects. We measured the frequency 
of spontancous nuclear fusion from the number of diploid 
colonies arising from known numbers of fused sporidial 
pairs on minimal medium. This frequency varied accord- 
ing to the physiological condition of the sporidia before 
cell fusion, and ranged from 3-36 x 10-4 to 1-12 x 10- for 
ells which had been maintained on complete medium for 
3 days and 11 days respectively. These frequencies, 
especially those from fresh cultures, are similar to others 
obtained from the Basidiomycetes and are much higher 
than those obtained in most lower fungi’. 

We devised a convenient method to measure accurately 
the survival of sporidial pairs in which both nuclei are 
viable and which therefore can produce diploid colonies on 
suitable media. Sporidial fusions were made between 
two haploid auxotrophic strains, one with wild-type pink 
eolonies and the other with yellow colonies. These 
sporidial pairs bud on complete medium to produce 
colonies that are pink and yellow mosaics, but on minimal 
medium such budding cannot oecur and only diploid 
eolonies produced by rare nuclear fusions can grow. 
Thus the number of surviving mosaic colonies on complete 
medium is a measure of the number of viable sporidial 
‘pairs that have the potentiality to produce diploid 
colonies on minimal medium. 

Aliquots of a suspension of sporidial pzirs of known 
concentration were then treated with ultraviolet light 
(A= 254 nm) from a Camag 71900 UV lamp fitted with an 
$ W fluorescent tube (G87'5) at a distance of 12 em for 
‘periods ranging from 0 to 240 s. Precautions were taken 
to avoid uncontrolled photoreactivation. The aliquots 
were then treated with visible light from four 40 W 
natural 39P ‘Quick-Start’ fluorescent tubes at a distance 
of 10cm for periods of 0 and 30 min to investigate 
photoreactivation. After suitable dilutions, samples 
from each of these twenty-four treatments were plated 
on five plates each of complete and minimal medium. 
The plates were incubated for 10-14 days before the num- 
bers of mosaic colonies (m) on complete medium, and the 
numbers of diploid colonies (d) on minimal medium, were 
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Fig. 1. The effect of ultraviolet light and photoreactivation (PR) on 


diploid formation in U. violacea. 


counted. The frequency of diploid formation (D) was then 
. ‘ : Ded 

estimated from the formula ——- where c represents 
m xX € 


any difference in concentration of fused sporidial pairs 
between the complete and minimal media. 

Survival of sporidial pairs, that is, of mosaic colonies 
on complete medium, decreased rapidly with increasing 
ultraviolet dose to 0-001 per cent after 120 s of irradiation 
(Fig. 1). It was not possible to measure the survival 
accurately at higher doses than this because too few colon- 
ies survived, The photoreactivation treatment with visible 
light, that is, no ultraviolet and 30 min photoreactivation, 
produeed considerable lethality, only 10 per cent of the 
sporidial pairs surviving. The photoreactivation treat- 
ment given after higher doses of ultraviolet light, how- 
ever, increased the survival significantly (Fig. 1). The 
dose reduction factor? of the photoreactivation treatment 
at 1 per cent survival was 0-49. 

The frequency of diploid formation among the 
survivors increased linearly as the ultraviolet dose 
increased, from 6 x 10-4 in the control to complete diploid 
formation in the survivors at 120 s. The effect of ultra- 
violet light was photoreactivable also, for the frequency 
of diploid formation among the survivors after 120 s 
ultraviolet light was reduced to 1 x 10-? by 30 min photo- 
reactivation. The dose reduction factor of this photo- 
reactivation treatment at the level of diploid formation of 
1x10- was 0-37. 

These results confirm that ultraviolet light increases the 
frequency of diploid formation, and suggest that the 
fusion of haploid nuclei is induced in approximately 
100 per cent of the sporidial pairs of U. violacea after 
high doses of ultraviolet light. It may be suggested that 
irradiation selects either pre-existing diploid nuclei or a 
small fraction of the sporidial pairs which are predisposed 
to undergo fusion. Both these hypotheses require the 
presence of a resistant fraction in the population, and can 
be eliminated as the survival curves are linear. The 


Survival of sporidial pairs (per cent) 


NATURE, VOL. 223. AUGUST 30. 1969 


evidence therefore indicates that ultraviolet light activity 
induces nuclear fusion in the sporidial pairs of U. violacea. 

The reduction of the frequency of diploid formation 
induced by ultraviolet light by a photoreactivation treat- 
ment suggests that the site of action of ultraviolet light is 
in DNA or RNA, as reported for other photoreactivable 
systems’. It may be speculated that the effects of 
ultraviolet light and photoreactivation on dimer pro- 
duction and repair in DNA or RNA molecules change the 
nuclear membrane also, and promote nuclear fusion. 
Further experiments to elucidate this fundamental 
aspect of nuclear behaviour are being conducted. 
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Immunization of Rice Plants against 
Helminthosporium Infection 


Immunization has only recently attracted serious atten- 
tion for controlling plant diseases. Following their classical 
studies on infection of potato tubers by Phytophthora 
infestans, Miller and Borger’ postulated that “phyto- 
alexins’”, produced by plants in response to infection, 
were responsible for resistance of plants to avirulent races 
of pathogens or to non-pathogens. On this basis, atternpts 
have been made to induce resistance in plants to pathogens 
by pre-inoculation either with avirulent races or with 
non-pathogens, and success has been reported in a number 
of cases*-?. Brown spot disease of rice caused by Hel- 
minthosporium oryzae is often severe in eastern India. 
Different rice cultivars are known to produce phytoalexin- 
like substances in response to infection by three important 
pathogens, Cochliobolus miyabeanus (perfect form of H. 
oryzae), Piricularia oryzae and Xanthomonas oryzae®., 
Thus immunization of susceptible cultivars against H. 
oryzae by pre-inoculation with avirulent races seemed 
possible. Results of attempts to do this are summarized 
here, 

Two strains of H. oryzae, one virulent, the other 
avirulent, and two susceptible cultivars of rice, ‘Dular’ 
and ‘Dharial’, were used. Leaves of 17-21 day old plants, 
each with three leaves, were sprayed with suspensions of 
avirulent conidia (concentration 10° or 5x105 conidia/ 
ml.) Suspensions of virulent conidia, applied 48 h later, 
contained 5 x 10° conidia/ml. There were fifteen seedlings 
in each one of the three pots for treatment, that is, 
forty-five seedlings per treatment. The number and size 
of spots appearing on leaves were recorded 96 h after the 
second inoculation and incubation in conditions suitable 
for disease development. The numbers of small (0-25 em), 
medium size (0-5 em) and large (1-0 cm) spots were 
multiplied by the value given for each size in parentheses 
and the sum total of these values gave the disease index for 
a plant. In the initial experiments with both the cultivars, 
pre-moculation with avirulent spore suspension, at both 
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levels, reduced the mean number of spots per plant by 
66-74 per cent and the mean disease index per plant by 
83-85 per cent. 

In soy-bean! and pea"! plants, formation of phyto- 
alexins has been induced by cell-free fluids in which 
conidia have germinated. Non-biological induction with 
certain chemicals has also been reported. It was there- 
fore of interest to see if the protection of rice plants given 
by spore suspensions could be simulated with substances 
produced by germinating spores. After incubation of the 
spore suspension for 24 h at 27° C, cells were removed by 
centrifuging and the supernatant fluid was applied to 
plants 48 h before they were inoculated with the virulent 
strain. This treatment reduced the mean number of 
spots by 58 per cent and the mean disease index by 71 
per cent. Results obtained with avirulent spore suspen- 
sions containing 10° or 5x 10° conidia/ml. and with two 
cultivars were nearly the same. In another experiment, 
avirulent spore suspensions, heated to 60° © for 10 min 
to prepare an infusion and then made spore free by 
centrifuging, were used in place of suspensions of viable 
spores. Almost the same level of control as obtained 
with the germinating fluids was achieved. 

A comparative assessment of the effects of different, 
treatments given at the time of first inoculation was 
made in a subsequent experiment. Results (Table 1) 
confirmed all the previous observations. 


Table 1. EFFECT OF PRE-INOCULATION WITH AVIRULENT CONIDIA oF Heb 
minthospora oryzae, AND OTHER PRETREATMENTS ON INFECTION OF RIGB 
CULTIVARS BY VIRULENT CONIDIA 





*‘Dharial” 
se No.of THsease. 
First and second inoculation spots Index spots indèx 
or treatment” per per por per 
plant} plant? plant? plant} 
Water control; 5 x 10° apores/ml. a7 66 129 8q 
Spore suspension 10° sporesjml. ; 
5x 10* spores/mi, 33 PL au 1-2 
Spore suspension 5 « 10° spores/mil.; 
5x 10° spores/ml. $i FI 3i 13 
Germinating fluid (cell free), 105 spores/ 
mL; 5x 10° spores/ml. 45 Lg +S 22 
Germinating fluid (cell free), 5x 10° 
sporesjml.; 5x 10° spores/mil. +l 19 4:7 2-1 
Heated spore suspension (cell free), 
10° spores/ml,; 4 x 10° spores/mil. +l LA 45 ig 
Heated spore suspension (cell free), 
5x 10° spores/ml.; 5 x 10° spores/ml. £2 Ls 47 wI 
Spore suspension 10° spores/mil.; 
water control Q5 Od Ob 02 
Spore suspension 5x 10° spores/ml.; 
water control Li OS i4 6 


* First inoculation with avirulent strain; second inoculation with virulent. 
strain, 

+ Mean of forty-five plants each treatment, recorded 96 h after second 
inoculation. 


The development of fungitoxic substances in the host. 
tissue after inoculation with avirulent conidia was demon- 
strated. Fifteen leaves of uniform size were collected from, 
‘Dharial’ plants 48 and 72 h after inoculation with avirul- 
ent conidia (10%/ml.) and also from control plants, and were 
kept submerged in 15 ml. of sterile, distilled water. for 
24 h at 27°C. Leaves were then removed for dry weight. 
determinations, and the liquid was cleared by centrifuging 
and stored at —20°C. Leaf dry weights in the three 
series were nearly the same, so diffusates were regarded 
as similar in this respect. After thawing, 0-25 ml. suspen- 
sion of virulent conidia (10%/ml.) was added to 475 mi. 
diffusate, and drops were placed on glass slides which 
were incubated for 24 h at a relative humidity of about 
100 in the dark. Cotton blue in lactophenol was added 
and germination and germ tube growth were recorded. 
Germination was 100 per cent in diffusates from un- 
inoculated leaves and 20-24 per cent less in diffusates 
from leaves collected 48 and 72 h after inoculation with 
avirulent conidia. Compared with the controls, germ 
tube growth was reduced by 48 and 74 per cent resper- 
tively by diffusates from leaves collected 48 and 72 h 
after inoculation (significant P< 0-01). 

It is clear from these results that rice plants susceptible 
to H. oryzae can be made resistant by pre-inceulation 
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with avirulent spore suspension and that somewhat less 
but still very impressive effects are produced if plants are 
treated with the germinating fluid or with heated spore 
suspension from which dead conidia have been removed. 
Induction of resistance by avirulent conidia is associated 
with the appearance in inoculated leaves of substances 
that reduce germination and germ tube growth. 
We thank Professor R. K. S. Wood for his help. 
A. K. Sinna 
NITYANANDA TRIVEDI 
Department of Plant Pathology, 
University of Kalyani, 
West Bengal, 
India. 
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Rapid Diagnosis of Viral and Fungal 
Diseases in Plants by Pyrolysis and 
Gas-Liquid Chromatography 


We have approached the diagnosis of plant diseases 
using a technique similar to that used by Reiner and 
Ewing? in recognizing strains of Escherichia coli. This 
involved analysing thin transverse sections of leaf tissue 
from diseased and healthy (control) plants by pyrolysis 
and gas-liquid chromatography, and comparing the 
chromatograms. A Pye ‘Series 104’ Model 24 gas- 





Fig. 1. See of Avena sativa L. (Condor) leaves; transverse sections from mid-laminar region. a, Control healthy uninfected leaf 


(immediately 
senescent leaf from control plant. 


Fig, 2. 


ow flag leaf); b, leaf immediately below flag, infected with Barley Yellow Dwarf virus (slightly yellowed); ¢, uninfected 
Corresponding peaks are vertically aligned. 


a of Nicotiana tabacum L. leaves; transverse sections taken from edge of lamina near leaf tip. a, Healthy mature eighth 
la 


eaf of Rth plant; b, leaf comparable in shape and size with the preceding, infected with Potato virus Y and somewhat yellowed; e, 
uninfected senescent leaf from control plant. 


Fig. 3. Pyrograms of wheat leaves (Jufy 1); transverse sections from mid-laminar region. a, Mature healthy first leaf from control plants; 
be ascond Near of diseased plant infected with Puccinia striiformia Westend, race 2B; e, first leaf of another diseased plant infected with 
: Puccinia striiformis, race 2B. 


Fig. 4. Py of mildew-infected wheat leaf; a mildew preparation, and Yellow Rust spores. a, Jufy 1 wheat leaf (first) Infected with 
PRApiE Yraminia DC f. sp. tritici Marchal (contrast with control uninfected, Fig. 3a); b. fresh Erysiphe graminis taken from leaf surface y 
i c, fresh spore preparation of Puecinia striiformis, race 2B. 
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chromatograph was used, with dual flame ionization 
detector, pyrolysis assembly and ‘Pyrex’ glass columns 
15m long by 4mm diameter packed with ‘Carbowax 
20M’ plus phosphoric acid (solvent, dichloromethane). 
Comparative samples were taken from leaves, inserted in 
the pyrolysing element and pyrolysed at 800° ©. Analyses 
took place in a stream of nitrogen (45 ml./min), under a 
programmed rise in temperature of 8° C/min from 40° to 
140°C commencing at the moment of pyrolysis. At 
maximum temperature the analysing column was cleared 
and ready for the next sample in less than an hour. The 
instrument was used at attenuation level x 500. 

Dealing with accurately quantified samples of pure bac- 
teria, Reiner and Ewing were able to make astonishingly 
fine distinctions between strains. Because of inevitable 
variations in our sample sizes, corresponding peaks in 
comparable chromatograms vary in size. Even so, 
overall patterns from the same specimen, and correspond- 
ing samples frorn different individual plants, are reprodu- 
cible in minute detail despite the crude sampling procedure 
{compare Fig. 3b and ¢, from first leaf and second leaf 
respectively of different wheat plants). The following 
comments on cereal rusts, cereal mildew {Erysiphe 
graminis) and Barley Yellow Dwarf virus are based on 
numerous replicates of several controls and several 
diseased plants in each case; the Potato virus Y result is 
based on six analyses. Barley Yellow Dwarf virus 
material was collected in the field from infected and 
control-uninfected plots and deep-frozen for 8 months: 
otherwise we took fresh samples from potted experimental 
plants. 

Clear distinctions exist between Avena leaves, control 
and infected with Barley Yellow Dwarf (Fig. la and b). 
The most striking difference is in the largest peak for 
infected specimens, which never predominates in healthy 
material even when the latter is senescent and similar to 
the infected in general appearance (Fig. Ic). This peak 
is, however, relatively small (and other differences not 
detectable) in some of our analyses of plants from the 
virus-infected plot: probably some of this material was 
actually healthy, or in infected plants the virus may be 
only incipient in or absent from certain leaves. 

There are marked differences between a healthy 
tobacco leaf and one infected with Potato virus Y (Fig. 
2a and b). A senescent leaf from a healthy plant, some- 
what yellowed and of similar appearance to the virus- 
infected, yielded quite different chromatograms (Fig. 2e). 
while a younger and healthier looking leaf from an infected 
plant gave a pattern quite close to Fig. 26 but with the 
distinctions from Fig. 2a less marked (implying perhaps 
a lower level of infection). 

Differences between rusted, mildew-infected and healthy 
wheat leaves are apparent in Figs. 3a—c and 4a, and Yellow 
Rust (Puccinia striiformis) is detectable with equal 
facility on barley leaves. We have found relatively 
little variation among patterns from different healthy 
grass leaves of the same species (for example, first, 
second and third leaves of wheat) when sampled at 
similar stages of development, and have established that 
the characteristic disease patterns are not merely sen- 
escence effects. To diagnose disease it is irrelevant whether 
characteristic aspects of chromatograms derive from 
combustion of the pathogen. or from changes in the host 
resulting from parasitism. For rust and mildew, however, 
we are satisfied that the most spectacular distinctions 
involve peaks directly attributable to the presence of 
fungal material. Thus traces of rusted leaves (Fig. 
3b and ¢) are more reminiscent of pyrolysed spore samples 
(Fig. 4c) than of healthy leaves (Fig. 3a); and patterns 
from mildew-infected leaves (Fig. 4a) possess character- 
istics of mildew preparations (Fig. 4b). 

The method seems to offer a rapid means of detecting 
and identifying pathogens in situ, of assessing the dis- 
tribution of diseased tissue in the host and possibly even 
of measuring degrees of infection. Reiner and Ewing 
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succeeded in distinguishing single-gene mutants of E: 
coli, so the technique may allow identification of rust 
(and host plant) races. We suggest it merits thorough 
exploration in this context, and experimentation with 
refinements along certain lines, for example, use of 
longer chromatographie columns, different packings arid 
temperature programmes, quantification of samples, 
using freeze-dried and blended whole leaves and accurate, 
automated comparison of chromatograms. 

We thank Dr J. K. Doodson (National Institute of 
Agricultural Botany, Cambridge), Mr A. C. Maddison and 
Mr R. T. Plumb, Department of Botany, University of 
Southampton, for supplying materials, and Mr L. G. 
Mockett and Miss M. Portman for technical assistance. 

A. MYERS 
L, WATSON 
Department of Botany, 
University of Southampton. 
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Correlation of Pseudocholinesterase 
Inhibition and Plant Growth 
Retardation by Quaternary Ammonium 
Derivatives of (+-)-Limonene 


THE terpene hydrocarbon (+ )-limonene is widely distri- 
buted in nature and comprises more than 95 per cent of 
distilled citrus peel oils. As part of a study of limonene 
derivatives having possible biological activity, I reported 
the synthesis of a number of quaternary ammonitum con- 
pounds which are plant growth retardants". Several of 
these derivatives also mhibited human blood serum 
(pseudo) cholinesterase in tests for drug activity (my une 
published results). Here I report the discovery of a direct 
correlation between serum cholinesterase inhibition by 
these compounds and their ability to retard plant growth. 


To study this relationship, pseudocholinesterase tubie o 


tion was determined for a number of n-alkyl* and benzyl! 
quaternary ammonium derivatives of 
using standard Warburg manometric techniques". Human 
blood serum diluted 1 in 10 with water was used as the 
enzyme source with acetylcholine as substrate. "Three 
plant-growth tests were carried out to determine the 
retardant activities of these compounds. I previously 
published! growth retardant data obtained for a muraber' ` 
of benzyl quaternary ammonium derivatives of (+): 
limonene using beans (Phaseolus vulgaris La, “Black 
Valentine’) as test plants and the assay procedure of 
Krewson’, A bioassay’ based on the root response of 
cucumber seed (Cucumis sativus L., “Marketer’) was also 
used and found to be particularly sensitive over a wide 
concentration range. An alfalfa seed (Medicago sativa 
L., ‘Hairy Peruvian’) bioassay procedure (unpublished 
results of R. H. Biggs) was also adapted to determine 
growth retardant activity. For this test, 100 seeds were 
placed in a Petri dish on filter paper wet with different 
concentrations of test compound im water. After 48 h 
in light, excess solution was removed by pressing the plants 
gently between dry filter paper and the seedlings were 
weighed. Retardant activity was calculated as per cent 
weight reduction in comparison with untreated controls, 
The I,9 values x 105 for pseudocholinesterase of 8(9) 
saturated n-alkyl quaternary ammonium compounds’ are 
plotted (Fig. 1) against the number of carbons in the 
alkyl chain. Maximum enzyme inhibition oceurs in a 
small zone comprising derivatives having chain lengths of 
nine, ten and twelve carbons. This trend is similar to the 
variation of growth retardant activities of these same 
derivatives tested on ‘Black Valentine’ beans? (Fig. I) 
except that peak activity is associated with a chain length 
of seven carbons. The plot of data from growth retarda- 


(+)-limonene: 
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tion tests using alfalfa (Fig. 1), however, shows that peak 
activity is associated in this ease with a chain length of 
nine carbons. These results suggest that n-alkyl derivatives 
having carbon chains longer than seven to nine carbons 
may be absorbed and may not translocate within the 
plant to the active site necessary for growth retardation. 
Edgington‘ found a similar effect for trimethylalkyl quater- 
nary ammonium compounds in tomato plant cuttings. 

Pseudocholinesterase inhibition (I,_ x 105) is plotted in 
Fig. 2 against per cent growth inhibition of alfalfa for 
n-alkyl derivatives of (+)-limonene. The correlation 
coefficient (r) was calculated as 0-94 by linear regression 
analysis using the data from eleven compounds. The 
failure of the Cis Cı, and C,, compounds to follow this 
relationship can be explained by their inability to trans- 
locate in the test plants. 

Pseudocholinesterase inhibition (Lx 10°) is plotted in 
Fig. 2 against growth retardant activity from bean plant 
tests for thirteen n-alkyl and ten benzyl quaternary 
ammonium derivatives of (+ )-limonene. The correlation 
coefficient (r) was calculated as 0-90 by linear regression 
analysis using the data from nineteen compounds. The 
Cy, Ci and ©, n-alkyl compounds do not conform 
probably because of their failure to be translocated in the 
plant. The one benzyl derivative which does not conform 
has the least water solubility which may affect its trans- 
location. 

Seven pairs of derivatives were prepared which differed 
only in the presence of a double or single bond at the 
8(9) position. In all seven cases, saturation of this bond 
approximately doubled pseudocholinesterase inhibition. 
The sensitivity of the cucumber seed bioassay is such that 
differences in growth inhibition due to a double or single 
bond at 8(9) could be detected. In this case, the correla- 
tion coefficient (r) was 0-91, again showing a direct rela- 
tionship between enzyme and growth inhibitions. 

During this study, I found that the well known plant 
growth retardants, Alar (N-dimethylaminosuccinamic 
acid) and CCC (2-chloroethyltrimethylammonium chlor- 
ide), had no inhibitory effect. on pseudocholinesterase at 
concentrations as high as 0-01 M in the Warburg flask. The 
growth retardant Amo-1618 (4-hydroxy!-5-isopropyl-2- 
methylphenyltrimethylammonium. chloride, 1-piperidine 
carboxylate), however, was found to be a potent pseudo- 
cholinesterase inhibitor having an I;, of about 10-7 M. 
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Fig. 2. Pseudocholinesterase inhibition plotted against growth retarda- 


tion of alfalfa and beans for n-alkyi and benzyl quaternary ammonium 
derivatives of (+)-limonene. @, Bean; A, alfalfa. 


I do not wish to imply from these data that pseudo- 
cholinesterase per se is present in plants. But this striking 
correlation of enzyme inhibition with growth retardation 
of three different test plants suggests that these limonene 
derivatives interfere with the plant growth process by 
inactivating an enzyme. This may be a hydrolase enzyme 
which is essential to gibberellin or auxin synthesis. An 
enzymatic site of inhibition of gibberellin biosynthesis has 
been demonstrated for Amo-l618 (ref. 7). A direct 
correlation between enzyme inhibition and plant growth 
retardation, however, has not been previously demon- 
strated. 
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Component of the Host Haemolpmph 
that induces Oviposition in a 
Parasitic Insect 


To seleet a host and to oviposit in it, parasitie Hymenop- 
tera may require visual, olfactory and/or chemotactile 
stimulii, Some species can recognize a host by piercing 
it with the ovipositor’*, but nothing is known of the 
stimuli (supposedly chemical) that elicit such recognition. 
In the wild the North American ichneumonid. /topleetis 
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conquisitor (Say), attacks host pupae in cocoons, hollow 
stems or rolled leaves. In the laboratory, females are 
attracted to artificial host shelters, such as paper tubes 
examining them with the antennae and probing them with 
the ovipositor. If pupae of various Lepidoptera are placed 
in such tubes eggs are deposited in them. In similar con- 
ditions, we have found that eggs are laid in pupal haemo- 
lymph of the greater wax moth, Galleria mellonella L., but 
not in distilled water, saline solution, egg albumin, chicken 
blood or a mixture of amino-acids. Apparently females 
can recognize the contents of tubes (for the purpose of 
oviposition) by probing with the ovipositor. Here we 
report: the isolation of a physiologically active component 
of G. mellonella haemolymph that induces oviposition by 
I. conquisitor. To our knowledge this is the first demon- 
stration of a chemical that induces oviposition by a 
parasitic insect. 

I. conquisitor was reared in the laboratory using tech- 
niques described by Arthur”. Haemolymph was collected 
by pricking the anterior end of pupae and centrifuging at 
450g for 10 min. Centrifuge tubes had been rinsed with a 
saturated solution of phenylthiourea to prevent darkening 
of the haemolymph. A screen disk at the lower part of 
each tube prevented pupae from contaminating the 
haemolymph that collected at the bottom. Pooled 
haemolymph from about 240 pupae was centrifuged at 
2,000g for 10 min to remove cellular material, and the 
supernatant was filtered (Whatman No. 1) and fraction- 
ated on ‘Sephadex’ gel. ‘Sephadex G-200 was used 
initially, and ‘Sephadex G-50° subsequently. Fractions 
{about 4+5 ml. each) were eluted with 0-05 M phosphate 
buffer (saturated with CHCH), pH 68. Fig. 1 shows the 
elution pattern. The oviposition inducing activity of 
each fraction was determined by bioassay. Parasites were 
conditioned? to attack parafilm ‘m’ tubes (30x 6 mm) by 
exposing them once a week to tubes containing live wax 
moth pupae. To bioassay, about 0-5 ml. of each fraction 
was placed in a parafilm tube and exposed to ten females 
of uniform age (+2 days) in a cage for 1 h, The test was 
repeated with the same tube in another cage of ten 
females. Eggs laid in the tube during each exposure 
period were counted. Because the number of eggs 
deposited in each experiment varied greatly, it was not 
possible to quantify the bioassay results. In haemolymph 
samples used as a standard (0-5 ml./tube), 13-85 eggs/ 
tube/cage/h were laid; in samples of the active fraction 
this value was 3-76. Tubes containing other fractions 
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Fig. 1. A typical gel filtration effluent pattern of proteins from Galleria 
mellonedla haemolymph fractionated on 45 x 2-0 em bed of ‘Sephadex 
G50", Fractions containing the oviposition-inducing factor are stippled. 
A 5-0 mi, sample (4 ml. haemolymph +1 ml. elution buffer) was eluted 
with 005 M phosphate buffer, pH 6-8. Protein was determined by 
absorbance at 280 um. The flow rate was 12-14 mil. per h. 
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Fig. 2. The ultraviolet spectrum of the oviposition-inducing factor, The 


spectrum was recorded on a Unicam SP800 R recording apectrophato- 
meter using 10 mm path length and H,O as reference. 





received many punctures (from ovipositors) but no og 
The physiologically active fraction is shown stippled in 
Fig. 1. Fig. 2 shows its ultraviolet absorption spectrum, 
after having been recycled on ‘Sephadex @-50", This active 
fraction also induced oviposition by Pimpla turionellae Li, 
a European parasite closely related to 1. congudsiter. 

The active fraction is a colourless water-soluble material 
that gives a strong reaction to ninhydrin’ and Folin« 
phenol reagents’. Its molecular weight, es determined by 
gel filtration using materials of known molecular weight, is 
of the order of 7,000 (calibration proteins for use with 
molecular weight determinations were purchased from 
Mann Research Laboratories, New York). It is non- 
dialysable and thermostable (stable at 100° C fer 1 h in 
aqueous solution); it eannot be extracted with ether but 
can be partially extracted in 40 per cent ethanol. Results 
of treatments with proteolytic enzymes (pepsin and pro- 
tease) were inconclusive. Its general properties thus 
indicate that the active fraction may be protemaceous, 
possibly a polypeptide. 

Presumably, I. conquisitor detects the physiologically 
active oviposition inducing factor with receptors on the 
ovipositor when it pierces the host. The comparative 
study of this factor in related hosts should contribute to an 
understanding of the development of host specificity, and 
of the physiological factors interacting during evolution 
of host groups. The findings reported here might be 
turned to practical use if, in mass-propagation pro- 
grammes, parasites could be induced to oviposit on 
synthetic diets containing the active substance. Further 
studies on the characterization of this material are in 
progress. 

We thank Dr G. K. Bracken for advice and Miss Nancy 
Jamieson and Miss Barbara Rogers for technical assistance. 
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Whirling Disease in Trout 


WHIRLING disease, long recognized as a serious problem 
in the intensive rearing of salmonid fish in Europe, has 
now been found in Scotland. In October 1968, the 
myxosporidian protozoan parasite Myxosoma cerebralis, 
the aetiological agent of the disease, was identified in 
rainbow trout (Salmo gairdnerii) from two trout farms. 
In recent years the disease has appeared in North America, 
USSR and Japan, but the causative parasite has not 
previously been identified in Great Britain. 

The following symptoms (which have been described 
previously‘) were observed in the thirty-nine 6-8 month 
old rainbow trout examined: blackened tails, spinal 
curvature and exhaustive tail chasing movements; at the 
same time mortalities occurred. Microscopical prepara- 
tions of wet mounts of head cartilage (Fig. 1) revealed 
the presence of the spores of M. cerebralis from which 
polar filaments were extruded following the application 
of 5 per cent NaOH to the wet mount material. Further, 
numerous spores were found in sections of head cartilage 
(Fig. 2). Infection occurs during the first year of life’, 
usually in the first few weeks of active feeding and before 
the formation of bone; at this stage the cartilage is most 
susceptible and the effects most severe. Survivors become 
earriers of the disease as spores of the myxosporidian 
remain in the tissues for up to three years. 

It is possible that the disease already existed in wild 
populations before the present diagnosis, but it is also 









Fig. 1. Photomicrograph showing two spores of Myxesoma cerebralis 
from posterior part af the cranium. Wet mount by phage contrast 
microscopy (x 1200). 








Photomicrograph of Afycosoma cerebralis in cartilage cf young 
Rainbow trout. Glemsa’s stain (x 250), 
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possible that spores of M. cerebralis may have been 
introduced to Scotland via egg packing materials. In the 
United States the authorities consider that samples of 
frozen table fish, which were either accidentally fed or 
their viscera discarded into streams, were the direct cause 
of the initial outbreak in North America, In the four 
months subsequent to this first record of an outbreak of 
whirling disease in Scotland, the parasite was found in 
trout from two other fish farms and, on a symptomatic 
basis, it is not impossible that a further two fish farms are 
also affected. This illustrates how rapidly a previously 
unrecognized disease, which may or may not have already 
existed in the wild in Britain, appeared over a period 
of months in several widely spread fish farms apparently 
from a single source 

I thank Dr Iain Anderson (Unilever Research Labora- 
tory) for the preparation of the sections and the photo- 
micrographs of the M. cerebralis spores. 
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Circadian Rhythmicity in Photo- 


periodically Induced Gonadotrophin 
Release and Gonadal Growth in the Quail 


In 1936 Binning! * suggested that living organisms 
measured the length of the daily photoperiod by using an 
endogenous daily (circadian) rhythm which he envisaged 
as consisting of two half-eycles (the photophil followed by 
the scotophil) each of approximately 12 h duration’. 
Photoperiodic induction of a physiological process re- 
quiring long days occurred only when the duration of the 
natural photoperiod extended into the seotophil part 
of the endogenous eyele. A more explicit version of the 
Binning hypothesis has been presented by Pittendrigh?.4, 
stressing the dual function of light in acting both as an 
entraining agent (or Zeitgeber) for the circadian oscillation 
and as the photoperiodic inducer. He has also emphasized 
that the “seotophil”’ may not last for a full 12 h and 
suggests the more restrictive term “‘photo-inducible phase” 
to refer to that portion of the daily oscillation which, if 
illuminated, leads to photoperiodic induetion. ae 
is now good evidence available to support Binning’ 
hypothesis in plants®-°, and in at least four species of Bades 
where the photoperiodic induction of testicular growth 
also relies on a circadian rhythm’-!* ‘The present studies 
in a Galliform species, the Japanese quail (Coturnix 
coturnix japonica)'*-**, were undertaken not only to check 
whether a circadian oscillator was involved in the photo- 
periodie response mechanism of both sexes but also to 














measure the duration of the photo-inducible phase. Ex- 
periments on the latter seemed possible, for Coturnix 


shows an extremely high rate of gonadal development’. 

All birds were reared under a non-stimulatory photo- 
period of 6 h light per day (6L/18D), the experimental 
schedules being started at either 21 or 28 days of age. 
They were usually killed when the combined testicular or 
ovarian weight was <1,000 or <100 mg respectively; 
this ensured that the rate (X) of gonadal development 
could be calculated, for growth to these points is log- 
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linear with respect to time!*. The gonads were examined 
histologically to determine the stage of development. 
Groups of birds were subjected to one of a series of recur- 
rent light cycles similar to those used by K. Hamner in 
plants? and W. Hamner in the house finch’. The schedules 
began with 6 h light followed by either 6, 18, 30, 42, 54 
or 66 h darkness, and are designed to test whether the 
photo-inducible phase occurs periodically in the organism‘. 
It was shown (Table 1) that a significantly greater rate of 
gonadal growth occurred in both sexes under schedules of 
6L/6, 30 or 54D, and the results are difficult to interpret 
unless a circadian rhythm is considered to time the photo- 
periodic response. Histological examination showed that 
gametogenesis in all birds under these schedules was con- 
siderably more advanced than in birds under 6L/18, 42 or 
66D, the degree of development being similar to that under 
normal photoperiodic treatments", The results were not 
as conclusive as those of Hamner?:, for in this stock of 
quail there is slow but steady gonadal growth in short- 
day conditions. 


Table 1. GONADAL GROWTH RATES UNDER AHEMERAL LIGHT CYCLES 

Light Male Female 

cycle N* k N* k 

6L/6D 5 0-0844 5 0-0394 

6L/18D 158 0-0146 (0-0063-0-0229) 76 00107 (0-0089-0-0125) 

6L/30D 11 0-0316 (0-0241-~-0-0391) t 6 0-0172 (0-0148-0-0196) t 

6L/42D 11 00098 (0-0058-0-0138) 7 00097 (0-0074-0-0120) 

6L/54D 9 0-0479 (0-0416-0-0542) t 6 00198 (0-0163--0-0233) + 

6L/66D 13 0-0087 (0-0018-0-0156) 8 0-0070 (0-0046-0-0094) 
12L/12D 9 60-1002 (00882-01122) 12 0-0552 (0-0450-0-0654) 
20L/4D 59 01755 (0-1663-0-1847) 35 00896 (0 0808-00984) 


k values are given with their 95 per cent confidence limits, 
* N refers to the number of quail exposed to the particular eyele. 
+P <0-001 when comparisons are made with the adjacent treatments. 


Values for complete photoperiods (12L/12D and 20L/4D) are given for 
comparisons, 


The second series of experiments attempted to trace the 
photo-inducible phase by using a technique*! in which a 
skeleton schedule of two light pulses per day is uscd to 
simulate a complete photoperiod. Each group of birds 
received a basic daily schedule of 6L/18D together with a 
short hght interruption of the dark period at different 
times in different groups (asymmetric skeleton). Light 
pulses of varying duration were used, but the results with 
a 15 min pulse seem the most important. The results 
are shown graphically (Fig. 1), a similar curve being found 
with females. Gonadal development under these schedules 
appeared to be perfectly normal as judged by histological 
eriteria. The most striking characteristic of the curve is 
that light pulses are only effective if they fall between 
11-5 and 16 h after the onset of the main photoperiod, 
pulses at other times failing to induce significant testicular 
development (Table 2). In this species, therefore, the 
photo-inducible phase seems to have a duration of only 
about 4 h, somewhat less than that suggested originally by 
Binning. 

The light cycle also acts as an entraining agent for the 
circadian oscillation and the final phase relationship 
adopted should depend on the form of the skeleton photo- 
period used*. In further experiments this was confirmed 
by exposing male quail to schedules of 3, 6 or 9 h of light 
in the main photoperiod followed by 15 min pulses 
(Table 2), The phase of the photosensitivity rhythm is 
clearly advanced as the duration of the main photoperiod 
is decreased. Although the amount of phase shift is 
small, it is statistically significant. The duration of the 
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photo-inducible phase is similar under all three sehedules. 
These results would again suggest the oscillation is circa- 
dian, for it exhibits one of the primary properties of such. 
systems. The effectiveness of the interrupted night 
schedules may be judged by the fact that a 15 min light 
pulse given 14 h after “dawn” results in a rate of testicular 
development which is 64 per cent of that found wider the 
equivalent complete photoperiod (14L/10D). 
Experiments of the Binning-Joerrens type have also 
been described by Farner! ** and Menaker? using the 
white-crowned and house sparrow respectively. They 
have, however, used 2 h light breaks in the dark period. 
and have obtained curves which suggest the birds. to 
be photosensitive over a much greater (10 g) portion 
of the day. The explanation for these differences” is 
unclear although they may be a reflexion of real differences. 
in the pattern of the annual breeding eycles. As Lofts 
and Murton™ have recently emphasized, birds differ 
widely in their degree of photosensitivity and thus im the 
time of the year when they breed: physiologieally this: 
might be caused by variation in both the position and 
duration of the photo-inducible phase. Alternatively, 
we wonder if the response curve obtained with 2 h night 
interruptions is necessarily a true reflexion of the duration 
of the photo-inducible phase. Thus we have obtained 
similar results to those of Menaker and Farner when using 
longer light pulses than 15 min (Fig. 1). Tt is well estab- 
lished*.4-*3 that in certain conditions an organism’ will 
select the onset of the shorter light period as “dawn” 
despite the fact that the onset of the longer light period 
coincides with the “dawn” to which it has been previously 
entrained. Indeed, by measuring activity rhythme in 
house sparrows subjected to 6L phs 2 h light pulses 


















Table 2. TESTICULAR GROWTH RATES (k) IN “NIGHT-INTERRUPTION” SCHEDULES 
Duration of main Time of Nght pulse t 
photoperiod (h) 105 12 13 l4 153 Ww 
3 0-03871 0-0808* 0:0817 00830 M020A 0 
(0:0240-0-0502) (0-0697-0-0019) (0-0684~-0-0050) (00720-00940) (00109-00309) 
6 0 0-0521* 0-0718 0:0728 0-047 5" TALR 
(00375-00667) (0-0595~-0-0841) (0-0576--0-0876) (0- 0208-00882) (O-0008--00208) 
9 0 "0249 n 0-0751 G-0802" ogag 
(0-0002--0-0406) (0-0682-0-0870) (00658-00916) (EGRET 0468) 


k values are given with their 95 per cent confidence limits, 
*P<0-05, 


+ The time of the 15 min light pulse after the onset of the main photoperiod is given in hours. 
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Menaker" has shown that all birds on skeletons up to 
14 h accepted the beginning of the main photoperiod as 
“dawn” whereas under skeletons which mimicked photo- 
periods of 16-22 h (for example, 6L-12D-2L-4D) the 
birds underwent phase shift and entrained to the 2 h 
period as “dawn”. We have no direct evidence for such 
shifts in quail receiving 2 h light pulses, but it appears 
to be probable especially when the curves (Fig. 1) are 
analysed in detail. In essence, if the data for pulses 
beyond 14 h (for example, 6L-10-5D-2L-5-5D and so on) 
are replotted on the assumption that birds under such 
schedules have accepted the beginning of the 2 h pulse as 
“dawn”, then a curve is obtained which is superimposed 
on the line up to 14 h. While this explanation might be 
considered valid for our data with Coturnix further experi- 
ments are required to see if it can be applied to the results 
with the sparrows especially because species variation 
in the duration of the photo-inducible phase might be 
expected. 

The particular value of using shorter pulses such as 
15 min together with a long main photoperiod would seem 
to be that in Coturnix they do not cause phase-shifting 
of the rhythm and thus it is possible to illuminate the whole 
of the subjective night. This does not seem possible if 
skeleton photoperiods are used which are either sym- 
metrical?:4 or asymmetrical with a longer pulse period®. 
This property may be a peculiarity of Coturnix, for 15 min 
pulses given in asymmetric skeletons do not prevent phase 
shifts in the Drosophila eclosion rhythm’. It would 
however, be desirable if these interpretations of our data 
could be tested experimentally perhaps by assaying some 
other circadian function of the bird. Implicit in such a 
test would be the assumption that a single ‘‘master-clock” 
exists in the organism and that by measuring any overt 
rhythm such as activity one can predict the exact phase 
of the photosensitivity rhythm. This assumption may 
not be correct®1%14-16 although experimentally the 
rhythms may be closely correlated”. 

It should be emphasized that the night-interruption 
experiments, although showing the duration of the photo- 
inducible phase, do not necessarily define its exact position 
in the 24 h eyele. While certain skeletons (for example, 
6L-8D-0-25L-9-75D) lead to photoperiodic induction it is 
unclear which of the light pulses actually illuminates the 
phase. It may indeed lie in a position similar to that 
shown in Fig. 1 but alternatively the effect of the 15 min 
pulse may be to cause a shift in the photo-inducible phase 
such that it now falls within the main photoperiod (for 
discussion see Pittendrigh’). Moreover, experiments with 
skeleton photoperiods cannot define the position and 
duration of the photo-inducible phase under complete 
daily photoperiods. Because the ultimate effect of a 
stimulatory day-length is to increase gonadotrophin 
secretion an approach to these problems might be to 
determine when the hypothalamus and pituitary gland 
seereted the releasing factors and gonadotrophins respec- 
tively. Such experiments make the working assumption 
that hormone release, at least from the hypothalamus, 
occurs relatively rapidly following the illumination of the 
photo-inducible phase. 

Groups of 60-120 male quail were reared to maturity 
under 6L/18D and then exposed to a long daily photoperiod 
{20L/4D). They were killed after 10 days’ treatment 
when the testicular growth rate was maximal'*, generally 
five to six batches of eight-ten birds being taken at approx- 
imately 4 h intervals through the 24 h cycle. Tissues from 
the birds in each batch were pooled and the pituitary gona- 
dotrophin content assayed directly using *P-uptake into 
the testes of day-old chicks'®. The level of gonadotrophin 
releasing activity was assayed indirectly after an in vitro 
incubation of the hypothalamic extracts with cockerel 
pituitaries. The amount of gonadotrophins released 
into the media is proportional to the concentration of 
gonadotrophin releasing activity. Four such experi- 
ments have been completed. The concentration of 
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hypothalamic gonadotrophin releasing activity remains 
relatively constant up to 16 h after dawn but then falls 
significantly (32 per cent; P< 0-05) by 19-5 h. This was 
followed in all cases by a rapid rise in concentration 
(average 49 per cent) so that by 23 h the level is restored 
(for example, Fig. 2). The pattern of changes in pituitary 
gonadotrophin concentration content is essentially similar 
(Fig. 2) except that the fall from 16 to 19-5 h was even 
more pronounced (average decrease 48 per cent). The 
concentration had risen slightly by 23 h but was not 
significantly different from the pituitary gonadotrophin 
at 19-5h. There was usually a steady increase in pituitary 
gonadotrophin to reach a maximum 16 h after dawn. 
If these changes do reflect hormone release and in this 
regard rather similar falls in the concentration of luteiniz- 
ing hormone releasing factor and luteinizing hormone 
occur just before ovulation in the rat®5, they should 
be abolished when burds are moved from long to short 
daily photoperiods. In two experiments, therefore, 
half of the group was killed after 10 days of 20L/4D, 
while the remainder were replaced on 6L/18D. These 
were killed either on the following day or two days later. 
No changes in the level of gonadotrophin releasing activity 
or pituitary gonadotrophin could be found through the 
24 h cycle (Fig. 2). 

Some conclusions can be drawn from these experiments. 
The release of gonadotrophin releasing activity seems to 
be a discrete and relatively rapid phenomenon oceurring 
over a 4h period and thus agreeing with the duration of 
the photo-inducible phase determined by skeleton photo- 
periods (Fig. 1). Pituitary gonadotrophins seem to be 
secreted immediately in response to neurohormonal 
stimulation. The level does not, however, rise (compare 
gonadotrophin releasing activity) significantly by 23 h, 
suggesting either continued secretion of the hormone 
(carry-over) or an inability to synthesize gonadotrophins 
rapidly. The time of release under 20L/4D seems to lie 
in the subjective night rather than soon after “dawn’’. 
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Fig. 2. The level of hypothalamic gonadotrophin releasing activity and 
of pituitary gonadotrophins through a 24 h cycle under dally photo- 
periods of either 20L/4D (@--@) for ten days or 6L/18D (O -> - ©) 
following ten days of photostimulation. The values on the ordinates 
are expressed as follows: gonadotrophin releasing activity, vg equiva- 
lents NIH-LH-S11 released/meg of pituitary tissue/h; pituitary gonado- 
trophin, pg equivalents NIH-LH-Sil/giand. ns, Not significantly 
different; *, P< 0-05. 
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This would support the first of the hypotheses made, 
that is, in asymmetric skeletons it is the 15 min 
pulse which actually illuminates the photo-inducible 
phase. The position of the latter under 20L/4D is, how- 
ever, slightly different from that found in the night-inter- 
ruption experiments (compare Figs. 1 and 2). This may 
well reflect phase-delay of the rhythm under 20L/4D, for 
increasing the length of the initial photoperiod in asym- 
metric skeletons from 3 to 9 h caused a significant 
phase-shift (Table 2). It could, however, also arise from 
a time-lag between illumination of the photo-inducible 
phase and the release of hypothalamic gonadotrophin 
releasing activity. Such problems will require analysis 
with more sophisticated assay techniques. 

We thank G. A. Clayton (Institute of Animal Genetics, 
University of Edinburgh) for supplying the birds, and the 
Agricultural Research Council for a research grant. 
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Movement of Retinula Cells in 
Insect Eyes on Light Adaptation 


THE sensitivity of inseet compound eyes to light varies 
with the previous illumination of the animal. A dark 
adapted eye has a lower threshold to light than the light 
adapted eye. Despite models! which suggest a simple 
cause of this change, several factors are clearly at work. 
A rapid change in sensitivity occurs in the primary 
receptors themselves?: slower changes in sensitivity have 
been ascribed to pigment movements’, and changes in 
field size to movement of mitochondria and endoplasmic 
reticular spaces’. In the course of studies® on the physio- 
logy of the retina of Dytiscus marginalis, I have dis- 
covered that light and dark adaptation is accompanied by 
large movements of the retinula cells. Examination of the 
retina of the giant water bug, Lethocerus americanus, has 
revealed a similar phenomenon. 

Animals were light adapted for 4 h in direct sunlight or 
were dark adapted for 4-16 h in a dark cupboard. After 
the adaptation period, whole animals were dropped into 
boiling water for 5 min to achieve the rapid fixation which 
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Fig. 1. Longitudinal sections of Dytizeus retina showing structural 

changes on light and dark adaptation. 4, Dark adapted retina showing 

the short, thick crystalline thread joining the tip of the cone with the 

distal rhabdom; pigment granules are not closely associated with the 

erystalline thread; B, light adapted retina with a much longer (abont 

120 wm) thinner crystalline thread. e, Cone; ef, erystalline thread: 
r, distal rhabdom. 


is essential. The eyes were then cut open. fixed in oamic 
acid and embedded in ‘Epon 812". Micron sections, stained 
with toluidine blue, were examined by conventional light 
microscopy. 

The structure of the Dytiscus retina, described in detail 
elsewhere’, consists of a superficial cornea with under- 
lying large cones which extend into threads. Each 
thread passes to a single distal rhabdom, or receptor area, 
formed by one of the eight retinula receptor celle. Bix 
retinula cell bodies, which do not contain rhabdom at 
this level, surround the distal rhabdom. These six cell 
bodies and the distal cell traverse the mid-region of the 
retina to the basement membrane, which hes about 
250 um central from the cones. Near the basement 
membrane, the six retinula cells form a large proximal 
rhabdom. With rapid fixation the most obvious change at 
light-dark adaptation is in the length of the crystalline 
thread. 

In the dark-adapted Dytiscus eye (Fig. 14), the distal 
rhabdom and the six proximal retinula cell bodies He 
close to the tip of the cone. The crystalline thread is only 
about 10 um long and is relatively thick, about 8 um. 
Pigment grains, located in the pigment cells, are concen- 
trated in a dense mass chiefly between the cones, but 
extend to the lateral peripheral margins of the retinula 
cell bodies. The area immediately around the crystalline 
thread is free of pigment. 

On light adaptation of Dytiscus, dramatic changes 
occur in the relative positions of the structures in the eye, 
The distal rhabdom and its associated cell bodies rnove 
centrally, and lie up to 120 um from the tip of the cone. 
The crystalline thread still connects the tip of the cone 
with the distal rhabdom and has therefore stretched from 
10 um to about 120 um. 
spondingly thinner. 
between the cones í 
ant from a functional point of view, pigment granules are 
now closely packed around the erystalline thread, The 
two states illustrated in Fig. 1 are extremes of all possible 
intermediates. These changes are associated only with 




































Longitudinal sections of Lethocerus retina showing structural 
changes on light and dark adaptation. A, Dark adapted retina showing 
short, thick crystalline thread joining the cone and rhabdom mass 


Fig, 2. 


below; the pigment grains are densely but evenly packed; B, light 

adapted retina showing a greater separation of cone and rhabdom, 

joined by a longer, thinner crystalline threed: the pigment is evenly 
but less densely packed. ef, Crystalline thread; r, rhabdom. 


the previous illumination of the animal and are not 
caused by a diurnal rhythm, because experiments at 
night give the same results as during the day, This is in 
contrast to movements of the receptor cells seen in some 
fish’. 

The retina of Lethocerus is quite different from that of 
Dytiscus. The retina is shallow and the retinula cells 
contain only one rhabdom layer. The cornea forms a 
hemispherical corneal cone in each ommatidium, while 
the classical cone is redueed to a cup-like structure that 
fits over the corneal cone. A crystalline thread extends 
from the classical cone to the rhabdoms below, Pigment 
cells run from the cornea to the basement. membrane. 
Pigment granules are dispersed around the rhabdom and 
retinula cells so that the only obvious light path to the 
rhabdom is via the crystalline thread. 

In the dark adapted Lethocerus retina (Fig. 24), the 
rhabdom mass lies close to the cone. The erystalline 
thread is short, about 12 um. and relatively thick, about 
5um. Large pigment granules are evenly distributed 
around the crystalline thread between the cone and the 
rhabdom. There is no obvious radial movement of the 
pigment away from the crystalline thread as there is in 
Dytiscus. On light adaptation (Fig. 2B), the rhabdom 
lies at a greater distance from the cone. The crystalline 
thread is therefore longer, about 35 um, and thinner. 
The pigment granules are less densely packed but have 
the same general distribution as in the dark-adapted 
stato. 

In Dytiscus and Lethocerus, therefore, on light adapta- 
tion the major change is an increase in the length and 
decrease in diameter of the crystalline thread, with 
corresponding movement of the retinula cells. In a 
compound eye with a crystalline thread, light is collected 
by the cones and transmitted down the crystalline thread 
to the rhabdom below. The main consequence of the 
decrease in the thread diameter on light adaptation is a 
reduction in the amount of light passing down the optical 
system to the rhabdom. In addition, in Dytiscus at least, 
the radial migration of pigment which is deposited on 
the crystalline thread on light adaptation should absorb 
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much of the light passing down the thread. Such a system 
therefore contains two mechanisms which control the 
amount of light reaching the receptor area. 

Movement of retinula cells on light adaptation is known 
to occur in at least three other species of insects (crane- 
flies’, mosquito? and water boatman, Notonecta’), A 
crystalline thread, however, has not been reported in 
these animals and the movement of the retirula cells is at 
most a few microns. 

The control and mechanism of these large movements 
in Dytiscus and Lethocerus are not known. In Dytiscus, the 
accessory pigment cells and the crystalline thread contain 
microtubules’, and it is tempting to suppose that these 
are involved. The main conclusion is that movements 
as described here could be more important than pigment 
migrations in light adaptation changes in insect eyes. 
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Effects of Change in Stimulus 
Background on Performance of a Visual 
Task 


THe effects of varying the auditory and visual charac- 
teristics of irrelevant background stimulation on auditory 
vigilance tasks have been investigated intensively! While 
the introduction of incidental stimulation in such a situa- 
tion is usually detrimental to performance, in some con- 
ditions performance may be facilitated by the presence 
of such stimulation. It has been demonstrated that the 
rate of detection of an auditory signal increased when 
subjects were exposed to varying irrelevant visual stimuli’, 
but no research seems to have been directed at investigat- 
ing the effect of varying the visual background information 
on the performance of a visual task. The present study 
seeks to do this, using printed material. The experimental 
hypothesis derives from Berlyne’s** extension of Hullian 
theory to the field of attention. He suggested that changes 
in a stimulus array counteracted tho “conditioned in- 
hibition” of Hull’, which it is assumed develops during 
responding to an ongoing series of similar stimuli, leading 
to a tendency not to respond. This implies that the 
perceptual response to a changing stimulus series will be 
greater than to an unchanging one. It is supposed here 
that the same consideration applies to the stimulus setting 
as to the stimulus, ‘Thus it is predicted that periodic 
changes, in this case of colour, in the background of a 
series of visual stimuli, which are themselves changed 
only within narrow limits, will increase the proficiency 
with which the stimulus series is attended to and pro- 
cessed. 

Subjects were male and female undergraduates taking 
an ancillary course in psychology. They were first pre- 
sented with a single foolseap sheet on which were printed 
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144 pairs of digits arranged in twelve rows of twelve. The 
task was to check each pair and to place a mark (—) over 
the pair when the sequence was odd/even, and a different 
mark (/) when the sequence was even/odd. and also not 
to mark odd/odd or even/even combinations. The instruc- 
tions were to work across the sheet from left to right as 
quickly but as accurately as possible, Two minutes were 
allowed on this task. Subjects then proceeded im- 
mediately with the experimental task, which was similar 
to the first one except that the material consisted of 
letters instead of digits. The material, which was adapted 
from one of the attention tests in the Wittenborn® battery, 
consisted of pairs of letters which had to be classified as 
consonant/vowel or vowel/consonant (~ or /), with other 
combinations not being marked. It was presented in the 
form of a booklet with seventy-two letter-pairs per page. 
Subjects were instructed to start on the first page and to 
check the pairs as quickly and accurately as possible. 
After 1 min they were asked to stop, turn over to the 
next page, and continue with the task on the new sheet. 
Ten pages were to be attempted in this manner. The 
number of pages was not disclosed in advance. 

At the start of the experiment subjects were arbitrarily 
allocated to two groups. They were later selected on the 
basis of the initial task with digit-pairs, so that two 
equivalent groups of thirty-one subjects were obtained. 
matched on the basis of their performance with the 
numerals, The letter-pair material was identical for both 
groups; however, the booklets were different. For the 
experimental group, the booklet had a plain white cover, 
with the other pages of different colours: pink, light 
green, buff and white, arranged in a random order. For 
the control group the cover and at least the first ten pages 
were white, with the remaining pages of different eolours, 
as for the experimental group. Thus the external appear- 
ance of the unopened booklets was similar. 

The experimental prediction was supported, in that 
after the first few sessions the performance of the experi- 
mental group, for whom the background colour changed 
from session to session, was superior to that of the control 
in terms of number of pairs checked and in the proportion 
of errors. The real interest lies in an analysis of per- 
formance over sessions. Unfortunately, a number of 
subjects, predominantly in the experimental group, 
achieved a maximum score on the later sessions. Because 
of this, the distribution of scores could not be assumed 
to be normal, and therefore a non-parametric analysis, 
namely a one-tailed Mann-Whitney U test. was used. 
There were no significant differences between the groups 
on the first three sessions. The increase in pairs checked 
by the experimental group over the control group 
approached significance on session 4 (z= 1-52, P= 0-06), 
and it is clearly significant on session 5 (z= 1-86, P < 0-05); 
6 (2= 2-66, P<0-01); 7 (2=3-05, P<0-001); and 8 (c= 
2-28, P<0-01), Although more pairs were checked by the 
experimental group on sessions 9 and 10, these differences 
were not significant. Both groups showed considerable 
improvement in performance over trials, as might be 
expected; thus the task can be seen as a learning one. It 
cannot therefore be deduced from these data whether the 
improvement in performance of the experimental group 
was related to some period of fatigue or to some critical 
period in learning, or indeed whether the fall-off in the 
effectiveness of the experimental treatment over the last 
two trials was due to a fall-off in the novelty and thus the 
impact of the background change, or to some change in 
respect to the task itself, 

The results are, then, completely consistent with 
Berlyne’s hypothesis, although interpretations ean be 
offered in terms of the arousal theory of Buckner and 
MeGrath!, or what Greenberger ef al? have termed a 
“set to remember”. More research is obviously needed 
on this problem to establish the ideal range of incidental 
stimulation, the time course of the effect, and how it 
varies with different material. The implications of these 
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results to a wide range of visual tasks, such as programmed 
test material, radar scanning, and even road safety and 
advertising, can be seen readily. 
J. G. M'Comisky 
D. 1. WILLIAMS 
Department of Psychology, 
University of Hull. 
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Visual Receptive Fields of Cells ina 
Cortical Area remote from the 
Striate Cortex in the Cat 


SEVERAL workers!“ have reported that responses evoked 
either by light flash or by shock applied to the optie 
nerve can be recorded from a region of the suprasyivian 
gyrus (SSG) of the cat. These responses are similar in 
latency and waveform to those evoked from the primary 
visual area. Recent studies using the Nauta method have 
shown that degeneration appears in the medial wall of the 
suprasylvian sulcus after lesions in various parts of the 
visual pathway, ineluding the lateral geniculate nucleus 
(LGN) (ref. 5), striate and peristriate cortex®-?,. The band 
of degeneration is separated from visual area TTT by a 
degeneration-free zone along the apex of the su prasyivian 
gyrus. The experiments reported here were designed to 
analyse the specificity of response to visual stimuli of. 
single neurones in the medial wall of the suprasyi vian 
suleus. 

Seven cats were anaesthetized with a mixtare of. 
urethane (6-0 mL/kg 20 per cent aqueous solution) and 
pentobarbitone sodium (13 mg/kg) given intraperitoneally, 
Additional urethane was given as required to maintain 
light anaesthesia. Both eyes were sutured to rings clamped 
to the stereotaxic apparatus and the pupils were dilated 
with atropine. The cornea of each eve was protected with 
a contact lens and the retina made conjugate with the 
testing plane. Stimuli projected on to the tangent poi 
were 1-1-5 log units more intense than background ilumin: 
ation and all testing was in photopic conditions. Aet 
potentials were recorded using tungsten microelectre : 
Penetrations were made in the Horsley-Clarke vertical 
plane so that the electrodes entered the erown of the 
suprasylvian gyrus, passing into the cortex of the suleus 
obliquely (Figs. 2¢ and 3c). All electrode tracks were 
marked at various depths with electrolytic lesions which 
were identified histologically. 

Receptive fields of 60 units were studied. The fields 
were within 30° of the area centralis. Most of the units 
did not respond to diffuse light, stationary spots flashed 
on and off or stationary rectangles or edges flashed on 
and off. They thus differed from concentric units of the 
LGN (ref. 9) and simple units of the striate cortex!-1, 
The units gave brisk responses to stimuli moved in the 
receptive field, responding to black bars, white bars, edges, 
or to more than one of these types of stimuli. For most 
units, the stimulus had to be within a restricted range 
of orientations and moved in a specific direction in order 
to elicit a response. 

Among thirty-three cells, length of the stimulus beyond 
a certain value was not a eritical variable. The response 
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Fig. 1, Range of orientation specificity for thirty-three complex units, 


increased until the stimulus was equal in length to the 
length of the receptive field and remained constant when 
stimulus length was increased further. These units thus 
had features in common with reported complex unitst®1, 
For these thirty-three cells the optimal meridional orienta- 
tion of the slit was measured, and on either side of this the 
orientation at which the unit first failed to respond. The 
angle between these two null orientations was measured. 
Results are shown in Fig. 1. Orientation specificity 
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showed a great deal of variability. Some units responded. 
only within a range of 50°-60° and had a well defined peak 
response to a particular oriontation, while others responded 
at all orientations and showed little or no peak response. 
The units without orientation specificity were not influ- 
enced by discrete stationary stimuli or diffuse light, but 
could be driven from either eye by bars moved across the 
receptive field. It is unlikely that these units are the 
fibres from the LGN which project to this area. 

Altogether thirty of the thirty-three units could be 
influenced from either eye. Besides orientation, width of 
the stimulus {> 0-125°), velocity (~ 0-5°/s to ~ 26°/s) and 
direction of movement were all critical for obtaining 
responses. Hight of the units declined in their responsive- 
ness to successive stimuli presented at 5 s intervals™. 

In sixteen other units, besides all the variables affecting 
responses in the previous class, the length of the bar, edge 
or slit was also important. Usually, responses began to 
diminish when the stimulus was prolonged beyond a 
certain point, which could be on one or both sides of the 
excitatory part of the receptive field, These units are 
similar to some of the reported hypercomplex units®. 
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Pig. 2. (a) Responses of unit 5 to slits 0-25° wide and of different lengths moving left to right at 1°/s, As the slit progressively invades the lower 
a of the fell, the response diminishes. A response can, however, be obtained from the lower part of the field alone with a 1° x 0-25° slit (last 


ine of record), This suggests a mutual Inhibition between the two parts of the field. k 
iib t ji ndie: it ional ori tion, there is a clear preference for left-right movements, There is almost 
With the slit moved perpendicular to its meridional orienta r of & aie oe ae a transverse secuioks TrA gh sire: 


unit. 
no response at directions 90' 


from this, and a weak response at 180°, 
sylvian gyrus (SSG) showing the path of the electrode penetration reconstructed from three electrolytic lesions. 
Visual units were recorded from the region marked by a double line, 


(by Orlentation and directional specificity of the same 


‘The position of unit 5 is shown. 
The electrode tracks are in the Horsley-Clarke vertical plane. 
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Fig. 3. (a) Responses of unit 23 to 0-5° slits of various lengths moved 
downwards at 2°/s through the receptive field. The greatest response is 
obtained to a 1-5° x 0-5° slit. (b) This unit showed very little variation 
of response with direction of movement and orientation. This is illus- 
trated by the almost constant response to a slit moved in four directions 
90° apart, perpendicular to its orientation. (¢) Tracing of cresyl violet 
stained section through suprasylvian gyrus (SSG) showing reconstruction 
of two penetrations from electrolytic lesions. The position of unit 23 is 
shown, Visual units were recorded from the regions marked by double 
lines. The electrode tracks are in the Horsley—Clarke vertical plane. 


The behaviour of these units is illustrated by the following 
example (Fig. 2). 

A third class of eleven units resembled those just de- 
scribed but showed very little specificity to orientation 
and direction. These units therefore responded to a 
stimulus of a given size moved around in any direction, 
at any orientation, within the receptive field. Circular 
spots were almost as effective as rectangles of the same 
area for stimulating these units, but if the length or width 
of the stimulus increased above a certain value, responses 
dropped off rapidly (Fig. 3). At first sight these fields 
might be thought to resemble the concentric fields found 
in the LGN (which is known to project to this region) 
and which are optimally influenced by a stimulus which 
fills the centre but does not invade the surround. There 
are, however, important differences. Responses to station- 
ary stimuli were weak and always both at “on” and “off” 
even to 0-25° spots which were much smaller than the recep- 
tive field; this finding is unlikely to be an artefact of 
seattered light, for low-contrast stimuli and photopic condi- 
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tions were used. Also, these units could be driven from 
either eye, and uniform responses could be evoked all: 
over the receptive field by small movements of the 
stimulus. 

It is therefore clear that in the medial wall of the supra- 
sylvian sulcus there is a visual area where units are come 
parable in the stringency of their requirements for activi- 
tion by visual stimuli with those found in visual areas I, 
H and III. Some units are very similar in their properties 
to complex and hypercomplex units in these areas, while 
others are types which have not been described before. 

This work was supported by the Medical Research 
Council, and by a grant from the US Public Health Service 
to Dr G. Horn whom I thank for his help and advice. 
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Resting EEG Alpha and Asymmetry of 
Reflective Lateral Eye Movements 


A CONJUGATE lateral eye movement has been observed in 
humans in association with the shift from extertial tò 
internal direction of attention’. When asked a question 
requiring reflexion (for example, mental arithmetic) an 
individual normally shifts his eyes either to the right or 
the left as he begins to reflect on an answer. It has been 
suggested that the direction of this lateral eye movement 
is related to a characteristic deployment of attention: 
left movers show a greater tendency to focus attention on 
internal subjective experiences, right movers show a 
greater tendency to external focus of attention". It has 
been found that subjects who tend to move their eyes to 
the left are more likely to be hypnotizable*. Hypnotiz- 
ability has also been shown to be related to amount of 
EEG alpha activity during an eyes-closed resting condi- 
tion*’, The relationship of both lateral direction of eye 
movements and amount of EEG alpha activity to hypno- 
tizability seems to indicate the need for a study of the 
relationship between amount of resting EEG alpha activity 
and the direction of reflective lateral eye movements. This 
study was designed to test the hypothesis that the 
tendency to move the eyes to the left is associated with 
more EEG alpha activity than is the tendency to move the 
eyes to the right. 

Twelve volunteer subjects (five male and seven female), 
ranging in age from 17 to 26 years, were recruited from 
the university community. Each subject was tested to 
provide (a) a measure of amount of eyes-closed resting 
EEG alpha activity and (b) a measure of lateral direction 
tendency of eye movements associated with reflective 
activity. All EEG measures were taken by the. same 
experimenter, and all eye movement observations were 
taken by a different experimenter during a second session 
at least a week later. The two experimenters remained 
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unaware of each other's results until completion of data 
collection. Bipolar EEG records were taken using Grass 
gold cup eleetrodes placed on the right occipital and 
frontal regions of the sealp in a standard manner. The 
right ear was used for grounding. The EEG alpha measure- 
ment was based on a system? consisting of a Grass 
model 7 eight-channel polygraph, a Kron-Hite Model 330 
band-pass filter set to filter alpha, a d.c. amplifier, a 
Hunter model 1204 Klockecounter and a Schmitt trigger. 
Signals from the filter were amplified and rectified before 
their input to the trigger which activated a relay con- 
trolling the counter. The counter registered whenever 
alpha of sufficient amplitude to drive the system was 
present in the EEG. The score was read directly in 
seconds per trial period of 100 s. The session consisted 
of eight trials of 100 s separated by 2 min. Records 
were made while the subject was sitting relaxed with 
eyes closed in a darkened room. 

Lateral direction of eye movement was observed in 
response to each of fifteen reflective questions. The 
following questions were used after the experimenter 
established rapport with the subject: (1) Spell society 
backwards. (2) Tell me an English word that starts with 
L and ends with C. (3) Add 78 and 89. (4) Name an 
English word with nine letters. (5) If you were president, 
how would you deal with the Vietnam situation ? (6) How 
many letters are there in the word anthropology ? (7) If 
you were given a million dollars, what would you do with 
it? (8) What is the eleventh letter of the alphabet ? 
(9) If you were president, what would you do to help 
solve the racial problems of this country ? (10) How many 
letters are there in the word Washington? (11) I will 
eall off six numbers and I want you to repeat them 
backwards: 147365. (12) Tell me on what side Ronald 
Reagan parts his hair? (13) PH call off six numbers 
again and you repeat them backwards: 9 4 1 5 8 2. 
(14) Multiply 18 times 14. (15) With your eyes open try 
to have an image of a man crying (for female—-a woman 
crying). 

The lateral direction of the first eye movement follow- 
ing the question was recorded if an observable eye 
movement occurred. Lateral movements with a vertical 
component were scored in terms of lateral direction. The 
score used in analysis was percentage of right movement. 
This was calculated from the number of right movements 
observed divided by the total number of movements 
observed. On the average a lateral movement was 
observed on thirteen of the fifteen trials and on the 
average 72 per cent of eye movements made by a subject 
were in the same direction. 








PERCENTAGE OF RIGHT EYE MOVEMENTS AND PERCENTAGE RESTING 
EEG ALPHA 


‘Table 1. 


Resting alpha 





Percentage Resting alpha i 

right Trial 1 Mean of eight trials 
0 $85 ATO 
23 4-6 41 
23 66-1 266 
25 843 dag 
26 98-7 90-0 
38 68-2 545 
43 61-6 43-8 
50 134 13-1 
62 211 15-3 
67 419 18-1 
67 8357 30-2 

100 137 Wz 


The results of the experiment are summarized in Table 
1, where for each subject the percentage of right eve 
movements based on the total number of observable 
eve movements in fifteen trials and the percentage alpha 
for the first 100 s EEG trial. and the mean percentage 
alpha based on eight 100 s EEG trials, is shown. The 
correlation between percentage of right eye movements 
and percentage alpha on the first EEG trial is — 0-663, 
significant at the 0-02 level; the correlation between 
percentage of right movements and mean percentage 
alpha based on eight EEG trials is — 0-594, significant at 
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the 0-05 level. The negative correlation coefficient: means 
that as the number of right eye movements increases the 
amount of EEG alpha activity decreases. Subjects were 
divided into two groups, a left-mover group of seven 
subjects (those making more than half of the eye move- 
ments to the left) and a right-mover group of four subjects 
(those making more than half of the eye movements to 
the right; (one subject who made 50 per cent right and 
50 per cent left movements was not included in this 
analysis and the results are included in Table 1)). On 
the first EEG alpha trial the mean amount of alpha for 
the left movers was 68-9 per cent and for the right movers 
it was 28-1 per cent. The difference between these means 
is significant at the 1 per cent level (f= 4-08, d.f.=9). 
There was no overlap in percentage alpha between these 
groups. Comparable figures for the two groups based on 
the mean of eight trials were 51-9 per cent alpha for the 
left movers and 20-4 per cent alpha for the right movers. 
The difference between the mean percentage alpha based 
on eight trials is significant at the 2 per cent level (= 3-06, 
d.f.=9). These findings confirm the hypothesis which 
stimulated this study. 

All of these subjects had been given the Stanford 
Hypnotic Susceptibility Scale (form C}. Hypnotizability 
scores from this scale were correlated with the physio- 
logical measures, percentage alpha and percentage right 
eve movements. The correlation between hypnotic 
susceptibility and percentage alpha on trial 1 is 0-602 
(P =0-05); the correlation with mean percentage alpha 
based on eight trials is 0-715 (P=0-01). This finding 
confirms the work cited earlier. The correlation between 
hypnotic susceptibility and percentage right movements 
is — 0-769 (P=0-61). This finding is in line with previous 
work?, 

In this study a new relationship has been reported 
between measures of amount of EEG alpha activity and a 
measure of laterality of reflective eye movements. Both 
of these variables have been shown in this and earlier 
studies to be related to hypnotizability. These findings 
indicate the possibility of physiological correlates of 
hypnotizability. Studies of the relationship of these 
physiological measures to aspects of personality and cog- 
nitive funetioning should constitute a fruitful area for 
research. It is not clear at present why laterality of 
reflective eye movements is related to EEG alpha, or why 
either of these is related to hypnosis. Some speculations 
relating these variables to brain laterality have been 
offered’, Other EEG correlates of laterality of eye move- 
ments have recently been discussed’. 

We thank James H. Hartnett for his help in collecting 
eye movement data. This work was supported by the 
Thomas Welton Stanford fellowship (P. B.) and by a 
grant from the US National Institute of Mental Health 
to Professor E. R. Hilgard. 
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Book Reviews 


IN THE GRAND STYLE 


The Elementary Structures of Kinship 
(Les Structures Elémentaires de la Parente.) By Claude 
Lévi-Strauss, Revised edition translated from the French 
by James Harle Bell, John Richard von Sturmer and 
Rodney Needham. Pp. sxiti+541. (Eyre and Spottis- 
woode: London, February 1969.) 908, 


Tue original French publication of this celebrated book, 
a landmark in anthropology, was in 1949. In the interven- 
ing twenty years, many of the ideas it contained have in 
one way or other, at first hand or second hand, become 
known to anthropologists in the Anglo-Saxon world, and 
have produced both disciples and antagonists. The text 
of the English translation (1969) under consideration is 
the second edition in French, which appeared in 1967 and 
contained certain corrections and additional arguments 
by the author. The English translation in turn carries a 
few more corrections and changes not found in the 
1967 edition. 

The book is a work “in the grand style” as Lowie called 
it, with the ambivalence and overtones such an appellation 
carries. Equal in scope and theoretical ambition to the 
works of the great Victorians such as Morgan and Tylor, 
it diverges from them in method and substitutes struc- 
turalism for conjectural evolutionary reconstruction. 

The assumptions and procedures of structuralism are 
derived mainly from structural linguistics, information 
theory, elementary mathematics, and Cartesian philo- 
sophy. Social phenomena which are collective representa- 
tions such as language, beliefs, techniques and customs 
have underlying structures which are elaborated by human 
beings at the level of unconscious thought (as, for example, 
the grammar embedded in a language). These structures 
correspond to the fundamental innate logical properties 
and structures of the human mind which generates them. 
In fact, every newborn child is equipped with the basic 
mental structures which are later exploited, elaborated 
and specialized in different ways. 

In spite of an affinity between Lévi-Strauss and 
Chomsky, a major difference separates them, Chomsky 
attempts to discover the underlying deep structural rules 
and operations by which the surface phenomena of lan- 
guage (sentences) are generated. Lévi-Strauss also 
endeavours to discover the models underlying overt 
social phenomena, but for him the fit between the model 
and empirical reality is not and need not be necessarily 
lose. Chomsky’s theory aims to be rigorous, predictive 
and testable against the reality of language in use. Lévi- 
Strauss is less precise, more intuitive, tolerates a gap 
between “appearance” and “reality”; his methods and 
techniques are not easily replicated, and he therefore 
invites controversy. 

The structuralist technique borrows from mathematics 
the idea that it is not the terms or elements in themselves 
that matter but the relations between them; it asserts 
“the primacy of relationships over the terms which they 
unite’. Finally, structuralism aims at plotting syn- 
chronic relations in its comparative exercises. Applied 
to anthropology the tenet runs thus: while it is true that a 
particular set of customs found in different societies may 
have their own individual histories, yet each is not there- 
fore isolated from the others. On the contrary, each may 
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well be a variation on a basie theme, and an underlying 
general structure may unite them all. It is this procedure, 
exploited by a fertile imagination which frequently sees 
connexions where lesser minds might not, that makes 
Lévi-Strauss exciting and stimulating to read, even if he 
is not always credible. 

How does all this take conerete shape? The basic 
sociological idea stems from Mauss. Societies are best 
seen as structures of exchange, and reciprocity is the best 
expression of a structure which relates groups. Lévi- 
Strauss goes on to elaborate that the multiple exchanges 
that take place in society—of material goods, of women. 
(as wives), of speech, of rights and obligations--are im 
theory comparable and interchangeable. Matrimonial 
exchange, however, by which men give away their sisters 
and daughters and gain wives instead is the best expression 
of reciprocity linking groups. Thus it is that marriage 
as reciprocity par excellence forms the central topie of 
the book with the asymmetrical twist, however, that in all 
human societies it is men who exchange and transfer 
women, and not vice versa. 

At the very outset, incest and marriage are brought 
together in a complementary relation. For Lévi-Straus 
the problem of incest, “that formidable mystery”, is “at 
once on the threshold of culture, in culture, and in one 
sense . . culture itself” (page 12). Biological and 
psychological pressures as causing incest prohibitions are 
rejected; the logic of the prohibitions is social and they 
direct attention to and are related to exogamy rules 
(which specify negatively the necessity of marrying out} 
and to rules of prescriptive/preferential marriage (which 
positively specify that marriage take place with a certain 
category of marriage partner). 

After postulating these equivalencies, the book leads up 
to the considering of “elementary structures of kinship” 
by which is meant those social systems which provide an 
automatic determination of the spouse either as a pre- 
ference or a prescription, and which is best exemplified by 
cross cousin marriage. Whereas elementary kinship 
structures demarcate both kin and affines, “cornplex 
structures” while defining the cirele of kin leave the 
determination of spouses to other mechanisms, such as 
transfer of bridewealth (Africa) and choice (Europe). 
It is Asia and Australia that are the breeding ground of 
prescribed marriage systems. 

The book is written as one long word-laden voyage of 
exploration and alleged discovery of systems of croas 
cousm marriage. The following basic concepts need to 
be kept in mind. Cousins divide into parallel and cross 
cousins, and the latter divide again into several sorts 
bilateral eross cousins, who in turn can be dichotom 
into matrilateral (mo br da) and patrilateral crass cousins 
(fa si da); another division is that into first cousins and 
second cousins (that is, children of the former). Pre- 
scribed marriage with different kinds of cross cousins 
produces different structures of exchange between groups; 
notably structures of “restricted exchange” and “general- 
ized exchange”. 

Australia is the home of restricted exchange and dual 
organization, The simplest example is the simultaneous 
exchange of women between two groups or moieties either 
patrilineal or matrilineal (which automatically produces 
the distinction between prohibited parallel and marriage- 
able cross cousins). Mathematically regular divisions 
lead to other systems of restrieted exchange, the four 
class (section) “Kariera” system produced by the inber- 
section of two matrilineal and two patrilineal sections, 
and the eight class (subsection) “Aranda” system (for 
example, two matrilineal moieties x four patrilineal 
groups} which automatically excludes twice as many 
spouses as do the former systems and makes the cousins 
descended from cross cousins (mo mo bro da da) the 
preferred spouse. 

The displaying of the logical and mathematical proper- 
ties of the two, four and eight class systems is merely the 
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setting of the stage for discussing the Murngin system, 
the fly in the ointment. Lévi-Strauss strives and man- 
oeuvres to establish that behind its explicit system of 
restricted exchange (the dual features of which are an 
eight class systern coupled with marriage with the mo bro 
da) the Murngin in reality implicitly practise a system of 
generalized exchange. 

Thus the Murngin puzzle provides the opportunity for 
introducing the theory of generalized exchange associated 
with marriage with the matrilateral cross cousin: if the 
preferred spouse is chosen from the category of mo bro da, 
then the exchange pattern between the groups is not 
reciprocal but directional such that always Group A gives 
women to Group B, Group B to Group C and Group C 
(supposing it is the last group in the circuit) back to 
Group A. This is ideally a pattern of circulating con- 
nubium. Another form of generalized exchange of rare 
occurrence results through patrilateral cross cousin 
marriage whereby the exchange pattern (A—=B->C—»A) 
in one generation is reversed in the following generation 
(A<-Be-C«-A), This exchange is discontinuous and 
alternating and therefore close to restricted exchange 
(AB). 

The discussion of generalized exchange (associated with 
matrilateral cross cousin marriage) begins with the 
Kachin of upper Burma, takes in many of the other tribes 
of Assam-Burma, then leaps unexpectedly to the north of 
China to deal with the Gilyak, before grappling with 
Granet’s controversial work on China. The conclusion 
is that “At a certain period of Chinese history, or 
at least in certain regions of China, marriage rules 
based on generalized exchange must have provided the 
bridge between the identical systems of the Kachin in the 
far south and the Gilyak in the far north” (page 316). 
Finally, undaunted, Lévi-Strauss treads on Indian 
territory, picks his way through the maze of caste, 
gotra, sapinda, complex exogamic rules of North India, 
endogamy in South India, and suggests that generalized 
exchange may have existed in archaic India as well. 

There is insufficient space to deal with this book’s 
achievements and weaknesses. The verdict is that it is a 
splendid failure. J. A. Barnes in his inquest on the 
Murngin has pronounced that “The Murngin have a 
better claim than most to be the tribe that never was”, 
Leach has exposed some major fallacies in Lévi-Strauss’s 
account of the Kachin. Lévi-Strauss has himself admitted 
that his chapters on China and India are “stages out- 
stripped by the progress of anthropology”. His loose use 
of the terms “preferential” and “prescriptive” has led 
to cross-Atlantic interpretive controversies, and to 
Lévi-Strauss’s dropping his pilot in British waters. Lest 
all these add up to a harsh judgment, let it be remembered 
that the book is a magnificent if shaky edifice, a mansion 
full of some spacious halls, glittering ornaments, beautiful 
arches and curious follies, Rodney Needham as general 
editor and his associates deserve our grateful thanks for 
bringing out this translation which makes a difficult book 
very readable. S. J. TAMBIAH 


OPEN CITIES 


Regions of Tomorrow , 
Towards the Open City. By Maurice Ash. Pp. vii + 99. 
(Evelyn, Adams and Mackay: London, July 1969.) 35s 


‘Ly this book Maurice Ash makes a strong plea for a radical 
change in national planning policy; he wants a policy of 
city region development. He considers that the new town 
policy was wrongly conceived—the aim of self-contain- 
ment resulted in the towns being sited too far from the 
metropolitan centres and too far from each other. In the 
event, the growth of car ownership destroyed their planned 
isolation and resulted in their becoming more popular 
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than was promised by their concentration on overspill. 
Their lack of self-containment has been regarded as a 
failure and, in order to ensure the success of this concept, 
the current group of new developments have been sited 
much farther from the regional centres and planned to be 
of a much larger size. 

: In fact, Ash argues, the new towns have been successful. 
The cluster of mutually related towns which has grown 
up is just what Ebenezer Howard originally advocated. 
That it meets people’s requirements is demonstrated by 
the way they migrate of their own accord to suburbs and 
towns within the metropolitan region. He attacks the con- 
cept of urbanism with the need it creates to build high 
density, high rise housing and to direet future development 
away from the metropolitan centres in order to avoid 
additional growth destroying the cities. Ash denies 
that the areas around the metropolitan centres are over- 
crowded and considers that it is there that the best condi- 
tions exist for economic success and not in such remote 
areas as Humberside and Sevenside. It is not possible to 
create the linkages necessary for the success of city 
development in a short period. A city cannot be developed 
fast enough to avoid the growth of external linkages 
such as would destroy self-sufficiency for a long time. 
The development of new towns and villages to form a city 
region is far more logical. 

His plea is for the development of city regions in the 
metropolitan regions. The existing centres would sustain 
the new ones during their periods of development. The 
towns would have a variety of forms depending on the 
local geography. About 100,000 persons would appear 
to be the best size of town and these should be about 
12 miles apart. Suitable smaller towns could be expanded. 
Villages would also have a part to play. The towns 
would tend to become functionally specialized. An even 
spread of densities and traffic would simplify the problems 
of providing for mobility and this would ensure their 
dynamism. While he considers that Los Angeles is 
successful and efficient, he thinks the degree of mobility 
too great and that society is not sufficiently stable. There 
should be a balance between job opportunity and the 
mobility of the home. The changing needs as the popula- 
tion matures should be met. 

Between the towns he would like to see green spaces 
and many parks. He accepts that it would not be possible 
to carry out conventional agriculture in an efficient 
manner, but accepts this in view of the rapid increases in 
agricultural efficiency. He would accept the obsolescence 
of the old metropolitan centres and would not try to 
regenerate them; rather he would accept their decline as 
contributing to the development of a multi-centred city 
region. Substandard dwellings should be cleared and 
developed in the region rather than improved. Three 
million need to be cleared in the next ten years. 

In the course of the essay there are many digressions 
to launch attacks on planners, politicians and sociologists 
for their advocacy of large cities, of urbanism and of 
high rise, high density development, and-for their hostility 
to suburban and city region development. Quantification 
is another of his targets. He denies the validity of 
attempts to analyse and compare costs and benefits, and 
of the significance of values outside the market. There 
seems to be some confusion between the assessment of 
values and methods of charging. He is consistent in not 
producing quantified evidence, even when it would support 
his ideas. 

While Ash is worried by the comparative immobility of 
the poor and their inability to rehouse themselves or to 
afford long journeys to work, and of the way this leads 
to eoncentrations of poor in the metropolitan centres, 
he does not indicate how his suggestions would meet these 
problems. Nor does he indicate to what extent the city 
region solution is feasible either in terms of land and 
other resources or in terms of finance, Again he provides 
little evidence to support his contentions that this is the 
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way the community wishes to live and to spend its re- 
sources. 

Clearly, Ash will not satisfy those readers looking for a 
closely argued and documented analysis of urban form. 
Many, however, will find his spirited plea for rethinking 
the future pattern of development and for the virtues 
of the city region both absorbing and stimulating. His 
ideas merit serious consideration and analysis. 

P. A. STONE 


AMERICAN PUSH 


Readings in Technology and American Life 

Edited by Carroll W. Pursell, jun. Pp. ix+470. (Oxford 
University Press: London and New York, June 1969.) 
42s, 

Tue American economy is recognized as possessing the 
most productive and progressive technology in the 
modern world: it provides butter, guns, moonshots and 
much else besides. The historian and the economist, the 
scientist and the technologist, are all therefore interested 
in finding out how this economic miracle has been achieved. 
Professor Carroll W. Pursell attempts to throw light on 
the causes of this phenomenon by printing a series of 
extracts from books, articles and speeches, beginning with 
Edward Johnson’s somewhat over-used Wonder-Working 
Providence of Zion’s Saviour in New England (1654) on 
the subject of the migration of craftsmen, and ending, in 
point of time, with an extract from a symposium on 
Science, Engineering and the City (1967) by Robert C. 
Wood in which the speaker estimated that by the year 
2000 there will be 312 million Americans, with 187 millions 
of them living in fourteen major urban conglomerations. 
The extracts, each of which is prefaced by an admirable 
explanatory note, are arranged in fourteen roughly 
chronological sections, ranging from “Colonial Techno- 
logy” to “The Postwar Years”. An excellent guide to 
further reading is provided. 

What light do these extracts, which are of varying 
value as evidence, throw on the causes of American 
economic primacy in the world, given the basic fact that 
the United States contains immense mineral and agri- 
eultural potential ? (So does the Soviet Union, but develop- 
ment there has clearly been much slower and less efficient.) 
The challenges imposed by an enormous and sparsely 
populated continent, where most men and wornen had to 
be prepared to turn their hands to many trades and 
activities, certainly explain some of the rapid progress of 
the late eighteenth and nineteenth centuries. The 
British official observers Joseph Whitworth and George 
Wallis noted in 1854 the comparative lack of division of 
labour: “The citizen of the United States . . . seems really 
to pride himself in not remaining over long in any particu- 
lar occupation, and being able to turn his hand to some 
dozen different pursuits.” Although this mobility of skill 
is less necessary now that “the Frontier’ has vanished, 
nevertheless the tradition of occupational adaptability 
still has immense power. Does “American push” explain 
America’s wealth ? (The phrase is documented here, as 
used by R. W. Hunt in 1876 in relation to the rapid 
adoption of the Bessemer process by the country’s 
ironmasters.) 

The extracts contain numerous insights into the 
strengths, and oceasionally the weaknesses, of American 
scientific and engineering attitudes. For example, as 
early as 1913 A. D. Little wrote in an article on industrial 
research in America: “In striking contrast to the secrecy 
maintained between individual workers in large German 

‘research laboratories, is the almost universal custom in 
America to encourage staff discussion. In the General 
Electric Laboratory, as in many others, the weekly 
seminars and constant helpful interchange of information 
has (sic) developed a . . . spirit which greatly increases 
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the efficiency of the organization ...”’. And may not the 
permanent existence of “the military-industrial complex”, 
a phrase apparently coined in a speech by President 
Eisenhower in 1961, even have a stimulating effect on 
economic progress ? W. H. CHALONER 


PINEAL SURVEYED 


The Pineal 

By Richard J. Wurtman, Julius Axelrod and Douglas 
E. Kelly. Pp. x+199. (Academie Press: New York and 
London, January 1969.) 107s 4d. 


Tae most recent text concerned wholly with the pineal 
concerned itself with the publication of the proceedings 
of a round table discussion which took place in 1965. Since 
then a great deal has been added to our understanding 
of pineal structure and function, and the small volume 
under review has concerned itself almost wholly with the 
results of the past decade, in particular the last five or so 
ears. 

= The book has been sensibly divided into sections written 
by experts working in the particular fields covered by 
each chapter. There is a danger with such division. of 
labour that subjectivity may creep into the writing, and 
the three authors are to be congratulated on their objective 
approach. 

The first chapter deals with the anatomy of the pineal 
throughout the animal kingdom, ineluding several recent 
electron micrographs of the pineals of animals ranging 
from frogs to rabbits. Any scientist with an interest in- 
comparative morphology should read this chapter. The 
next two chapters are concerned with the biochemistry 
and pharmacology of the pineal and are excellent. surama- 
tions of the work of the last few years in this field. 

Structure and biochemistry are largely descriptive 
branches of biological science, and when the question 
“What does it do?” crops up then a definite answer is 
much more diffieult to provide. The last three chapters 
attempt to state what the physiological role of the pineal 
might be from an organ, perhaps concerned with colour: 
change in Amphibia, to the much more sophisticated 


role as a transducer of light information and the controller ` 
of biological rhythms. These three chapters represent the 


state of our present knowledge, and the greatly increased 
pineal literature of the last year or two is evidente that 
this organ is witnessing a renewed popularity amongst 
endocrinologists. The danger inherent in this is that over: 
enthusiasm can breed lack of critical appraisal. One has 
only to realize that the control of anterior pituitary 
function is still very much under critical debate to realize 
that an easy answer to pineal function will not be forth- 
coming in the near future. This is why the great strength 
of this presentation lies in its relative lack of adherence 
to a definite party line. This is a book which must 
be recommended to anatomists, physiologists, pharma- 
ecologists and biochemists as the best general review of the 
pineal gland published to date. H. M. Crarnrow 


HORMONE RESEARCH 


Methods in Hormone Research 

Edited by Ralph I. Dorfman. Vol. 1 : Chemical Deter- 
minations. Second edition. Pp. xiii+ 581. (Academie 
Press: New York and London, February 1969.) 238s 4d. 


THE first edition of this book was published in 196% and 
was a considerable success, not only for students and 
research workers in steroid biochemistry, but for all 
clinical and reproductive endocrinologists as well as many 
other workers in many branches of endocrinology. ‘This 
book (second edition) again includes methods for deter- 
mining oestrogens, androgens, progesterone, corticoids, 
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aldosterone and related compounds, together with 
techniques for analysing epinephrine, norepinephrine and 
thyroxine-like substances. Many of the methods are 
described so fully that they can be employed without 
reference to the original source. It is a useful reference to 
all who need precise and comprehensive information on the 
chemical determination of hormones. Like the first 
edition this is once again a workmanlike job, comprehen- 
sive in its field, authoritative, carefully produced and well 
organized, It is produced in such a provocative way and 
is critical enough to stimulate new ideas for the develop- 
ment of yet better methods. 

Unfortunately, the book has one main failing: there is 
but a mere mention of the new and extremely sensitive 
protein-binding radioassay methods. The protein binding 
techniques today include simple and reliable methods for 
oestrogens, testosterone, progesterone and most of the 
corticosteroids all of which can be used for small amounts 
of animal and human plasma as well as for urine; it is a 
great pity they are not included in this book. 

In spite of this--and, as the editor himself points out, 
there is already a great need for a third edition--the 
second edition includes many valuable techniques not 
included in the first edition. 

This book is a “must” for all steroid chernists and 
analytical biochemists, endocrinologists, gynaecologists 
and for many other people in the clinical field. 

D. Exiey 





SPIDERS’ WEBS 


A Spider’s Web 

Problems in Regulatory Biology. By Peter N. Witt, 
Charles F. Reed and David B. Peakall. Pp. vili + 107. 
(Springer-Verlag: Berlin and New York, April 1969.) 
36 DM; $9. 


Tus slim volume contains a valuable summary of the 
work of Drs Witt, Peakall and Reed, starting with Witt’s 
experiments in the late 1940s on the use of web-spinning 
a of the family Argiopidae (orb-web spinners) for 
drug assay. The w ‘eb building behaviour of spiders is 
conv eniently recorded by the form of the web itself. By 
measuring a number of web parameters, a picture was 
built up of the “normal” web which is itself a function of 
the age of the spider, body weight, state of feeding and 
integrity of the first two pairs of legs which play a sensory 
part in web building. Orally-~or subcutaneously-— 
administered drugs produce characteristic abnormalities: 
for example, D-amphetamine causes the web to be smaller 
and less regular than controls; a low dose of LSD 25 
improved the regularity of the web; caffeine produces 
severe irregularities; and so on. Some twenty-three 
different drugs have been tested and some use of the 
method has been made in assay work although the 
technique has severe limitations. 

Peakall contributes a section on the silk glands and the 
constitution of silk. Unlike silkworms, which have one 
pair of glands (with functionally distinet regions), spiders 
often have a hundred glands divisible into several (in 
the Argiopidae, at least 6) morphologically distinet types 
producing silks of different amino-acid composition, Each 
gland empties through a duet leading to a hollow hair 
ispigot) borne on one of the three pairs of tubular spin- 
nerets. This condition raises several problems: what are 
the functions of the different types of gland and the silks 
they produce and how are the properties of the silks 
related to amino-acid composition; how are the different 
glands brought into activity and how is the silk forced 
along the narrow and often tortuous duet; what in- 
fluences solidification of the liquid silk ? Peakall has 
interesting light to throw on these problems. In particular, 
his work on the effects of cholinergic stimulation of the 
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ampullate gland is conveniently summarized, His claim 
to have discovered a nerve supply to the gland, and a 
receptor at the mouth of the gland, is not convincing and 
we still have little idea as to the mechanism of bringing 
the different glands into play at the appropriate time, in an 
activity like web building. 

Reed returns to the classical problem of web con- 
struction: what is the sequence of events and how much 
does the animal rely on external mformation when 
changing from one behaviour pattern to the next? One 
of the species studied conveniently makes a new web 
daily, but less conveniently does so at 5 a.m. Not 
surprisingly, web building becomes increasingly predictable 
as the process continues. The spider's first task is to 
construct an open vertical framework secured to suitable 
supports, and to lay down “radii” from this framework to 
a common centre, At this stage, the environment presents 
many variables and the spiders behaviour is corres- 
pondingly variable. Once a few radii have been made and 
a centre thus defined, the main stimulus for additional 
radii appears to be the angle between existing ones. 
Finally, the construction of a temporary spiral from centre 
to periphery, and its replacement by a functional adhesive 
spiral from periphery to centre. is very stereotyped. A 
few observations have been made on the effects of brain 
lesions on web-spinning behaviour, but this work is in its 
very early stage. D. A. Parry 





RUSSIAN SEA URCHINS 


Fauna of Russia and Adjacent Countries 

Echinodermata. Vol. 1: Echinoidea. By A. M. D'yakonov. 
Translated from the Russian. Pp. iv+265. (Israel 
Program for Seientific Publications: Jerusalem., Dis- 
tributed in the UK by H. A. Humphrey: Leadon, July 
1969.) 120s. 


Tuts study of Russian sea urchins first appeared in 1923, 
nearly ten years before the first volume of Mortensen’s 
monumental monograph of the echinoids. The classi- 
fication used, however, is based on that evolved by Morten- 
sen in the early years of this century, though inevitably 
there are a few changes in the nomenclature from that 
subsequently used by Mortensen and followed by neonto- 
logists today, while the higher taxa have been more 
drastically modified by Durham and others, as shown in 
the recent Treatise on Invertebrate Paleontology, part U. 
Nevertheless, D’yakonov’s extensive discussions on the 
relative merits of the prior, and chee contradictory, 
classificatory schemes of Agassiz. H. Clark. Jackson, 
Döderlein and Mortensen are of cot iderabl e interest. 
The book also provides a compact comprehensive study of 
the class Echinoidea, with a detailed and well illustrated 
account of those morphological features used in taxonomy, 
together with a glossary of terms and keys to all the 











families of echinoids then recognized. The taxonomic 
section is unfortunately incomplete. Although the 
introduction mentions thirty-nine species as being 


included within the geographical scope—northern Norway 
eastwards to Alaska and south through the Bering Strait 
to northern Japan-—the book, in a stops short at the 
family Echinidae and no “irregular” species are dealt with 
at all, nor is the aretic echinoid par excellence-—Strongylo- 
centrotus droebachiensis-~included. Thirteen species are, 
however, covered at length with diagnosis (in Latin), 
detailed description and comparative discussion of related 
taxa from outside the geographical range. These thirteen 
include Echinus esculentus and acutus, common in British 
waters, the remaining species being from the North 
Pacific. There is a full bibliography and a short historical 
account of previous studies on echinoids of Russian and 
adjacent waters. Indeed, the main interest of the book 
is a historical one. ATLSA CLARK 
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’ DUSTY DISEASES 


Hypersensitivity Diseases of the Lungs due to Fungi and 

Organic Dusts 

By J. Pepys. (Monographs in Allergy, Vol. 4.) Pp. vii+ 
147. (8. Karger: Basle and New York. Distributed in 
the UK by Academic Press: London, 1969.) 38 Sw. 
francs; 78s; $9.35. 
Proressor Prrys has succeeded in correlating the 
clinical, radiological and laboratory aspects of pulmonary 
hypersensitivity due to Aspergilli, Candida and Actino- 
myces and a wide range of organic dusts in the space of 
140 liberally illustrated pages. 

There is a useful introduction where the reactions of 
atopic and non atopic subjects to inhaled organic antigens 
are compared. Immediate (Type 1) and Arthus (Type 
111) reactions are discussed clinically and at molecular 
level including an account of IgE. There is a useful 
section on the effect of inhibitory agents including 
disodium cromoglycate on these reactions. 

Human reaction to many members of the genus 
Aspergillus is discussed, emphasizing the different re- 
action of atopic and non-atopic subjects. Much useful 
information on the preparation of antigenic extracts 
and the interpretation of their use in vivo (skin tests and 
inhalation tests) and in vitro using double gel diffusion 
and immuno-electrophoresis will be found. 

The section dealing with the farmer’s lung group of 
diseases (extrinsic allergic alveolitis) gives a good account 
of serology of these diseases with a detailed account of the 
antigens concerned including what is known of the 
chemistry of the antigens derived from M. faeni. 

This monograph will prove useful to microbiologists, 
science graduates working in the field of immunology, as 
well as to clinicians, in that all will benefit from seeing the 
problems presented by this group of diseases as a whole. 
The clinician not familiar with the subject, however, will 
regret that differential diagnosis, management and therapy 
are not discussed in more detail. The references are 
extensive-—over 250 covering the world literature. The 
absence of an index is compensated for by a detailed 
list of the contents. Rocer M. E. SEAL 





RADIATION PROTECTION 


Report of Committee IV on Evaluation of Radiation 
Doses to Body Tissues from Internal Contamination 
due to Occupational Exposure 

(Radiation Protection. Recommendations of the Inter- 

national Commission on Radiological Protection. ICRP 

Publication 10.) Pp. v+94. (Pergamon Pre Oxford, 

London and New York, December 1968.) 30s. 

THE monitoring of workers who deal with unsealed 

radioactive materials is more difficult than for those 

exposed to external sources of radiation only. The 
need to check internal contamination by whole-body 
counting or excreta monitoring puts an added load on 
the measuring facilities, and authorities have to decide 
when to institute such measurements. This report helps 
in that it considers the data necessary to estimate the 
total radiation dose to the critical organ(s) of an internally 
contaminated worker following a single short-term intake 
of a radionuclide. In particular, therefore, the data differ 

from those usually considered when a chronic intake of a 

radionuclide is being investigated (as in Publication 2 of 

ICRP) as these need modification and supplementation 

for caleulating the radiation dose from acute single intakes 

or from individuals differing from standard man. 
To define when special consideration should be given to 

a particular incident during the working life of an indivi- 

dual the following eriterion has been suggested. The 

level of intake, whatever the route, that leads to a total 
dose of radiation of 0-25 rem to the whole body gonads or 
















red bone marrow is designated the inves 
and at this level it is recommended that special procedures 
should be instituted for a particular individual worker to 
assess the actual intake. (Similarly, investigation level 
intakes are those that lead to doses to skin, thyroid and 
bone of 1-5 rem and to other organs of 0-75 rem.) 

It has been stated in the report that these doses corres- 
pond to one tenth of the quarterly quota specified for 
radiation workers. This is certainly true in general, but it 
should be noted that for women workers of reproductive 
age these doses are one fifth of their quarterly quota. 
Therefore, any incident which would appear to be likely 
to lead to the equivalent of a “three weeks” quota of dose 
needs investigation as a separate individual investigation. 

Whereas the investigation level is usually specified irk 
terms of the total body content, it is often in practice 
easier to monitor urine as long as the radionuclide is 
transportable throughout the body. Therefore, a “derived 
investigation level” in urine is that which would be 
expected from an “investigation level” present in the 
body. 

The terms “transportable” and “nontransportable” 
certainly provide a clearer description of the metabolismi 
of the radionuclide in the body compared with the 
previously used “soluble and non soluble” criterion. 

The report then concludes with data on thirty-one 
radionuclides. For each radionuclide, nine subsections 
report the decay data, the effective energy, data on the 
metabolism-—-mostly in humans, the fractional retention 
equation, the fractional excreta equation, the uptak 
depositions leading to the specified doses of the inve 
tion levels, the investigation levels themselves, the limits 
of detection using up-to-date apparatus, and finally a 
list of pertinent references. 

It is a very valuable collection of data on this group of 
radionuclides. Although the choice of these radionuclides 
has been dictated by the industrial uses of labelled 
inorganic compounds, it is very useful to have the human 
data on the metabolism of each of these nuclides brought 
together and analysed. 

This publication is essential for all those who have the 
responsibility of considering the health of radiation 
workers whether from the physics or from the medical 
viewpoint. R. E. Ennis 




















SPECTROSCOPY OF SOLIDS 


Optical Properties of Solids 

Papers from the Nato Advanced Study Institute on 
Optical Properties of Solids, held August 7-20, 1966, at 
Freiburg, Germany. Edited by Sol Nudelman and 8. S. 
Mitra. (Optical Physies and Engineering Series.) Pp. 
xi+ 64l. (Plenum Press: New York, 1969.) $35. 


Ow superficial inspection many will dismiss this book as 
yet another expensive conference volume published years 
after the event and containing few papers of permanent 
value. In fact this book does not fall into this category. 
The authors of the papers here are all very experienced in 
their special fields, and have produced admirable reviews 
of very many different aspects of the spectroscopy of 
solids that are sufficiently fundamental not to have been 
rendered completely dated by the fact that it is three 
years since the Nato Advanced Institute in the Optical 
Properties was held in Freiburg, Germany. 

The organizers of the summer school achieved very good 
balance between theory and experiment and nowhere in 
the text are there pages of formal theory with very little 
practical application, nor on the other hand are there 
papers containing little more than spectra and lis 
frequencies. There is a very satisfactory division between 
intrinsic and impurity properties and a good balance 
between vibrational and electronic phenomena. 

After introductory chapters on the application of group 
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theory in crystal physics and on the principles and 
methods of band theory there are then chapters devoted 
to the electronice properties of both narrow and wide 
energy gap semiconductors. The reviews of excitations 
and of magneto-optics are particularly outstanding. 
Lattice properties are dealt with in the remaining chapters 
in which effects governed by phonons in perfect erystals, 
point defects, and their vibrational and electronic spectra 
and electron phonon interactions are stressed. Many of 
the authors have written more extensive reviews elsewhere 
and frequently the articles here are clearly intended to 
be read in conjunction with them. Most of the contributions 
are written at a level that most graduate students in 
physics will understand. There is probably more material 
included than could be dealt with satisfactorily in a two 
semester course on solid state spectroscopy, for which it is 
likely to prove better as a reference book than as a text. 
Although primarily intended for physicists there will be 
much in it of interest to solid state physical and inorganic 
chemists. 

“Fun and hard work, both in considerable measure, 
have gone into the preparation of this volume.” Equal 
effort on the part of the reader will no doubt produce a 
deep understanding of the fundamentals of the optical 
properties of solids. 

It is appropriate that this volume should be dedicated 
to the late Professor F. Motossi, who acted as host for the 
institute. It forms a fitting memorial to one of the 
pioneers who laid the foundations of solid state spectro- 
scopy. Q. R. WILKINSON 


PULSE METHODS 


Ultrasonic Methods in Solid State Physics 

By Rohn Truell, Charles Elbaum and Bruce B. Chiek. 
Pp. xiv +464. (Academic Press: New York and London, 
April 1969.) 184s. 


Tur use of ultrasonic methods in the study of fundamental 
properties of solid materials has developed rapidly in the 
past fifteen or twenty years. It is possible with these 
methods to study any property of a solid which is suffici- 
ently well coupled to the lattice to influence the propaga- 
tion behaviour of an ultrasonic stress wave. The authors 
of this book have been closely associated with the develop- 
ment of this field of solid state physics and the recent 
untimely death of one of them, Rohn Truell, is a great 
loss. 

The book is chiefly concerned with the type of investiga- 
tion that can be carried out in the range of frequencies 
from a few megahertz to many kilomegahertz; it deals 
almost entirely with short-duration pulse methods rather 
than with standing-wave methods. The first part of the 
book is devoted to a classical treatment of wave propaga- 
tion in solids, including piezoelectric crystals. . The dis- 
cussion includes an introduction to stress-wave propaga- 
tion in non-linearly elastic media, when the detailed 
physical mechanism causing the non-linearity is not 
specified. 

The second part of the book deals with the different pulse 
methods which are used in the measurement of attenua- 
tion and velocity. Details are given of the electronic 
systems which these methods require, which will be 
appreciated by anybody commencing experimental work 
in this field. Particular attention is also given to those 
effects which may give rise to an apparent attenuation, 
such as diffraction losses, bond or coupling losses and 
“non-parallelism’”’ losses. A description of the way in 
which a spectrum analyser may be used in evaluating some 
of these effects is especially interesting. 

The remainder of the book reviews the interactions 
between stress waves and various physical properties of a 
solid and contains some selected experimental results. 
The section on dislocation damping is more detailed 
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than that on any other loss mechanism and includes a 
discussion of the generation of harmonics by dislocations. 
An analysis is given for second harmonic generation only, 
however, and not for third harmonic generation. A good 
detailed account is given of the ultrasonic stress wave 
interactions with thermal lattice waves. Although the 
later work of Brugger, Mason and others in the high 
temperature region (particularly with regard to Griineisen 
numbers) is not included, the inclusion of Maris’s quantum 
mechanical treatment of attenuation will prove very use- 
ful to future researchers. In all, ten different loss inter- 
actions are discussed. 

The presentation of this book is helped by the inclusion 
in various appendices of details which are of a very special- 
ized character. The use of c/s throughout the book, 
however, is rather unfortunate in view of the present 
almost universal acceptance of Hz. This book should 
prove invaluable to anyone beginning work in the 
ultrasonic field as well as being useful to those already 
involved in such work. C. R. Scorry 





University News 


Dr J. O. Newton, University of Manchester, has been 
appointed professor and head of the department of nuclear 
physics in the Research School of Physical Sciences of 
the Australian National University. 


Dr G. R. Prout, Medical College of Virginia, has been 
appointed professor of surgery at Harvard University 
and chief of the Urology Service at Massachusetts General 
Hospital. 


Dr I. M. Ward, University of Bristol, has been appointed 
professor of physics at the University of Leeds, 


Professor R. H. Gorrill has been appointed to the chair 
of microbiology tenable at Guy’s Hospital Medical 
School, University of London. 


Mr P. J. H. King, University College of Wales, has been 
appointed to the chair of computer science tenable at 
Birkbeck College, University of London. 


Dr I. M. Lewis, University College, has been appointed 
to the chair of anthropology tenable at the London 
School of Economics and Political Science. 


The title of professor of bacteriology has been conferred 
on Dr G. R. F. Hilson in respect of his post at St 
George’s Hospital Medical School, University of 
London. 


The title of professor of chemical engineering has been 
conferred on Dr J. W. Mullin in respect of his post at 
University College, University of London. 


Dr P., Curzen, Charing Cross Hospital Medical School, 
has been appointed to the chair of obstetrics and gynae- 
cology at Westminster Medical School, University of 
London. 


The title of professor of medicine has been conferred on 
Dr S. J. G. Semple in respect of his post at St Thomas’s 
Hospital Medical School, University of London. 


Dr C. E. Sunderlin, special assistant to the president 
of the National Academy of Sciences, has been appointed 
vice-president and secretary of the Rockefeller Uni- 
versity. 


Dr I. C. Cheeseman, National Gas Turbine Establish- 
ment, has been appointed Westland professor of helicopter 
engineering at the University of Southampton. 


Professor C. White has been appointed to the Ira 
Vaughan Hiscock professorship of public health at the 
School of Medicine, Yale University. 
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Appointments 


Mr M. E. Ringenbach has been appointed director of 
the Engineering Development Laboratory of the US 
Coast and Geodetic Survey. 

Dr H. Orlin has been appointed special assistant to the 
director for earth science activities of the US Coast and 
Geodetic Survey. 

Dr W. C. Sterrer, University of North Carolina, has been 
appointed director of Bermuda Biological Station for 
Research. 


: Announcements 


The council of the Royal Society has awarded Pickering 
Research Fellowships to Dr D. A. Johnson, University 
of Cambridge, to enable him to work at the chemical 
standards division, National Physical Laboratory; to 
Dr R. W. Jotham to enable him to continue to work in 
the department of chemistry, University of Sheffield; 
and to Dr A. J. Rest to enable him to continue to work 
in the department of physical chemistry, University of 
Cambridge. The Rosenheim Research Fellowship has 
been awarded to Dr A. R. Sheldrake to enable him to 
work in the department of biochemistry, University of 
Cambridge. A Bruno Mendel Travelling Fellowship 
for 1969-70 has been awarded to Dr J. Shani (formerly 
Mishkinsky), the Hebrew University, Jerusalem, to enable 
him to work at the department of physiology, National 
Institute for Research in Dairying, Berkshire. 

The Paul Instrument Fund Committee, composed of 
representatives of the Royal Society, the Institute of 
Physics and the Physical Society, and the Institution of 
Electrical Engineers, has made grants to Professor P. S. 
Farago, University of Edinburgh, to Dr J. Meaburn, 
University of Manchester, to Dr M. J. Southon, Univer- 
sity of Cambridge, and to Professor W. D. Wright, 
Imperial College, University of London. 

As part of a biological study on larger North Atlantic 
cetaceans conducted by the Fisheries Research Board of 
Canada, up to twenty Humpback whales will be killed 
for research on the Canadian Atlantic coast between 
August 10 and October 15, 1969. Investigators wishing 
to examine and sample the whales should contact Dr E. 
Mitchell, Arctic Biological Station, PO Box 400, Sainte 
Anne de Bellevue, Province of Quebec, Canada. 

It is proposed to form an Inorganic Reaction Mech- 
anisms Group of the Chemical Society. The object 
of the group would be to encourage the discussion of 
the mechanisms of reactions of inorganic compounds and 
complexes, both non-transition metal and transition 
metal, and the techniques which can be used to study 
such reactions. Fellows and others who wish to support 
this proposal are asked to notify Dr A. G. Sykes, Depart- 
ment of Inorganic and Structural Chemistry, The Uni- 
versity of Leeds LS2 9JT. 

The Daniel and Florence Guggenheim International 
Astronautics Award for 1969 is to be presented to 
Dr C. A. Berry, director of medical research and op- 
erations at the NASA Manned Spacecraft Center, Houston. 
Dr J. A. F. Stevenson, University of Western Ontario, 
has been elected president of the Biological Council of 
Canada. Dr E. J. Le Roux, research branch of the 
Canada Department of Agriculture, has been elected 
vice-president, Dr R. L. Taylor, University of British 
Columbia, secretary-treasurer, and Dr A. Frappier, 
Université de Montréal, and Dr G. H. Beaton, Univer- 
sity of Toronto, as executive members. 





ERRATUM: In the article “Immunization against 
Rubella” by J. A. Dudgeon (Nature, 223, 674; 1969) 
the address of the author should be: Department of 
Microbiology, The Hospital for Sick Children, and not 
the Department of Neurobiology. 
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International Meetings 


September 23-25, Autumn Meeting of the Chemical 
Society, Southampton (Dr J. F. Gibson, The Chemical 
Society, Burlington House, London WIV OBN). 

October 2-5, Medical Oceanography, Naples (Pro- 
fessor A. Paoletti, Direttore della Cattedra di Igiene, 
Facoltà di Scienze, Università di Napoli, Via Mezzo- 
cannone 16, 80134 Naples, Italy). 

October 4-10, International Food Exhibition, Cologne 
(Secretariat Anuga, Koln-—Dentz, POB 140, Germany), 
October 5-12, Agricultural Engineering, Baden-Baden 
(Dr F. K. Otto, Organizing Committee, Zeil 65/69, 
6 Frankfurt Am Main, Germany). 

October 5-12, International Astronautical Congress, 
Argentina (H. J. Luz, International Aeronautical Fed- 
eration, Deutsche Gesellschaft für Luft und Rawnfahrt, 
Goethestrasse 10, 5 Kéln-Marienburg, Germany). 


October 6-10, Autumn Metallurgical Meeting, Paris 
(Société Française de Métallurgie, Secretariat, 47 rue 
Boissière, Paris XVIe, France). 

October 20-22, Electrical Insulation and Dielectric 
Phenomena, Pennsylvania (National Academy of En: 
gineering, 2101 Constitution Avenue, Washington DC 
20418, USA). 

October 21-23, Solvent-based Processing of Textiles, 
Manchester (Mr A, Langhorn, The Shirley Institute, 
Didsbury, Manchester M20 8RX, UK). 

October 28-29, Recent Advances in Boiler Instru- 
mentation, Leatherhead (Meetings Officer, The Inatitute 
of Physics and the Physical Society, 47 Belgrave Square, 
London SW1). 

December 3-4, Photography in Engineering, London 
(The Institution of Mechanical Engineers, 1 Birdeage 
Walk, Westminster, London SW1). 

December 17-19, Infections and Immunosuppression 
in Sub-human Primates, Rijswijk (Professor W. L B. 
Beveridge, Veterinary Public Health Unit, World Health 
Organization, 1211 Geneva, Switzerland, or Dr H. Baloon 


Radiobiological Institute TNO, Lange Kleiweg 16l, © 


Rijswijk ZH, Netherlands). 


Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of families about to 
take up periods of sabbatical leave. To begin with, 
no charge will be made for advertisements like this. 
It is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


Wanted: House in London area for family with 
2 children for one year from October-November 
1969, within commuting distance from Lincoln's 


Inn Fields. Please contact Joyce Taylor-Papadi- 
mitriou, Theagenion Cancer Institute, Serron 2, 
Thessaloniki, Greece. 


Wanted: Furnished flat, 1 bedroom and living 
room, preferably with central heating, convenient 
for access to Shinfeld, Reading, Berkshire, for 
one year from November 14, 1969, for Tsraeli 
visiting worker and wife. Please contact Dr J. 
Shani, School of Pharmacy, Hebrew University of 
Jerusalem, POB 517, Jerusalem, Israel, or ix: first 
instance Dr A. T, Cowie, NIRD, Shinfield, Reading, 
RG2 9AT. 
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British Diary 


Tuesday, September 2 


Education and Training Technology International Convention (five days) 
Institution of Electrical Engineers, at Grosvenor House, London W1, 

The School of Salerno and Its Library (1.15 pan.) Dr Chauncey Leake, 
at the Welleome Institute of the History of Medicine, 183 Euston 
Road, London NWI. 








Wednesday, September 3 


13ist Annual Meeting (8 
Science, at Exeter. 

Error Correcting Codes (10.30 a.m.) Professor R. ©, Bose; 
Inference in Econometrics (11.45 a.m.) Professor E. 
University College London, Gordon Street, London WEI, 

Safety and Failure of Components {three-day convention) Institution of 
Mechanical Engineers, at the University of Sussex. 

Technological Economics of Crop Protection and Pest Control (three-day 
conference) Society of Chemical Industry, Pesticides Group, at the 
University of Stirling, 


days) British Association for the Advancement of 


Statistical 
Malinvaud, 


Sunday, September 7 


Volcanoes and their Roots (seven-day symposium) International Association 
of Volcanology and Chemistry of the Earth’s Interior, at the University 
of Oxford, 





Monday, September 8 


1969 European Microwave Conference (five days) Institution of Electrical 
Engineers, London WC2. 


Reports and Publications 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


Ministry of Technology, National Physical Laboratory, ‘The International 
Practical ‘Temperature ‘Seale of 1968. English Version of the Official French 
Text. Pp. 36, (London; HM Stationery Office, 1960.) 5s, net. 307 

Ministry of Transport, Road Research Laboratory, RRE Report LR. 254: 
Tyre Forces as Functions of Cornering and Braking Slip on Wet Road 
Surfaces. By K. E. Holmes and R. D. Stone. Pp. 26, (Crowthorne, 
Berkshire: Road Research Laboratory, 1969.) Gratis, 307 

The Zoological Record, 1966, Vol. 103, Section 2: Protozoa, Part 1 com- 
piled by R. A. Neal and Mary Tobias. Part 2 compiled by Mary Tobias and 
Margaret Oxenham. Pp. v+189. (London: The Zoological Society of 
London, 1969.) UK and Eire, 60s.; Overseas 70s. ($US 8.40). {317 

Ministry of Housing and Local Government: Scottish Development 
Department; Welsh Office. One Hundred and Fifth Annual Report on 
Alkali, ete., Works, by the Chief Inspectors, 1968. Pp. vi+ 84. (London: 
HM Stationery Office, 1960.) Q3. Gd. net. {18 

Bulletin of the British Museum (Natural History). Entomology. Supple- 
ment 14: A Re-Classification of the Simuliidae (Diptera) of Africa and Its 
Islands. By R, W. Crosskey. Pp. 19541 plate. (London: British Museum 
(Natural History), 1969.) 95s. {1s 

Philosophical Transactions of the Royal iety of London. Series A: 
Mathematical and Physical Sciences. 4 yol 264 (31 July, 1969): 
Simultaneous Equations of Additiv i ' Davenport and D. J. 
Lewis. Pp. 657-595. (London: Royal Society, 196.) 208.1 $2.60. fis 

Forestry Commission. Forest Re cord No. 68: Pulpwood Supply and the 
Paper Indust Report of a Conference of the pret Paper and Board 

Makers’ Association, London, 12th June, 1968. Pp. 5s, net. Research 
and Dev elopment Pay No. 70: Log Storage i A S of Degrade 
During Storage. By awlingon. Pp. 20. No. 71: Yield Planning for 
the © fonversion of Forests to Plantations, with special reference to India. 

thandras and A. J. Grayson. Pp. & No. 73: Applying Sprays 
to Tall Trees by Ground-ope By J. T, Stoakley and R. E. 
St Pp. 12. No, 74: No y Visit to Hedenlunda. 

By G. H. Ivison. Pp. 10, No. 75: R veking of Windthrown 
By 8. A. Nenstein. Pp. 8. Booklet Ne Metric Guide for 
System in British 
Forestry. Pp, 12. 3s. net. Booklet No. 23: Timber !—Your Growing 
Investment. By Herbert L. Edlin, Pp. 52. 6s. öd. net. (London: HM 
Stationery Office, 1968 and 1969.) {18 

Ministry of Transport, Road Research Laboratory. RRL Report LR 260: 
The Effect of Test Method on the Indirect Tensile Strength of Concrete. By 
D. F. Cornelius, R. E. Franklin and T. M. J. King. Pp. 19. (Crowthorne, 
Berkshire: Road Research Laboratory, 1969.) Gratis. {18 








































Forest. i 
Forestry—~a Guide to the Introduction of the Metric. 
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HOW TO BUY NATURE 


Volumes start in January, April, July and October, but subscriptions 
may begin with any issue. 
The direct postal price per subscription for one copy of NATURE 
each week is: 

“12 MONTHS (52 issues and 4 indexes) 


Great Britain and Eira... cee ee £14.0.0 each 
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Canad siei ue cess aut ben (by air freight).......... $52 each 





Elsewhere overseas by surface mail .. £14.0.0 each 
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*Shorter periods pro rata. (Minimum three months.) 
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Other Countries 


The Year Book of the National Institute of Sciences of India 1969, Pp. 
xiv+312. (New Delhi: National Institute of Sciences of India, 1969.) [247 
Council for the Advancement of Science Writing, Inc. Eighth Annual 
Report, May 3, 1969. Pp. 27. (Leonia, N.J.: Council for the Advancement. 
of Science Writing, 1969.) {247 
_ Pakistan Atomic Energy Commission, Kamupp: Karachi Nuelear Power 
Plant. Pp.16, (Karachi: Pakistan Atomic Energy Commission, 1969,) [257 
IS Department of Agriculture. Index-Catalogue of Medical and Veter- 
Zoology. Subj : Trematoda and Trematode Diseases. Part 11: 
Hosts: Genera A-L. Pp. 1-378, $1.50. Part 12: Hosts: Genera M-Z. By 
Mildred A. Doss and Marion M, Farr, Pp. 379-694. $1.25. Index—Cata- 
logue of Medical and Veterinary Zoology. Supplement 17, Part 2: Parasite- 
Subject Catalogue: Parasites: Protozoa. By Dorothy B. Segal, Judith M, 
Humphrey, Shirley J. Edwards and Margue D. Kirby. Pp. 128. $1.25. 
(Washington, DC: Government Printing Onfice, 1969.) (257 
De Fysiologische, Biochemische en Enzy matische Klassifakatue van de 
Pseudomonadales, Door Dr K, Kersters. (Verhandelingen van de Konink- 
lijke Vlaamse Academie voor Wetenachappen, Letteren en Schone Kunsten 
van Belgie, Klasse der Wetenschappen, Jaargang XXX, Nr. 108.) (Brussel; 
Paleis der Academien, Hertogsstraat 1, 1968.) 330 BE. {287 
Radiation Effects, Vol. 1, No. 1 (January 1969). Pp. 1-76. Subseription 
rates: (four issues). In Great Britain: individuals who warrant the journal 
is for their own personal use £3 198. 6d.; Libraries, research institutions and 
others £14 10s, Od, Outside Great Britain: individuals 811: libraries, etc. 








338. (New York, London and Paris; Gordon and Breach, Science Pub- 
lishers, 1969.) s [287 
adémie Royale de Belgique. Classe des Sciences. Mémoires, Tome 









VIEL, Fascicule 3: Raies Interdites 
Pierre Swings. Pp. 58. (Bruxelles: 
1960.) 

European Nuclear Energy agend Or 
tion and Development, 
Status Report. Pp. 65. 
1969.) 

Eurochemic Activity Report 1967. Pp. 74. 
pany for the Chemical Processing of Irradiated Fuel, 1969.) 
Centre National pour l'Exploration des Océans—Rapport Annuel 1968. 
Pp. 28. (Paris; Centre National pour ? Exploration des Öcéans, 1969.) [287 

Least Squares Methods in Data Analysis. Edited by B.S. Anderssen and 


Par Jean 
Belgique, 
[289 








en Absorption Solaire. 
Académie Royale de 








(Mol-Donk: European i 






















M. R. Osborne. (Computer Centre Publication CO 2/69.) Pp. 127. (Can- 
berra: Australian National University, 1060.) $A2. [297 

istocene of the Central Jordan Valley—The Excavations at 
Ubeidiya, Archaeological Excavations at Ubeidiya, 1964-1966. By M. 
Stekelis, O. Bar-Yosef and Tamar Schick. Pp. 29419 plates. (Jerusalem: 
The Israel Academy of Sciences and Humanities, 1969.) {307 


US Department ‘of Agriculture. Production Research Report No. 107: 
Suppression of Wheat Stem Sawfly with Resistant W heat. By P. Luginbill 
and E. F. Knipling. Pp. 9. (Washington, D.C.: Goverament Printing 
Office, 1968.) $0.10. 1307 

Annals of the New York Academy of Sciences, Vol. 158, Article 2: Second 
Conference on Catalytic Hydrogenation and Analogous Pressure Reactions. 
By Joseph M. O'Connor and 26 other authors. Pp. 439-588. Vol 180, 





Article 1: Biological Effects of Pesticides in Mammalian Systems. By 
H. F. Kraybill and 72 other authors. Pp. 1-422, (New York: New York 
Academy of Sciences, 1969.) {307 


Durban Museum Novitates. Vol. 8, Part 15: Miscellaneous Taxonomic 
gs on African Birds, XXVIL By P. A. Clancey. Pp. 227-274. R 1.50. 
Vol. Part 16: A Catalogue of Birds of the South Africa Sub-Region, 
Supplement } No.1. By P. A. Clancey. Pp. 275-324. R., 1.50. (Durban: 
Durban Museum, 1969.) [307 

New Zealand Marine Department. Fisheries Technical Reports. No. 28: 
The New Zealand Rock Lobster or Marine Spiny Crayfish Jasus edwardsii 
(Hutton)—Distribution, Growth, Embryology and Development. By J. H. 
Sorensen. Pp. 46. No. 30: The New Zealand Crayfish Jasus edwardsii 
(Hutton). By R. J. Street. Pp, 31, No. 31: Toheroa Survey, Wellington 
West Coast Beaches 1968. By D. Williamson. Pp. 17. (Wellington: New 
Zealand Marine Department, 1969.) [307 

Republic of South Africa. Department of Industries, Division of Sea 
Fisheries, Thirty-fourth Annual Report of the Director of Sea Fisheries for 
the Calendar Year, 1966. (Reprint from Commerce and Industry.) Pp. 16. 
(Sea Point, Cape Town: Director of Sea Fisheries, 1969.) (307 

Policies for Europe: a Reappraisal, (XIX Deutsch- È glisches Gespräch, 
Königswinter, 21-23 März 1969. Veranstaltet durch die Deutsch-Englische 
Gesellschaft E.V.). Pp. 92. (Dusseldorf-Wittlaer: Deutsch- Englische 
Gesellschaft, 1969.) (B17 
Fieldiana: Botany. Vol. 24, Part VIII, No. 4: Flora of Guatemala. By 
Paul ©. Standley and Louis O, ‘Williams. The Loganiaceae, By Dorothy N. 
Gibson. Pp. viii + 2603-474. (Chicago: Field Museum of Natural History, 
1969,) (ait 

National Research Council of Report of the President. 1968-1969, 
Pp. 126. (Ottawa: National Research Council of Canada, 1969.) {317 

US Department of Commerce-—Coast and Geodetic Survey, © and G8 
pee 81-1: Surface Water Temperature and Density, Atlantic 

ast--North and South America. Third edition. Pp. 102. (Washington, 
D C: Government Printing Office, 1968.) 81. {18 
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FRACTURE 1969 


Proceedings of the Second International Conference on Fracture, Brighton, April 1969 


Papers, which were presented by university and industrial laboratories in many different countries, 
cover the various aspects of fracture and fracture mechanics, with reference to many different types af 
material. a 
960 pages Chapman & Hall fix 


PRACTICAL FRACTURE MECHANICS 
FOR STRUCTURAL STEEL 


This volume reports papers and discussions presented at a symposium organised by the U.K.A.E.A, 
Reactor Materials Laboratory Culcheth in April 1969. It is concerned with the practical application 
of up-to-the-minute design and testing techniques, based on fracture mechanics, to the prevention of 
fracture in welded steel structures such as pressure vessels, 


450 pages Chapman & Hall £3 os 
WAVE MECHANICS OF CRYSTALLINE SOLIDS 
R. A. Smith, F.R.S. Second edition 


This classic work on the applications of wave mechanics to describe the motion of electrons in crystalline 
solids has been revised and expanded especially to enhance its value to students. a 
544 pages Chapman & Hall £6 6s 


DISCRETE AND INTEGRATED 
SEMICONDUCTOR CIRCUITRY 


L. J. Herbst 


A broad but concise account of all aspects of the subject, covering the fundamentals of discrete circuitry, 
with the emphasis on analysis, and the device technology appropriate to discrete and integrated circuitry 
practice, 7 
198 pages Chapman & Hall dës 


COMPLEXOMETRIC TITRATIONS 


Gerold Schwarzenbach and Hermann Flaschka 
Second English Edition translated by H. M. N. H. Irving 


In this revised and greatly expanded edition complexometric procedures are given for almost every 
element in the Periodic Table. no, 
490 pages Methuen £4 TOs 


AN INTRODUCTION TO THE PRINCIPLES 
OF PLANT PHYSIOLOGY raira caition 


W. Stiles and E. C. Cocking ; 

In this classic among botanical textbooks the reader is presented with a clear, succinct statement of the 
underlying principles of plant physiology which will provide a foundation for future work and more 
specialised reading, 

G34 pages Methuen £8 Bs 


INDUCTION AND INTUITION 
IN SCIENTIFIC THOUGHT 


P. B. Medawar 


‘Why are most scientists completely indifferent to—even contemptuous of-—-scientific methodology? 
... I thought it important to explain what is wrong with the traditional methodology of “inductive” 


‘reasoning . . . and to show that the alternative scheme of reasoning associated with the names of Whewell 
and Pierce and Popper can give the scientist a certain Hmited but useful insight into the way he thinks.’ 
Preface 

62 pages Methuen its University Paperback 7's 


CHAPMAN & HALL METHUEN 
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AUSTRALIAN ATOMIC 
ENERGY COMMISSION 


RESEARCH ESTABLISHMENT, 
LUCAS HEIGHTS, NEAR SYDNEY 


PHYSICAL CHEMIST 


Research and Development of 
Radioactive Products 


A chemistry graduate in physical or inorganic chemistry, preferably with 
experience in radio-chemistry, is required to take a leading part in a small 
group of professional and technical officers engaged in research and develop- 
ment on new and improved techniques for production of radioisotopes. The 
main emphasis of this research is on short-lived radiochemicals and radio- 
pharmaceuticals, but projects include industrial radiation sources of longer lives 
and high specific activity cobalt-60 production. 

Modern and very well equipped laboratories are available for this work 
supporting a radioisotope supply complex which is expanding rapidly in range 
and quantity and is becoming an important factor in Australia’s development 
in medicine, technology and science. The high flux reactor HIFAR on site 
provides excellent irradiation facilities and an IBM 360 computer is also avail- 
able for experimental evaluation. 

The appointee will be expected to participate in the planning of his research 
and to maintain working contacts with radioisotope users in the various fields. 
Publication of research results is encouraged. 

Applicants must have a Ph.D. (or postgraduate research experience of 
equivalent standard and duration) supported by satisfactory evidence of research 
ability. They should be interested in applying their research training to a 
sophisticated and challenging field of scientific and technological development. 
Research experience in the specialised field of this position will be a decided 


advantage but is not essential. i 


Salary, depending upon qualifications and experience, will be within the 
salary ranges of 


RESEARCH SCIENTIST $5,321--36,693 
SENIOR RESEARCH SCIENTIST  $6,963-38,045 
Application forms may be obtained by writing to the Atomic Energy Adviser, 


Office of the High Commisioner for Australia, Canberra House, 10-16 Maltravers 
Street, Strand, LONDON, W.C.2. Please quote position R139. 





(752) 





THE PULP & PAPER RESEARCH INSTITUTE OF CANADA 


PHYSICIST or 
BIOPHYSICIST 


The Institute is expanding its research effort in the general area of paper 
opacity. 

An immediate opening is available for a Ph.D., or equivalent, to study the 
effect on opacity of changes in paper structure caused by differences in fibre 
morphology or by changes in the pulping and papermaking processes. Experi- 
ence in the examination of fibrous structures and with the scattering of light 
by particulate systems would be an advantage. 


The Pulp and Paper Research Institute of Canada is a centre of research and 
learning concerned with virtually every aspect of the production and use of 
pulp and paper products. The Institute, located in a well-equipped laboratory 
in a modern Montreal suburb, represents a longstanding association of the 
pulp and paper industry, the Government of Canada and McGill University. 
The Institute encourages publication of original work. 
Please send a complete résumé of qualifications, interests and salary expecta- 
tions to: 

Chief Personnel Officer, 

Pulp and Paper Research Institute of Canada, 

570 St. Johns Road, 

Pointe Claire 726, Quebec. 


For further Classified advertisements see page vii 





UNIVERSITY OF ABERDEEN 


Research Fellowship 
in 
Analytical Chemistry 


Applications are invited for above post 
for research on determination of alkaloids 
by fluorimetric analysis. Candidates should 
hold a First or Second Class Honours de- 
gree and preferably an M.Sc. or Ph.D. 
Appointment for two years in first instance 
with possible extension for third year; 
vacant from October 1, 1969, 


Salary: £1,160 by £50 to £1,200. Super- 
annuation (F.S.S.U.). 


Applications (two copies), giving names 
of three referees, to the Secretary, Univer- 
sity, Aberdeen, by September 10, 1969. 
Further particulats may be obtained from 
Dr. R, A. Chalmers, Department of Chem- 
istry, Old Aberdeen. (774) 





CITRUS RESEARCH 


Applications are invited for the undermen- 
tioned posts of Citrus Research, University of the 
West Indies. Appointments will be made by the 
British Caribbean Citrus Association on a salary 
scale comparable with that of the University of 
the West Indies. The starting salary will depend 
on qualifications and experience and would be in 
the range £1,400 to £2,280 per annum. 

1. PATHOLOGIST. Preference will be given 
to persons with qualifications or experience in 
nematology and/or virology. The appointment 
is in British Honduras with the possibility of a 
second appointment in Trinidad. 

2. AGRONOMIST. Preference will be given 
to persons with qualifications or experience in 
soil fertility, and soil management. The appoint- 
ment is in Jamaica. 


Applications (sis copies}, giving brief details of 
education, personal information and nominating 
three referees should be submitted on or before 
August 31, 1969, to: Head, Citrus Research, 
c/o West India Committee, 40 Norfolk Street, 
London, W.C.2, England, from whom further 
particulars can be obtained 734) 


CHELSEA COLLEGE OF SCIENCE 
AND TECHNOLOGY 
CENTRE FOR SCIENCE EDUCATION 
A SENIOR LABORATORY TECHNICIAN IS 
REQUIRED FOR A PROJECT ON THE EDU- 
CATIONAL USE OF LIVING ORGANISMS. 


Applications are invited from Technicians with 
a wide interest in the techniques of culture and 
maintenance of living organisms. Besides being 
responsible for maintaining an extended range of 
organisms, the Technician will develop certain 
aspects of the research programme. 

The appointment will be offered at Senior 
Laboratory Technician grade to a suitable appli- 
cant and is for three years, The salary will be 
in the range of £1,181 to £1,436 per annum, de- 
pending on experience and qualifications. 

Application forms and further details are avail- 
able from Mr. J. D. Wray, M.A., Centre for 
Science Education, Bridges Place, London, 
S.W.6. (751) 








ROOKE BOND LIEBIG 
RESEARCH CENTRE 


BLOUNTS COURT, SONNING COMMON, 
READING, RG4 9NZ 


There js a challenging opportunity for a 
CHEMISTRY GRADUATE under the age of 28 
years to work on the isolation and investigation 
of the properties of important constituents of tea, 
A major part of the work will involve the use 
of modern techniques for the separation and 
analysis of chemical compounds and although 
experience of this type of research is desirable 
it ig not essential. 

In addition to an attractive salary, the Com- 
pany offers excellent working conditions and 
facilities, superannuation scheme, canteen, social 
club, ete. 

Please write, for an application form, to The 
Administrative Officer at the above address, 
quoting ref.: SITA-U, (785) 
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QUEEN CHARLOTTE’S 


MATERNITY HOSPITAL 
GOLDHAWK ROAD, LONDON, W.6 


Applications are invited for the post of 
RESEARCH ASSISTANT IN MYCO- 
LOGY AND FUNGAL GENETICS, from 
graduates with honours degrees in science, 
Salary and terms of service in accordance 
with Whitley Council Scale for Scientific 
Officers 1,030 to £1,774 plus London 
Weighting), Applicants should have know- 
ledge of genetical techniques and the ap- 
poinument is for one year in the first 
instance. 

Applications, with names of two referees, 
to Dr. Hurley at the above aa 


SCIENTIFIC OFFICER 


The Medical Research Council Clinical 
Pharmacology Group requires a graduate 
to join a team studying the metabolism of 
new drugs in man. 


Applicants should have a degree in 
chemistry or biochemistry and be interested 
in analytical techniques including gas 
chromatography. Apply in writing to the 
Secretary, Royal Postgraduate Medical 
School, Hammersmith Hospital, London, 
W.12 (SHE 2030, ext, 351) quoting ref.: 
2I2TIA. C759) 


THE UNIVERSITY OF SUSSEX 
SCHOOL OF BIOLOGICAL SCIENCES 


LECTURESHIP IN 
NEUROBIOLOGY 


Applications are invited for the post of 
a Lecter to assist in the teaching of a 
new degree course in Neurobiology, with 
special responsibilities for functional neuro- 
anatomy, for the academic year beginning 
in October, 1970. 


Applicants with interests in other areas 
of neurobiology will be considered. The 
course ix jointly organised by biologists and 
experimental psychologists within the 
School of Biological Sciences. Studies of 
brain function in a wide range of disci- 
plines are actively pursued in the School, 
and the Biology group, within which the 
appointment would be made, intends to 
develop neuroanatomical approaches to 
studies of vertebrate motor control and 
motivation, 


Salary will be within the range £1,240 to 
£2,850 per annum plus F.S.S.U. benefits, 


Application forms should be obtained 
from the Secretary of Science, Seience 
Office (Establishment), the University of 
Sussex, Falmer, Brighton, BNI 90H. Any 
inquiries should be made direct to Profes- 
sor R. J, Andrew. Please quote Reference 
R297 A, (763) 


UNIVERSITY OF SYDNEY 
CHAIRS OF CHEMISTRY 


Applications are invited for two Chairs of 
Chemistry. One of these Chairs will become 
vacant early in 1970 and the other will become 
vacant early in 1971. Applications are invited 
from persons qualified on the one hand in fn- 
organic Chemistry and on the other in Theoreti. 
eal, Macromolecular or Analytical Chemistry. In 
each case the salary will be at the rate of 
$A12,000 per annum. There is retirement pro- 
vision under either the Sydney University Pro- 
fessorial Superannuation Scheme or the New 
South Wales State Superannuation Scheme. 

Under the Staff Members’ Housing Scheme, in 
eases approved by the University and its Bankers, 
the Professors may be assisted by loans to pur- 
chase a house, The Senate reserves the right to 
fil the Chairs by invitation. A statement of 
Conditions of appointment and Information for 
Candidates may be obtained either from the 
Secretary-General, Association of Commonwealth 
Universities (Appts.), 36 Gordon Square, London, 
W.C.1, of from the Registrar of the University. 
Applications close on September 26, 1969. 

6D 














cathodes. 


wouid be preferred, 


TWO GRADUATE PHYSICAL CHEMISTS 
FOR WORK IN METAL-AIR PRIMARY 
BATTERY RESEARCH 


The work will involve the laboratory-scale fabrication of meral 
anodes and investigation of their stability and electrochemical 
performance and a study of the factors which influence the 
rates of the various processes which occur at air-breathing 


Up to three years" previous experiance in almost any aspect of 
physical chemistry would be useful and in battery research 


We are willing, however, to consider new graduates without 
industrial experience if they can show a creative interest in 
navel applications of physical chemistry. 


ENERGY CONVERSION LTD. 


Apply in writing to: Personnel Officer, Energy Conversion 
Limited, Priestly Road, Basingstoke, Hampshire, 


PUT SOME POWER 
INTO FUEL CELL 
DEVELOPMENT 










Britain's foremast fuel 
cell research team bave a 
vacancy in their Basing- 
stoke laboratory fori 













(802) 








A.R.C. WEED RESEARCH 
ORGANIZATION 


HERBICIDES IN GRASSLAND 


Weed Research Organization requires a 
SCIENTIFIC OFFICER OR SENIOR 
SCIENTIFIC OFFICER to lead a team 
that is developing the use of herbicides in 
gtassland for selective grass weed control 
and for sward destruction prior to surface 
reseeding. Honours degree in agriculture, 
agricultural botany or botany and some ex» 
perience of grassland agriculture required. 
Previous research experience desirable, 
Salary in scale £1,071 to £1,827 (Scientific 
Officer) or £2,021 to £2,491 (Senior Scien- 
tific Officer), F.S.8.U, 


For further partionlars and application 
form apply to Secretary, A.R.C. Weed Re» 
search Organization, Sandy Lane, Yarnton, 
Oxford OXS IPF quoting 14/69, Applica- 
tion forms must be received within three 
weeks of this advertisement, (782) 


TECHNICAL AND EXECUTIVE 
CONSULTANTS 
165 Victoria Street, London, 8.W.1 
01-834 6408 

specialise in the appointment of per- 

sonnel for biological and physical 

sciences. 

In particular: 
Biochemistry 
Microbiology 
Pharmacology 
Toxicology 
Immunology 


Physics 
Metallurgy 
Electronics 
Geophysics 
Microscopy 


Write or telephone for information. 
(786) 





UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF LANDSCAPE 
ARCHITECTURE 
LECTURERS IN LANDSCAPE DESIGN 


Applications are invited for appointments to 
two posts, to be taken up in October 1969 and 
January 1970 respectively, Principal duties will 
be the organization and supervision of project 
teaching in the postgraduate course leading to the 
M.A. in Landscape Design. The course is iaer- 
disciplinary with studente accepted with quallfi- 
cations in Architecture, Botany, Enginwering, Ene 
vironmental Sciences, Forestry, Geography, 
Horticulture and Town Planning. 

For one appointment ability to offer specholise 
teaching in ecological studies and conservation is 
preferred, and research interest in land reclamas 
tion would be of advantage. Teaching would ine 
clude rural and land resources and lectures $i 
recreation planning given to students of town 
and regional planning. 

For the second appointment design and cone 
struction skills are required. Teaching world 
include lecture courses given to students of aroti» 
tecture and civil engineering. A research interest 
in urban environment to be developed in collat 
oration with the Department of Building Science 
would be an advantage. 

Salary £1,240 to £2,850 with PSSO. provis 
sion. Further particulars from the Registrar to 
whom applications (our copies) should be sent 
by September 15, 1969, Quote Ref.: ge 


UNIVERSITY OF READING 
DEPARTMENT OF APPLIED STATISTICS 


Applications are invited for a Lectureship in 
Biometry to be established under the Ministry 
of Overseas Development’s Home Base Scheme, 
The successful candidate would spend three to 
four years in the Institute for Agricultural Re. 
search im the University of Ahmada Belle, 
Northern Nigeria, and would be guarantted a 
yeat in Reading on completion of the overseas 
assignment. Appointment from earliest possible 
daie. Salary in Reading on seale £1,040 to 
£2,850 per annum and in Nigeria by arrange. 
ment. 

Further particulars may be obtained from the 
Secretary, Overseas Service Unit, The University, 
Whiteknights, Reading, Berkshire, ROG JAH. 

yea} 






Research Scientists 
think of IBM 


IBM has recently created a Scientific Centre in the 
United Kingdom which will form part of an IBM 
scientific research complex in Europe and the United 
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If you are interested, are a research scientist with 
either an academic or industrial background, and 
have a Ph.D., M.Sc. or equivalent qualification in 


States. The Scientists at the different centres within Computer Sciences or Econometrics, IBM can offer 
this complex are exploring the changes that com- 


puters are bringing to the various aspects of science, 
industry and government, and are seeking new ways 


of extending their application. 


Challenging research projects are being established 


in the areas of: 


@ Information Systems and Information 


Retrieval 


è Urban Management and Planning 


position. 


you career opportunities, travel and excellent salaries 
that will match your experience and qualifications 
with the responsibilities and importance of this 


Please write with details of your age, experience 


and qualifications to Dr. C. J. Bell, Scientific Centre 


Manager, IBM United Kingdom Limited, Sudbury 


Towers, Greenford Road, Greenford, Middlesex, 


@ Financial and Corporate Planning 


@ Environmental Sciences 
@ Medical Statistics Research 


@ Transportation 





MEMORIAL UNIVERSITY OF 
NEWFOUNDLAND 


ANIMAL CARE DIVISION 


VETERINARIAN 


A Veterinarian is required as Executive 
Director of animal facilities on campus and 
to supervise planning and development of 
additional facilities for the new Health and 
Life Sciences Centre. Applicants must 
possess a recognized veterinary degree. 
Research experience is desirable but not 
essential. There will be opportunities for 
participation in both research and teach- 
ing. Salary for this senior post will be 
according to qualifications and experience. 

Applications, with a full curriculum vitae 
and the names of two referees, should be 
submitted not later than September 30, 
1969, to Dr. K. B. Roberts, Faculty of 
Medicine. Memorial University of New- 
foundland, St. John's, Newfoundland, 
Canada, {796) 









IMPERIAL COLLEGE OF 
SCIENCE AND TECHNOLOGY 


DEPARTMENT OF CHEMISTRY 


Applications are invited for a POST- 
DOCTORAL RESEARCH ASSISTANT- 
SHIP tenable for a period of up to two 
years in collaboration with Dr. N. G. 
Parsonage. The investigation will be con- 
cerned with the development of a calori- 
meter for measurements down to liquid 
helium temperatures on substances sorbed 
in molecular sieves, Salary £1,240 by £115. 
plus £60 London Allowance, with ESSU. 

Applications, naming two referees, 
should be sent to Dr, N. G. Parsonage, 
Chemistry Department, Imperial College, 
London, 8.W.7. (787) 








UNIVERSITY OF DUNDEE 


DEPARTMENT OF PHARMACOLOGY 
AND THERAPEUTICS 


Applications are invited for RESEARCH 
ASSISTANTSHIPS in the Department of 
Pharmacology and Therapeutics. The ap- 
pointments, envisaged to be of three years" 
duration, are to work in conjunction with 
a Medical Research Council project on 
drug metabolism with particular reference 
to man, Candidates should possess a good 
honours degree in pharmacology or bio- 
chemistry, and if successful will have the 
opportunity to study for a higher degree. 
Salary will be £800 by £100 to £1,000 per 
annum. 


Applications (one copy) naming two 
referees, should be sent to the Secretary. 
University of Dundee, Dundee, DDI 4HN 
not later than September 20, 1969, 


(788) 


NATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


ASSISTANT EXPERIMENTAL 
OFFICER/EXPERIMENTAL 
OFFICER 


required in the Chemical Microbiology de- 
partment to assist in experiments in pro- 
tein chemistry and enzymology. 

Qualifications: Pass degree, Dip. Tech., 
H.N.C. or equivalent. Under 22 minimum 
qualification is G.C.E. in five subjects ine 
cluding two scientific / Mathematical subjects 
ar “AY Jevel. 

Salaries: A.B.O. up to £1,208 according 
to age in scale to £1,454; E.O. £1,590 to 
£2,006. 

Apply fully, in writing, to the Secretary, 
NULR.D., Shinfield, Reading RG2 9AT, 
quoting two referees and reference 69/38. 


0795) 








quoting reference RS1/N/078. 


IBM 





WANTED: 
AGRONOMIST 


with experience in soils and tree crops 
especially citrus. Salary according to quali- 
fications and experience. Free house in 
May Pen, Jamaica, West Indies, and Land 
Rover for transportation. Applicants 
would be required to take up duties as 
early as practicable. 

Please apply to The Citrus Company of 
Jamaica Ltd., May Pen, Jamaica, West 
Indies. (727) 





CRANFIELD 


DEPARTMENT OF 
MATERIALS 


Applications are invited for a three-year 
appointment as RESEARCH OFFICER to 
work on mechanisms of deformation in 
rubber modified plastics. Candidates 
should have a degree or equivalent qualifi- 
cation, Postgraduate experience would be 
an advantage. 

Salary initially within range £1,240 to 


£1,470, ESSU Commencing salary de- 
pendent upon oualifications and experience. 





The College has an estate of modern 
houses and residential facilities and con- 
sideration will be given to accommodation 
requirements, 


Applicaton form from Assistant Regis- 
trar, The College of Aeronautics, Cranfield, 
Bedford, (755) 
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Librarian 





of Librarian. 


May & Baker Ltd., Dagenham, invite applications for the position 








The Company’s Library, which is part of the Information Ser- 
vices Division, comprises a main library in the Research Institute 
and branches serving medical and veterinary staff and agricultural 
research staff. The Library is primarily concerned with scientific 
subjects relevant to the wide range of the Company’s interests. 

The successful candidate, man or woman, will be directly 
responsible for the general running of the main library and will 
have overall responsibility for the branch libraries. He or she is 
likely to be at least in the early thirties and to have had either a 
scientific training or extensive experience of work in a library 
devoted to scientific or medical work. An ability to communicate 
fully with scientific workers in a variety of disciplines would be 


an important asset. 


A formal librarian’s qualification is desirable, but this would 
not preclude the possibility of appointing a thoroughly experienced 


applicant who is not a chartered librarian. > 
The position offers attractive working conditions. 


There is a 


contributory Staff Pension Fund and a five-day working week. 
The initial salary would adequately reflect the age and experience 


of a successful candidate. 


Apply initially in writing to the Personnel Officer, May & Baker 
Ltd., Dagenham, Essex RM10 7XS, quoting reference number 


136/69. 





May & Baker Ltd 


(806) 


d 


& 





SCIENCE EDITOR 


required by Heinemann Educational Books 
to handle its distinguished and expanding list of new books in 
science, mathematics and technical subjects, from school texts 


to advanced monographs. 


In addition to excellent editorial 


(although not necessarily academic) qualifications, familiarity 
with book production is desirable. 

Applications to Hamish MacGibbon, Science Director, 
Heinemann Educational Books Ltd., 48 Charles Street, 


London WIX 8AH. 


UNIVERSITY OF DURHAM 
DEPARTMENT OF GEOLOGY 


RESEARCH ASSISTANT 


required to work on the properties of Coal 
Measure shales in the Engineering Geo- 
logy Laboratories. The appointment is 
for twelve months and entails mechanical 
testing and mineralogical analysis (X-ray 
diffraction and D.T.A,) The project. 
sponsored by the National Coal Board, is 
suitable for a recent graduate in Geology 
or interdisciplinary science, 

Salary in the range £950 by £50 to £1,200 
per annum plus F.S.S.U. 

Applications (three copies), naming three 
referees should be sent by September 8, 
1969, to the Registrar and Secretary, Old 
Shire Hail, Durham, from whom further 
particulars may be obtained. 779) 





BIOLOGISTS/BIOCHEMISTS 


interested in medical or industrial aspects of: 
bacteriology, biochemistry, immunology, haemat- 
ology, histology, pharmacology, physiology or 
virology. 
Contact G.K. Bureau 
Miss E, J. Brayley 01-734 7232 


NO FEES TO PAY (722) 





UNIVERSITY OF QUEENSLAND 
AUSTRALIA 

SENIOR DEMONSTRATOR IN ANIMAL 
HUSBANDRY 


The University invites applications for the posi- 
tion of Senior Demonstrator in the Department 
of Animal Husbandry. Applicants must be 
graduates in veterinary science, agricultural 
science or rural science. The successful applicant 
will be responsible to the Head of the Depart- 
ment of Animal Husbandry for the organization. 
of practical classes. The salary for a Senior 
Demonstrator will be within the range $A4,275 
to $A4,840 per annum. The University provides 
superannuation similar to F.S.8S.U., housing 
assistance and travel allowances for a Senior 
Demonstrator. 

Additional information and application forms 
will be supplied upon request to the Secretary- 
General, Association of Commonwealth Univer- 
sities (Appts), 36 Gordon Square, London, 
W.C.1, Applications close on September 26, 
1969, in London and Brisbane, (780) 


HALIFAX AREA HOSPITALS 
MANAGEMENT COMMITTEE 


BIOCHEMIST 


Biochemist (Basic Grade) required to work 
under supervision of a Senior Biochemist in a 
general hospital laboratory. Facilities for re. 
search available for applicants who wish to pur- 
sue further studies. Salary and conditions ac- 
cording to Whitey Council Scales. 

Applications with particulars to 
Secretary, Royal Halifax Infirmary. 


the Group- 
(666) 


CSIRO 


BIOLOGIST 
AUSTRALIA 


DIVISION OF FISHERIES 
AND OCEANOGRAPHY 


GENERAL The Division of Fisheries and 
Oceanography of the Commonwealth Selentifie 
and Industrial Research Organization has 
a staff of over 40 scientists investigating the 
physical, chemical and biological features of 
the oceans, and investigating fisheries res 
sources. Headquarters of the Division is 
located at Cronulla, New South Wales, and 
the Division has laboratories near Brisbane 
and Perth. The appointee will be located at 
Redcliffe near Brisbane, Queensland. 


DUTIES The male appointee will study 
movements of various prawn species in 
Moreton Bay and its approaches, by means of 
field and laboratory experiments on tagging 
and marking of selective aspects of the general 
ecology of prawns. This project forms part 
of a larger programme of research into 
prawn fisheries in northern Australia and may 
involve cooperation with research sta in 
other centres in the Division, 


QUALIFICATIONS Applicants should 
have a Ph.D. in biology or zoology or post- 
graduate research experience of equivalent 
standard and duration, supported by satis~ 
factory evidence of research ability, 


SALARY Depending upon qualifications 
and experience, the appointment will be made 
within the salary range of Research Scientist, 
$A5,32!~$A6,693 pa., or Senior Research 
Scientist, $A6,963-$A8,045 pa, Promotion 
within CSIRO will be determined by merir. 


CONDITIONS The appointment, which 
carries with it Commonwealth Superannua- 
tlon Fund or Provident Account privileges, 
will be conditional upon passing a medical 
examination, An initial probationary period 
of twelve months may be specified. Fares 
paid for the appointee and his dependent 


family. Further particulars supplied on 
application. 

Applications (quoting Appointment No, 
320/400), stating full name, place, date 


and year of birth, nationality, marital status, 
present employment, details of qualifications 
and experience together with the names of 
not more than four persons acquainted with 
the applicants Professional standing, should 
reach: 


Mr. R. F. Turnbull, 
Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64 Kingsway, London, W.C.2, 

by the 26th September, 1969. 


Applications in U.S.A. and Canada should be 
sent to The Scientific Attaché, Australian 
Embassy, 160! Massachusetts Ave. MW., 
WASHINGTON D.C. 20036. (778) 


SCHOOL OF TROPICAL MEDICINE 
(UNIVERSITY OF LIVERPOOL) 


RESEARCH ASSISTANT to Professor B G. 
Maegraith required to investigate the role of 
active polypeptides in the pathogenesis of acute 
protozoal infections. A good basic walning in 
pharmacology is desirable, Good facilities exist 
and opportunity is available to work for a higher 
degree, 

Applications, stating age, qualifications, and 
any experience, with the names of two referees, 
should be sent to the Secretary, Department of 
Tropical Medicine, School of Tropical M i 
Pembroke Place, Liverpool LI SQA. 





UNIVERSITY OF ABERDEEN 


Department of 
Medical Physics 


PHYSICIST 


required to help develop new radioisotope 
imaging devices for diagnostic medical 
radioisotope scanning, Some experience of 
radioisotope usage image intensification, 
nucleonic pulse circuitry, lens system desir- 
able. Problems exist suitable for higher 
degree study. 


Post for two years in first instance with 
possible extension for third year. 


Salary on scale: 


RESEARCH ASSISTANT (Grade D 
£1,535 to £2,070. 


TERMINABLE LECTURER 
£1,585 to £1,930 
Superannuation (F.S.S.U.). 





Further particulars from the Secretary, 
The University, Aberdeen, with whom ap- 
plications (two copies), giving the names 
of three referees and career details (includ. 
ing salary}, should be lodged by September 
20, 1969. {773} 





UNIVERSITY OF GLASGOW 


ASSISTANT LECTURESHIP IN 
GEOLOGY 


Applications are invited for an Assistant 
Lectureship in Geology, preferably with 
interests in sedimentology or palacocology. 
scale: £1,240 to £1,470 per annum. 
F.S.S.U. 

Applications (three copies}, should be 
lodged not later than September 17, 1969, 
with the undersigned, from whom further 
particulars may be obtained. 


ROBT. T. HUTCHESON, 
Secretary of the University Court. 


(778) 





MEDICAL RESEARCH COUNCIL 
CLINICAL AND POPULATION 
CYTOGENETICS UNIT 
WESTERN GENERAL HOSPITAL 
CREWE ROAD, EDINBURGH, 4 


A biologist is required in the Medical Research 
Council's Clinical and Population Cytogenetics 
Unit to work with a group on the interaction 
between viruses and mammalian cells cultured in 
vitro. Preference will be given to candidates 
with some experience in virology or tissue cul- 
ture but such experience is not essential. Can- 
didates should have a first or upper second 
class Honours Degree in a biological subject and 
preferably a Ph.D. or equivalent postgraduate 
experience, Salary according to age and quali- 
fications. 

Applications including a full curriculum vitae 
and the names of two referees should be sent to 
the Administrative Officer at the above ora 

4. 








GLASSHOUSE S 

TUTE requires PLANT BIOCHEMIST for re- 
search on application of growth regulators to 
glasshouse crops, with special reference to use of 
growth retardants. Applicants should have good 
Honours degree or equivalent qualification in 
plant biochemistry or other appropriate subject. 
Fostgraduate training or experience with growth 
regulators an advantage, Appointment will be 
made in Scientific Officer or Senior Scientific 
Officer grades within salary scales £1,071 to 
£1,827 or £2,021 to £2,491 depending on age, 
qualifications and experience.—Further details 
from Secretary to the Institute, Worthing Road, 
Rustington, Litdehampton, Sussex, to whom ap- 
plications, with names of three referees should 
be sent by September 27, 1969. (769) 











UNIVERSITY OF QUEENSLAND 


AUSTRALIA 
DEMONSTRATOR IN MINING 
ENGINEERING 
The University invites applications for a 
Demonstrator Group HE or IV to assist in 
undergraduate tutorial and demonstrating work. 


The appointee will be encouraged to undertake 
research for a higher degree and the appoint- 
ment will in the first instance be for a period 
expiring on December 31, 1970, but renewal is 
possible : he will be required to take up duty 
in February, 1970. 

The salary for a Demonstrator Group If will 
be within the range $A2,530 to $A2,.870 and 
Group IV $A3,375 to $A3,825 per annum. 

Additional information and application forms 
will be supplied upon request to the Secretary- 
General, Association of Commonwealth Univer- 
sities (Appts), 36 Gordon Square. London, 
W.C.1, Applications close in London on Sep- 
tember 30, 1969, (698) 


QUEEN MARY COLLEGE 
UNIVERSITY OF LONDON 
DEPARTMENT OF CHEMISTRY 


Applications are invited for two POSTDOC- 
TORAL RESEARCH FELLOWSHIPS in 
Organic Chemistry. One of these, for investiga- 
tions on the chemistry of vitamin By2, is for one 
year only (from October, 1969). The other, for 
exploratory work on fossil chemataxonomy, is 
tenable for one year (from January, 1970) in the 
first instance with possible extension for a further 
year, Both projects are to be carried out in 
collaboration with Dr. R. Bonnett. Salary within 
the scale £1,240 to £1,585 per annum plus £60 
London Allowance, 

Applications should be made in writing (giving 
details of previous scientific experience. and the 


names and addresses of two referees) to: Regis- 
trar (C/RB), Queen Mary College, Mile End 
Road, London, E.1. 


(798) 


UNIVERSITY OF BOTSWANA, 
LESOTHO AND SWAZILAND 


Applications are invited for (a) LECTURER, 
(b) ASSISTANT LECTURER IN BIOLOGY. 
Preference will be given to candidates with a 
knowledge of genetics and bacteriology, The 
appointee will be expected to assume duty in 
July 1970. Appointment will be on contract for 
two, four or six years. Salary scales: (a) 
R3,100 to R4,700, (b) R2,600 to R2.800 (RI = 
lis. &d. sterling), entry point according to qualifi- 
cations and experience, Various allowances, 
medical scheme, gratuity; accommodation at 
reasonable rents. Travelling expenses on appoint- 
ment. biennial leave and normal termination. 

Detailed applications (six copies), naming three 
referees, to Secretary, Inter-University Council 
for Higher Education Overseas, 90/91 Totucnham 
Court Road, London, W.1, from whom further 
particulars are obtainable, by September 23, 
1969. e781) 


BASIC GRADE PHYSICIST 

Wessex Regional Department of Nuclear Medi- 
cine, Southampton General Hospital, requires a 
Physicist (Basic Grade). 

Salary £960 to £1,845 per annum depending on 
qualifications and experience 

Further information from the Principal Physi- 
cist. Applications, including the names of two 
referees to the Group Secretary Southampton 
Group Hospital Management Committee, 
Tremona Road, Southampton SOL 6HU. (772) 





MONTREAL, 


full professorship level. 
but preference will be given to applicants whose 
research and teaching has been concerned with 
one of economic or structural geology, geochem- 
istry, geophysics or petrology.—Applicants should 
send curriculum vitae and the names of three 
people who can be asked to write references to 
the Chairman of the department. (779 





A POST-DOCTORAL POSITION IS AVAIL- 
able for studying a number of related topics in- 
the 


radiation damage in polymeric 








istry, The University, Leicester. (743) 
INSTITUTE OF CANCER RESEARCH: 
ROYAL CANCER HOSPITAL. RESEARCH 


ASSISTANT required for work on the mechan- 
ism of action of enzymes in Chemistry Depart- 
ment. Graduate required (or with equivalent 
qualification, e.g, H.N.C.). Commencing salaty 
in region £900 to £1,100 according to experience, 
-Apply with names of two referees to the Sec- 
retary, 34 Sumner Place, §.W.7, quoting refer- 
ence 301/B/374. (764) 
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AGRICULTURAL RESEARCH 
COUNCIL 
INSTITUTE FOR RESEARCH ON 


ANIMAL DISEASES 
COMPTON, NR. NEWBURY, BERKS 


A vacancy exists within the Department 
of Biochemistry for an ASSISTANT EX- 


PERIMENTAL OFFICER. Experience in 
the fields of protein biochemistry and/or 
bacteriology would be an advantage, Can- 
didates should possess a pass degree, 
A.LM.L.T. or H.N.C. Salary in the range 
£809 per annum at age 20 rising to £1,454 
per annum with superannuation. 
Applications should be sent to the Sec- 
retary, quoting reference 110, together with 
the names of two referees, not later than 
Friday, September 19, 1969. (748) 


UNITED SHEFFIELD HOSPITALS 


THE CENTRE FOR HUMAN GENETICS 
SHEFFIELD 


NON-MEDICAL SCIENTIFIC OFFICER 

Required for a period of two years to take 
part in research in Human Cytogenetics. Ex- 
perience in Cytogenetics desirable but not essen- 
tial Whitley Council Terms and Conditions of 
Service. Salary, first or second class Honours 
degrees: £1,080 rising by six increments to 
£1,355. Other appropriate degrees £960 rising 
by nine increments to £1,355. 

Applications, stating age, qualifications, present 
and previous appointments, if any (with dates), 
together with the names and addresses of two 
referees, to Chief Administrative (ficer, United 
Sheffield Hospitals, 10 Beech Hill Road, Sheffield, 
S10 2RZ, by September 8, 1969. (797) 


TECHNICIAN REQUIRED TO ASSIST 
with bacteriological research in the gastroentero- 
logy group. Minimum qualifications O.N.C. or 
equivalent. Salary in range up to £1,010 per 
annum (or above in exceptional cireumstances).-— 
Applications in writing to the Secretary, Royal 





Postgraduate Medical School, Hammersmith 

Hospital, London, W.12 (SHE 2030 ext. 350 

quoting ref.: 2/243, (790) 
STUDENT /JUNIOR TECHNICIAN RE- 


quired to assist in endocrine research in Meta- 
bolic Unit of psychiatric hospitak The work 
will involve a variety of techniques including bor- 
mone assays, and full training will be given. 
Salary according to age, experience and qualifi- 
cations. —Application forms from the Secretary, 
Institute of Psychiatry, De Crespigny Park, Lon- 
don, S.E.5. (Ref. M.U) (760) 





GRANTS & SCHOLARSHIPS 





UNIVERSITY OF LONDON 
GRANTS FOR RESEARCH 
Applications are invited from members of the 
University and teachers in Schoolx of the Uni- 
versity for grants from the Central Research 
Fund to assist specifie projects of research and 
for the provision of special materials and 
apparatus. Grants are not made for normal 


maintenance, Applications must next be received 
not later than September 15. 

Forms of application and further particulars 
the Secretary to the 


obtained from 





INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


DEPARTMENT OF POLYMER AND FIBRE 
SCIENCE 
RESEARCH IN THE USE OF 
NON-AQUEOUS SOLVENTS IN TEXTILE 
PROCESSING 


Research grants are available for fundamental 
studies in the chemical finishing of textile 
materials from non-aqueous solvents. This is a 
new development requiring the application of 
both Physical and Organic Chemistry and having 
important industrial possibilities. 

Recipients of the grants, which are of the 
value of £530 per annum plus fees, will be cx- 
pected to work for a higher degree. Applicants 
should hold a good honours degree or its 
equivalent. 

All inauiries should be addressed to Professor 
R, H. Peters, Department of Polymer and Fibre 
Science, The University of Manchester Institute 
of Science and Technology, P.O. Box No. 88, 
Manchester M60 10D. (787) 


For further Classified advertisements see page XXXV 
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renseignements complé- 
mentaires sur tout article 
figurant dans les pages 
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sur la formule ci-contre, 
la détacher et l'adresser a 
T. G. Scott & Son Ltd. 
Nul affranchisement n'est 
requis en Grande-Bretagne 
ni irlande du Nord, mais 
tous nos lecteurs å letran- 
ger devront affranchir leur 
carte au tarif habituel. 


Falls Sie an weiteren Einzel- 
heiten eines in den Anzeigen 
angeführten Artikels in- 
teressiert sein sollten, 
tragen Sie bitte das betref- 
fende Bezugszeichen in die 
nebenstehende Karte ein. 
Die Karte ist dann abzutren- 
nen und an T. G. Scott 
& Son Ltd. zu senden, 
Für Grossbritannien und 
Nordirland ist keine Brief- 
marke erforderlich, wohl- 
aber bei Aufgabe im Aus- 
land. 


Se desiderate ricevere ulter- 
iori informazioni riguardanti 
qualsiasi prodotto o articolo 
pubblicato, compilate la 
scheda qui a fianco 
riportata. Distaccatela e 
inviatea: T. G, Scott e Son 
Ltd. L'affrancatura é a 
carico del destinatario se la 
spedizione viene effettuata 
dalla Gran Bretagna o dall 
Irlanda del Nord, mentre 
tutti i lettori esteri dovranno 
affrancare regolarmente. 


Nature. August 30, 1969, p xxxi 


N ATU RE INTERNATIONAL JOURNAL OF SCIENCE 


READER ENQUIRY SERVICE 


IF you would like to receive further information on any product or service 
advertised in this issue, please enter the appropriate details on the form below, 
detach the page and post it to T. G. Scott and Son Ltd. No stamp is required 
if the letter form is posted in Great Britain or Northern Ireland, but all over- 
seas readers must pay the necessary postage. 


| Date of Page 
Name of Manufacturer cecen issue No. 








Date of Page 
Name of Manufacturer Sa en ee issue No. 


| Date of Page 
issue Ne. 





Product oo. 











Name of Manufacturer cc... ooo ceosecseee coteeeesen 

















Product 

Date of Page 
Name of Manufacturer ..... OP One SAAE > maT eae issue No. 
PRODUCE: p20 oo Be tie o its at A esta a | 
cn ns EAE, E 

Date of Page 
Name of Manufacturer. o oe issue Mo. 





Erodutt occ ce acest ty ny Rate tae, 











Date of Page 
Name of Manufacturer. oo.0....0 occ ovo eos issue No. 
Produttore ena 


Memaneanmamammmannnnamma INIT ennaa a 








Page 
Name of Manufacturer o coco voseces vests eee Na. 
Product 
Sa a ne en 

Page 
Name of Manufacturer oare Nea, 





MaN LDN AE E 2 ress A Metco eh Bare oe Phe tats Sey tees 


PLEASE SEND REPLIES TO: 
PATTE ees oh ie el pelle tetas avthe ale ashen l 

POSION erstens ren hy ooh del a al ce a aE e 
COASA NON arniran A a A A E INEA tie 


PROGIESS 232i, 2 s a a a A a N cand 


Nature, August 30, 1969, p xxvii 





READERS OUTSIDE U.K. PLEASE 
AFFIX POSTAGE STAMPS 


and Fold 







SECOND CLASS ny TAME 


POSTAGE NECESSARY IF 
WILL. BE POSTED IN 

PAID BY. GREAT BRITAIN 
LICENSEE OR NORTHERN 


IRELAND 


BUSINESS REPLY SERVICE 
Licence No. W.C. 2866 


T. G. SCOTT & SON LTD 
1 Clement's Inn 
Strand 
London WC2 
England 





3rd Fold 


HAVE YOU INCLUDED YOUR 
NAME AND ADDRESS? 


Tuck in 


ist Fold 


NATURE 


INTERNATIONAL JOURNA 
OF SCIENCE 


This 
ENQUIRY 
SERVICE 


has been institute 
to enable you ft 
obtain informatio 
on any product ac 
vertised in the page 
of NATURE easil 
and in the shortes 
possible time. Pleas 
make use of it. 


ENQUIRIES MADE 
WITHOUT OBLIGATION 


Please ensure th 
your full! name ar 
address are carefu 
indicated on the for 
overleaf. 





NATURE 


Subscription Rates 


DIRECT POSTAL SUBSCRIPTION RATES 
*12 MONTHS (52 issues, 4 indexes) 


AIRFREIGHT 
United States... eee eee $48 
Canada oo. cece ccc e ne unas $52 


SURFACE MAIL 
Elsewhere overseas, U.K. and Efre........ £14.0.0 


* Shorter Periods Pro-rata, 


ORDER FORM 


i a a a rr 


ZIP OR POSTAL CODE 
ZIP essential for U.S.A. 


The publisher would appreciate this additional information 


BRANCH OF SCIENCE 
OR TECHNOLOGY 


ORGANIZATION ierann Oo ige eriei dace ya CRD aa dole He aa es 


NATURE OF WORK 
(RESEARCH, DEVELOPMENT, TEACHING, ETC.) 


POST TO Subscription Department MACMILLAN (JOURNALS) LTD. 
Brunel Road, Basingstoke, Hampshire, England 


NATURE, AUGUST 30, 196 


e Anatomy of 
Paramecium 
Aurelia 


A. Jurand, B.Sc., Ph.D. and G. G. Selman, B.Sc., Ph.D. 
Lecturers in the Institute of Animal Genetics, 


University of Edinburgh. 


Based on a fine collection of 53 plates of light and electron micrographs, this book provides a comprehensive 
account of the structure of Paramecium aurelia. 






Corpuscles, membranes and fibrils are brought clearly into view; atthe same time the electron microscope has 
provided a dramatic picture of such structures as the buccal cavity, the ciliate pellicle, the basal granules and the 
trichocysts. The nuclei, replication processes and cytoplasmic symbiotic inclusions are also illustrated and 
described. Details of the methods and materials used in producing the micrographs complete this valuable work 
of reference. 

224 pages 53 half tone + 14 line illustrations £5 


Scientific Writing 
for Graduate 
Students 


Edited by F. Peter Woodford, 
The Rockefeller University, New York. 


Many scientists write badly. The Council of Biology Editors in the United States believes this is because there is a 

lack of formal instruction during a university science course and has produced this book as a first step in remedying 

the situation. Designed principally for teachers of scientific writing the book is concise to allow room for personal 
| interpretation but provides enough detail for individuals who want to improve the presentation of their research 


findings. 


Much of the book is devoted to the writing of a journal article, however additional chapters cover such topics as 
writing a doctoral thesis, oral presentation of a paper and searching the relevant literature, Source material is given 
at the beginning of each chapter and there is an annotated bibliography of further reading. 

192 pages 45s 


Macmillan & Co Ltd 
Little Essex Street London WC2 
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WELSH PLANT BREEDING 
STATION 


Applications are invited from graduates 
in agriculture or agricultural botany for a 
SCHOLARSHIP awarded by the British 
Seeds Council and tenable at the Welsh 
Plant Breeding Station for a period of 
three years. The scholarship is for studies 
into the seed producing characteristics of 
some newly developed herbage varieties 
under different conditions. 


Preference will be given to candidates 


with experience of practical farming and 
who have an interest in the conduct of 
experiments under farm conditions, 


The 
successful candidate must be able to drive 
a car and be prepared to spend part of 
his time in the main seed growing areas of 
the south and east of England where the 
trials will be located. 

Salary will be £800 per annum on a scale 
rising by £50 to £900 with membership of 
P.S.8,U. 

Applications, giving details of age, quali- 
fications, experience and the names and 
“addresses of two referees, should be sent 
to the Secretary, Welsh Plant Breeding 
Stadion, Plas Gogerddan, Near Aberyst- 
wytb, not later than September 20, 1969. 


(794) 


FELLOWSHIPS AND 
STUDENTSHIPS 


UNIVERSITY OF GLASGOW 


INSTITUTE OF NEUROLOGICAL 
SCIENCES, GLASGOW 


DIVISION OF NEUROLOGY 
RESEARCH STUDENTSHIP 


Applications are invited for a Research 
Studentship in the University Department 
of Neurology. The award is for one or 
two years and carries a salary of between 
£530 and £800 with payment of all fees. 
Arrangements can be made for the holder 
to live in a Hall of the University. It is 
intended that the holder shall work for a 
higher degree of the University of Glas- 
gow (M.Sc. or Ph.D. 


The holder will work upon problems of 
autonomic nervous system function and 
also Biochemical and physiological changes 
associated with exercise. Applicants should 
Rave relevant qualifications. Candidates 
whochave graduated in 1969 will be con- 
sidered. 


Applications (two copies), with cur 
riculum vitae and the names of two 
referees, should be addressed to Professor 
J, A. Simpson, Department of Neurology, 


Killearn Hospital, Killearn, by Glasgow, 
not later than September 4, 1969. Envel- 
Opes containing applications should be 


“marked Research Studentship, 


ROBT. T. HUTCHESON, 
Secretary of the University Court. 


(756) 


INSTITUTE OF UROLOGY AND 
THE ROYAL COLLEGE OF 
SURGEONS OF ENGLAND 


Applications are invited for a RESEARCH 
FELLOW (with medical and/or scientific quali- 
fications), in the grade of Lecturer (Senior Regis- 
trar status), for an investigation into the patho- 
logy and ultrastructure of the kidney. The suc- 
cessful applicant will be attached to the Depart- 
ment of Pathology, St. Paul’s Hospital, and 
the Anatomy Department, The Royal Coliege of 
Surgeons, Appointment for one year in the first 
ingtance, subject to renewal, 

“Applications to the Pathologist, St, Paul's Hos- 
‘pital, Endell Street, London, W.C.2, (726) 








si ROST-DOCTORAL FELLOWSHIPS IN 
electrochemistry ; available immediately. Open- 
ings in work on selected electrode processes, 

„ theory, and conductance studies. —-For full de- 
“tails, write to; Professor H, H. Bauer, Depart- 
ment of Chemistry, University of Kentucky, 
Lexington, Kentucky 40506. (364) 








UNIVERSITY OF MANCHESTER 


POST-DOCTORAL RESEARCH FELLOWSHIP 
IN CHEMISTRY 

Applications are invited for this one-year post 
to work with Dr, D. J. Machin on the synthesis 
and physical properties of transition metal tern- 
ary oxide systems. Salary £1,240 to £1,355 per 
annum. 

Particulars and application forms (returnable 
by September 10) fram the Registrar, the Univer- 
sity, Manchester, M13 9PL. Quote Ref.: 192/ 
69/Na, (796) 


UNIVERSITY OF 
SOUTHAMPTON 
DEPARTMENTS OF ELECTRICAL 


ENGINEERING AND OF 
AERONAUTICS AND ASTRONAUTICS 


RESEARCH FELLOWSHIP IN 
AUTOMATIC CONTROL 


Applications are invited for one senior 
and one junior appointment as Research 
Fellows to undertake research on practical 
applications of adaptive techniques to air- 


craft flight control systems. Candidates 
should have good academic qualifications, 
with the senior appointment requiring 
Ph.D. and/or several years experience in 
the feld of automatic, preferably adaptive, 
control 

Salary, according to qualifications and 
experience, will be from £1,815 for the 
senior appointment and from £1,240 for 
the junior plus F.S.8.U. 

Applications, giving details of age. edu- 
cation, experience and the names of two 
referees, should be sent to the Deputy 
Secretary, The University, Southampton, 
SO9 SNH. Quote reference N. (754) 





UNIVERSITY OF WARWICK 
SCHOOL OF PHYSICS 


Applications are invited for om, RE. 
SEARCH FELLOWSHIP to undertake a 
study of grain boundary frachwe)sucfades 
by L.E.E.D. and related techniques. Can. 
didates should preferably have worked in: 
surface physics or a related field in physics 
or physical metallurgy, and should have a 
Ph.D, degree or equivalent postgraduate 
experience, 

The appointment will be made for one 
year in the first instance, renewableafor a 
maximum period of three years. | Thitial 
salary will be at a point in the scale 
£1,240 to £1,470 exceptionally £1,585 per 
annum depending on age and experience, - 

Applications should be submited thy’ 
September 5, 1969. Further” particulars 





may be obtained from the Registrar, the 
Coventry CV4 
CBD 


University of Warwick, 
TAL. 





FOR SALE AND WANTED 


WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon House, Park Farm Rd., 
Folkestone, Kent, England. 
Tel: Folkestone S7421. 
Offer top prices for: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE AORTA 


WANTED—UNICAM 25 GONTOMETER 
and S35 Weissenberg Camera, any condition. 
Contact P. Clifford, 22 Moray Avenue, Hayes, 
Middx., "phone O1-S73 8945, On 














By courtesy of the Director of the National 
Physical Laboratory, Teddington, a One-Day 
Symposium covering: 


New techniques in 
materials analysis 


including: 


1. Electron Spectroscopy for Chemical Analysis. 


2. Analytical Electron Microscopy, which permits the combined approach 
of high resolution electron microscopy and elemental microanalysis. 


3. Recent developments in high resolution electron microscopy (the 
EM802 electron microscope at NPL will be available for demonstration), 


4. Further developments of spark source mass spectrometry, made 
possible by the availability of electrical detection equipment 
and data processing. 


will be held on 1 OCTOBER 1969 in the Lecture Theatre, 
Glazebrook Hall, National Physical Laboratory, Teddington, Middlesex 
commencing at 10.15 am. Registration and coffee will 
commence at 9.45 am. Lunch will be available at 9s 6d per head. 


Applications for Symposium Admission cards 
(which are limited in number) should be made to: 


& SGIENTIAC 
<> APPARATUS 


AEI 


For further Classified advertisements see page xxx 


Mr A. J. Eden 

GEC-AEI (Electronics) Ltd 
Scientific Apparatus Division 
East Lane, Wembley 
Middlesex 

01-904 9581 Ex 37 
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ityou’ re hunting for labelled nucleics it pays to look first 
atthe range offered by The Radiochemical Centre. Some 
are available nowhere else. others nowhere else at such 
igh spécification: and all at prices that are, to say the 
east, competitive, 





‘Burities of 95% or better are achieved before our 
s labelled nucleics are put into stock: batches are 
checked by dilution analysis, paper chromatography, 
electrophorésis, enzymatic analysis and ultra-violet 


os "For full details apply to 
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spectroscopic analysis as appropriate. Full details are 


given in the batch analysis accompanying each 
consignment. 


Compounds of current interest include: 
Thymidine-G1 4(U) 

Guanosine diphospho| mannose-C14(U) | 
Uridine diphospho[galactose-C14(u)| 
Thymidine-(2-deoxy-b-ribose-5-T) 
Adenosine-5 -triphosphate-y-P32 

s RNA-P32 
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GORDON AND BREACH 
SCIENCE PUBLISHERS 


TECHNOLOGICAL INJURY 


The Effect of Technological Advances on Environment, Life, and 
Society. 

Edited by J. Rose, Principal of the Blackburn College of Technology 
and Design 

Foreword by Dame Kathleen Lonsdale 













Technological Injury is a unique book in the field, particularly in 

view of the topicality and immediacy of the subject. The book 

is a collection of fifteen articles contributed by experts in various spheres 
relating to the effect of technology on today’s environment, life and society. 
The contributors are all foremost scientists concerned with the changes 
brought about by the pressures of technological advances, and their aim is to 









present a sober and fair account of the actual and potential dangers 





















Their views are divided into two sections : Pollution of the Environment and 
Effects on Society and Life,in which they point out the dangers, impartially 
discuss their implications and show what steps should be taken to counteract 
their effects 


Technological Injury is a serious and essential survey of a growing 
problem ; all who care about the world in which they live will 
welcome this book. 


CONTENTS : 

Robert Arvill Man and Environment 
A. Marsh Air Pollution 

C. Lumb Water Pollution 


E.R. Creed Genetic Adaptation 
F.J.M. Laver Computers 

G.M. Mackay Transportation 
Patrick Moore Pollution of Outer Space M. Rodda Noise 

Pamela M. Bryant Radioactive Wastes M. Silverman Psychological Stresses 
H. Williams Smith Drugsin Animal Feeds D. Gabor Leisure 


K. Fletcher Pesticides W.H.G. Armytage The Effect of 
A.D.Macdonald Drugs Technical Change 


To be published in September 240 pages 


Gordon and Breach will also be publishing the Proceedings of the 
first INTERNATIONAL CONGRESS ON CYBERNETICS, 
held in London, in September 1969, also edited by J. Rose 





12 BLOOMSBURY WAY, LONDON W.C1 
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Cell study 


seen in a new light 





NBCo. presents a highly sen- 
sitive substrate group of Fluorescein 
Esters including Fluorescein Diace- 
tate, a unique substrate for the 
study of living mammalian cells, 
which was recently introduced. 

The investigators suggested 
that the cell membrane was per- 
meable to Fluorescein Diacetate 
since it is non-polar, After the 
Fluorescein Diacetate enters the 
cell, it is hydrolyzed by Esterase 
action to Fluorescein, whieh is non- 
polar and accumulates in the cell. 
(1) This property of Fluorescein 
accumulation (Fluorochromasia) is 
easily visualized under a micro- 
scope and can be correlated with 
cell viability. 

Also in the new substrate group is Fluorescein 
Dibutyrate, reported for the analytical assay of 
Lipase. (2) 

FLUORESCEIN DIACETATE 

M.W.: 416.4 M.P.: 206-208° C. 
Oem. aoaaa a ee OD 
Oem. 2. ee o 
PR gi, Ge) da bie Ph o 
FLUORESCEIN DIBUTYRATE 
M.W.:472.5 M.P.: 117-118° C. 
WOO gm. oe k aee RA E E as gm, $.27 
25 gm. o o a @ ee .29 
lgm, i dopar ee oe ee EM, 31 


a 
an 


Wo ot 


ee 


FLUORESCEIN DICAPROATE 
M.W.: 528,7 M.P.: 85-86° C. 
FLUORESCEIN DICAPRYLATE > 
M.W.: 582.7 M.P.: 58-55° C. 
FLUORESCEIN DILAURATE 
M.W.: 698.9 M.P.: 66-68° C, 
FLUORESCEIN 
DIPROPIONATE 
M.W.: 444.5 M.P.: 160-161° C. 
10 gm.. . gm. $1.90 


5 gm.. os . gm. 2.25 
lem... .. gm. 2.50 


FLUORESCEIN ESTER 
KIT NO. 6 
Aeconvenient kit containing all 6 
Fluorescein Esters, | gram each $9.90 
To order, phone 216 662-0212 
collect (USA only). Hf desired, 24- 
hour delivery anywhere in continental USA; 80-hour 
delivery anywhere in the world. Send for our free 
catalog containing more than 3500 items. 
(1) B. Rotman and B. W. Papermaster, Proe. 
Natl. Acad. Sci, 55, 134 (1966). 
(2) B. G. Guilbault and D.N. Kramer, Anal. 
Biochem. 14, 28 (1966). 
The literature references should not be interpret- 
ed as either endorsement or disapproval of the bio- 
chemicals by the investigator. 


CAUTION: Those of our produets which are or may be drugs 
or food additives, as defined in the Federal Food, Drugs, and 
Cosmetice Act, will be shipped, and may be used or sold, for 
investigational use only in laboratory research animals, or for 
tests in vitro, and are not for use in or for humans. Investiga- 
tional animals and their edible products may not be used for food. 





Nutritional 
Biochemicals 
Corporation 


26201 Miles Road * Cleveland, Ohio 44128 
Phone 216 662-0212 
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| DIAMONDS 
for scientific 
applications 


Because of their unique properties diamonds have 
found numerous applications in physics research 
and industry. The extreme hardness and cutting 
ability are well known, but these are not the only 
important properties of diamond, Diamonds also 
have extremely high thermal conductivity and they 
have recently been used as heat sinks for some 
kinds of solid state electronic device, 

















The photograph shows some diamond heat sinks - “4 mm 
cubes of specially selected high purity type ILA diamond. This 
type of diamond has a thermal conductivity at room tempera- 
ture which ig more than 5 times that of copper. The cubes 
are employed ag heat dissipating substrates for avalanche 
diodes, Gunn diodes, and similar devices where the perfor- 
mance is limit lems of heat dissipation from the 
active material, Useful power increases of several-fold have 
been obtained this way. 
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D. Drukker& Zn. N.V. of Amsterdam are suppliers 
of all kinds of diamonds. Write for leaflets about 
our “Dubbeldee” diamond micron powders, or 
our 'Dubbeldee”’ type ITA diamond heat sinks or 
for information about any other type of diamond 
which interests you. Small diamonds are not 
expensive and our advice is free. 


D.Drukker en Zn. nv. 


Sarphatikade 12, Amsterdam, Telephone 020-67321 


Dubbeldee Diamond Company Ltd. 


123 Audrey House, Ely Place, London E.C. 1, 
Telephone 01-242-9367 


Dubbeldee Diamond Corporation 


2° West 46th Street Suite 1604. New York, N.Y. 
10036, Telephone 212 - 582 - 8976 


Also offices in Geneva, Milan, Paris, Stockholm, 
and associated companies throughout the world. 





Seravac 


ENZYMES 





SERAVAC LABORATORIES (Pty.) LTD. 
Holyport Berkshire England Tel: Maidenhead 21343 


In the U.S.A. Seravac Products are obtainable from: 


GALLARD-SCHLESINGER CHEMICAL MFG.CORP. 
584 Mineola Avenue, Carle Place, L.i, N.Y. 11514 


NATURE, SEPTEMBER 6, 1969 





ace, BOEHRINGER & SOEHNE GMBH 68 MANNHEIM-WALDHOF @ BOEHRINGER MANNHEIM CORP. 219 EAST 44TH STREET NEW YORK, N, Y., BRANCH: 
mn 










How on earth did you get those 
cyclic nucleotides Holmes? 





Elementary my dear 
Watson,] contacted 
the Boehringer* 





* whose range also includes cyclic cytidine-3) 5- monophosphate; cyclic 
deoxythymidine-3’5-monophosphate; cyclic guanosine-3' 5-monopho- 
sphate; cyclic inosine -3,5-monophosphate; cyclic uridine -3',5-mono- 

phosphate; cyclic adenosine-3, 5- monophosphate and its dibutyryl form 


For full analytical details write to Boehringer Corporation (London) Ltd., 
Bilton House, Uxbridge Road, 


= London, W.5, 
sæ If you live in Britain or the Common- 
wealth 


boehringer or 
Boehringer Mannheim G.m.b. H., 
68, Mannheim 31, 
P.O.B. 51, West Germany 
if you live outside the Commonwealth 


‘S VINGHOOIS s OAWOL 691 XOR O'd VONVH H Y VINSHO-Old a S M NOGNO7 ONI1V3 GVOu JOGIHAXN g97/p9 GLHNOONOT JHO YSONINHSOG s YINHOJHIYO ‘OOSIONVHd NYS LJJHLS LAMY VA 288 - 


mannhe 


© AMSTERDAM # C.F BOEHRINGER & SOEHNE GMBH WIEN OBERE DONAUSTR. 49-51, WIEN JI # LAEVOSAN A. G, DUFOURSTRASSE 56, 8034 ZURICH @ ERCOPHARM A/S 13-15 SKELSTEDET TR@A@D-VEDBAEK {KOPENHAGEN 
SLVdVOGIWAVIA TH 


is 


@ SNGLSOd AN (ONVINSGAN) SNH3OS V HJONIHHIOG “dO wt SRTISXNe NIYAVI 30 any ‘18k Y'S VAYVHd HIONIHHJOG a ONVT 


NATURE, SEPTEMBER 6, 1969 





FOR ALL LABORATORIES 


Organic Reagents for Inorganic Analysis, Reagents for Clinical Analysis with 
Colorimeters and Photometers, Suprapur® Chemicals for 
Laboratory and Production. Special Reagents for Diagnostic Purposes. 
Titrisols*, Volumetric Solutions, Buffer Substances, Buffer Solutions, Buffer 
Titrisols, Titriplexes and Metal Indicators for Complexometric Determinations, 
Indicators, Indicator Papers, Reagent Papers, Reagent Solutions. 
Reagents for Microscopy and Bacteriology, Reagents for Chromatography, 
Uvasols® for Spectroscopy, Deuterated Compounds, Laboratory 
Preparations (LAB), Biochemicals, Synthetics (Adjuvants for Syntheses). 


E. MERCK AG DARMSTADT 


245/1-EÙ 
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GT-Va features 
greatest distal tip- 
flexion angie of 200°, 
giving best coverage. 
Thinnest tube of 
8.5mm for easiest 
insertion. 


(55° vie 















b 
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Olympus Gastro Cameras and Fiberscopes are the most 
advanced aids for specialists and general practitioners 


for the early detection of cancer. Therefore they are a 
must for routine diagnosis and check-up of the stomach, 
This procedure is made possible by the ultra-precision 
mechanical flexion action of the distal end of the tube 
just above the distal tip. The bending section can be 
set to bend upward or downward by turning the angle 
lever. The highly flexible tubes are easily inserted for 
minimal patient discomfort. 

Precision optics in the cameras of GT-Va and GTF-A give 
sharp, detailed, rapid-sequence color photography inside 


Mite 





OLYMPUS OPTICAL CO., 
OLYMPUS OPTICAL CO., (EUROPA) GmbH. 


OLYMPUS CORPORATION OF AMERICA 2 Nevada Driv 





GTF-A combines 


fiberscope for 
direct observation 


and 12.5xeyeprece 
magnification) ¢ 


Photographic with distal tip =- magnification, 
examination possible camera distal tip flexion 
within 10 minutes. for very sharp angie 180°, 
precision length of metal 

photography. tip 52mm, 


Affected areas 
can simultaneously 


flexion angle 140°. 


pus 











cer! 





















GFB Gastro 
Fiberscope for 
biopsy has range of 
observation of 

10 to 100mm, 

55° viewing angle 
and 12.5xeyepiece 


Fi 


an integral 


wing angle 


diameter of 
fiberscope 1.5mm. 





e observed 
tographed, 
Distal tip- 





the stomach with 32-exposure cassettes. High resolution 
lenses feature a wide 80° angle of view, and aperture 
selected for depth of field from 20 to 100mm, 

Gastro Fiberscope GFB for biopsy permits easy handling 
and guidance of biopsy forceps to diseased parts for tak- 
ing tissue samples in avery short time, The fiber bundle, 
developed by Olympus, is colorless, has a high transmis- 
sion factor and superb resolving power. Olympus medi- 
cal camera (Model FIT) can be attached at the top. These 
invaluable instruments are currently used in leading hos- 
pitals, clinics and universities throughout the world. 


OLYMPUS 


LTO. 7, 3-chome, Kanda-Ogawamachi, Chiyoda-ku, Tokyo, Japan 


2, Hamburg 1, Steindamm 105, Germany 
e, New Hyde Park, N.Y. 11040, U.S.A. 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
fishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
« The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from. any cause whatever, nor do 
they accept liability for printers’ errors, 
valthough every care is taken to avoid mistakes. 
Seri-displayed €6 per single column inch. 
Minimum £3, éach additional 1/f2th of an ing 
lOs. Full page £158, Half page across £80. 
Colour (orange) £20 extra, 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 
ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement’s 
ton, Strand, London, W.C.2. Telephone: 
01-405 4743, Telegrams: Textualist, London, 
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APPOINTMENTS VACANT 


UNIVERSITY OF SURREY 


DEPARTMENT OF ELECTRICAL AND 
CONTROL ENGINEERING 


LECTURER 


Applications are invited from electrical 
engineers for the post of Lecturer in the 
above Department. 


Applicants should have an interest in 
microwaves, radar or telecommunications. 
Some knowledge of physics is desirable 
and a knowledge of modern electronics and 
the use of microelectronics. Industrial ex- 
perience would be an advantage. 


The successful applicant would have the 
opportunity of joining the research group 
working on applications of lasers. 


Further particulars are obtainable from 
the Academic Registrar (LFG), University 
of Surrey, Guildford, to whom applications 
should be sent with the names of two 
referees by September 22, 1969, (864) 


UNIVERSITY OF WATERLOO 
DEPARTMENT OF EARTH SCIENCES 


This Department will be appointing a 
CHAIRMAN to commence duties in 1979, 
Other appointments may be made at the 
same time, Applications are invited from 


candidates in the fields of groundwater 
geology, engineering geology, stratigraphy 
(with computer interests), exploration geo- 
physics, and sedimentary geochemisiry. 
Outstanding applicants in other fields of 
geology will be considered. 


Salary and rank will depend on qualifi- 
cations and experience, but will be in the 
following ranges (12-manth basis) 


Professor $17,200 up 
Associate Professor $13,500 to $17,200 
Assistant Professor $10,400 to $13,500 


_ Applications, including a complete cur- 
riculum vitae and the names of three 
referees, should be sent to: 


‘The Chairman, 

Department of Earth Sciences, 
University of Waterloo, 
Waterloo, Ontario, Canada. 


The University of Waterloo is the third 
largest university in the province with over 
9.000 students. It is located in the heart 
of south-western Ontario about 70 miles 
west of Toronto, The University has 
gained international fame for its computer 
facilities and has the largest engineering 
faculty in Canada, The recent establish- 
ment of a Division of Environmental 
Studies on the campus embracing Schools 
of Architecture and Planning and a Man- 
Environment Department will have impor- 
tant implications to this Deparument in the 
sphere of environmental geology, The De~ 
partment is especially anxious to secure the 
services of a person with a vigorous 
modern attitude to geology and the earth 
sciences. (854) 














THE ADELAIDE CHILDREN’S HOSPITAL Inc. 






NORTH ADELAIDE, SOUTH AUSTRALIA, 5006 


DIRECTOR, 


Department of Biochemistry 


Applications are invited from legally qualified practitioners for the above 


position. 


Preference will be given to those applicants who have had considerable postgraduate 
experience in biochemistry and hold a postgraduate qualification. 


The Adelaide Children’s Hospital is the main paediatric centre in South Australia 
and is the paediatric teaching hospital for the Universiry of Adelaide, 

The Department of Biochemistry is located in a modern air-conditioned building and 
is well equipped. The number of examinations performed annually is rising rapidly 


and will this year exceed 60,000. 


The hospital has 380 beds, treats approximately 14,500 inpatients and 128,000 out- 


patients per annum, 


The successful applicant will be head of the department and required to provide a 
full clinical service. Opportunity will exist for teaching and research. 
Salary: Within the range $410,220 to $411,420 per annum. The commencing 
rate dependent on qualifications and experience, 
A limited right of private practice within the hospital may be negotiated 


with the Board. 


Some financial assistance may be gramed towards the costs of removal expenses, 
It is hoped that the successful applicant will be able to commence duty early in 


1970. 


Further details may be obtained from the Medical Superintendent. 


Applications should contain full personal and professional particulars. and include the 
names and addresses of three referees, and should be in the hands of the undersigned 


by noon on Friday, December 19, 1969. 


(844) 





UWIST Cardiff 


University of Wales Institute of Science 
and Technology 


PROFESSOR IN APPLIED 
PHARMACOLOGY 


Particulars of this newly created 
second Chair within the Welsh School 
of Pharmacy available from Deputy 
Registrar (Personnel). Salary within 
the professorial range, with F.S$.S.U. 
Applications to be received by Sep- 
tember 30. 

(824) 









UNIVERSITY OF EDINBURGH 


DEPARTMENT OF ANIMAL 
HEALTH 


Applications are invited from Veterinary 
or Science graduates for the post of RE- 
SEARCH ASSOCIATE to work on the 
low temperature storage of parasitic proto- 
zoa as part of a group in the Centre for 
Tropical Veterinary Medicine, working 
primarily on the immunology of patho- 
genic trypanosomes. 


The starting salary will be within the 
range of £1,240 by £115 to £1,470 per 
annum. 


Applications, giving details of age. quali- 
fications and experience, together with the 
names of two referees, should be sent to 
the Secretary to the University, Old Col- 
lege, South Bridge, Edinburgh, EH8 9YL, 
not later than September 30, 1969, Please 
quote reference 5023/53. (803) 






For further Classified advertisements see page | 


E. H. D. LINES, 
Secretary to the Board. 


WEST OF SCOTLAND 
AGRICULTURAL COLLEGE 


Applications are invited for a post of 


LECTURER IN 
BACTERIOLOGY 


based at Auchincruive, near Ayr, from 
graduates in Bacteriology or Microblology. 


The salary will (according to age, quali- 
fications and experience) be on one or 
other of the following scales 


Grade MI=-£1,617 rising to £2,534. 


Grade 1V-~£1,040 (Honours £1,071) rising 
to £1,486, 


Conditions of appointment and applica- 
tion forms are obtainable from the Secre- 
tary, The West of Scotland Agricultural 
College, 6 Blythswood Square, Glasgow, 
C.2, with whom applications should be 
lodged not later than Seprember 16, 1969. 


(854) 


WANTED: 
AGRONOMIST 


with experience in soils and tree crops 
especially citrus. Salary according to quali- 
fications and experience, Free house in 
May Pen, Jamaica, West Indies, and Land 
Rover for transportation. Applicants 
would be required to take up duties as 
early as practicable, 

Please apply to The Citras Company of 
Jamaica Ltd, May Pen, Jamaica, West 
Indies. C7273 
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Why does this bottle of M.A. Medium sell 
‘for about $6.00 when the chemicals in it are 


only worth a small fraction of that cost? 





Because of the UNSEEN QUALITIES contained in each bottle of Microbiological 


Associates’ Medium. 


lf you can't answer yes to the 
following questions, you're not 
getting your money’s worth. 


1. Is your distilled water stand- 
ardized routinely to insure it is 
essentially free of electrolytes 
and pyrogens? 


2. Are you assured that the 
buffering capacity is within stand- 
ard limits of the prescribed 
formulation? 


3.Has your medium been steril- 
ity tested over a 21 day period; 
has it been sub-cultured in four 


different kinds of bacteriological 
media? 

4. Do you KNOW that your 
amino acids conform to the 
proper specifications and include 
the proper isomers and exclude 
any evidence of spontaneous 
decomposition? 


5. Has your media been shown 
to be non-toxic and optimal for 
cell growth? 


6. Is your media of such uni- 
form quality that you don’t have 
to sacrifice some of it for testing? 


If you use M.A. Media, you will 
unhesitatingly answer “YES” to 
all of these questions ... and 
assure yourself that you're using 
the very best media available. 
And, if you have a specific me- 
dium requirement, why not get 
in touch with us? 


THE OLDEST AND LARGEST 
COMPANY OF ITS KIND IN 
THE WORLD 


MICROBIOLOGICAL ASSOCIATES 


4733 Bethesda Ave.. Bethesda. Md. 20024 (304s 644.4409 
503 San Pabio Ave, Albany. Calif. GS? OR (415) S26.G298 





Zeiss opens 
the doors of knowledge 


This photomicrograph of a No other optics can provide ose details from Carl Zeiss at 

Jialom was taken through 3 aueh clarity and definition. egenhardt & Co. Ltd., Carl Zeiss 
House, 31/36 Foley Street, 

regular Zeiss research London W1P 8AP 

microscope with built-in Zeiss constantly opens doors of 01-636 8050 (15 lines) 

automatic camera and Nomarski knowledge in every field... in Telex No. 24300 

interference contrast science, research, and industry. 

attachment. 


Doesn't your work justify the 
ultimate in optical performance? 


| CARL West 
ZEISS Ee 


Wegenhardt 
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The Beckman 


Spectrometer 


Brings within 
YOUR Budget, applications 
like these 


Studies in: FREE RADICAL AND 
UNPAIRED ELECTRON SYSTEMS: 
TRANSITION ELEMENT IONS; 
CONFIRMATION ANALYSIS IN 
ORGANIC CHEMISTRY; SPIN 
LABELLING OF BIOLOGICAL 
MOLECULES; ENZYME REACTION 
RATES; LIVING TISSUE; 
RADIATION EFFECTS. 


Simplified 
Operation at 7000 MHz 





Electron Spin Resonance 


that ESR > 
means a lot of £SD 


Think again! 


Until now the main drawback 
in undertaking Electron Spin 
Resonance Spectrometry has 
been the costof the Spectrometer. 
The Beckman ESR Spectrometer 
costs only a8 much as a standard 
UV Spectrometer, but has many of 
the capabilities of the much higher 
priced ESR instruments. 


Beckman? 


Head Office GLENROTHES, FIFE, SCOTLAND Telephone Ü 
London Office 4 Bedlord Park, Croedon CAS at. 

INTERNATIONAL OFFICES: M 
SWITZERLAND: AMSTERDAM 
GERMANY: PARIS, FRANCE: 













Featuring solid state electronics, 
the new ESR Spectrometer is 
simple to operate and allows 
useable spectra to be obtained 
within minutes. Lift-top 
construction gives access to the 
printed circuit boards for easy 
maintenance. 
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DIGITAL 
PRINTER + FLAME + 
PHOTOMETER 








DILUTER 
SAMPLER 


N.I.L.’s AUTOMATED 
FLAME PHOTOMETER 


Press a single button, go away, 
and return in 15-20 minutes for 
a complete printout on 30 sam- 
ples ... like this . . . with the 
following information: 


Batch Number 
l Sample Number 


N.ILL.'s flame photometry system is genuinely automated, 
not merely mechanized. Feedback systems prevent spoiling cs 
of samples because of operator error, ignore spurious print- 
outs, and eliminate the confusion of continual digital display 
by one single, final, and stabilized reading. Each unit— 
printer, flame photometer, and diluter-sampler—is obtain- 
able separately and is attachable by simple cable connec- 
tions without modification. 


| Concentration in 
Milliequivelents 
or in ppm 


Potassium 
Concentration 


WHAT KIND OF LAB DOES NOT NEED 


THE N.LL. FLAME PHOTOMETRY SYSTEM? 
One that... 


Has an inexhaustable supply of expensive special 
propane, instead of using ordinary propane or 
natural gas. 


Likes the noisy click of whirling mechanical 
counters subject to mechanical breakdown, in 
place of a silent trouble-free digital display. 


Keeps its technicians tied to manual dilutions 
or to diluters which suck up 100 yl of sample 
before a reading can be obtained, instead of 
using a precision sampler-diluter that really frees 
the operator. 


Is willing to pay hundreds of dollars more for 
lithium reading capacity when it can be obtained 
as a standard feature in the N.LL. instrument. 


è Doesn't care whether the atomizer of the flame 
photometer is visible when clogged or not func- 
tioning properly. 


Never heard of computers and doesn’t know that 
N.1.L.’s flame photometer can be easily inter- 
faced with any computer, in place of or in addi- 
tion to using the printer. 


Prefers to spread equipment out over three 
square feet when bench space can be reduced 
by half. 


Is indifferent about spending more money for an 
obsolete instrument. 


For a comprehensive description of N.I.L.’s Automated 
Flame Photometry System send for Bulletin 4-7006 


wu > National Instrument Laboratories, Inc. 


PHONE: 933-1144 
AREA CODE: 301 


in Metropolitan Washington, D. C. 
12300 PARKLAWN DRIVE, ROCKVILLE, MARYLAND 20852 
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‘It's the ee Stereoscan, with its optional-extra 
modules which allow these additional operating tech- 
niques—-absorptive, conductive and X-ray analytical 
modes, plus improved facilities for processing specimen 
information and for elementary electron beam processing 
on an experimental basis. The standard Stereoscan 
detects, displays and measures surface detail, surface 
voltage contrast, and crystallographic orientation. Reso- 
lution isa guaranteed 200A, and can be as good as 150A; 
depth of focus is typically x 500 better than for light 


Video presentation 


Microlaboratory ! 


AE 





optical microscopy at comparable magnification. 
Cambridge Scientific Instruments pioneered the field 

of scanning electron-probe instrumentation, producing 
the first scanning X-ray microanalyser and scanning 
electron microscope to become commercially available. 
Our advanced development programme is aimed at keep- 
ing our lead. Training and service facilities are available 
throughout the world. To keep in touch with the latest 
developments and for your copy of the new Stereoscan 
booklet, write to the address below. 


Unit; provides scan 
rotation, tilt correction, 
fine magnification, and 


¥-modulation 


Specimen current he 
facilities. 


amplifier for 
absorptive and 
conductive modes. 


X-ray spectrometers 

and nucleonics for 

x-ray micro-analysis. 
+ 


Beam blanking unit for 
experimental electron 
beam processing. 


2 channel video 
system. 
f 
/ Remote displays 
with 17 inch sere 
for lecture thea 
ca 


F 


# 
¥ 
d 
# 





mbridge Stereoscan 


wal Scientific Instruments Limited 
Electron-Probe Division, Chesterton Road, Cambridge, England 


Telephone: Cambridge (0223) 58294. Telex: 81162 


Scientific and Medical Division, George Kent Limited 


PIERE 





World leaders in the development of Scanning Electron-Probes 
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Do you want sturdy, lightweight, durable, 
10, 25 or 50 litre liquid nitrogen storage 
dewars straight off the shelf? 


Self shielded Helium Dewars, storage and 
transfer equipment for all liquefied gases 
are available from: 


SPEMBLY TECHNICAL PRODUCTS LTD. 
Tribune Drive 


Sittingbourne, Kent 
Telephone SITTINGBOURNE 5252 Telex 92646 


A member of the Leadenhall-Sterling Investment Group. 











We've made it / 


EVEN BETTER 


—the ENDECOTT 
Test Sieve Shaker 
MARK Il 
















UNIQUE MECHANICAL 
MOVEMENT* 


INCREDIBLY QUIET ACTION 
COMPACT CLEAN DESIGN 










multar 
icle sievi 


justable time switch which can be set between 
0—60 minutes, 


The MARK II has an 


LOMBARD ROAD : MORDEN FACTORY ESTATE * LONDON S.W.19 
PHONE 01-542 8121/2/3 < GRAMS ENDTESIV LONDON $.W,19 





MEASURING 
SOLAR 
RADIATION ? 


Then our range of instruments 
will interest you. 


Festoon Nett Radiometer. 
Protractor Balance Meter. 
Solarimeter. 

Actinometer. 

Photo-synthesis Solarimeter. 
Nett Radiometer. 

Underwater Nett Radiometer. 
Solari-Albedometer. 

Reversing Albedometer. 
Miniature Nett Radiometer. 
Linear Nett Radiometer. 

Soil Heat Flux Plate. 
Pre-calibrated elements, and sensors avail- 
able. Maintenance Service by air mail 
parts exchange. 

We invite your enquiries. 


SOLAR RADIATION INSTRUMENTS 
21 ROSE STREET, ALTONA, VICTORIA 
AUSTRALIA... 3018 


Cc wb 
F 


S.R.I 
S.R.. 
S.R.I 
S.R 
S.R. 
S.R.1 
S.R.L. 
S.R.I 
S.R. 
S.R. 
S.R 


DUHHRAWWWH> 


n 
70 
to 
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Finding and using the right products for your research project 
can be critical for the correct results. Listed below are four 
specialised catalogues detailing some of the many products 
available from Cambrian. 

The famous Schuchardt Catalogue listing over 10,000 organic 

research chemicals - available with the new supplement. 


The Cambrian Gas Catalogue containing listings and prices of 
over 80 research gases together with a wide range of accessories. 


The new Schwarz Radiochemical Catalogue containing listings 
of labelled amino acids, peptide starters, nucleotides, nucleosides 
and many other compounds of interest to the biochemist. 


The Cambrian Enzyme Catalogue with prices for the range of 
high purity enzymes from Worthington Biochemical Corporation 
- the Worthington Manual is available on request. 


y% Available soon - new brochures with listings of amino 
acids and rare sugars. 


Cambrian Chemicals Ltd 


pat arate 
jet 
— 





CAMBRIAN CHEMICALS LIMITED 73 CHERRY ORCHARD ROAD CROYDON CR9 GAG [7] 01-688-0066 


AMI 
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If you know anything 
about computerised 
liquid scintillation 
spectrometers... 


check the boxes 


. Built-in 1024 word computer |_| 
immediate dpm results for all samples r 
True logarithmic amplification G 

True precision to external standardisation |_| 
High counting performance: |_| 


Easy group facilities | 
ass i 


Controlled temperature sample 
environment LJ 


Unique preset sample stop control B 
Quenching solved from polynomial curves E 
New microcircuitry incorporated g 


How does your 
present equipment 
measure up? 








H your present equipment doesn't measure up te the intertachnique 
Model SL@DABAC Liquid Scintillation Spectrometer, there's no 
need te take it laying down. Do something, FIH in this coupon now 
and send off for the full details. 


INTERTECHNIQUE 


THE WORLD'S LARGEST MANUFACTURERS 
OF MULTI-CHANNEL ANALYSERS 


intertechnique Ltd., 
Unit.5, Victoria Road, 
Portslade, Sussex. 
Tel: Brighton 44336. 


NATURE, SEPTEMBER 6. 1969 


RYN 


Ij you know anything - 
about physioscopes...| 


Mow fll in this box | 
é 
H your present equipment doesnt measure up io tbese came = 
Gi 


mand possibilities — ot the intartechnique 
I name and address here aad we'll send you the fil a 


High speed averaging Core memories with up to [7] 
Amplitude histograms | 4000 words 


Time interval histograms Highest flexibility 
On-line correlation C] integrated circuit technology 


COMPANY 


l 
Storage of a digital facsimile Modular construction [] [Pp NaMe o onl 
I 
I 
l 
i 


INTERTECHNIQUE | 
THE WORLD'S LARGEST MANUFACTURERS 
OF MULTI-CHANNEL ANALYSERS 


Intertechnique Ltd., 
Unit 5, Victoria Road, 
Portslade, Sussex. 
Tel: Brighton 44336. 


Does your present equipment measure up? 





XVH 


precise - predictable - practical 





Type HRM 


LE 


LONDON SLEE INTERNATIONAL INC. 


PENNSAUKEN, NJ. U.S.A. Tel 609-663-3848 


‘MILCHIROMIIE 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fiuormount, Lipid crimson, Matamount, 
May-Griinwald, Leishman, Giemsa, Toluidine blue, Crasyl fast violet, 
Papanicelaou stains, Thioflavine S, Brillant cresyl blue, Nile biue, 
Pyronin Y, Trifalgic acid, Rhodanite blue, Haplo, etc. 


CATALOGUE AVAILABLE ON REQUEST 


DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
testing processes you are invited to contact 


EDWARD GURR LIMITED 


for supplies. 


We hold stocks of an enormous variety of dyes, ready for immediate 
despatch, including: 


Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue, 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p-Ethoxy- 
chrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green, etc. 


INDUSTRIAL RESEARCH ESTABLISHMENTS 


are invited to make use of our professional services as 
consultants o1 the selection and use of dyes as research 
and production tools. 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, $.W.14 
Cables: Micromlabs London SW14. Telephone: 01-876 82289 
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LEÒ — PEARSE CRYOSTATS 





APPLICATIONS ... 

Diagnostic Biopsies - Routine Histology 

Enzyme Cytochemistry «+ Autopsies 
iImmunohistochemistry (Fluorescent Antibody Methods) 
Auto Radiography Fluorescent Microscopy 
Analytical Histochemistry 

Undecalcified Bone Sectioning 


ALSO... 
Botanical Research. Technological Materials 


PERFORMANCE DATA... 


Section sizes up to 120 x90 mm. 
Section thickness down to 0.2 micron 
Automatic or manual operation 


ASK for demonstration 


SLEE MEDICAL EQUIPMENT Ltd. 


LANIER WORKS. HITHER GREEN LANE, LONDON, S.£.13, ENGLAND. 


Tel 01-862 4814 Telex 262586 


SLEE GmbH, 68 MAINZ GONSENHEIM 
WEST GERMANY Tel, 06131-41805 


CHEMTRIX 
polarographic systems 


featuring image 
storage, for the 
added dimension 
in organic and 
inorganic chemical 
analysis 


Precise chemical analysis to 
parts-per-billion made in less 
than a minute, with storage 
display for detailed waveform 
studies. Several models are 
available, with such features 
as digital readout of peak cure 
rent (la) and three-electrode 
operation for dynamically con- 





Other Chemtrix instruments 


Type 800 
Waveform Source for 


trolled IR compensation. 


Polarographic Systems 
Model SSP-2 

3-Electrode System 

Model SSP-3 Digital 

Readout System 

Plug-in units available separ- 
ately, Tektronix oscilloscopes 
available locally worldwide. 


Electrochemistry 

{Triangle and rectangular 
waveforms, variable slope with 
wide-range control) 


No, A-111 

Glassy Carbon 

Electrode 

(For voltammetry in anodic re- 
gion where OME operation is 
prohibited) 


For information on these and other polarographic instruments and 
systems, contact your local representative, or write directly to: 


All prices f.0.b. factory. 


CHEMTRIX, INC. 


GInitiementation for Petonce 
P.O. Box 725 Beaverton, Oregon 97005 u.s.a. (503) 648-1434 
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YOU'VE JUST 
UNEARTHED BONE. 


WITHIN WEEKS WE CAN 
TELL YOU ITS AGE. 





XIX 


Our radiocarbon labo- 
ratory and counting Tagil- 
ities con give you the. 
fostes? service available 
anywhere, A complets 
age determination report 
of your bone specimen will 
be in your hands within 
weeks. 





accuracy. Not only do we 
routinely date your bor 
specimens directly by H 
colagen method, ot tH 
same cost as normal radi 
carbon dating, but ou: 
C?/C™ analysis can com- 
pensate for natural koto- 
pic fractionation. 

Prices are based on the 
number of samples we date 
for you during any given 
12 month period. Prices 
range from $160 for a sin- 
gle sample to $120 per 
sample for 50 or more sam- 
ples. For C™ plus C/C" 
analysis, the charge is $185. 
Again, less for multiple 
analyses. 

For complete details, call 
or write ISOTOPES, 50 Van 
Buren Ave., Westwood, 
N.J, 07675. U.S.A, 


i Sik nsaan 


ma ISOTOPES 









a 





Ve 
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©; ‘must for processing culture media 
—6 litres at at a time!@ 


The MSE Mistral 6L Centrifuge 
IS Most things to most men 


Biochemists, microbiologists, patholo- 
gists, pharmacologists, physiologists— 
the list of MSE Mistral Centrifuge users 
soundslikearollcallofthelifesciences. 
Then there are the blood bank and 
transfusion centre people who regard 
these refrigerated centrifuges as espec - 
ially for them. Most things to most 
men! Ask for Publication No. 476. 









Windshielded head 


for blood bays and 790 mi boules at speeds up to 4.800 rym 











MEASURING & SCIENTIFIC EQUIPMENT LTD. 
25-28 BUCKINGHAM GATE, LONDON S.W.1. ENGLAND 
Telephone. 01-834 7373 Telex: 22666 Cables: Ernesetoot, Sowest, London 
in USA. MSE INCORPORATED, 811 SHARON DRIVE, WESTLAKE, OHIO 44145 











Sage CREE wes aah 


In CANADA: BACH-SIMPSON LTO. P.O. BOX 2484 LONDON, ONTARIO, saa 
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Books that cross frontiers 


© 


The World University Library is an international series of books intended mainly for 


university students. 


The approach is broad and where possible interdisciplinary, with terms 


defined, so that the books are also suitable for sixth formers wishing to take a 
subject further. 


Many of the authors write from a European viewpoint. 


The series may thus often bring to 


students the work and attitudes of leading experts outside the Anglo-American orbit. 


Each book is 256 pages, available in paperback or hard cover. Great care is taken 
with illustration in both colour and black-and-white. 


Two new books on botany 


Plant Variation and Evolution 
David Briggs (Glasgow) and Max Walters (Cambridge) 


This survey of modern concepts of variation 
and evolution will appeal to biologists of 
different inclinations, whether at university 
and in school sixth forms or amateurs. 
Theoretical genetics is explained along with 
the analytical and field techniques used to 
trace variation. Advice and encouragement is 
given for the student to investigate plant 
variation in his own locality. 


price pb 18s; he 35s 
illustrations 22 colour and 61 black and white 
published last week 


Plant Cells 
Roger Buvat 
Director of the Plant Cytology Laboratory, Marseille 


A richly illustrated account for undergraduates 
of the part played by microscopic, biochemical 
and biophysical techniques in unravelling the 
structure of plant protoplasm. Although it 
deats mainly with the higher plants, the book 
also discusses the morphology of lower plants 
where this can shed light on the evolution of 
plant ‘organelles’. 

price he 35s 

illustrations 57 diagrams and 46 photographs 

for publication in December 


Already published 


The World of an Insect 
Rémy Chauvin (Strasbourg) 


Establishes an ecology of insect life and suggests the 
main problems of control in population. Supporting 
his themes with a wealth of first-hand data, the 
author stresses the importance of studying inter- 
relationships in nature, through microclimates and 
the effects of different insects on each other. 

Various field techniques are discussed at length, 
with examples, and their relevance to the more 
abstract experimental work of a laboratory is 

brought home throughout. 


‘In every way a worthy addition to the series, it is 
packed with information, written with personality 
and charm, and produced with style at a very 
reasonable price’. Entamologist's Gazette 


price pb 14s; he 25s 
illustrations 57 colour diagrams and 20 photographs 


Palaeolithic Cave Art 
Peter Ucko (University College, London) and 
Andrée Rosenfeld (British Museum) 


Examines parietal art and low-relief sculptures of the 
Palaeolithic, and techniques of manufacture. 
Different interpretations of these art forms—-which 
would have them symbols of hunting magic, fertility 
magic or totemistic beliefs—are scrutinized, the 
authors wishing to test each of the many and varied 
explanations of this art. 

‘A compact and brilliant review of the interpretative 
traditions ... Nowhere, on any level of erudition or 
seriousness of purpose, will one find as sensitive and 
clear-headed discussion of methodology as in this 
book ... I can think of no better introduction to the 
subject for the would-be serious student, and it will 
instruct mature scholars in the field as well’. Science 
price pb 14s; he 25s 

iNustrations 86 photographs and 28 colour drawings 


Lower Animals 
Martin Wells (Cambridge) 


Shows what animals at various levels of evolution 


can do to survive and evolve in different environments. 


The approach is mainly behavioural, concentrating on 
nervous systems, learning and movement. Adaptive 
‘success’ need not always depend on complete 
neuro-muscular systems, as is shown by sessile and 
parasitic animals. 

‘A lucid text written with an appealing charm .. . 
Superbly illustrated-—the diagrams are amazing in their 
clarity of detail... How else could the histology of 
thirteen different invertebrate eyes be meaningfully 
presented in just two pages, each measuring 5 by 7 
inches ?’. New Scientist 

price pb 18s; hc 30s 

illustrations 96 colour diagrams 


Mimicry in Plants and Animals 
Wolfgang Wickler (Max Planck Institute, Seewiesen) 


Explains all aspects of mimicry in a very wide variety 
of plants and animals, and is the first book to appear 
in English to do this. In addition to Batesian and 
Miullerian mimicry, other types are also discussed via 
the work of (among others) Merten, Peckham and 
Nicolai. The need for careful experiments is 
stressed, especially important when determining how 
cases of mimicry have evolved. 

‘This is an unusually exciting book and should be 
ready by all biologists. It can also be read, with 
pleasure and amazement, by the uninitiated’. Mature 
price pb 16s; he 30s 

illustrations 31 colour and 22 black and white 
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NATURE 
Optimists and Pessimists 


Sir Perer Mepawakr is the most literate president of 
the British Association for a very long time. About 
that there can be very little dispute. Even the foot- 
notes of his printed address this Wednesday are fun 
to read. It is also apt that he should have tackled the 
question why there seems at present to be an excess 
of people who are unusually despondent about the 
development of society and of the part that science and 
technology are likely to play in it. Utopians have been 
thinly scattered for a long time (and it is only fair to 
say that Sir Peter Medawar is not one of them), It is 
therefore high time that somebody should have pro- 
claimed as eloquently as this that it is wrong to 
“wring our hands over the miscarriages of technology 
and take its benefactions for granted”. The nub of 
the argument is that there is nothing inherent in science 
and technology which spells doom. Historically, 
of course, this is a kind of truism, which is why the 
way in which the view is put matters a great deal. 
The defects of the argument stem from its passivity. 
To show that the progress of science and technology 
does not spell the end of human beings will not satisfy 
the moderate people who ask for help with the design 
of political and social institutions that will help to 
win the fullest benefits from science and technology, 
let alone to avoid the unwanted side effects, but this is 
almost a small complaint even if an absorbing issue 
in its own right. The public service is the shock which 
this address should have delivered to those who have 
been crying stinking fish about the gloomy portents 
of the progress of science. 

Like almost everybody nowadays, Sir Peter Medawar 
is a Baconian. Although Novum Organum and New 
Atlantis are now such ancient works that modern 
readers must constantly be torn with the kind of wonder 
that makes Anglo-Saxon travellers abroad marvel at 
the way in which even very young children can often 
speak fluent French, the second of them has at least 
provided the motto for this address—‘the effecting 
of all things possible”. But it is also beyond dispute 
that Bacon was a brave spirit, sometimes brash but 
always courageous. Who else, if the legend is to be 
believed, would have stuffed a goose with snow to 
test the principles of cold storage? Much of what 
Bacon said about the so-called sciertific method was 
muddled and even downright mistaken, but his heart 
was in the right place. Medawar, however, has a more 
specific need of Bacon. The seventeenth century, he 
says, was a time with much in common with the 
present, a “period of questioning and irresolution and 
despondency; of sermonizing but also of satire; of 
rival religions competing for allegiance, among them 
the black doctrine of absolute reprobation; a period 
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during which our human propensity towards hepeful- 
ness was clouded over by a sense of inconstancy and 
decay”. Although there is room for argument about the 
closeness of the parallel between then and now, there 
is little doubt that “it was Francis Bacon who started 
the dawn chorus—the man who first defined the newer 
purposes of Jearning and, less successfully, the means 
by which they might be fulfilled. Human spirits began 
to rise”. 

Mood is often crucial and always infectious. Was 
Jacobean melancholy an affectation, as contemporary 
gloom may be ? Medawar is right to raise the question, 
but the answer is not important. Despair is no less 
real for being intangible or even imaginary. But 
Bacon, the argument goes, may have marked the rise 
of the spirit of rationality which helped to put a stamp 
on the seventeenth and eighteenth centuries, which saw 
the foundation of the Royal Society, the growth of 
the belief in the necessity of reason and sometimes 
what Medawar considers to be the heresy—because of 
its exaggeration—of the belief in the sufficieney of 
reason. If the Utopias flourished, so did the first 





“Once again we are oppressed by a sense of decay 
and deterioration, but this time, in part at least, 
by a fear of the deterioration of the world through 
technological innovation. Artificial fertilizers and 
pesticides are undermining our health (we tell 
ourselves), soil and sea are being poisoned by 
chemical and radioactive wastes, drugs substitute 
one kind of disease for another, and modern man 
is under the influence of stimulants whenever he 
is not under the influence of sedatives. Onee 
again there is a feeling of despondency and incom- 
pleteness, a sense of doubt about the adequacy 
of man, amounting in all to what a future historian 
might again describe as a failure of nerve. Intelli- 
gent and learned men may again seek comfort 
in an elevated kind of barminess (but something 
kind and gentle nevertheless), Mystical syntheses 
between science and religion like the Cambridge 
Neo-Platonism of the mid-seventeenth century 
have their counterpart today, perhaps, in the 
writings and cult of Teilhard de Chardin and in a 
revival of faith in the Wisdom of the East. 
Once again there is a rootlessness or ambivalence 
about philosophical thinking, as if the discovery 
or rediscovery of the insufficiency of reason had 
given a paradoxical validity to nonsense, and this 
gives us a special sympathy for the dilemmas of 
the seventeenth century.” 
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intellectuals. Medawar has done the publie fondness 
for one of them a service by saying that “Hobbes has 
always been thought of as the arch materialist, the 
first man to uphold go-getting as a creed. But that is 
a travesty of Hobbes’s opinion. He was a go-getter 
in a sense, but it was the going, not the getting, he 
extolled. The race had no finishing post... . The great 
thing was to be in it, to be a contestant in the attempt 
to make the world a better place... .’’ This is what 
Medawar takes as his cry to his contemporaries to 
stand up and be counted. How many of them will 
respond ? 

But how does the optimism which resolved the 
doubts of the seventeenth century bear on the problems 
of the twentieth century? This is where Medawar 
asked a lot of his audience last Wednesday. One 
difficulty, as he is quick to say, is that the pace of 
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“Many of the ingredients of the seventeenth 
century antidote to melancholy have lost their 
power to bring peace of mind today, and have 
become a source of anxiety in themselves. Con- 
sider the tempo of innovation. In the post- 
Renaissance world the feeling that inventiveness 
was increasing and that the whole world was 
on the move did much to dispel the myth of 
deterioration and give people confidence in human 
capability. Nevertheless the tempo was a pretty 
slow one, and technical innovation had little 
influence on the character of common life. A 
man grew up and grew old in what was still 
essentially the world of his childhood: it had 
been his father’s world and it would be his 
children’s too. Today the world changes so 
quickly that in growing up we take leave not 
just of youth but of the world we were young in. 
I suppose we all realize the degree to which fear 
and resentment of what is new is really a lament 
for the memories of our childhood. Dear old 
steam trains, we say to ourselves, but nasty 
diesel engines; trusty old telegraph poles but 
horrid pylons. Telegraph poles, as the Poet 
Laureate told us a good many years ago, are 
something of a test case. Anyone who has spent 
part of his childhood in the countryside can 
remember looking up through the telegraph wires 
at a clouded sky and discerning the revolution 
of the world, or will have listened, ear to post, 
to the murmur of interminable conversations. 
For some people even the smell of telegraph poles 
is nostalgic, though creosote has a pretty techno- 
logical smell. Telegraph poles have been assimil- 
ated into the common consciousness and one day 
pylons will be, too. When the pylons are dis- 
mantled and the cables finally go underground, 
people will think again of those majestic catenary 
curves, and remind each other of how giants once 
marched across the countryside in dead silence 
and in single file.” 
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innovation is now so rapid that it robs people of their 
childhood roots before they have time to become 
adults. This, he suggests, is one of the reasons why 
people can complain about air pollution without being 
“proportionately cheered up by, say, the virtual 
abolition of poliomyelitis’. But the “acute sense of 
human failure and mismanagement, and the new and 
specially oppressive sense of the inadequacy of man” 
has also infected and undermined belief in what is 
called progress. On the other side of Medawar’s coin, 
however, the twentieth century has an antidote which 
was lacking in the eighteenth century—the knowledge 
that human history is not almost at an end, as the old 
people thought, but really only just beginning. There 
may never be a millennium, but there are boundless 
opportunities for the race which Hobbes would run. 

So who will run? Who will ery disaster from the 
sidelines? And what should be the by-laws? In this 
sense, the seventeenth century may be a less useful 
guide than the nineteenth century. The Industrial 
Revolution in Britain in the first half of the nineteenth 
century remains one of the most dramatic periods of 
technologically fostered social change that there has 
ever been. Professor David S. Landes has only recently 
provided a reminder as eloquent as Medawar’s of the 
way in which the Industrial Revolution was fashioned 
from the hopefulness and the courage of ordinary 
people who were willing to change the world (The 
Unbound Prometheus, CUP, 70s). And it is true, of 
course, that there were terrible tales to be told. Children 
did work in coalmines. Some were indeed chained to 
the new looms. The new towns were often built as 
slums, and the people who moved into them were more 
liable to die of diseases such as tuberculosis than they 
had been in the country. It is no surprise that English 
literature has such a powerful thread of nostalgic 
preoccupation with the conflict between new industry 
and old ways~—-Blake, the Brontés and even D. H. 
Lawrence have it. Yet who would seriously wish to 
undo the Industrial Revolution ? Is not modern society 
less badly managed than even Medawar seems willing 
to admit ? And is it not the sworn object of the British 
Government, impoverished by successive financial 
crises, to recreate some kind of replica of the early 
nineteenth century ? To be sure it is proper to regret 
children in the coalmines and the other social cruelties 
of the time, and it is essential to determine that they 
will not recur, but it is manifestly absurd to wish— 
or to pretend to wish—that that tidal wave of innova- 
tion had never swept first over Britain and later over 
the rest of what is now the modern world. To do so is 
not merely to deny the mood which Medawar defined 
on Wednesday but also to deny the inestimable social 
value of the quality of modern life. 

The logic of this argument has not, unfortunately, 
given modern science immunity from unreasonable 
assaults. The notion that the pace of change is now 
much greater than it used to be is certainly a part of the 
reason why young people who are in many ways quite 
radical are nevertheless great technological conserva- 
tives, almost Luddites. But there is more than this 
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“There is a tendency, even a perverse willing- 
ness, to suppose that the despoliation sometimes 
produced by technology is an inevitable and 
irremediable process, a trampling down of Nature 
by the big machine. Of course it is nothing of 
the kind. The deterioration of the environment 
produced by technology is a technological] problem 
for which technology has found, is finding, and 
will continue to find solutions. There is, of 
course, a sense in which science and technology 
can be arraigned for devising new instruments of 
warfare, but another and more important sense 
in which it is the height of folly to blame the 
weapon for the crime. I would rather put it this 
way: that in the management of our affairs we 
have too often been bad workmen, and like all 
bad workmen we blame our tools. I am all in 
favour of a vigorously critical attitude towards 
technological innovation: we should serutinize 
all attempts to improve our condition and make 
sure that they do not in reality do us harm; 
but there is all the difference in the world between 
informed and energetic criticism and a drooping 
despondency that offers no remedy for the abuses 
it bewails.” 

























to be said. The influence of science and technology 
has also become a convenient whipping-boy for un- 
easiness about the conduct of international relations. 
But is it sensible to protest that what is called “the 
bomb” has made the modern world too dangerous a 
place when there is at least some evidence that nuclear 
weapons have helped to head off potential conflicts 
in the past decade, and when the real concern is that 
governments have been painfully slow to recognize 
the need for better machinery for resolving inevitable 
international conflicts ? Is it wise that ordinary people 
should be invited to beat their breasts about what they 
describe as the unnatural transplantation of organs 
from one body to another when there is a chance—it 
may be no more—that developments like these could 
eventually occupy a place in the powerful and benefi- 
cent repertoire of modern medicine? Is it just that 
people should complain about the supposed despoliation 
of the environment by the progress of technology when 
the real need is to hammer out means of cegulating the 
unwanted side-effects ? One of the oddest features of 
the unreasonable campaign against science and tech- 
nology in the past few years has been the way in which 
it has brought together a motley gathering of unrelated 
interests—the gloom about pollution, for example, 
seems to have been one of the few causes to have 
united the extreme left and the extreme right in 
politics. 

To say all this does not imply that there are no 
serious problems to be tackled. Ironically, however, 
the despondency which absorbs much intellectual 
energy is also a barrier to the development of the kinds 
of institutions which could more effectively provide 
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people with a more positive influence over the course of 
technical development. Breast-beating about pollution, 
for example, is one way of stifling hard-headed discus- 
sion about the kinds of limits on environmental 
nuisances which ought to be embodied in modern 
legislation. Gloom about nuclear weapons saps the 
will to design effective measures of arms control. 
Protestations of horror about chemical and biological 
weapons which ignore the plain truth that these devices 
are likely in most circumstances to be less effective 
than other weapons creates a sense of doom which 
seems to paralyse the mind. Anxiety about what is 
called “genetic engineering” prevents people thinking 
straight about important social matters such as policies 
on eugenics. 

The hopefulness for which Medawar was pleading 
this week is one of the surest ways of removing obstacles 
like these. There remains the problem of how to make 
sure that voting populations have a more direct in- 
fluence on the directions of technological change. 
This is one of the points raised by a correspondent on 
page 1082. To the extent that governments are now 
important determinants of technological research, this 
is a political issue. And is there any reason why a 
government should be more free from electoral restraint 
in deciding to spend money on the development. of 
supersonic aircraft than it would be in the introduction 


| “Human beings have a history of more than 


500,000 years. Only during the past 5,000 years 
or thereabouts have human beings won a reward 
for their special capabilities; only during the past 
500 years or so have they begun to be, in the 
biological sense, a success. If we imagine the 
evolution of living organisms compressed into 
one year of cosmic time, then the evolution of 
man has occupied a day. Only during the past 
10 or 15 minutes of the human day has our life 
on earth been anything but precarious Until 
then we might have gone under altogether or, 
more likely, have survived as a biological curios- 
ity; as a patchwork of local communities only | 
just holding their own in a bewildering and hostile 
world, Only during this past 15 minutes (for 
reasons I shall not go into, though I think they 
can be technically explained) has there been 
progress, though, of course, it doesn’t amount to 
very much. We cannot point to a single definitive 
solution of any one of the problems that confront 
us—political, economic, social or moral, i.e. 
having to do with the conduct of life. We are 
still beginners, and for that reason may hope 
to improve. To deride the hope of progress is 
the ultimate fatuity, the last word in poverty of 
spirit and meanness of mind. There is no need 
to be dismayed by the fact that we cannot yet 
envisage a definitive solution of our problems, 
a resting place beyond which we need not try to 


go.” 











988 


of, say, a new system of income tax? The immediate 
need is that governments should be forced to be more 
open on technological matters, The second is that the 
scientific community should help to guide informed and 
level-headed discussion. But it is significant that 
one of the most important influences on the direction of 
technological development is the old-fashioned inter- 
action between supply and demand. Anybody who 
doubts that has only to ask how else than by popular 
acclaim has the automobile industry grown to its 
present size. And in this sense, of course, one of the 
causes of anxiety about the future of technology is that 
it is hard to predict just what will happen next. The 
uncertainty may seem more acute than it used to be, 
but it is not intrinsically novel. The problem is to 
live with it. Medawar and Hobbes should help. 


RADIO ASTRONOMY 


More Telescopes Urged 


from our Astronomy Correspondent 

A CRITICAL need for new radio telescopes in the United 
States is urged by the National Science Foundation 
committee under the chairmanship of R. H. Dicke. 
In the committee’s second report, issued last week, 
the Ad Hoe Advisory Panel for Large Radio Astronomy 
Facilities says that the momentum of radio astronomy 
in the United States will be lost unless a start is made 
immediately on new telescopes. The members of the 
panel are B. J. Bok (University of Arizona), S. A. 
Colgate (New Mexico Institute of Mining and Tech- 
nology), R. Kompfner (Bell Telephone Laboratories), 
W. W. Morgan (Yerkes Observatory), E. N. Parker 
(University of Chicago) and G. Westerhout (University 
of Maryland). The chief cause for dismay seems to be 
that the complement of radio telescopes available to 
United States astronomers is the same as it was two 
years ago, when the panel last reported, and there are 
no firm plans for new instruments. What the panel 
would like to see is a resurfacing of the dish at Arecibo 
so that it can be used at wavelengths of 10 cm or less, 
an array of eight dishes of 130 foot diameter at the 
Owens Valley Observatory of the California Institute 
of Technology and a 440 foot steerable dish and a 
large array of twenty-seven antennae at locations not 
yet decided. The panel also recommends design studies 
on large steerable dishes to be used at wavelengths of 
3 mm, a substantial improvement in the support for 
radio astronomy in the universities and at least half 
the observing time on large instruments to be available 
for visitors from elsewhere in the United States. 

The report is published at a time when American 
ground-based astronomy is in the financial doldrums, 
with radio astronomy coming off if anything worse 
than optical astronomy. By the financial year 1970, 
federal backing for radio astronomy is expected to be 
down to $5-45 million, from $7 million in 1968. Support 
for optical astronomy is also to drop over the same 
period, but by 10 per cent compared with 22 per cent 
for radio astronomy. The National Science Foundation 
component is an unsuccessful attempt to slow the 
trend, caused as much as anything by a decrease of 
interest in pure astronomy by NASA and by the 
Department of Defense. In 1970, the National Science 
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Foundation expects to spend $3 million on radio 
astronomy, an increase of nearly $1 million on the 
$2:14 million spending in 1968. But NSF support for 
optical astronomy is to drop from $4-06 million to 
$3-8 million during the same interval. 

Against this background, the panel’s recommenda- 
tions seem a far cry from what United States radio 
astronomers are likely to get in the near future. Little 
confidence is generated by the reaction to the panel’s 
1967 report, in which a similar series of recommenda- 
tions was put forward but no new telescopes were 
started. The latest report was commissioned to review 
the 1967 recommendations, and says that the needs 
for new telescopes which were urgent two years ago 
have now become critical. In particular, the panel 
records its disappointment that the resurfacing of 
Arecibo recommended in 1967 has not been carried 
out. The 1967 estimate of the cost was a modest 
$3 million. 

The 440 foot steerable dish and the large array of 
twenty-seven antennae which are recommended would 
both be built in the south-west United States. The 
steerable dish is based on a design study by the North- 
east Radio Observatory Corporation, and would be 
enclosed in a radome. In the opinion of the panel, 
a dish of this size is well within technical limits. By 
protecting the dish in a radome, a lighter and cheaper 
structure can be built, although radome losses mean 
that the instrument is equivalent to an unenclosed 
dish of 400 feet. In 1967 the cost would have been 
$28 million spread over five years. 

The large array is a proposal of the National Radio 
Astronomy Observatory, and would be built in sections 
with each section becoming operational while con- 
struction proceeded. According to the panel, it would 
produce up to three radio pictures per day with a 
resolution of 1” of arc—as good as optical photographs. 

Both arrays of small antennae and individual large 
dishes are needed by radio astronomers. The arrays 
are used to produce high resolution radio pietures of 
particular objects—the large dishes complement them 
with low resolution sky surveys, line spectroscopy and 
observations at a range of wavelengths among other 
things. 


EDUCATION 


italian Policy Reviewed 


THe system of secondary education in Italy has 
progressed a long way since the war towards meeting 
increasingly complex social and economic demands, 
but, according to a survey by the Organization for 
Economic Cooperation and Development, there are 
still a number of areas, particularly the supply of 
teachers and the structure of science teaching, in 
which reforms are urgently needed. The report 
(Review of National Policies for Education—tItaly, 
HMSO, £2 6s) is part of the OECD’s programme of 
helping member countries to evolve national science 
and education policies. It concentrates chiefly on 
secondary and particularly upper secondary education 
where the most rapid expansion is occurring and where 
the conflicting demands of general culture and specific 
job qualifications have to be resolved. It is based on 
a report by a group of examiners together with the 
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conclusions of a “confrontation” meeting between the 
examiners, a special delegation from Italy, and repre- 
sentatives from each of the other member countries. 

At present the non-university educational system in 
Italy is made up of three successive cycles—primary 
school, middle school and an upper secondary school 
divided into several branches. The development of 
the middle school, which provides unstreamed com- 
pulsory schooling for all children up to the age of 14, 
was one of the radical changes introduced in the 1960s, 
the other being the conversion of the former technical 
institutes into upper secondary schools which qualify 
students for entry to university. As a result of this 
encouragement of technical and also vocational 
training, which the review describes as unparalleled 
in most other countries, more than half the pupils 
completing middle school enrol for further technical 
or vocational education. Secondary education is also 
given in three other types of school, the classical lycée, 
the scientific lyeée and the teacher training colleges. 
The Italian authorities are planning a reorganiza- 
tion of the upper secondary cycle in which there 
will be five types of lycée offering five year courses: 
the old classical and scientific lycées and a new linguis- 
tic lycée, the former teacher training colleges, with 
their course increased from four to five years, and 
the arts lycées. Vocational training in groups of 
related occupations will still be given in the instituti 
professionali. The new linguistic lycée will con- 
centrate on “the languages, literature, civiliza- 
tion and social organization of other nations’. The 
idea is that the five year period should be divided into 
a two year general cycle during which students can 
switch from one type of lyeée to another, and a more 
specialized cycle of three years. At the meeting the 
OECD examiners expressed their doubts about the 
length of the upper secondary cycle, and the rigid 
division between the classical and scientific lycées. 

The problem with science teaching is that there is 
not enough time for it with the present curricula. Even 
in the scientific lycées and technical institutes, science 
teaching takes only between 12 and 15 per cent of the 
total time, and practically no experimental work is 
done. Asa short term measure, the Italians introduced 
pilot classes in which new OECD syllabuses and text- 
books in mathematics, physics and chemistry are being 
tried out and they hope soon to introduce pilot lyeées 
in which all subjects will be taught in this way. On 
the basis of these experiments, it should be possible to 
plan a national system of science education. 

As a long term measure, the examiners strongly 
recommend that there should be a research and 
planning service, within the Ministry of Education, 
responsible for formulating and putting into action an 
overall educational policy and that it should be staffed 
by qualified economists and sociologists rather than 
by civil servants trained in the law or humanities. 


HIGHER EDUCATION 


More Polytechnics 


RESHAPING an area of higher education is a slow and 
laborious process. Three years have now elapsed since 
the issue of a white paper outlining proposals for 
establishing and developing the polytechnic system, 
and while the announcement this week that polytech- 
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nics have been formally designated at Bristol, New- 
castle, Portsmouth and Wolverhampton is at least an 
outward manifestation that these plans are being put 
into practice, it will be several years before these 
institutions will operate fully along the lines laid down 
in the white paper. 

The basic aim of the polytechnics is to provide a 
comprehensive range of courses for full-time, part-time 
and sandwich students, complementary to the universi- 
ties and colleges of education. It is also hoped that 
amalgamating several existing colleges into one poly- 
technic will result in less duplication of courses and in 
the ability to offer new and more progressive courses, 
thereby utilizing existing resources more efficiently. 
The problems involved in amalgamating several 
colleges are among the causes of the delay in getting 
the system fully under way, and evidence of this can 
be seen clearly at Bristol. 

The Bristol Polytechnic will be formed from three 
colleges—the Bristol Technical College, the Bristol 
College of Commerce and the West of England College 
of Art—-which are on opposite sides of the city. Physi- 
cal problems of travel between the constituent colleges 
will present difficulties in communication and will 
almost certainly result in a lack of coordination and 
corporate spirit, at least until the completion of central 
buildings in the late 1970s. The Bristol Polytechnic is 
probably not typical in several respects, however, 
since the constituent colleges do not offer any courses 
leading to CNAA degrees at the moment, and it will 
also have a strong regional bias, illustrated by close 
links with the British Aircraft Corporation and other 
nearby industries. 

At the other extreme, the Portsmouth Polytechnic 
will be made up mainly of students at the Portsmouth 
College of Technology together with about 90 students 
from the Portsmouth College of Art and Design. 
The pattern of education is already fairly comprehen- 
sive, since external London degree courses are offered 
together with HNC, part-time and sandwich courses, 
so the transfer to a polytechnic will not result in any 
very radical changes. New courses which will be 
offered are predominantly in the field of business 
studies, which reflects one of the main objectives of the 
polytechnic system: to form closer links between 
education establishments and industry. 

The designation of these four polytechnics brings 
the total number to eight, out of a proposed total of 
thirty, and there are already some doubts about. the 
practicability of establishing courses of widely differing 
types in one institution. But perhaps a more fanda- 
mental criticism is that it is impossible to coordinate 
several widely spaced colleges under one governing 
body. The problem of how the polytechnics and the 
universities will co-exist is less tractable if more 
distant. 





MOLECULAR BIOLOGY 


Dog Wags Tail 
THE Kendrew Report on the state of molecular biology 
in Britain, which was published last year (Nature, 219, 
107; 1969), prompted the Biochemical Society to set 
up a subcommittee. The members of the subcommittee, 
under the chairmanship of Sir Hans Krebs, were Profes- 
sors K. 8. Dodgson, S. R. Elsden, G. A. D. Haslewood 
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D. C. Phillips and R. M. S. Smellie, and Drs W. N. 
Aldridge and A. P. Mathias. The results of their de- 
liberations have recently been published as a depres- 
singly predictable little tract, Biochemistry, “Molecular 
Biology and Biological Sciences (The Biochemistry 
Society, London, 2s 6d). The members of the subcom- 
mittee, who take pains to stress that their report is 
not a formal statement of the British Biochemical 
Society but their own corporate opinions, support most 
of the recommendations of the Kendrew Report. They 
deplore the self defeating tendency of the over-ambiti- 
ous school biology master who, in an attempt to be up to 
date, forces his pupils to learn by rote the biochemistry 
of DNA or the Krebs cycle when the pupil lacks the 
chemistry to give such feats of memory any meaning 
beyond examination marks. They hope the investiga- 
tion of school biclogy sponsored by the Nuffield Foun- 
dation will result in a balanced curriculum. 

At the undergraduate level, the subcommittee 
believes that biochemistry must increasingly be taught 
by experts to all first degree biologists and that a first 
degree in biochemistry willincreasingly become the basic 
grounding for biologists. Supporting the Kendrew 
Report, the biochemists call for formal courses as a 
requirement for a PhD degree and go along with the 
idea that mobility at the change from undergraduate to 
postgraduate education is desirable, but not, however, 
if it has to be enforced by what the Kendrew Report 
euphemistically described as “administrative meas- 
ures’, 

The subcommittee dismisses the idea that academic 
research is an unnecessary luxury, marshalling the 
history of electricity and examples of experience in the 
United States to prove the point, and says flatly that 
“a teaching institution without research does not 
deserve to be called a university’. But the problem is 
maintaining standards of university research. The 
subcommittee’s solution is to take the purse strings 
out of the hands of the universities, which lack the 
machinery or the will for assessing the value of an 
individual’s research and pursue policies which “tend 
to be overridden by considerations of laissez-faire and 
assumed equality of competence of all scientists”, and 
give them to the research councils. By strengthening 
the hand of the research councils, which currently 
administer only £38 million compared to the £61 
million spent by the UGC on biological research in the 
universities, much second rate work could be starved 
out, and the universities might learn that all staff 
members are not equally good at teaching, research and 
administration. 

Indeed, one of the chief criticisms levelled against the 
universities is the lack of subtlety in their administra- 
tion, The gentlemanly assumption that all staff are 
equal makes for a quiet but a stagnant life. The real 
aim ought to be excellence even at the cost of treading 
on people’s toes, But excellence should be within the 
universities, not in a few aristocratic centres of excel- 
lence largely divorced from the universities. The 
biochemists detect inconsistencies in the Kendrew 
Report when it discusses “focal centres”, suggesting 
that its authors may not themselves have agreed on 
what they meant, and then go on to outline their own 
interpretation of the idea. It boils down to research 
council groups and units established in universities in 
much the same way, but on a larger scale than during 
the past thirty years. The subcommittee forgoes the 
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opportunity of complaining about the gulf between 
the MRC's Laboratory of Molecular Biology at Cam- 
bridge and its local university. 


ELECTRONICS 


Microcircuit Learning Machine 


A LEARNING machine which uses entirely digital 
circuitry has been built at the Electronics Laboratories 
of the University of Kent. The machine, known as 
Sophia, consists of twelve digital microcireuit learning 
cells, and it learns to recognize simple patterns beamed 
on to its photocell “eye”. The only other learning 
machines built so far are based on a highly simplified 
model of the neuron and consist of large and expensive 
analogue eleetromechanical or electrochemical cells 
whose resistances are altered by learning. Because the 
model of the neuron has to be so erude—-with only 








Input Training signal Output 
In photograph a, Sophia is being taught to respond with all 
lamps on to a pattern representing a two. In band c the 
machine responds to a different two and a six, as shown, the 


response to the two being much stronger, 
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two or three inputs compared with thousands in a real 
neuron, the scientists at Kent, under Dr I. Aleksander, 
decided to break away from the neuron model alto- 
gether and use logic circuits instead. The main 
advantage of this approach is its simplicity and the use 
of the microcircuits which means that the whole 
processing volume of the machine is smaller than a 
match head. 

Sophia is taught to recognize a pattern, say the 
figure two, by showing it a two and at the same time the 
desired recognition pattern. After three or four of 
these lessons, each with a slightly different two, it will 
respond to a two at its input by reproducing the recog- 
nition pattern. Sophia is capable of generalization in 
that it can recognize patterns which are not exactly the 
same as those it has seen during training. 

The basis of the machine’s ability to learn is the 
collection of learning cells known as SLAMs (stored 
logic adaptive microcircuit). Each of these has three 
inputs, one output and a “teach” terminal. After 
feeding in a three bit pattern to the input and a 
particular response function at the teach terminal two 
or three times, the cell then responds to that pattern 
at the input by reproducing the learned function at 
the output. The way the cells are built into a network 
gives the machine the property of generalization. 

Sophia is the forerunner of a much more powerful 
machine consisting of 1,000 SLAMs which is being 
built with a Science Research Council grant of £20,000. 
The way such a machine might be used in practice is to 
teach it to perform a particular task, like controlling 
complex machinery or industrial processes, or recogniz- 
ing handwritten postcodes on letters, and then using 
the information stored inside it to build another, much 
cheaper non-learning machine which will perform only 
that particular function. The learning machine could 
then be taught to perform a completely different 
operation. 


ROAD RESEARCH 


Faster Traffic Flow 


Tue Road Research Laboratory seems to have been 
remarkably successful in selecting problems within 
the vast field of traffic control, road safety and road 
construction where its research efforts could be most 
effective. Some of these are described in the labora- 
tory’s annual report (HMSO, 27s 6d). There are items 
as diverse as the design of road patterns on motorways 
to help drivers estimate their speed, comprehensive 
surveys of the flow of traffic and people in the central 
areas in eight towns and the study of movements of 
bridges in response to changes of temperature. 

In the field of safety, the laboratory is particularly 
concerned with the close-following of cars travelling 
on motorways carrying high-density traffic. A survey 
on the M4, running west from London, showed that 
30 per cent of all accidents involve head-to-tail col- 
lisions between successive vehicles. Measurements of 
driver behaviour are being carried out on the M4 at 
Slough in which the headway, speed and wheelbase 
of individual cars are measured under varying weather 
conditions and at different times of the day and night. 
The laboratory is also looking at the perceptual prob- 
lems associated with close-following and with the 
estimation of speed. Attempts are being made to help 
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create the illusion of relative speed on featureless 
motorways by painting geometrical patterns on the 
road and it has been shown that a pattern of transverse 
white lines extending about a quarter of a mile up to 
the terminal roundabout of a motorway causes motorists 
to reduce their speed by about 15 per cent. 

Follow-up studies on people injured in road accidents 
have led to a number of concrete proposals for designing 
cars so as to reduce injuries. One study showed that 
someone ejected in an accident is twice as likely to be 
seriously injured and four times as likely to be killed 
or seriously injured as if he were wearing a safety 
belt and remained in the car. About 13 per cent of 
people injured in car accidents are hurt by windsereen 
glass, and the use of safety belts could probably 
reduce this type of injury. Toughened glass was found 
to be three to five times more likely to cause injuries 
than laminated glass, but reports from the United 
States seem to indicate that the risk with a new type 
of laminated glass is much less. Hip injuries were 
involved in 9 per cent of cases, and suggested improve- 
ments that would help reduce this type of injury are 
better energy absorption characteristics in fascia 
panels, heater units and steering wheels and the pro- 
vision of floor mounted gear levers which deflect or 
break easily. 

Most of the delays on roads occur at junctions, and 
the Road Research Laboratory has developed a new 
roundabout design which when tested at Peterborough 
reduced the delay by more than a half and increased 
the capacity by about 20 per cent. The central island 
is only 12 feet in diameter and drivers give way to 
traffic from the right throughout the junction and not 
just at the entrances. New ways of setting traffic 
signals have already substantially reduced journey 
times in Glasgow’s city centre. One, called the com- 
bination method, gave reductions of 20 per cent during 
the evening peak and 12 per cent averaged over the 
whole working day; another called TRANSYT gave 
25 per cent during the evening peak and 16 per ‘cent 
over the working day. These represent savings in 
congestion costs of about £550,000 to £650,000 annually, 


CORAL REEFS 


March of the Starfish 


Cora in the warmer waters of the world has raised. 
an imposing offshore buffer to the oncoming battering 
of prevailing seas and weather, as well as a prolific 
habitat for marine creatures including a number im- 
portant for fisheries. But coral structures must be 
alive to be geologically and environmentally stable. 
A science-fiction-like scourge from the coral polyp’s 
predator, Acanthaster planci, the “crown of thorns” 
starfish, is causing grave concern in several parts of 
the Pacific. There is even talk of the loss of parts of 
Australia’s much exposed coast due to predations to 
the Great Barrier Reef, where the crown of thorns 
invasion was first recorded three to four years ago. 
Invasion is not too strong a word. An explosion 
of the Pacific crown of thorns starfish population seems 
involved. The creature was considered a rare species 
as recently as 1963. The attacking wave reaching the 
American mid- Pacific island of Guam in 1967 has been 
charted in detail by Richard H. Chesher of the Univer- 
sity of Guam (Science, 165, 280; 1969). N inety per cent 
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of living coral has been killed along 38 km of the Guam 
coast in the period. Fringe corals have been massacred 
at a rate of 1 km a month in places. As the invasion 
builds up, the starfish abandons its cautious nocturnal 
feeding habits and crops in daylight in “herds”. 

Drastic measures are being sought to halt the in- 
festation in American and Australian Pacific areas—~ 
so far with small success. Off Guam this season, divers 
have been counter-attacking with undiluted formalin 
injected into individuals by hypodermic needle. These 
large starfish are well armed by the spines which give 
them their name against natural predators. Those it 
has, chief among them the triton shell Charonia 
tritonis, are inefficient. Their appetite is small and 
half-eaten starfish usually regenerate. Biological 
control is not promising. 

The living coral of the Great Barrier Reef off Queens- 
land is a substantial source of revenue as a tourist 
attraction, but the Queensland Government has another 
reason for controlling the crown of thorns menace. 
At its invitation, Japanese marine biologists carried 
out a joint survey with Australian colleagues earlier 
this year and one of the Japanese members, Dr Yasuo 
Suehiro, has put forward a novel proposal for control. 
His experiments suggest that the crown of thorns can 
be killed by the proximity of electric wires carrying 
as little as 4-5 watts. Other coral-living fish are not 
harmed by this voltage. 





Crown of thorns starfish’ 
Campbell, Department of Zoology, University of Oxford. 


Photograph taken by Andrew C. 


Apart from the uncertainties about adequate control 
measures, there is another puzzle over the Pacific 
explosion. Why has it happened? Offshore blasting 
and dredging, which has produced smooth underwater 
surfaces which seem to favour the starfish Jarva at the 
animal’s most vulnerable stage, has been blamed. 
There is also the suggestion that an increase in the 
pesticide concentration in Pacific waters has influenced 
the population balance. So has the hunting of sharks, 
another natural enemy. Much more information is, 
however, necessary. The distribution of the invasion 
in other island areas is obscure and the University of 
Guam has appealed for information from scientists 
elsewhere. 

Crown of thorns starfish occur in the Red Sea but 
as yet the population is more or less static. Research 
workers from the zoological departments of the 
Universities of Oxford and Cambridge led by Dr C. H. 
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Roads of Cambridge have been studying the situation 
in the Red Sea this summer. 

A study sponsored by the US Department of the 
Interior is announced in the current issue of Science. 
This is specifically aimed at protecting the Pacific 
corals from this predator, and the Westinghouse Ocean 
Research Laboratory of San Diego has a $225,000 
contract for the job. The Office of Naval Research will 
supply transport; the University of Hawaii has 
$25,000 from the National Science Foundation to 
carry out a survey and the Smithsonian Institution 
will provide experts. Earlier there were discussions 
between Australian and US authorities for a collabora- 
tive project. What has happened to that ? 





ANIMAL HUSBANDRY 


Doctoring the Animals 


1967 was a very hard year for the Ministry of Agri- 
culture’s animal health services (Report on the Animal 
Health Services in Great Britain, 1967. HMSO, 
10s 6d). The two series of outbreaks of foot and mouth 
disease in Hampshire and Warwickshire in January and 
September turned out to be mere curtain rai for the 
great epidemic of the 1967-68 winter—the worst 
occurrence of the disease this century-—at the height of 
which more than 700 veterinary surgeons from the 
ministry's field and research staff, from private practice 
and from overseas were fighting the disease. Nobody 
needs reminding of the complete disruption of agri- 
culture in the worst affected areas, but a little publicized 
casualty was the ministry’s campaign to eradicate 
brucellosis by vaccination of calves. The free calf 
vaccination service, started in May 1962, was going 
well until the foot and mouth disease arrived. But 
despite this setback, more calves were vaccinated in 
1967 than in any previous year and the brucellosis 
accredited herd scheme, started in April 1967, should 
result in the formation of a reservoir of disease free 
herds and ultimately in eradication of a disease which 
in 1960-61 affected 2 per cent of the British dairy herd. 

Initial response to the brucellosis accredited herd 
scheme has exceeded the initial response to the tubercu- 
losis attested herd scheme which, combined with a 
slaughter policy, has all but eradicated that disease. In 
1967, only 0-049 per cent of the 6-25 million cattle 
tested gave a tuberculin response and these 3,047 
reactors and 326 contacts were slanghtered. On the 
other hand there was minor resurgence of anthrax in 
1967. The number of outbreaks confirmed, 438, was 
almost double that in 1966 although deaths from the 
disease remained low, on average 1-11 deaths per 
outbreak. As in previous years, the great majority of 
outbreaks, 390 out of 438, were attributed by ministry 
vets to contaminated imported foodstuffs. 

Eradication of swine fever is, however, something the 
ministry's veterinary staff can rightly be proud of. The 
last outbreak of the disease occurred in June 1966, and 
on June 29, 1967, the Minister of Agriculture pro- 
claimed the complete eradication of the disease which 
only five years earlier affected 1,874 farms in Britain: 
and the vaccination policy against Newcastle dise 
and fowl plague is rapidly eliminating these diseases. 
Results obtained since 1962, when vaccination began, 
suggest that if more than 75 per cent of the poultry in 
Britain are vaccinated the disease will disappear; in 
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1967, for example, there were only two cases of the 
peracute form of Newcastle disease and 196 cases of the 
acute and subacute forms restricted to five counties. 


WOMANPOWER 


Too Few Doctors 


ALTHOUGH girls seem to clamour eagerly for medical 
training, which they complete with higher honours than 
their male counterparts, there are dismally few women 
in positions of responsibility in the medical profession. 
The answer, according to Dr Elizabeth Shore, writing 
in the current issue of Health Trends, published by the 
Department of Social Security, is to provide more 
suitable part time posts for young married women 
doctors, to keep them in the profession while their 
children are young. 

lOne in every four medical students graduating in 
Britain last year was a woman, and statistics show that 
her examination results are likely to have been better 
than those of her male colleagues. But in spite of this 
promise, only one hospital consultant in fourteen is a 
woman, only one woman in eleven in general practice is 
in charge of the practice and only thirty-one of 477 
medical officers of health are women; this is only one 


STATISTICS 


Where, Animals have Diseases 


tables. 


993 


in seventy-three of all women doctors in local authority 


service. 


The great problem for young women with familhes 


is that they cannot cope with full-time work, and 
because this is all that is available to them they remain 
unemployed and fall behind in their knowledge and 
expertise, Surveys have shown that in 1962 more than. 
1,000 unemployed women doctors would have liked ta 
work, principally on a part-time basis. Another 1,000 
women in, part-time posts would have liked more work 
if it were available. 

The demand for part-time work for medically 
qualified women has led the Department of Sovial 
Security to ask hospital authorities to seek out women. 
and offer them suitable posts. The Medical Women’s 
Federation, too, has launched a publicity campaign to 
alert women doctors and medical students to new 
opportunities for part-time work, and the women them- 
selves are beginning to recognize the conflict between 
family life and certain branches of medicine in their 
choice of career. Specialities such as anaestheties and 
radiology, which do not involve full-time clinical 
responsibility, are clearly suitable for women; and 
Dr Shore suggests that women students should consider 
seriously specialities such as pathology, psychiatry, 
physical medicine, dermatology and ophthalmology. 





These tell, for example, that Australia has a low sporadic incidence of malignant foul brood in bees and has adopted 


a slaughter policy. The United Kingdom, on the other hand, has a moderate incidence of this disease and encourages 
voluntary therapeutic treatment. 
in the map shown, the symbols representing the various foot and mouth viruses are as follows: @, virus O ; A, virus Ay 
wm. virus C; 3, virus A* which is A (Middle East) or Ag, (Turkey and Near East) or Ai (USSR), The shaded area is 
a buffer zone where FAO is sponsoring a vaccination campaign. 
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TOURISM 


More People, More Money 


Tue Board of Trade statistics on travel and tourism 
in Britain in 1968 which have just been published 
(Board of Trade Journal, 197, 558. HMSO, 2s) can be 
no surprise to anyone who has walked through Trafalgar 
Square this summer or shopped in the West End of 
London. Between. 1967 and 1968 the number of visitors 
of all kinds increased by 13 per cent to 4-8 million and 
the amount of money they spent increased by 20 per 
cent to £282 million. Added to this, British air and sea 
carriers earned another £101 million. 

Of the 4-8 million visitors, 45 per cent were on holiday 
and 20 per cent were on business. The rest were visiting 
friends, coming for football matches or to study and so 
on. Sixteen per cent of Europeans were on package 
tours compared with 12 per cent in 1967, but a smaller 
proportion of North Americans, 24 per cent instead of 
26 per cent, were on galloping grand tours. For all 
visitors the average length of stay, 16-3 days in 1968, 
has continued the decline which was first noticed in 
1964 when it was 19-8 days. Each visitor seems to 
spend an average of £56. Almost half of the total 
visitors arrived in the third quarter of the year, 60 
per cent by air and 33 per cent by sea. 

The number of Britons going overseas increased by 
1 per cent while the amount of money they spent abroad 
decreased by 1 per cent to £271 million. The most 
significant change in British foreign holiday making, 
which doubtless reflects currency restrictions, was the 
large increase in travel to Spain with concomitant 
decreases in the number of Britons going to France, 
Italy, Switzerland and Austria. 14-9 days on Majorca 
is fast replacing Wakes Week in Blackpool. 

AU this is, of course, reflected in the changing 
patterns of air transport. According to the Central 
Statistical Office (Economic Trends, Number 190. 
HMSO, 8s), capacity on scheduled flights of the world’s 
airlines increased five-fold between 1957 and 1967, 
with British airlines a distant second to US airlines. 
But the package tour holiday, pioneered in Britain by 
the independent airlines, has increased in volume five- 
fold in only five years; in 1968, British airlines carried 
nearly 3 million people on inclusive tour flights. 


CONSERVATION 


Red River Dam 


from our Geomagnetism Correspondent 


THE plan to build a dam across the Red River Gorge, a 
region of unique ecology in Kentucky, has been aban- 
doned. Ironically, although conservationists have 
finally had their way, they owe their victory to an 
event entirely beyond their control. At a critical stage 
in the dam project, a cut-back in public spending 
instituted by the Johnson administration delayed the 
start of construction and thus robbed the dam’s 
proponents of their most effective weapon, a fait 
accompli. 

The Red River rises in the Cumberland Plateau and 
flows westwards into the Kentucky River. Over the 
years it has cut its way through the Pottsville con- 
glomerate to form a series of more than thirty natural 


NATURE, VOL. 223. SEPTEMBER 6, 1969 


bridge oncentration east 
of Utah. The chief EE of the Red River 
Gorge is not, however, its physical beauty, but the 
diversity of the plant and animal species it contains. 
Ninety per cent of all species of mammals, birds, 
amphibians and reptiles found in Kentucky are present 
in the gorge. Some plant species occur nowhere else 
in Kentuckv; and one (Solidago albopilosa) occurs 
nowhere else in the world. 

The gorge owes its unique ecology to the low tem- 
perature which has resulted in a protected environment 
for plant species normally found only much farther 
north. Species brought south during the Pleistocene 
glaciation have thus been able to flourish here but not 
in the more exposed surrounding areas. An example 
is the Canadian mayflower (Maianthemum canadense) 
which is usually only found in cold, high altitudes. 
On the animal side, the Red River is the only place 
where fourteen species of darter, a small freshwater 
fish, can be observed in a single stream. Apart from 
their natural beauty, darters are useful as indicators 
of pollution because of their sensitivity to environ- 
mental disturbance. Their presence in such variety 
suggests that conditions in the Red River basin have 
changed little since its formation. 

The threat to the gorge first came at the beginning 
of the decade when the US Corps of Engineers decided 
it was an excellent site for a dam. Congress authorized 
construction in 1962 but failed to provide fends until 
1967 and 1968. In the meantime the Sierra Club, a 
conservation and recreation society whose influence 
has grown remarkably during the past few vears, 
heard about the scheme and made its opposition plain. 
Then in 1967 the Kentucky Academy of Sciences called 
for the cancellation of the project. They also sought 
and received the cooperation of the more powerful 
American Association for the Advancement of Science 
which appealed directly to the President and other 
federal officials to halt construction pending an impar- 
tial enquiry. Despite these efforts the Corps of Engin- 
eers pressed on with the plan. It was at this point in 
1968 that fate intervened in the form of a general 
freeze on public works funds. 

The temporary respite gave the opponents of the 
dam the breathing space they required. In May 1968, 
Senator John Cooper joined the opposition and arranged 
for a hearing before the Senate Subcommittee on Public 
Works Appropriations. The outcome was a bill direct- 
ing the Corps of Engineers to study the feasibility of 
other downstream sites before beginning construction 
in the gorge. Unfortunately the bill passed the Senate 
but not the House. Then early in 1969 the new 
Governor of Kentucky requested the Corps not to 
proceed. Shortly afterwards, President Nixon can- 
celled the appropriation necessary for the dam but 
granted a small budget for the planning of a new dam 
at a downstream site. The corps has now announced 
that the original site will be abandoned. 

According to Mary Wharton, professor of biology at 
Georgetown College, Kentucky, “from now on, hope- 
fully, the Corps of Engineers will want to consult 
environmental biologists and others who know the 
scientific values at stake before proceeding very far 
with plans for damming or draining projects’. This is 
probably a little optimistic. The anti-conservation 
school (“when you’ve seen one giant redwood you've 
seen them all’) is still powerful. 
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NEWS AND VIEWS 


Genetic Code Confirmed 


WueEn the history of molecular biology comes to be 
written, the chapter on analysis of the primary struc- 
ture of proteins and nucleic acids and the sequences 
of their constituent amino-acids and nucleotides will be 
more or less the history of the work of Sanger and his 
colleagues. The list of large molecules that his group 
has analysed—insulin, transfer RNA, ribosomal 5S 
RNA and fragments of ribosomal subunit RNA—now 
includes a natural messenger RNA. On page 1009 of 
this issue, Adams, Jeppesen, Sanger and Barrell 
describe their analysis of the sequence of fifty-seven 
nucleotides in the coat-protein gene of the RNA 
genome and messenger of the bacteriophage R17. The 
immediate significance of this step forward is that it 
amounts to a direct proof of the accuracy of the now 
familiar dictionary of the genetic code, compiled largely 
on the basis of experiments with molecules of artificial 
messengers. Free though people have recently been 
with use of the genetic code, it is more than merely 
comforting to have this explicit demonstration. But 
Sanger’s group has also been able to throw light on—or at 
least provoke interesting questions about—the natural 
history of certain bacteriophages, R17 in particular. 

The RNA phages owe their popularity in molecular 
biology laboratories to the fact that each phage particle 
possesses a single stranded RNA molecule which acts 
both as the store of genetic information, replacing 
DNA, and as a molecule of messenger RNA for directing 
protein synthesis. Indeed, the RNA phage genomes 
are the only well characterized natural messenger 
RNAs that can at present be isolated in pure form and 
in large quantities. RNA from R17 is, for example, 
known to contain about 3,300 nucleotides, which 
embody more than enough genetic information to 
code for the three known phage proteins—the coat 
protein, an assembly protein and the RNA synthetase 
which replicates the phage RNA. As it happens, 
the amino-acid sequence of the coat protein, a chain 
120 residues long, has been known for several years, 
and that has enabled Sanger and his colleagues to work 
out the polynucleotide fragments they were able to 
obtain by breaking down RNA molecules. Using the 
genetic code assignments, they were thus able to write 
a set of nucleotide sequences corresponding to the 
amino-acid sequence of the coat protein. In other 
words, they were able to write all the theoretically 
possible sequences for the coat protein gene and to 
match these against the actual nucleotide sequences 
they determined. 

But a molecule 3,300 nucleotides long is much too 
large to be analysed in one piece, and Sanger’s group 
has followed the time honoured strategy of enzymatic- 
ally cleaving the molecule into a series of manageable 
fragments which can then be separated from each 
other. As it turned out, the sequence of one RNA 
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fragment, twenty-one nucleotides long, corresponded 
with one of the possible sequences for a run of seven 
amino-acids (the eighty-ninth to ninety-fifth) in the 
phage coat protein. This correspondence seemed too 
precise to be accidental, and the next and obvious 
step was to search for a larger fragment including this 
same sequence. Sure enough, it turned out to be 
possible to isolate a larger oligonucleotide comprising 
fifty-seven residues, the complete sequence of which 
corresponded to a sequence for the eighty-first to 
ninety-ninth amino-acids in the coat protein. For the 
first time, a sequence from a natural messenger RNA 
had been determined by chemical methods and shown 
to correspond to a sequence of amino-acids in the pro- 
tein specified by that messenger. 

This deciphering of a natural messenger RNA 
molecule reveals several interesting features. Above 
all, it confirms the genetic code and proves that in 
R17, at least, it is degenerate. Thus six amino-acids 
occur in the sequence of twenty-one, and four of them 
are each specified by two different codons. It is also 
significant that the sequenee can be written as a loop 
in which nineteen of the twenty-four base pairs are 
complementary Watson—Crick base pairs. Base pairing 
to this extent is unlikely to occur by chance, and 
presumably indicates that the sequence has a double 
helical form in the virus. Physical measurements of 
the intact RNA molecule suggest that it is tightly 
packed, and the specificity of enzyme hydrolysis can 
be explained by assuming that many regions of the 
complete R17 RNA molecule have a highly ordered 
double helical structure which may be required for 
the packaging of the RNA in the phage particles. I6 
therefore seems that the sequence of a messenger RNA 
is determined by structural requirements as well as 
by the need to specify a particular amino-acid sequence. 
Presumably the translation machinery can unfold 
the helical regions of a messenger as it synthesizes 
protein and, in the RNA phages, at least, the regula- 
tion of which genes are expressed and the phenomenon. 
of polarity may well be tied up with the highly ordered 
structure of the RNA. 


PROTEINS 


Ribosomal Numerology 


from our Molecular Biology Correspondent 


Tar work of Nomura and others has consolidated the 
view that many at least of the ribosomal proteins have 
appointed functions in protein synthesis and do not 
merely play a passive, structural part. This makes it 
all the more urgent to isolate the components in pure 
state, demonstrate their uniqueness, and determine 
their abundance and molecular weight. Earlier work 
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on the proteins of the 30S ribosome of Æ. colt had: 
to the conclusion that it contains about twenty species, 
varying rather widely in molecular weight and each 
present to the extent of one molecule per ribosome. A 
painstaking re-examination of the problem is now 
reported by Hardy et al. (Biochemistry, 8, 2897; 1969). 

The proteins from the 308 subunit of Æ. coli B were 
fractionated by column chromatography on phospho- 
cellulose, and twenty-one components were isolated. 
The chief problem is clearly to exclude contaminants, 
whether they are extraneous proteins adsorbed on the 
ribosome and not fully removed by washing, or products 
of aggregation or degradation. Aggregation of some 
proteins is observed to occur in the urea-containing 
buffers that are used, but it can be prevented or 
reversed by thiol reagents, and evidently therefore 
involves formation of disulphide-linked dimers. Degra- 
dation by traces of proteolytic enzymes is a more 
serious matter, and it seems to have been responsible 
for erroneous conclusions in the past. Hardy et al. have 
observed the proteolytic breakdown of at least six of 
the proteins on standing, and identified the fragments 
by peptide mapping. Such effects can be minimized 
only by thorough washing of the ribosomes, maintain- 
ing a low temperature and preparing the fractions with 
all possible speed. 

A second paper by the same group (Craven et al., 
Biochemistry, 8, 2906; 1969) deals with the character- 
ization of the isolated components. In the first place, 
the tryptic peptide patterns of the twenty-one proteins 
are all different, except for two which are so closely 
similar that the one may well be derived from the other 
by degradation. One further component was not 
satisfactorily defined, and since there is also some 
evidence of the presence of another protein, which was 
not isolated, the number of 308 ribosomal protein 
species is evidently between nineteen and twenty-two. 
From the concentrations of the peptides, it is possible 
to make an estimate of the molecular weight of each 
protein, and the values so derived agree remarkably 
well with the results of molecular weight determina- 
tions by sedimentation equilibrium in nearly all cases. 
Sedimentation equilibria in different solvents also give 
concordant results, and the numerology carries con- 
viction. It now becomes clear that the data are incom- 
patible with the earlier hypothesis of one molecule of 
each species per subunit. Earlier workers reported 
molecular weights as low as 5,000 among the proteins, 
and it now seems highly likely that several of them were 
indeed degradation products. For a protein content in 
the washed subunit of 30-33 per cent, and a molecular 
weight of 530,000-560,000, the total molecular weight 
contribution of protein is 230,000-280,000. For the 
nineteen characterized proteins, the total molecular 
weight is some 410,000, so that, even taking a very 
pessimistic view of the accuracy of the molecular 
weight measurements, a stoichiometry of one mole per 
mole is ruled out. The heterogeneity of distribution of 
the proteins is borne out by estimates of their absolute 
concentrations in the fractionation mixture. 

Evidently then the 308 ribosomes are heterogeneous 
with respect to composition. Craven et al. offer the 
suggestion that there are different functional] states of 
the ribosome-——inactive, initiating, translating, termin- 
ating—-which differ in the presence or absence of 
particular proteins, these being transferred from one 
particle to another, according to need. Inherently 
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different ribosome species have however also been 
postulated, and one cannot at this stage distinguish 
between the two alternatives. 


HAEMOGLOBIN 


Temperature jump on Haemoglobin 


THE af dimer is being implicated with more and more 
certainty as the conformationally functional unit in 
haemoglobin oxygenation. The latest evidence comes 
from temperature jump relaxation measurements on 
the first 50 milliseconds of reaction, the first application 
of this technique to the haemoglobin/oxygen reaction 
(M. Brunori and T. M. Schuster, J. Biol. Chem., 244, 
4046; 1969). 

For sperm whale myoglobin, for the isolated a and B 
subunits of human haemoglobin, and for these isolated 
subunits treated with p-mercuribenzoate to block the 
sulphydry! groups, only a single exponential relaxation 
is observed, corresponding to a simple bimolecular 
reaction. The rate constant for binding is about 
2x 10? M~ s-t for myoglobin and about 6x 10? M- s-1 
for the subunits, emphasizing that myoglobin is not a 
very good model for the ligand interactions of the 
isolated subunits. The results are in agreement with 
the value of 1-4 107 M~ s- obtained for horse myo- 
globin by flash photolysis and stopped flow. 

The behaviour of haemoglobin is more complicated. 
In various conditions of concentration, pH and ionic 
strength, a biphasic reaction is observed, which can be 
described by two relaxation times according to the 
equation 

z = Ayetits + A etts 


where g is the instantaneous displacement from equilib- 
rium at time ¢, and A; and As are the total amplitudes 
of the fast and slow relaxation processes with relaxation 
times t, and z, respectively. 

Oxygenation of haemoglobin involves, therefore, two 
distinct reactions. The slower rate is proportional to 
the concentration of oxygen and unbound protein (rate 
constant, 2-7 x 10° M- s-t), so that the slower process is 
a simple binding step. The faster rate also depends on 
oxygen and protein concentration, but not propor- 
tionately, so that it cannot be assigned so simply. The 
complete reaction can be envisaged as a rapid initial 
binding, intimately associated with fast rearrangement 
of conformation, followed by completion of binding in 
a much slower second step. Slow changes in conforma- 
tion definitely do not take place, in agreement with 
other work (for example, E. Antonini et al., J. Biol. 
Chem., 244, 3909; 1969). 

Binding of haemoglobin to ethyl isocyanide instead 
of oxygen also gives rise to sigmoid saturation curves 
(Hill coefficient 2-3) indicative of cooperative inter- 
actions, The relaxation spectrum for this process is 
qualitatively similar to that for oxygenation, suggesting 
a similar mechanism. 

Brunori and Schuster’s most revealing experiment 
shows that there is little change in the relaxation 
spectrum for either reaction, at high ionic strength (2-2 
M salt), Because the proportion of dimer is much 
greater in these conditions, the results strongly suggest 
that the conformational changes are restricte 
intradimer interactions. Two relaxation times would 
be expected from such a model. 
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PLANT PATHOLOGY 


Fireblight Breaks Out 


from our Botany Correspondent 


Tue Ministry of Agriculture’s announcement, on August 
29, of thirty-seven recent outbreaks of fireblight in 
Kentish orchards should give added incentive to the 
hard working plant pathologists at East Malling Re- 
search Station. Research on fireblight began at East 
Malling in 1957, when an unknown disease of pears 
was observed in some Kentish orchards in the late 
summer of that year. Later work in collaboration 
with the National Agricultural Advisory Service and 
the Plant Pathology Laboratory at Harpenden con- 
firmed that the symptoms of wilting and blackened 
flowers and leaves were those of fireblight. Research 
on the disease and the pathogen, the bacteria Erwinia 
amylovora, then began. 

While an eradication policy was in force—an un- 
successful attempt to wipe out the disease by burning 
every infected plant—field experiments were not pos- 
sible. But when it became obvious that fireblight had 
become permanently established, research was inten- 
sified once more. 

Dr J. E. Crosse, who is in charge of the bacterial 
work at East Malling, has just completed a year at 
the University of Missouri working with Dr P. N. 
Goodman on various aspects of the fireblight problem. 
Meanwhile at East Malling work has continued on 
the disease, particularly in apples. The principal 
features of an outbreak of infection in Suffolk in 1968 
were compared with those of similar outbreaks in 
North Kent in 1969, Certain meteorological conditions 
were common to both years, although the general 
pattern of weather seemed to have been different. In 
both years the disease was seen first in late July or 
early August, and infection was common in nearby 
hawthorn hedges. 

In the winter of 1968-69, work began on aspects 
of overwintering of the pathogen, and results so far 
suggest that it will survive in Britain in infected shoots 
of both hawthorn and apple until apple blossom time, 
as well as in cankers in more mature wood. Other 
work in progress includes a search for differences 
between pear, apple and hawthorn strains of Erwinia 
amylovora. The recent severe infections in apples had 
suggested that a new strain, particularly virulent in 
apples, may have appeared. Although there are argu- 
ments against this it remains a possibility, and work 
which started early in 1968 on methods for differentiat- 
ing strains is being continued. 

So far conventional biochemical and phage sensitivity 
tests have failed to distinguish between isolates from 
different hosts, contrary to experience with some other 
plant pathogenic bacteria. Other methods are being 
pursued. 

Further work on fireblight is concerned with the 
types and properties of bacteria colonizing the surfaces 
of fruit trees and their possible interaction with 
Erwinia amylovora. Because of the difficulty which 
has been experienced in the chemical control of this 
and other bacterial plant diseases, a programme of 
breeding pears for resistance to fireblight was started 
two years ago. Breeding experiments take a long time 
and so it will be some time before any useful strains 
are produced. Meanwhile farmers will have to continue 
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to, deal with fireblight by cutting out all infected 
growth, or completely destroying trees that are very 
badly infected. 


PHLOEM TRANSPORT 


Doubt about Mass Flow 


from our Plant Physiology Correspondent 


THe mass flow hypothesis of phloem translocation 
proposed originally by Münch in 1926 is still frequently 
considered to be the best single explanation of long 
distance nutrient transport in the plant, in spite of the 
appearance of numerous sophisticated alternative 
theories in the intervening years. Perhaps a basic 
reason for this is the extreme difficulty of obtaining 
unequivocal evidence to support any explanation of 
this most intractable of experimental problems. 

The principle of mass flow is simply the movement of 
solution along a turgor pressure gradient. If the 
permeability of a phloem element is greater longi- 
tudinally than it is laterally, and if there is a source of 
osmotic pressure at one end of the phloem and a sink 
at the opposite end, then some form of mass flow must 
operate. Energy would be required to maintain the 
osmotic gradient between the ends of the system, but 
otherwise the movement would be independent of 
metabolism. The major alternatives to the mass flow 
hypothesis are the electrokinetic mechanism proposed 
by D. S. Fensom (Canad. J. Bot., 35, 573; 1957) and by 
D. C. Spanner (J. Exp. Bot., 9, 332; 1958) and the 
cytoplasmic pumping theory developed by R. Thaine 
(Nature, 222, 873; 1969). An important question is 
whether or not there is a flow of solution in the sieve 
tubes of the phloem. On balance the evidence from 
exudation experiments suggests that such a flow does 
occur. Peel, Field, Coulson and Gardner have, how- 
ever, used the aphid stylet technique to obtain results 
which indicate that translocation of nutrients may not 
be the result of mass flow in the sieve tubes (Physiol. 
Plant., 22, 768; 1969). 

The aphid stylet technique, developed by Kennedy 
and Mittler (Nature, 171, 528; 1953), makes it possible 
to monitor continuously the substances moving through 
a single phloem sieve tube. Aphids are allowed to feed 
from bark tissues and when their stylets are embedded 
in the phloem cells the insects are anaesthetized and 
the stylets severed at their bases. Exudate from the 
phloem can be collected from the cut ends of the stylets 
and the contents analysed. 

In the latest study, Field et al. used stylets of the 
aphid J'uberolachnus salignus to monitor the phloem in 
strips of willow bark (Salix viminalis) The stylets 
were embedded a short distance from a polythene 
reservoir clamped to the strip of bark. This reservoir 
was filled with a solution of sugars labelled with 4C and 
phosphates labelled with 3P in tritiated water. Ib is 
known that the exudate from the stylets accurately 
represents the contents of the punctured sieve tube, 
and therefore the movement of the labelled solutes 
could be determined relative to the movement of the 
tritiated solvent. The surprising result was that 
although substantial amounts of both sugar and phos- 
phate could be detected in the stylet exudate after 
comparatively short times, there was little or no 
evidence for the movement of tritiated water, even 
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after transport periods of up to eight hours. This was 
clearly not the result of a failure of tritium to enter the 
sieve tubes; exudate from stylets situated at the point 
of application of the tracer showed that large amounts 
of tritium had moved laterally into the phloem 
tissues. Any longitudinal movement of tritium that 
could be detected was shown to be the result of 
diffusion. 

Tf a mass flow mechanism of the type envisaged by 
Miinch were operating in the phloem, then water should 
be at least as mobile as the solutes carried. Peel and 
his colleagues think it unlikely that lateral exchange of 
radioactivity between the tritiated water and water in 
the surrounding cells could account for the laggardly 
movement of water in the sieve tubes. The overall 
conclusion must be that sugars and phosphates move in 
the phloem by a mechanism other than mass flow, 
which agrees with the earlier suggestions of Biddulph 
and Cory (Plant Physiol., 32, 608: 1957) and Choi and 
Aronoff (Plant Physiol., 41,1119; 1966). Furthermore, 
it seems that all the water in the exudate from stylets 
must come through the walls of the tapped sieve 
element, suggesting that sieve elements are much more 
osmotically permeable than had been thought. 


ENZYMES 


Rigid Substrates map Active Site 


Ture is still much to know about the active site of 
chymotrypsin in spite of the 2 A resolution X-ray 
structure published two years ago. In the latest issue 
of the Journal of Biological C themistr y (244, 4164; 1969), 
Y. Hayashi and W. B. Lawson report mapping of the 
aromatic binding site in relation to the active site. 
In vivo, chymotrypsin is a protease which cleaves the 
peptide bond between the C-terminal of an aromatic 
amino-acid and the N-terminal of the adjacent amino- 
acid. Chymotrypsin also hydrolyses ester links at the 
C-terminal of aromatic amino-acids, and much work has 
been done on this reaction as well. Hayashi and 
Lawson have prepared several rigid ester substrates 
and have measured their rates of hydrolysis. The rates 
are very dissimilar and Hayashi and Lawson suggest 
that the shape which is hydrolysed most easily should 
be a rough molecular plaster-cast of the active site. 

Hayashi and Lawson’s rigid substrates have two 
special features: the asymmetric a-carbon atom is held 
in a ring and there is a naphthalene nucleus. <A rigid 
ring substrate of this type is already known for chymo- 
trypsin; it is methyl dihydroisocarbostyril-3- carboxyl- 
ate (1). This is composed of C-methyl D- phenylalanin- 
ate with the a-amino group condense ‘din an amide ring 
onto an additional ortho carboxylate residue, Chymo- 
trypsin substrates can also be designed out of naph- 
thalene structures. These substrates are analogous 
to the typical model substrate of chymotrypsin, N- 
acetyl-L-tryptophanate, because naphthalene is isosteric 
with the aromatic nucleus in tryptophan. 

There is enormous variation in the rates of hydrolysis 
of these rigid structures, and, in the diagram (2), ‘the 
structural features necessary for this to be optimum 
are indicated by arrows. Arrow 1 indicates that the 
p-configuration is desirable, which means that, as it 
is drawn, the carboxyl group should stick up, out of 
the plane of the paper. Arrow 2 indicates where an 
aromatic ring is desirable, arrow 3, where it is undesir- 
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able, and arrow 4, where it is very undesirable. A 
hydrogen bond acceptor may be localized in direction 
4, where it could interact with the para-OH of tyrosine 
and the ring NH of tryptophan. The compound shown 
by the full lines is by far the most rapidly hydrolysed. 
Haye ashi and Lawson conclude that the aromatic binding 
site of chymotrypsin is planar, elongated and L-shaped. 

This shape immediately accounts for the powerful 
inhibitory action of 5,6-benzquinoline (3). Tt also 
suggests the configuration taken up by the aromatic 
L-amino-acid in the normal protein substrate of chymo- 
trypsin, before it is hydrolysed. 


BLOOD COAGULATION 


Fibrinolysis in Pregnancy 
from our Medical Biochemistry Correspondent 


WuiLE we are naturally concerned about the effects 
of external agents on the body, we often know all 
too little of the response of enzymes in “normal” 
physiological conditions. The importance of the 
complex factors involved in blood coagulation and 
fibrinolysis, for example, is only now beginning to be 
recognized. Fibrinolysis is the digestion of excess 
fibrin by the proteolytic enzyme, plasmin, which 
removes thrombi that might otherwise block blood 
vessels. Bonnar, McNicol and Douglas (Brit. Med. J., 
8, 387; 1969) have now shown that during pregnancy 
there is a decrease in the ability of the blood to lyse 
fibrin, even though the concentration of the plasmin 
precursor, plasminogen, increases considerably. 
Plasminogen reacts with plasminogen activators 
present in the blood or released from tissues to become 
the active proteolytic enzyme, plasmin. Bonnar et al. 
measured the concentrations of plasminogen and 
fibrinogen in the blood throughout pregnancy, during 
labour and one and six weeks after delivery in ten 
normal pregnant women. On each blood sample they 
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also assayed the thrombin clotting time as a measure 
of blood coagulation, the euglobulin lysis time as a 
measure of fibrinolysis, and the inhibition of plasmino- 
gen activation by urokinase (an enzyme preparation 
which stimulates fibrinolysis) and by the blood plate- 
lets. The increase during pregnancy of both fibrinogen 
and plasminogen was highly significant. At term, 
allowing for the change in the volume of the plasma 
during pregnancy, the absolute amount of both enzyme 
precursors had doubled. The concentration of fibrino- 
gen increased steadily throughout pregnancy, and the 
concentration was significantly correlated with the 
period of gestation. The concentration of plasminogen 
varied less during gestation, and increased slightly 
during labour. 

There was no significant alteration in thrombin time. 
The mean platelet count was slightly reduced during 
pregnancy and lowest in labour but rose significantly 
in the first week after delivery. The most striking find- 
ing, however, was a steep increase in euglobulin lysis 
time, particularly towards the end of pregnancy. 
Statistical analysis showed that there was a significant 
negative correlation between fibrinolysis and the 
gestation period. There was no evidence of the presence 
of inhibitors of plasminogen activation by urokinase 
and so this increase in fibrinolysis seemed to be the 
result of a decrease in the concentration of plasminogen- 
activating materials in the plasma. This decrease in 
the ability to lyse fibrin while the coagulation of the 
blood remains normal probably maintains the placental 
circulation and prevents excessive blood loss, but might 
be the cause of some complications of pregnancy and 
of the increased frequency of and mortality from 
cerebral strokes in pregnant. women. 

A few weeks earlier the same group reported another 
investigation which showed that the concentration of 
immunologically detected fibrin degradation products 
did not change during pregnancy (Brit. Med. J., 3, 137; 
1969). There was, however, a highly significant increase 
in these products of fibrinolysis during labour and 
again one week after delivery. There was an even 
greater increase after caesarean section, intra-uterine 
death or post-partum haemorrhage and in patients 
with abruptio placentae or eclampsia. They conclude 
that fibrinolysis can proceed locally at least in some 
tissues even though the general ability of the plasma to 
lyse fibrin is reduced. 


MENTAL DISEASE 


Biochemical Causes 


A RECENT report from the World Health Organization 
establishes a strong case for linking much mental disease 
with malnutrition, particularly during very early life 
(Biochemistry of Mental Disorders, WHO Tech. Rep. 
Series No. 427, HMSO, 6s). An obvious example is 
iodine deficiency. Since the introduction of iodized 
salt in the high Alps, the endemic cretinism which used 
to horrify Victorian mountaineers has completely dis- 
appeared. The brain seems to stand up quite well to 
simple calorie deficiency; the loss in brain weight as a 
result of undernutrition is very small compared with the 
loss in body weight. Protein deficiency is much more 
serious: changes in the nerve cells of experimental 
animals include chromatolysis, foaming of the cyto- 
plasm, degeneration of Nissl structures, neuronal loss 
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and fibrous gliosis. Vitamin deficiency is also very 
serious. Vitamin A deficiency is primarily responsible 
for the high incidence of blindness in India. Thiamine 
deficiency causes a decrease in the cerebral respiration 
rate and in the level of acetyl choline. Riboflavin 
deficiency is associated with myelin degeneration and 
B,, deficiency with changes in the spinal cord. Probably 
every vitamin has a role in brain metabolism. 

Mania and depression can be treated successfully, but 
are far from understood. These moods seem to be 
related to the metabolism of the cerebral monoamines, 
and monoamine oxidase inhibitors are important anti- 
depressant drugs. Current work includes the analysis 
of body fluids during mania and depression and the 
clinical effects of feeding amine precursors. Curiously, 
the report makes no mention of L-dopa (Nature, 222 
889; 1969). Mania and depression are also associated 
with changes in water balance and sodium concentra- 
tions. Lithium is a useful treatment for these disorders 
and could be a good reagent for investigating the bio. 
chemistry of the processes involved. 

All the work done so far on schizophrenia has 
achieved very little. The difficulty is that the voices 
and visions of schizophrenic patients have no known 
specific biochemical correlate. The only rational 
approach for the biochemist may be through the study 
of conditions that have broadly similar symptoms, such 
as the drug-induced psychoses. These have often been 
considered as model symptoms, and much more progress 
has now been made. Psychoses induced by either a 
single large dose of LSD or repeated doses of anyphet- 
amine are accompanied by similar metabolic changes— 
increase In serotonin and decrease in norepinephrine. 
In the brains of cats treated with amphetamine, the 
enzymes responsible for the metabolism of these 
amines have been mapped, and a decrease in mono- 
amine oxidase activity has been observed in the 
amygdala. Inhibition of protein synthesis could be 
responsible for this decrease. 

The mechanism of addiction to drugs is not settled. 
Some investigators have shown that tolerance to 
morphine is maintained in the rat fer up to a year after 
a single injection. This suggests an immune response, 
and tolerance experiments are now being carried out 
in the presence of inhibitors of protein synthesis. 

The WHO report ends with an evaluation of alterna- 
tive approaches to research. Clinical studies are most 
usefully carried out on patients whose psychoses are 
periodic, so that they can act as their own controls, 
Averaging experiments are not very helpful because of 
individual differences between patients. Experiments 
with groups of animals can reveal relationships between 
experience and subsequent drug response. Biochemical 
studies are to some extent restricted by the hetero- 
geneity of the tissue involved: it is not possible, for 
example, to dissect out the neurones from the glial cells, 
except in very small quantities. Nevertheless an im- 
pressive amount is known about the basic metabolism 
of the brain, including those processes that occur in 
rhythmic cycles, such as endocrine control and sleep. 

















MARINE BIOLOGY 


Prawns in Culture 


THERE are signs that the size of the prawn harvest 
will in future depend less on the coldness of the winter. 
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M. R. Reeve of the Ministry of Agriculture’s Fisheries 
Experiment Station in Conway, North Wales, has just 
reported success with laboratory cultures from eggs 
to adult prawns (Fishery Investigations, Series IT, 
XXVI, No. 1; 1969). The present dependence for 
breeding on wild stocks of the prawn, Palaemon ser- 
ratus, is hazardous—for example, stocks are still only 
gradually recovering from the harsh effects of the cold 
winter of 1962-63. What is needed in Britain, and in 
other countries with similar sea farming problems, is a 
controlled supply of prawns for breeding, similar to 
the Japanese commercial organization for rearing 
prawns and shrimps. 

The work at Conway is just one of many attempts to 
culture crustacean sea food in many parts of the world. 
In this case prawns, bought from fishermen on the 
south coast of Wales, were kept in tanks of seawater 
where berried females—those carrying eggs—hatched 
the young larvae. Hatching was accelerated by slight 
warming to 20°C, and the fecundity of the animals 
ranged up to 5,000 eggs per prawn. The numbers of 
larvae produced indicated that many females were 
eating their young before they could be isolated for 
culture to the adult stage. 

Problems of cannibalism continued after hatching, 
for older larvae appeared to consume younger larvae 
when the two were kept together. Moulting larvae, 
temporarily without their hard protective outer layer, 
are particularly vulnerable to this form of attack. 
But cannibalism was not the only cause of mortality, 
for there were signs of attack by chitiniverous bacteria 
and other parasites. 

Mortality from these various causes was greater at 
higher densities of larvae—for example, 60 per cent 
survived when there were four larvae per litre, and 26 
per cent survived when there were four hundred per 
litre. But the average size of larvae was greater at 
the higher densities, and Reeve suggests that, in a 
large scale operation, if the supply of newly hatched 
larvae is not limiting, it would be better to work with 
high densities; this would of course reduce demand 
on available space. 

The survival of the larvae was adversely affected by 
darkness, although this might have seemed a good idea 
because these animals are so positively phototropic 
that they gather in tiny areas where light is brightest, 
often causing a ridiculous local shortage of food. The 
best temperature for the larvae turned out to be 
20°-25° C, and the optimal salinity was that of normal 
seawater, although the larvae had a wide range of 
tolerance. The only adequate food found for the prawn 
larvae were very young larvae of the brine shrimp 
Artemia, which has become the standard food when 
crustacean larvae are reared. 

This work has shown that it is possible to obtain 
90 per cent survival of larvae through metamorphosis 
to adulthood. Reeve considers that progress so far 
indicates that it should become feasible to rear and 
breed prawns for particular genetic qualities of fast 
growth, high survival, low optimum temperature and 
good resistance to disease. After that, who can tell 
what success will be in store? It may be a long step 
from here to the point at which commercial fisheries 
of artificially reared prawns will find their way onto the 
British cr any other market, but plainly there is now an 
opening for sufficiently farsighted and_ biologically 
minded. entrepreneurs. 
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UNDERWATER ARCHAEOLOGY 


Cook’s Cannon Preserved 


from a Correspondent in Australia 


On June 11, 1770, Captain James Cook on his first 
voyage of discovery stuck fast on the Barrier Reef, 
North Queensland, Australia. In his private log he 
wrote: ‘Turned all hands to lighten the ship, and in 
order to do this we not only started water, but hove 
overboard guns, iron and stone ballast, casks, hoops, 
staves, oyle jars, decay’d stores, and whatever was of 
weight or lay in the way at coming at heavy articles” 
(Historical Records of New South Wales, 1, 55: 1893). 
The lightened Endeavour floated off the reef at high 
tide and reached the mainland, at a place now called 
Cooktown. 

In January this year an expedition from the Phila- 
delphia Academy of Natural Sciences with a magneto- 
meter detection device located the four pounder cannon 
and ballast 2-3 fathoms down. Underwater explosives 
removed up to four feet of coral from the cannon, 
four of which were raised together with some ballast. 
The relics have been handed over to the Australian 
Government Department of Shipping and Transport, 
which arranged for the recovery of the remaining can- 








Fig. |. Coral-encrusted cannon as raised from the sea bed off 
Endeavour Reef. 





Fig. 2, Cannon from which the coral has been removed. 
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non and more ballast. The Defence Standards Labora- 
tories of the Department of Supply began preserving 
the six cannon and the ballast (10 tons of cast-iron and 
15 hundredweight of stone) in March. 

Fig. 1 shows a coral-encrusted cannon as it was raised 
from the sea-bed. Dr C. Pearson, one of the scientists 
involved in the cleaning operations, describes the pro- 
gress so far. Appendages, such as those shown, were 
first radiographed and the coral was then gently re- 
moved mechanically. The coral had inhibited corro- 
sion of the cast-iron cannon—the thicker the coral the 
better the protection. Corrosion has been confined to 
localized pits and to less than a quarter of an inch of 
the surface, which now consists of a mixture of graphite, 
iron oxide and iron sulphide. It is fortuitous that 
most of the hurriedly jettisoned cannon settled top side 
upwards where thick growth has preserved a good surface. 

A cleaned cannon (Fig. 2) is 6 feet long and weighs 
about 1,200 pounds. The crowned monogram “GR2” 
and the gunfounder’s markings at each end of the 
trunnions are easily distinguished. The thin corroded 
surface has to be stabilized by removing all chloride 
and water so that oxidation will not continue rapidly 
on exposure to the atmosphere. The chloride is being 
removed from the surface by electrosmosis using an 
impressed d.c. current in 2 per cent sodium hydroxide, 
followed by prolonged washing in chromate-inhibited 
distilled water. This is the stage reached so far. 
The cannon are next to be dried and the surface sealed 
with an appropriate coating. 

The cast-iron ballast, in pigs 6 inches square and 
36 inches long, will receive similar treatment. Other 
items to be treated include wrought-iron spikes, rings 
and eye-bolts-—all that remain of the gun carriages. 
Also in one cannon a piece of hemp wadding was found 
lodged in the breech in front of a 3 inch cast-iron 
cannon ball, and behind the ball a gunpowder charge. 
Dr Pearson says that it is intended that these relics 
will be preserved by early 1970, ready for the bicenten- 
ary celebrations of Cook’s discovery of the east coast 
of Australia. 


SYMBIOSIS 


Host specifies Nodule Haemoglobin 


from our Plant Physiology Correspondent 

THERE are as many ways of tackling the problems of 
symbiosis as there are physiological interactions 
between the host and the symbiont. Some weeks ago 
T discussed. results which suggested that the status of 
phytochrome in the host plant can influence the 
formation of root nodules in peas and beans (Nature, 
228, 673; 1969). More recently, M. J. Dilworth of the 
University of Western Australia has obtained results 
which indicate that the structure of leghaemoglobin 
in the nodules is genetically determined by the host 
plant, and not by the bacterial symbiont (Biochim. 
Biophys, Acta, 184, 432; 1969). 

The root nodule of the legume contains many 
bacteria of the genus Rhizobium which can fix atmo- 
spheric nitrogen into compounds that can be assimil- 
ated by the host plant. Two proteins, nitrogenase and 
leghaemoglobin, are found in the nodule and seem to be 
associated directly with the nitrogen fixation process, 
for neither is synthesized by host plant or bacterium 
when cultured separately. The presence of leghaemo- 
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globin (so called because it is found in legumes) is of 
some interest in itself, for neither bacteria nor higher 
plants commonly produce haemoglobins, although 
these proteins have been detected in certain fungi. 
Furthermore, the exact role of leghaemoglobin in the 
nodule is equivocal; it is not an integral part of the 
nitrogen fixation system, but must have an essential 
auxiliary function. 

The most likely site for leghaemoglobin in the nodule 
is between the bacterial cell wall and the plant 
membrane which surrounds the bacterial cells. This 
halfway position offers no clue to which partner is 
responsible for specifying the structure of the protein. 

Dilworth’s approach has been to inoculate two 
separate species of legume, serradella (Ornithopus 
sativus Brot.) and yellow lupin (Lupinus luteus Li), 
with the same strain of Rhizobium (R. lupini WU 8). 
Leghaemoglobin from the nodule was extracted and 
analysed by DEAE-cellulose chromatography and 
polyacrylamide gel electrophoresis. It was possible to 
distinguish the two plant species on the basis of the 
physical characteristics of the leghaemoglobin they 
produced, although their root nodules contained the 
same bacterial strain. This suggested that the plant 
exerted the controlling influence in the synthesis of 
nodule leghaemoglobins. There was a possibility 
that inoculation with a different bacterial strain might 
result in the production of different species of haemo- 
globin which would suggest dual genetic control by the 
plant and the bacterium. A second experiment was 
run using a different strain of Rhizobium (R. lupini 
WU 425) but the results were consistent with those 
using R. lupini WU 8. Dilworth concludes that the 
host plant is the sole genetic determinant of the species 
of leghaemoglobin produced in the root nodule. 

This conclusion agrees well with the earlier observa- 
tion of Cutting and Schulman, who demonstrated by 
incorporation of Jabelled amino-acids that synthesis of 
leghaemoglobin is the sole responsibility of the host 
plant (Fed. Proc.,27, 768; 1968). Recently the presence 
of a haemoglobin-like pigment has been reported in 
soybean rhizobia grown in laboratory culture (Appleby, 
Biochim. Biophys. Acta, 172, 71; 1969). This haemo- 
globin was not, however, similar to the nodule leghaemo. 
globin, which has prompted Dilworth to speculate 
that the rhizobial pigment may be a primitive forr of 
present day nodule leghaemoglobin. The implication 
is that at some time in the evolution of the legume~ 
Rhizobium symbiotic relationship the genetic inform- 
ation for the manufacture of proteins essential to the 
symbiotic partnership has been transferred from the 
bacterium to the host plant. Experiments similar to 
those of Dilworth should distinguish which partner 
specifies the structure of the nitrogenase enzymes. 
These enzymes are located in the bacterium and are 
known to be central to the nitrogen fixation process. 
It would be of enormous interest if they were to tell a 
similar tale to the leghaemoglobins. 


GEOMATHEMATICS 


Earth Studies by Computer 


from our Geophysics Correspondent 


Tue sixth international symposium on geophysical 
theory and computers was held in Copenhagen from 
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August 25 to 29. It may sound overdramatic to talk 
of new horizons, but it was widely held by participants 
that new directions were being opened up. The em- 
phasis was entirely on seismology—a subject now 
enjoying unprecedented popularity—-and the tone was 
strongly mathematical. 

Two important themes were thoroughly worked 

over. The first was the inversion problem, with par- 
ticular reference to its uniqueness. Put very simply 
this problem is: given surface observations on the 
Earth of free oscillations, propagation of surface waves 
and times of travel of body waves, is it possible to 
get an acceptable Earth model and to what extent is 
this model unique? In addition to seismological 
observations, two added constraints are the mass and 
moment of inertia of the Earth. Earth models have 
over the years been revised as the flow of new informa- 
tion has continued. Agreement between prediction 
and observation has been steadily improved, but it 
has not been possible to be sure that other models 
in parameter space will not fit the data equally 
well. 

A certain trivial non-uniqueness would be to allow 
the four parameter: s-—P-wave velocity, S-wave velocity, 
attenuation of seismic waves and density—to vary in 
depth about their mean value with high amplitude 
and very short wavelength. The ques stion is more one 
of substantial variations and has proved very trouble- 
some. For example, many geophysicists have an 
intuitive feeling that shear wave velocity has a mini- 
mum at a depth of about 100 km—a result which 
others, originally Jeffreys, have resisted. Neither side 
has been able to win a decisive advantage, but two 
papers of great substance by G. E. Backus and J. F, 
Gilbert (La Jolla) and M. L. Gerver (Moscow) show the 
way things are developing. 

Backus and Gilbert use a procedure of optimal 
averaging kernels. They recognize two problems-—one 
being the treatment of error-free data in which it is 
possible to present a finite suite of localized averages 
at different depths which represent the real Earth in 
the sense that all Earth models must comply with 
these local averages. In the presence of data errors, 
it turns out to be possible to produce essentially 
“trade-off” curves fer Earth parameters. The curves 
may be likened to a geophysical uncertainty principle: 
if the errors are small, the averaging length for the 
parameters is large; in the presence of large errors, the 
size of the averaging intervals decreases. As a result of 
an analysis of ‘attenuation (Q`) observations, they 
conclude that, although a low Q zone fits the data, a 
model in which Q decreases linearly with depth would 
be equally satisfactory. 

Gerver dealt with a deceptively simple problem, but 
one which contains results of great interest to many 
scientists, such as electrical engineers, confronted w ith 
“black box” problems. Given a string with variable 
impedance characteristics along its length, what is it 
possible to learn about the parameter distribution 
from experiments in which one end is displaced in an 
arbitrary form and the subsequent motion of the end 
observed ? Gerver, too, was able to formalize a “trade- 
off” relationship between number of modes considered 
and accuracy of final solution. He was also able to 
show that there is continuous mapping both ways 
between parameter space and data space, so that 
first-order perturbation theory is equally applicable in 
both directions. 
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The second major theme of the conference was the 
statistical treatment of data from one or many channels 
to obtain optimal signal-to-noise improvement. The 
stimulus for this work is largely the influx of teams of 
statistically minded data-processors into seismology. 
The American arrays LASA (in Montana) and NORSAR 
(near Oslo) open up possibilities of moving out of 
primitive seismology and of maximum-likelihood pro- 
cessing of signals in the presence of partially coherent 
noise. B. Jansson (Stockholm) and J. Capon (Lincoln 
Laboratories, MIT) dealt in detail with maximum- 
likelihood processing for multi-channel observations, 
while an elegant contribution by V. Pisarenko (Moscow) 
considered maximum-likelihood problems in surface 
wave analysis and the estimation of seismological 
reference curves. 

New developments in many other topics attracted 
attention. Cleary (Canberra) described evidence for a 
seismie velocity inversion in the lower mantle, and 
Bolt (Berkeley), in addition to studies complementar y 
to those of Cleary, proposed that there was evidence 
of “underside” reflexion from the discontinuity be- 
lieved to exist at a depth of 400 km. Gilbert and 
Halmberger (Princeton) found relatively good agree- 
ment between ray theory and observation for the 
existence of the 400 km discontinuity in some areas 
of the United States. Davies (Cambridge) showed 
some of the amplitude and travel time effects to be 
expected when earthquakes occur near lateral dis- 
continuities beneath ocean trenches. 

There seems considerable doubt about the future of 
the symposium. When the Upper Mantle Project ends 
next year, funding will cease, and in addition many 
national academic bodies seem unprepared to support 
travel to the symposia. In view of the slim budget 
($3,000) on which Professors Knopoff and Keilis-Borok 
yearly run these excellent symposia and the money 
which is lavished on many jaunts in the earth sciences, 
it seems time that the value of these meetings was 
clearly stated. 





METEOROLOGY 


World Weather Systems 


from a Correspondent 


Merrorovocy has often been referred to as an “inexact 
science’, both by meteorologists themselves and, 
sometimes rather coarser terms, by the general public. 
The question of how and why atmospheric motions on 
various scales behave as they do, and of how they 
interact with each other, is indeed complex and by 
no means perfectly understood. It is thus heartening 
to record the progress being made towards a fuller 
understanding of the problem, as reported by the 
speakers at the conference on the global circulation of 
the atmosphere, held at the Royal Society from 
August 25 to 29, under the joint auspices of the Royal 
Meteorological Society and the American Meteoro- 
logical Society. 

Two principal factors have contributed to this pro- 
new techniques of data acquisition and the 
advent of computers of sufficient capacity to carry out 
numerical simulation of atmospheric processes on a 
global scale. In the first category, the most exciting 
developments are in satellite meteorology, which was 
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reviewed by Professor V. E. Suomi (University of 
Wisconsin). The daily use of nephanalyses obtained 
from satellite photographs is already taken for granted, 
and the shape of things to come was presented in the 
form of hemispheric pressure-level contour charts 
derived entirely from satellite data. 

E. R. Reiter (Colorado State University) presented 
some new results obtained from the GHOST project, 
in which balloons floating at approximately constant 
heights are tracked for periods of the order of months, 
providing information about the wind fields at various 
heights. These have already revealed some interesting 
differences between the northern and the southern 
hemispheres in the relationship between the Eulerian 
and Lagrangian spectra of atmospheric motions. 

Considering smaller-scale motions, K. A. Browning 
(Meteorological Office) described the use of Doppler 
radar to determine the mesoscale structure of frontal 
systems. He described a particular example of a cold 
front in which the vertical motions were concentrated 
within a belt only 2 km wide, with a maximum 
updraught exceeding 8 m per second. 

Meanwhile, considerable progress is being made in 
the development of numerical models of the atmo- 
sphere. Professor J. Smagorinsky (ESSA and Princeton 
University) reviewed their contribution towards under- 
standing the global circulation, while J. D. Stackpole 
(US Weather Bureau) described the use of numerical 
models in operational medium-range forecasting. These 
two papers illustrated the difference in emphasis 
between the two aspects of numerical simulation. 

In the closing session of the conference, Professor B. 
Bolin (University of Stockholm) set out the current 
position with regard to the planning and implementa- 
tion of GARP (Glebal Atmospheric Research Pro- 
gramme). The enthusiasm expressed from the floor 
during the ensuing discussion left no doubt about the 
optimism that a fuller understanding of the Earth’s 
atmosphere will come from this massive programme of 
data acquisition and research. 

Regarding the conference as a medium of education, 
it is a pity that more speakers are not aware that 
progress has been made in this field as well as their 
own. In particular, the potential of visual aids was 
not always realized; the film illustrating laboratory 
models of the atmosphere given by R. Hide (Meteoro- 
logical Office), the animated pressure charts presented 
by W. M. Washington (NCAR), and the use of slides to 
demonstrate the role of the tropics in the general circu- 
lation by D. H. Johnson (Meteorological Office) all 
pointed the way to what can be done. 


COMMUNICATIONS SATELLITES 


Direct Broadcast TV 


A CALCULATION of the capacity of a synchronous 
satellite system to provide individual television broad- 
casts for neighbouring countries has been carried out 
by A. K. Jefferis and P. C. Gilbert of the British Post 
Office (Proc. IEE, 116, 1501; 1969). Their chief con- 
clusion is that it should be feasible for synchronous 
satellites to be operated at a frequency of about 
12,000 MHz in such a way as to provide up to four 
television programmes to each of some thirty countries 
in the same continent without intolerable interference. 
The notion is that ground reception would be based on 
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community antennae, and the calculations have been 
carried out with the design of a direct-broadcasting 
system for Europe in mind. Jefferis and Gilbert con- 
clude that such a service could be provided by some- 
thing lke eight satellites in neighbouring slots in the 
geostationary orbit. 

It is, of course, acknowledged that the first applica- 
tions of direct broadcasting of television from satellites 
are likely to involve the widespread diffusion of a 
single group of programmes, possibly on several 
channels. There is, however, a possibility that nations 
might wish to replace existing ground-based broadeast- 
ing systems by devices based on satellites, and this is 
the problem that Jefferis and Gilbert have tackled. 

They assume that there will be something like 500 
MHz of bandwidth available for their broadcasting 
system, and that interference will have to be kept 
outside a protection ratio of about 40 dB for a commun- 
ity reception system. Much of the argument depends 
on the ease with which it would be possible to pack 
together the radiation patterns from individual satel- 
lites in such a way that broadcasts on narrowly separ- 
ated frequencies are not beamed at neighbouring 
regions. In these circumstances, it seems that the 
transmitter power needed at the satellite would range 
from 2-5 W for a beam covering only a circle of 315 km 
diameter to about 160 watts for a beam covering a 
region 2,500 km across. 


COSMOLOGY 


An Evolving Universe 


from a Correspondent 


Amone the many problems confronting astrophysicists 
who are trying to find a satisfactory theory of quasars, 
the peculiar nature of their red-shifts is outstanding. 
An understanding of these may be the key to determ- 
ining the other properties of quasars. Sufficient 
quasars have now been discovered for reasonable 
accuracy to be expected when standard statistical 
methods are used to investigate the distribution of 
properties common to all members of the group, and 
M. J. Rees, writing in the latest issue of Astrophysical 
Letters (4, 61; 1969), finds that the initially surprising 
lack of known quasars with red-shifts above 2-4 may 
indicate that the gas lying between galaxies was less 
highly ionized in the distant past. The even more 
striking implication of this work is that this effect can 
only arise in an evolving universe with the quasars at 
cosmological distances, so that two vitally important 
pieces of knowledge are interlinked. 

The argument used by Rees, a member of the Insti- 
tute of Theoretical Astronomy in Cambridge, depends 
on the observation that although more than 150 
quasars have been discovered, none of these has a red- 
shift in its spectrum greater than 2-4, and the red-shifts 
close to 2 seem to be particularly favoured, suggesting 
at first sight that the density of quasars was greatest 
during the cosmological epoch corresponding to this 
red-shift. Even though the more distant quasars will 
appear fainter, there should still be about ten quasars 
visible with red-shifts in the range 2-4 to 3-0, unless 
no quasars existed at such early epochs or some 
absorption mechanism has reduced the radiation from 
them below the minimum level detectable now. Rees 
favours the latter view, and shows that there would 
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have been the right amount of absorption if the inter- 
galactic gas were hotter for a period of time corre- 
sponding to a range in red-shift of less than 0-5, 
roughly between the times corresponding to red-shifts 
of 2-0 and 2-4. The higher gas density present at this 
earlier stage in the expansion of the universe suggests 
that excitation from the cosmic rays emitted by young 
radio galaxies could heat the gas, causing it to be more 
highly ionized than at earlier epochs, and it seems 
likely that, once heated, the gas would remain ionized 
indefinitely. Beyond some critical red-shift the 
unionized hydrogen atoms would then absorb nearly 
all the radiation falling on them, but within this 
distance the highly ionized gas would be almost trans- 
parent, causing exactly the distribution of visible 
quasars seen now, if the critical red-shift lies close 
to 20. For the spectra of quasars just beyond this 
distance, broad absorption bands corresponding to 
partially ionized hydrogen should be seen. Any such 
observation would be of immeasurable importance 
to cosmology, confirming that the large red-shifts of 
quasars do correspond to large distances from the 
Earth, implying the existence of the so far largely 
hypothetical intergalactic gas, and providing the 
strongest evidence yet in favour of an evolving universe 
model. Rees’s work will certainly stimulate observa- 
tional astronomers to intense study of the spectra 
of the few known quasars with red-shifts above 2-0. 


QUASARS 


Red-shifts are Recessive 


from a Correspondent 


ForLowrse closely on the theoretical prediction of 
D. Lynden-Bell, of the Royal Greenwich Observatory, 
that there may be a direct physical link between quasars 
and clusters of galaxies (Nature, 228, 690; 1969) comes 
news from America that five relatively nearby quasars 
seem to lie within the physical boundaries of five 
recognized clusters of galaxies. J. N. Bahceall, of the 
California Institute of Technology, and J. E. Gunn, of 
Princeton University, recently began a search for 
clusters of galaxies associated with nearby quasars, 
and immediately found five such coincidences. In a 
paper with M. Schmidt, also of Caltech, Baheall and 
Ginn. give the red-shifts for the five quasars, each 
falling within the limits of the associated cluster of 
galaxies, which they have determined from new spectra 
of these galaxies (Astrophys. J. Lett., 157, L77; 1969). 
Although still in a preliminary stage, this investigation 
has clearly already proved its worth, and for one of the 
cluster/quasar systems Bahcall and Gunn have found 
no less than four galaxies with red-shifts within five 
per cent of the red-shift of the associated quasar 
(QSO B264). This agreement is so striking that they 
propose that this cluster should really be considered 
as two overlapping clusters, one composed only of 
these four galaxies, with an average red-shift of 0-0949 
(B264 has a red-shift of 0-0953), and the other with an 
average red-shift of 0-165, believed not to be associated 
with this quasar. 

Quite apart from their significance for rather specula- 
tive theories, like Lynden-Bell’s, these observations 
seem to settle once and for all the argument about 
whether or not the red-shifts of quasars are cosmological 
in origin, resulting solely from their natural motion 
in an expanding universe. Nobody questions that the 
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red-shifts of galaxies arise in this way, so the definite 
physical association of B264 with four galaxies essen- 
tially of the same red-shift means that one quasar at 
least has a purely cosmological red-shift. It would be a 
very brave man who complicated the quasar puzzle 
further by suggesting that B264 might be radically 
different from other quasars, but further evidence will, 
of course, be most welcome, and should become 
available as the work of Bahcall and Gunn continues. 
At least cosmologists will be able to attempt to inter- 
pret quasar observations with confidence that in 
some cases they are indeed the most remote objects 
yet observed, and therefore the most revealing about 
the overall nature and evolution of the universe. 


SOLID STATE PHYSICS 


Tur minimum deviation method, popular in physics 
teaching laboratories for measuring the refractive 
index, n, of glass prisms, has been applied in a novel 
way by A.C. Sinnock and B. L. Smith at the University 
of Sussex. They have used it to determine values of n 
for prisms of liquid and solid inert gases at various low 
temperatures (Phys. Rev., 181, 1297; 1969). 

The work was stimulated by a number of theoretical 
suggestions that the dielectric properties of the solid 
inert gases could be explained in terms of excitons (for 
example, T. H. Keil, J. Chem. Phys., 46, 4404; 1967). 
Exciton levels occur in the forbidden energy gap between 
valence and conduction bands in insulators and semi- 
conductors, and it is found that the position of the 
lowest exciton level relative to the bottom of the con- 
duction band is a strong function of refractive index. 
Excitons, which can be thought of as bound states of 
hole-electron pairs, are responsible for the transport of 
energy through a solid in much the same way as 
phonons—-they are excited, and subsequently give up 
their energy to the lattice, thus interacting with it. 
Excitons have also been suggested as the means of 
movement of energy along chains of organic molecules, 
and, in particular, they may play an important part in 
the process of photosynthesis. 

Sinnock and Smith used solid and liquid prisms made 
by condensation of argon, krypton or xenon in a 
hollow stainless steel prism with sapphire windows. 
The samples were prepared by slowly admitting the gas 
into the steel prism while maintaining the base of the 
prism block at a predetermined temperatare—usually 
near the triple point for greatest freedom from visual 
defects in the solids. The whole prism was kept in a 
cryostat so that the temperature could be varied within 
a wide range, from about 20 to 180 K. The eryostat and 
sample were stationary throughout the experiment, and 
the spectrometer, which was of conventional design, 
was mounted on a coaxial turntable, thus allowing the 
relative movement of collimator, prism and telescope 
necessary for minimum deviation measurements. The 
prism was viewed through windows in the vacuum 
jacket of the cryostat. 

The refractive indices and the numerical quantities 
which can be deduced from them are in moderate 
agreement with the predictions of the exciton models, 
but, so far, the behaviour of solid krypton seems 
anomalous. Refinements of the models may explain 
the discrepancies. 
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The Egyptians 
Worked Harder 
than LKB 


to produce PYRAMIDS — 
but then they did not have 
the LKB Pyramitome. 


This latest addition to the 
LKB Ultramicrotomy Labo- 
ratory is both Pyramid 
Maker and Histo-microtome 
in one instrument, a valuable 
design combination that is' 
unique on the market today. 
‘The Pyramitome cuts plastic 
specimen blocks into the 
pyramidshape needed prior 
to sectioning with a micro- 
tome. The combination de- 
sign of this instrument has 
the advantage that it pro- 
vides both large pyramids 
from which survey sections 
can be cut and also the sec- 
tions. 

The Pyramitome mechani- 
cally shapes pyramids with 
positively parallel sides, per- 
pendicular to the cutting di- 
rection, so furnishing straight 








ULTRAMICROTO 


ribbons of sections, free from 
“fringed” edges, that are 
easily collected from the sur- 
face of the trough liquid. 
Trimming feed and pyramid 
shape can be mechanically 
selected, saving time in busy 
laboratories. 

The Knife-turret accommo- 
dates three glass knives, up 
to 10 mm thick. The knives 
are set to their working posi- 
tion prior to trimming, as one 
knife is used so a new knife 
can be rotated to exactly the 


same work position. The use 


of glass knives in the Pyra- 
mitome enables completely 
translucent pyramids to be 
produced making it easy to 
view the embedded tissue. 


<Diagrammatic representation of 


large survey sections for light 
microscopy and small ultrathin 
sections of area of interest for 
examination in the electron mi- 
croscope. “ 
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American 200 GeV Accelerator 
by The 200 GeV accelerator at Batavia is due to begin operations in 


M. STANLEY LIVINGSTON 


National Accelerator Laboratory, 
Batavia, Illinois 


Tue accelerator now being built at the National 
Accelerator Laboratory will be, when completed, the 
world’s highest energy machine, producing protons of 
200 GeV (and eventually 400 GeV) energy (1 GeV= 
1,000 million electron volts). It is located on a 6,800 
acre site near Batavia, Ulmois, about 35 miles west of 
Chicago. The sponsoring organization is the Universities 
Research Association, a group of fifty universities engaged 
in high energy research widely spread across the United 
States (and one in Canada). All supporting funds come 
from the US Atomic Energy Commission. The entire 
project has been authorized by the US Congress and funds 
have been allocated to start construction. The con- 
struction cost will be $250 million, with an estimated 
$60 million per year for operations following completion. 
The design staff (at present about 400) occupies existing 
small houses and recently built temporary laboratories 
on the site, in what was once the village of Weston. 
Construction of some of the permanent buildings has 
started and the accelerator is scheduled for initial operation 
in 1972. 

The main accelerator is an alternating gradient proton 
synchrotron consisting of a ring of magnets of very large 
orbital radius. Acceleration is achieved in four steps: 
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Site arrangement for the 200 GeV accelerator facility at the 
National Accelerator Laboratory, 


1972. It differs from earlier designs in having a booster synchrotron. 
As a consequence, the main ring magnets are considerably smaller 
than previously. 


a 750 kV voltage-multiplier of the Cockeroft-Walton 
type, a 200 MeV proton linear accelerator (linac) about 
150 m long, a fast-cycling 8 GeV “booster” synchrotron 
of 75 m orbital radius, and the “main ring” synehrotron 
of 1 kV orbital radius which accelerates protons to their 
final energy. The high energy protons will be ejected 
at one point in the ring as an emergent beam extending 
for 3 km along which will be switching magnets to direct 
the beam toward a sequence of targets and experiraential 
areas where research experiments will be performed (Fig. 1). 





Principle of Operation 


A synchrotron operates on the principle of phase-stable 
or synchronous acceleration. It consists of a ring of 
magnets to guide and focus the beam of particles around 
a circular orbit within an evacuated beam pipe, and a 
system of radiofrequency cavities in which the partivles 
are accelerated. During each cycle of operation the mag- 
nets are pulsed from low to high fields; simultaneously, 
electric fields in the cavities accelerate the particles 
at just the proper rate to maintain the cireular orbit. 
The particles traverse many thousands of revolutions 
to attain their final energy. Maximum energy is deter- 
mined by the size of the orbit and the strength of the 
magnetic guide field. 

Since the particles are protons their velocity inereasés 
continuously during acceleration, approaching the velocity 
of light at very high energies. As the rate of rotation 
in the orbit increases, the applied radiofrequency must 
also increase. This is accomplished by modulating the 
frequency at a rate just sufficient to match the rate of 
rise of the magnetic field and the corresponding increase 
in particle velocity. 

Particles are accelerated unly during the accelerating 
phase of the radiofrequency field in the cavities. So they 
become bunched in phase, or in azimuthal location, 
into a sequence of sausage shaped bunches spread around 
the orbit. Within each bunch the particles undergo a 
relatively slow oscillation about an equilibrium phase at 
which they are in exact resonance with the applied 
radiofrequency. In the synchrotron, this stable phase 
oscillation continues automatically as the applied 
frequency increases, accelerating the particles to higher 
and higher energy. The similarity of this motion to the 
hunting in phase of the rotor of a synchronous eleetric 
motor led to the name “synchrotron”, 

The magnetic fields in the synchrotron serve twa fume- 
tions, to guide the particles around the orbit and to 
focus them into a beam of small cross-section. Tn a uniform 
transverse field the particles traverse circular orbits 
but there is no focusing. In a gradient magnetic field 
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{stronger on one side of the orbit than on the other), 
particles with divergent trajectories have different curva- 
tures; divergent particles are either focused or defocused 
depending on the sense of the gradient. A sequence of 
alternately focusing and defocusing sectors of gradient 
magnetic field produces a net focusing of the particles, 
in both transverse coordinates. This is similar to the 
focusing of light in an alternating sequence of convergent 
and divergent lenses. This principle of alternating gradient 
(AG) focusing is used in shaping the magnetic fields in 
the synchrotron, to limit the amplitudes of the transverse 
(betatron) oscillations which determine the size of the 
beam. 

As magnetic field and particle energy increase, the 
amplitudes of the transverse oscillations decrease, varying 
inversely with the square root of the magnetic field. At 
maximum energy the beam dimensions are quite small, 
of the order of millimetres, allowing an emergent beam 
of small divergence to be ejected and transported to the 
experimental targets. 


Design Features 


The design of the accelerator incorporates several new 
and simplifying features that differ from earlier alter- 
nating gradient synchrotrons. The most significant 
new feature is the option to increase energy to 400 GeV 
in the future. This is accomplished by building a main 
accelerator ring of such large radius that magnets are 
excited to only half their designed maximum fields 
when operated at 200 GeV. Additional power supplies 
can be added in the future to operate at the higher 
rating, with the same eyeling rate and beam intensity. 
The magnets, cabling and cooling systems installed in 
the ring enclosure will all be sized for operation at 400 
GeV, so relatively small modifications will be required 
to transform to the higher energy. Still higher excitation 
of the magnets, at reduced cycling rates, could result in 
energies up to 500 GeV with some reduction in average 
beam intensity. 

A major difference between the 200 GeV design and 
previous proton synchrotrons is the use of a “booster” 
synchrotron. The Brookhaven, CERN and Russian 
accelerators inject protons directly from linear accelerators 
into the main synchrotron. Designs for higher energies, 
however, involve the use of a booster synchrotron between 
the linear accelerator and the main ring. The purpose is 
to inject into the main accelerator at sufficiently high 
energy to keep the beam cross-section small and to avoid 
low-field distortions in the fields of the main ring magnets. 
A consequence is that the size (and so the cost per unit 
length) of the main ring magnets is considerably less than 
that required for earlier synchrotrons. 

The booster synchrotron has a much smaller orbit 
radius than the main synchrotron. At the NAL the 
booster radius was chosen as 75 m, which is about 1/13 
the radius of the main ring. A beam of protons ejected 
from the booster in one turn fills only this fraction of the 
main ring orbit. To fill the orbit the booster is designed 
as a rapid-cycling machine operating at 15 cycles/s 
and a sequence of 12 pulses (0-8 s) is injected into the 
main ring. During this interval the main ring guide 
field is held constant at the injection field (396 gauss) 
for 8 GeV protons. 

The accelerator operates on a basic time cycle of 4 s 
duration, It starts with the sequence of 12 pulses from the 
linac which are accelerated in the booster and injected into 
the main ring during the 0-8 s injection interval. The 
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guide field in the main ring magnets then rises nearly 
linearly for 1-6 s during which the protons are accelerated 
from 8 GeV to 200 GeV. The magnetic field is flat topped 
at peak energy for a period of up to 1-0 s during which the 
beam ïs slowly ejected into the emergent beam run for 
experimental use. Then the field is reduced, to its Injection 
value in 0-6 s, and the cycle is repeated. This cycle 
provides a 25 per cent time duty factor for experimental 
use. 

The 200 GeV machine will have a much higher beam 
intensity than earlier proton synchrotrons, associated 
with the much larger orbit. The number of protons per 
unit length which ean be accepted and accelerated with- 
out exceeding space-charge limits does not exceed that 
achieved in other accelerators, but the beam intensity 
is determined by the total number of protons in the larger 
orbit. The design beam intensity is 5x 10! protons, 
which can be ejected in a beam pulse varying between 
one revolution (20 us) and the full duration of the 
flat-top (1 s). The time average intensity will be about 
1-5 x 107 protons/s. The beam power at 200 GeV energy 
will be 480 kWs. ‘This can be compared with the output 
of the Brookhaven AGS, which holds the present in- 
tensity record, of 4x 10" protons/s and a beam power 
at 30 GeV of about 2 kW. So the beam power of the 
200 GeV will be several hundred times greater than for 
earlier proton synchrotrons. 


Main Ring and Booster Magnets 

The AG magnet system for the 200 GeV ring consists 
of separated-function units for bending and focusing. 
The bending magnets have flat pole faces and uniform 
fields. The foeusing elements are quadrupole magnets 
with four poles, having zero field on the axis and high 
magnetic gradients. For such a large orbit the bending 
magnets occupy most of the circumference and can be 
operated at much larger fields than the shaped poles of 
typical AG magnets. The separated-fimction system 
minimizes orbit radius for a given energy. A repetitive 
sequence of long bending magnets and short quadrupoles 
provides the guide fields and focusing fields to keep the 
protons within the evacuated beam pipe during 
acceleration. 
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Fig. 2. 


Cross-section of a main ring bending magnet. 


The orbit is not a true circle, but is formed of magnet 
sectors spaced by field-free straight sections. Six long 
straights 50 m long and six medium straights 20 m long 
are symmetrically spaced around the orbit. These straight 
sections are used for injection and ejection of beams, 
radiofrequency acceleration, beam clean-up slits, vacuum 
manifolds, control and sensing devices and so on. 
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There will be a total of 774 bending magnet units in 
the orbit, each 20 feet long and with external dimensions 
of about 14 inches height by 25 inches width. They consist 
of two types with different pole-face separations to 
match the variation in the vertical aperture require- 
ments for the beam. One type has a magnetic aper- 
ture of 15 by 6-0 inches and the other 20 by 
4-0 inches: the respective number of turns in the 
excitation widings are 12 and 16, so they develop the 
same field when connected in series. The iron cores 
are formed of die-punched laminations. Excitation 
windings are formed of pierced copper for water cooling, 
and occupy the entire “window” area of the cores (Fig. 2). 
Each magnet unit is encased in an externally welded 
structure formed of angle-iron beams, which provides 
stiffness so the 20 foot units can be supported at the ends. 
They are mounted on adjustable supports placed on the 
concrete slab floor of the tunnel enclosure; no special 
foundations are used. 











Fig. 3. Cross-section of a main ring quadrupole magnet. 


The quadrupole magnets are also formed of punched 
laminations, with four poles and four excitation windings; 
they provide a magnetic aperture of 2-0 by 5-0 inches 
(Fig. 3). 

Separate power supplies are used for the bending 
and focusing magnets, scheduled to follow the same 
acceleration cycle. A system of tubular conductors 
distributes both power and cooling water to the magnets 
around the ring. Electric power will be taken directly 
from the 3-phase, 60-cycle AC power mains, using solid 
state rectifiers which are controlled to produce the desired 
excitation cycle. The peak power for the magnets in 
the main ring for 200 GeV operation is 54 MW; average 
power is 16 MW. 

The magnets for the booster synchrotron are of the 
combined function type used in earlier synchrotrons, 
in which the pole faces are shaped to produce both 
bending and focusing fields. A sequence of magnet 
units with alternating-gradient fields is used, interspersed 
with short straight sections in which radiofrequency 
cavities and other devices are located. The magnetic 
apertures are of approximately the same size as for the 
main ring, but the magnets are more compact and 
external dimensions are smaller, about 13 by 18 inches. 
The unique feature of the booster magnet design is the 
use of an external vacuum sheath outside the magnet, 
rather than a vacuum chamber mounted between pole 


trooz 


faces. The power supply for the booster magnet, which 

operates at 15 cycles/s, is a resonant circuit of inductors 
and capacitors, with the reactive units mounted, within 

the box girders supporting the magnets. 


Radiofrequency Acceleration 

The radiofrequency systems for both the booster and 
the main ring use resonant cavities operating at about 
50 MHz (megacycles), with the cavity frequency modu- 
lated to match particle velocity by means of ferrite 
tuners. The frequency in the booster changes from 30 
MHz at injection (200 MeV) to 52:84 MHz at 8 GeV. 
The main ring cavities start at this frequency and increase 
to 53:10 MHz during acceleration to 200 GeV. The 
bunched beam from the booster is transferred synehron- 
ously into the main ring, maintaining the synchronous 
bunching. 

In the booster fourteen cavities are spaced around 
the orbit, located in the short straight sections, providing 
a peak voltage per turn of 750 kilovolts, In the main 
ring seventeen cavities are grouped in one long straight 
section and provide a peak voltage per turn of 5-0 million 
volts. In both accelerators, signals derived from the 
circulating beams are used to control the phase and 
amplitude of the accelerating voltage. 


Vacuum System 

In the main ring the beam pipe consists of an. all. 
metal welded chamber formed of thin-walled stainless 
steel tubing of oval cross-section fitting between magnet. 
pole faces. Chamber sections terminate in cireular 
flanges at magnet ends, which can be welded or dis- 
connected by automatic welding and grinding machinery. 
Titanium-discharge sputter-ion pumps of 50 L./s capacity 
are located between magnets with about 50 foot spacing. 
The design pressure for the main ring vacuum chamber 
is 1x107 torr {mm Hg), to reduce loss of beam due 
to gas scattering to less than 0-1 per cent during the 
acceleration cycle. Model sections of chamber have been. 
tested with the planned dimensions and pump spacing 
and the design pressure has been achieved. 

In the booster the rapid cycling rate makes the use of 
a metal-tubing chamber between poles impractical. The 
vacuum chamber consists of an external welded stainless 
steel sheath surrounding each magnet unit. The design 
pressure in the booster is 5 x 107 torr, since gas scattering 
is of less concern in the short acceleration cycle. This 
pressure has been obtained within a similar external 
vacuum chamber which is in service at the Cornell 
synchrotron. 


Enclosures and Shielding 

The main synchrotron is housed in an underground 
tunnel-type enclosure 10 feet wide and 8 feet high formed 
of precast concrete sections and a concrete ‘slab floor. 
No crane is provided; magnets and other components 
will be installed and serviced using special handling 
vehicles. Magnets are mounted close to the outer wall 
of the enclosure, providing a service aisle 7 feet wide. 
Electrical and cooling-water services are mounted on 
the tunnel wall above the magnets (Fig. 4). The survey 
system is based on twelve monuments at the ends of 
the six long straight sections and a system of stretehed 
wires mounted on the magnet support stands around 
the curved magnet sectors. With the ring complete and 
operating at low intensity beam sensing ¢électrodes 
will provide information for precise adjustment. 
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Fig. 4. Photographs of a model section of the main ring enclosure with 
magnet. 


The tunnel floor level is about 15 feet below average 
ground level. Earth fill over the tunnel provides the 
primary radiation shielding. Minimum shielding around 
the “cool” portions of the ring will be 16 feet of conerete 
and earth; the maximum will be about 30 feet around 
known locations of beam spills and opposite inhabited 
buildings or areas. The shield is designed to reduce 
radiation intensity outside the shielding during operations 
to 0-5 mrem/h, and to well below this rate at any inhabited 
areas. 

The primary radiation hazard around the accelerator 
itself does not occur during operations but comes through 
exposure of personnel entering the enclosure following 
shut-downs to the radiations from induced radioactivity 
due to beam spills. This will require careful control of 
exposure time for maintenance and development staff, 
and the effective use of local shielding for the radioactive 
radiations. To minimize this problem, a basic policy 
during initial operations will be to limit the beam intensity 
until development progress reduces the beam spills and 
the radioactive intensity to acceptable levels. 

The booster synchrotron and the linac are housed in 
other underground shielded enclosures. Enlarged sections 
of the tunnel will be used for the straight sections assigned 
to injection, ejection, beam clean-up slits and other 
special purposes. Utility buildings outside the earth 
fill will house auxiliary equipment, power supplies and 
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control systems. The central control station for the 
accelerator is located in a ground-level building roughly 
equidistant from the linac, booster and the injection— 
ejection straight section of the main ring. The dominant 
building in this complex will be a high-rise laboratory 
and office building to house the accelerator staff and 
user scientists, centrally located but removed from radi- 
ation hazards. 


Experimental Facilities 


The 200 GeV beam will be extracted from the main 
ring at the long straight section adjacent to the controls 
centre. The emergent beam runs for about 1,850 feet 
in an underground tunnel to the first switching station, 
where it can be either switched or shared between bearn 
runs. The switched beam travels a further 1,350 feet to 
a second switching station. The pulsed septum magnets 
used for switching will be similar to those used in the 
beam extraction system in the ejection straight section. 
The three beams beyond the switching magnets each 
run another 1,350 feet to target stations. In the beam 
runs the small dimensions of the extracted beam are 
maintained by a sequence of quadrupole magnets similar 
to those in the main ring. Experiments will be performed 
in areas beyond each of the three targets. With this 
arrangement, further switching magnets and target 
stations can be added as required in the future (Fig. 5). 

Most experiments will utilize secondary particle beams 
produced in the targets. At one target a neutrino beam 
wil be generated by decay of pions beyond the target 
and will traverse a thick shield (about 1,000 feet of 
iron and earth) to remove muons and other ionizing 
particles. Plans exist for a large liquid hydrogen bubble 
chamber to study neutrino-induced reactions. Charged 
secondary particles from the targets can be studied 
using electronice detection techniques. Momentum- 
analysing magnets will direct particles of different 
momenta into several channels, beyond which experi- 
ments will be mounted. Particles which emerge from the 
beam at small production angles and traverse channels 
through the shielding can be sources for other experi- 
ments. 

The initial instalation will provide sites for ten or 
twelve experiments. Scientists from the NAL and the 
universities are already planning typical experiments 
for these sites, in anticipation of starting research when 
the accelerator becomes operative, hopefully in 1972. 
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Fig. 5. Arrangement of emergent beam runs, target stations and ex perimental areas. 
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Nucleotide Sequence from the Coat Protein Cistron of 


RI7 Bacteriophage RNA 


b 
7 The sequence of fifty-seven nucleotides in the coat protein cistron of 


J. M. ADAMS* 

P. G. N. JEPPESEN 
F. SANGER 

B. G. BARRELL 


MRC Laboratory of Molecular Bio‘ozy, 
Cambridge 


ALTHOUGH the nature of the genetic code is well estab- 
lished, it has not been possible until now to determine by 
chemical means a sequence from a messenger RNA and 
to show that it is related by the code to the sequence of 
amino-acids in the protein that it specifies. The best 
characterized messenger RNAs that can be obtained in 
a pure form are the single-stranded RNAs containing 
about 3,300 nucleotide residues isolated from RNA bac- 
teriophages, such as R17, f2 and MS2. The nucleotide 
sequences at the ends of these molecules*-* have been 
determined and, for MS2 RNA, the sequences of the 
products of pancreatic ribonuclease digestion’, R17 RNA 
codes for three proteins®, one of which is the phage coat 
protein of known amino-acid sequence". Here we report 
a nucleotide sequence from the coat protem cistron of 
Ri7 RNA 

In this laboratory we have developed fractionation 
methods for **P-labelled oligonucleotides! which have 
been applied in the determination of the nucleotide 
sequences of tRNAs”? and the 5S ribosomal RNA”, which 
is 120 nucleotides long. The method used for separating 
nucleotides up to about ten residues in length is iono- 
phoresis on a two-dimensional system using cellulose 
acetate in one dimension and DEAE-paper in the other’, 
Longer oligonucleotides are not well fractionated by the 
ionophoresis on DEAE-paper; however, those up to 
about thirty residues in length can be separated by a 
form of displacement chromatography on DEAE-paper 
(termed “homochromatography”)'*, in which a mixture 
of non-radioactive nucleotides is used to develop the 
chromatogram and fractionate the radioactive nucleotides. 

Recently we have found that even larger oligonu- 
cleotides can be resolved with homochromatography on a 
thin layer of DEAE-cellulose instead of on DEAE-paper; 
nucleotides up to fifty residues long can be fractionated 
very well by a new two-dimensional system-~—ionophoresis 
on cellulose acetate followed by thin layer homochromato- 
graphy“. When R17 RNA was digested completely with 
T, ribonuclease a few large oligonucleotides were pro- 
duced that could be purified by this two-dimensional 
system. One of these proved to be of particular interest 
because its nucleotide sequence corresponds to an amino- 
acid sequence in the coat protein of the phage. 








Large Oligonucleotides from a Complete T, Ribo- 
nuclease Digest of RI7 RNA 
R17 RNA, labelled uniformly with P, was digested 
with T, ribonuclease and the digest fractionated on a 
two-dimensional system using ionophoresis at pH 3-5 in 
7M urea on cellulose acetate as the first dimension and 


* Present address: Institut de Biologie Moléculaire, 1211 Genéve 4, 


Switzerland. 


phage RI7 RNA directly confirms the genetic code, shows that the 
code used by the phage is degenerate and suggests that highly 
ordered base-paired structures exist in this RNA. Such base-paired 
loops may be involved in regulation of cistron expression and 
packing of the RNA in the phage particle. 


thin layer chromatography on DEAE-cellulose as the 
second dimension. Fig. | is an autoradiograph of the 
fractionation. The smaller oligonucleotides are not well 
resolved but certain of the larger products are clearly 
separated from the others. These large oligonucleotides 
were isolated from the chromatogram and subjected te 
preliminary sequence analysis as follows. 

First, base compositions were determined by hydro- 
lysing a portion of each oligonucleotide with alkali; the 
resulting 3’-mononucleotides were fractionated by 
electrophoresis on paper at pH 3-5, located by autoradio- 
graphy, and then measured by scintillation counting. A 
second portion of each oligonucleotide was digested with 





paws 





pancreatic ribonuclease and the digestion products 
separated by electrophoresis on DEAE-paper at pH 38 





(Fig. 2). Most of the products could be identified uniquely 
from their position on the paper. Where confirmation 
was necessary, the composition of each product was 
analysed by alkaline hydrolysis. 

Using the genetic code, one can write a set of nucleotide 
sequences corresponding to the known amino-acid sequence 
of the R17 coat protein. By comparing the information 
about each of the large oligonucleotides obtained as giver 
here with the possible nucleotide sequences for the coat 


o: Cellulose acetate pH 3-5 urea = 





Fig. 1. A two-dimensional fractionation of a ribonuclease T, digest 
of RI? RNA. Unitormiy *"P-labelled bacteriophage RIT RNA waa 
prepared as described by Dahlberg’. 20 pg (about 10° epai) was 
digested with 1 ug of ribonuclease T, dissolved in 3 gl of 0:01 M trir 
HCI, pH 7-4, containing 0-001 M EDTA, at 37° C for 30 min, fractionated - 
on a two-dimensional system" using homomixture a for homoachromatd- 
graphy with DEAE-cellulose and Re pe in the ratio of 15 Ticona 
: short plate, 











Fig. 2. Fractionation of pancreatic ribonuclease digestion products on 
DEAE-paper at pH 3:5. 


protein, we found that oligonucleotide A could have come 
from the coat protein cistron. 


Sequence of Oligonucleotide A 


To establish the sequence of oligonucleotide A we used 
the following procedures. 

(a) Reaction with a carbodiimide reagent: Gilham™ 
showed that N-cyclohexyl-N’-(§-morpholinyl-(4)-ethyl) 
earbodiimide-methyl-p-toluene sulphonate (CMCT) reacts 
with uridylate and guanylate residues in RNA and that 
pancreatic ribonuclease can hydrolyse the modified RNA 
only after cytidylate residues. A sample of oligonucleotide 
A was treated with the CMCT reagent and digested with 
pancreatic ribonuclease; the digest was subjected to 


ob electrophoresis on paper at pH 3-5. Fig. 3 is a diagram 


of the resulting fractionation. The modified nucleotides 
“were then eluted, incubated with ammonia to remove the 
blocking groups, and digested a second time with pan- 
creatic ribonuclease. The products of the second digestion 
were identified by electrophoresis on paper at pH 3-5 
(Table 1). 

~ (b) Digestion with ribonuclease U,: this enzyme, which 
was kindly provided by Professor F. Egami, is specific 


Sequence of nucleotide A 


Possible amino-acid sequences Asn 


coded for by 
nucleotide A 
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for purines when it is used at a low concentration". 
Thus the enzyme hydrolyses oligonucleotides. from a T, 
ribonuclease digest only after adenylate residues. A 
portion of oligonucleotide A was digested with ribo- 
nuclease U, and the products were fractionated by electro- 
phoresis on DEAE-paper at pH 1-9. The base composi- 
tions of the products were determined by alkaline hydro- 
lysis (Table 1). Certain products appear in pairs, differing 
only in the number of adenylate residues. This reflects 
the increased resistance of adenylate tracts to attack by 
ribonuclease U, and is useful for obtaining overlapping 
sequences with the pancreatic ribonuclease products. 
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Fig. 3. Fractionation of the pancreatic ribonuclease preducts from 
ecarbodiimide-blocked oligonucleotide A. A sample of oligonucleotide A 
was incubated overnight at 87° C with 10 al. of a 100 meaml, solution 
of CMCT dissolved in 0-01 M tris-HC], pH 8-9, containing 0-001 M 
EDTA. 10 xl, of a 0-1 mg/ml, solution of pancreatic ribonuclease in 
0-05 M tris-HCl, pH 7-4, containing 0-001M EDTA, was then added 
and the mixture incubated for a farther 30 min at 37° C, The digest was 
then applied as a 2 cm streak at the centre of a 67 em strip of Whatman 
3MM paper. Electrophoresis was then carried out in pH 3-5 pyridine 
acetate buffer for 1 h at 3 kV. 


Combining the results obtained with ribonuclease U, 
and pancreatic ribonuclease (both before and after block- 
ing with CMCT), a unique sequence can be constructed 
for oligonucleotide A (Fig. 4). If this nucleotide sequence 
acts as a messenger for the synthesis of protein, it can 
code for three possible amino-acid sequences, depending 
on the phase in which the message is read. These three 
sequences are also shown in Fig. 4. Amino-acid sequences 
i and 2 are not found in the coat protein sequence but 
sequence 3 is present at positions 89 (Glu) to 95 (Phe)*. 
Because a sequence of seven amino-acids is statistically a 
very rare structure, it is considered highly likely that 
oligonucleotide A is a fragment from the eoat protein 
cistron of R17 RNA. To extend the knowledge of the 
nucleotide sequence in this region of the RNA we tried 
to find a larger fragment of the phage RNA that contains 
oligonucleotide A. 


G)AAUUAACUAUUCCAAUULUCSE 


. = . Leu. Phe. Gin . Phe . Ser. 


Tle . Asn. Tyr . Ser . Asn . Phe. Arg. 
Glu. Leu. Thr. 


Ile , Pro . Ile . Phe. 


Fig. 4. The micleotide sequence of oligonucleotide A and the three possible amino-acid sequences for which it can code. 
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Table 1. 
(a) w {b) $ te) (dy 


SEQUENCE ANALYSIS OF OLIGONUCLEOTIDE A 


Base Pancreatic CMCT blocked pan- V, ribonuclease 
composition ribonuclease creatie ribonuclease digestion 
(Ge = 1-0) digestion products digestion products products 
U 86 2AAU* E £03 A 
(AAU UAAC AA 
G r0 AAC a (CUJA 
G 
A 65 AU k UUA 
(AAU, UC 
C 3g G seve UUAA 
3C* AU, UDE 
6t” (Ep CA 
CU CAA 
(Ug OM 


* These estimations were based on a visual examination of the autoradio- 
graph togethor with the base composition determined in (a). 

Oligonucleotide A was located on the thin layer of DEAE-cellulose in Fig, 1 
by autoradiography, and isolated in the following manner. The DEAE- 
cellulose in the region of the spot was scraped off, washed with 95 per cent 
ethanol to remove the urea, and the nucleotide was eluted with 30 per cent 
triethylamine carbonate, pH 10-5, in a total volume of about 200 al. The 
triethylamine carbonate was removed by evaporation under vacuum and 
the oligonucleotide subjected to preliminary sequence analysis. (a) The 
base composition was determined by hydrolysis with 5-10 gl of 02M 
NaOH; the products were separated by electrophoresis on paper at pH 3-5 
(ref. 10), located by autoradiography and quantitated by selntillation 
counting, (6) The oligonucleotide was digested for 30 min at (in 5-10 pel. 
pancreatic ribonuclease (0-1 mg/ml. enzyme in COLM tris-HC1, pH 7-5, 
and 0-001 M EDTA), The products were separated by electrophoresis on 
DEAE-paper at pH 3-5 (Fig. 2) and identified by alkaline hydrolysis and/or 
mobility. (c) The modified nucleotide was eluted from the various bands in 
Fig. 3, dried, and incubated overnight with 0-2 M ammonia to remove the 
blocking groups, After the ammonia had been dried off, the nucleotides 
were digested with 10 al, of OI mg/ml, pancreatic ribonuclease for 30 min 
at 37°C in buffer containing 0-01 M tris-HCl and 0-001 M EDTA, and the 
products fractionated by electrophoresis on paper at pH 3-5. U indicates 
the modified uridylic acid residue. (d) A portion of oligonucleotide A was 
incubated at 37° C for 2 h with 10 ul. of ribonuclease U a (0-1 units/ml. in 
0-05 M sodium acetate, pH 45, containing 0-002 M EDTA and 0-1 mg/ml. 
bovine serum albumin), 








Partial Ti Ribonuclease Digest of RI7 RNA 


When a partial enzymic digest of ribosomal RNA is 
electrophoresed on a polyacrylamide gel a number of 
discrete bands are found. We tried this approach for 
making specific fragments of R17 RNA. Samples of 
®P labelled R17 RNA were digested with various amounts 
of ribonuclease T, at 0° C in a buffer of high ionie strength, 
and the partial digests were electrophoresed on a long 
flat slab of 12:5 per cent polyacrylamide gel by a modi- 
fication of the method of Peacock and Dingman?* which 
was developed in this laboratory with G. G. Brownlee. 
(A flat slab is particularly suitable for autoradiography 
and also for comparing different samples on the same 
gel) Fig. 5 shows an autoradiograph of the fractionation 
obtained. In the undigested control s mple virtually all 
the RNA remains at the or igin because it is too large to 
penetrate the gel. With increasing amounts of added 
enzyme, however, more and more bands appear and there 
is a progressive increase in the amounts of the smaller, 








faster-moving fragments. As many as forty discrete 
bands can be seen in the more extensively digested 


samples. The RNA fragments in these bands range in 
size from guanosine monophosphate, in the fastest moving 
band, to fragments more than 300 nucleotides long near 
the top of the gel. 

This experiment shows that there is an extremely wide 
range in the rate at which T, ribonuclease splits different 
guanylate residues in the molecule, presumably because 
of the structure of the RNA. Moreover, it shows that gel 
electrophoresis is capable of resolving many of the frag- 
ments that result from this very specific hydrolysis. 
Recently Gould, Pinder and Matthews? have r reported 
that a partial digest of the RNA from the related phage 
v2 also contains a number of specific fragments and we 
find that this is the case with f2 phage RNA as well. 
Gesteland and Boedtker! have shown by physical studies 
that R17 RNA has an unusually compact structure at a 
high jonic strength. The highly specific fragmentation 
found in the present experiments indicates that phage 
RNAs have highly organized secondary structures. 

The fragmentation of the RNA was usually sufficiently 
reproducible in different experiments. using different pre- 
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Fig. 5. Gel electrophoresis of a partial digest of R17 RNA with 
nuclease qT mples (20 ag) of “P-labelled RIT BNA fap 
Cine RN A} were digested with different amountsof ribonuclease 
T, for l hat 6° © in 25 gl. of a buffer consisting of O@ M Nacl, 002M 
magnesitim acetate, and O05 M irie HCH pH 7-5); the enayme~ ~subsirate 
ratios are shown at the top of the figure. The reaction mixtures were 
extracted with phenol at Q C in capillary tubes and then extracted 
three times with ether. The samples were made 10 per cent. with regpedt 
to sucrose with a 50 per cent sucrose lution containing bromophenol 
blue, loaded into the sample wells of a vertical flat slab of 12-5 per cent 
polyacrylamide gel, and subjected to electrophoresia at 400 V and 
40 mA for 16h at 2°-4° C. At the end of the run the front glass plate 
was pulled away from the gel and the gel was marked with radioactive 
ink, covered with cellophane, and subjec ted to autoradiography for 
30 min. The gel was prepared in the following manner. The mould 
consisted of two thoroughly cleaned glass plates a (40 om x 20 anx O-d em) 
separated at their sides. by two ‘Vaseline’-coated Perspex" spacers (40 
em x2 emx 0-3 cm) and sealed at the bottom with qHasticine, The 
assembly was held together at the sides by strong spring clips, The gel 
was made from 12-1 per cent acrylamide and 0-4 per cent bisacrylamide 
(both recrystallized as described by Loening') and 0-64 x inissneetate, 
pH 3-3, which was also the buffer used in the reservoirs. The gel solution 
250 ml} was de-acrated, 0-6 mil. of fr 
monium persulphate and 0-25 ml. of 
amine were added, and the solution was paired quick 
The sample wells were formed by pushing a slotted in o 
(15 cm*3 emx 0-3 em) into the top of the gel. After ge 
complete (in about 5 min) the well-former and plasticine were removed 
and the bottom of the assembly was placed in a 2 L reservoir; the top of 
the gel was connected to another 2 L reservoir by a short length of 
Whatman 3MM paper. The buffer in the reservoirs was changed once 
during a run, On the right of the figure are shown the numbers of some 
of the bands that were studied. The position to which a 48-BNA 
marker ran is also indicated. 
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parations of RNA or enzyme, for each band to be identified 
simply from the overall band pattern. To isolate enough 
of the fragments to characterize them, preparative digests 
were made with up to 6 mCi of P-labeled RIT RNA 
and the digests were loaded across the width of a flat 
slab gel (20 em x 40 cm x 0-3 em). In these experiments 
we chose digestion conditions that would give primarily 
fragments of a size (up to about 200 ador dani in length) 
suitable for sequence analysis. Appropriate conditions 
were digestion for 1 h at 0° C with an enzyme to substrate 
ratio of 1: 100 (w/w) or 10 h at O° C with a ratio of 
1: LOOO 

Because we wished to study the fragments from dif- 
ferent gel bands, it was necessary to find a convenient 
method of extracting the RNA. The following method 
was found satisfactory. The bands were cut from the gel 
using the autoradiograph as a guide, broken into small 
pieces, and put into cylindrical tubes (10 em x] em) 












Paper homochromatography : 


Celullose acetate pH3-5 urea tetera 





Fig, 6. A two-dimensional homochromatography fingerprint of a 
uveninlonse T, digest of aa 19. (indicating oligonucleotides 
and B.) 


having one end covered with DEAE-paper supported on 
cellophane. The tubes were then placed between two 
reservoirs containing 0-04 M ftris-acetate, pH 8-3. When 
subjected to electrophoresis the RNA migrated out of 
the gel and was trapped by the DEAK-paper; it could 
then be eluted from the DEAE-paper with 30 per cent 
triethylamine carbonate (pH 9-7) as described earlier’. 
To get an estimate of the purity of fragments isolated 
from the gel) the RNA from the different bands was 
digested with T, ribonuclease and fingerprinted using 
ionephoresis on cellulose acetate at pH 3-5 as the first 
dimension and homochromatography on DEAE-paper as 
the second (homomixture ¢ of ref. 14 but with a 30 min 
alkaline hydrolysis). The complexity of the fingerprints 
suggested that many of the bands in the upper part of 
the gel (greater than eighty nucleotides in length) contain 














a b 


Fig. 7, a, A two-dimensional fractionation of a ribonuclease T, di 





est of gel band 21. 
fingerprint of the partially purified component from band 21 containing oligonucleotide A. 
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Table 2. ANALYSIS OF THE NUCLEOTIDH SEQUENCE OF OLAGONDCLEOTIDE B 


(a) (b) {e} s 
Pancreatic OMOT blocked pan- U, ribonuclease 
ribonuclease creatie ribonuclease digestion Deduced sequence 
digestion. digestion products products 
products 
AAAU UAC A UACUUAAAUT AUG 
AU (Un ASAT AUG AA 
AC PUA 
BU (OU iA 
G {CVU AA 
UG 


Oligonucleotide B was eluted from the homochromatography fingerprint 
(Fig. 6). After drying off under vacuum the following digestion pioco ures 
were used. (a) A sample was incubated for 2 h at 37°C with 10 ul. of a 
0-2 mg/ml, solution of pancreatic ribonuclease dissolved in 0-01 M. fris-HCOL 
pH 7-4, containing 0-O01M EDEA. (b) A further sample was incubated 
overnight at 87° C with 10 ul. of 100 mg/ml. solution of CMCT dissolved in 
0-01 M tris-HC], pH 89, containing 0001 M EDTA, 10 sl of a OÈ mg/ml 
solution of pancreatic ribonuclease dissolved in 0-05 M tris- “HCI, “pH T, 
0-001 M EDTA waa then added, and the mixture incubated for a further 2 h 
at 37°C. (e) A third sample was incubated overnight at 37° C with 10 al. 
of a solution of ribonuclease U: containing 1 unit/ml. dissolved in 6-05 M 
sodium acetate buffer, pH 46, containing 0.002 M BDTA and 6-1 mg/ml. 
bovine serum albumin, The products of these procedures were fractionated 
and characterized as described for oligonucleotide A in Table L 


relatively homogeneous fragments while those nearer the 
bottom of the gel contain several components. 


RNA Fragment containing Oligonucleotide A 

To determine which of the fragments from the gel 
contained oligonucleotide A, the large TI ribonuclease 
products from each fingerprint were digested with pan- 
creatie ribonuclease; oligonucleotide A was found in the 
fingerprints of the material from bands 19 and 21. A 
fingerprint of band 19 is shown in Fig. 6. Another large 
nucleotide (3) was also present in these bands and by 
the procedures described its sequence was shown to be 
DACUUAAAUAUG (Table 2). This sequence can also 
code for three amino-acid sequences and one of these is 
Tyr-Leu-Asn-Met, which is found in the coat protein 
just before the sequence coded for by nucleotide A. Band 
21, which also contained nucleotides A and B, was sub- 
jected to further analysis. Its position on the acrylamide 
gel suggested that it contained a fragment in the size 
range of 50-60 residues. The fingerprint of the material 
from the band was, however, considerably more complex 
than one would expect for a single component of this size 
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b, Autoradiographyof ribonuclease ‘T, two-dimensional 
¢, Diagram of fingerprint in b to show the structure 


of the nucleotides present in the fragment from the coat protein cistron. 
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Table 3. ANALYSIS OF NUCLEOTIDE SEQUENCES OF REMAINING T, RIBO- 
NUCLEASE OLIGONUCLEOTIDES IN THE FRAGMENT OF R17 RNA (FIG, 7) 


(a) aU) 
Pancreatic CMCT blocked (e) 
ribonuclease pancreatic U, ribonuclease 
digestion ribonuclease digestion Deduced sequence 
products digestion products 
products 
AAC AAC A AACKUC,C)G* 
U (6 AA 
2c UC (Ca U)G 
G G 
AC ($ (COA CUACG 
U UAC CG 
€ G 
G sia 
2U VEC —— UCG 
C G 
G 
AU AE CA CAUG 
Cc AUG UG 
G 
= a CG 
oy ieee G 


The oligonucleotides from the two-dimensional fingerprint shown in Fig. 
7a were eluted", Samples were subjected to the following procedures. 
(a) Incubation for 30 min at 37°C with 10 zl. of a 0-1 mg/ml. solution of 
pancreatic ribonuclease in 0-01 M ¢tris-HCl, pH 7-4, containing 0-001 M 
EDTA. (b) Incubation overnight at 37° C with 10 al. of a 20 mg/ml, solution 
of CMCT dissolved in 0-01 M tris-HCl, pH 8-9, containing 0-001 M EDTA, 
followed by the addition of 10 ul, of a 0-1 mg/ml. solution of pancreatic 
ribonuclease in 0-05 M tris-HC!, pH 7-4, 0-001 M EDTA, and incubation for 
a further 30 min at 37° C. (e) Incubation for 2 h at 37°C with 10 ul. of a 
0:1 unit/ml. solution of U, ribonuclease in 0-05 M sodium acetate buffer, 
pH 4-5, containing 0-002 M EDTA and 0-1 mg/ml. bovine serum albumin. 
The products of these digestion procedures were fractionated and charac- 
terized by the usual methods. 


* The sequence of this oligonucleotide could not be unambiguously assigned. 
with the information presented in the table. In addition, a partial snake 
venom diesterase digestion was performed: a sample of the oligonucleotide 
was incubated for 30 min at 37°C with 10 ul. of a 0-1 mg/ml. solution of 
bacterial alkaline phosphatase dissolved in 0-05 M tris-HCl, pH &-9, contain- 
ing 0-01 M MgCl, and 1 mg/ml. carrier s-RNA. Following this, 10 ul, of a 
0-05 mg/ml. solution of snake venom diesterase in the same buffer was added 
and digestion allowed to continue for © min (a control), 15 min and 30 min 
at room temperature. The digests were applied to DEAE-paper and the 
products fractionated by electrophoresis at pH 1-9. The following partial 
digestion products were identified: (A.C.U)Cog 


(ACU Coy 
(AUK 


The sequence was therefore shown to be AACUCCG. 


Table 4. 





Pancraat'¢ 
robonucle, se 








Ribonuclease T, digestion produe’s dig 
products 
Tirri? UUCG au 
CG 3 
2c 
E 
Trs CAUG Ge 
UCO GU 
ca AU 
G ž 
2C 
U 
Tyll CUACG GAAC 
AACUCEG Q 
AC 
2U 
ac 
Tr AAUUAACUAUUCCAAUUUUCG RAAG 
AACUCCG 2AAU 
CUACG AG 
GC 
AAC 
G 
AC 
UV 
c 
T16 AAUUAACUAUUCCAAUUUUCG GGAAU 
VACUUAAAUAUG AAAU 
UUCG Gao 
CUACG 2607 
CAUG AAU 
CG BAU 
2G GC 
2AC 
U 
e 












10) 
and therefore we concluded that band 21 contained 
mixture of at least two--and probably more—fragmenis 
of approximately the same size. In an attempt to separate 
the component containing oligonucleotide A drom + 
others the material from band 21 was subjected to electro 
phoresis on cellulose acetate in 7 M urea (pH 35y at EKV 
for 3h. After the run the RNA fragments were blotted 
on to DEAE-paper and an autoradiograph was made, 
Three main components were evident and each was chited 
and digested with T, ribonuclease. The digests were 
fractionated by ionophoresis on the standard two-dimen? 
sional system: cellulose acetate in 7M urea (pH Skok 
followed by DEAE-paper in 7 per cent formie aciq 
Fig. 7b shows the fingerprint of the component containing 
nucleotides A and B (these nucleotides do not separate 
this system) compared with the fingerprint of the untra 
tionated band 21 (Fig. Ta). The purification was’ stil 
not complete but was sufficient to show that the spota 
indicated in Fig. 7c all come from the same fragment. 
The sequences of the small oligonucleotides from these 
spots were determined by standard procedures (Table 3). 

To determine the order in which the oligonucleotides 
oceur in the fragment, the RNA was partially digested 
with T, ribonuclease. The partial digestion products 
were fractionated using electrophoresis on cellulose acctate 
in 7M urea (pH 3-5) as a first dimension, followed by 
either electrophoresis on DEAE-paper in 7 per cent formic o. 
acid or thin layer homochromatography as a secondo" 
dimension. The former system was used to isolate the” 
smaller products and the latter to isolate the larger ones. 
Each partial digestion product was then characterized by 
further digestion with T, ribonuclease and pancreatic: 
ribonuclease. ee 

The analysis of the partial digestion products (Table 4}. 
permits the derivation of the complete sequence of the. 
fragment, which is shown in Fig. 8. It can be seen that 
this sequence of fifty-seven nucleotides is related by jhe 
genetic code to the sequence of amino-acids in positions 
81-99 of the coat protein’. : 























ANALYSIS OF PARTIAL T, RIBONUCLEASA DIGESTION PRODUCTS FROM THE FRAGMENT OF RIT RNA 


Treduced sequence 


CGUCCG 





CAUGGCGUUCG 





CUACG AACTCCG 


AAUUAACTATUCCAAUUUUCGCUACGAACT COG 





CAUGGCGUUCGUACTUUAAAU AUGGAAUT AACT AU UCCAA UU UTEROU ACG 


A sample of the material from gel band 21 was digested with 1/5C0 of its weight of T, tihonuclease for 16 min at 6°C in about 3 rL Of OD1L-M 


tris-HCl, pH 7-4. 


The partial digestion products were fractionated (see text) and then characterized by further digestion with both T, nhonticlease and 


pancreatic ribonuclease. The structure of each nucleotide was deduced from its degradation products and from the structures listed above it fy the table.” 
Other portal degradation products were present which did not give rise to the T, ribonuclease digestion products Hated in Table 8 and were therefore 


derived from the other components of gel hand 21. 














> 1014 
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T,3 





17 





nit 


CA UGG CGU UCG UAC UUA AAU AUG GAA UUA ACU AUU CCA AUU UUC GCU ACG AAC UCC G 
wee Ala. Ala, Try. Arg. Ser. Tyr. Leu. Asn, Met ,Glu, Leu. Thr. Ile. Pro. Ile. Phe. Ala, Thr. Asn. Ser. Asp ... 


80 
Fig. 8. 


90 


100 


Nucleotide sequence of the fragment from the coat protein cistron of R17 RNA, indicating partial T, digestion products and the 


corresponding amino-acid sequence of the coat protein. 


This is the first time that a sequence from a messenger 
RNA has been determined by chemical means and shown 
to correspond to the sequence of amino-acids in the protein 
for which it codes; the results can be regarded as one of 
the most direct confirmations of the correctness of the 
genetic code. Tt is also of interest to see which codons 
are actually used by this bacteriophage. Table 5 shows 
the genetic code, in which the codons found in the above 
sequence are indicated by underlining the amino-acids 
concerned. Six amino-acids are found twice in the 
sequence. Two of these (Leu and Ile) are specified both 
times by the same codon; however, the other four (Thr, 
Ser, Asn, Ala) are coded for by two different codons. 
The data are not sufficient to make any generalizations 
but at least it may be concluded that the code used by 
the bacteriophage is degenerate. 


Table 5. THE GENETIC CODE 








Snd—> v C A G 3rd 

lst | 
| af 
4 Phe Tyr Cvs E 
Ẹ Phe Tyr Cys 3 
Leu Šer wen A 

Leu Ser. = G 

Leu Pro Hig U 

€ Leu Pro His C 
Leu Pro Gin A 

Leu Pro Gin G 

pl ahr a a U 

A Te Thr Asn Ser Cc 
Tle Thr Lys Arg A 

Met Thr Lys Arg G 

Val Ala Asp Gly U 

G Val Ala Asp Gly C 
Val Ala Ca Gly A 

Val Ala Gu Gly G 


Codons found in fhe nucleotide sequence of the fragment from the coat 
protein cistron of R17 RNA have been indicated by underlining the amino- 
acids concerned, 


Secondary Structure of the Fragment 


An interesting feature of the sequence is that it can 
be written in the form of a simple loop showing consider- 
able base-pairing (Fig. 9). Of the twenty-four pairs in 
this structure nineteen are complementary. This is very 
unlikely to occur by chance and therefore we believe that 
the sequence most probably occurs in a double helical 
configuration in the virus. In this structure all the 
guanylate residues in the sequence are involved in base 


UGG.CGU.UCGUAC.UUAAAUAUGG AAUY A. 
fe RA A Hen À 


GCCUCAAGCAUCG.CUUUUAACCUUAYC 


Secondary structure of the fragment from the coat protein 


Fig. 0 
cistron of RIT RN 


pairs and would thus be expected to be resistant to T, 
ribonuclease. This would explain the presence of this 
fragment in the partial digest of the whole molecule. 
The unexpected specificity of the partial hydrolysis of 
R17 RNA suggests that other such highly ordered base- 
paired structures exist in the RNA; these may be import- 
ant in the packing of the RNA into the virus partiele 
and may also be involved in the regulation of cistron 
expression. 

It thus appears that the sequence of a messenger RNA, 
at least in phage RNA, is determined not only by the 
need to specify an amino-acid sequence but also by its 


need to assume a particular secondary structure. In 
Fig. 9 the phasing of the codons is indicated by dots. Tt 


can be seen that the third positions do not come opposite 
one another. Codons that differ only in the third position 
often code for the same amino-acid. Thus mutations 
occurring in two-thirds of the base pairs could change the 
RNA secondary structure without altering the amino-acid 
sequence of the protein that is synthesized. Tt may be 
that this is one of the functions of the degeneracy of the 
code. 

Because protein biosynthesis depends on the recognition 
of codons by the anticodon on tRNAs, it seems that the 
messenger RNA must be single-stranded during transla- 
tion. Thus the finding of a double-stranded structure in 
a messenger RNA suggests that the protein-synthesizing 
mechanism must be capable of unfolding such a structure. 
Similarly the phage RNA synthetase must be able to 
unfold the RNA during transcription. 
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Dove.e stranded polyribonucleotides can be efficient 
inducers of interferon in animal cells'. Because replication 
of RNA viruses requires a double stranded precursor early 
in infection, it is tempting to attribute the production of 
interferon in cells infected with RNA viruses to this 
replicative RNA. Such a hypothesis seems to be contra- 
dicted by the finding that ultraviolet inactivated viruses 
which are unable to multiply can still induce interferon? *. 
But the question arises: does inability to produce progeny 
necessarily imply inability to synthesize double stranded 
viral RNA? If complementary viral RNA strands are 
synthesized by cells infected with irradiated virus, double 
stranded RNA could appear and induce interferon 
production. 

To test this possibility we have investigated viral RNA 
synthesis in chicken embryo cells infected with irradiated 
Newcastle Disease Virus (NDV). NDV was chosen 
because it can multiply in the presence of actinomycin D 
which suppresses cellular RNA synthesis; it is thus easy 
to follow the synthesis of viral RNA. Cells infected with 
NDV produce only a small amount of double stranded 
RNA, but accumulate a single stranded RNA (“minus” 
strand) complementary to the single stranded RNA which 
can be extracted from purified virions (“plus”? strand)4§, 
The viral origin of the RNA synthesized by the infected 
cells can be demonstrated by annealing experiments. 


Irradiation of NDV 

NDV (Kansas Loevenhorst strain) was propagated in 
embryonated eggs and its titre in pru/ml. was deter- 
mined by plaque assay on chick embryo cells. Stocks 
with a titre of 10° pru/ml. were stored in liquid nitrogen. 
Ultraviolet irradiation was done with a Philips 15 W 
germicidal lamp. The dose was measured during each 
experiment with a Latarjet photo-cell*. The surviving 
NDV rru as a function of the dose is shown in Fig. 1. 
Experiments designed to show reactivation of irradiated 
NDV by high multiplicity of infection remained con- 
sistently negative in agreement with previous data’. 
Because different preparations exhibited slight differences 
in ultraviolet sensitivity, the virus was irradiated im- 
mediately before each experiment and surviving pru/ml. 
were determined for each sample. 


RNA Synthesis in Infected Cells 


RNA synthesis waa studied in primary cultures of chick 
embryo cells. The cells were grown in Eagle’s medium 
containing 10 per cent calf serum and 10 per cent tryptose 
phosphate broth (TPB) in I L Roux bottles until a con- 


* On leave from the Institute of Biophysics, Broo, Czechoslovakia, 


Chick embryo cells infected with ultraviolet irradiated NDV synthe- | 
size viral RNA though they do not produce infectious virus. The _ 
viral origin of the RNA was demonstrated by annealing experiments _ 
using RNA from purified NDV virions. p 


"as 










centration of 10° cells/bottle was reached. To infect, theo | 
medium was removed and 4ml. of a virus preparation. = 
corresponding to 10 pru/cell of the original suspension 
was added. The infected cultures were maintamed ab. 
37° C for 45 min, then the virus suspension was replace 
by 50ml. Eagle's medium containing 2 per. cent cal 
serum, 2 per cent TPB and 4 ug actinomycin Di 
gift from Merck Sharp and Dohme Co.), and. imeubatio: 
was continued at 40°C for 4 or 65h; [5-H] uridin 
(15 wCi/ml., C.E.A. Saclay, specific activity 17-4 
was then added and the cultures further imeubated for 
9 RA ae 











Percentage of surviving PEU 








Ergs/mm? x 10° 


Fig. 1. Inactivation of NDV infectivity by ultraviolet irradiation: 

Log of percentage of surviving PFU versus ultraviolet dose dn. ergai 

(about 500 ergs/mm* per minute of irradiation), Starting thet 10 
pru/ml, (determined on chick embryo monolayers). 





RNA was extracted as deseribed by Bratt and Robinson? 
and then treated with DNase (Worthington RNase free 
10 ug/ml. at 37° C} followed by two more phenol extrac: 
tions and precipitations with ethanol. Three different 
preparations were run simultaneously each using 2x to" 
cells. 

Fig. 2 (plot I) shows the sedimentation pattern of 
RNA extracted from cells mfected for 8-5 hours with nome- 
irradiated NDV. Two major and some minor radioactive 
components are present. Some RNA is sedimenting faster 
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Figs. 2 and 3. Velocity sedimentation of RNA from actinomycin D 
treated infected cells, ., Absorbance at 260 nm; — , "H radio- 


activity (counted on glass fibre filters in toluene, PPO, POPOP, on a 
Beckman scintillation counter), Plot I, RNA from cells infected with 
unirradiated NDV; plot I, NDY irradiated with 6,000 ergs/nim'; 
plots IL and IV, NDV irradiated with 7,700 ergs/mm*: plot V, NDV 
irradiated with 30,000 ergs/mm?: plot VI, uninfected control cells. Two 
hours labelling with [5-H] uridine after 6-5 h of infection, except plot 
IV where label was added at 5 h, Sucrose gradient 5-20 per cent in 
tris, 10 M (pH 7-3), NaCl O1 M EDTA 10 M; Spinco rotor SW 25, 
16 bh, 24,000 rpm. at 4° ©. Hight drops fractions collected from the 
bottom of the tube. (In the figure fraction numbers are normalized 
according to the distance from top.) 


than 28S ribosomal RNA but most of the RNA sediments 
in the 188 region. These results are similar to those 
observed by Bratt and Robinson and the RNAs corre- 
spond to those deseribed as “minus” strands of NDV 
RNAt58, 

Results of gradient centrifugation of RNA extracted 
from cells infected with virus irradiated either with 5,000 
ergs/mm? and containing 10° surviving PFU, or with 
7,700 ergs/mm? and containing 10 pru (from an initial 
titre of 10° rrU) are shown respectively in plots IT and TIT 
of Fig. 2. It thus seems that viral RNA is produced after 
infection with ultraviolet inactivated NDV, though less 
label is incorporated and the sedimentation constant of 
the product is lower. If high doses of ultraviolet are used 
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for inactivation, increasing amounts of the labelled 
product remain at the top of the tube (we show later that 
most label incorporated in the presence of actinomycin D 
is into virus specific molecules). 

When NDV is irradiated with 30,000 ergs/mm? no 
infectivity survives, interferon induction is considerably 
reduced and even the antigenic properties are impaired. 
Nevertheless, cells infected with such virus still produce 
some viral RNA. The sedimentation pattern is shown 
in plot V (Fig. 3). If compared with the RNA extracted 
from actinomycin D-treated uninfected control cells 
(plot VI) a small but reproducible difference can be 
seen, 

Plot IV corresponds to RNA extracted from cella 7h 
after infection with virus irradiated with 7,700 ergs/mm?. 
The sedimentation pattern is similar to that of plot ITI 
except that less label is incorporated at this earlier stage 
of infection. Because the total yield of extracted RNA 
(measured by absorbance at 260nm) was the same 
(+10 per cent) in all preparations, the graphs in Figs. 2 
and 3 are directly comparable. 

The amount of labelling of the three main fractions of 
RNA extracted from the different cell preparations and 
the distribution of the label between fractions is presented 
in Table 1. Incorporation of uridine decreases when the 
infecting virus is irradiated with increasing doses of 
ultraviolet. The decrease is rnost pronounced for high 
molecular weight components and there is a relative 
increase of the smaller components. When the percentage 
of counts in the > 289 and 188 fractions is plotted against 
ultraviolet dose, a semilogarithmic plot yields two 
straight lines with different slopes. Hence the different 
viral RNA precursors templates have different sensitivities. 


RNA-RNA Hybridization 

To show that the RNA extracted from infected cells was 
indeed of viral origin, we carried out annealing between 
labelled cellular product and unlabelled RNA extracted 
from purified NDV virions (NDV “plus” strand RNA)”. 
For some experiments 57.8 RNA was isolated on a glycerol 
gradient. In many experiments unfractionated “plus” 
strand was used because we showed that the 57S RNA 
was the only active component in annealing reactions. 
In any case the indicated concentration corresponds to 
578 RNA only. 

Selected fractions from the gradient of Figs. 2 and 3 
were pooled, precipitated with ethanol and. dissolved in 
small volumes of 2 x SSC (1 x SSC = 0-15 M NaC] — 0-015 Na 
citrate) buffered with 0-1 M tris, pH 7-5. Aliquots were 
mixed with increasing amounts of NDV “plus” strand and 
the volume made up to 0-Iml. The tubes were sealed 
with paraffin oil, incubated for 1 h at 85°C and the 
temperature reduced gradually (4h) to 25° C. The sample 
volume was increased to 1 ml. with SSC containing 
103 M EDTA and each sample was divided into two parts. 
One part was immediately precipitated with cold tri- 
chloracetic acid (final concentration 5 per cent) in the 
presence of carrier RNA. The other part was incubated 
with 10 ug of RNase (Worthington RNase A) for 30 min 
at 37°C and then precipitated. Controls consisted of 
non-annealed RNA (in order to estimate the amount of 
double stranded RNA originally present in the fractions) 
and of RNA annealed without the addition of “plus” 
strand RNA (in order to estimate the amount of labelled 
“plus” strand synthesized by the infected cells). The 
results are shown in Table 2. 

Annealing with RNA extracted from NDV virions 
inereases the amount of acid precipitable labelled material 
resistant to RNase digestion. This indicates that all 
fractions contained complementary viral RNA. 

When RNA from uninfected cells was used ne difference 
was observed between annealed and control samples. In 
this case the RNase resistant fraction of the sample did 
not exceed 5 per cent of the total (except for the light 
fraction of RNA extracted from actinomycin treated. 
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Table 1. [5-*H] URIDINE INCORPORATED INTO THE MAIN RNA COMPONENTS OF ACTINOMYOIN D TREATED CELLS 


RNA from cells infected with > 288 
C.p.m. Per cent 

NDV non irradiated (a) 410,000 100-0 
NDV irradiated 5,000 ergs/mm?* (a) 110,000 26-7 
NDV irradiated 7,700 ergs/mm? (a) 42,000 10-2 
NDV irradiated 30,000 ergs/mm! (a) 4,500 Ll 
NDV non irradiated (b) 35,000 100-0 
NDV irradiated 7,700 ergs/mm? (b) 11,700 87 


Labelling from 6-5 to 8-5 h after infection (a) or from 5 to 7 h (b). 


control cells where nearly 25 per cent of both annealed 
and non-annealed samples were resistant). ‘The data con- 
cerning self-annealing (without added “plus” strand) 
indicate that the fast sedimenting fractions of RNA 
(plots I and II, Fig. 2) contained newly formed “plus” 
strand molecules. The lighter fractions, especially of the 
RNA extracted from cells infected with irradiated virus, 
show a relatively high capacity of self-annealing. These 
low molecular weight fragments could either be break- 
down products of the high molecular weight “plus” strand 
RNA or unfinished “plus” strand molecules replicated on 
ultraviolet damaged templates. 


Table 2. ANNEALING OF LABELLED CELLULAR RNA wiru RNA FROM NDV 
VIRIONS 


Per cent of acid insoluble counts after 
RNase digestion 
After annealing with 


C.pam./ Before amount of added “plus” strand 
sample annealing Oly O23 4g 053 ue 
RNAT 

Fractions 3-12 4,000 6-4 25-0 50-0 — 100-0 
13-30 2,000 61 93 87-5 — 100-9 
31-38 1,000 10-2 24-7 735 _ cr 

RNA H 
Fractions 2-12 1,800 iid 33-2 74:3 82-6 _ 
17-22 3,000 87 12-7 43-6 57-8 96-2 
24-20 3,000 55 58 36-1 76-5 — 
33-38 1,000 +t 133 57-0 91-0 — 

RNA II 
Fractions 3-18 2,000 _ 14-4 4i1 §2-0 68-1 
~ 20-30 ,600 7O 17-6 40-2 _ 82-9 
31-34 000 147 20-1 40-0 401 _ 

RNAV 
Fractions 2-18 1,500 4 43 14-4 _ — 
19-24 1,300 om 3) 50 — 20-0 — 
25-30 1,000 3-6 34 17-3 19-0 = 
31-38 1,000 72 S4 9-5 17-8 — 


RNA I, RNA extracted from cells infected with unirradiated virus’ 
RNA II, WI and V from cells infected with NDV irradiated with 5,000 
7,700 and 30,000 ergs/mm®. Fractions correspond to gradients shown in 
Figs. 2 and 3. For each sample, two to four determinations have been made. 


The amount of new viral “minus” strands in the different 
cell preparations can be roughly estimated even though 
saturation experiments have not been performed. The 
higher the dose used, the smaller was the quantity of 
“plus” strand RNA necessary for annealing. RNA (plot 
V, Fig. 3) extracted from cells infected with the most 
irradiated virus annealed only to the extent of 20 per cent. 
This decreased annealing may be due either to a smaller 
proportion of viral RNA in the labelled cellular com- 
ponents or to a change in the structure of the RNA making 
the correct fitting of the base pairs more difficult. 

Determination of RNase resistance of some fractions 
from gradients of unirradiated and irradiated virus 
(7,700 ergs/mm*) is shown in Table 3. Because the RNase 
resistance is very similar in both preparations we assume 
that so is the amount of double stranded RNA. 

We conclude that ultraviolet irradiated NDV totally 
unable to produce infectious virus is still able to induce 
viral RNA synthesis in chicken cells. The NDV genome 
is a single stranded RNA molecule of 7-5 x 10¢ daltons. 
Radiation damage, such as the formation of a uracil-uracil 
dimer, will destroy the ability of a virion to form in- 
fectious progeny. The cistron coding for the viral RNA 
polymerase (replicase) is only a part of the genome and 
as long as this cistron is unimpaired, replicase will be 


Fractions Total in all 
10-285 4-108 fractions 

Cpm. Percent Cpm. Per cont 
900,000 100-0 40,000 100-0 
360,000 40-0 70,000 40-0 
170,000 18:8 170,000 23-2 

18,000 2-0 14,006 27 
230,000 100-0 80,000 100-6 

39,000 17-0 42,000 23-0 


produced and viral RNA can be replicated. The higher > 
the dose the greater is the probability that the information © 
necessary for making replicase will be destroyed in ‘the. 
case of any individual infeeted cell; consequently, less’ 
viral RNA will be synthesized by a population of cells. 
The decrease in length of the replicated RNA molecules 
following irradiation of the infecting virus could beso 
explained if the ability of the polymerase to copy molecules 
becomes impaired at the point of an ultraviolet. induced 
lesion, as shown by Michalke and Bremer" in experiments 
on RNA transeription in irradiated Æ. coli. Our experi- 
mental system should allow estimation of the size of the 
NDV replicase cistron. The fact that sorne viral RNA is 
synthesized in cells infected with an “inactivated” virus 
implies at least a transient existence of a double stranded 
RNA. Table 3 provides some evidence of such a double 
stranded RNA. Our findings do not prove that double — 
stranded RNA formed in cells after infection with RNA 
viruses induces interferon synthesis, but they éliminate 
the major objection which has been raised against this — 
hypothesis. In addition they show that ultraviolet irradi 
ated uninfectious virus can still initiate synthesis in the: 
cells. 






Table 3. RNASE RESISTANCE OF RNA FROM CELLS INFROTED WITH UNTRRAD~ 
IATED OR IRRADIATED NDV : 
Non-irradiated 


Per cent ofacid Irradiated 7,700 erga/mm? 


Fractions Cpm. precipitable after Cpm per 
per sample. RNase digestion sample Per cant 
© 288 25,000 211 8,000 2i-4 
288 28,000 15-1 3,000 13:7 
228 33,000 104 6,000 20-2 
189 27,000 13-7 5,000 16-7 
108 30,000 146 3,000 26-0 


[5-H] uridine labelling for 30 min, 5 h after infection. , 
Ribosomal RNA from normal cells used as control showed less than 6 per 
cent acid precipitable radioactivity after similar RNase treatment. : 


We thank Dr M. Rosenbergova from the Institute of 
Virology in Bratislava for providing most of the NDV 
“plus” strand RNA used in the experiments and DeC, 
Chang (Paris) for discussions concerning interferon 
induction by inactivated viruses. Dr J. H. Subak-Sharpe 
kindly read the manuscript. 

The work was partially supported by the Délégation 
Générale à la Recherche Scientifique et Technique 
Action Concerté Biologie Moléculaire. 


Received June 18, 1969. 


1 Lampson, G. P., Tytell, A. A., Field, A. K., Nemes, M, M., and Hileman, 
M. R., Proc. US Nat, Acad, Sei, 58, 782 (1967); Wield, A, K. Tytell, 
A. A Lampson, G. P., and Hilleman, M. R., ibid., 58, 1004, (1067): 
Tytell, A. A., Lampson, G. P., Field, A. K., and Hileman, M. Ro. ibid. 
58, 1719 (1967); Field, A. K., Lampson, G. P., Tytell, A. A. Nemes, 
M. M., and Hileman, M. R., ibid., B8, 2102 (1967). 

* Isaacs, A., and Lindenmann, J., Proe, Roy. Soc., B, 147, 258 (1987); Tsancs, 
A., Adu. Virus Res., 10, 1 (1963). 

* Falcoff, E., Falcoff, R., Fournier, F., and Chany, C. 
552 (1966). 

* Kingsbury, D. W., J. Mal. Biol., 18, 195 (1968): Virology, 88, 227 (1967), 

t Bratt, M. A., and Robinson, W. S. J. Mol. Biol., 28, 1 (1907). 

* eer R., Morenne, P., and Berger, Ra, Ann. Inst. Pasteur, 85, 174 
1953). 

? Drake, J. W., J. Bact., 84, 352 (1982); Zavada, J., and Rosenbergova, Ma 
Acta Virol., 8, 163 (1964). 

* Rosenbergova, M., and Huppert, J., CR dead. Sci., 267, G11 (7068), 

+ Perben P. H., and Robinson, W. 8., Proe. US Nat, Anad, Sei, 84, 794 
(1966). 

= Small, G. D., Tao, M., and Gordon, M. P., J. Mol. Biol., 88, 76 (1068), 

` Michalke, H., and Bremer, H., J. Mol, Biol., 41, 1 (1969). 


Ann, Frost. Pasteur, IR, 








1018 





NATURE, VOL. 223, SEPTEMBER 6, 1969 


Immunization of Mice against Ehrlich Ascites Tumour using 
a Hamster/Ehrlich Ascites Tumour Hybrid Cell Line 
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SEVERAL methods of active immunization have been 
found to induce immunity in mice to Ehrlich ascites 
tumour. These involve pretreatment of the Ehrlich cells 
by such methods as X-irradiation!, and iodoacetate*, or 
repeated tapping of the ascitic fluid’. Immunization 
against the Landschiitz ascites tumour has also been 
achieved with neuraminidase-treated tumour cells‘. 
During studies on tumour virus reactivation, a hybrid line 
between a polyoma-transformed hamster cell (PyY) and 
Ehrlich ascites tumour cells became available. It seemed 
possible that injection of the hybrid cells into mice might 
induce immunity to Ehrlich ascites tumour, because it 
would certainly have hamster surface antigens to provoke 
rejection and might also have Ehrlich ascites tumour 
transplantation antigens. Previous studies on hybrid 
cells have shown that they carry the surface antigens of 
both parents’. We also thought that, in rejecting the 
hybrid cells immunologically because of the hamster 
component, mice might acquire immunity to Ehrlich 
ascites tumour transplantation antigens. These predic- 
tions proved correct. 


Production and Characteristics of Hybrid Line 


Polyoma-transformed baby hamster kidney cells (Py Y)* 
were supplied by Dr J. Pitts, Department of Biochemis- 
try, University of Glasgow. The Ehrlich ascites tumour 
(EAT) line? was maintained by serial passage in Swiss 
albino mice. 10° PyY cells were fused with 10° freshly 
aspirated EAT cells by a modification® of the fusion 
tachnique originally described by Harris and J. F. W.°. 
The whole of the fused cell suspension was placed in a 
50 mm plastic Petri dish, containing fifteen coverslips 
10-11 mm in diameter and 4 ml. of Dulbecco’s modified 
Eagle’s medium with 10 per cent foetal calf serum (FSE). 
Twenty-four hours after fusion, Giemsa-stained coverslips 
showed the presence of many large mononuclear cells 
which were flattened on the glass and were clearly dis- 
tinguishable from PyY and EAT cells. Some of the cells 
were in pairs, indicating rapid division. One week later 
the cells on a coverslip were removed by treatment with 
trypsin and transferred to a plastic cell culture bottle 
(area 25 em?) with 5 ml, of medium. Ten days later the 
bottle contained approximately equal numbers of PyY 
cells and the large cells (see above). The cells were treated 
with trypsin and 10° were suspended in Dulbecco's 
modified Eagle’s medium with 5 per cent foetal calf 
serum and 1 per cent methyl cellulose (B.D.H. Ltd, 
England). This methyl cellulose Eagle’s medium (MCE) 
“was prepared by a method similar to that described by 
Rapp et al., We hoped that hybrid cells might have a 
selective advantage in this medium, and form colonies 
which would be easily distinguished from PyY colonies. 
The EAT cells, which do not grow in vitro and do not, for 
the most part, stick to plastic, were assumed to have 
disappeared from the experiment by this time. Suspen- 
sion culture cloning would also overcome the problem 


* In receipt of a Lord Marks Fellowship awarded by the National Research 
Council of Israel. On study leave from the Weizmann Institute of Science, 
Rehovoth, Israel, 


hamster cells can be used to immunize mice against the Ehrlich 
ascites tumour. The hybrid cell is analogous to an attenuated tumour 
cell and this method of tumour immunization can be adapted for 
the detection of tumour antigens. 


caused by the tendency of PyY cells, and the putative 
hybrids, to detach from the glass in mitosis and form 
widespread secondary colonies. After 8 days incubation 
at 37° C the MCE had become extremely acid, which 
made us pessimistic about the viability of the many 
colonies which had formed. Some of these colonies were 
between 1 and 2 mm in diameter. Ten ml. of FSE was 
added to the bottle and mixed with the MCE by pipetting. 
The cells were removed by centrifugation, resuspended in 
5 ml. of FSE, placed in a plastic bottle and incubated at 
37° C. One day later, large islands of cells of “hybrid” 
type were present and many mitotic figures were seen. 
No colonies of PyY cells were seen. The whole culture 
was allowed to grow and the cells were passaged several 
times, during which no cells resembling PyY appeared. 
Mixed haemadsorption by the micro-method', using a 
rabbit antiserum against EAT cells*, showed that all 
the cells carried mouse antigens on their surfaces. PyY 
cells were entirely negative with this serum. It therefore 
seemed likely that we had produced a PyY/EAT hybrid 
culture, and that the selection of the hybrid had been 
because of its greater resistance than PyY cells to highly 
acid conditions. 

The cells were confirmed as hybrids by the following 
chromosome-staining technique. 10° cells were seeded 
into a 50 mm Petri dish containing circular coverslips 
and 4 ml. of FSE, and incubated for 18 h at 37° C in 5 
per cent CO,/air. Colcemid (Ciba Laboratories, England) 
2 ug/ml. was then added, and incubation continued for 
4h. The coverslips were then placed for 5 min in hypo- 
tonic saline (PBSA (Dulbecco), 1 part, distilled water, 
3 parts), 5 min in equal parts of hypotonic saline and 
fixative (ethyl alcohol, 2 parts, glacial acetic acid, 1 part) 
and 10 min in fixative alone. They were then removed, 
allowed to dry slowly in air, stained in Giemsa stain 
(G. T. Gurr, London) for 10 min, rinsed in acetone and 
xylene, and mounted in DePeX mountant (G. T. Gurr, 
London). None of the many hundreds of metaphases 
examined were of the PyY type. All consisted of many 
metacentric, submetacentric, acrocentric and telocentric 
chromosomes. Table 1 shows the results of chromosome 
counts on forty random metaphases. The chromosomes 
are classified into two groups, acrocentric or telocentric 
(A and T), and metacentric or submetacentric (M and SM). 
PyY cells (Fig. 1) contain a modal number of 36 of the 
latter and 8 of the former and have the typical Syrian 
hamster karyotype". The EAT cells used have a chromo- 
some count in the range 73-80, with a weak mode at 
76; they have only one large metacentric chromosome, 
the rest being acrocentric or telocentric’?. The table also 
gives the expected counts for one, two or three modal 
PyY cells hybridized with a single modal EAT cell. It is 
clear that none of the forty counts show a distribution 
corresponding closely to any of the theoretical combina- 
tions. They have been classified into groups according 
to their most probable parentage, assuming that modal 
cells hybridized and lost chromosomes during subsequent 
divisions. On this basis it is clear that 2-5 per cent of 
the population arose from the fusion of a single PyY 





NATURE, VOL. 223. SEPTEMBER 6, 1969 





Fig. 1. Karyotype of the polyoma-transformed hamster line (Py Y) used 
in these experiments. 


chromosome complement with a single EAT complement, 
75 per cent from two PyY complements and one EAT 
complement, 17-5 per cent from three PyY and one EAT 
complement, and 5 per cent from other combinations. 
It is impossible to be certain that the modal hybrid 
karyotype (2:1) arose from the fusion of two separate 
PyY cells with a single EAT cell, because the PyY 
population contained from 1 per cent to 5 per cent of 
tetraploid karyotypes. 

It can be argued that karyotypes apparently originating 
in 2:1 or 3:1 fusions could have arisen by non-disjune- 
tion from a cell derived from a 1:1 fusion. If, at some 
division of such a cell, there were selective non-disjunction 
of the class of metacentric and submetacentric chromo- 
somes, the result would be one daughter with an excess 
of these chromosomes, which would appear to be a “‘re- 
duced 2:1 hybrid”, and one with a deficiency, which 
would appear as a “reduced 1:1 hybrid’. To produce 


CHROMOSOMES OF PyY¥/EAT HYBRID CULTURE (UNCLONED) 


Table 1. 
A and T Percent Mand SAL Per cent PyVY/EAT 
Total chromo- loss of ehromo- loss of ratio in 
somes Aand T somes Mand SM parent cell 
96 2 _ 34 _ 1:1 

ilt 60 35 54 26 2:1 
122 70 24 52 29 

123 67 27 56 23 

124 72 22 52 29 

129 63 $1 66 10 

130 7R 15 52 29 

130 80 13 50 32 

131 64 30 67 8 

132 61 41 yes 2S 

182 73 21 59 19 

132 74 20 58 2 

183 67 27 66 10 

134 71l 23 63 13 

135 89 25 64 12 

135 75 18 60 18 

189 74 20 65 il 

140 69 25 71 28 

140 80 13 60 15 

141 7 55 54 26 

141 88 45 55 25 

142 T7 16 65 11 

142 80 13 62 15 

46 86 65 60 18 

47 71 23 76 0 

148 78 15 70 4 

150 87 a5 63 l4 

150 8a 3-2 61 18 

151 82 H 69 55 

151 89 aT 62 15 

157 85 Ta 72 L4 

154 52 = 104 — 8:1 
155 66 ==> 89 == 

158 8&4 l 7 = 

167 108 Fesi 50 — 

171 80 ~~ 91 a 

174 72 mae 102 cd 

209 104 Les 105, = 

259 184 meen 73 = 2:3 
318 195 = 123 _ 4c 

Expected chromosome counts 

120 83 Sit 37 _ 1:1 
164 91 ~— 73 — 2:1 
208 99 _ 109 i 3:1 
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RELATIVE LOSSES OF A AND T OR M any SM CHROMOSOMES: FROM Q : 
2:1 REDUCED HYBRIDS IN UNCLONED PyY/EAT CULTURE C oui 


Mean percentage loss of A and T chromosomes: 184 {gps Doe Ads 3 ue 
Mean percentage loss of M and SM chromosomes: es 


Tabie 2. 


ou 
Percentage of cells with more 4 and T lost than M and SM: 58. percent: 


Percentage of cells with more M and SM lost than 4 and T: 
Percentage of cells with same loss of both classes: 


F per cant 
the pattern shown in the table, the former daughter 
would have to undergo, at some later division, selective 
non-disjunction of the class of acrocentric and telocentric 
chromosomes, One daughter of such a division would 
have more acrocentrie and telocentric chromosomes than 
the modal type, and would therefore appear as a “reduced > 

: 2 hybrid”, while the other would still be a “reduced. 
< 1 hybrid”, now reduced in both classes of chromo- 
somes. Because only one representative of the first three 
types of cell occurred in the forty metaphases examined, 


they must either have been less viable than the fourth 


type, which seems improbable, or the argument for non=" 
disjunction is false. Similar arguments apply to the. 
reduced 3:1 hybrids observed. Table 2 shows the 
results of calculation of the percentage losses of each 
class of chromosome from each of the thirty cells assumed. 
to be reduced 2:1 hybrids. Every cell except one was 
reduced in both classes of chromosome. , The overall mean, 
percentage losses of both classes of chromosome were 
not significantly different. The proportion of cells whieh 
had lost more acrocentric and telocentric chromosomes — 
than metacentrie and submetacentric wis approximately 
the same as the proportion of the alternative class. These 
results are consistent with an entirely random loss of 
chromosomes of either class, suggesting thet neither PYY 


nor EAT chromosomes were preferentially lost, considermg = 


the culture as a whole. Tt therefore seems likely that the _ 
cells arose as a result of random loss of chromosomes — 
during the divisions of parents arising from the fusion, 
of one, two or three PyY chromosome complements with 
a single EAT complement. This observation is of some 
importance, because all hybrid lines so far described have 
arisen from the fusion of one of each kind of parent cell, 
and it has been assumed that other combimations would, 
be less likely to undergo repeated division because of the 
magnitude of the mechanical problems involved in 
mitosis, quite apart from other reasons. 


Several clones were isolated from the mixed culture 


deseribed and one of these, PyY/EAT CLI, was used for 
the experiments on immunization. Fig- 2 shows the - 
morphology of this cell and of the PyY cell. The. hybrid. 


is larger than PyY and has many characteristic oyto - 


plasmic processes. Like PyY it shows absence of contact 
inhibition. Most of the cells of this clone have between 
110 and 130 chromosomes, with between forty and sixty 
metacentric or submetacentric, and between sixty and 
eighty acrocentric or telocentric chromosomes, so that it 
is equivalent to a reduced 2:1 hybrid which has lost 
proportionately more of the former class of chromosomes 
than the latter. Because, at the most, the hamster 
component could only contribute sixteen aecrocentric or 
telocentric chromosomes, at least forty-four to sixty-four 
of these chromosomes must be of EAT origin. Fig. 3 
shows the karyotype of a typical cell of this clone. 

The hybrid line was made between polyoma-transformed 
hamster cells and EAT cells to determine whether the 
mouse component would lead to the reactivation of 
polyoma virus at a low frequency, with the resulting 
production of a hybrid carrier culture continually produ- 
cing polyoma virus. Polyoma virus has not so far been 
detected in the cells or in the medium. In addition, 
attempts to infect the culture with polyoma virus have 
not succeeded. 


Fate of PyY/EAT CI.l injected into Mice 


Randomly-bred Swiss albino female mice about 3 
months old were used in all the subsequent experiments. ` 
10° EAT, PyY or PyY/EAT cells were injected: intra- 








dd per-eent 
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peritoneally into each of three groups of mice. At inter- 
vals three mice of each group were killed by breaking 
their necks. Two ml. of Earle’s saline containing 100 
ug/ml. of heparin (Evans Medical Ltd, England) were 
injected into the peritoneal cavity, and after massage of 
the abdomen the peritoneal cavity was opened and as 
much fluid as possible withdrawn with a Pasteur pipette 
and its volume measured. One ml. of the aspirate was 
placed in a tube and mixed with 0-1 ml. of 4 per cent sheep 
erythrocytes sensitized with rabbit-v-sheep erythrocyte 
antiserum’, After 30 min incubation at 37° C, the tube 
was centrifuged for 3 min at 400g and the pellet resus- 
pended. An aliquot of the suspension was placed in a 
counting chamber and examined microscopically. Macro- 
phages were recognized by the sensitized erythrocytes 
which had adsorbed to them; injected tumour cells were 
recognized by their size and the absence of adsorbed 


erythrocytes; and lymphocytes belonged to neither 
eategory. The remaining aspirated peritoneal washings 


were each placed in a plastic cell culture bottle (25 em? 
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it is probable that they underwent a few divisions in the 
peritoneal cavity, because the numbers recovered showed a 
slight increase and the colonies formed in vitro by aspirated 
cells were always more numerous end healthier than those 
formed by PyY. It was nevertheless cleer that the EAT 
component of the hybrid was unable to mask or reduce 
the effects of the extreme foreignness of the hamster 








antigens. The function which Currie! and others have 
attributed to sialic acid at the Ehrlich cell surface of mask- 





ing tumour or histocompatibility antigens must therefore 
have limits. 

To determine whether the hybrid cells were capable of 
giving rise to an ascites tumour in mice with a reduced 
capacity for immunological response, 10° cells were 
injected intraperitoneally into eight mice which had 
received 600 rads of whole-body irradiation from a 
cobalt-60 source. Six of the mice had a marked ascites 
10 days later. The ascites persisted for another 4 days, 
then regressed rapidly. Aspiration of peritoneal fluid 
with a syringe and needle from one of the mice 14 days 





b 


Fig. 2. a, Phase-contraat’photomicrograph of Py Y cells in culture, x 200; b, phase-contrast photomicrograph of PyY/BAT clone 1 cells in culture, x 200, 


area) with 5 ml. of FSE, and incubated at 37° © to be 
examined for colony formation. The numbers of PyY 
and PyY/EAT cells remained fairly constant for 5 days, 
and both cell types disappeared from the peritoneum 
by 7 days after injection, From 1 day after injection the 
colony-forming ability of aspirated PyY eclls in vitro 
was much less than that of PyY/EAT, which indicated 
that the hybrid cells were more viable in the peritoneal 
cavity than the PyY cells. The rejection apparent at day 
7 was, however, complete for both types, in that other 
mice injected peritoneally with as many as 107 cells failed 
to develop progressive ascites over a period of several 
months. EAT cells, by contrast, increased steadily in 
numbers from the first day, and ascites increased from 
5 days after injection. Macrophages did not increase 
significantly in numbers after injection of PyY or PyY/ 
EAT, but they had formed large clumps at about the 
time the injected cells disappeared from the peritoneum. 
In the mice which received EAT cells there was a small 
increase in macrophages up to the fifth day, but formation 
of clumps did not oceur. 

Although the PyY/EAT cells were ultimately rejected 


after injection showed that about 3 x 10° hybrid cells were 
present in the cavity. After a further 10 days no cells 
were recovered from this mouse, but clumping of macro- 
phages was observed, indicating an immunological 
response. Al the mice remained well after regression of 
the ascites. The experiment was repeated with six mice 
which had received 700 rads. Six days after injection four 
mice had marked ascites; two recovered, no ascites was 
present when they were examined 17 and 26 days after 
injection, respectively. The other two died with massive 
aseites 35 and 41 days respectively after injection. The 
range of survival times of unirradiated mice which had 
received 10° EAT cells was 13 to 18 days. The hybrid 
cells were therefore capable of producing an ascites 
tumour in immunologically depressed mice. The regres- 
sion of ascites in most of the mice and the slow develop- 
ment in the two which dicd, may have been caused by 
immunological recovery. 














Immunization Experiments 


In these experiments all cells were freshly gathered 
and injected in 0-2 ml. of Earle’s balanced salt solution. 
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Fig. 3. 
size and shape. 


ascites tumour markers. 


EAT cells decreasing in amounts in ten-fold steps from 
10’ to l were injected intraperitoneally into groups of 
five mice, which were observed for several weeks. The 
LD,, of the EAT line used was found to be approx mately 
ten cells, a figure which corresponds with that determined 
by many other workers. All deaths oecurred within 30 
days of injection. 

Five groups of five mice received 10° PyY/EAT cells 
intraperitoneally. Ten days later each group was chal- 
lenged with ten-fold decreasing numbers of EAT cells, 
from 10° to 100 cells. The LD,, of EAT cells for the 
immunized mice was about 10° cells. Immunization has 
therefore increased the LD,, by a factor of about ten thou- 
sand. Of the sixteen mice which had survived challenge, 
nine completely resisted a further challenge with 10° 
EAT cells 30 days after the first challenge. 

In later experiments a control group was included 
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The first three rows show the bi-armed chromosomes of PyY origin 
arranged in eighteen groups. The first two chromosomes in the fourth row 
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whieh received PyY cells as the first injec- 
tion, to exclude the possibility that the 
protection conferred by the PyY/EAT cells 
had been caused by non-specific stimulation 
of the lymphoid-macrophage cells of the 
peritoneum by the extreme foreignness of 
the hamster antigens. In these experiments, 





days later with EAT cells injected intra- 
peritoneally, nme out of ten survived 10, 
seven of ten survived 10° and one of nine 


survived 10° EAT cells. No immunity to 
these challenge doses was demonstrated in 
the mice which received 10° PyY cells, or 
farle’s saline, as the first injection. ‘The 
surviving mice in these experiments were 
re-challenged. Of the seventeen mice in the 
PyY/EAT group which had survived the 
first challenge with 10° to 10° EAT cells, 
fifteen survived a second challenge with 104 
cells. Ten of these survivors were challenged 
a third time, with 10° cells, and three of 
them survived. s 

The rate of development of the immune 
response was examined by challenging groups 
of five mice with 105 EAT cells at daily inter- 
vals after an immunizing dose of 10° PyY/ 
EAT cells. Resistance began to appear 
at 5 to 7 days after immunization, that is, 
at about the same time as hybrid cells 
disappeared from the peritoneal cavity. 
This supports the idea that the resistance of 
treated mice to challenge with EAT eelis 
was caused by immunological rejection 
and not by some other cause. 

Several attempts were made to inerease 
the level of immunity, but even repeated 
weekly injections of 10° PyY/BAT cells 
failed to confer significant protection against 
challenges greater than 10° EAT cells. Pre- 
sumably the level of immunity is set by the 
maximum rate at which tumour cells can be 
destroyed, compared with the growth rate 
of the tumour. 





Tumour Immunization 


These experiments have shown that a 
hybrid formed between a tumour with weak 
transplantation antigens and a cell line with 
transplantation antigens which are very 
strong in the tumour host animal, because 
of the species differences, can be used to 
immunize the host animal against challenge 
with the tumour. It is likely that this 
method of tumour immunization can be 
generally applied, for example, to the 
detection of tumour antigens in chemi- 
cally induced mouse sarcomas, where the existing 
immunizing techniques involve either injection of X- 
irradiated tumour cells'? or the surgical removal of tumours 
grafted into syngeneic hosts. A hybrid of tumour cells 
and of cells of another species may be regarded as an 
“attenuated” tumour for a host syngeneic with the original 
tumour. By analogy with the efficacy of attenuated 
strains for immunization against viral and bacterial disease 
it is possible that an “attenuated” tumour may have 
immunizing powers superior to those of tumour celle 
killed by physical or chemical means. The method ean 
readily be applied to any tumour, including human 
tumours, because the tumour cells do not need to be grown. 
in culture before they can be hybridized by the viral 
fusion technique. The possible therapeutic use of hybrids 
of tumour cells and heterospecific cells to stimulate an 
immune response must also be borne in mind. 


are Ehrlich 
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E. coli o Factor: A Positive Control Element in 


Phage T4 Development 


by 
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New Brunswick, New Jersey 


DNA-dependent RNA polymerase of Æ. coli can be separ- 
ated by chromatography on phosphocellulose mto a 
minimal enzyme and a factor o?. The minimal enzyme 
transcribes calf thymus DNA with about half the efficiency 
of the complete enzyme but reads T4 DNA very poorly. 
The ability to transcribe T4 DNA, however, is fully 
restored ifo is added back to the minimal enzyme. Further- 
more, it has been shown that o effects initiation but not 
chain elongation and that it functions catalytically’. 
Because of its apparent template specificity, o might 
serve as a regulatory factor in vive. So far, however, no 
direct evidence for a biological role ofc has been presented. 

We have analysed by hybridization-competition the T4 
RNA synthesized in the presence and absence of o, and we 
conclude that o selectively stimulates the transcription of 
only a fraction of T4 genes, namely, those which are 
expressed in vivo during the first minute after infection. 
In the absence of 6, RNA chains appear to be initiated 
randomly along the entire DNA molecule. Thus o 
appeira to restrict mitiation to the promoter regions of 
only those genes which are expressed in vivo immediately 
after infection. 


o-Mediated Transcription of Pre-early Genes 

RNA synthesized in vitro by complete E. coli RNA 
polymerase on a T4 DNA template for 12 min at 16° C 
(“short term” synthesis) is effectively competed by “‘pre- 
early” RNA synthesized in vive during the first minute 
after infection (Fig. 14). If synthesis is allowed to pro- 
ceed for an additional 30 min at 37° C, this polymerase now 
also transeribes DNA sequences corresponding to “early” 
messengers, which are expressed in vivo after 1 min, but 
within 5 min after infection (Fig. 1B). The fact that 
competition with the 6 min RNA is essentially complete 
suggests that no late genes are transcribed by the com- 
plete enzyme in either condition. (Essentially the 
same findings were reported recently by Milanesi, Brody 
and Geiduschek?.) If, however, the minimal enzyme is 
used in a short term synthesis, the resulting RNA is only 
partially competed by 1 min RNA made in vivo. The 
uncompeted RNA appears to consist of two additional 
classes, one being competed by RNA isolated 5 min, the 
other by RNA isolated 17 min after infection (Fig. 24). 
Thus it appears that the minimal enzyme, although far 
less active, actually transeribes more sequences on T4 
DNA than the complete enzyme. Reconstitution of com- 


The o factor of E. coli RNA polymerase selectively promotes trans- 
cription of T4 phage pre-early genes. The residual activity of the 
minimal enzyme on T4 DNA is caused by random initiation on both 
strands of the entire T4 DNA molecule. 


plete enzyme by the addition of a small amount of ¢ to 
the minimal enzyme results in an RNA product which 
is almost fully competed by 1 mm in vivo RNA (Fig. 2B). 
We therefore conclude that o stimulates only those poly- 
merase molecules which attach to pre-early promoter 
sites. 


RNA Polymerase from T4 Infected Cells lacks E. coli 

o Factor 

The modificd RNA polymerase from T4 infected E, colt 
shows little activity with T4 DNA as template?}. We 
have shown recently that no active o ean be obtained from 
this enzyme. The RNA synthesized by the phage modi- 
fied RNA polymerase on T4 DNA during the short term 
synthesis consists of all three RNA types, pre-early, 
early and late, and thus resembles the RNA made by the 
minimal F. coli enzyme (Fig. 34). Addition of o again 
yields mainly pre-early RNA (Fig. 38). Thus the modified 
polymerase cannot be distinguished from the minimal 
E. coli enzyme on the basis of the RNA product, except 
that the modified enzyme appears to make proportion- 
ately less pre-early RNA. We attribute this difference to 
the existence of traces of o in our minimal Z. coli enzyme 
preparation, because repeated chromatography of the 
minimal enzyme on phosphocellulose further decreases 
its specifie activity on T4 DNA, whereas the activity of 
the modified enzyme does not change on rechromato- 
graphy. This suggests that the modified polymerase con- 
tains very little or no active o and that, in the absence of 
o, this polymerase shows no preference for pre-early 
promoter sites. 


Synthesis of Gene-specific RNA with and without o 


The specificity of initiation can also be demonstrated 
for o-containing enzyme by measuring the transeription 
in vitro of a genetically defined region of the T4 genome, 
The rII region and its neighbouring D region are especially 
suited for this purpose as the rII region amd part of 
D(D,) are representatives of early genes whereas D, was 
shown to belong to the pre-early class*. During short 
term synthesis the complete E. coli enzyme produces a 
high level of D,-specific RNA but no detectable rll + D, 
messengers (Table 1). If RNA synthesis is allowed to 
proceed for an additional 30 min at 37° C (the conditions 
of Fig. 1B), the percentage of D, RNA made is slightly 
reduced, and a small amount of rIT + D, RNA can now be 








NATURE. VOL. 223. SEPTEMBER 6, 1969 


Table 1. SYNTHESIS OF GENE-SPECIFIC RNA in citro 


Rogion-spesifio RNA 
g Time of incubation per cent of to! 
Polymerase at i D: 
E. coli complete 12 min at 16° © 3 
E. coli cone 12 min at 16° © plus 30 min at 37° C 0-3 2-0 
T4am82 modified 12 min at 16° C plus 30 min at 37° © 2-9 14 


The amount of region-specific RNA was determined by the method of 
Sedderow (personal communication) which compares the extent of compe- 
tition with cold RNA isolated from cells infected with T4r* phage and with 
an rII deletion mutant, except that we have used in vitro RNA made on r*, 
11272 (missing rII + D,), and 12226 (missing also D.) DNA as more effective 
competitors. The percentages represent the differences in the plateau levels 
with the three competitor RNAs. In order to compete effectively the 
SH-RNA made by am82 modified enzyme, cold 17 min in vivo RNA (15 
mg) was added additionally. 


discerned. It seems that even after prolonged ineubation, 
pre-early genes are transcribed at higher frequencies than 
early genes. Because of the low activity of modified 
enzyme on T4 DNA, it was not feasible to do the short 
term synthesis experiment with the radioactive triphos- 
phates available. Enough radioactivity, however, was 
incorporated into RNA during long term synthesis with 
the modified enzyme, and more rIT+D, than D, messen- 
gers were found in this RNA. The striking difference im 
the amounts of rlI+D, RNA, made by the complete 
E. coli enzyme as compared with the modified enzyme, 
supports our conclusions thet o stimulates the transerip- 
tion of only pre-early genes and that the low residual 


Percentage of nncompeted *H-RNA 
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Fig. 1. Competition ot T4 "H-RNA synthesized by complete E. coli 
polymerase during short term (4) and long term (B) synthesis; cold 
competitor RNA was isolated from E. coli cells harvested 1 (@) and 5 
(©) min after T4 infection. The reaction mixture for in vitro RNA 
synthesis contained in 1 ml. (in amoles): trisHCl pH 7-9 (40); MgCl, (10); 
2-mercaptoethanol (10); KCI (50); ATP (0-05); *H-GTP (0-08, specific 
activity 8 mCl/amole); *H-UTP (0-2, specific activity 1 mCi/umole); 
OTP (0-2); 60 ug of T4 DNA and 50 ug of complete E, coli polymerase 
(specific activity 9,000 units/mg” on T4 DNA in 0-16 M KCI. After 12 
min at 16° C, 0-5 ml. was removed, mixed with 0-5 mg phenolized yeast 
RNA and quickly frozen (4); the remaining sample was incubated at 37° 
C for an additional 30 mia and frozen as above (B). After heating at 90° C 
for 1 min the template was removed by treatment with DNase and the 
RNA was isolated by the phenol method in the presence of 0-5 per cent 
Spa, The RNA product (specific activity 1» 10* ¢.p.m./memole) 
was prehybridized on a T4 DNA-nitrocellulose column™ to remove 
nonhybridizable material. Unlabelled RNA was isolated according to 
Bautz and Hall. The hybridization-competition mixture contained 
(in 0-4 ml): 6 vg of denatured T4 DNA, 1 x 10* e.p.m, (0-008 ugy H-RNA 
and increasing amounts of cold RNA. Incubation was for 5 h at 62° C 
and the DNA-~RNA hybrids were collected as described by Bolle et al.. 
Hybridization efficiencies were 38 per cent (for A) and 39 per cent (for B) 
in the absence of cold competitor RNA, 
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Fig. 2. Competition of T4 *H-RNA synthosized during 
synthesis by minimal Æ. coli polymerase without (4) and wi 
(2 ng) added; cold in vivo competitor RNA was isola 
harvested 1 (@), 5 (©) and 17 (A) min after infection. 
procedures as in Fig. 1, except that ATP was alee H lab: 
activity of the "H-RNA: 3% 10° ep.m./memole, Tape 
cpm; 8,1x10tepm. Hybridisation efficiency: A, Pr ee 
29 per cent; in the absence of cold competitor RNA, 


activity of either minimal or modified enzymé-is large: 
due to initiation at sites other than pre-early promoters. 


No Late RNA without Antimessengers. 
Even after prolonged synthesis on TEDNA, the com 
plete E. coli enzyme does not make any late RNA’, that. 
is, RNA which is not competed by cold BNA isolated 
min after infection (Fig. 1). In contrast, about 20 pe 
cent of the RNA produced by both the minimal E. o 
enzyme and the phage modified enzyme is not competed 
by the 5 min RNA but by RNA obtained at late tim 
(17 min) after infection (Figs. 2 and 3), and can there 
be classified as late. These two findings can be confirmi 
in a single experiment by competing hot RNA made by 
either E. coli or modified enzyme plus or minuso with cold 
in vitro RNA made by complete E. cold enzyme for 3 h 
at 37°C. As shown in Fig. 4, competition of the *H-RNA 
made with o-containing enzyme is almost compl 
whereas the *H-RNA made in the absence of 6 plat 
at a level of 20 per cent of the counts remaining, w. 
means that this percentage of the RNA contains sequen 
that are neither homologous with nor complementary to 
RNA transcribed in the presence ofo. Because itis ne 





























ie 
reasonably well established that phage DNA replication 
is a prerequisite for the in vivo transcription of late 
function genes*, it is almost certain that which ever: 
polymerase transeribes the late genes in vivo needs repli- 
cating DNA as template. It is therefore highly unlikely 
that the synthesis of late RNA by minimal enzyrne is 
representative of the im vivo situation but rather that 

it reflects a more or less non-specific mitiation due to the: 
lack of o. The latter interpretation becomes obvious if 
one measures the amount of antimessengers synthesized, 
that is, RNA which is transeribed from the DNA strand: 
opposite to the one expressed in vivo: Removal of o from” 
either Æ. coli or phage modified enzyme leads to a sub- 








“1024 


Table 2, ANTIMESSENGER CONTENT OF in vitro RNA 


Polymerase used for Per cent of input radioactivity 
RNA synthesis recovered as RNase resistant counts 


E. coli complete 0 
E. coli minimal B4 
E. coli minimal + « 1 
T4 am82 modified a7 
T4 am82 modified +o 2 


r The RNA preparations used in the experiments of Figs. 1 to 3 were 
incubated for 4 h at 62° © with 250 ug each of 5 min and 17 min in vivo cold 
RNA, followed by incubation at 37° C with 20 ugimil. pancreatic RNase and 
precipitation in the cold with 5 per cent trichloroacetic acid (ECA). Controls 
were incubated at 0° C, RNase treated at 37° C, and assayed for TCA pre- 
cipitable counts. 


stantial rise in the proportion of antimessengers (Table 2). 
Because the percentages given are based on the assumption 
that annealing with a high concentration of in vivo RNA 
is quantitative, the actual percentages are probably 
somewhat higher. Consequently, more than one third 
of the total RNA made by the minimal Æ. coli enzyme is 
read from the wrong DNA strand. Thus we have shown 
that both the specificity for pre-early promoters and the 
capacity of strand selection are lost on removal of o. 


Role of s in Phage T4 Development 


The work of Milanesi et al? has shown that E. coli 
RNA polymerase in vitro specifically initiates at or near 
the same sites on T4 DNA which are initiated first in vivo. 
Our findings show that this specificity for pre-early pro- 
moter sites is not observed with enzyme lacking o; there- 
fore o can be viewed as a positive control element which 
allows RNA polymerase to transcribe a fraction of the 
T4 genome selectively. Thus, during its evolution, phage 
T4 had adapted to make efficient use of the E. coli o 
function during the early stages in the replication eyele. 

While it is not eertain whether the inability to find 
s-activity in extracts from phage infected E. coli cellst§ 
reflects a rapid inactivation or turnover of o in vivo, the 
transient appearance of some phage specifie protein! and 
RNA‘ species suggests a partial shutoff of early promoter 
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Fig.3. Competition of °H-RNA synthesized during short term synthesis 

by T4 am82 modified polymerase without (4) and with (B) o (2 ug) 

de Coid competitor RNA as in Fig. 2. Specific activity of the 

SH-RNA: 3x10 epm./mymole. Input: 4, 1,000 cpm.: B, 3,000 

«p.m, Hybridization efficiency: A, 34 per cent; B, 31 per cent; in the 
$ absence of cold competitor RNA., 
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ipeted SH-RNA 


Percentage of uncon 





80 120 
ug cold RNA added 


180 


Fig. 4. Competition of 7H-RNA made by minimal X. coli polymerase 

(Fig. 2) without (@) and with (A ) o added and of 9H-RNA made by ams2 

modified polymerase without (©) and with (Ajo, The competitor RNA 

used was in vitro RNA aynthesized in a 10 ml. reaction mixture for 2 h 

at 37° C by complete E. coli enzyme with T4 DNA as template. The 

SH-RNA samples used, conditions of hybridization and hybrid yields 
were those of Figs. 2 and 3. 


sites within the first 2 or 3 min after infection. Thus the 
observed loss of o may be significant because it could 
explain this partial shutoff. In this case, the appearance of 
new “early” promoter sites would be mandatory to 
account for the enhanced synthesis of early RNA. How 
these early promoters are read preferentially by the phage 
modified polymerase is not clear, beeause the enzyme 
seems to lack the required specificity in vitro; a weak 
preference for early genes, however, may be indicated; 
we repeatedly observed that the phage modified enzyme 
produced a higher proportion of early RNA sequences 
and a 5 to 10 per cent lower antimessenger content than 
the minimal Æ. coli enzyme. It is also possible that, 
during the course of phage development, additional o-like 
factors are produced which could endow the enzyme with 
altered specificities but which so far have escaped our 
efforts of detection. Such faetors, however, are expeoted 
to be either less specific than o or present in limiting 
amounts, because both pre-early and early genes continue 
to be transcribed, albeit at reduced rates, throughout 
the latent period. 
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Biological Council Symposia 
SCIENTIFIC BASIS OF DRUG DEPENDENCE 
Edited by Hannah Steinberg 


This symposium shows how scientists from many 
disciplines are tackling some of the interesting and 
urgent problems of drug dependence. 

488 pages 93 illustrations 100s. 


THE INTERACTION OF DRUGS AND SUB- 


CELLULAR COMPONENTS IN ANIMAL CELLS 
Edited by P. N. Campbell, Ph.D., D.Sc. 75s. 


DRUGS AND SENSORY FUNCTIONS 
Edited by A. Herxheimer, M.B., B.S. 75s. 


Ciba Foundation Volume 


BACTERIAL EPISOMES AND PLASMIDS 


276 pages 27 illustrations 70s. 
The complete list of Ciba Foundation Publications is 
available on request. 


RECENT ADVANCES IN BLOOD COAGULATION 


By Leon Poller, M.D., M.C.Path. 
372 pages 35 illustrations 700s. 


CANNED FOODS (Baumgartner) 
By A. C. Hersom, B.Sc., F.R..C. and E. D. 


Hulland, B.Sc. 
328 pages 35 illustrations 45s. 


J. & A. CHURCHILL, LTD. 
104 Gloucester Place, London, w1 H 4AE 























H. A. MACLEOD 


Instrument Development Manager 
Sir Howard Grubb, Parsons & Co. Ltd. 


Thin-film 
optical filters 


SBN 85274 091 3. Price 147s. net 


The book covers topics in design, manu- 
facture, performance, and application. lt 
includes enough of the fundamental 
mathematics of optical thin films to give 
the reader a grasp of thin-film calculations. 


ADAM HILGER LTD 


60 ROCHESTER PLACE, LONDON NW1 





Non-Destructive Testing 
Views, Reviews, Previews 


This book, based on courses given at Harwell for 
managers and design engineers, surveys non- 
destructive testing methods developed for the United 
Kingdom Atomic Energy Authority. lt considers 
the implications of advanced non-destructive testing 
techniques for the designer, and previews techniques 
under development. Prepared by the Non-Destruc- 
tive Testing Centre set up at Harwell by the 
Ministry of Technology in 1967. 

Numerous text figures, paper covers 50/~ net 


Harwell Post-Graduate Series 


Quantum-Statistical Founda- 
tions of Chemical Kinetics 
SIDNEY GOLDEN 


This monograph examines the mathematical proper- 
ties that are required of the statistical operator of 
von Neumann and its transformations in order to 
reproduce faithfully the measurable dynamical 
behaviour of Gibbsian ensembles in non-relativistic 
quantum-mechanical terms. Paper covers 35/~ net 
Oxford Mathematical Monographs 


Chemical Evolution 


Molecular Evolution Towards the Origin of 
Living Systems on the Earth and Elsewhere 


MELVIN CALVIN 


The study of chemical evolution is based on the 
assumption that life appeared on the earth's surface 
as a result of the normal operation of physical and 
chemical laws. This implies that there was a period 
in the earth's history that encompassed the trafisi- 
tion between non-living molecules and a population 
of molecular aggregates that we should call ‘living’, 
Professor Calvin uses, and discusses in detail, two 
approaches to determine the nature of this interface 
and transition: molecular palaeontology and the 
construction of hypothetical chemical models that 
could have given rise to living organisms. 8 colour 
plates, 151 text figures, 55/~ net, paper covers 
25/— net 


Particle Accelerators 
A Brief History 
M. STANLEY LIVINGSTON 


Professor Livingston has been involved in the design 
and construction of particle accelerators since their 
conception. In this book he discusses their develop- 
ment, from the early attempts to produce high 
voltages, the invention of the electrostatic 

generator and the cyclotron, the origins of the 
principle of synchronous acceleration, to the growth 
of particle physics. 64 text figures, 66/~ net 
Harvard University Press 


OXFORD UNIVERSITY PRESS 
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MICROBIAL BIOGEOCHEMISTRY 
by JAMES E. ZAJC, Faculty af Engineering Science, The Unt- 


versity of Western Ontario, London, Canada 

This book provides a summary of those biochemical 
reactions in which minerals are either solubilized or 
deposited, with emphasis on the role played by 
microbes. The approach throughout is inter- 
disciplinary, combining the latest information in the 
fields of microbiology and geology. For each import- 
ant element discussed, the reader is first introduced to 
the geochemistry of minerals involved. With this as 
a background, the biogeochemistry is developed. 
Biogeochemical cycles are presented where evidence is 
sufficient to support their existence or where bio- 
energetics support a possible reaction. Also given are 
available data on biogeochemical prospecting. 
Throughout the book, stress is placed on the microbe 
as a direct catalyst in oxidizing or reducing minerals 
or as the producer of organic and inorganic com- 
pounds which assist in these processes. 

1969, 345 pp, 140s. ($15.00). 


RHEOLOGY, Theory and Applications 


Volume 5 
edited by FREDERICK R. EIRICH, peparsnent of Chem- 


btry, Polytechnic Institute of Brooklyn, Brooklyn, New York 

This multi-volume treatise summarizes experimental 
and theoretical knowledge in the growing field of 
Rheology, the science of flow and deformation as 
related to physical and chemical properties. Thus it 
covers the areas between physical chemistry on one 
hand, and hydrodynamics and continuum mechanics 
on the other. CONTENTS: Application of Large 
Deformation Theory to the Thermomechanical 
Behavior of Rubberlike Polymers-Porous, Unfilled, 
and Filled * Unstable Flow of Molten Polymers * 
Elasticity Effects in Polymer Extrusion * Rupture of 
Elastomers * Free Volume and Polymer Rheology ° 
Studies of Deformation of Crystalline Polymers ° 
Deformation and Dissipative Processes in High Poly- 
meric Solids * Thermodynamics of Deformation e° 
Calorimetric Investigations of Deformation Processes 
* Rheology of Textile Fabrics * Rheology of Paper « 
Author Index * Subject Index. 


1969, about 625 pp, 303s. 6d. ($32.50). 


FISH PHYSIOLOGY 


edited by WILLIAM S. HOAR and DAVID J. 
RANDALL, both at the Department of Zoology, University of 
British Columbia, Vancouver, Canada 

This multi-volume treatise covers all aspects of fish 
physiology in considerable detail. Other subjects 
treated include fish behavior, environmental relations, 
and migration, The first volume is largely concerned 
with osmotic and ionic regulation and metabolism, 


-while the second emphasizes endocrinology, and the 


third volume discusses reproduction and development. 


Volume 1: December 1969, about 418 pp., 215s. ($23.00). 
Volume 2: December 1969, about 412 pp., 215s. ($23.00). 
Volume 3: January 1970, about 411 pp. 
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NUCLEAR MAGNETIC RESONANCE 
SPECTROSCOPY, Principles and 
Applications in Organic Chemistry 

by FRANK A. BOVEY, Polymer Chemistry Research Depart- 


ment, Bell Telephone Laboratories, Murray Hill, New Jersey 

Provides a description of the principles of high resolu- 
tion nuclear magnetic resonance spectroscopy, includ- 
ing the phenomena of nuclear relaxation, and a dis- 
cussion of NMR spectrometers and experimental 
techniques. NMR spectra and their interpretation in 
terms of molecular structure are analyzed with 
special emphasis given to the correlations of couplings 
and chemical shifts with structure and conformation. 
In discussing the use of NMR for the study of rate 
processes, particular attention is directed to proton 
resonance; however, other nuclei (19F, 13C, 14N, 
ISN, and 31P) are also considered, 


1969, 396 pp., 154s. ($16.50). 


METHODOLOGIES OF PATTERN 
RECOGNITION 


edited by SATOSI WATANABE, University of Hawaii, 
Honolulu, Hawaii 

Pattern Recognition, once considered being nothing 
more than a mystifying computer stunt, is quickly 
becoming a respectable branch of scientific art. As 
if to commemorate this significant turning point, 
thirty outstanding authorities of ten various national 
origins got together one day in January 1968 in Hawaii 
around a round table to review the past, evaluate the 
present, and to discuss the future of the new-born 
science. This volume is a record of this “summit 
conference ” on pattern recognition. Each author has 
emphasized the “ philosophy ” of his approach rather 
than the mathematical derivations and experimental 
data, and has provided the reader with a self-contained 
survey of lasting value. 

1969, 579 pp., about 150 figures and illustrations, 149s. ($16.00). 


CURRENT TOPICS IN 
PLANT SCIENCE 


edited by JAMES E. GUNCKEL, Rutgers University, New 
Brunswick, New Jersey 
Presents an overview of research programs of a num- 
ber of institutions and individuals associated with the 
Torrey Botanical Club. Topics covered include the 
control of growth and morphogenesis, processes of 
disease induction in plants and insects and the 
activities of fungi-~all treated as problems of molecu- 
lar or cell physiology ; normal and abnormal plant 
growth, and various aspects of morphogenesis. A 
section on taxonomy treats: the family Cyperaceae, 
the genus Eriogonum, and the North American Flora. 
1969, about 453 pp., 182s. ($19.50). 
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BIOCHEMICAL 
MICROCALORIMETRY 
edited by HARRY DARROW BROWN, Cancer Research 


Center and University of Missouri, Columbia, Missouri 

esigned to provide the biochemist and the bio- 
physicist with an introduction to the instrumentation, 
techniques, and applications of microcalorimetry. 
The approach is interdisciplinary, with contributions 
from expert calorimetrists in physics, biology, physical 
chemistry, and biochemistry. Individual articles 
review the pertinent literature and discuss both present 
and potential applications. Also treated are design 
considerations and the characteristics of instrument 
types. 
1969, about 375 pp, 149s. ($16.00). 


MODULATION SPECTROSCOPY 


by MANUEL CARDONA, Physics Department, Brown Unb- 
versity, Providence, Rhode Island 

Discusses the use of modulation spectroscopy for 
studying the band structure and related optical 
properties of solids. Both wavelength and sample 
modulation methods are considered. An extensive 
introduction covers the necessary theoretical back- 
ground for an understanding of the static optical 
properties of solids, with emphasis placed on the con- 
cept of critical points. Regarding sample modulation, 
the author deals with the methods for modulating 
uniaxial stress, temperature, and electric field and their 
application to the study of electronic structure of 
solids. The final chapter is devoted to the application 
of modulation spectroscopy to the study of optical 
structure under the influence of a static perturbation, 
such as a magnetic field or uniaxial stress. 


1969, about 300 pp., 149s. ($16.00), 


GENE ACTIVITY IN 
EARLY DEVELOPMENT 


by ERIC H. DAVIDSON, The Rockefeller University, New 
York, New York 

In an original and creative synthesis, the author pro- 
vides a modern framework within which the experi- 
mental results of both contemporary and classical 
investigations in experimental embryology are pre- 
sented. The book focuses on the function of the 
genome in the organization of the developing embryo. 
The point of view is that regulation of gene action 
is a fundamental process underlying cell differentia- 
tion. Systematically the author discusses the gene 
action during embryogenesis ; the phenomena of cyto- 
plasmic localization of morphogenetic potential ; 
oogenesis and the significance of gene action in the 
oocyte nucleus; and the general nature of the gene 
proce of gene regulation in the differentiated animal 
cell, 

1969, 375 pp- 116s. 6d, ($12.50). 






THE CHEMISTRY AND BIOLOGY 
OF VIRUSES 


by HEINZ FRAENKEL-CORAT, professor of Motecular 


Biology and member of the Virus Laboratory, University of Californias. oe n 


Berkeley, California 


This book deals with the chemical and biological 
aspects of virology containing updated information on 
the structure and function of plant, animal, and bac- 
terial viruses. Simple presentation of the subject is 
supplemented with an extensive listing of the most 
sophisticated publications and review articles facilitat- 
ing a more profound individual study. Intended 
primarily as a text for virology courses at any level, 
it should also prove useful as an adjunct text in 
biology. 

1969, about 280 pp., 84s. ($9.00). 


MORPHOLOGY OF THE LIVER 


by HANS ELIAS, Professor of Anatomy, Chicago Medical Svhevi, 
Chicago, Hlinois 


and JOSEPH C. SHERRICK, Professor of Pathology, North» 


western University, Chicago, Illinois 


This profusely illustrated volume provides a systematic. 


presentation of the entire field of the morphology of : 


the liver, including the biliary tract, of man and the 
vertebrates. It covers histology, cytology, emoryo- 
logy, pathology, surgical and gross anatomy, and- cone 
tains an archive of serial sections through embryos. 
of numerous vertebrates, Techniques of Hlustratien 

developed by the senior author are used, and include — 


stereographic pictures, photomicrographs, and close 


ups of surface structure. In addition, the authors 
make use of a large number of electron micrographs 


gleaned from the work of outstanding electron micro- = 
scopists in America, Europe and Japan. The chapter: oc ă 


on pathology, illustrated with a selection of excep-. 


tional micrographs, provides an excellent guide to the 


interpretation of needle biopsies. 
1969, 391 pp, 104x73, 265 illustrations, 256s, 6d. ($27.50), 


THE EYE, Second Edition 


VEGETATIVE PHYSIOLOGY AND BIOCHEMISTRY 
Volume 1 

edited by HUGH DAVSON, Physiology Department, Universtiy 
College, London, England 

This multi-volume work provides an integrated, 
authoritative account of the physiology of the eye with 
emphasis on function, CONTENTS: Peter C. Kron. 
feld: THE GROSS ANATOMY AND EMBRYO- 
LOGY OF THE EYE. H. Davson: THE INTRA: 
OCULAR FLUIDS. 
OCULAR PRESSURE. Antoinette Pirie: THE 
VIREOUS BODY. S. G. Waley: THE LENS: 
FUNCTION AND MACROMOLECULAR COM- 
POSITION. Ruth Van Heyningen: THE LENS: 
METABOLISM AND CATARACT, DO M 
Maurice: THE CORNEA AND SCLERA, C. N: 
Graymore: GENERAL ASPECTS OF THE META- 
BOLISM OF THE RETINA. 


1969, 680 pp., 242s. 6d. ($26.00). Subscription price : 206s. ad, 
($22.10). 
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PRINCIPLES OF ANIMAL BEHAVIOR 


W. N. Tavolga (paper) Sis. 


A short statement of the modern approach to animal behaviour. it demonstrates that an understanding of 
the qualitatively different levels of organisation of various animals is essential to a comparison of their 
behaviour. Extensive bibliography by the Animal Behaviour Society. 


EPISOMES | 


A. M. Campbell (paper) 55s. 
(cloth) 102s. 


A unified appraisal of current work on episomes, emphasising mechanisms and the relation of episomes 
to present concepts in molecular biology. 


ENZYMIC CATALYSIS 


J. Westley (paper) 61s. 
(cloth) 112s. 


A concise, current account of enzyme mechanism work from a phenomenological point of view, stressing 
steady state and other kinetic tools, with emphasis on developing the physical meanings of equations. 


THE STRUCTURE AND ACTION OF PROTEINS 


R. E. Dickerson and |. Geis 37s. 


With the aid of more than 100 two colour drawings, electron micrographs and graphs, this book leads the 
reader from basic chemical units, forming the polypeptide chain to types of chain folding, fibrous and 
globular protein structure, the activity of enzymes, and finally to the organisation of protein molecules in 
biological systems.. [7 Ss : 


COMPARATIVE VERTEBRATE HISTOLOGY 


D.I. & G. R. Fatt 140s. 
This comprehensive discussion of vertebrate tissue considers similarities and differences attributable to 
evolutionary change. It includes detailed physiological explanations and, where appropriate, extensive 
analysis of function on the cellular and molecular levels. 


Forthcoming Autumn Books 


RM. Dowben GENERAL PHYSIOLOGY: A Molecular Approach 84s. 
J. A. Bevan et al. ESSENTIALS OF PHARMACOLOGY 140s. 


R. Baserga & D. Malamund AUTORADIOGRAPHY: Techniques and 
Applications 162s. 


A. Peters et al. THE FINE STRUCTURE OF THE NERVOUS SYSTEM 
168s. 


HARPER & ROW LTD., 69 Great Russell Street, London, W.C.1. 
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Ape 


J. P. Davidson, editor 


THIRD SYMPOSIUM ON LOW- 
MEDIUM MASS NUCLEI 


Noted physicists from around the world address 
themselves to topics centred on the theoretical aspects 
of the structure of nuclei in the mass region from A=5 
to about A=50, and the experimental aspects of 
obtaining information about such nuclear structure. 


(Kansas) 300 pages, charts, diagrams 119s. Od. 


Milton Diamond, editor 


PERSPECTIVES IN REPRODUCTION 
AND SEXUAL BEHAVIOUR 


Research and expository papers by eminent biologists, 
endocrinologists, and anatomists that provide analyses 
of varied questions on reproduction and sexual 
behaviour. 


(Indiana) 532 pages illus. 186s. Od- 


Stillman Drake and |. E. Drabkin, 
editors and translators 


MECHANICS IN SIXTEENTH- 
CENTURY ITALY: 


Selections from Tartaglia, Benedetti, Guido 
Ubaldo, and Galileo 

t... a work which for almost the first time attempts to 
fill the gap between Galileo and his mediaeval precur- 
sors. There is a scholarly introduction by Professor 
Drake, representative selections from sixteenth century 
Italian writers (including the young, ‘pre-Galilean’, 
Galileo) and a bibliography organized along lines 
suggested in the introduction. itis a most useful book 
for scholars, and it is very well produced.” ature. 
(Wisconsin) September 1969 352 pages 119s. Od. 


T. A. Toussoun and Paul E. Nelson 


A PICTORIAL GUIDE TO THE 
IDENTIFICATION OF FUSARIUM 
SPECIES 


“In their elegantly produced guide to the species of 
Fusarium, Toussoun and Nelson accept the species 
concept of Snyder and Hansen. A simple key to the 
species based on the shape of microconidia, occurrence 
of chlamydospores and shape of the basal cell of 
macroconidia is given. In six pages of text there is 
useful information on methods by which species can 
be cultured and examined. Fifteen plates of particu- 
larly high quality show the spore morphology of each 
species... ."° Nature. 


{Pennsylvania State) 52 pages, 15 b/w and 2 col, 
plates (spiralbound) 57s. Od. 


PUBLISHERS GROUP LTD. 


Harold Vagtborg, editor 


USE OF NONHUMAN PRIMATES 

IN DRUG EVALUATION 

A Symposium 

The papers published in this volume, written by some 
of the foremost scientists in the field, present data on a 
wide variety of pharmacological agents tested in a 
number of species of primates. 


(Texas) 456 pages. illus. 143s. Od. 


Gene D. Lewis 


CHARLES ELLET, Jr.: 
THE ENGINEER AS INDIVIDUALIST, 
1810-1862 


“We should be grateful to Professor Lewis for his 
diligence in rescuing from obscurity this thought- 
provoking life story of a great American engineer.” 
L. T. C. Rolt, Nature. 


{(lilinois) 220 pages, 8 illus, 1 map. Tis. Od. 


Benton MacKaye 


FROM GEOGRAPHY TO 
GEOTECHNICS 


Paul T. Bryant, editor 


Mr. Bryant has selected the thirteen pioneering essays 
in this volume as representative works of continuing 
interest to planners, scholars, conservationists, and 
private citizens concerned about the effects of our 
urbanized and deteriorating environment on the quality 
of our fives. 

(Illinois) 194 pages 56s, Od. 


Katherine Esau 


VIRUSES IN PLANT HOSTS: 

Form, Distribution, and Pathologic Effects 
“The book, which is illustrated by superb micro- 
photographs, reveals the author's skill in interpretation 
of cell structure and translocation as well as elucidating 
the invasion of two important crop plants by viruses.” 
Times Lit. Supp. 


(Wisconsin) 200 pages illus. 95s. Od. 


Robert G. Fleagle, editor 
WEATHER MODIFICATION 


Science and Public Policy 

A number of authorities examine the problems and 
opportunities now confronting man, at the threshold of 
the ability to make substantial and far-reaching changes 
in the human environment. 

(Washington) 160 pages, figs, tables, 758, 6d. 
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XXXIV 


Sidgwick & Jackson 


Biology Series 


General Editor: R. Phillips Dales, 
Reader in Zoology, Bedford College, 
London. 





Marine Biology 
H. Friedrich 


This is a comprehensive book for students of 
advanced zoology. In its original German form it is 
already a standard text. It deals with the history of 
marine biological investigation, the problems, the 
achievements, and methods. 

Amply //lustrated and with a most useful 
bibliography 

70s Hard cover/25s Soft cover 


Practical Invertebrate Zoology 
compiled by R. Phillips Dales 

Contents and Contributors include: 

Protozoa: Sponges: 

Francis E. G. Cox Lecturer in Zoology, Kings College, London 
Coelenterates: Ctenophores: Endoprocts: Annelids: 
Echiuroids: Sipunculids: Lophophorates: Insects: 

R. Phillips Dales Reader in Zoology, Bedford College, London 
Rotifers: Crustacea: 

J. Green Reader in Zoology, Westfield College, London 
Molluses: 

J. E. Morton Professor of Zoology, Auckland, New Zealand 
Echinoderms: 

D. Nicholds Professor of Zoology, Exeter 

Platyhelminths: Nemertines: Nematodes: Acanthocephala: 
Chaetognaths: Chelicerates: Onychophorans: Myriapodous 
arthropods: 

D. Wakelin Lecturer in Zoology, Bedford College, London 


70s Hard cover/25s Soft cover 


Molecular Biology and the Origin of 
Species: Heterosis, Protein Polymorphism and 
Animal Breeding 

Clyde Manwell and C. M. Ann Baker 

63s Hard cover/21s Soft cover 


The Investigation of Natural Pigments 
G. Y. Kennedy, 
Cancer Research Laboratory, University of Sheffield 


This book is designed for the biologist who wishes, 
himself, to isolate and identify as far as possible 
the pigments of any organism which he is studying. 
The techniques described are well-tried, and may 
be followed by one who is not, primarily, a 
biochemist, but who has some knowledge of 
basic laboratory methods. 
Appendices will contain amongst other data, tables 
Of absorption spectra, melting points, purification 

` of reagents, dilution formulae, and buffers. 


Full list of titles available and forthcoming from 
1 Tavistock Chambers Bloomsbury Way London WC1 
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The Moon 


An International Journal of Lunar Studies 


Editors: H. ALFVÉN, Z. Korat and H, C., Urey 


Editorial Board: F. D. Drake, D. H. Eckhardt, D. E. Gault, 
C. L. Goudas, Sh. T. Habibullin, T. Hagfors, B. W, Hapke, 
W. N. Hess, L. D, Jaffe, K. Koziel, F. Link, G. J, MacDonald, 
M. G. J. Minnaert, M. D. Moutsoulas, E. J, Öpik, G. H, Petten- 
gill, J. W. Salisbury, Y. Shimazu, S. Fred Singer, C. P. Sonett, 
R. K. Squires, V. S. Troitski, D. F, Winter. 


The aim of this new journal is to provide an inter-disciplinary but 
monothematic medium for publication of the results of original 
investigations in all fields of lunar studies - including astronomy, 
astronautics, chemistry, geology, space physics, and all other 
aspects of the scientific study of our satellite by spacecraft as 
well as by the more traditional approaches of ground-based 
astronomy. In addition, the journal is open for critical review 
papers on broader aspects of lunar studies, aiming to encourage 
their growth, 


Subscription price: DfA. 110.- (US$ 30.80) 
per volume of 4 issues 

Personal subscription price on request 
Volume | no. 1 will be published in the 
Autumn of 1969 


Marine Geophysical 
Researches 


An International Journal for the Study of the Earth 
beneath the Sea 


Editor: B. J, COLLETTE 


Editorial Board: Tj. H. van Andel, M. P. H. Bott, U. Fleischer, 
J. G. Hagedoorn, J. R, Heirtzler, D. H. Matthews, A. Maxwell, 
C. Morelli, W. J. Morgan, N, A. Ostenso, X. Le Pichon, W. P. 
Pitman HI, G. H. Sutton, J. Lamar Worzel. 


This new journal will especially be devoted to researches in the 
sedimentary layer, the crust and the mantle of that part of the 
earth which is covered by the sea. Papers on related subjects are 
welcomed as well. -lt will contain: original research papers, 
research notes and preliminary papers, papers on instrumentation 
and methods, letters to the editor, concise cruise reports, 


Subscription price: Dfi. 134.80 (US$ 37.75) per volume 
of 4 issues 

Personal subscription price on request 

Volume 1 no. L will be published in January 1970 
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FORTHCOMING TITLES 





An important new text 


Molecules and Life 


An Introduction to Molecular Biology 

By Mikhail V. Vol’kenshtein, Academy of Sciences of the USSR 

Translated from Russian by Serge N. Timasheff, Graduate Department of Biochemistry, 
Brandeis University 

Dealing primarily with questions related to the structures and functions of proteins and 
nucleic acids, this text contains descriptive material as well as rigorous mathematical 
treatment of many problems in molecular biology. It will prove extremely valuable as 
a textbook for advanced-level undergraduates, as well as for graduate students in molecular 
biology and research workers in this field. ; 
CONTENTS: Physics and biology è Cells e Viruses and Heredity + Biological Molecules: 
Physics of Macromolecules e Physics of Proteins è Physics of Nucleic Acids # Protein 
Synthesis è Biological Specificity and Structure of Molecules + Mechanochemical Pro- 
cesses @ Problems of Molecular Biophysics. 

Approx. 525 pages PP 1970 in preparation 


A unique contribution to the growing literature on oral contraception 


Metabolic Effects of Gonadal Hormones and Contra- 


ceptive Steroids 

Based on a workshop, held in Boston, 1968 

Edited by H. A. Salhanick, Professor of Obstetrics and Gynecology, Harvard Center for 

Population Studies, Boston 

Dava M. Kipnis, Professor of Medicine, Washington University School of Medicine, 

St. Louis : 
R. L. Vande Wiele, Professor of Obstetrics and Gynecology, College of Physicians and: 
Surgeons, Columbia University, New York eae 
This volume is of vital importance to the entire medical and public health profession. 

Containing articles by internationally recognized authorities, it is the only comprehensive o 
compendium of metabolic effects available. Inasmuch as no steroid with contraceptive. 

action has proven to be without metabolic side-effects, the volume reports effects on the- 
hepatic, vascular, skeletal, and central nervous systems, with specific reference to diabetes, 

blood lipids, hypertension, biliary metabolism and psychiatric changes as they relate to 

estrogens and progestin therapy. 

762 pages PP September 1969 257s, 


Enzyme Physics 

By Mikhail V. Vol’kenshtein, Jnstitute of Molecular Biology, Academy of Sciences of the 
USSR, Moscow 

Devoted to detailed descriptions of the structure of proteins, the presentation of the 
genetic code, and a discussion of enzyme conformation and kinetics, this volume presents 
advanced concepts of the structural and functional properties of enzymes in an excep- 
tionally clear manner. It serves as an excellent source for those who wish to become 
acquainted with enzymes in general. 

CONTENTS: Protein Structure e Hydrophobic Interactions and Protein Structure + 
Genetic Coding of Protein Structure èe Macromolecular Properties of Enzymes » Induced: 
Structural Correspondence of Enzyme and Substrate è Optical Activity « Optical Activity 
of Polypeptide Chains è Optical Activity and Conformational Properties of Enzymes» 
Conformational Properties of Enzymes and Ionization » Cooperative Properties of 
Enzymes and Reaction Kinetics è Allosteric Enzymes e« Hemoglobin è Enzymes and 
Mechanochemistry e Kinetics of Enzymatic Reactions and Graph Theory + Anomalous 
Dispersion of Magnetic Rotation è References è Index. 

200 pages PP October 1969 IrIS. 


Research in Dental and Medical Materials 


Proceedings of a Symposium on Research in Dental and Medical Materials held at the Fall 
Meeting of The Metallurgical Society of AIME, Detroit, 1968 

Edited by Edward Korostoff, Associate Professor of Biomaterials, School of Dental Medicine, 
and School of Metallurgy and Materials Science, University of Pennsylvania, Philadelphia 
Recognized authorities present the results of their investigations into such areas as the 
tensile failure of dental amalgam, aspects of implant shape in testing of biological materials, 
construction materials for artificial bone segments, in vivo corrosion of ferrous alloy 
implants, and powder metallurgy fabrication of cobalt alloy surgical implant materials. 
It presents the latest information in a clear, lucid manner, and will be an invaluable. aid 
to materials scientists and those in the medical profession. 

approx. 150 pages PP October 1969 80s. 
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FOSSIL VERTEBRATES OF AFRICA VOLUME 1 


Edited by L. S. B. LEAKEY, National Centre for Prehistory and Palaeontology, Nairobi, East Africa, 
August 1969, x-+102 pp., 12 pp. plates, 50s, 


This is the first volume of a series of studies on the recent wealth of fossil discoveries in East Central 
Africa. Over the last twenty-five years the quantity of these discoveries has been so great that study 
of them has been retarded, but new papers are now appearing with increasing frequency. These 
studies by the most competent scientists in the field deal mainly with genera and species of fossil 
mammals new to science. 

CONTENTS: P. M, Butler: Insectivores and Bats from the Miocene of Easi Africa--New Material. G. H. R. Von Koenigs 


wald: Miocene Cercopithecoidea and Oreopithecoidea from the Miocene of East Africa. R. E. F, Leakey: New Cercopithe~ 
coiden from the Chemeron Beds of Lake Baringo, Kenya, D. A, Hooijer: Pleistocene East African Rhinoceroses. Authar Index, 





Transactions af the Zoological Society of London Volume 32, Part 1 


HABITAT AND CARDIOVASCULAR DISEASE: 


Observations made*on elephants (Loxodonta africana) 
and other free-living animals in East Africa 


SYLVIA K. SIKES, Royal Holloway College, University of London, England, 
July 1969, pp. 1-104, 24 plates, 50s, 


This monograph describes a field survey investigating the ecology of cardiovascular disease in free- 
living East African wild animals in general, and in the African elephant in particular. 

The aim was to assess the susceptibility of such animals to arteriosclerosis, and particularly to 
atherosclerosis; and to examine in greater detail the ecology of cardiovascular disease in a single, 
naturally susceptible species in relation to dietary change and stress in naturally occurring situations. 
A total of 201 specimens, representing 43 species of mammals and 25 species of birds, were studied. 
This volume also includes notes on abnormalities other than cardiovascular disease, and discussion 
on ecological data collected, which may have practical relevance to current problems of wildlife 
management. 

CONTENTS: Introduction. Cardiovascular disease: definitions and terminology. Materials and methods. Esological 
background. Abnormalities found other than those directly affecting the cardiovascular system, Observations on the cardio- 


vascular material collected from species other than elephant. Observations on the cardiovascular material collected from 
African elephants. Discussion. Summary. References. Tables. 


ADVANGES IN PARASITOLOGY 


Edited by BEN DAWES, Professor of Zoology (Parasitology), King’s College, University of London, 
England. 
Volume 7, duly 1969, xxi-+4t4 pp., 120s. 


In Advances in Parasitology it is the editor's aim to provide authentic, well-documented reviews of 
various subjects extending to the limits of existing knowledge; and to indicate where future research 
effort can be expended most profitably. The problems of parasitology engage all the disciplines of 
modern biological science. The appeal of this series lies in full coverage of topics by expert contribu- 
tors working all over the world. 

CONTENTS OF VOLUME 7: The Host-Parasite Relationships of Plant-Parasitic Nematodes. The immunology of Schista~ 
sontasis. Experimental Fascioliasis in Australia. The Epidemiology and Control of Same Nematode Infections af Grazing 


Animals. Meteorological Factors and Forecasts of Helminthic Disease. The Biology af the Hydatid Organisms. Advances 
in Veterinary Anthelminthic Medication, Paragonimus and Paragonimiasis. Author Index. Subject Index. 


DIOPHANTINE EQUATIONS 


L. J. MORDELL, St. John’s College, Cambridge, England. 
July 1969, xli+-314 pp., 90s. 
Volume 30 in Pure and Applied Mathematics. .4 Series of Monographs and Textbooks. Edited by PAUL A. SMITH and 
SAMUEL EILENBERG, Columbia University, New York, USA. 
The object of this book is to give some account of the most interesting and important results of 
recent investigations of Diophantine Equations and to note some problems of special interest. An 
effort has been made to preserve the spirit and tradition of Diophantine Equations. 

The book is of interest to all working in number theory. Most of the chapters are self contained 
and some do not make too great a demand on technical knowledge. It will appeal to students, 
undergraduates and graduates and to both amateur and professional mathematicians. 





= Berkeley Square House 111 Fifth Avenue, New York 
Academic Press iesus xv ios Ne 
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Bread and Circuses 


TuE year just past has been dominated by the Moon, 
and the chances are that the next few months will be 
similarly preoccupied. It is, after all, an exciting and 
even an important adventure. But no cost-benefit 
analyst worth his salt would pretend that the expedi- 
tion is justified by its tangible results. To know 
a little more about the surface of the Moon, and even- 
tually a great deal more about the internal structure, 
will be of great interest but it will not suddenly trans- 
form anybody’s understanding of the Solar System or 
its evolution. 

A visit to Mars by people, on which the United 
States National Aeronautics and Space Administration 
seems to be setting its heart, is likely to be equally 
indecisive. The trouble is, of course, that the progress 
of science depends not on the right answers to questions 
chosen at random but on constructive answers to 
questions which are almost certain to produce illumina- 
ting replies. In science, in other words, the skill lies in 
asking the right questions. Although the visit to the 
Moon has been interesting and will, with its suecessors, 
provide the answers to a number of questions, nobody 
would pretend that, in terms of science, these were the 
questions with the highest priority when President 
Kennedy declared, in 1961, that the United States 
would hurry off to the Moon. This may be why there 
has been a sense of let-down, since the landing of 
Apollo 11, among some of the Apollo enthusiasts. 
Great things have been accomplished, but they seem 
almost like disappointments. 

It is true, of course, that the journey to the Moon 
is not justified entirely in terms of the possible benefits 
in science which it may bring, and, to that extent, it 
may seem churlish and even unwise for scientists 
occasionally to grumble about the cost of the Apollo 
programme and to imply that it would have been 
better to spend the money on other things. To say 
that the arguments now being made for a journey to 
Mars are even more mistaken, however, does have a 
foundation in science. For the chances are very high 
that a landing on Mars by the United States in 1982, 
the earliest date possible, would yield much less benefit 
to science than the expenditure of a mere fraction of 
the cost on other kinds of enterprises. But may not a 
journey to Mars be justified by the techniques that 
would be developed in the process? Even here, such 
benefits as are within reach could probably be attained 
more cheaply and more certainly by other forms of 
expeditions beyond the atmosphere. In other words, 
it is a kind of public service to resist the expedition to 
Mars. 

The long debate in the United States and elsewhere 
about the priority which should be given to the Apollo 
programme and its elaborations has been marked by a 
strange reticence in the scientific community. The 
doubters have tended to wash their hands of the affair, 
saying that science plays only a secondary part in the 
enterprise. The enthusiasts, on the other hand, have 
not yet been able to stamp the programme with a 


sense of the order of priorities that would have been 
suggested on the grounds of scientific benefit. Although, 
in the past months, there have been signs of a welcome 
willingness among the planners of these expeditions to 
ask seriously what the objectives are, there is plenty 
of room for a greater awareness of the scientific benefits 
which a rounded programme of space exploration could 
bring. 

There is, after all, no shortage of good causes on 
which money could be spent. The pages which follow 
show not merely some of the benefits of expeditions 
beyond the Earth but also some of the opportunities 
which lie nearer to hand. The topies which are repres 
sented in this survey of recent trends in science are by 
no means intended to inelude everything of current 
interest. Rather, they reflect some of the personal 
interests of the staff of Nature. They do, however, 
show that the progress of science is at once as rapid 
and potentially as subversive as it has ever been, In. 
all kinds of fields, from astronomy to geneties, there is 
no knowing where the next discovery will set people's 
minds alight. There is even a kind of unpredictability 
about the benefits in applied science which may flow 
from some of the recent developments in pure seience. 
Who knows, for example, what may come from Pro- 
fessor H. Harris's work at Oxford on the repression. of 
malignancy in cells containing two sets of chromosomes, 
one normal and one potentially malignant, or what 
new departures may stem from work on reproductive 
physiology ! 

This is why it is unfortunate that in the past two 
years there has been what seems to be an international 
reaction against academic science. The unwillingness of 
young people to take up university careers in science, 
often exaggerated, is probably in any case a proof that 
scientific curricula are ripe for reform. The more 
serious cause for anxiety where the continuity of the 
flood of discovery is concerned is the way in which 
the enthusiasm of governments for supporting academic 
scientific research has failed to keep pace with the 
demand, as measured not merely by the growth of 
universities in the United States and most of Western 
Europe but also by the need of money to pursue 
enthralling lines of investigation. 
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The Moon and the Planets 


APOLLO 11 has inevitably put its mark on the past 
year, but this is only a part of the great surge of interest 
in the Moon and the planets which has been under way 
now for several years. 

For what it accomplished, Apollo 11 is more valuable 
as a sign of what may come in the years ahead than as 
a piece of discovery in its own right. When the space- 
craft landed on July 20, 1969, enough had been learned 
about the character of the Moon to know that this 
object was devoid of life. At the same time, the 
astronomical work from the Earth and, during the 
past few years from satellites approaching the Moon, 
orbiting about it and landing on it, had made it seem 
that the object was not entirely devoid of the marks of 
geological change. The Moon may seem dead, but the 
chance that it can throw light on the processes which 
have determined the evolution of the Solar System as 
a whole is quite considerable and cannot be ignored. 

In the year past and in 1968, the passage close to the 
Moon of the orbiting satellites was a great stimulus to 
speculation and further discovery. The Orbiter satel- 
lites showed, for example, that the long rilles running 
across the surface of the Moon, particularly on the 
dark maria, are really high escarpments. The same 
observations had shown, before the first landing by 
people, that the walls of the steep craters, Copernicus, 
for example, have a good deal of the kind of structure 
to be expected from cliffs on the Earth. To be sure, 
there were no signs of the layered rocks which are so 
much a part of terrestrial geology—no signs of the 
formation of sediments, for example. But observation 
from a height of sixty or seventy kilometres promised 
to yield a wealth of topographical information about 
the Moon and its structure. 

What would be the benefit of this? In the months 
before the Moon landing in July, interest among 
scientists seemed to be particularly strong in attempts 
to anticipate what the Moon landing would uncover. 
The range of possibilities was immense. 


How Craters Formed 


One thing, however, seems to have been established 
quite unambiguously. Although the appearance of 
the rocks of which the Moon is made suggests that 
some of these have been molten at some stage in their 
history, at least a large proportion of the craters on 
the Moon, large as well as small, have been produced 
by the impact of meteorites. It is no surprise that this 
has happened, of course—-meteorites fall on the Earth 
with comparative frequency and are known to leave 
behind large eraters such as the San Diablo Crater in 
o Arizona. But on the Earth, these impact craters are 
quickly worn away by the erosion of wind and water. 
On the Moon, there are only the slow processes of 
disintegration, particle by particle, to smooth out the 
surface topography. It is no wonder that the surface 
is so pockmarked after 4,500 million years of isolation. 

But is the Moon the same all the way through or is 


it, like the Earth, a layered structure with possibly a 
molten core inside ? A simple answer to this question 
has been available for deeades—the Moon is known to 
depart quite considerably from the shape of a strict 
sphere. The equator is on the average several kilo- 
metres farther away from the centre than the poles, 
but the equator is not nearly a perfect. circle but buckled 
here and there by protuberances and depressions. All 
this implies that the Moon is frozen in a state of dis- 
equilibrium—so much has been apparent from the 
oscillations which the Moon seems to make in the orbit 
about the Earth, or the libration as it is called. But it 
is unlikely that an object like this, with all kinds of 
built-in strains and stresses, could be provided with a 
core of molten rock inside. Indeed, the rocks of which 
the Moon is made are plainly a good deal less plastic 
than the rocks in the mantle of the Earth. 

This is why it was no great surprise, but nevertheless 
a considerable source of excitement, that the flight of 
the Lunar Orbiters, and particularly the flight of Lunar 
Orbiter V, should have led to the discovery of irregu- 
larities in the gravitational field of the Moon. What 
happens is that the acceleration towards the centre by 
a lunar satellite seems to vary from one point of the 
orbit to another, with the result that the path is 
nothing like a simple circle or ellipse. In principle, a 
sufficiently careful study of these irregularities can 
yield a detailed map of the gravitational field surround- 
ing the Moon and thus of a means of guessing something 
about conditions underneath the surface. Scientists at 
the Jet Propulsion Laboratory, particularly P. M. 
Muller and W. L. Sjogren, were able towards the end 
of 1968 to show that the large maria seemed to have 
a mass of dense material buried beneath the surface. 
Throughout 1969 the refinement of these measurements 
continued with great excitement, and there is at least a 
chance that further progress in these directions will 
yield as close an understanding of the origin of the 
Moon and its internal structure as any likely to be 
provided in the immediate future by the visit of people. 








Water on the Moon 

The notion that there may have been water on the 
Moon at some stage in its history was, for example, 
argued by J. J. Gilvarry of the Space Sciences Labora- 
tory in San Diego. This argument is an intricate one. 
Gilvarry was concerned to explain how the craters of 
the Moon can be as shallow as they seem to be. The 
great maria, for example, are often surrounded by a 
circular rim, and there is every reason to expect: that 
they were formed, like many of the smaller craters, by 
the impact of meteorites. The trouble is that meteoritic 
craters would be much deeper than are the maria. 
Mare Imbrium, for example, is more than 1,100 kilo- 
metres across and has a rim which rises 12-5 kilometres 
above the surrounding surface and a floor which is 
about an equal distance below. But an impacting 
meteorite sufficiently large to scoop out the Mare 
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Fig. 1. Diagram showing cross-section of the Mare Imbrium 

with supposed levelling out of the original crater floor by 

consecutive compensation and infilling (from Gilvarry, J. Ja 
Nature, 223, 255; 1969). 


Imbrium would have left a rim rising to 15 kilometres 
above the surroundings and a centre reaching to nearly 
25 kilometres below it. The question is, what can have 
made the craters so shallow ? 

Gilvarry’s argument is linked with the mascons, the 
concentrations of mass discovered beneath the lunar 
surface. Most of these anomalies in the gravitational 
field seem to lie beneath the maria. The question 
therefore is whether there can be some link between 
their presence and the filling in of the floor of the 
craters. The answer, according to Gilvarry, is that 
there was a period during which the Moon behaved as 
if it were sufficiently elastic for the various projections 
above and depressions below its surface to strike some 
kind of equilibrium, much like that which is obtained 
when pieces of wood find a position of equilibrium on 
the surface of a sheet of water. But even that levelling 
out process, which would have happened early in the 
history of the Moon, cannot explain the shallowness of 
the larger craters, and so Gilvarry goes on to argue that 
the rest of these depressions consist of material carried 
in from elsewhere on the surface of the Moon. 


Filling the Craters 

But what can have helped to fill up the bottoms of 
the craters? This is where opinions which accept 
Gilvarry’s analysis of the problem disagree with his 
solution of it. In his view, the infilling of the craters 
has been accomplished by the carriage of dust and 
other debris in streams of water. Gilvarry has urged 
this on previous occasions and he is in good company 
-~Professor Harold Urey has for long argued that many 
of the surface features of the Moon can only be ex- 
plained in a way very similar to the explanation of 
geological features on the surface of the Earth. Un- 
fortunately, the hypothesis that water has played a 


erag 


part in the evolution of the Moon’s topography wili 


not really be tested until much more is known of the 


way in which the lunar surface is constructed. Unfor- 
tunately, too, there are other ways in which the 
infilling of the deep craters may be explained. One of 
these, for example, is a variant of a theory pat forward - 
by Thomas Gold more than a decade ago in which he 
argued that the comparative flatness of the X 
to be explained by the dust which constitutes 
its surface. Sufficient ly small particles of dust may 
move comparatively freely from one place to another 
under the influence of radiation from the Sun and the 
consequent electrical repulsion that is set wp between 
neighbouring particles. 

The recovery from the Moon of a splendid series of 
photographs taken from comparatively close distane 
and particularly those brought back by Apollo & and 
Apollo 9, showed that the surface of the Moon does 
include a great many structures similar to those w 
oceur on the surface of the Earth and which hay 
the past been associated with geological processes 
driven by voleanic energy. The question is how all 
this will be changed or contirmed by the visit of people 
to the Moon. 

Apollo 11 has served to make the surface of the 
Moon much more readily appreciated even though the 
area visited in the first flight is only a small part € 
the total. For one thing, it helps to know that. the. 
surface is in many places made of dust-—this ties i 
well with theories of how the surface may have been 
weathered by solar radiation and also explains the 
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Fig. 2. The area of Cauchy Crater, Fault (upper) and Scarp 
(lower). Part of a NASA photograph by William Anders. 
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comparative flatness of the surface. The peculiar 
stickiness of the dust which the first astronauts have 
noticed and have been troubled by is, on reflexion, 
precisely what would be expected of the behaviour of 
dust particles in a vacuum. And it is already clear 
that it will be hard to relate the steepness of the slopes 
of the lunar topography to that of the escarpments 
which characterize the landseape of the Earth. 


Moon Experiments 


The presence of rocks on the surface of the Moon 
which have clearly been exposed to high temperatures, 
and which are therefore studded with minute crystals, 
is no surprise, for it is clear that at some stage the 
Moon must have been large enough to have created 
temperatures high enough to melt large parts of the 
substance of it. But with the study of the structure of 
the Moon, as with the evolution of the science of 
geology in the past two centuries, it will be necessary 
to sample many parts of the surface of the Moon, and 
to do this in great detail, before a thorough under- 
standing of the evolution of the rocks will be possible. 

So what has the first visit to the Moon accomplished ? 
To begin with, it would be wrong to expect too much 
of the first few pieces of experimental equipment left 
behind on the surface. Apollo 11 was provided with a 
sensitive seismograph and with a device for reflecting 
laser light transmitted from the Earth, but neither of 
the experiments seems to have functioned as decisively 
as might have been expected, in part at least because 
of the nee cessarily preliminary nature of the expedition. 
In time it should be possible to obtain much better 
results from pieces of equipment like this even though 
it is likely always to be something of a problem—the 
first flight of Apollo 11 showed this--to keep equipment 
on the surface of the Moon so well supplied with 
electricity that it can function or even survive the 
long lunar night when temperatures fall to 70 or 80 
degrees centigrade below the freezing point of water. 

As it happens, the laser experiment, which will in 
some form make it possible to measure the distance 
between the Earth and the Moon with greater accuracy 
than by any other means, has become unexpectedly 
topical in the past year. It is now three centuries since 
Newton first o the importance of an accurate 
mathematical theory to account for the motion of the 
Moon around the Earth. The difficulty is that the 
problem, which involves the gravitational interaction 
between the Moon and the Earth but also that between 
the Sun and the Moon and the outer planets and the 
Moon, cannot be solved exactly. Mathematics can in 
principle provide as accurate an answer as anybody 
may ask for, but at some stage in the process of working 
out where the Moon will be in its orbit at some instant 
of time, there has to be some degree of approximation. 

The matter is important because of the way in which, 
for practical purposes, the Moon is used by astronomers 
and navigators as a ready and convenient standard of 
time. The chief guide in studies of the orbit of the 
Moon in the present century has been the theory due 
to Brown, which consists of an equation of some com- 
plexity from which the position of the Moon can be 
calculated as a function of time. The trouble which 
has now become apparent is that Brown’s equations 
do not adequately take account of certain items in the 
gravitational interaction between the Moon and other 
bodies. There is no great scandal that this should have 
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happened, but it is: now a {matter of great and urgent 
concern to correct the theory and to make it still more 
accurate. The kinds of observations that may be 
possible now that instruments can be placed on the 
surface of the Moon and maintained there should be a 
great help. 

It is of great interest that the considerable and 
rapid strides which have been made in understanding 
the Moon should have been contributed to a very 
clade extent by scientists working for government 
laboratories in the United States. The Jet Propulsion 
Laboratory, which was the first of the American. 
establishments to follow Jodrell Bank in making radar 
observations of the Moon, has been particularly prolific 
in its output but so, too, have the other establishments 
of the National Aeronautics and Space Administration. 
By comparison, the universities and the traditional 
institutions have been much less productive. 


Probes to Mars and Venus 


If the Moon has been the centre of a great many 
people’s interest, however, Mars has yielded greater 
benefits for the students of the planets. The chief 
excitement has again been dependent. on space probes 
launched from the Earth—Mariners VI and V H, w ae 
reached Mars in the early part of August this vea 
were especially revealing. For one thing, they oneal 
how the topography of the planet is much like that of 
the Moon—and the chances are that it consists of much 
the same mixture of rock and dust as the first astro- 
nauts on Apollo 11 found awaiting them. But the two 
Mariner spacecraft were also able to show that the 
atmosphere does indeed consist mostly of carbon di- 
oxide—so much has been known from spectroscopic 
observations for several years. 

The quality of the first close-ups of Mars has been 
a great surprise although the features of the surface 
topography which have so far been described are not 
unexpected. The craters are no doubt caused by 
meteorites and their shaded edges are presumably the 





Fig. 3. Part of one of the close-up sequences of Mars. The two 
larger craters are 4-5 miles and 3 miles in diameter. 
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Fig. 4. A close-up view of Mars covering an area of 52 miles 
by 45 miles. 


consequence of erosion by the thin atmosphere of the 
planet, possibly accompanied by dust storms. Whether 
the small meteorites which evidently reached the sur- 
face of the Moon also reached the surface of Mars is 
another question—possibly the smaller objects are 
consumed in the atmosphere. 

The hope that Mars might reveal some traces of life 
has been quickly dashed. For one thing, there is no 
nitrogen in the atmosphere. Methane has been de- 
tected, particularly above the polar cap of Mars, but 
nobody can tell whether this is the residue of a primeval 
atmosphere or, rather, the product of some tectonic 
process within the body of the planet. During the year, 
the analysis of spacecraft recordings has Bie made it 
possible to pin down with some accuracy the constitu- 
tion of the atmosphere of Venus. Both American and 





Fig. 5. The forty-seventh picture in the Mariner VI approach 

sequence, showing the polar cap of Mars south of Syrtis Major. 

The ragged edge of the cap and a semicircular feature perhaps 
representing a crater are visible, 
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Russian space probes visited the surface. [ turns out, 

as had been predicted, that the surface temperature of 
the planet is more than 200 degrees centigrade, which 
probably implies that it is entirely solid. But the 
atmosphere of the planet is also dense, and the chances 
are that life on Venus is entirely insupportable, Nobody 
of course is surprised by this. Even though it becomes 
each year a more plainly accepted possibility that 
some planet linked with some other star is associated 
with some kind of living process, it would have been 
quite unexpected if signs of this were evident on one 
of the other planets in the Solar System. The Earth is 
evidently a great exception. 





Looking to Jupiter 


Where the outer planets are concerned, most interest 
has in the past year or so centred on Jupiter, and for 
obvious reasons. To begin with, Jupiter is the nearest 
of the outer planets and the one potentially most 
accessible from the Earth. For another, the past year 
or so has seen a great increase in the amount of informa- 
tion about the radio emission from the plane In 
particular, it is clear that the bursts of radio sigt 
from Jupiter which recur periodically are somehow 
triggered off by the movement of the moon of Jupiter, 
called To, through the pattern of magnetic forces 
known to surround the planet. In the past year, 
several conflicting theories to explain this sequence of 
events have been put forward. None of them is con- 
clusive. The doubt which persists about the origin of 
these radio waves, ike the continued doubt about the 
nature of the red spot on Jupiter, is intriguing and not 
in prospect of resolution. 

What is there between the planeta? With all the 
space probes now circulating in the Solar System, 

















there has accumulated an exceedingly detailed know- 
ledge of the way in which matter from the Sun is 


carried outwards by the Solar Wind, as it is ca led, 
and of the way in which this stream of electrified 
material interacts with the magnetic fields of bodies 
like the Earth. It remains a puzzle just how the 
Solar Wind is impelled outwards by the energy of 
the Sun. 

The most probable consequence of the spate of 
investigation of the Solar System in the past few 
years is likely to be some understanding of how the 
Solar System as a whole was formed. The year past 
has seen several intriguing theories of how this may 
have come about, not “the least interesting of which is 
a scheme to explain how objects like the Earth, which 
consist predominantly of heavier elements, and which 
are deficient in the light elements such as hydrogen, 
may have been formed by the coalescence of magnetic 
particles at some late stage in the formation of the 
Solar System. In principle, what is supposed to have 
happened is that a cloud of hydrogen with some 
impurities would first have coalesced out of a mixture 
of gas and dust and that this coalescence would have 
become the Sun, which, by heat and radiation, would 
have swept dust. particles out from the centre to more 
or less the region of the inner planets, Mercury, Venus, 
the Earth and Mars. It remains to be seen whether 
this is a good explanation. The alternative is that the 
Earth and the other planets which are essentially 
solid rather than as or gaseous have become what 
they are by the loss of | ighter elements such as hydro- 
gen. Time will tell. 
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The Crab Explained 


Tue biggest event in astronomy since the discovery 
of the all-pervading microwave radiation was the way 
in which astrophysicists a year ago were receiving the 
pulsating radio sources newly discovered by the 
Cambridge radio astronomy group. As well as being 
fascinating in themselves, pulsars look like answering 
a long-standing problem in astrophysics, they are 
providing a new technique for probing the pattern of 
magnetic forces in the Galaxy, and they are giving a 
new slant to the enigma of the cosmic rays. That 
these dazzling prospects are the direct outcome of a 
chance observation with a radio telescope built to 
investigate the streams of particles thrown out by the 
Sun must seem extraordinary to anyone unfamiliar 
with the tricks science can play. Yet the awkward 
contradictions which the Cambridge discovery is recon- 
ciling are at the root of much of contemporary astro- 
physics. The application to the measurement of 
galactic fields, for example, is being pursued in the 
hope that it will throw light on the way the Galaxy's 
swirling spiral of stars is held together. Founded on a 
feature of the radio signals which, like most of the 
morphology of the pulses, still awaits a complete 
explanation, the magnetic measurements have become 
almost the prerogative of Jodrell Bank. Quick off the 
mark when the discovery of pulsars was announced 
early last year, scientists there soon found that the 
individual components which make up the radio 
pulses are linearly polarized to a high degrec!, and that 
the direction of the polarization can act as a marker by 
which the average magnetic field encountered by the 
radiation along its path can be inferred®. The principle 
is that of the Faraday effect—a magnetic field changes 
the direction of polarization of a beam in proportion 
to the strength of the field, and in inverse proportion 
to the square of the frequency of the radiation. By 
comparing the polarization at two frequencies, Professor 
F. G. Smith at Jodrell Bank has found magnetic fields 
from 3-5 microgauss in the direction of pulsar CP 0328 
(ref. 3) to less than 0-2 microgauss in the direction of 
CP 0950 (ref. 2). The magnetism in the Galaxy is 
conceivably what produces the spiral, and the pulsar 
technique being pursued at Jodrell Bank is valuable 
as much as anything as a check on the handful of other 
methods which have been devised. The fact that the 
pulsar measurements seem to be smaller by factors of 
ten than previous measurements of interstellar fields can 
only be beneficial in the long run. 

But for months last year, pulsar astronomy was a 
frustrating pastime. What people wanted to see was 
an optical photograph of a pulsar, and crude estimates 
based on pulsar distances inferred from the blurring 
of the pulses by their passage through interstellar 
space, and on the energy in the pulses, suggested that 
some pulsars ought to be visible to telescopes. Yet, as 
the radio positions were made more precise, the error 
rectangles supplied to optical observatories were found 
to frame disconecertingly blank areas of sky. An 
exception are the pulsars in the direction of the Milky 
Way-—and, because this includes the majority of 
pulsars, they must be members of the Galaxy—which 
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are bound to be impossible to disentangle from the 
backdrop of stars. 


Supernova to Pulsar 


The breakthrough came last autumn, with the dis- 
covery of the first pulsar to be associated with a known 
cosmic object: nothing visible, but a roughly circular 
patch of radio emission believed to be radiation from 
the scattered debris left by a star which exploded‘, 
At the position where the star would have been, 
scientists at the Molonglo Radio Observatory (New 
South Wales) found a pulsar beating ten times per 
second, more than twice as fast as any then known. 
What was satisfying about the discovery was that 
pulsars had been suggested as the type of object: which 
might be left behind after a cataclysmic star explosion. 
Called supernovae, these events are rare, happening 
in the Galaxy to the extent of a handful each century, 
yet they are important as a source of heavy elements. 

What happens is that as a star uses up the store of 
hydrogen which has been its source of energy for 
almost all its life, through the nuclear reaction fusing 
hydrogen into helium, the pressure which maintains the 
star’s shape relaxes and the star shrinks under gravity. 
The effect is to raise the temperature inside the star 
enough for the nuclear reaction converting helium into 
carbon to start up. When the helium is exhausted, 
the star can take either of two paths depending on its 
size. Small stars collapse into what are called white 
dwarfs—tiny white-hot stars which eventually fade 
out of sight. Larger stars generate enough heat by 
collapse for the formation of increasingly heavy 
elements by nuclear fusion reactions, beginning with 
the conversion of carbon into oxygen, until a barrier 
is reached when iron has been synthesized. To fuse 
iron into heavier elements there has to be a catastrophic 
collapse generating temperatures extreme even for the 
interiors of stars. When the iron reaction begins, 
however, its violence is enough to synthesize elements 
up to the actinide series, including elements which on 
Earth can only be produced artificially. The energy 
of the reactions is enough to disrupt the star in a 
supernova explosion, scattering the elements into space 
to be the raw material of future astrophysical processes. 
Whether a star can generate a high enough temperature 
to embark on the series of contractions and nuclear 
reactions ending in a supernova, or whether it finishes 
as a white dwarf, depends on its size. The critical 
value seems to be stars like the Sun, but which side of 
the dividing line the Sun is on is an open question. 

Precisely how a supernova leads to the formation of 
a pulsar is less certain than the observational evidence 
pointing to a connexion. This is a problem for the 
theoreticians—so far no observational astronomer has 
been lucky enough to follow all the stages of the 
explosion. What always happens is that a supernova 
is spotted after the event as a new bright star by a 
comparison of plates of the same part of the sky taken 
at different times. The likeliest explanation of the 
association between pulsars and supernovae is that 
the collapse produces a concentrated core in the star 
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which is left behind after the ultimate explosion of the 
iron-burning phase. And it seems likely that an explo- 
sion taking place in the outer layers would compress 
the core still further. Alternatively, once the energy of 
the explosion is spent, the heavier parts of the cloud of 
debris might coalesce under gravity to a tight, dense 
star. Either way, to explain the pulsating signals it is 
necessary to have a highly concentrated star in which 
gravitational forces are enough to compress the protons 
and electrons of atoms into neutrons, and the force of 
a supernova explosion seems the likeliest way that this 
can be achieved. Such a neutron star is expected to be 
as small as ten kilometres across. 





The Crab Nebula 

Thinking along these lines led to the search for 
pulsars among the remains of other supernovae. One 
of these is the most enigmatic object in the sky—the 
Crab Nebula, a glowing cloud of gas of roughly 3 parsec 
diameter at a distance of 2 kiloparsecs (1 parsec = 3-26 
light years), in the constellation Taurus. On the face 
of it, there should be no problem. The Crab is a rarity 
in astronomy in that its date of birth is precisely 
known. Chinese and Japanese chronicles report that 
in aD 1054 a new star appeared, bright enough to be 
visible in daylight for 23 days and by night for a further 
627 days before it faded out of sight. Estimates of the 
position of the star fit the Crab Nebula, and an extra- 
polation backwards of detectable increases in the size 
of the cloud point to an origin 900 years ago, con- 
veniently corroborating the histories. Yet by all 
accounts the Crab should by now be much fainter than 
it is, and the irresistible conclusion is that some 
unknown source of energy is at work inside the cloud. 
The energy problem has made the Crab the most 
studied celestial object, and, whenever a new waveband 
in the electromagnetic spectrum is opened up to 
astronomy, the Crab is often first to come under 
scrutiny. The principal features of its emission at 
optical, radio and X-ray wavelengths are now known. 

It is the optical and X-ray emission from the Crab 
that are the chief causes of alarm. Roughly speaking, 
the nebula can be divided into two parts—a tangled 





The Crab Nebula (photographed by the Mount Wilson and 
Palomar Observatories). 
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cloud of filaments surrounding a central diffuse meass== 
with the central part containing a radio source, and 
emitting light and X-rays. The optical radiation is 
strongly polarized, which implies that it is produced 
by electrons moving with nearly the speed of light in a 
magnetic field generating what is called synchrotron 
radiation (because this type of radiation was first 
discussed in the context of the synchrotron atomie 
particle accelerator). But the estimates are that after 
seventy years the electrons taking part in the synehro- 
tron process in the Crab will have lost half their energy 
—short compared with the lifetime of the Crab. Even 
more extreme is the problem posed by the X-ray flux, 
which also seems to be due to the synchrotron process, 
Electrons producing X-rays in the energy band 50-60 
keV lose half their energy after about six months. 
This led astronomers such as Shklovsky to speculate 
on the possibility that mechanisms in the Crab continu- 
ally supply energetic electrons. 








Pulsars in the Crab 

Until last year, nobody had thought of looking at 
the Crab using radio receivers with the rapid time 
response necessary to receive pulsar signals. Stimulated 
by the first tentative evidence of a relationship be- 
tween supernovae and pulsars, Staelin and Reifensteln 
scanned the Crab with the 300-foot telescope of the 
US National Radio Astronomy Observatory in West 
Virginia, and in October 1968 found not one, bub two 
pulsating sources®, But the pulses were sporadic and 
Staelin and Reifenstein were unable to measure the 
periodicities. Both pulsars turned out to be remarkable 
when their periodicities could be measured; AP 0552 
is the fastest pulsar of all, beating thirty times per 
second, and X P 0527 is the slowest at one pul wy 
3-75 seconds. But although N P 0532 turned out to be 
coincident with a star near the centre of the nebulas— 
the only pulsar to be identified optically so far- AP 
0527 was found to be 1-5° from the Crab, amd ao their 
association is not certain. The pulsar NP 0632 alse 
provided the first evidence that the interval between 
pulsar beats is not always maintained as precisely 
as was at first thought—its beat is slowing by one part 
in 2,400 per year. 

With the Crab pulsar adding a new dimension to the 
magnitudes of pulsar properties, Gold was able to 
point out® that the observations now match the theory 
that pulsars are rapidly rotating neutron stars, which 
he suggested early in 1968 (ref. 7). The theory goes 
that the spinning neutron star has some kind of active 
site on its surface so that regularly spaced signals are 
observed. There are two reasons why this explanation 
displaced the notion, current in the summer and autumni 
of 1968, that pulsars are white dwarf stars executing 
some kind of oscillation, The chief items of evidence are 
the two pulsars beating at ten and at thirty times per 
second, too fast for vibrating white dwarfs, but within 
the range of the rotation rates of neutron stars, Second 
is the slowing down of the pulses, first observed in 
NP 0532 and later in other pulsars, which is expected 
for spinning stars, whereas vibrating stars seem just 
as likely to speed up as slow down, Gold was able to 
predict both these developments early in 1968. 

Gold has also explained the relevance of NP 0532 
to the energetics of the Crab. From the rate of slow- 
down, he estimates that VP 0632 is losing rotational 
energy at 2x 10° ergs per second, which is roughly the 
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amount of energy needed to keep the Crab going. 
What Gold suggests is that the spinning neutron star 
carries with it a cloud of gas and a magnetic field, and 
at some distance from the surface of the star the 
periphery of the cloud is moving at nearly the speed 
of light. Charged particles flung out of the cloud at 
the periphery will radiate by the synchrotron mechan- 
ism, as well as being a supply of relativistic particles 
to the nebula. Whether thinking along these lines 
will account for the Crab depends on how much of the 
energy of NP 0532 goes into the radio emission. If 
the pulsar is emitting radio waves equally in all diree- 
tions, then the signals will be using up something like 
10°% ergs per second. But this is being unnecessarily 
pessimist 

G. Burbidge and F. Hoyle are also looking to N P 0532 
to explain the synchrotron emission from the Crab, 
and they do not rule out the possibility that N P 0527 
might have been ejected at the time of the supernova 
explosion. They suggest that the centre of the Crab 
holds several highly concentrated stars, of which the 
pulsar is one, where electrons are somehow accelerated®, 

In January 1969, the claim that N P 0532 is special 
even among pulsars was strengthened by the discovery 
of light flashes matching the radio pulses, oddly 
enough by a team using a modest 36-inch reflector at the 
Steward Observatory of the University of Arizona’. 

The way charged atomic particles may be flung off 
pulsars with nearly the speed of light is also relevant 
to the question of the origin of cosmic rays, in the 
opinion of Gold, Once again there is the problem of 
replenishing the supply to make up the flux of cosmic 
rays observed, and the energy of supernovae explosions 
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has often been suggested as a possible source. Gold 
says that one supernova every hundred years in the 
Galaxy—very roughly what is observed—could account 
for the observed flux, with a generous amount left over 
to allow for leakage from the Galactic disk. Most of 
the cosmic rays are generated in the years immediately 
after the explosion when NP 0532 might have been 
spinning as fast as a thousand revolutions per second, 
and losing energy at a much faster rate than it is now 
by the release of relativistic particles. Speeds as high 
as this could result from contraction of the cloud of 
supernova debris, Gold says, and would not necessarily 
destroy a dense object such as a neutron star. One 
way of testing Gold’s theory is to look at the chemical 
composition of the cosmic rays!®. According to Gold 
there are two possibilities: either the cosmic rays are 
made up of charged particles from the surface of the 
neutron star, or they are material from the cloud of 
supernova debris sucked into the neutron star along 
the axis of rotation. Either way, the cosmic rays are 
likely to have a characteristic chemical make-up 
reflecting their origin, although it seems too early yet 
to put figures to the relative abundances which might 
be expected. 
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Continuing Excitement in Cosmology 


Ix October 1968, Professor Fred Hoyle was proclaiming 
in his Bakerian lecture to the Royal Society that the 
laws of physics are much in need of changet, and this 
cri de coeur has provided some of the flavour although 
not the common incentive for much of what the astrono- 
mers have been doing. Professor Hoyle’s complaint 
is that there are now almost too many puzzling pheno- 
mena to be explained, and too little sign of what. kind 
of a solution will be possible for them. Most of the 
phenomena which concern him are, it is true, objects 
in the heavens which appear to be exceedingly compact 
or massive and which radiate very large amounts of 
_ energy; and it is not surprising that attention has been 
diverted to questions of what can be expected to happen 
in the conditions of what is called gravitational collapse 
when a body is so massive and compact that its 
gravitational field is strong enough to prevent even 
the escape of light, with the result that it disappears 
from view. This, at Jeast, is what might be expected 
on an interpretation of circumstances like these in 
terms of the conventional theory of relativity. What 
Professor Hoyle is hinting is that a suitable and 
appropriate modification of the laws of physics would 
substitute for the somewhat bizarre prediction that 
sufficiently large concentrations of matter can actually 


disappear from sight the more acceptable view that 
large and dense concentrations of matter are likely to 
be conspicuous. 

However this issue may eventually be resolved, 
there seems to be no shortage of new raw material for 
the theorists to work with. A part of the reason is 
that new techniques, available only in the past few 
years, have begun to vield their first promising results. 
Another reason, harder to define, is that astronomy 
of all kinds seems to have moved into one of those 
periods in the history of most sciences when the 
collective curiosity of the professionals is almost by 
itself subversive. 

Even within the Galaxy, there is plenty to be excited 
about. Pulsars (dealt with elsewhere) have raised a 
host of problems such as the reasons why the Crab 
Nebula goes on shining, the relationship between 
supernovae explosions and the pulsars themselves, 
the means by which pulsating stars repetitively 
emit bursts of radio energy and even flashes of light 
and the mechanism which makes them potential 
sources of cosmic rays as well. There may yet turn 
out to be some truth in the theories that some of the 
irregularity of the pulsation of these stars may be 
accounted for by changes in the outer skin or crust, 


NATURE, VOL. 223, SEPTEMBER 6. 1969 

which is supposed to be exceedingly dense—say a 
million million times as dense as terrestrial materials 
-and yet solid as well. 

One of the more intriguing developments has been 
the discovery of radio emission from a series of molecules 
which appear to be concentrated into clouds in some 
parts of the sky. The first of these discoveries was 
reported at the end of 1968, when a team of radio 
astronomers led by C. Townes of the University of 
California at Berkeley reported the microwave emission 
from molecules of ammonia®, This report was quickly 









The first photograph of a pulsar, taken at the Lick Obser- 

vatory, The pulsar is NP 0532, which lies near a double 

star in the centre of the Crab Nebula. The pulsar is shown 

during a flash (upper picture) and in the same area of sky 

(lower picture) the pulsar, now emitting minimum radiation, 
is invisible. 


followed by another from the same team of the dis- 
covery of the emission of water molecules*. The two 
species of molecules have characteristic emission lmes 
at a wavelength of roughly a centimetre, and the 
success which ‘the g group at Berkeley has won comes 
about from its technical command of the technique of 
operating the 20 foot, millimetre wave radio telescope 
at Hat Creek in California. Until the reports of the 
emission from these two species of molecules, only the 
hydroxyl radical (OH) had been detected by its 
characteristic emission (at a wavelength ten times as 
great), 
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Radio Emission from Formaldehyde 

These first discoveries, important though they may 
have been, brought nothing like the sense of surprise 
which came with the report in April 1969 of the 
discovery of radio emission from molecules of formalde» 
ne this time by a group of radio astronomers av 

the United States National Radioastronomy Observa- 
tory at Greenbank in West Virginia*t. The technique 
consists of pointing the radio receiver at a known 
radio source and providing conditions suffic ny” free 
from noise and stable for long periods of time for 
emission at some expected frequency to be distine 
guishable, 

Several que stions have been raised by these dis- 
coveries, not the least important of which is the 
possi bility that further study of the distribution of 
these rare and weak emissions across the sky may 
provide a means of finding out without too much 
uncertainty what the matter between the stars consists 
of. Formaldel avde is in this sense probably the most 
important of the species which have been identified so 
far. (By all accounts, attempts to pick up radio emis- 
sion lines from sulphydryl radicals (SH) has been wn 
successful.) The reason for this is that there is p ; 
some relationship between the distribution of decease 
hyde and that of the much more familiar methane 
which, unfortunately, lacks emission lines of the kind 
that could make possible detection at a distan 

But what kind of a relationship may there he | 
is a somewhat puzzling feature of the first discovery 
to be reported. For one thing, it seems that the regions 
from which ammonia emission comes are di te 
from those that are the sources of radiation Tean 
water molecules. (One way of identifying which pi 
of the sky is responsible consists of the use of de 
measurements of the emission lines to provide a me 
of the velocity of the source, which in some cases 
makes it possible to separate overlapping amine 
regions.) A more serious difficulty is that of ug 
standing the formation of these molecules a 
aia to be comparatively sizeable amoun 
all, the rate of formation by ave collision bet tween 
molecules would be expected to be small in the condis 
tions in which the molecules now seem to be found, 
if only beeause of the small concentrations of the 
constituent atoms. So is there some catalytic process 
responsible for bringing together potentially interacting 
atoms ? And is it even possible t that the interstellar 
dust is somehow responsible? These are questions 
which will now be asked with the greatest interest. 








































































interstellar Dust 

Interstellar dust itself also promises to become a 
fruitful field for study. That there are tenuous clouds 
of dust between the stars is beyond dispute, of course- 

the obscuration of starlight is a long familiar subject. 
The problem is to identify the composition of the dust 
from the scanty information which is available. First, 
there are necessarily imprecise measurements of the 
degree of absorption at various wavelengths in the 
infrared, Then there are measurements of the polariza- 
tion of starlight, which is in part determined by the 
clouds of dust through which it must pass. 

For some years, there has been a strong tide of “ opin. 
ion that the grains of dust are really made of graphite, 
and N. C. Wickramasinghe has been a diligent advocate 
of a theory put forward in 1968, in collaboration with 
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Hoyle and Reddish, that interstellar grains consist of 
particles of graphite surrounded by a thin layer of 
solid hydrogen®. The significance of this suggestion is 
that the condensation of solid hydrogen on the outer 
surfaces of graphite particles accords with the way 
in which the universe seems to be filled with a bath of 
microwave radiation corresponding to the temperature 
at which hydrogen should condense as a solid-—3 K or 
thereabouts. 

The foundation of this theory is more than mere 
speculation. Reddish and Wickramasinghe, in their 
first presentation of it, pointed out that in some of 
the exceedingly dense clouds of dust—there is one in 
the Cygnus region associated with comparatively new 
stars—-there appears to be a lack of hydrogen, at least as 
judged by the absence of ultraviolet radiation of the 
kind that would be expected from close associations 
of gas and stars’. The regions concerned are well 
supplied with matter in general—-in the Cygnus region, 
there appears to be dust equivalent to some 10,000 
solar masses, for example, so that there should be more 
than enough hydrogen to produce detectable emission. 
What has gone wrong? One possibility, the authors 
of this theory argue, is that the hydrogen has not 
vanished but has simply condensed in solid form on 
the surfaces of the graphite grains. The possibility 
that grains of graphite a few hundredths of a milli- 
metre across might be almost permanently coated with 
solid hydrogen is at first something of a surprise. In 
reality, however, stability is not as unlikely as it may 
seem to be at first sight. So long as the grains are 
not much closer to stars than, say, the outer planets 
of the Solar System, their temperature may never 
increase above a few degrees K, and in these conditions 
the rate of evaporation would be exceedingly slow. 
According to Reddish and Wickramasinghe, the life- 
time of the coating on a grain of graphite in these 
conditions might be as long as a million years, which is 
considerably more than the length of time for which 
the young stars in the particular group in Cygnus have 
been in existence. The theory of hydrogen coated 
graphite grains is, in fact, a potentially important 
indicator of the nature of star formation. It is possible 
to conceive of a situation in which primaeval matter 
consisting of dust and gas is converted to a cloud 
in which all the gas, or a large part of it, is condensed in 
solid form on the surfaces of the grains. In these 
circumstances, the pulling together of a cloud under the 
influence of its own gravitational attraction could well 
be more rapid than if the gas and dust had remained 
separate. 


Hydrogen as the Dust 

Hoyle, Reddish and Wickramasinghe have in the 
past few months been erecting an entrancing edifice 
on this simple possibility. They begin with the 
physically plausible assumption that the formation of 
stars and even galaxies out of masses of matter pro- 
ceeds more rapidly when the hydrogen (the most 
abundant of the elements) is condensed on the surface 
of the dust than when the two components are separate 
from each other. Much depends on the precise amount 
‘ofenergy needed to evaporate hydrogen from the surface 
of a grain (and this is to some extent an unknown 
quantity), but the calculation is that the condensation 
should take place whenever the temperature is below 
3 K within the galaxy, and at a somewhat lower 
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temperature-—perhaps 10 per cent lower— when the 
density of matter corresponds to intergalactic space. 

The great interest of this proposal is that it provides 
a kind of feed-back mechanism to regulate the speed 
with which matter condenses either into stars or ‘into 
galaxies. If the temperature is low, condensation will 
begin, but then the stars will begin producing heat. by 
means of thermonuclear reactions, hydrogen will 
evaporate from the surfaces of neighbouring grains 
and the rate of star formation will decline. Coating 
the grains of graphite with solid hydrogen is, in other 
words, one of the reasons why the universe as a whole 
does not clump together in one large lump of matter. 
Quite apart from the relevance of this theory to the 
processes of star and galaxy formation, of course, it is 
also significant. that this theory does provide an inter- 
pretation of the origin of the microwave background 
radiation which is independent of the origin of the 
universe—-in other words, this line of argument. 
provides an explanation of the microwave background. 
compatible with steady state theories of the universe. 

The first versions of this theory were challenged in 
March 1969 by the publication of a series of articles 
by a group of American astronomers intended to demor- 
strate some of the problems of the coated graphite 
theory®®. For one thing, the argument goes, it has 
turned out not to be possible to detect infrared radia- 
tion from the water molecules which should be formed 
in a cloud of material consisting largely of hydrogen 
but with some oxygen molecules, while the problems 
of maintaining particles of graphite in the neighbour- 
hood of intense sources of radiation such as stars are 
themselves considerable. For all these reasons, it 
seems more plausible to suppose that the grains of 
dust are made not of graphite but of silicates of mag- 
nesium and iron—the kinds of materials of which rocks 
are made. The advantages of this alternative theory 
are considerable, but, by the middle of 1969, Hoyle 
and Wickramasinghe had been able to argue that a 
mixture of grains made of graphite and of silicate would 
probably yield most of the advantages of hydrogen 
coated grains and at the same time. No doubt it will 
be some time before it is certain whether the best of 
both worlds is really attainable. 

The way in which the past few years have provided 
opportunities for following phenomena in the Galaxy 
and beyond at other parts of the electromagnetic 
spectrum is bound to help. The observation of X-ray 
emission, now a matter almost of routine with the 
coming of rocket flights above the atmosphere, is 
bound to throw light on some of the energetic processes, 
not merely in the Crab Nebula (see preceding article), 
although it remains something of a puzzle to know what 
can be the mechanism of the production of X-rays in 
the now classical X-ray stars which seem to consist 
essentially of point sources in the sky. 





Infrared Astronomy 

As matters have turned out in the past year, the 
infrared end of the spectrum promises to be more 
valuable as a source of penetrating questions about the 
character of the universe. For one thing, a number of 
sources of infrared radiation have been observed 
which appear to represent stars or clusters of stars 
actually in the process of formation. More striking, 
however, is the recognition there has been in the past 
few vears of the great intensity of the infrared emission 
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of certain exceptional galaxies, known as Seyfert galax- 
ies after their discoverer. Some of these objects seem 
to emit 100 times as much energy in the infrared. 
region of the spectrum as elsewhere. There is nothing 
to suggest that these are ordinary heat emission 
processes, but there is very little to “suggest precisely 
what they may be. 

It seems also to be clear that the study of infrared 
radiation from within the Galaxy and from without will 
help to bring the problem of the quasars back into 
fashion again. For the duration of the excitement 
about pulsating stars, the question of why there should 
be such intense sources of radiation, optical and radio 
emission, with such large red-shifts has been a continuing 
puzzle. The fact that the red-shifts are not uniformly 
spread through the range of all possible values indicates 
that the quasars are not distributed uniformly through 
the universe, and the time seems to be arriving w hen 
quasars will again be objects of intense interest, not 
this time for their possible link with the cosmological 
problem of whether the universe began with a big bang 
or a steady state but for their link with the problem of 
the behaviour of exceedingly dense and large concen- 
trations of matter. 

So soon after it has become possible for astronomers 
to carry instruments above the obscuring layers of 
water vapour in the atmosphere, the prolific character 
of the sources of infrared energy has been a great 
surprise. Indeed, it is no w onder that people are 
beginning to ask whether what seems the exceptional 
behaviour of the Seyfert galaxies is really standard 
behaviour of most spiral galaxies. Would our own 
galaxy seem like a Seyfert galaxy from outside ? 

In the past few months, attention among infrared 
astronomers has been turned towards the nucleus of 
the Galaxy, for it is there that the most prolific sources 
of infrared energy appear to be concentrated. One 
way and another, it is coming to seem as if the 
Galaxy may indeed resemble Seyfert galaxies in its 
output of heat radiation, and then the question will 
have to be asked what the mechanism can be. 
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One ingenious explanation, put forward in Aug 
1969 by D. Lynden-Bell of the Royal Greenwi 
Observatory, is that the nuclei of spiral alaxies often 
consist of great concentrations of mass which seem 
to be sweeping in matter from surrounding parts of 
the galaxy4. The emission of infrared radiation is a 









consequence of the disappearance of this part of the 


process. No doubt there are other symptoms of | 
this kind of collapse yet to be discovered. And from 
some distance, this phenomenon may seem like a- 
dying quasar in which the infilling procese is coming 
to an end. 

Inevitably this problem has given extra point to 
studies of the properties of model universes in general 
relativity, and it is therefore a not inconsiderable 


comfort to the theoreticians that J. Weber has in the: 


past few months been able to report what seems to be 
the first successful detection of gravitational waves!®. 
His technique was to mount two huge aluminium 
cylinders at laboratories in the United States separated 
by 1,000 km and to record the occasions on which both 
cylinders were set in vibration by what seems to have 





been the same train of gravitational waves from some. o 


external astrophysical event. This does at ‘least 
provide some assurance that the equations actually 
have some meaning. 
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Geophysics made Respectable in Geology 


Tue theory that the continents may move about on 
the surface of the Earth goes back to the early years 
of the twentieth century, but for most of the time it 
has been regarded as a somewhat improbable explana- 
tion of geological processes. Only in the past decade 
has what seems to be the truth begun to dawn, but now 
there is a firm body of opinion among geophysicists 
that continental drift in some form or another is not 
merely compatible with the geological evidence but 
even an essential part of any rounded explanation 
of how many geological phenomena are to be explained. 
To be sure, there are still a number of distinguished 
Sir Harold Jeffreys, for example—who 
hold that ‘other explanations are preferable, while it 
does seem to be necessary somehow to reconcile the 
comparative speed with which the continents are 





supposed to have moved over the surface of the Earth 
with the antiquity of the distribution of certain fossil 
flora and fauna. The doubters have yet to make 4 
convincing rebuttal, however, and the past year seems. 
to have been a little like a triumphal procession for 
the theory of continental drift. 

The origins of the modern period of research lie in 
the fifties. First, there were the questions thrown 
up by the discovery that the directions in which rocks 
are magnetized do not correspond with the present .. 
directions of the magnetic field of the Earth. Since. 
there was no reason to expect that whole geological 


structures should be magnetized in the same eccentric’ o 


direction, and since bodies of rock of the same age 
were in some places found to be magnetized in very 
different directions, it became natural to ask whether 
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the land masses had moved relatively to each other 
since they were first formed. For a time, at least, the 
problem was complicated by the way in which the 
magnetization of different layers of rock-—eonsecutive 
flows of lava lying on top of each other as‘in, Iceland, 
for example-—might be found pointing in diametrically 
opposite directions. As things have turned out, it is 
now recognized that the continents have been drifting 
about and that the magnetic field of the Earth has been 
reversing at intervals of time which may be as short 
as 50,000 years or as long as 250,000 years. Now that 
the confusion has been resolved the successive periods 
of alternating magnetization have become invaluable 
means of fixing the age of the younger rocks which 
lie on the bottoms of the deep oceans. 


Oceanographic Evidence 

The second line of evidence in favour of theories of 
continental drift stems from the oceanographic explora- 
tion which first showed that the great ocean basins 
are marked out into separate regions by the oceanic 
ridges-—-what seem to be mountain ranges rising some- 
times to more than a kilometre above the surface of the 
deepest parts of the ocean. How are these structures 
to be explained? Are they produced by tectonic 
processes similar to those which have thrown up the 
Alps and the Himalayas, for example? Less than a 
decade ago, this vein of speculation was electrified 
by the suggestion, chiefly by Vine and Matthews, 
that the oceanic ridges are places from which material 
is spreading outwards in each direction across the 
ocean bottom. This suggestion was quickly confirmed 
by the discovery that the rocks on either side of the 
Mid-Atlantie Ridge and of the East Pacific Rise (the 
corresponding oceanie ridge in the North Pacific) are 
magnetized as distinctive bands in alternating dia- 
metrically opposed directions. 

Both lines of evidence have by now conspired to 
present a reasonably complete picture of what happens 
in sea-floor spreading, as it is called, from the great 
oceanic ridges. Material seems to well up from below 
as if it were hot liquid rising to the top of a heated 
pan by means of convection currents (which agrees 
well with the views of Runcorn and others in the 
fifties which held that the gross features of the Earth's 
surface can best be explained by assuming that there has 
been a continual disturbance of the upper layers of the 
mantle of the Earth by what is for practical purposes a 
pattern of convection currents). Measurements of 
the flux of heat upwards through the ocean bottoms 
have confirmed this picture of events, and it even 
seems likely that at least a part of the downward 
slope of the sea-bed on either side of the simple oceanic 
ridges can be explained by the contraction of the rock 
as it moves farther away from the ridge. The rate of 
sea-floor spreading varies from one place to another. 
It is between 1 cm a year and 2 cm a year along the 
length of the Mid-Atlantic Ridge, but may be as much 
as 4 cm a year at especially active ridges, as in the 
Caribbean. 


Geological Effects 


By now, this pattern of events is well understood. 
Interest now centres on some of the consequences for 
geology of the doctrine of sea-floor spreading. In the 
past few months, there has been, for example, a much 

closer appreciation. of the importance of the geological 
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structures which intersect the oceanic ridges more or: 


less at right angles—the fault zones as they are called, 
What seems to be happening is that the sea-bed is 
twisting and cracking as it spreads, so that the ocean 
ridges are divided up into several apparently inde- 
pendent segments. It is also clear that the lateral 
cracking of the Earth's crust along the fault zones is 
not confined to the sea-bed. In several places, the 
continents themselves are being pulled apart by what 
seems to be a generalized process of cracking over the 
whole surface of the Earth. 
recognition that in some parts of the Karth-—-the 
Middle East, for example-—the chief geological struc- 
tures are accounted for by the processes of twisting 
and sliding which are now recognized to be responsible 
for many of the most dramatic features of the Harth’s 
crust. 

The pattern of transform faults is clearly recognizable 
in the Atlantic. Elsewhere, the way in which the ridge 
is broken up into distinct: segments is more compli- 
cated, with the result that the construction of a picture 
of what the sea-bed is really like from the necessarily 
fragmentary records of the oceanographic surveys is 
bound to be a patient and even uncertain job. Now 
that the importance of these surveys has been recog- 
nized, however, there has been a quite rapid description 
of some intricate patterns on the sea-bed. 

The way in which these complexities are disentangled 
was well illustrated, earlier this year, by an analysis 
of surveys carried out off the coast of Chile, between 
30° S and 45° S, in the region between the coast and the 
oceanic rise, at that point some 35° to the west?. One 
of the oldest pieces of evidence bearing on the inter- 
pretation of the sea-bed topography in these parts is 
the record of where earthquakes have occurred in the 
past. As with other oceanic ridges, there tends to be a 
concentration of submarine earthquakes along the axis 
of the ridge, and this is by itself enough to mark out 
the general track of the oceanic ridge through the South 
Pacific. Easter Island, volcanic in origin, lies at what 
seems to be the junction between two separate sections 
of the oceanic ridge, called respectively the East 
Pacific and the Pacific-Antarctic Ridges (Fig. 1). 
And running east-by-south-east from Easter Island is 

















Fig. |. Easter Island lies at what is apparently the junction 
between the East Pacific and the Pacific~Antarctic Ridges. The 
dots mark the epicentres of recorded earthquakes (from ref. 1). 


This in turn has led to the, 
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_a belt of seismicity which reaches to the coast of Chile 
_ atid which is recognizable on depth soundings of the 
ocean bottom as a belt of topographical disturbance 
sufficiently well marked to be given the name of the 
Chile Rise. 


_ Chile Rise 


What has now happened is that oceanographic 
records have been used to disentangle the pattern of 
¿roughly parallel ridges which constitutes the Chile 
Rise. Altogether, there seem to be four quite distinct 
faults, and magnetic surveys have made it possible to 
» determine the rate of spreading within these compara- 
tively narrow strips of sea-bed. According to Morgan, 
Vogt and Falls of the US Naval Oceanographic Office, 
the pattern of magnetic reversals in the rocks on the 
sea-bed can best be explained if the several parallel 
slices are supposed to be miniature ocean basins in 
» their own right, each with a central ridge roughly 
perpendicular to the edge of the slice and each with its 
own independent rate of sea-floor spreading. 

The rate of spreading in the past 25 million years or 
so seems mostly to have been about 2-5 em a year or 
perhaps a little more, but the magnetic records show 
that the process may have been much more rapid at 
the beginning of this interval of time. A part of the 
interest. of the combined oceanographic and magnetic 
surveys is the proof that there appears to be an awk- 
ward angle between most of the fault zones in the sea- 
bed and a previously less distinct fault zone running 
off north-by-north-west towards the coast of Chile. 

The interest of these and similar discoveries, of 
course, is that they suggest how the passage of time 
may have in the past and may in the future transform 
the appearance of the Earth’s crust. Who is to know 
which narrow strip of sea-bed, perhaps only a few 
hundred miles across, may grow into a fully fledged 
ocean basin in its own right, able to generate enough 
material to exercise a marked influence on the contin- 
ents which lie on either side of it? It is a little like 
looking at a pan of hot porridge on a stove—it is 
almost impossible to predict where the next gobbet 
of hot material will make its way to the surface and 
push outwards. 

The past few months have also seen the compara- 
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tively rapid aecumülation of information about theo 
interaction between the spreading sea-floor and the 
surrounding continents. The coast of Chile has again — 
provided an example of some interest. At about 27°, 
in north Chile, the codstline is recognized to be rising 
out of the sea, while to the south, at 38° S, the coastline. 
is sinking but is accompanied by a chain of offshore 
islands which appear to be emerging from the ocean at 
the edge of the continental shelf (see Fig. 2). In both 
regions, the outward spreading of the oceanic crust is 
known to be vigorous. Why should the coastlines at 
the two latitudes behave so differently ? According to. 


C. Lomnitz of the National University of Mexico, the i 





explanation is simply that at the northern sites, th 
spreading sea-floor pushes beneath the edge of thec 
continent, buckling up the edge?. Farther south, bows : 
ever, and for a reason which is by no means self-evident, | 
the material in the spreading sea-floor seems to pile _ 
up against the edge of the continent, throwing up the 
range of offshore islands but depressing the margin 
of the continent as such. 





South Atlantic 


Elsewhere, as in the South Atlantic, for example, 
the continents seem to have been moved about on the 
surface of the Earth under the pressure of the outward 
spreading material from the oceanic ridges without 
being seriously affected at the margins. In the past 
few years, there has been great interest in attempts to 
reconstruct the sequence of events by which the South — 
Atlantic has been opened up in the course of 150. 
million years. =: 
two continents still fit snugly into each other suggests — 
that there is unlikely to have been much distortion — 
of their shape under the influence of the spreading 
sea-floor. The topography of the edges of the two — 
continental shelves is now indeed so well known that 
it is becoming possible to match the details of the two. 
geological structures. One especially exciting. dis 
covery is the way in which it has turned owt that sea- 
mounts off the coast of Africa which appear to consist 
principally of salt are mirrored by the appearance of 
similar structures off the coast of South America. 
Naturally enough, this immediately suggests that. in 
the earliest stages of the separation of the two contin- 
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Fig. 2. Two types of interaction between the spreading sea-floor and the surrounding continents. Explanation 
in text (from ref. 2). 
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ents, there was a period when a narrow gap between 
them was opened and then closed, in such a way that a 
shallow sea was allowed to evaporate entirely, leaving 
behind the kind of salt deposits at present, being formed 
in inland bodies of water such as the Dead Sea. 

The positions of other continents in the past are 
necessarily less well documented, chiefly because of 
the way in which oceanographic surveys have been 
concentrated in the Atlantic. It is, however, more 
than probable that the fit of Australia to Antarctica 
160 million years ago has been guessed at with sufficient 
clarity for the precise course of events to be picked 
out with accuracy’, The problem of explaining how 
India and Africa fitted together to form what is sup- 
posed to have been the ancient supercontinent of 
Gondwanaland has been tackled several times in the 
past few months, but remains for practical purposes 
undecided. One difficulty is the complexity of the 
pattern of spreading axes in the north-east corner of 
the Indian Ocean, in the Middle East. Another is 
that the position of India relative to Asia has plainly 
been distorted by the northerly movement of India 
under the influence of the spreading sea-floor (which is 
at the same time an explanation of the existence of 
the Himalayas). This has not prevented an adventur- 
ous attempt to reconstruct the relationship between the 
east coast. of India and west coast of Australia‘. 


Plate Tectonics 


The character of speculation in this field has now been 
transformed by what seems to be a widespread recogni- 
tion that the movement of the continents across the 
surface of the Earth must not be considered as the 
movement of isolated structures, jigsaw pieces as it 
were, on the surface of a globe. In many circumstances, 
it appears, a continent will move as if it were fixed to a 
large part of the sea-bed. Sometimes a continent may 
be twisting and may in the process be sheared along some 
line of weakness. The movement along the San 
Andreas fault in California, the cause of the San Fran- 
cisco earthquake of 1906, now seems to represent the 
movement of one plate on the Earth’s surface against 
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another. These sliding plates, the ingredients of what 
is now called the process of plate tectonics, also account 
for the way in which parts of some continents have 
evidently been detached from the main structures in 
the course of time—it is possible but not proved that 
the Seychelles were carried away from the east coast 
of Africa by some process of this kind. 

The application of these notions to the Middle East 
and to the Rift Valley system in Africa has been one 
of the most dramatic of recent developments in geo- 
physics. It seems to be well established that the Red 
Sea and the Gulf of Aden are parts of the common 
system which includes the great Africa Rift Valley 
which loses itself only south of the equator. The 
problem is to reconstruct the sequence of events in 
which the Red Sea and the Gulf of Aden have been 
filled by the sea and to guess what will happen to the 
Rift Valley system as a whole. ‘The answer is a splendid 
illustration of how the largely geophysical arguments 
that have been especially influential in establishing 
the doctrine of continental drift have now been com- 
plemented by geological considerations which are, for 
practical purposes, entirely classical in character. 
This is the interaction between one discipline and 
another from which is likely to spring, in the years 
ahead, the most fruitful understanding of the processes 
which have formed the whole Earth. 

I. G. Gass and I. L. Gibson of the University of 
Leeds have provided a careful discussion of some of the 
problems that are involved’. To begin with, the 
Arabian Peninsula must be considered as a substantially 
indivisible unit consisting of old metamorphic rocks. 
Geological evidence to the north makes it quite plain 
that the Arabian Peninsula as a whole is being thrust 
up against and beneath the mountains of southern 
Iran, and one estimate is that the northward move- 
ment of this region has amounted to the best part of 
70 km over the past 100 million years (Figs. 3a and b). 

The Somali corner of Africa is also moving in the 
same direction as the Arabian Peninsula, chiefly 
towards the north-east, but less quickly. The result 
is that the rift represented by the Red Sea and the Gulf 


+5 Million Years 





Fig. 3. Movement of the Arabian Peninsula, showing its position now (a) and in five 

million years (b), Arrows represent the direction of movement. Broken lines represent 

faults, Light dots represent attenuated sialic crust and heavier dots, oceanic crust within 
the rift system (from ref. 5). 
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of Aden is steadily widening. Moreover, the rift valley 
which runs southwards into Ethiopia from the point 
at which the Gulf of Aden and the Red Sea come to- 
gether is supposed to be deepening as the north-east 
corner of Africa is carried away from the main body 
of the continent by the north-easterly drift. In time, 
the implication is, the rift valley will become a gulf 
between two distinct pieces of land. One of them will 
no doubt be recognizable as the western part of Africa, 
but the eastern component may turn out to be nothing 
more than a loose collection of large islands comparable, 
for example, with Madagascar. 

There are by now several refinements of this model. 
It seems, for example, that the Arabian Peninsula is 
not merely moving north-east as a whole but twisting 
in a counter-clockwise direction about an axis somewhere 
in the eastern Mediterranean or North Africa, In 
circumstances like these, it is bound to be hard to 
predict what will happen to the geography of the 
Middle East in the years ahead as a result of plate 
tectonics, but the consequences are bound to be 
considerable. Whether the Mediterranean will eventu- 
ally be joined to the Red Sea, however, is an academic 
question, for the time scale is too long for it to have an 
important meaning. The more immediate consequences 
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of the development of plate tectonics are likely to bein 
geology itself, for there is at last a means of relating — 
the gross movements which have plainly helped to 

shape the Earth’s crust to driving forces such as those 


which are responsible for supplying a steady stream of : 


new terrestrial material at the mid-oceanic ridges. 
For many people, this will be enough for the time 
being. It remains, however, very much the truth 
that descriptions of how the spreading of the ocean 
floor sustains itself are still very far from complete. 
How deep into the mantle do the convection currents 
go? What determines the places at which the discon- 
tinuities appear at the surface? What: is the role cof- 
the phase transitions between different crystalline 
forms of mantle material which are known to: be pos- 


sible within the top 100 km or so? These anda great. 
many questions of the same kind are still waiting to be > 


answered, and the chances are that the geophysicists 
will be only briefly diverted by the promise that there: . 
may now be a useful contribution to be made to 
classical geology. 

1 Morgan, W. J., Vogt, P. R., and Falis, D. F., Nature, 222, 137 (1069). 

* Lomnitz, C., Nature, 222, 366 (1969). 

2 Sproll, W. P., and Dietz, R. S., Nature, 222, 345 (1969). 

4 Crawford, A. R., Nature, 228, 380 (1969). 
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Cell Fusion: A New Gift to Biology 


Ir techniques tend to play second fiddle to ideas in the 
annals composed by the historians and philosophers of 
science, that is perhaps because they burst on the 
world with less éclat than the grand theories such as 
sea-floor spreading or the Watson-Crick hypothesis. 
No one could have foretold the quiet revolution that 
chromatography would bring about in biology and 
chemistry. Equally, it would be rash to predict that 
cell fusion will be the midwife to several of the most 
significant biological discoveries of the 1970s. Rash, 
perhaps, but tempting, because the technique offers a 
direct: grip on such central problems as the differentia- 
tion of the cell, the mapping of mammalian genes, and 
cancer. 

Cell fusion is like fertilization, except that it is an 
unnatural kind of union that has no right to occur. 
It would not have been surprising if the remarkable 
mingling of a sperm and an egg had turned out to be 
a process unique to haploid cells (cells, that is, which 
possess a single set of chromosomes, as opposed to the 
double set possessed by the ordinary, diploid, cells of 
the body). With the technique of cell fusion, two or 
more diploid cells, from the same or different species, 
can be made to join together in a single cell. Under 
suitable conditions the two parent nuclei fuse together 
and the hybrid possesses the usual properties of normal 
cells such as the ability to grow and divide. 

There are many ways in which the hybrid cell can 
be exploited and the results that have so far been 
reported, including two remarkable studies of hybrid 
tumour cells, are certainly only a foretaste of what is 
to come. In principle, at least, it is possible by fusing 
two cells together to see how they differ, and in particu- 


lar to study the system of molecular switches that 
converts cells with the identical genetic information 
into the various specialized types such as the cells of 
the brain, liver, heart or blood. 

Furthermore, certain hybrid cells are a godsend to 
geneticists because of their propensity for shedding 
chromosomes. At fusion, the hybrid cell possesses the 
genetic endowment of both its parent cells, but in 
subsequent cell divisions various chromesomes are 
discarded and with them the properties they conferred 
on the cell. Short of being able to breed mammals 
as thick and as fast as fruit flies, the hybrid cell offers 
an unrivalled opportunity for genetic analysis. 

A common technique of fusing cells is that developed 
by Harris and Watkins!. The cells are simply mixed 
with a virus, known as the Sendai virus, which has first 
been inactivated with ultraviolet light lest it interfere 
with the course of the experiment. The dead virus 
induces the cells to fuse together at their points of 
contact until the cytoplasms coalesce. The technique 
makes it possible to fuse together almost all kinds of 
mammalian cell. 

Reflecting the interest of the Sir William Dunn 
School of Pathology at Oxford, both Harris and 
Watkins have exploited the Sendai virus technique in 
directions which are pregnant with implications for 
the study and treatment of cancer. Harris and Miller 
at Oxford, together with Klein, Worst and Tachibana 
of the Karolinska Institutet in Stockholm, have found 
that malignancy can be suppressed when malignant 
cells are fused with certain non-malignant cells*, 
Watkins and Chen? have recently shown how a 
hybrid cell formed between a mouse tumour cell 
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and a hamster cell can be used to, immunize mice 
against the tumour cells in question. It. goes without 
saying that these discoveries do not: imply that a cure 
for cancer is anywhere within sight, öugh they 
offer evocative new vistas on the problem. 

Harris and his colleagues have hybridized a strain 
of non-malignant, mouse tissue cells with mouse tumour 
cells. 
them, the Ehrlich ascites tumour, being so malignant 
that even a single cell can raise a lethal cancer. On 
injection into mice, however, the three types of hybrid 
cell appeared to have lost almost entirely the malignant 
tendencies of their tumour cell parent. The inference is 
that in each hybrid the tissue cell parent was somehow 
suppressing the malignancy of the tumour cell parent. 

There is already a clue to how this is done because 
with the (tissue cell)/(Ehrlich tumour) hybrid cells, the 
few tumours that did appear in the mice were composed 
of cells from which about forty chromosomes had been 
lost in the process of cell division. At least ten of the 
lost chromosomes belonged to the tissue cell parent. 
Since the loss of the chromosomes is associated with 
reversion of the hybrid to malignancy, it seems that 
at least one of the ten tissue cell chromosomes must 
carry genes which act to suppress malignancy. It 
should be e e, though by no means easy, to pin- 
point the crucial chromosome. 

It is not yet known whether other types of non- 
malignant cell have the ability to suppress malignancy. 
The particular strain of tissue cells used in the experi- 
ment has the peculiarity of being able to grow in the 
presence of a certain cell poison. There is a chance 
that this has something to do with the cell’s ability 
to suppress cancerous growth which, if so, would open 
up a direct approach to the biochemical means whereby 
malignancy is suppressed. 

In the same series of experiments, Harris and his 
colleagues have made a parallel and equally interesting 
discovery about histocompatibility antigens, the sub- 
stances on the cell surface which uniquely identify the 
tissues of each individual and which in organ trans- 
plants are responsible for challenging the immuno- 
logical defence system of the host. The tissue cells 
and the three types of tumour cell carry their own 
particular antigens, and hybrids between the two would 
be expected to carry the antigens of both parents. 
With two of the (tumour cell)/(tissue cell) hybrids this is 
just what happened, but in the (Ehrlich ce 1) (tissue cell) 
hybrid the antigens of the tissue cell were very largely 
suppressed by the Ehrlich cell. The reason, it seems, 
is that the Ehrlich tumour has been passed through 
many different strains of mice since 1896 and during 
this time must have been under strong evolutionary 
pressure to reduce its own antigenicity to its hosts. 
The method it has evolved for doing so is clearly 
effective in suppressing the tissue cell’s antigens as 
well as its own in the hybrid cell. One way this could 
be achieved is by producing a substance which masks 
the antigens on the surface of the cell. 

A different approach to cancer and immunity has 
been developed by Watkins and Chen. They have 
shown how the hybrid cell technique offers a method 
of immunizing the mouse against Ehrlich ascites 
tumours There i is no reason why the method should 
not be applicable to other kinds of tumour and species, 

although equally there is no guarantee that events 
will turn out this way. 








Three strains of tumour cells were used, one of 
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What is encouraging about the experiment is that 
it should have worked with the Ehrlich ascites tumour, 
which on first principles might be expected to upset 
the outcome because of its ability to suppress antigens. 
The Ehrlich and other tumours develop in the mouse 
because they have become tolerated by the host’s 
immune defence system. The host fails to recognize 
the antigens on the surface of the tumour cells as 
foreign tissue and manufactures no antibody against 
them. 

Watkins and Chen find that the immune defence 
system can be galvanized into action against the 
Ehrlich cells by i immunizing the host with injections of 
(Ehrlich cell)/(hamster cell) hybrids. The hybrids bear 
on their surface a coating of the antigens of each parent 
and although the Ehrlich antigens are tolerated, the 
hamster antigens are so foreign to the mouse host that 
antibodies are raised against the hybrid cell. The 
antibodies clearly exert some action against the usually 
tolerated Ehrlich antigens as well as agi ainst the hamster 
antigens, because half the immunized mice survived. 
injections of 100,000 Ehrlich cells without developing 
tumours. The effect of immunization was in fact to 
increase the minimum average fatal dose of Ehrlich 
cells by a factor of 10,000. 

The Ehrlich cell parent, which is by nature a mouse 
cell, fails to smother the foreign antigens contributed 
by the hamster cell parent. In rejecting the hybrid 
cells immunologically because of the hamster cell com- 
ponent, the immunized mice also acquire immunity 
against the Ehrlich tumour cells. Watkins and Chen 
remark that the method can be applied to any tumour, 
including human tumours, because the Sendai virus 
technique allows all kinds of mammalian cell to be 
fused together. 

It would be wrong to suppose that cancer and 
immunity studies are the only uses to have been made 
of bybrid cells. Equally intriguing possibilities have 
been opened up in the mapping of genes on human 
chromosomes, particularly by the w ork of Green and 
his colleagues. Working ‘with human and mouse cells 
that fuse together apparently spontaneously, Weiss 
and Green have shown how the hybrid cell progeny 
progressively lose human chromosomes from one 
generation to another*. It is curious that the human 
chromosomes should be the ones to be discarded, but 
fortunate because the loss of particular chromosomes 
can be correlated with the disappearance of the pro- 
perties they confer on the hybrid cell. 

With certain rare exceptions®, the only human genes 
that have been located on a particular chromosome are 
those which confer sex-linked characteristics, such 
as the gene that causes haemophilia, and which can 
therefore be pinpointed to the male or female sex 
chromosomes. By an ingenious use of the cell fusion 
technique, Matsuya, Green and Basilico have shown 
that a particular gene can be assigned to one of the 
autosomes, the name given to the twenty-two out of 
twenty-three pairs of chromosomes in human cells 
whichare not sex chromosomes®. In outline, their method 
was to fuse human cells with a strain of mouse 

cells which is killed by a particular chemical because 
it lacks a certain gene, known as the thwmidine 
kinase or TK gene. The human/mouse hybrid slowly 
eliminates the human chromosomes but the only 
daughter cells that survive are those that retain the 
human chromosome bearing the TK gene. Eventually 
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a line of hybrid cells was detected that carried a 
single human chromosome, which must be the carrier 
of the TK gene. When the hybrids were transferred 
to a chemical medium in which: possession of a TK gene 
is lethal, most of the cells were killed but the few 
surviving descendants were found to have lost the 
buman chromosome. The chromosome is a member of 
the E group which includes pairs 16, 17 and 18 of the 
buman set of 23. The three pairs are much the same 
size and shape and it is ian to tell them apart. 

With a similar choice of hybrid cells, Migeon and 
Miller have also concluded that the TK gene lies on 
one of the E group chromosomes, although in their 
experiments the hybrid cells continued to propagate 
after the chromosome had been lost’. It is possible 
that in these cells a segment of human chromosome 
carrying the TK gene had become translocated onto 
one ‘of the mouse chromosomes. Migeon and Miller 
also showed that certain proteins synthesized by the 
hybrid cells containing only the human E group 
chromosome were characteristic of mice and not of 
bumans. Tbis means that the genes that specify the 
equivalent proteins in humans do not lie on the E group 
chromosome. 

It is particularly lucky that human chromosomes are 
lost from human/mouse hybrids at just the right rate 
for genetic analysis. Most hybrids between different 
species do not shed chromosomes in this convenient 
way. Green and his colleagues have pointed out that 
the use of mouse cells lacking a particular gene provides 
a general method of mapping human genes, much as 
has been done for the TK gene®. In the mouse/human 
hybrids the descendent cells, if they are to survive, 
may discard all the human chromosomes except that 
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which bedra the gene missing from the mouse cell’s 
set of chromosomes. 

Another use of the fusion technique is to examine the 
regulation. of the cell machinery and the way this 
differs from one kind of specialized cell to another, 
The red blood cells of the hen, for example, though 
they contain a nucleus and the full set of hen chromo- 
somes, manufacture scarcely any of the RNA molecules 
which help to translate the genetic information on the 
chromosomes into the proteins that are the working 
parts of the cell. This is presumably because in the 
hen red cell the machinery for making RNA is some- 
how switched off. By fusing hen red cells with human 
ells Harris has shown that the hen red cells are- 
induced to resume genetic activity®. What is partien» 
larly important about this experiment is its demonstra- 
tion that the hen red cell responds to genetic signals 
from the human cell. 

During the past five years cell fusion has grown from 

eing something more than a curiosity to a technique 
of considerable power and flexibility. This does not 
mean that all the secrets of the cell will open be t 
the results of cell fusion require considerable 
sweat and luck to interpret. None the less, the tech- 
nique has already made its mark as a tool of biology 
and its use in immunizing mice against tumours may 
be only the beginning of its contribution to medicine. 
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Embryos outside the Body 


REsEARCH into reproductive physiology has a greater 
capacity for affecting people's daily lives than almost 
any other branch of science. T he pill and the intra- 
uterine contraceptive device are only the first fruits 
to fall from this particular tree of knowledge and on 
the other side of the fence are the increasingly subtle 
means of treating various kinds of infertility. 

This field of research is also unusual in the extent to 
which it reflects contemporary hopes and prejudices, 
including those of scientists. Until the 1920s, research 
into contraception was suffocated by the hot breath of 
bigots. Doctors assured the populace that contra- 
ception caused cancer, sterility and nymphomania in 
women, mental decay and amnesia in men, and mania 
leading to suicide in both sexes; the British Medical 
Association supported bills to ban the sale of contra- 
ceptives and the General Medical Council struck off 
its roles a doctor who published a pamphlet on the 
subject!. Research into human sexual behaviour, 
unless it is deviant behaviour, still has to contend 
with this kind of prejudice except in parts of the 
United States. Reproductive physiology, however, is 
enjoying an unprecedented boom as governments and 
the Ford Foundation watch the exponential growth of 
human population curves. This is fortunate because 
the subject is of the greatest scientific interest as well 
as promising all kinds of rewards for medicine and 
animal breeding. 


Fertilization 

One of the fastest growing areas of research in this 
broad field is the study of fertilization and the early 
stages of embryonic growth in mammals. From & 
strictly scientific point of view the fertilization of 
human eggs in the test tube, reported in February by 
Edwards, Bavister and. Steptoe?, was merely a repeti- 
tion for man of what had already been done in one 
form or another for other mammalian species. But the 
experiment deservedly caught the public eye both for 
its intrinsic importance and because it pee attention 
to the many implications, both real and imagined, 
that are likely to spring from these first seeds or, as 
some would have it, dragon’ s teeth. 

To fertilize a mammalian egg in the test tube and 
to cultivate the embryo until it is ready to implant in 
the wall of the uterus are simple steps in theory. In 
practice they have proved to be a labyrinth of dead 
ends which so far has been safely threaded in only one 
mammalian species, the mouse. Rabbit eggs were 
reliably fertilized in the test tube in 1959 (ref. 3); that 
it has taken ten years to do the same for man, ancl 
even then to a lesser degree of certainty, is a measure 
of the puzzles to be solved in reduplicating the role 
of the mammanan uterus. 
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be made to work in the test tube, the next step is to 
replace the fluids with a defined mixture of simple 
chemicals. This goal achieved, the embryo is laid 
open to controlled scientific study,. free from the 
complications of the uterine environment: 





Capacitating the Spermatozoon 


Two of the chief problems in fertilization studies 
are capacitating the spermatozoa and making sure that. 
the eggs in the test tube have been truly inseminated. 
As with most aspects of reproductive physiology, there 
are small but crucial variations from one species to 
another. In the past year, different techniques have 
brought new success with fertilizations of the hamster, 
the rat, the mouse and man. 

Fresh sperm cannot penetrate the egg until they 
have undergone some mysterious change in the fluid 
of the female reproductive tract, a process known as 
“eapacitation”. Studies with the electron microscope 
have shown that the acrosome, the cap-like structure 
on the head of the spermatozoon, is punctured in the 
course of capacitation and releases enzymes which 
dissolve materials such as compose the outer coverings 
of the egg’. It is reasonable to suppose that the 
acrosome does not release its small package of enzymes 
until it is near the site of fertilization, but it is not 
known how this is arranged. Possibly the acrosome is 
protected by a thin outside coat which remains intact 
until capacitation. 

In many fertilization experiments, sperm are obtained 
in a capacitated state by removing them after copula- 
tion from the uterus of an animal. It is not known 
what factor in the follicle, Fallopian tube or uterus 
capacitates the sperm and there is some doubt as to 
whether any single factor is involved. Bavister has 
found that the Fallopian tube fluid is still effective in 
capacitating sperm even when heavily diluted with 
a simple chemical medium®*®. What is essential for 
success is to control the acidity of the whole medium 
to within very fine limits. It may be that it is the 
general environment rather than any particular chemi- 
cal in the female reproductive tract that prepares the 
sperm for its assault on the egg. 

Until a year ago the rabbit and the golden hamster 
were the only mammalian species whose eggs had been 
successfully fertilized in the test tube. The rat egg, 
a much tougher nut to crack, has recently been tackled. 
by Toyoda and Chang”. They find that the egg is 
penetrated by sperm, taken either from the uterus or 
fresh from the male, if its outer capsule, the zona 
pellucida, is first digested away with an enzyme that 
breaks down protein molecules. This could imply that 
sperm needs to be capacitated only in order to penetrate 
the zona pellucida. 

Fertilization is usually assumed to have begun if 
pieces of sperm tail or the structures known as pro- 
nuclei, which are formed by the sperm and egg after 
penetration, can be seen inside the egg. But the 
unimpeachable proof that natural fertilization has 
occurred is to replace the eggs in the uterus of a 
suitably prepared animal and check that they develop 
into normal, healthy foetuses. This was done for the 
rabbit in 1959, and Whittingham has now repeated it 
for the mouse®, He used capacitated sperm taken from 
the uterus and mixed them with oocytes, the precursors 
of the mature egg cell, which were cultured in a simple 
chemical medium. The fertilized ova were trans- 
ferred to the uteri of pseudopregnant mice, from one 
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of which nine healthy foetuses were recovered 17 days 
later. 
Maturing the Oocyte 

Part of the success of Whittingham’s experiment 
depended on the medium used to culture the mouse 
oocytes. Oocytes are formed when the female herself 
is a foetus, but after reaching a certain stage their 
development is suspended, for 20 to 40 years in a 
woman, until they are released from the follicles at 
ovulation. Shortly before ovulation the oocyte goes 
through the process of cell division and starts to divide 
a second time, a stage known as metaphase II. It is 
at this stage that the oocyte or egg is ready for 
fertilization, 

It is of considerable importance to know how the 
oocytes are released from their arrested development 
and induced to ripen to the metaphase IT stage. Hence 
the interest of maturing the oocytes in a fully defined 
chemical medium, Whittingham matured his mouse 
oocytes in a medium devised by Whitten and Biggers® 
which is based on a simple solution of salts resembling 
the salt composition of blood. Also part of the recipe 
are glucose and pyruvate, simple organic chemicals 
that can be broken down to provide energy. 

Pyruvate may be the key to the ripening of the 
oocyte because Kennedy and Donahue have recently 
matured human oocytes in the test tube in chemically 
defined media also containing pyruvate! Hitherto, 
human oocytes have had to be matured in biological 
fluids of unknown composition such as foetal calf 
serum. The way is now open to studying the metabol- 
ism of the ripening oocyte, a process which is not only 
of scientific interest. but could also lead to the develop- 
ment of contraceptive agents acting at this stage. 

Whitten and Biggers have used their medium to 
culture fertilized mouse eggs up to the blastocyst stage, 
the time when the embryo is ready to implant in the 
wall of the uterus’, Taken together with Whittingham’s 
fertilization of mouse eggs, this brings an important 
goal within reach, that of using a defined chemical 
medium to grow a mammalian oocyte through all 
stages up until implantation in the uterus wall. 


Progress with Human Eggs 

Though this is likely to be achieved first for the 
mouse, two important stages have already been accom- 
plished for humans. Kennedy and Donahue, as men- 
tioned already, have matured human oocytes in the 
test tube, and Edwards, Bavister and Steptoe have 
fertilized oocytes, although their culture media were 
not chemically defined?. This is the first time that 
human oocytes have been fertilized with any degree 
of reliability; in previous attempts the incidence of 
fertilization was too low to be useful. 

The human oocytes, obtained from ovarian tissue 
removed for clinical reasons, were cultured in fluid 
from the follicles and mixed with sperm in the condi- 
tions which Bavister has found successful with hamster 
eggs. The sperm were in some instances used after a 
brief washing and in others incubated in follicular 
fluid before being placed with the eggs. With both 
types there was a high incidence of fertilization, but 
the incubated sperm seemed to do slightly better. The 
sight of pronuclei and pieces of sperm in the eggs was 
taken to mean that fertilization had begun. 

Apart from its general implications, this technique 
may make possible the eure of certain kinds of in- 
fertility. With an operative procedure developed by 
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Steptoe and Edwards it is hoped to remove an oocyte 
from an infertile woman, inseminate it with her 
husband’s sperm and replace the embryo in the uterus. 


Culture of the Blastocyst 

Many of the hurdles surrounding fertilization have 
now been jumped or at least appear surmountable, and 
a similar measure of success has attended the test tube 
culture of embryos up to the blastocyst stage. Whitten 
and Biggers, as mentioned, have cultured fertilized 
mouse eggs in a chemically defined medium, and this 
has also been done for rabbits. Much has already been 
discovered about the embryo’s changing requirements 
as it develops through to the blastocyst stage". For 
example, mouse and rabbit embryos need pyruvate 
as a source of energy during the first few cell divisions, 
but at a later stage can make use of glucose. Knowing 
what pre-implantation embryos require from their sur- 
roundings, it should be possible to infer the role of the 
Fallopian tube and uterus in supporting the embryo’s 
development. It will be interesting to trace the pattern 
of nucleic acid synthesis by the developing embryo in 
the same detail as is already known for amphibian 
and sea urchin embryos. 


Operations on the Blastocyst 

Increasing confidence in handling the mammalian 
embryo in the blastocyst stage has led to the develop- 
ment of some promising manipulative techniques. 
Gardner and Edwards, for example, have shown how 
to predict the sex of 5 day old rabbit embryos!®. At 
this stage, just before implantation, the embryo is a 
fluid-filled ball surrounded by a single layer of cells 
known as trophoblasts. The trophoblasts do not form 
part of the embryo, which develops from a disk of 
cells at one pole of the trophoblast sphere, and by a 
delicate piece of microsurgery some 300 trophoblast 
cells can be snipped off the main sphere without 
essential damage to the blastocyst. By a simple 
staining test the sex of the excised trophoblast cells 
can be determined. Replaced in the uterus the blasto- 
cysts grow into foetuses, all of the sex predicted. 

One of the foetuses in Gardner and Edwards's experi- 
ments lacked a head, which emphasizes that human 
blastocysts are not likely to be sexed by this technique 
in the immediate future. Of greater importance than 
sex control is the possibility that human blastocysts 
could be screened for chromosomal abnormalities such 
as the presence of an extra chromosome in the twenty- 
first pair that is associated with mongolism (Down’s 
syndrome). The technique could also be useful in 
sexing the blastocysts of farm animals and implanting 
in the uterus embryos of required gender. 





Fig. |. Spermatozoa lying in the zona pellucida of human eggs 
(from ref. 2). 
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Fig. 2. Mosaic mouse, formed by injecting three cells of a 
coloured strain into the blastocyst of an albino strain. The 
coat and tail skin have been heavily coloured. (From ref. 13.) 


Another valuable technique developed by Gardner 
makes possible the creation of chimaeras, which are 
individuals possessing two different lines of cell, 
Embryonic cells from a donor blastocyst are injected 
into the inner cavity of a recipient through a minute 
slit made in the trophoblast shell’. The blastocyst is 
replaced in a uterus and the foetus develops from a 
population of both types of cell. In Gardner's experi- 
ments a blastocyst of an albino mouse which had 
received three cells from a coloured strain developed 
into a chimaera whose skin was evenly mottled in 
white and coloured patches. Though chimaeras can 
also be produced by fusing two early embryos to- 
gether4—the cells rearrange themselves into a single 
embryo—Gardner’s technique is much more flexible 
and should allow chimaeras to be produced between 
embryos of different species and in different stages of 
development. By this means it may be possible to 
learn much about the growth and organization of the 
embryo and how individual cells become specialized 
into different types. 


Embryos after Implantation 


If the veil has been lifted on the events leading up to 
the blastocyst stage, the embryo’s implantation in the 
wall of the uterus still represents a formidable barrier, 
although one which is being perceptibly eroded. 
Development in a uterus, as New has remarked", is a 
process that has been elaborated during some 200 
million years of mammalian evolution, and it would be 
surprising if an artificial womb could be built in a day. 
Once the embryo implants in the uterus it is surrounded 
by the decidual cells of the uterus lining and at the 
same time it develops the placental membranes 
through which respiratory gases and metabolites are 
exchanged with the mother’s circulation. Culture of 
post-implantation embryos for long periods outside the 
body will involve growing the complex placental struc- 
tures as well unless an artificial placenta can be devised. 

New has managed to maintain post-implantation rat 
embryos for 2 days outside the body. The embryos 
and their placentas (of which the rat has two) are 
dissected. out shortly after implantation and placed. in 
a watchglass through which blood serum is circulated. 
The embryos grow rapidly and apparently in parallel 
development to their littermates left in the uterus. 
Various organs begin to form and the embryo twists 
round into the characteristic foetal position. ‘The oxy- 
gen supply must be carefully regulated to match the 
embryo’ s changing requirements. 

Unfortunately the embryos die after 2 days in culture 
because of the failure of one of the placentas, the 
allantoic placenta, to develop beyond a certain stage. 
The allantoic placenta is composed both of foetal and 
maternal tissues, which may be part of the reason why 
it fails to develop in culture. The support of an allantoic 
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placenta is not a unique property of the uterus; in 
certain abnormal pregnancies human eggs implant and 
develop a placenta on such tissues as the intestine, 
which suggests it may eventually be possible to grow a 
placenta in culture". 

New has recently extended his technique to rat 
embryos excised 1 or 2 days after implantation’. 
These he is able to grow for up to 4 days, again with 
fairly normal development in some cases, although the 
cause of death seems to be the failure of the two parts 
of the heart to unite. Ogawa and Imagawa have grown 
rabbit blastocysts for 9 days after the time at which 
they would ordinarily implant in the uterus!®, The 
blastocysts were cultured in a medium containing 
serum and other ingredients, the exact composition of 
which was doubtless material to success. The cells of 
the embryo began to differentiate into specialized types 
and the pulsations of the embryonic heart, some fifty 
a minute, were noticed. 


Doing Without the Uterus 

As has been indicated in passing, the attempts to 
maintain the oocyte and embryo outside the body in 
controlled surroundings promise to pave the way to 
new and important territories. Scientifically, there 
will be fresh discoveries to be made in embryology and 
biochemistry. In agriculture, the repercussions on 
animal breeding may be profound; for example, blasto- 
cysts of the desired sex taken from prize stock could 
be implanted in the uterus of poor animals and would 


Ao 





Fig. 3. (Upper photograph) Rat embryos taken from the uterus 
about two days after implantation (left) and after three days 
in culture (right).! The lower photograph shows two of the 
cultured embryos after removal of the yolk’sac. (From ref. 17.) 
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raise the quality of a herd within a generation, AID 
(artificial Insemination by donor), though simpler, is 
only a half-way house. The brightest opportunities 
probably lie in pharmacology and medicine. It will 
doubtless become a matter of routine, if not of law, to 
test all drugs likely to be taken by pregnant women on 
animal embryos grown in the test tube. In this way 
episodes such as the thalidomide tragedy may be 
avoided. There is also the hope of understanding 
and perhaps preventing the various congenital ab- 
normalities which arise in the embryo or even before 
fertilization. In England some 20,000 of every million 
live born children suffer from moderate to severe mal- 
formities, mostly in the brain, skeleton or heart. The 
prospect of preventing such births is an incentive. 
Study of the stages preceding fertilization may lead 
to new methods of contraception more subtle, perhaps, 
than the pill. 


The Test Tube Baby 

Looking further ahead, it may become possible to 
grow mammalian embryos to full term in entirely 
artificial surroundings. The test tube baby, to use the 
awkward but inevitable phrase, would pose some 
unusual opportunities as well as the usual problems 
attending human experimentation. For one thing it 
would make possible the true and final emancipation 
of women for those who elected to delegate their child- 
bearing to a labour-saving machine. For another, it 
would allow a greater selectivity in human births by 
culling the disadvantaged embryos before term. If 
these remote possibilities were to become feasible over- 
night they would certainly exceed what most people 
consider to be the ethical limits to improving on nature. 
Today's moralities, however, are not tomorrow’s and 
there is no way to predict how future generations will 
use the knowledge that accrues to them or with what 
different. pressures they will have to contend. 

The widespread interest in organ transplants has 
demonstrated the heartening truth that educated. publie 
opinion can usefully contribute to resolving such issues. 
For this reason it is perfectly proper that matters such 
as the test tube baby should be deliberated well in 
advance of their being conceivably possible. It is 
important, however, that nobody should cry wolf too 
far ahead of time; the first fruits from work on test 
tube embryos will represent tangible advances in 
medicine which no one has the slightest intention of 
forgoing. The time to argue about ethics will be after 
this crop has been harvested. The steady if unstartling 
progress made during the past year suggests that more 
dramatic advances may fall sooner than expected. The 
test tube baby is not yet due but it seems to be kicking. 
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ANALYTICAL CHEMISTRY OF THE 
POLYURETHANES, Part 3 


by D. J. David, R. L. Stone & Co., Division of Fracor Inc., 
and H. B. Staley, Nobay Chemical Company. 


Covers all of the analytical methods used to determine 
the composition of the different types of polyurethanes, 
as well as their raw materials and prepolymers. This 
book is part 3 of Volume 16 of the series High Polymers; 
Part | and 2, by J. H. Saunders and K. C. Frisch, were 
published in 1962 and 1964. Together the three parts 
form a comprehensive reference work designed to 
provide the reader with a thorough working know- 
ledge of this important class of polymers. 


due August 1969 approx. 480 pages approx, 234s. 


DISORDERS OF THE SKULL BASE 
REGION 


edited by Carl-Axel Hamberger and Jan Wersäll, both 
of Department of Otolaryngology, Karolinska Sjukhuset, 
Stockholm. 


This book contains the proceedings of the Tenth Nobel 
Symposium held in Stockholm in August, 1968. 46 
articles by leading endocrinologists, neurosurgeons, 
neuroradiologists and otologists deal with the diseases 
related to the base of the skull, especially with prob- 
lems connected with the area of the pituitary gland 
and of the foramen jugulare, and with the diagnostic 
and therapeutic possibilities of dealing with the 
tumours in the inner auditory meatus. 

due September 1969 364 pages approx. 276s, 
{Almqvist & Wiksell, Stockholm) 
Distributed in the United Kingdom by John Wiley & Sons 
Ltd. 


PROCEEDINGS OF THE FOURTH 
INTERNATIONAL CONFERENCE ON 
OPERATIONAL RESEARCH 


edited by David B. Hertz, McKinsey & Company, Inc., and 
Jacques Melese, Société pour l’Avancement et l'Utilisation 
de la Recherche Operationelle Civile (A.U.R.O.C.). 


A volume in the Publications in Operations Research 
series. A collection of the previously unpublished 
papers presented at the Fourth International Federa- 
tion of Operational Research Societies Conference 
held in 1966. The book presents the latest develop- 
ments in the theory and applications of operational 
research from all over the world. 


July 1969 1,092 pages 235s. 


METHODS IN THE STUDY OF SEDI- 
MENTARY STRUCTURES 


by Arnold H. Bouma, Texas A. and M. University. 


A practical, illustrated reference book on the methods, 
materials, variations, limitations and applications used 
in the study of sediments. 


due September 1969 474 pages 190s. 


MODERN SEPARATION METHODS OF 
MACROMOLECULES AND PARTICLES 


edited by Theodore Gerritsen, Kinderspital Zurich. 
This book is part of a series that provides authoritative 
summaries on significant new developments in the 
field, and critical evaluations of new methods, apparatus 
and techniques. Progress in Separation and Purification 
ave 2 (Volume Í, by E. Perry, was published in 
68). 


due September 1969 260 pages 140s. 


POLYMER CHEMISTRY OF SYNTHETIC 


ELASTOMERS, Part 2 


edited by Joseph P. Kennedy and Erik G. M. Tornqvist, 
both at Esso Research and Engineering Company. 
A collection of treatises of various aspects of the chem- 
istry of synthetic elastomers, emphasizing polymer 
chemistry and in particular the chemistry involved in 
polymer formation (Volume 23, High Polymers}, 


due September 1969 568 pages 260s. 


SOLENOID MAGNET DESIGN: THE 
MAGNETIC AND MECHANICAL 
ASPECTS OF RESISTIVE AND SUIPER- 
CONDUCTING SYSTEMS 


by D. Bruce Montgomery, Massachusetts Institute of 
Technology. ; 


A design-oriented treatment of a wide variety of 
magnet coils, particularly for high fields. Includes 
complete design formulas, design charts, computer 
tables and examples of water-cooled, supercenducting 
and pulse coils, as well as analysis and synthesis of field 
distributions. 


September 1969 325 pages 131s, 
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FUNDAMENTALS OF QUANTUM 
ELECTRONICS . 


by Richard H. Pantell and Harold E. Puthoff, both at 
Stanford University. 


Enables the applied physicist or engineer to make the 
transition from the mathematical postulates and form- 
alisms of quantum mechanics to the description 
of the behaviour of useful quantum electronic 
devices. The approach used is an extension of the 
density matrix techniques. The book is a volume in 
the Wiley series in Pure and Applied Optics. 


due October 1969 378 pages 140s. 


ANALYTIC FUNCTIONS AND 
DISTRIBUTIONS IN PHYSICS AND 
ENGINEERING 


by Bernard W. Roos, Gulf General Atomic Inc. 


An introduction and reference, suitable for self-study 
or as supplementary text, to those concepts and tech- 
niques of the theory of analytic functions and distribu- 
tions of great importance in the mathematical analysis 
of problems in science and engineering. Avoids 
abstract mathematics and details of preofs and concen- 
trates on the applications of the theories in a few 
important fields. Stresses the more advanced theories 
and techniques seldom found in current textbook 
literature. 


September 1969 534 pages 187s. 


BASIC PRINCIPLES OF LIGAND FIELD 
THEORY. 


by Hans L. Schlafer, Professor of Physical Chemistry, 
University of Frankfurt, and Giinter Glieman, Professor 
ef Specialized Physical Chemistry, Technical University of 
Berlin. 


Translated from the German by David F. liten. 


This book will give the chemist an easily readable 
introduction to the ligand fleld theory. The first part 
deals with the important concepts of the theory 
and their applicability, the second part with the 
quantitative side. 
due October 1969 


approx. 542 pages approx. 150s. 
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(1968) 


compiled by B. Capon, Chemistry Department, University 
of Glasgow and C, W. Rees, University of Leicester. 


This is the fourth annual volume of a series that is. now 
well established. It reviews last year’s development 
in every aspect of organic reaction mechanisms 
published in world literature. The 3,000 (about) 
papers on this subject, of fundamental importance to 
chemistry, are scattered throughout the chemical 
literature; it will be essential, therefore, for many 
chemists to have these annual volumes at hand. 


Contents: Carbonium lons (B. Capon); Nucleaphilic 
Aliphatic Substitutions (B. Capon); Electrophilic Ali- 
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Molecular Rearrangements (C. W. Rees}; Radical 
Reactions (M. J. Perkins); Carbenes and Nitrenes 
(T. L. Gilchrist); Reactions of Aldehydes and Ketones 
and Their Derivatives (B. Capon}; Reactions of Acide... 
and Their Derivatives (B. Capon}; Photochemistr 
(R. $. Davidson); Oxidations and Reduction (M: E 
Harger). 


due October 1969 approx. 550 pages approx. 130s. 


ADVANCES IN CHEMICAL PHYSICS, | 


Volume [6 


Edited by |. Prigogine, University of Brussels and S. A. Rice a 


University of Chicago. 


The latest volume in a series that reports, interprets — 
and evaluates progress in the field. 


due September 1969 approx. 384 pages approx, 130s. 


KNOWING AND GUESSING—A 
QUANTITATIVE STUDY OF INFER- 
ENCE AND INFORMATION 


by Satosi Watanabe, University of Hawaii. 


Presents a unified theoretical view of a field which 
includes such varied disciplines as philosophy, electrical 
engineering, cybernetics, psychology and physics, The 
target of the investigation is the mental process of 
knowing and guessing. Approach is quantitative and 
contains a number of novel ideas and theories, 


September 1969 606 pages 211s, 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Optical Variations in Quasars 


A PHOTOGRAPHIC patrol of selected quasars has been in 
progress during the past 24 years with the 40-inch telescope 
at Yale Observatory. We have already published! an 
account of the behaviour of one of the patrol objects, 
3C 454.3. The purpose of this article is to summarize our 
results for other selected quasars in the patrol programme. 
The basic data are summarized in Table 1. The object 
designations are listed in the first column. In the second 
column, m denotes the approximate photographic magni- 
tudes of the objects. In column three, A denotes the 
approximate maximum amplitude of the optical variations 
in magnitudes from our observations. Light curves for 
those quasars having variations ~0-5 m, as well as for 
3C 181, are shown in Fig. 1. Here photographic magni- 
tudes relative to an arbitrary zero point have been recorded 
for all quasars other than 30 345 due to the present lack 
of suitable standard sequences in the fields. While there 
is very little overlap between our patrol programme and 
that of Peach?, m cases where overlap does occur (3C 
181, for example) the light curves are in reasonable 
agreement. On each graph data points representing the 
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Fig. 2. Light curve for 30 345. 
“light curve” of a comparison star in the field are denoted 
by ©. Error bars (p.e.) have been included in the graphs. 
Although the number of quasars in our patrol is sciall, 
we have found evidence of outbursts, having arplijudes 
07 m, in about 20 per cent of the quasars. Indeed, ib | 
seems possible that optical outbursts occur in most active; | 
quasars but that they usually are not detected due to them o 
relatively short duration. High resolution ight curves ob 
features in a recent outburst of 3C 345 are shown iu 
Figs. 2 and 3. On June 10/11 a variation of = 04m took | 
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place within the span of a few hours. By June 22/23 the 


“short period optical activity had ceased, but the object 


had become fainter by #14 m. 


Table 1 

Object m A 
PES 0160-11 ($C 67) 16-4 t4 
PES 0232-04 16-5 03 
aC 181 18-9 0-3 
PKS 1004 +13 15-7 0-3 decreasing 
PKS 1217402 16-5 o1 
PES 1354419 16-0 O1 
PES 1510-08 15-8 0-3 
3C 823.1 158 O1 
3C 334 16-4 0-2 decreasing 
BC B45 16-0 20 
PES 2135-14 15-5 1-3 
PES 2145 +06 16-5 02 
PES 2251+11 168 0-2 increasing 
PRS 2344409 16-0 0-5 


This research was sponsored by a grant from the US 
National Science Foundation to Yale University Observa- 
tory. We thank J. Gibson for taking most of the plates. 


James H. HUNTER, JUN. 
Parurp K. Lë 


Yale University Observatory, 
New Haven, Connecticut. 


Received June 10; revised July 7, 1960. 
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Search for Red-shifted Neutral Hydrogen 
Absorption in 3C 191 


Ir has been suggested? that the red-shift, Z = 1-95 observed 
in quasars has special significance. We have therefore 
attempted to detect absorption in the ground state 
hyperfine transition of neutral hydrogen atoms, normally 
at 2l on, red-shifted to 62cm wavelength of the con- 
tintin flux of the quasar 3C 191. 

3C 191 has optical absorption lines at Z = 1-9458 + 0-001 
(ref. 2) and the corresponding neutral hydrogen absorption 
would be expected at a frequency of 482-180 + 0-160 MHz. 
The continuum flux of this source is Sag = 5 flux units. 

On February 7, 1969, the 25-6 m antenna at Dominion 
Radio Astrophysical Observatory, together with a trans- 
istorized preamplifier giving a system noise temperature 
of 350 K and a 100 channel filter spectrometer spanning 
the frequency range 482-180+0-500 MHz, was used to 
observe 37 191 for a total period of 2h 10 min with an 
equal time being spent on an adjacent reference region. 
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Light curve for 3C 345, 


The resulting spectrum, smoothed to an effective observing 
bandwidth of 30 kHz, indicated that the absorption does 
not exceed 6 per cent (3 xr.m.s. noise) of the continuum 
flux of the source. 

If an excitation temperature T, of 100 K is assumed and 
a Gaussian line of dispersion 30 kHz, the limit corresponds 
to an integrated column density of neutral hydrogen 
[Nadi s17 x 10” atoms cm~*. If, however, the absorbing 
hydrogen is in the immediate vicinity of 3C 191, the 
excitation temperature is expected to be considerably 
higher due to excitation by the radiation of the quasar, 
and the corresponding limit [Nad] will be raised (un- 
published work of J. N. Baheall and R. D. Ekers). 

This result is evidence against the hypothesis? that 
quasar absorption lines are produecd by normal galaxies 
in the intervening path, because the disk of a spiral galaxy 
between us and a quasar would be expected to absorb 
~ 28 per cent of the continuum flux of the quasar. 


W. L. H. SHUTER 
dJ. F. R. GOWER 


Institute of Astronomy and Space Science, 

University of British Columbia, 

Vancouver 8, British Columbia. 

Received July 11, 1969. 

1 Burbidge, G., and purbidga, M., Quasi Stellar Objects (W. H. Freeman and 


Company, 1967). 
? Bahcall, J, N., Sargent, W. L. W., and Schmidt, M., Astrophys. J. Lett., 149, 
52 (1987). 


è Roeder, R. C., and Verreault, R. T., Astrophys, J., 165, 1047 (1969), 


Measurements of the ‘‘Corner’’ of the 
Interstellar Extinction Law 


Ir was shown. by Whitford! and confirmed by Nandy? that, 
over the visible part of the spectrum, the wavelength 
dependence of interstellar obscuration, in magnitudes 
against reciprocal wavelength, can be well represented by 
two intersecting straight lines. Because the change in 
slope of the extinction law is near the broad interstellar 
absorption band at 4430 A, the question arises as to whether 
the observed ‘corner’ is associated with this band or is 
a separate feature of the extinction law. If the latter, 
it is important to know how rapid is the change of slope 
and precisely at what wavelength it occurs, for a suffici- 
ently sharp corner would require that the existing theor- 
ies of extinction which are based on classical scattering 
by interstellar grains be modified. It is also of some 
interest to see if the linearity of the two parts of the 
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eurve holds good at the resolution necessary to resolve 
the interstellar band. The extinction law has therefore 
been observed over a reciprocal wavelength range about 
half that used by Nandy but with the density of measured 
points improved by a factor of thirty and the resolution 
by a factor of ten. 

Forty-two photographic slit spectra of fourteen reddened 
and eight comparison OB stars in the direction of Perseus 
were obtained, using the 36-inch telescope and spectro- 
graph of the Royal Observatory. Observational limita- 
tions restricted the stars to visual apparent magnitudes 
less than 9, while the range of colour excess was 
0O3<Ep-ysl-l. The spectra, taken on Kodak Ia-O 
emulsion at a dispersion of 120 A/mm, were measured at 
intervals of 2-4 A and were reduced with the aid of calibra- 
tion plates cut from the same material as the stellar plates 
and exposed in a multiple slit spectrograph. 
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Sum of reddening curves derived from eight reddened and five 
comparison stars, 


Fig. 1. 


Reddening curves were derived from all fourteen pairs 
of stars, but, as their sum showed the corner to be very 
close to H,, it was necessary to reject the results from six 
pairs of stars because of strong Balmer line residuals 
caused by the inclusion of Of stars and a B2 star having 
unusually deep Balmer lines. The sum of the remaining 
curves, corrected for atmospheric extinction and adjusted 
to give datum points at intervals of 0-002 ym, is given 
in Fig. 1. Table 1 lists the stars used. together with the 
secant zenith distances for their exposures. 


Table 1. SPECTRA USED FOR REDDENING CURVE 
Reddened stars Comparison stars 
Star Sec Z Star Sec Z 
HD 16429 1-37 HD 13268 1:22 
1-04 1-28 
HD 15558 1-08 
1:15 
HD 13402 1-08 HD 13841 1-02 
1:10 14 
BD 60° 498 1-27 HD 14818 Lil 
HD 15785 1:20 HD 13854 1:42 
1:08 1-16 
HD 15571 1:18 117 
1-40 
HD 14542 135 HD 14322 1-53 
1-09 Lead 
1-28 
HD 17088 1-35 
1:80 


Sources of error investigated in the raw data curve, 
which is not normalized, are (a) atmospheric extinction 
corrections, (b) photographic photometry, (e) photo- 
graphic grain noise, (d) mismatching of star pairs. Error 
in the total atmospheric extinction correction is unlikely 
to distort the curve by more than 0-01 mag. Errors in 
the photographic photometry lead to a systematic 
wavelength dependent error curve which is linear within 
0-04 mag from 2-0 um- to 2-7 ym, Grain noise, which 
is about 0-15 mag on average, was estimated from the 
variation of photographic density fluctuations with 
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density, derived from all the available density spectra cat 
wavelength regions free from lines. Errors due to lino 
residuals were estimated from the sum of the spectra... 
using the dependence of line strengths of different ions on. 
spectral type, as given by Simnerstad*. Corrections: for 
known spectral type mismatch, and random residuals 
resulting from an assumed classification uncertainty of: | 
0-7 sub-class, are both comparable with the grain noise, 
Fig. 1 shows what appears to be a small residual of the 
Balmer jump at 27 um, Because the discontir Bh 
would distort any fitted curve, data beyond 2-7 sant) 
have been omitted. 
The grain noise has been separately derived for each. 
datum point and combined with the random line residuals 
to give an estimate of the standard error per point. » 
the curve fitting which follows, the line corrections” 
mentioned have been applied and the measure at cach 
point is weighted by its reciprocal variance. Because the 
4430 A band seems to be superposed on the reddening 
curve, it has been given zero weight over twelve poin 
(50 A), the extent of the band being determined from the 
sum of the spectra and confirmed by Seddon’s* profile of 
the band. ne 
When the data between 2-0 and 2-7 um are fitted toc) 
polynomials, by the method of weighted least squares; | 
the residuals show this type of fitting to be quite me oo 
adequate, even for the twelfth degree. The fitted curves 
show the greatest change of slope near 2°3 ym, however i 
and the trend is towards two straight line segments: °. 
Nandy®, using low dispersion spectra, finds two straight: 
lines to be better than a polynomial of degree three. The 
data were therefore fitted by the method of weighted least 































squares to two intersecting lines, and an iterative y 
cedure used to vary the position of the intersection point 
at intervals of 0-002 ym until the best fitting pan of: 
lines was found. The normalized residuals for the fual 
pair which intersect at 2-30 um are given in Fig. 2. 
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Fig. 2. Residuals from normalized best fitting straight lines intarseoting : 
at 2302 wm, The 4430 A interstellar band is visible at 226 Ke, 








Tests of the significance of the residuals have been made 
at the 1, 5 and 32 per cent levels of significance. Buasto — 
detect weak but extensive deviations the residuals were 0. 
smoothed by taking a weighted running mean, which was 
tested against both internal and external estimates of the 
error on the mean at the 1 and 5 per cent levels of signi- 
fieance. The results of the tests are given in Fig. 3 for 
various degrees of smoothing. Because the two emor ` 
estimates give essentially the same results and the residuals. 
are so strongly localized, it is considered that the residuals 
are associated with residual spectrum lines or bands aud 
that any slowly varying deviations must be leas than 
0-004 mag, the photometric error curve distortion: 
When 7 per cent of points are rejected to bring the nns: 
residual into agreement with the r.m.s. standard error, 
the intersection point is shifted from 2-302 ym too 
2-296 um~!, Because the intersection falls in a region 
devoid of significant residuals, it may be confidently 
defined within 0-009 um-, The separation of the corner 
from the centre of the 4430 A interstellar band is four 
times the standard error on the corner position, and about 
six times the half-width of the band, which would indicate 
that the band and the corner are two separate features, o 
poyida that the band is completely contained within — 
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Fig. 3. Results of tests of significance of residuals for different running means. Ordinate numbers indicate number of intervals of 0-002 
um in each mean. Significant deviations at the 5 and 1 per cent levels are shown, and also at the 32 per cent level in the case of the bottom 
distribution showing individual points, 


The present results indicate that at a resolution of 
6 A, the extinction law is best represented over the range 
20 to 2-7 yum by two straight lines intersecting at 
4355+17 A, the data points having average random 
deviations of +0-0]14 mag. At this level of deviation the 
change in slope therefore occurs within a range of wave- 
length of about 6 A. 

J. W. Harris 


Royal Observatory, 

Edinburgh. 

Received June 5, 1969. 

1 Whitford, A. E., Astron, J., 83, 201 (1958). 

* Nandy, K., Pubs. Roy. Obs. Edin., 8, 142 (1964), 

3 Sinnerstad, U., Stockholm Obs. Ann., 22, No, 2 (1961). 
+ Seddon, H., Nature, 214, 257 (1967). 

* Nandy, K., Pubs. Roy. Obs, Edin., 5, 25 (1965). 


Coherent Synchrotron Deceleration 
and the Emission of Type HH and Type III 
Solar Radio Bursts 


Tyre IT and type TI solar radio bursts are spectacular 
radio emissions which accompany the flash phase of a 
solar flare. Appleton and Hey! discovered these pheno- 
mena and Payne-Scott, Yabsly and Bolton? recognized 
the respective slow and fast frequency drift which these 
emissions show. Wild? and his colleagues, observing with 
a swept frequency spectrometer, found second harmonic 
components! and further verified the frequency drift. The 


widely accepted explanation of type IIT bursts, that they 
are related to electrostatic plasma oscillations which are 
partially converted into transverse electromagnetic radia- 
tion by non-linear phenomena, was first put forward by 
ainzburg and Zheleznykov®. 

Here we propose and consider the somewhat different 
theory (A. F. Kuckes, Conf. for Plasma Instabilities in 
Astrophysies, Oct. 1968, Asilomar, Calif.) that the emis- 
sions are related to a plasma instability associated with 
the coherent synchrotron deceleration of electrons with 
energies of hundreds of keV. Twiss‘ first pointed out the 
possibility of this effect as a means for amplifying syn- 
chrotron radiation. Bekefi, Hirschfield and Brown? in 
their analysis of the synchrotron radiation losses from a 
thermonuclear reactor found that a finite energy spread 
of the electrons limited this effect to low cyclotron har- 
monies. Recently, m a laboratory experiment Blanken 
and Kuckes® found intense radio emission at the second 
cyclotron harmonic when non-thermal, low density, 
hundred keV electrons interact with a dense magnetized 
plasma. These experiments also demonstrated the lack 
of intense emission at higher cyclotron harmonies due to 
the finite energy spread of the exciting component. 

We have considered the resonant exchange of power 
between electromagnetic waves propagating normal to 
the magnetic field in a cold, magnetized plasma. with a 
group of mildly relativistic electrons. The basie mechan- 
ism by which energy is fed from the wave into the energetic 
particles and vice versa is closely related to the principle 
of dynamic phase stability which governs the acceleration 
of particles to relativistic energy in a synchrotron accelera- 
tor. Through the variation of cyclotron frequency with 
particle energy, resonantly interacting particles become 
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phase synchronized by the electromagnetic wave by a 
small gain or loss of particle energy. If the number of 
particles that give up energy in becoming synchronized 
by the wave exceeds the number that gain energy from it, 
power is coherently fed into the electromagnetic field. If 
the gradient of the electron momentum distribution func- 
tion f(p,) with respect to the transverse component of the 
momentum p, is positive at a resonant energy, power will 
be fed into the electromagnetie field; if it is negative there 
is a net gain of energy by the particles and a dissipation 
of the wave. 

Using the conductivity tensor for the relativistic elec- 
trons®, we have calculated the power/volume P exchanged 
between the ordinary mode and the relativistic electrons 
as 
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Here we have used spherical coordinates in momentum 
space; 6 is the angle between the magnetic field lines and 
direction of p. E is the magnitude of the wave field, n the 
number density of the energetic electrons, m, the electron 
rest mass, @e/2x the non-relativistic electron cyclotron 
frequency and o/2n the wave frequency. J, is an ordinary 
Bessel function of the first kind of order [; k is the wave 
number and r: the gyro-radius. 

The generation of harmonies is related to the fact that 
the energetic electron gyro-radii are comparable with the 
wavelength of the emitted radiation, kr;~1. Because the 
momentum distribution function monotonically decreases 
above some value of the momentum, waves with a 
frequency above some critical cyclotron harmonic number 
are cyclotron damped. The number of harmonies which 
can be generated depends on the energy spread of the 
distribution function and the energy at which it peaks. 
Satellite observations!’ and the frequency drift rate of 
type ITI emissions indicate that large numbers (~ 1024) 
of electrons below 100 keV accompany the emission of 
these radio bursts. These observations agree with the 
theoretical values of the mean energy and energy spreed 
of the relativistic electrons needed to suppress emission 
above the second harmonic. 

In order to estimate the wave growth distance we 
consider the non-thermal electrons as described by an 
isotropic momentum distribution function which rises 
linearly (from zero) with momentum to a maximum 
which corresponds to an energy of about 60 keV and has 
an energy spread of about the same magnitude. We have 
assumed the total number density for this component to 
be 3x 104 cm~ and the magnetic field to be 20 G. If the 
background plesma density is low (less than about 107 
em?) the growth distance for the extraordinary mode at 
50 MHz (the cyclotron frequency for a 50 keV electron) 
is about 1 km—at the second cyclotron harmonic at 100 
MHz it is 5 km. The growth distances for the ordinary 
mode are about ten times longer than each of these values. 
Thus the strength of this instability seems reasonable. 

This mechanism for the generation of solar radio bursts 
is appealing because laboratory experiments and ecalcula- 
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tions have shown that electrons in the hundred keV. 
energy range can direetly generate one or two harmonics 
of transverse electromagnetic radiation by a linear 
phenomenon which naturally excludes the excitation of 
higher harmonies. The success of this theory depends on 
the magnitude of the magnetic field at the source of the 
bursts. There is an urgent need for an accurate determina. 
tion of the source position at low frequencies which does 
not involve uncertainties introduced by the Earth’s 
ionosphere. 

A detailed exposition of these ideas is available from the 
authors. One of us (R. N.S.) was supported in part by. 
the US National Science Foundation. 


A. F. KUCKES 
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Petrological, Magnetic and Chemical 
Properties of Basalt dredged from an 
Abyssal Hill in the North-east Pacific 


Over the years, samples of basalt from the oceanic crust 
have been taken mamly from seamounts, fracture zones 
and ridge and rise crests’*, and rarely from the vast 
fields of abyssal hills which cover a large part of the deep- 
sea floor. The basalt sampled from the deeper regions of 
the oceanic crust (for example, on fault scarps) is a distinct 
variety of tholeiitic basalt, while alkali basalt is rest jected 
to the voleanie edifices*. Oceanic tholeiitie basalt differs 
from alkali basalt and continental tholeiite chiefly i 
having a relatively low percentage of K,O (0-2 weight per 
cent)4.. Some authors have speculated that this type of 
tholeiitic basalt is the major extrusion from the upper 
mantle and constitutes the predominant rock type in the 
upper oceanic crust. 

Because the previous samples of the upper oceanic erust 
are limited to special structural features in the ocean 
basin, it is not yet established that the crust in the ocean 
is a special type of tholeiitie basalt, Samples such as that 
deseribed here, from abyssal hills in the normal, oeean. 
basin, offer a test to this hypothesis. Only two samples 
from abyssal hills in the deep sea have been reported’ *. 
One of these samples? has the composition of an oceanic 
tholeiite; the composition of the other is unknown, 

The present sample was dredged from depths of 4,400 
to 4,300 m off a 100 m high linear scarp on the side of an 
abyssal hill in the north-east Pacifice near 32° 25° N, 
125° 45’ W®. The sample consists of several kilograms of 
angular basalt fragments, coated with a fraction of a 
millimetre of manganese dioxide, and stained a rust colour 
on some surfaces, One side of each fragment has a layer 
of basaltic glass, 3 to 7 mm thiek. When cut in half the 
samples show one to five millimetres thick, rust-brown 
alteration halos around the outer edges and eracks within 
the sample. Some cracks are filled with zeolitic material. 
The interior of the samples consists of irregular light. grey 
eoloured blotches, 2 to 3 em in diameter, within. a darker 
grey-blue background. 
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In thin seetion the rock has an intergranular, hypo- 
crystalline texture with less than 1 per cent glomero- 
phenocrysts. Laths of feldspar enclose elinopyroxenes 
and unknown microcrystallites, and often have a common 
orientation. Vesicles 0-2 to 6 mm in diameter (average 
near I mm) constitute less than 1 per cent by volume 
and are often filled with a montmorillonite-like elay 
mineral. Some authors maintain that the high hydro- 
static head at abyssal depths and the low water content 
of basalt magmas preclude the formation of vesicles. 
Other abyssal hill basalts, however, have been described 
as vesicular?*. The composition of the feldspar ranges 
from andesine (Ange) to sodic bytownite (An,,), and the 
average composition of the groundmass is sodic labradorite 
(Ans). Glomerophenoerysts, up to 1 mm in diameter, 
consist of grains of median labradorite (Anza) and pigeon- 
ite. Zoning is present, but rare, in both the feldspars 
and the pyroxenes and twinning can be seen in some 
pyroxenes. Smal] amounts of iddingsite are also present, 
but there is no olivine. The lighter coloured, fresh inter- 
iors of the samples show 7 to 10 per cent opaque minerals 
in discrete grams 50 microns in diameter. In the darker 
blue areas near the borders of the fragments the opaques 
are more disseminated, staining the groundmass a light 
brown in transmitted light. These darker areas also con- 
tain montmorillonite-rimmed vesicles and might represent 
alteration (oxidation ?) bands. 

The magnetic properties of the basalts were measured 
on the Seripps Institution’s astatic magnetometer and 
low-field susceptibility bridge. The mean NRM of the 
samples is (2-69 + 0-003) x 10-4 E.at.u./oersted em, giving 
a Koningsberger ratio, Q, of approximately 20 at 0-5 
oersted field strength. These values are comparable 
with others reported for oceanic basalts", The estimated 
opaque mineral content (7 to 10 vol. per cent), however, 
would indicate a much higher value for the susceptibility 
(100% 10-4) (refs. 12 and 13) than the observed value if 
the opaques were all titanomagnetites. Possibly most 
of them are non-magnetic illmenohaematites resulting 
from oxidation of the titanomagnetites. 

Major element analysis (Table 1) was done by gravi- 
metric, photometric and flame-photometric methods. 
Trace element analysis (Table 1) was done by emission 
spectrography. The age of the sample was determined 
by fission track methods to be 35+5 million years. The 
details of this analysis will be discussed elsewhere. The 








Table 1. MAJOR AND TRACE ELEMENT COMPOSITION 
Abyssal hill Average Standard 
Composition basalt composition! deviation* 
(weight per cent) 
51-32 49°34 6-54 
2-54 1-49 0:39 
14°68 17-04 1-78 
O84 1-99 0-65 
6-26 G82 150 
G16 O17 0-03 
5-87 710 0-67 
10-36 11-72 0-69 
2-85 2-73 0-20 
0-38 O16 0-06 
Y2 0-69 
0-88 0-58 
O22 O16 0-05 
99-88 
tgl 0-29 
s 1,30000 
i 130-00 
67 16-00 
165 14-00 
¿parts per million) 
Ba 62 14 7 
Co 5 32 3 
Cr 69 297 73 
Cu Pa T7 6 
Ga 22 17 2 
Ni 76 97 19 
Se 61 19 
ar 150 130 25 
¥ 57 292 57 
. 97 43 10 
Yb 9 5 rö 
Zr 170 95 35 


* Not available, 
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Table 2. NORMATIVE MINERALOGY 
Molecular norm Quaternary composition 
Mineral Per cent Mineral Per cent 

Quartz ot Quartz 6-6 
Orthoclase 2-31 Plagioclase 59-6 
Albite 26-35 Clinopyroxene 22-0 
Anorthite 26°92 Orthopyroxene 118 
Wollastonite O81 ena emearena 
Enstatite 16-70 Normative plagioclase-~Angy, s 
Ferrosilite 3-59 Normative orthopyroxene—~Eng,F 8g 
Magnetite 414 
Imenite 3-64 
Apatite O47 


major element composition of the sample closely approxi- 
mates the composition of an average oceanie tholeiite4 
(Table 1). The same is true for the trace element com- 
position, although the sample is enriched or impoverished 
in some elements relative to the current average’. 

From the data in Table 1, the Barth molecular norma- 
tive mineralogy was caleulated! (Table 2). The normative 
mineralogy shows the presence of quartz and approxim- 
ately 8 per cent opaque minerals (ilmenite plus magnetite) 
and the absence of olivine. The quaternary composition™ 
(Table 2) identifies the rock as an oversaturated tholeiite. 
Although the chemical composition of our sample deviates 
some from the average oceanic tholeiite, it is far closer to 
this than to alkali basalt or even continental tholeiite. 
The normative mineralogy also supports this conclusion. 
Our findings are therefore consistent with the hypothesis 
that the Earth’s erust under the oceans is a distinct 
tholeiitie basalt. 

We thank J. Hawkins and A. Jokela, who calculated 
the normative mineralogy for us, Roger L. Larson for 
discussions, and J. Donovan, who conducted the sampling 
operation. Elizabeth Binghem and Arthur Chodos at 
the California Institute of Technology conducted the trace 
element analysis. This research was supported by the 
US Office of Naval Research, the US National Science 
Foundation and the US Geologieal Survey.. 

Broce P. LUYENDYK 
Marine Physical Laboratory, 
Seripps Institution of Oceanography, 
University of California, 
San Diego, 
La Jolla, California 92037. 
CELESTE G. ENGEL 
US Geological Survey, 
La Jolla, California 92037. 


Received May 19; revised July 3, 1989. 


1! Engel, A. E. J., and Engel, C. G., Science, 144, 1380 (1964). 

? Engel, A. E. J., and Engel, ©. G., Science, 146, 477 (1064), 

an peers G. D., Nalwalk, A. J., and Hays, E. E., Marine Geology, 1, 333 

964). 

‘Engel, A. E. J., Engel, Č, G., and Havens, R. G., Bull. Geol. Soc. Amer., 76, 
719 (1965). 

$ Tatsumoto, M., Hedge, ©. E., and Engel, A. E. J., Science, 150, 886 (1965), 

€ Engel, A. E. J., and Engel, C. G., in The Seas, 4 (Interscience, New York, 
in the press). 

7 Matthews, D. H., Nature, 190, 158 (1961). 

* Korzhinsky, D. S., Jw. Akad. Nauk. SSSR (Ser. Geol.), 12, 12 (1962), 

? Spiess, F. N., Luyendyk, B. P., and Mudie, J. D., Trans. Amer. Geophys. 
Union, 49, 213 (1968). 

1 McBirney, A. R., Bull. Vole., 26, 455 (1963). 

n Ade-Hall, J. M., Geophys, J. Roy, Astro. Soc., 9, 85 (1965). 

1! Mooney, H. M., and Bleifuss, R., Geophys., 18, 383 (1958). 

1 Balsley, J. Ru, and Buddington, A. F., Econ. Geol., 58, 777 (1958). 

“u Luyendyk, B. P., and Fisher, D. E., Science (in the press). 

16 Barth, T. E. W., Theoret. Petrol., 65 (1962). 

w Yoder, H. 8. and Tilley, ©. E, J. Petrol., 3, 8421 (1062). 


Triplet State of Triphenylamine 

Two transient species with absorption peaks at 5300 
and 6100 Å have been observed in de-oxygenated solutions 
of triphenylamine by a flash photolysis technique’. 
The major product at room temperature is said to have 
been the 6100 A compound, and this was considered to be 
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an “intermediate” from which N-phenyl carbazole was 
formed in the presence of oxygen. Low temperatures 
were said to favour the formation of the 5300 A transient 
absorption and, because its decay rate at ~150° C was 
identical with that of the phosphorescence, it was regarded 
as arising from triphenylamine in its lowest triplet state. 
These observations suggest that both ‘‘intermediate” and 
triplet species were always simultaneously present, 
whatever the temperature. 

We have made a further flash photolysis study of this 
compound from which we have drawn some additional 
conclusions. 

All work was carried out in an environment of oxygen- 
free nitrogen. We detected a broad transient absorption 
band at room temperature extending from 3500 Å to 
8000 Å, with peaks at 3900, 5300 and 6000 Å. This band 
was observed in liquid solutions (5x 10-+M in benzene or 
n-hexane) and in solid matrices (6 x 10-4 M to 1 x 10°? M in 
polystyrene, ethyl cellulose or sucrose benzoate), 

At first we attributed the 5300 A peak to triplet absorp- 
tion and the 6000 A peak to that of N-phenyl carbazole 
“intermediate”. To confirm this and to identify the 
3900 A transient we measured the decay rates of the 
transient absorption at these three peak wavelengths. 
By using a flash spectrophotometric technique, however, 
we first found that all the peaks decayed at the same 
rate in any given solvent at room temperature. We then 
measured the decay rates in n-hexane solutions (saturated 
with oxygen-free nitrogen) at various temperatures down 
to -80° C. All peaks again decayed at the same rate, 
which decreased markedly with decreasing temperature. 
The decay at room temperature was first-order, with a life- 
time of 440 us (decay constant 2,300 st), but at -80° C 
first-order and second-order decays were both present and 
the lifetime of the first-order component was 1:3 s. 

This independence of the decay time and the wave- 
length suggested that the whole of the broad absorption 
band could be due to a single excited species and not to two. 

Examination of the 5300 A decay curve then revealed an 
additional short-lived species, detectable at temperatures 
below -60° C. This new band had a peak at 5300 A, and 
exhibited first-order decay with a lifetime of about 
12 us at -80° C. 

To examine this new transient and the original broad 
transient at lower temperatures in “oxygen-free” condi- 
tions, flash photolysis studies were made with solid 
solutions of triphenylamine in thin films of polystyrene, 
which were held in oxygen-free nitrogen for 1 h before 
flashing. 

At room temperature the broad transient band (peaks 
at 3900, 5300 and 6000 Å) decayed by mixed first and 
second-order kinetics, the first-order component lifetime 
being 3ms. At lower temperatures the lifetime increased, 
reaching 15s at -120° C. All three peaks decayed at the 
same rate at a given temperature. 

From this and the n-hexane results, the entire band was 
attributed to the same “intermediate” species leading to 
N-phenyl carbazole. The amount formed decreased with 
decreasing temperature and could not be measured 
quantitatively below ~120° C. 

The short-lived transient. (peak 5300 A) was not detected 
in these polystyrene films at room temperature. It was 
apparent at —20° C with a first-order lifetime of 12 us. The 
increase in lifetime with decreasing temperature is shown 
in Fig. 1 (filled cireles). At ~170° C the lifetime is 360 ms. 

Phosphorescence measurements were made on the same 
specimens at temperatures between ~ 103° and ~ 196° C. 
These were obtained with the flash photolysis apparatus 
modified to act as a phosphoroscope, the transients being 
monitored at a mean wavelength of 4250 A. The values 
of first-order lifetime are also recorded in Fig. 1 (open 
circles); 425 ms at -196° C compares with 490 ms deter- 
mined by McClure’ for triphenylamine in EPA glass. 

These phosphorescence lifetimes correspond to those of 
the short-lived 5300 A absorption transient in the region 
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of overlap (Fig. 1). The transierit can therefore be assigned 
to the triplet state of triphenylamine. 
From the figure it may also be seen that a reasonable.: 
extrapolation of the curve suggests a lifetime of about: 
100 ns for the triplet in a rigid matrix at room temperas. 
ture. This is well beyond the time resolution of the Hash. 
photolysis equipment used here (about 1 ys flash half-life). 
and the appearance of a peak at 5300 A inthe absorption 
transient of the intermediate to N-phenyl carbazele at. 
room temperature would seem to be fortuitous. z 
Triphenylamine, a good photoconductor, is often used 
in organie photoconduction mechanism studies anid 
extremely small value of 100 ns for the triplet Hfeti 
observed here, must lead to a reexamination of much of 
this work. This value also represents a decrease of alini 
seven orders of magnitude over that observed at ~i 
the largest triplet temperature change we have 
reported and far larger than commonly thought ta exist 
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Fig. 1. Variation of triphenylamine triplet lifetime with temperature 
10“ M solid solution in polystyrene. @, Flash photolysis measurenwe 
©, phosphorescence measurements, 






We hope in current work to determine whether or not) 
this observation is general to amines or peculiar to. 
triphenylamine. It is possible that the phenomenon is 
related to changes in the geometry of the molecule in the 
excited state, which may be planar as reported’ for 
ammonia. It should be noted, in this connexion, that the 
lifetime of the triplet state of anthracene only decreases 
from approximately 44 to 29ms over this temperature 
range (196°C to 20°C), when measured in the same 
“oxygen-free” conditions in a polystyrene matrix. 
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Vibrational Energy, Excitation and 
De-excitation of CO 


THE vibrational relaxation rate of certain diatomic 
molecules seems to be faster in expansion flows than in 
excitation conditions behind shock fronts. For ®, the 
ratio of the vibrational relaxation time behind a shock 
wave to the relaxation time in an expansion, values of 
1 (ref. 1), 5 (ref. 2), and 100—1,000 (ref. 3) have been 
reported for the relaxation of CO in supersonic expansions. 

We report measurements of CO interpreted in terms 
of relaxation rates both behind incident shocks and down- 
stream of supersonic expansions in the absence of 

‘secondary diaphragms or reflected shocks. Either or 
both of the latter features, which could give rise to con- 
taminating effects, have been present in all previous work. 
We have also measured excitation and de-excitation rates 
with the same gas sample. Vibrational temperatures were 
deduced from emission-absorption intensity ratio measure- 
ments’, using a 0-1 um bandwidth centred at 4-5 um of the 
fundamental vibration-rotation band of CO (ref. 5). 

Emission-absorption measurements behind incident 
shocks in a 2-inch internal diameter shock tube (shock 
velocity 1-3 mm/us < us < 2-0 mm/us, initial pressure 
7 torr <p, < 25 torr; that is to say an equilibrium tempera- 
turerange behind the incident shock 1,250 K < T, < 2,000 K) 
indicated that the vibrational excitation process behind 
shocks is well described by the simple Landau~—Teller 
theory, provided that the vibrational relaxation time, 
+, is characterized by the local translational temperature 
in the non-equilibrium region. The agreement with the 
Landau-Teller theory resulted from considering both 
shock attenuation and non-uniformity of the flow behind 
the shock wave. Omitting these shock tube boundary 
layer corrections led to an apparent increase of the 
relaxation time, according to the Landau~Teller theory, 
in the first part of the vibrational excitation region 
and to an apparent decrease of + on final approach to 
equilibrium, Our experimental excitation rate data agree 
with the best available results®. 

Emission-absorption temperatures have also been 
measured downstream of two-dimensional Prandtl—-Meyer 
expansions, which were realized by inserting two aerofoils 
(wedges) in a conventional 5 inch diameter shock tube’. 
The core of the incident shock-heated gas was expanded. 
so that the vibrational energy mode could de-excite. 
Schlieren photographs of the expansion flow showed good 
agreement between the observations and fluid mechanical 
calculations of the expansion. The emission-absorption 
measurements determined the vibrational temperature 





immediately downstream from the expansion fans, 
where the translational temperature (and rotational 
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Fig. 1. Equilibrium temperature T, behind incident shock ahead of 


expansion and equilibrium temperature T, downstream of expansion, 

versus incident shock velocity ws, for p,=30 torr, T, =288 K and 30-6 

per cent CO, in argon. ©, Experimental results from emission—absorp- 
tion temperature measurements behind expansion fans. 
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Fig, 2. Vibrational temperature at observation station downstream of 


Prandtl-Meyer expansion fans, versus incident shock velocity us, for p = 
30 torr, Ti =288 K and pure CO. Solid lines: vibrational temperature 
calculated from our excitation results, using Landau-Teller theory for 
several values of P. x and Ò], Experimental results from infrared 
emission-abgorption temperature measurements. The line D= 0 repre- 
sents the equilibrium temperature T, behind the incident shock ahead 
of the expansion, while the post-expansion equilibrium temperature 7", is 
indicated by the line = oo, 


temperature) was reduced by about 350 K from its initial 
value behind the incident shock. At the observation 
station, the vibrational energy was still relaxing towards 
equilibrium. Emission-absorption measurements were 
first obtained with expansion flows of a CO,-—-argon 
mixture, for which the vibrational relaxation rate was 
fast enough to give full equilibrium at the observation 
station, as shown in Fig. 1. The measured temperatures 
agreed very well with caleulated values (discrepancy less 
than 3 per cent), so that the experimental technique seems 
to have functioned correctly. 

Fig. 2 presents some results of vibrational temperature 
measurements using expansion flows of pure carbon 
monoxide, and indicates that the ratio of the relaxation 
rate for de-excitation in these expansions to the excitation 
rate behind the incident shocks was about 3, and was 
certainly between 1 and 5. This result was supported in a 
few cases by comparison between excitation and de- 
excitation rates obtained from measurements of, re- 
spectively, infrared emission behind the incident shocks 
ahead of the expansion and emission-absorption ratios 
downstream from the expansion fans. Both excitation 
and de-excitation rates were measured on the same gas 
sample in each run, Some of the latter results are in- 
dicated by squares on Fig. 2. Our investigations thus 
provide the most direct comparison so far obtained 
experimentally between vibration energy excitation and 
de-excitation rates, 

Relaxation rates may be increased considerably by 
impurities. Mass-spectrormetric and dew point analyses of 
samples from the shock tube indicated that typical 
impurities were 0-26 per cent Na, 0-07 per cent O,, 15 p.p.m. 
H,, 20 p.p.m. water vapour, less than 1 p.p.m. CO, and 
less than 2-5 p.p.m. hydrocarbons. Equilibrium com- 
position calculations showed that these impurities could 
account only for a 25 per cent increase of the vibration 
de-excitation rate of pure carbon monoxide (@= 1-25), so 
that the measured three-fold increase of the relaxation 
rate may be only partly the result of an enhancement by 
foreign collision partners. 

Calculations based on the available theory’, which 
considers the de-excitation of anharmonic oscillators, 
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predicted a value for CO of @=13 in the same flow 
conditions, and this is not inconsistent with our experi- 
mental determination. Neither does the ®w3 result 
disagree with von Rosenberg’s’, nor with Holbeche and 
Woodley’s experimental results', within the respective 
combined accuracies. On the other hand, Russo’s results? 
of ® =100—1,000 cannot be explained, and are the more 
surprising because he used an experimental temperature 
measuring technique identical to ours. None of these 
earlier investigations provided a more direct deter- 
mination of ® than ours, and they did not include an 
independent “calibration”? of their respective experi- 
mental techniques, as we have done in our emission- 
absorption measurements with the CO,/argon expansions, 
A. P. Brom 
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University of Southampton. 
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Diffuse Electrical Discharges in the 
Absence of Flames 


Karvovirz'? has proposed and investigated a device in 
which a high voltage electrical discharge is superimposed 
on a flame seeded with an alkali metal salt. The distinctive 
feature of this device is the spreading of the discharge 
through the flame volume. Usually discharges tend to 
contract as a result of feedback, causing an increase in 
the temperature of the discharge, which in turn causes a 
further imcrease in conductivity. Addition of an easily 
ionizable salt (in this case potassium carbonate) overcomes 
this instability by providing a better conducting path at 
lower temperatures and reducing the temperature co- 
efficient of electrical conductivity. Because the discharge 
is dispersed through the flame volume higher voltages are 
possible than with an are column and consequently 
currents used are comparatively small (5-15 A). Most of 
the subsequent work on such systems has concerned 
electrical properties and heat-transfer measurements*-, 

During a study of chemical synthesis in propane—air 
flames augmented with an a.e. electrical discharge, we 
found it possible to turn off the propane supply without 
extinguishing the discharge, which continued in air and 
proved to be stable over a wide range of flow rates. 
Diffuse discharges were subsequently established in nitro- 
gen, oxygen and argon by cutting off the fuel supply to 
an augmented propane—air flame and gradually replacing 
the air by the gas to be augmented. The apparatus was 
a simple tunnel-burner with a central rod electrode 
having a copper head as anode and a graphite cathode 
mounted externally to the burner. It was very similar 
to that used by Fells e? al., but operated horizontally 
and on a.c. power. 

The current-voltage characteristics of these discharges 
were similar to those for augmented flames, except in 
the case of argon where the voltage was somewhat. smaller 
because of its small ionization potential (Ar 11-6 eV, O; 
13-6 eV, N, 15-5 eV). Typical values are shown in Table 1. 
No details of similar discharges have been reported as 
far as we know. Montes and Cushing’ refer briefly to 
the augmentation of nitrogen-argon mixtures to 1,300 K 





Table 1. TYPICAL CURRENT-VOLTAGE VALUES 

> Voltage Current 

(volts) (arapa) 
Typical flame - 810 t, 102 
Nitrogen 880 P 9-0 
Oxygen 700 108 
Air 540 OD 
Argon 300 OR ly MRA 1O 


Total gas flow rate 170 L/min. Rate of seed addition 0-6 g/h 


Table 2, BURNER OPERATING CONDITIONS 


Burner 
dimensions 
(ern) 
SRR ~ 
” Bumer tunnel diameter Pod 
Anode diameter 1-06 
Distance between electrodes 15-25 


” Gas flow rates for stable operation 20-150 L/min. 





but give no further details. T. J. Hirt (private come. 
munication) has operated a device of this type and shown. 
that with an a.c. discharge the temperature variation at 
3.200 K is less than 10 per cent. He found it necessary: 
to preheat the gases to be augmented by using a plasma 
torch, and suggested that heat retention in the burner - 
tended to smooth out the variation which might be 
expected from a.c. power. No preheat was used in our work 
and the burner would operate satisfactorily without any 
warming-up period, This suggests that Hirt’s conclusions 
are not directly appheable. 

The fact that discharges of this type can be established 
in inert gases indicates that chemi-ionization is not of 
great importance. Fells ef al. tentatively suggested ite 
significance but were inclined to favour vaporization of 
the copper anode and/or electron emission from. the 
graphite cathode to account for observed conductivities, 
In the argon discharge the low voltage compared with __ 
air, oxygen and nitrogen at the same rate of seed addition 
suggests that the contribution from thermal ionwatien 
of the argon to the overall conductivity of the system is 
of the same order as the contribution from thermal 
ionization of the seed material. The discharge in argon 
would operate without seeding but in an unstable way. 
Without seed it was greenish in colour and this was- 
attributed to vaporization of the copper anode. 

It seems that the conductivity of diffuse a.c. electrical 
discharges in the absence of flames results from thermal 
ionization of the seed material and, in the case of argon, 
from thermal ionization of the augmented gas. The need 
for continuous seeding to maintain a stable discharge: in, 
an a.c, system precluded any significant conclusions about. 
the importance of anode vaporization. That such dis- 
charges can be maintained without preheating suggests © 
that the slight fall in temperature between eyeles of. 
alternating current found by Hirt may not be caused) 
by heat retention in the burner but may be characteristic. 
of the system. Conductivity remains high enough for the 
maintenance of a diffuse discharge in the absence of a 
flame. Such discharges, which can attain a temperatur 
of several thousand degrees Kelvin while avoiding th 
extreme temperature gradients and high electrode losse 
of the are, furnish an attractive environment for a range 
of chemical reactions. 
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Fluidized Bed Fuel Cell Electrodes 


Fivurpizep beds ean operate as electrodes, and we have 
investigated the possibility of fluidized anodes and 
eathodes for fuel cells. Gaseous reactants are unsuitable 
for fluidized. electrodes because the electrodes flood too 
easily, Dissolved reactants present no such problem and 
from the many suitable for fuel cell applications we 
chose methanol and hydrogen peroxide. In alkaline 
electrolytes they are oxidized and reduced according to 
“othe following simplified reaction mechanisms 


(oxidation) CH,OH + 80H- -> CO,?- + 6H,O + 6e 
(rcducsion) HO, + 2e+ H,O-»30H- 


In our experiments the electrode materials were glass 
beads (mean diameter 0-48 mm) coated with nickel and 
silver for the methanol and hydrogen peroxide electrodes 
respectively. The nickel beads were activated with 
platinum black. The final mean density of both types of 
beads was 3-0 g/em? and the geometric area was 40 cm?/g. 
Five molar potassium hydroxide electrolyte was used 
throughout with 2 M methanol and 4:25 x 107? M hydrogen 
peroxide for the fuel and oxidant electrodes respectively. 

¿o The experimental half cell which was used with a 
potentiostat power supply is shown in Fig. 1. It consisted 
of two lengths of 2-54 em diameter ‘Perspex’ tube joined 
with an expanded nickel mesh stretched between the two 
sections. A glass wool plug beneath the mesh smoothed 
the electrolyte flow through the bed. The mesh acted as 
bed support and electrical contactor to the beads. In the 
case of the hydrogen peroxide electrode the nickel mesh 
was coated with silver. The reference electrode was con- 
nected to a luggin capillary the tip of which was at the 
top of the bed for the hydrogen peroxide electrode and 
close to the contactor for the methanol electrode. In 
both cases polarization measurements were carricd out 

vat 20° C with 10g beds (static height 1-17 em). 

Figs. 2 and 3 show the effeet of fluidization on the 
polarization of the two electrodes. Current densities are 
based on the geometric surface area of the cell. It can be 
seen that increasing fluidization increased the polarization 
of the methanol electrode but decreased the polarization 
of the hydrogen peroxide electrode. In the latter case 
minimum polarization was observed at 15-20 per cent 
fluidization. 





electrolyte out 


in capillary 







counter 
electrode 


bed 


contactor 


electrolyte in 


Big. 1. Fluidized bed electrode half cell. 
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Fig. 2. Polarization versus current density, Methanol electrode. 
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In the case of the methanol electrode the results can be 
explained by a progressive deactivation of the bed as 
fluidization increases. We tested this hypothesis with a 
metallie probe (as in ref. 3), consisting of a bead of bed 
material attached to a conducting wire. The wire was 
insulated. When the probe was traversed through the 
bed, free bead collisions with the attached bead could be 
recorded and the mean potential of the free beads at any 
position in the bed measured. These measurements 
indicated that at 25 per eent and 5 per cent fluidization 
beads further than 0-3 and 0-5 em respectively from the 
contactor were at a potential determined by the Nernst 
redox potential, 

The hydrogen peroxide electrode results are more 
difficult to explain. Even though the reactants con- 
centration was low some decomposition of hydrogen 
peroxide to oxygen did occur. In a statie bed this de- 
composition probably caused depletion of the reactant 
and localized concentration polarization. Turbulence 
increases with the onset of fluidization and together with 
particle collisions which break down boundary layers the 
polarization is decreased. The reduction in eleetrical 
eonduction due to bead separation seems to become 
important only above 15-20 per cent fluidization when 
the polarization increased. Measurements with a probe 
showed that at low currents and below 15 per cent flaidiza- 
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tion all the beads were at approximately the 
potential. 

Why the effect of fluidization on polarization depends 
on the eleetrochemical reaction is not clear. It is thought, 
however, to be linked with the fact thet methanol oxida- 
tion is kinetically controlled whereas hydrogen peroxide 
reduction is diffusion controlled. Further, the eleetrical 
resistivities of silver and nickel differ (1-6 pO/em and 
78 yOQ/em respectively), and this fact could well be 
important in determining the overall conductivity of the 
fluidized bed. 
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New Tm Mossbauer Source 


ALTHOUGH the lanthanides are rich in Mössbauer isotopes, 
only a few Mossbauer studies of lanthanide compounds 
have been reported. This is especially true for thulium 
compounds, for which there have been several difficulties, 
First, the relatively short half-life (4,,.=3-9 ns} of the 
sbauer (+a) exelted state gives a minimum observ- 
able width of 8-340 mm/s; second, the sources used eon- 
tain Er as the fluoride or oxide and have to be heated 
te 550 K and $00 K, respectively, to give an uneplit line. 

Recently, we have prepared a source of Na, *Erk, 
which gives an unsplit lme at 300 K and a large resonance 
effect fex48 per cent} using a 2-3 mg/em* eubie TmAl, 
absorber. 

The Er was prepared by irradiating 200 mg of 95 
per cent enricl a “Er oxide in a flux of 6 x 1? neutrons/ 
cm/s for 3 days. The oxide was then dissolved in con- 
centrated HCT aid the fluoride precipitated by adding 
hydrofluoric acid, After centrifugation. the supernatant 
was decanted off and the fluoride was dried in a vacuum. 
The fluoride was further dried by heating to approximately 
C for Lh. After cooling to room temperature, stoichio- 



































Fig. 1. Pulse height spectrum of the Na'°ErF, source relative to 


BOOP source, 




















Fig. 2. Spectrum of a 2-3 mgjem? » è “Tmadl, absorber 
between (5 mil thick Muminized ‘Mylar’ against the hexafinor 
at 300 K 


metrie amounts of the erbium fluoride and sodiwm fuor 
were mixed in a quartz tube, purged with nitrogen pla 
in a vacuum furnace, heated to uae € for 0-5 h, and 
quickly raised to 1.200° C. 
maintained tor 3h. 


souree Pci e to sE oPde source, 
keV 


transition of Er and the 6-5 ke j 
are clearly indicated. 

Fig. 2 shows the spectrum of a 2-3 mage 
TmAl, absorber enclosed in 05 mil thick 
‘Mylar’ against the hexafluoride source, both at DIS. 
The observed uncorrected resonance effect was approxi- 
mately 48 per cent. 

It is tempting to suggest that this highly symmetri es 
hexafluore environment could provide single ine « $ 
for all the rare earth Mössbauer active isote 
Ruby, private communication) and that the ec 
absorbers could be used as standards for reporting fea 
Mossbauer isomer 
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Inexpensive Method for measuring 


Tritium in the Presence of Caesium 
Chloride 


Tr is difficult to assay a weak §-emitter such as tritium 
in the presence of high salt concentrations, for exeri 
after the equilibrium sedimentation of vracioaclively 
labelled nucleic acids in density gradients of edesiam 
chloride. The insolubility of DNA in dilute perchloric 


or trichloroacetic acids allows DNA trapped in filter 
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paper to be washed free of-€sCl. «Such .a convenient 
precipitation method, however, is not always applicable. 
A technique has therefore been developed in this labora- 
tory for the assay-of tritium in the presence of CsCl. The 
method allows a counting efficiency comparable with that 
obtained with a commercial dioxan-based scintillator, but 
at a fraction of the cost. 

0-25 ml. portions of 120 per cent (w/v) CsCl buffered 
by 10 mM potassium phosphate, pH 7-2, containing 
either 0-1 ug of Escherichia coli 3H4-DNA (prepared by a 
modification of the method of Kelly and Pritchard!) or 
0-1 ug of a mixture of thymidine (Sigma) and 0-003 uCi of 
thymidine methyl-*H (specific activity 18,600 mCi/mmole; 
from the Radiochemical Centre, Amersham), were pipetted 
into the 58x27 mm glass vials supplied by Beckman 
Instruments, Ltd, for their liquid scintillation system. 
The vials were dried at 120° C for 30 min. After cooling, 
about 0-4 g of colloidal silica (Thorn-Bendix, Ltd) arid 
about 3 g of glass balls, 1-5-2 mm in diameter (Hopkin 
and Williams, Ltd) were added together with-8 ml. of 
a scintillator solution prepared by dissolving one SP1 
‘Seintipak’ (Thorn—Bendix, Ltd) in 2 1. of Analar toluene. 
The vials were stoppered and shaken vigorously for 4 
min; bombardment by the glass balls freed much of the 
CsCl erust from the vial walls. Finally, the vials were 
eounted for tritium in the Beckman liquid scintillation 
system. 

The count rates obtained after this treatment of the 
saline solutions of DNA and TdR are given in Table 1. 
even at this low concentration TAR (like DNA) is com- 
pletely insoluble in toluene, as shown by the inability 
of toluene-based scintillator to leach out the TdR dried 
onto filter paper. Thus differential solubility cannot 
explain the relatively high count rate of TdR when the 
dehydrated vials were shaken with the scintillator solution 
in the absence of the silica and glass balls. 


Table 1 : 
Counting 
efficiency of 
Treatment before counting* *H-DNA *H-TdR — n-hexadecane- 
(e.p.m.) {e p.n) 23H 
(per cent} 
Briefly shaken with NE240 
scintillator: 
7mh 159 2,926 28 
10 mal 298 — = 
15 ml. 289 3,131 28 
Dried at 120° ©, then shaken 
with SP1 scintillator 74 1,835 33 
SP1 scintillator and 
coloidal silica 177 2,645 29 


SP1 scintillator, col- 
Joidal silica and glass 
balls 300 2,683 28 


Pipetted onto filter paper, 
dried, immersed in SPL 
scintillator 100-189 F 262-412 + — 


* Assays were performed at least in duplicate. 


+ Duplicates differed markedly, and the range of values from several 
assays is shown, 


Also shown in Table 1] are the count rates obtained 
when 0:25 ml. portions of the saline DNA and TAR 
solutions were mixed with N#240 dioxan-based scintil- 
lator (Nuclear Enterprises G.B., Ltd), or pipetted onto 
4:25 em circles of Whatman No. 42 filter paper, dried, and 
counted in the toluene scintillator. The wide range in 
count rate of the filter papers was apparently due to 
differences in the speed of dehydration. It should be 
noted that the present technique does not suffer from the 
limitation of the filter paper raethod caused by differential 
penetration of variously sized tritiated molecules into the 
paper fibrils. 

The counting efficiency of the method was determined 
with a standardized solution of n-hexadecane-1},2-°H (The 
Radiochemical Centre) in toluene, 0-05 ml. being added 
to the dehydrated residue of 0:25 ml. of phosphate 
buffered 120 per cent (w/v) CsCl solution before completion 
of the mixture and shaking. The counting efficiency in 
the N#240 scintillator was determined by addition of 


NATURE, VOL. 223, SEPTEMBER 6, 1969 


0-05 ml. of the standard. solution to 0-25. ml. of buffered 
CsCl, before shaking with N#240. 

The colloidal state of the counting system was not 
critical. Variation of the volume of toluene scintillator 
added between 6 and 12 ml. resulted in systems ranging 
in appearance from a gel to a mobile sol, yet identical in 
count rate. 

The count rate of tritium in the DNA, TdR or n-hexa- 
decane specimens was not affected when the salt con- 
centration was decreased even to 60 per cent (w/v). 
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BIOLOGICAL SCIENCES 


“Effective” Dielectric Constant for 
Short-range lonic Interactions at High 
Salt Concentrations 


AT any highly charged interface with aqueous media, for 
example those of surfactant micelles, membranes, ion- 
exchange resins or proteins, the “effective” dielectric 
constant D controlling coulombic interactions is likely to 
be different from the value for water? At least three 
identifiable factors, not necessarily mdependent, may be 
involved?: (a) the proximity of a low-dielectric region, for 
example the micelle core, (b) dielectric saturation in the 
electric field present®, and (e) the presence of high local 
concentrations of ions! 4, Factors (b) and (c) have often 
been used in theories of electrical double layers'*. The 
eontribution from factor (c) is usually caleulated on the 
basis of microwave measurements of static D values of 
salt solutions®, which can be substantially lower than that 
of water. 

To examine the applicability of such estimates of the 
factor (c) to the short-range ionic interactions in the Stern 
layer, we have studied the inter-ionie charge transfer (CT) 
absorption bands of l-ethy] 4-carbomethoxy pyridinium 
iodide (ECPI) in salt solutions. These inter-ionie CT 
bands are highly sensitive to the “local” solvent polarity®*, 
presumably because the absorbing entity is an ion-pair, 
so that a lowered polarity destabilizes the charged ground 
state compared with the excited state, and produces a 
shift of the CT band to longer wavelengths 4. The CT 
bands provide a “molecular scale’? probs, particularly 
useful for the thin Stern layers*. As reported earlier, the 
CT band due to interactions in the Stern layer of dodecyl 
pyridinium iodide (DPI) micelles in water corresponds 
to a D value of 36, when compared with ion-pair bands in 
water-alcohol mixtures’. 

The CT bands of ECPI, as of DPI (ref. 7), are only 
partially accessible in highly aqueous media, 320 nm to 
higher à values. At lower values of 4, the ring-absorption 
interferes. Although the band-shape matching technique?’ 
used to estimate Amax values for DPI is applicable to 
ECPI, a more convenient and sensitive empirical measure 
of the relative band position is provided by the ratio R of 
the absorbances at two fixed As, the values used here being 
330 and 370nm. A blue or a red-shift mereases or 
decreases the value of R. Pe ag 

Fig. 1 shows the changes in & with D for various addi- 
tives. Five hydroxylic solvents, in spite of very different 
relative weights of hydrophilic and hydrophobic moieties, 
gave the same curve for R against D. The curve for 
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Hydronylic ~ 


organic solvents 


R (330 and 370 am) 





medpou°ce 





78-5 70-0 60-0 50-0 40-0 
Bulk dielectric constant (D) 
Fig. 1. Ratio of absorbances af 830 and 370 nm of L-ethyl 4-carbo- 


methoxy pyridinium iodide (~0-02~0-03 M), at 25° C, plotted against 
estimated dielectric constants of the solvents. Concentrations of inorganic 
salts are in the range 0-5-2 N, For the hydroxyiic organie solvents, 
essentially the same curve is obtained with methanol, ethanol, a-pro- 
panol, i-propanol and ethylene glycol. To prevent the formation of tri- 
iodides, the spectra were taken in presence of small amounts of Na,3,0,, 
whose effect on the R valuea was shown to be negligible. The residual 
absorption by the pyridinium ring (< 5 per cent at 330 nm) was estimated 
from the spectra of the perchlorate salt in the various media, and correc- 
tions were applied. The R value at the extreme left corresponds to 
water (D = 78-5). 


dioxane is slightly different but qualitatively similar. 
Inorganic salts, however, up to roughly 2 N, produce very 
little change in R. The salt data in Fig. 1 are contined 
chiefly to concentrations at which D values are available’. 
At the higher concentrations studied, E increases slightly, 
up to about 3-6 in 7 M LiCl. 

This qualitatively different result for salt solutions 
suggests that their macroscopic D values should not be 
used for short-range ionic interactions. The D values are 
average values of the hydration sheaths of ions and the 
intervening water molecules’. For the short-range 
interactions in ion-pairs and at Stern layers, it is the 
polarity of the immediate solvation shells which is likely 
to be most important. The low “effective” D at the 
micelle surface? should be ascribed primarily to factors (a) 
and (b). 
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Internal Mobility in Phospholipids 


Work on optical birefringence’, X-ray diffraction®* and, 
with reservations, electron micros¢opy of stained and dred. 
particles*® indicates that phospholipids in coarse aqueous 
dispersion, prepared by shaking the phospholipid with 
water, have a multi-lamellar structure composed of altern- 
ate layers of phospholipid and the solvent. The phos- 
pholipid lamellae are thought to be molecular bilayers 
with hydrophilic headgroups on both surfaces and hydro- 
carbon chains directed towards the centre. When finer 
dispersions are required it is customary to irradiate the 
course dispersion with ultrasound, and the purpose here. 
is to comment on the changes which oceur during. this 
treatment. 
Ultrasonieally dispersed preparations of lecithin iin 
D,O give well defined high-resolution nuclear magnolie 
resonance spectra’ and the peak areas reflect the propor: 
tion of the phospholipid protons which contribute to the | 
spectrum. An approximately 75 mM suspension of ege 
yolk lecithin, purified chromatographically on an alumina. 
column, was prepared in D,O, the absolute concentration 
of phospholipid being determined by analysis for phos- _ 
phate’, After treatment with ultrasound for various 
lengths of time, with an MSE 60 W apparatus ab 20- ke. 
in a vessel cooled with melting ice, NMR spectra were 
measured at 40° C and 60 MHz. The peak areas reached 
a maximum within 3 min (Fig. 1). A sample was then’ 
treated with ultrasound for 20 min and thirty-two spectra 
were collected and averaged in a Northern Scientific 
NS544 digital memory oscilloscope. Comparison of the: 
peak areas with those from a caffeine standard contanung 
a trace of cupric ions showed that after ultrasonic irradia 
tion 88+ 5 per cent of the —N(CH,); protons cotitribut 
to the spectrum. This behaviour was paralleled by the 
fatty acid CH, protons. o 
Tt was not possible to determine the width of the aide- 
chain CH, peak at 60 MHz because the peak is not well 
separated at low frequencies, and there may be a small 
error in the value quoted for 100 MHz, but it is clear froni 
Fig. 2 that all the peak widths are field dependent to some 
extent, and that the field dependence is greater for the 
side-chain CH, peak than for the - N(CH)? or the side- 
chain CH, peak. The field dependences are believed tobe co 
due to variations in diamagnetic susceptibility, Theo | 
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suena 
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Fig. 1. 60 MHz spectrum of the — N(CH.) peak of a 75 mM suspension 

of egg lecithin in D,O after treatment with ultrasound for various 

lengths of time. Left to right: irradiated for 10 s, 20 8, 40-8, 3 min, 

20 min. Inset: before ultrasonic dispersion. After treatment with 

ultrasound for 3 min the suspensions were almost clear, bub after. 

irradiation for 20 min they were completely clear. This isin accord wi 
the light-scattering measurement of Attwood and Saunders®. 
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susceptibility near and within the particles is anisotropic, 
but the particles are able to tumble quickly enough for 
each proton to experience an averaged susceptibility. The 
susceptibility of the hydrocarbon region is different from 
that of the aqueous region, and fatty acid CH, protons 
near the headgroups will therefore not experience the 


same magnetic field intensity as those near the centre of 


the lipid region. By contrast the —N(CH,)} and aliphatic 
CH, protons probably occupy more homogencous regions 
of magnetic susceptibility, and this may explain the 
differences in slope in Fig. 2. In short, each peak may be 
regarded as a superposition of many narrower peaks. 





Peak width (Hz) 





G 16 20 30 40 50 60 
Magnetic feld Crilogansa) 


Fig. 2. Widths at 34° © of the ~ N(CH.) (©), 
~ CH, (A) peaks of a 75 mmolar suspension of egg lecithin in D,O, plotted 
against the strength of the applied magnetic feld. Measurements were 
made on different portions of the same sample, whieh had been nltra- 
sonically irradiated for 85 min. At 60 MHz and 100 MHz, the small 
linewidth contributions due to magnetic field inhomogeneities were 
easily determined and subtracted from the observed linewidths, The 
A R220 spectrometer was known to be capable of 0-44 Hz resolution, 
and the HDO peak width was found to be 14 Hz. For lack of a better 
value, LO Hz was subtracted from the measured linewidths before 
plotting the 220 MHz measurements in Fig. 2, The error is quite small 
for the CH, and CH, peaks, but mav be significant for the — N(CH a) 
peak, 


~CH, (x) and 








With increasing magnetic field strengths these effects 
are expected to contribute linearly to the linewidths, 
and by extrapolation to zero field strength the intrinsic 
linewidths at fields of the order of 10,000 G may be estim- 
ated. Values at half-maximum height of 2-2, 8-5 and 
11-7 Hz were obtained for the ~N(CH,);, CH, and ter- 
minal-CH, peaks respectively. An estimate of the gross 
reorientation time of the particles shows that Brownian 
tumbling of the particles (or of membrane fragments®) 
is much too slow to produce the marked line-narrowing 
observed after ultrasonic irradiation, Chapman et al. 
have been mistaken recently®1 in believing this to be so; 
they were correct earlier in pointing out’ that the lecithin 
molecules “must have a high degree of mobility, compar- 
able with molecules in the liquid state”. 

Before treatment with ultrasound, on the other hand, 
a very broad spectrum is obtained, a linewidth of about 
450 Hz being obtained at 60 MHz and 33° C from a 3 per 
cent (w/w) coarse dispersion of egg lecithin in D,O. Most 
probably the motion is anisotropic and resembles that 
discussed by Chapman and Salsbury", who worked with 
solid phospholipids containing a small proportion of water. 
In all events it seems clear that ultrasonic irradiation 
causes a change in internal structure. contrary to the 
belief of Chapman ef al. 
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The uncertainty principle allows a lower limit to be set 
on the lifetime of a proton in the mobile state. The gain 
in spectral intensity with constant peak widths, rather 
than a gradual collapse from broad to narrow peaks, 
demonstrates that exchange between the two states of 
mobility is slow. For an —N(CH,); intrinsic linewidth 
of 2-2 Hz the lifetime in a mobile state is of the order of, 
or greater than, 100 ms, perhaps very much greater, A 
cooperative all-or-none transition is visualized in which a 
mobile structure is preferred by particles below a certain 
eritical size, and in which a structure of more restricted 
internal motion is stable in larger particles. Presumably 
there is internal motion in larger particles, for T,. a 
loosely defined proton spin-lattice relaxation time for 
the lecithin side-chain protons, increases with increasing 
temperature™, but it must be anisotropic. 

These structural changes have interesting consequences. 
For example, a phospholipase A derived from lysosomes 
of the bovine adrenal medulla!’ is unable to hydrolyse 
lecithin which has simply been swollen in aqueous solution, 
but after ultrasonic irradiation of lecithin solutions for 
only 20 s (at 20 kHz, 100 W apparatus), hydrolysis pro- 
ceeds; this cannot be simply a result of the increase in 
substrate surface area, for there is an almost complete 
lack of hydrolysis before treatment with ultrasound 
(private communication from A. D. Smith). It seems 
more likely that a loosening of the structure allows the 
enzyme access to the ester linkages, which supports the 
belief of van Deenen and de Haasi that a favourable 
molecular orientation of the phospholipid molecules is 
required for their enzymatic hydrolysis. In vivo the lecithin 
is complexed with other molecules such as cholesterol 
and the phospholipid headgroups may be sufficiently well 
separated to permit easy access for the enzyme. The work 
and ideas of several other workers bear on this point!-2¢, 

The lack of a sharp —N(CH,); peak before treatment 
with ultrasound would not be expected if, as Parsegian 
proposed*!, the choline headgroups were to move ran- 
domly and perfectly freely as counter ions in the electro- 
static field provided by the negatively charged layer of 
phosphate groups, and they were limited in their move- 
ment only by the length of the methylene chain to which 
they are attached. The absence of a sharp peak is in 
accord with Pethiea’s belief??, based on surface potential 
measurements”, that the positively charged headgroups 
lie in the same plane as the negatively charged phosphate 
groups. If the time-average displacement of the positive 
and negative charges from a plane parallel to the surface 
is less than 0-1 Å??? the restricted mobility of the head- 
group methyl protons is understandable. 

I thank Dr G. J. Tiddy and Dr Eva Richards for obtain- 
ing some of the spectra, Dr K, A. MeLauchlan for the use 
of his Varian AGOA spectrometer. and ICT Ltd for the use 
of their 220 MHz spectrometer. T also thank Dr M. P. 
Ksnouf, Dr A. R. Peacocke and Professor R. E. Richards 
for help and acknowledge the generous support of Unilever 
Research, Port Sunlight. 
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Effect of Antilymphocyte Serum on 
the Survival of Ovary Allografts in the 
Mouse 


HETEROLOGOUS antilymphocyte serum (ALS) can be a 
potent agent to prolong the survival of allografts of many 
tissues when administered to graft recipients before and 
after transplantation!. It has recently been claimed that 
pre-treatment of graft donors with ALS ean prolong the 
survival of renal allografts in the rat’, but attempts to 
prolong the survival of skin allografts by donor pre- 
treatment have been unsuccessful (unpublished results of 
A. D. B.). This may be because skin allografts are more 
demanding in their compatibility requirements than 
renal allografts’, To test this possibility we have studied 
the effect of ALS on the survival of murine ovary allografts 
which are known to be less immunogenic than skin 
allografts’. 

The mice used were females of the A, CS7BL and C57L 
strains and the (C57BLx A)F, hybrid and (C57BL x 
C3H)F, hybrid maintained in this laboratory. The ALS 
was produced in rabbits with freeze-dried eluate of mouse 
thymus. The decomplemented serum was absorbed with 
an equal volume of mouse erythrocytes because the 
unabsorbed serum caused gross haemolysis. Tail skin 
grafts were placed in beds on the right side of the chest. 
The ovaries were bisected in their long axis and half an 
ovary was grafted under the inguinal fat pad. 

The ovary recipients were spayed through bilateral 
loin incisions, in most experiments some days before ovary 
grafting. Oestrogenic activity in the spayed animals 
before and after grafting was assayed by stained vaginal 
smears. The grafted animals were examined at autopsy 
to exclude incomplete oophorectomy and to assess the 
state of the ovary grafts histologically. 

Eight groups of mice were grafted with ovary or skin 
and given a two dose regime of ALS or normal rabbit 
serum (NRS). Significant graft survival was achieved 
by ALS (Table 1). 

Ovary graft donors, (C57BL x A)F, hybrid females, 
were then given either ALS or NRS according to one of 
the following dose schedules: group 1, 0-5 ml. daily for 
5 days, removing ovaries for grafting on day 6; group 2, 
0-5 ml. daily for 5 days, 2 days rest, another 5 days of 
ALS, removing the ovaries for grafting on day 13; group 3, 
as group 2 but with a further dose of 0-25 ml. on day 28 
with ovary grafting 45 min later; group 4, ovaries re- 
moved for grafting 45 min after one dose of 0-25 ml. 





One of the recipients of ovary grafts from ALS and _ 


NRS treated donors showed full oestrous smears in the 
6 weeks following the graft. The donor of this gralt 
received NRS. There was no difference in the number of. 
smears showing minimal evidence of oestrogenie stimula — 
tion in the two groups. 7 
smears was observed in castrated mice that did not 
receive a graft whether or not they received serum 
injections (Table 2). 


Table 1. SURVIVAL OF OVARY AND SKIN ALLOGRAFTS AFTER RRCUTENTK, 
TREATMENT WITH 0-25 ML. OF ALS OR NRS ON Days +2 AND bo 


No. of Survival fimeof 
nice t (days) i 


Donor Host Serum mice 
Ovary 
S7BL E ALS 4 44, 14, 16, 27 
i (CSTBLxC3DP, As 4 1a 14, 16, 30 
COT BL x A)F CST ALS 5 8, 14,16, 20, 28 
(C5TBL x A)F, CSTBL a ok ho 
(CS7TBL x C3H)F, (C57BL x COH)F, Nii 2 >85, BSF 
Skin 
57 (CS7BL x AVE ALS 8 84, 30, 58 
a eee NRS 2 15,17 i 
{(C5TBL x A)F, (C57BL x C3IDF, ALS 20, 20, 28, 32, 3842 


ü ; 
NRS 6 13, IL 18, 18,138,506 


* Autopsy revealed incomplete oophorectomy. 
+ Grafts still present at 00 days. 


Table 2. SURVIVAL OF OVARY GRAFTS FROM ALS asp NBS TREATED 
(COTBL x AJP, DONORS IN spayeD COTEL AND A RECIMESSS 


Peseentage of smears. ~ 


Donor Host Serum Serum No.of showing pudmi = = 
schedule mice oestrogenie stimulation He 
J 57 ; 26 
F; CSTBL 1 i one 
CST BL 2 4 18 
F, CST BL : i 4 
F, Ca7TBL 3 4 12 
3 3 47 
F A 3 2 20 
3 2 g 
57E 2 10 
F, CaT BL $ ; a 
Ni | CSTBL Nil T iat 
Ni CSTBL xA 1 3 12 
fl (C57BL x AVF, i : i 





* Full oestrous smear in first 10 days after ovary graft or spaying. 


Previous attempts in this laboratory to prolong the 
survival of skin allografts by ALS treatment of skin graft — 
donors failed. None of the treated grafts was rejected 
differently from NRS treated controls although the ALS 
prolonged graft survival when given two graft recipients. 
One possible explanation for the different fate of kidney 
and skin transplants from ALS treated donors? is thec 
ability of renal allografts to survive in circumstances when 
skin allografts would be rejected’. Hicken and Krohn” 
have previously presented evidence which suggests that 
ovary transplants survive in circumstances where skin 
allografts are promptly rejected. 





of second set skin grafts than is a skin graft or a graft of 
variety of other tissues’. Nevertheless, donor treatment 
with ALS did not result in prolonged ovary graft survival, 
The kidney is a site for the accumulation of heterologous: 





serum proteins so that a kidney graft from an ALS.” 


treated donor could carry over into the host an active 
amount of ALS. The dose of ALS given to the donors was 
varied from a single small dose given shortly before 
removal of the ovary for grafting to chronic treatment for 
2 to 4 weeks during which time any ALS binding sites an 
the ovary should have been fully saturated. No localiza- 
tion of heterologous proteins comparable with the kidney 
has, however, been shown in the ovary or skin. Tt does 
not appear very likely that the dose of ALS or its exact 
time of administration would be crucial to the fate of 
the graft. EE RS 








A similar pattern of vaginal 








We have shown that >. 
ovary grafts are less able to induce the accelerated rejection,“ 
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Effect of Germ-free Status and 
Antilymphocyte Serum on Induction of 
Various Tumours in Mice by a 
Chemical Carcinogen given at Birth 


RECENTLY we reported! a dramatie effect of germ-free 
status (GF) on the induction of hepatomas by 7,12-di- 
methylbenz(ajanthracene (DMBA) injected subcutane- 
ously at birth into C3H male mice. In the experiments 
then reported, mice were killed at 30 to 41 weeks, and very 
few neoplasms apart from hepatomas were encountered. 
Twenty-two out of thirty-seven DMBA-treated minimum- 
disease mice had hepatomas and three had pulmonary 
adenomas, compared with three out of thirty-four DMBA- 
treated GF mice with hepatomas and two with pulmonary 
tumours. Here we report studies on the female C3H mice 
corresponding to the males covered by the previous report. 
Details of the origin and maintenance of mice, of the 
genetic relationship between mice kept GF and those kept 
under minimum disease (MD) conditions, and of the 
source and method of administration of DMBA, have been 
reported!. Horse anti-mouse lymphocyte serum (ALS) 
was obtained from Burroughs Wellcome. A preliminary 
assay of the batch used showed that doses of 0-5 ml. on 
days 2 and 5 after grafting prolonged the retention of 
A-strain skin grafts on CBA-strain mice from the normal 
11 days to more than 20 days. 


TUMOUR INDUCTION IN GERM-FREE (GF) AND MINIMUM DISEASE 
(MD) FEMALE C3H MICE IN RESPONSE TO DMBA AT BIRTH 


Table 1. 


Micro- No, of mice Age at 
Treatment, biological examined necropsy Mice with 
at birth status post mortem (weeks) neoplasms 
None GE 13 40 0 
None MD 22 40 0 
40 ug DMBA in Gr 10 30-34 2 


0-04 mi, trioctonoin (Both pulmonary ade- 
subcutaneously on pomas, one per 
day 7 mouse) 


- 40 xg DMBA in MD 21 3 


6-04 ral, trioctonoin 
subcutaneously on 
day 7 


8 
(All pulmonary ade- 
nomas, five mice 
with one adenoma 
each, one mouse 
with two adeno- 
mas) 


In the absence of ALS treatment, the response of female 
C3H mice to DMBA treatment in terms of tumours present 
at necropsy at 30 to 40 weeks seemed to be little affected 
by GF status (see Table 1). As far as these few data 
permit any conclusion, they are in line with those for male 
C3H mice in which GF status appeared to influence only 
hepatoma incidence and not the incidence of any other 
type of neoplasm. 
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The new finding of real interest relates to a comparison 
of mice injected when less than 24 h old with 20 ug DMBA 
in 0-02 ml. trioctonoin and subsequently given repeated 
injections of ALS between days 224 and 269. Details of 
ALS treatment are as follows: days 224 and 227, 0-5 ml. 
intraperitoneally, and days 234, 241, 248, 255, 262 and 
269, 0-5 ml. subeutaneously. Mice were killed 26 days 
after the final injection of ALS when they were 42 weeks 
old. 

Three MD-maintained mice and one GF mouse died 
before or during ALS treatment. Two of the former had 
tumours (an injection site sarcoma in a mouse that died 
at 16 weeks and generalized malignant lymphoma of 
thymic origin in a mouse that died at 27 weeks), No 
tumours were seen in the remaining MD mouse or in the 
GF mouse, Details of tumours-—all of them histologically 
confirmed-—in mice examined after death at 42 weeks are 
given in Table 2. 


Table 2, HFFECT OF GERM-FREE STATUS ON TUMOUR DEVELOPMENT IN 
FEMALE C3H MICE GIVEN 20 uo DMBA AT BIRTH AND A COURSE OF ALS 
INJECTIONS BETWEEN DAYS 226 anv 260 





: No. of mice No, of 
Micro- examined mice 
biologica | post mortem with Detalls of mice with tumours 
status on day 296 tumours 
GEF i 0 sei 
MD 17 5 Four thice--one pulmonary adenoma each 


(one of 7 mm diameter) 

One mouse--hepatoma 

One mouse—a pulmonary adenoma and a 
hepatoma 

One mouse—5 mm diameter inter- 
abdominal spindle-cel sarcoma and a 
pulmonary adenoma 

One mouse-—thymic lymphoma 





The findings cannot be regarded as other than pre- 
liminary because data from certain essential control 
groups are not available. Clearly GF mice are not entirely 
resistant to the development of tumours in response to the 
neonatal injection of DMBA, and the complete absence 
of tumours in the germ-free ALS-treated mice shown in 
Table 2 may be spurious. Nevertheless the difference in 
response between the GF and MD mice in this experiment 
is striking, especially if the occurrence of two cases of neo- 
plasia earlier in the experiment and the large size of some 
of the neoplasms encountered in the MD mice are taken 
into account. The results suggest that, in this particular 
experiment, GF status and/or ALS treatment markedly 
influenced tumour vields in response to DMBA given at 
birth. 

If subsequent experiments indicate that ALS treatment 
enhances tumour development in response to chemical 
carcinogens, then the indications that immunosuppression 
permits the growth of otherwise suppressed latent virus- 
induced neoplasms?~* will seem to have even more impor- 
tant and widespread implications than at present. 

This work was carried out with the assistance of a grant 
from the Medical Research Council. We thank Miss 
Christine Redgrave for technical assistance and Mr D. 
Simmons for microbiological tests. 
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Binding of Tryptamine and Allied 
Compounds to Nucleic Acids 


Iw discussions of the nature of the receptor site for central 
transmitters in neuronal membrane it is usually assumed 
that it must be composed of protein or perhaps glyco- 
protein. Because RNA has been reported to be present: 
in membrane! and because it may well have functions 
in the cell besides its direct involvement in protein syn- 
thesis, however, it is possible that ribonucleoprotein may 
have a part to play in membrane function (for example, 
opening ionic channels, and making up part of the receptor 
site in neurones), A detailed development of this hypo- 
thesis has been presented elsewhere®?. This article is 
concerned with experiments attempting to determine the 
mechanism of binding of tryptamine and related com- 
pounds to nucleic acids. 

Siegal and Salinas® state that fluorescence studies reveal 
a strong interaction between serotonin and nucleic acids. 
Yielding and Sterglanz® report an interaction between 
LSD and native DNA, but not denatured DNA or RNA, 
using a reduction of native fluorescence and a change in 
ultraviolet absorption as criteria for binding. They do 
not specifically mention the alternative explanation of 
quenching of the photon absorption type, however. We 
have therefore repeated and extended their investigations. 


SOL RNA 








2560 ea ee ee E ES E E ES 
9 300 600 900 1,200 





1,500 
Nucleie acid (4g) 


1 . The percentage decrease in the fluorescence of 10 ug [+]-L8D 
in 2 ml. tris buffer (330/430) with added increments of (x) DNA (Sigma 
D1501) and (©) soluble RNA (Sigma 7250). 


All compounds were dissolved in tris buffer at pH 8-0 
and readings were taken at room temperature with a 
Farrand spectrophotofluorometer against blanks for the 
various components of the reaction in isolation. The 
procedures were timed to allow the same period of reaction 
in each case. Fig. 1 shows the decrease in the native 
fluorescence of (+)-LSD when increments of DNA were 
added and the lack of any apparent reaction with soluble 
RNA. These reaction mixtures were tested 4 h later and 
showed no change. Fig. 2 shows the reactions between 
5HT and nucleic acids indicating that it interacts equally 
with DNA and RNA. Nucleic acids do not absorb ultra- 
violet light in the range 310-450 nm. Activation of 5HT 
at 310 nm with a recording scan produced the same result 
as described here and the activation and emission fre- 
quencies for LSD lie well outside the frequencies at which 
nucleic acids absorb; therefore these results indicate 
binding rather than quenching of the photon absorption 
type. Addition of DNA also reduced LSD absorption 
as reported by Yielding and Sterglanz’. 

Tryptamine and its derivatives could bind to nucleic 
acids in one of four ways: (i) by ionic bonds between the 
positively charged protonated amine N and the phosphate 
groups; (ii) by intercalation between bases (RNA) or 
base pairs (DNA) and binding by <x orbital overlap; 
(iii) hydrogen bonding to the spare -NH and O orbitals 
of the base pairs in the floor of the two grooves in the 
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150 300 450 600 750 800 
Nucleic acid (ag) 


Fig. 2. As for Fig, 1 for 10 ug SHT (200/830) (RNA is Slama 7128), 


helix; and (iv) single-stranded nucleic acids would offer. 
a fourth way of bonding by hydrogen bonds to the une. 
occupied sites on the unpaired bases. In order to ascertain” 
which obtain in this case, we carried out the following 
experiments: (1) If the binding is ionic in nature to’ 
phosphate, it should be modified by changes in pH and 
by blockade of the phosphate groups by divalent metallic 
ions such as Mg*+ that are known to bind strongly to these 
groups. Fig. 3 shows that altering the pH in the range 
4-12 had no effect on the binding of tryptamine to DNA, 
At pH 13 the native fluorescence of tryptamine was re- 


duced by a factor of 10 (indicating instability) and bmding : : 


was reduced. Binding to RNA was increased at-acid pH. 
(RNA is unstable above pH 8). 
addition of up to 300 isomoles of MgCl, to a mixture of 


9-1 ug of tryptamine and 600 ug nucleic acid had no effect - 
Likewise triethanolamine (to 100- o 
These results suggest that: 


on the interaction. 
isomoles) has no effect either. 


0 O 





3 5 7 9 11 18 
pH 


Fig. 3. The effect of pH on the reddotion of native fluoreacence of 9-1 pg 
of tryptamine on adding 300 ng DNA (x) and 300 0 Hg RNA (O): pH 
altered by 01 N HCl or NaOH 





~ 100 ia Rs OCA a RE E 
0 1 2 4 8 16 82 64 128 856 512 
MgCl, Gsomoles) 


Fig. 4. The, effect of adele MgCl,.6H,0 to the reaction mixture as in 
B Fig 3. x, DNA, O, RNA, 


Fig. 4 shows that the — aS 
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the binding of tryptamine to DNA and to 
RNA at physiological pH is not ionie but 
that a proportion of tryptamine may bond 
to RNA phosphate or base NH, at acid pH. 
In the case of 5HT the reaction is difficult 
to interpret as 5HT and MgCl, themselves 
interact, whereas tryptamine and MgCl, 
do not. We also noted that MgCl, increased 
the native fluorescence of RNA (by 60 per 
cent with 16 isomoles MgCl,) at the 350/450 
peak. (2) We then tested the reaction of a 
number of analogues of tryptamine. The 
results are shown in Figs. 5 and 6. In each 
case the amount of compound used was 
150 molar with 10 ug 5HT. The interpreta- 
tion of these figures in terms of the number of 
molecules binding per base pair is compli- 
cated by the fact that a reduction of native 
fluorescence could be a function of both the 
number of molecules bound and the amount 
of fluorescence lost on binding-—that is, 


0 


300 
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600 900 1,200 1,500 0 300 600 500 4200 1,500 
DNA (ug) RNA (ug) 
a b 


Fig. 6. Reduction in fluorescence values for further derivatives of tryptamine on inter- 
action with (4) DNA; 
dibenzyltryptamine; (3) 3(2-dehydroiscindolylethyl)indole; (4) 5,6,7,N,N-pentamethyl- 
tryptamine; (5) 6-chlorotryptamine; (6) 7-methyltryptamine; (7) 6-chloro-N, N dimethyl- 


©) RNA, (1) 5-benzyloxy-N,N-dimethyltryptamine; (2) N,N- 


tryptamine. 








bound molecules could still fluoresce feebly. 
This point would need radioactive equili- 
brium dialysis techniques to clear up. 
Furthermore, the drug may be binding to 
only one type of RNA in the mixture of 
RNAs in the commercial sample. The 
following may, however, be noted on the 
basis of these data. 

The compounds appear to fall into three 
groups. If we take tryptamine itself as a 
standard, equilibrium is reached at approxi- 
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by —-OH or —-OCH, and is increased by DNA (ug) RNA (ug) 
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y j l j Fig. 7. Reduction in fluorescence values for ,2,3,4-tetrahydroharmine; (2) harmaline; 
Bat bees EA ae : San wee (8) harmine interacting with (a) DNA; (6) RNA. 
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the diisopropyl and dibutyl derivatives appear to Moreover, a stereochemical study® indicates that 5HT 


react more vigorously with RNA than with DNA. 
Öne possible explanation for these differences may 
derive from the fact that 5HT in solution may form 
a complex with itself (dimer) (by cloud stacking 
and an ion-dipole bond between the N of one molecule 
and the O8— of its companion). This complex might not 
itself be able to bond to nucleic acid, 5SHT, bufotenin 
and 5-Q-methyl bufotenin could form such complexes 
and thus less would be available to bond to nucleic acid. 
Tryptamine would form such a complex to a lesser extent 
(its N could bond directly to the r cloud). In the case 
of the higher dialkylated products the ion-dipole bond 
would be lessened by steric hindrance and thus more of 
the compound would be available to bond to nucleic acid. 


T 


should bind more strongly to helical RNA than to either 
single strand RNA or DNA. 
Other substitutions on the ring induce a different 


reaction. Fig. 6 shows the results for seven additional 
compounds. This indicates that compounds with bulky 


ring substituents in the 5 or 6 positions (particularly 
6-chlorotryptamine) have higher reduction in fluorescence 
values with DNA than with RNA. Thus compounds 
with bulky N substituents appear to bond better to RNA 
and some with bulky ring substituents to DNA. Fig. 7 
shows that there is not much difference in the reduction 
in fluorescence of harmaline and tetrahydroharmine in 
reaction with DNA and RNA, but harmine with its bulkier 
ring system appears to bind better to DNA. 

These facts may be explained as follows. 
(i) Tryptamines may not bind to the 











phosphate groups of nucleic acid because 
the lipophilic nature of their molecules 
would inhibit binding to so hydrophilic a 
region. (ii) If the tryptamines bind by 
lipophilic interactions with nucleic acids, 
that is by intercalation between the bases 
of RNA and base pairs of DNA, efficient 
binding will require maximum m cloud 
overlap. In the case of RNA this will 
be obtained if the tryptamine binds 
between two ordered purine bases with 
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DNA (ug) ý RNA (ua) | will push the molecule “out” so that 
{ Do maximum r cloud overlap is hindered. 
But a large group on the side chain will 

Fig. 5. Reduction in fluorescence values for a number of tryptamines on interaction with Sa j P è 
(a) DNA: (b) RNA. (1) 5-hydroxyindoleacetic acid; (2) N,N-dimethyl serotonin (bufo- not affect binding as this will lie free. 


tenin); (3) 5-hydroxytryptamine; (4) 


dibutyltryptamine. 


O-methyl bufotenin; (5) dimethyltryptamine: 
(8) tryptamine: (7) N,N-diethyltryptamine; (8) N,N-di-isopropyltryptamine; (9) N,N- 


In the case of helical nucleic acid, the 
w cloud is shared across the hydrogen 
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‘bonds linking the two bases. Thus the relatively small 
tryptamine molecule (as compared with a typical DNA 
intercalator such as proflavine) could tolerate a ring sub- 
stituent such as Cl increasing its length better than it 
would a bulky group on the N that also increases its 
thickness. Likewise the bulky three and four ring mole- 
cules such as harmine and LSD would have much more x 
cloud overlap capacity in DNA than in single strand RNA. 
‘Thus this evidence would appear to support the hypothesis 
that tryptamine and its relatives bind to nucleic acids 
mainly by intercalation. Wagner’ reaches this same 
conclusion with respect to the binding of LSD to DNA. 
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Synthesis of Small Nuclear Ribonucleic 
Acids of Mammalian Cells in relation 
to the Cell Cycle 


SEVERAL distinct species of low molecular weight RNA 
from nuclei and nucleoli of mammalian cells!-§ can be 
resolved by polyacrylamide gel electrophoresis. Labelling 
studies with HeLa cells?’ show that the low molecular 
weight RNA is metabolically stable and partitioned 
between nucleolus and nucleoplasm. We report here the 
timing of its synthesis in synchronized cell cultures. 

Baby hamster kidney cells (BHK-21/C13) were cultured 
as monolayers in phosphate-free Eagle’s minimal essential 
medium supplemented with dialysed calf serum to 
deplete the cellular phosphate pools before labelling the 
cells with °*P-orthophosphate. DNA synthesis in each 
culture was arrested by addition of aminopterin. After 
12 h the blockage imposed on DNA synthesis was released 
by the addition of thymidine. "P-orthophosphate was 
added to each culture and incubation continued for 
various times. Cells synchronized by this procedure! show 
a peak of maximum DNA synthesis 3 h after release from 
the blockage (see Fig. 2). 

RNA was then extracted from the nuclei of these 
cells and electrophoresed through 7:5 per cent poly- 
acrylamide gels. Because the amount of nuclear RNA 
present in the *P-labelled samples was small, unlabelled 
nuclear RNA was electrophoresed in identical conditions 
to act as marker. The gels were then stained with 
toluidine blue and scanned with a densitometer. A typical 
sean (Fig. 1) reveals numerous bands corresponding to 
low molecular weight RNA species of the nucleus. Fig. 1 
also shows the resulting distribution of ®*P-radioactivity 
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Fig. 1. Distribution of radioactive BHK-21/013 nuclear low molecular 
weight RNA after electrophoresis on TË per cent polyacrylamide gels. 
10° cells were cultured for 24 h as a monolayer in an 80 ounce rotating 
bottle in 50 ml. phosphate-free Eagle's medium supplemented to 10 per 
cent with dialysed calf serum containing 500 201 *P-orthophosphate 
(70 Ci/mg phosphorus). The cells were then washed with non-radioactive 
medium, removed by trypsin treatment, and nuclei free of cytoplasm 
were isolated using ‘Tween 80’ as described previn SPRNA 
prepared from the nuclei using the hot-phenol detergent technique’ 
was electrophoresed through 7-5 per cent polyacrylamide geist, The.gola 
were then sliced into 1 mm sections, dried on filter disks and assayed for 
radioactivity (@--- @). The absorbance pattern (-—--—} 8 obtahned, 
ag a result of electrophoresing unlabelled nuclear RNA simultaneously as 
described in the text. The distance migrated by eytoplaemic SS ant aS 
species in similar conditions is also shown and the direction of migration: 
in all eases is from left to right, 


in a number of low molecular weight RNA mmieties 
(designated 1 to 14) after labelling a randomly growing 
cell population for 24h. Such a picture is similar to that 
obtained by Weinberg and Penman’ using 10 per cent 
gels and the number of peaks was constant whatever 
labelling period greater than 1 h was used, although the 
maximal level of label in each peak varied. Peak 14 of 
Fig. 1 has a mobility comparable with that of eyto- 
plasmic 45 RNA, and, as also observed by Weinberg and 
Penman’, there was a double peak of radioactivity 
(designated 12 and 12’) with the electrophoretic mobility 
of 55 RNA. That these low molecular weight nuclear 
species are in fact RNA and not fragments of DNA is 
shown by their lability to alkali. When the labelled 
nuclear RNA preparations are incubated at 37°C im 
0-3 N KOH before electrophoresis the maximal level of 
radioactivity in the region of these bands is reduced by 
90-95 per cent. The excluded material (see Fig. Za) is a 
mixture of high molecular weight RNA (18S and larger) 
and DNA. The maximal amount of radioactivity corres- 
ponding to the numbered species of low molecular weight 
RNA, shown in Fig. 1, was then examined at each hour 
after release from aminopterin block (Fig. 2 b-n). TIt 
seems that certain of the low molecular weight nuclear 
RNA species are probably synthesized only at, or just 
after, the time of peak DNA synthesis during the 8S phase 
of the cell cycle, namely components 1-8 and 13, while 
other species 9. 10, 11, 12, 12’ and 14 appear to be 
synthesized continually. To verify that the aminopterin 
treatment had not interfered with the normal synthesis 
and maturation processes of other RNA species, such as 
ribosomal RNA, which bas been shown to be synthesized 
throughout the cell cycle in cells synchronized by raitotic 
selection®, cells cultured and blocked as before were 
labelled with *P-orthophosphate for 1 h at hourly 
intervals after release from aminopterin blockage and 
evtoplasmic RNA analysed by zonal ultracentrifugation. 
The amount of labelled 288 and 189 ribosomal RNA that 
appeared in the cytoplasm after each hourly pulse was 
similar up to 10 h after release from aminopterin blockage. 
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Fig, 2. The time course of incorporation of P into the low molecular 
weight nuclear RNA components indicated in Fig, 1, after release from 
aminopterin block. Monolayer cultures of BHK-21/C13 cells (107/80 
ounce bottle) were cultured in 50 ml. phosphate-free Eagle's medium-— 
10 per cent dialysed calf serum for 24 h. Aminopterin (2x107 M), 
adenine (7x10 M) and glycine (8 x 10~*) were added and after 12 h at 
37° © the blockage imposed on DNA synthesis was released by addition 
of thymidine (3 x 10 M), 100 aCi **P-orthophosphate was added and 
the incubation continued for various times after which the P-labeled 
nuclear RNA was isolated and electrophoresed as detailed in Fig, 1. 
The maximal level of *P incorporation (A --- A) into each of RNA 
components previously designated numerically in Fig. 1 (1 to 14) is 
indicated in sections b to n after cells have been exposed to P con- 
tinuously for various lengths of time after release from blockage. 
(a) Represents the total P incorporation (A --- A) into material 
excluded from gel (high molecular weight ribosomal RNA (188 and 
largor) and DNA), in the same conditions, At the same time smaller 
cultures (10° cells/60 mm Petri dish) of the same bateh of cells were 
blocked with aminopterin as before. After release, however, 5 aCi 
‘H-thymidine (17-4 Ci/mmole) was added (instead of P) to each 
eulture for 1 h periods at various times, in order to follow the rate of 
DNA synthesis as judged by thymidine incorporation. Each monolayer 
culture so labelled was washed three times with ice-cold 5 per cent 
trichloroacetic acid, and then dissolved in 1-0 ml, 03 M KOH. The 
resulting solution was evaporated to dryness and 4-75 ml. of toluene 
based scintillion fluid, together with 0-25 ml. hyamine added and the 
radioactivity (O—©) determined by scintillation spectrometry. The 
same set of data regarding the different rates of “H-thymidine incorpora- 
tion at various times after release from aminopterin blockage (maximum 
rate is found at 3 h after release) is presented in each section of Fig. 2 
(a to n) to facilitate interpretation of the RNA labelling patterns. 


This indicates that no serious impairment of the bio- 
synthesis and maturation of ribosomal RNA has occurred. 
The low level of incorporation of 3*P into the low molecular 
weight nuclear RNA species of Fig. 2 (b-n) is in close 
agreement with the findings of Weinberg and Penman’ 
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and must reflect their reported metabolic stability and 
relative scarcity. For example, it has been estimated®? 
that there are approximately 10° of these species as 
compared, for example, with 108 of ¿RNA per animal cell. 
If some of these species are only synthesized, as is sug- 
gested from our data, at or around the time of cellular 
DNA synthesis, then the suggestion of Prestayko and 
Busch’ that these species may be involved in the control 
of gene expression is of obvious interest, Although their 
role is far from clear it is also possible that some might act 
as specific messengers involved in the control of cel 
division, 
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Hormonal Effects on Amino-acid 
Incorporation into Lysine-rich Histones 


Recenthy interest. in the suggestion that histones have a 
role in the regulation of genes in differentiated cells has 
been re-kindled!-*, but it has vet to be established that 
the histone acts in a specific way. Indeed, the apparent 
lack of tissue, and even species, specificity among histones 
when examined for physico-chemical properties* made their 
implied role as genetic regulators in vivo difficult to accept, 
especially if histones were imagined to be analogous to 
bacterial repressors’. One of the two types of the 
arginine-rich histone, for example, has essentially 
identical primary structure in peas and cows’. In the 
case of lysine-rich histones, however, both species and 
tissue specificity have been demonstrated recently** with 
the chromatographic system of Kinkade and Cole®. 
Here we show that the lysine-rich histone complement of 
a given tissue responds in a highly specific fashion to 
changes in physiological state. 

The relative amounts of lysine-rich histone subfractions 
of the rabbit mammary gland show small but significant 
changes as the tissue progresses from pregnancy to 
lactation’, These observations were extended to pregnant 
and lactating rats, and Stellwagen"! noted that the 
lysine-rich histone subfractions did not incorporate 
radioactive lysine at the same rates in vivo. Thus the 
hormones responsible for the induction of lactation might 
affect. the relative rates of synthesis of the various sub- 
fractions of lysine-rich histones in a specific fashion. 
Moreover, the small differences in the amounts of the sub- 
fractions in the rabbit mammary gland as the tissue pro- 
ceeded from pregnancy to lactation! might be caused by 
large changes in rates of synthesis at parturition seen over 
the high background of the histone accumulated during 
pregnancy. To look for more dramatic effects of hormonal 
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state on histones we used an organ culture system 
developed by Stockdale and Topper? for mammary 
tissue. According to the model for the hormone-dependent 
differentiation of mouse marnmary gland in organ culture 
by insulin, hydrocortisone and prolactin’, hydro- 
cortisone acts during a period of insulin-dependent cell- 
proliferation to “covertly” differentiate (compare ref. 13) 
mammary tissue explanted from mice in mid-pregnancy. 
In the presence of prolactin, these covertly differentiated 
explants produce a burst of casein synthesis, the expression 
of functional differentiation, but if colchicine is added 
casein is not induced in the presence of the hormones. 
Lockwood, Stockdale and Topper? have reported that 
casein is induced even when the addition of prolactin is 
delayed up to 3 days after explanation, a time when 
cell proliferation has virtually ceased: in contrast, 
insulin and hydrocortisone must be present during 
proliferation. We have confirmed that a burst of DNA 
synthesis occurs after about 24 h in culture and is followed, 
in a medium containing insulin, hydrocortisone and pro- 
lactin, by a burst of casein synthesis after about 48 h in 
culture. In a medium containing insulin only, there is a 
burst of DNA synthesis about 24 h after explantation, but 
no induction of casein. Using a double-label technique, 
we have compared lysine-rich histone subfractions made 
by explants from single animals cultured in medium 
containing insulin only (I) or cultured in medium con- 
taining insulin, hydrocortisone and prolactin (I,F,P). 
Five to seven explants, weighing approximately 1 mg 
each, from 10-14 day pregnant BALB/e mice were 
cultured“ in 1 ml. Medium 199 (Baltimore Biologicals) 
supplemented with 35 pg/ml. penicillin and 35 ug/ml. 
streptomycin, Insulin (Lilly), hydrocortisone (Mann) 
and prolactin (NTH Study Section P-S-8) were added to 
medium at concentrations of 5yug/ml. Explants were 
cultured for the appropriate time either in medium con- 
taining I or in medium containing I,F,P. To label differ- 
entially the lysine-rich histones, the non-isotopic medium 
was replaced for a period with a medium which was 
identical except that it contained either 10 ug/ml. 
4C-lysine or 15 ug/ml. *H-lysine. After labelling for 8 h, 
the explants were separately weighed and then pooled. 
Histones were extracted from the pooled explants by 
homogenization of the tissue in 0-15 N H,SO,. Because of 
the small size of the explants, carrier histone, from rabbit 
mammary gland or rabbit thymus, was added to the 
homogenate. The acid-soluble proteins were precipitated 
with ethanol and the lysine-rich histones extracted from 
the precipitate with 5 per cent trichloroacetic aeid™™“. 
The lysine-rich histones were precipitated with acetone, 
dried in the cold and dissolved in I ml. of 8-5 per cent 
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Fig. 1. Parallel uptake of precursors into DNA and lyatne-rich histones 


by mammary explants, At 0h explants were placed in medium contain- 
ing insulin and exposed to radioactive precursors for the 8 h periods 
indicated by horizontal bars. 
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Fig. 2. Effects of hormones on the incorporation of lysine Into chroma. 
tographic fractions of lysine-rich histone. At 0 h explants were placed 
in media containing hormones and exposed to radioactive lysine for the 
periods indicated (4, 16-24 h: B, 24-32 h). Chromatography wae on 
‘Amberlite 7RC-50". []---(, “C-lysine with insulin; O-O, "He 

lysine with insulin, hydrocortisone and prolactin, 


guanidinium chloride-phosphate buffer and chromato- 
graphed on ‘Amberlite [RC-50" resin using a shallow 
gradient of guanidinium chloride’. 

DNA synthesis was measured by exposing explants to 
10 uCi/ml. of *H-thymidine for 8 h periods during 72 b. 
The same explants were used to study the incorporation 
of HC amino-acids (reconstituted algal mixture, Schwartz) 
into lysine-rich histones. DNA was measured as hot. 
5 per cent trichloroacetic acid-soluble tritium and histone 
was analysed as before. A Packard three-channel seintilla- 
tion spectrometer was used. 

Fig. 1 shows the parallel nature of DNA and lysine-rich 
histone synthesis which agrees with the results published 
by Irvin et altt. The parallel synthesis occurs in explants 
cultured either in I or in I,F,P. Figs. 24 and 2B show the 
fractionated lysine-rich histones labelled in culture from. 
16 to 24 hand 24 to 32 h respectively. In each experiment 
tissue from a single animal was used in both the control 
(I, 4C-lysine) and the experimental (LEP, °H-lysine) 
incubation, and the explants were pooled so the differenti- 
ally labelled histones could be extracted and chromato- 
graphed together. This eliminates experimental variations. 
The incorporations have been normalized to be propor- 
tional to the total area under all peaks in the lysine-rich 
histone region of the chromatogram. This normalization 
compensates for the difference in the number of wCi added 
as °H or 44C-lysine and the difference in weights of the 
explants cultured in different hormonal media. Figs. 
24 and 2B clearly show that the addition of hydro- 
cortisone and prolactin to the insulin-containing medien 
affects the incorporation of radioactive lysine into specific 
lysine-rich histone subfractions. ‘This effeet begins during 
the maximum period of DNA synthesis, 16-24 h; and 
continues, in dramatic fashion, as the cells proliferate. 
Because the effects of hormones on the first and last 
chromatographic peaks are in opposite directions relative 
to the control (I), it is clear that these hormonal effects 
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are specific rather than general. The changes in rates of 
incorporation into particular subfractions could represent: 
(a) changes in rates of synthesis, (b) changes in rates of 
degradation, (e) modification of a histone so that its 
chromatographie position is changed, or (d) modification 
of the histone (or a complex!’ containing it) resulting 
in its displacement from the chromatin with altered 
solubility properties. It is perhaps relevant to the last 
two alternatives that phosphorylation of lysine-rich 
histones is stimulated by cyclic AMP and by certain 
hormones, In any case, such dramatic effects, quite 
clearly preceding the maximum induction of casein 
synthesis in the explants, strongly suggest that one of the 
actions of hydrocortisone and prolactin is to alter the 
pattern of incorporation of precursors into lysine-rich 
histones during the period of cell proliferation, and that 
these changes are related to the eventual expression of 
casein in the functionally differentiated explants. 

This work was supported by grants from the US Public 
Health Service, and by the Agricultural Experiment 
Station; also in part by a US National Science Foundation 
predoctoral fellowship (P.H.). 


Pme HoHMANN 
R. Davin Cote 
Department of Biochemistry, 
University of California, 
Berkeley, California 94720. 


Received May 21, 1969. 


1 Allfrey, V. G., Littau, V. C., and Mirsky, A. E., Proe. US Nat. Acad. Sei., 
49, 414 (1963). 

* Huang, R. C., and Bonner, J., Proc, US Nat. Acad. Sci. 48, 1216 (1962). 

* Bonner, J., Huang, R. C., and Gilden, R. V., Proe, US Nat. Acad. Sei., 
50, 893 (1963). 

* Hnilica, L. S., Progr. Nucleic Acid Res. Mol. Biol., 7, 25 (1967). 

4’ Jacob, F., and Monod, J., J. Mol. Biol., 3, 918 (1961). 

£ De Lange, R. T., Fambrough, D. H., Smith, E. L., and Bonner, J., J. Biol. 
Chem., 244, 519 (1969). 

* Bustin, M., and Cole, R. D., J. Biol. Chem., 243, 4500 (1968). 

* Kinkade, J. M., J. Biol, Chem. (in the press}. 

* Kinkade, J. M., and Cole, R. D., J. Biol. Chem., 241, 5790 (1966). 

 Stellwagen, R. H., and Cole, BR. D., J. Biol. Chem., 248, 4456 (1968), 

n Stellwagen, R. H., thesis, Univ. California, Berkeley (1968). 

i Stockdale, F. E, and Topper, Y. J., Proe, US Nat. Acad. Sei., 58, 1283 
(1966). 

1 Sa D., H., Stockdale, F. E., and Topper, Y. J., Science, 186, 945 

967). 

4 Juergens, W. G., Stockdale, F, E., Topper, Y. J., and Elias, J. J., Proe, US 
Nat, Acad, Sei., 54, 629 (1965). 

* Bustin, M., and Cole, R, D., Arch. Biochem. Biophys., 127, 457 (1968). 

18 Trvin, J, L., Holbrook, D. J., Evans, J. H., McAllister, H. C., and Stiles, 
E. P., Exp, Cell Res., suppl, 9, 359 (1963). 

* Bonner, J., and Huang, R, C., in Histones (edit. by de Reuck, A. V. S., and 
Knight, J), Ciba Foundation Study Group, No. 24 (Little, Brown, 
Boston, 1966), 

1 Langan, T. A., Fed. Proc., 28, No. 2, 600 (1969), 


Photoreactivation and Photoreactivating 
Enzyme Activity in an Order of 
Mammals (Marsupialia) 


Drrecr photoreactivation, defined as the repair of ultra- 
violet irradiated DNA (and hence of DNA-dependent 
functions) by a light dependent enzymatic reaction, has 
not previously been demonstrated in any mammal. 
Biological photoreactivation, or the amelioration of ultra- 
violet damage to a biological system by subsequent 
illumination with longer wavelengths, has been described 
in a few experiments with mammalian cells or whole 
animals!~*, but the mechanism has been obseure in each 
of these cases and the possibility of indirect photo- 
reactivation’ has not been ruled out. Previous attempts 
to demonstrate photoreactivation of growth or of DNA 
synthesis in cultured mammalian cells have been un- 
suceessful (refs. 5-7 and unpublished work of J. D. R.), 
as have attempts to find photoreactivating enzyme 
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activity in a number of mammalian tissues tested in 
a variety of conditions’. 

We now find, however, that both biological photo- 
reactivation and photoreactivating enzyme activity can 
be readily demonstrated among the marsupials. 

The tissues in which we have found activity are from 
three species: (1) a kidney cell line from the South 
American woolly opossum, Caluromys derbianus; (2) two 
established cell lines (one male, one female) from the 
Tasmanian rat-kangaroo, or potorco, Potorous tridae- 
tylis® °; (3) primary tissues from the common North 
American opossum, Didelphis marsupialis. We used four 
assays for photoreactivation or photoreactivating enzyme 
activity: (1) amelioration of the growth inhibiting effects 
of ultraviolet by illumination"; (2) the light dependent 
disappearance of ultraviolet induced pyrimidine dimers 
from the trichloroacetic acid insoluble fraction of cells 
labelled with *H-thymidine!: (3) the light dependent, 
heat labile ability of cell-free extracts to monomerize 
pyrimidine dimers formed in purified Escherichia coli DNA 
by ultraviolet radiation in vitrol-15, (4) the light de- 
pendent, heat labile ability of cell-free extracts to restore 
transforming activity to ultraviolet irradiated Haemo- 
philus influenzae DNA, Details of each assay have 
been previously published in the references cited. Results 
from two of these assays are shown in the figures; the 
results of all assays are summarized in Table 1. 






Table 1. RANGE OF PHOTOREBACTIVATION ASSAYS WITH MARSUPIAL TISSUES* 








Reversal 
in vitro of Repair of 
Reversal Reversal pyrimidine Haemophilus 
Material assayed of growth in vivo of dimers in transform- 
inhibition pyrimidine 2. coli DNA ing DNA by 
dimers by a cell-free a cell-free 
extract extract 
Cultured potoroa 
cells + + + + 
Cultured woolly 
opossum cells + te + + 
Didelphis 
Brain 2 * + + 
Liver * bd + 
Kidney y * + 
Testis * i + 
Heart + a N.t. + 
Lung * * N.t. + 


* All assays, where performed, were positive for a light dependent activity 
that reversed an ultraviolet effect, In the cases marked with an asterisk, 
the assay could not be performed for technical reasons. N.t., Not tested. 





Fig. 1 depicts the photoreactivation of growth in 
cultured cells of the female potoroo line. Each point is the 
average of cell counts from two separate plates; the 
difference between paired counts never exceeded 5 per 
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Fig. 1. Photoreactivation of growth of potoroo cells (female line) at 
37°C. Cells were plated 2 days before the experimental treatment on 


day 0, Each point represents the average count from two separate plates, 

Cy, Control, @, cells irradiated with 70 ergs/mm* at a wavelength of 

265 nm and subsequently grown in the dark; 4, cells irradiated with 

35 ergs/mm* and subsequently grown in the dark or (©) irradiated with 

70 ergs/mum*, photoreactivated 12 h under fluorescent (daylight) bulbs, 
and then returned to the dark, 
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cent. Irradiation of these cells with 70 ergs/mm? at a 
wavelength of 265 nm reduced their growth rate in the 
dark (lower curve) to about half the growth rate of the 
control cells (upper curve). Cells given this same ultra- 
violet dose, but subsequently exposed to 12 h of photo- 
reactivating light, grew at an intermediate rate that was 
indistinguishable from the rate for cells given half the 
ultraviolet dose and grown in the dark (middle curve). 
The dose-reducing effect of the photoreactivating light 
was therefore about 0-5. 

Fig. 2 shows the light dependent loss of thymine-con- 
taining pyrimidine dimers from ultraviolet irradiated Æ. 
coli DNA incubated with cell-free extracts of Didelphis 
brain or liver. There is no such loss of dimers in the dark, 
nor in the light if the tissue extracts were preheated to 
70°C for 10 min. The fluorescent “blacklight” sources 
used in this dimer reversal experiment are richer in wave- 
lengths known to be effective in other photoreactivation 
systems!’ than are the fluorescent. “daylight” sources used 
in the biological experiments (Fig. 1). The intact cells, 
however, are sensitive to the long exposures to “black- 
light” which are required for photoreactivation. For the 
unequivocal demonstration of photoreactivation of growth, 
it was necessary to use very long exposures of the ir- 
radiated cells to “daylight” bulbs which, although less 
effective in the photoreactivation of pyrimidine dimers, 
are not inhibitory to cell growth. 

Every marsupial tissue was positive for photoreactiva- 
tion activity in every assay by which it was tested (Table 
1), although not every tissue was (or could be) tested in 
all four assay systems. Among the six primary tissues of 
Didelphis, brain and testis had the highest specific activity 
in the transformation assay", and lung had the lowest. 
The activity is readily demonstrable in established cell 
lines which have been in culture more than 4 years?®. 
Such cultured cells are thought to loose tissue specific 
activities while retaining the enzymes characteristic of 
the donor organism as a whole’. 

The presence in marsupial tissues of both a light 
dependent ability to repair ultraviolet irradiated DNA 
and a capacity for biological photoreactivation strongly 
implicates a causal relationship between these two 
phenomena, as has been shown in the Haemophilus trans- 
formation system with yeast photoreactivating enzyme”. 

We thank Dr R. B. Cumming for providing the cells 
of the woolly opossum, and Mr Paul Dunaway for several 
specimens of Didelphis. We thank Mr W. H. Lee for 
expert technical assistance. This research was jointly 
sponsored by the US National Cancer Institute, the US 
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Fig. 2. Photoreactivation of pyrimidine dimers in ultraviolet irradiated 
E. coli DNA by cell-free extracts of primary tissues from Didelphis. 
Reaction mixture contained (in 0-2 ml.) 0-25 yg E. coli DNA labelled 
with *H-thymine and irradiated with 600 ergs/mm* at 280 nm; 200 ug 
salmon sperm DNA (to protect the E., cali DNA from possible nuclease 
activity); 100 ug protein of the tissue homogenate in 0-04 M potassium 
phosphate buffer (pH 7-2), 0-003 M EDTA, and 0-003 M mercaptoethanol, 
Heated tissue homogenates were held for 10 min at 70° © before being 
added to the DNA. The reaction mixture was illuminated at 37° © with 
fluorescent blacklights (320-420 nm) at a flux of 7,000 ergs/mm* min, 
Dimer analysis as described in ref. 12 includes both thymine~thymine 
and thymine~cytosine cyclobutyl dimers, @, Dark; D), heated, light; 
©, light. 
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Saccharomyces cerevisiae Mutant which 
may show Cytoplasmic Sensitivity to 
Ultraviolet Light 


MUTAGENIC agents such as ionizing radiation, ultraviolet 
light and various chemicals induce lesions in DNA many 
of which are subject to repair by the so-called dark- 
repair systems'~*. In yeast, as in other microorganisms, 
mutants have been isolated which are more sensitive to 
ultraviolet light than normal, wild-type, strains*-'. Tt is 
anticipated that such mutants will be defective in some 
component of the dark-repair system. They might 
therefore be useful in a study of processes of dark-repair 
of damaged DNA. It is to be expected that this class of 
mutants will show greater resistance to ultraviolet light 
in the homozygous diploid state than in the haploid state, 
because inactivation of a diploid nucleus may require 
lesions in both sets of genetic material. Certain highly 
sensitive mutants have been shown to exhibit this expected 
increased resistance in the diploid state. 

Not all ultraviolet-sensitive mutants are necessarily 
defective in a DNA repair system, however. Some may 
oceur in which the damage leading to the death of the 
cell is cytoplasmic rather than nuclear, involving, for 
example, some lipoprotein membrane system which, by 
a gene-determined change, has become unusually sensitive 
to ultraviolet light. Such a mutant might show the follow- 
ing properties: first, little cross-sensitivity to other 
mutagens; second, similar sensitivity of diploid and 
haploid strains, if the state of the extranuclear target is 
independent of ploidy; and third, no photoreactivability, 
because this reaction is specific for DNA lesions. 

The mutant uvs-7, isolated by B. S. C. and Parry®, is not 
significantly cross-sensitive to other mutagens so far 
tested’. The survival of two diploids and the haploid 
parents was measured using a Hanovia ILA mercury 
discharge tube giving most of its light at 2537 A, with 
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Table 1. THE PEB CENT SURVIVAL OF IRRADIATED WILD-TYPE AND uva-7 
STRAINS 


Dose in ergs/jmm* 
400 1,200 


Yeast strains 200 2,000 
A= a, UDs-7 OTE 45:842-0 0-458 000348 
t0042  +000116 
neo, uvs-7 7434404 B242T 0-308 0-001490 
+0026  +000057 
n= aja uvs-7juvs-7 866467 52:241-7 00717 000351 
+00061 +000185 
WT, n (standard curve) 89-1 75-9 37-2 13-5 
WT, 2n (standard curve) 95-4 87-0 79-4 537 


The values are given with 2x standard errors, 


Table 2. THY PER OENT SURVIVAL OF AN IRRADIATED 03-7 HAPLOID STRAIN 
WITH AND WITHOUT PHOTORBACTIVATION, £2% S.E, 
Dose in ergs/mm* 
Light 600 800 1,200 
Ultraviolet alone 49-94115 37-0 +099 6444013 
Ultraviolet +30 min white 54-8 + 1-0 29-3 + 0-88 13-6 +057 


the results given in Table 1. Both diploid values were in 
reasonable agreement. It can be seen that the homozygous 
diploid does not, indeed, show a better survival than either 
haploid parent. The survivals of wild-type haploid and 
diploid yeasts, given for comparison, are taken from 
standard curves. A haploid strain was tested for photo- 
reactivability by giving photoreactivating light for 30 min 
after irradiation. The results are given in Table 2. 
Photoreactivation has no effect at the two lower doses. 
Increased survival at the 1,200 erg dose can be accounted 
for by the DNA component of killing. Snow’s mutant 
wer-4, which has diploid sensitivity equal to haploid 
sensitivity, differs from wes-7 in being cross-sensitive to 
nitrous acid’, 

We conclude that the properties of uvs-7 constitute 
prima facie evidence for ultraviolet sensitivity through a 
mechanism other than faulty DNA repair. 
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Isolation and Characterization of a 
Streptolydigin Resistant RNA 
Polymerase 


Tue RNA polymerase of Escherichia coli consists of two 
small subunits «, two larger subunits 8 and 8’, and one 
subunit o which aids initiation’, A question relevant to 
control of polymerase synthesis is whether genes coding 
for the various subunits are contiguous. Both rifampicin 
resistant RNA polymerase and streptovaricin resistant 
RNA polymerase map near the argH locus**, Here I 
report. that (a) streptolydigin inhibits chain elongation by 
E. coli RNA polymerase as was found by Siddhikol 
et al. for the polymerase of B. megaterium, (b) mutants 
altering the polymerase to streptolydigin resistance also 
map near argH, and {e) that, as is the case of rifampicin 
resistance!*, the “core” enzyme (the «Bp structure which 
itself possesses enzymatic activity) is modified in the re- 
sistant mutant. : 

E. coli is not normally sensitive to rifampicin or strep- 
tolydigin, presumably because it is impermeable to the 
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Fig. 1. The activity of “core” RNA polymerase purified from a strain 
sensitive (O --- ©) and resistant ([}—{)) to streptolydigin in various 


concentrations of the drug. The polymerase was purified by C., Goff and 
R. Burgess’. It was verified by polyacrylamide gel electrophoresis that 
less than 2 per cent of the polymerase molecules contained the ¢ subunit. 
Tn these assays 10 zg of polymerase is added to 0-10 ml. reaction mixture 
containing the indicated concentration of freshly dissolved streptolydigin 
and ¢tris-HCl pH 8-0, 0-04 M; MgCl, 0-01 M; A-mercaptoethanol, 
0:002 M; ATP, GTP, CLP, 2-5 x 104 M; fscy-UrR; 2 wCi/mmole, 10-* M, 
and calf thymus DNA at 75 ug/ml. For assays on crude extracts K,HPO, 
at 4x 10~ M was included to inhibit polynucleotide phosphorylase. The 
samples were incubated 10 min at 87° C and 3 ml. 5 per cent TCA con- 
taining 0-01 M sodium pyrophosphate was added. The precipitates were 
collected on ‘Millipore’ HA, 0-45 am filters, rinsed with TCA-pyro- 
phosphate, dried and counted. The inhibition does not depend on salt 
concentration, for the same Inhibition is seen with 0-20 M KCI present in 
the assay mix. 


drugs. To obtain strains with resistant polymerases it 
was therefore necessary to select sensitive, and presumably 
permeable, mutants. This was done in two steps, first by 
selecting a strain permeable to rifampicin, and then 
selecting a mutant of this which was permeable to strepto- 
lydigin. Strain PA6075 was mutagenized with nitroso- 
guanidine and, efter segregation, rifampicin was added 
to 100 ug/ml, and penicillin to 2,000 units/ml. In these 
conditions growing cells are killed, but any cells inhibited 
by rifampicin are spared. After 1 h the drugs were 
removed. Three cycles of this treatment yielded a 
population in which 10 per cent of the cells were inhibited 
by rifampicin at 20 ug/ml. The same mutagenesis and 
enrichment procedure was then used to select a mutant 
sensitive to streptolydigin. 

Mutants were then selected to be resistant to strepto- 
lydigin by plating a nitrosoguanidine treated culture on 
plates containing 100 pg/ml. of the drug. Resistant clones 
were of two classes; those which had become impermeable 
to the drug and those which had an altered polymerase. 
The polymerase activity of one of these strains was 
resistant to streptolydigin, in crude extracts and when 
90 per cent pure, thus proving that streptolydigin interacts 
with polymerase to inhibit its activity. The “core” 
polymerase purified from strains sensitive or resistant to 
streptolydigin is just as sensitive or resistant to strepto- 
lydigin as the polymerase assayed in crude extracts, 
Fig. 1 shows the inhibition of sensitive and resistant 
core” polymera: 

The location of the mutation conferring streptolydigin 
resistance to polymerase was found to be very near argH 
by cotransduction. Phage P1 prepared on the streptoly- 
digin resistant strain was used to transduce a strain to 
argH plus. In two out of nine such transductants, the 
RNA polymerase activity assayed in vitro in crude extracts 
was resistant to streptolydigin, thus demonstrating the 
cotransduction of argH and streptolydigin resistance. 

It is interesting to note that the addition of strepto- 
lydigin to functioning polymerase halts further chain 
elongation whereas the addition of rifampicin or strepto- 
varicin halts chain initiation? +? as shown in Fig. 2. One 
possible mode for inhibition of chain elongation is a 
competition between triphosphates and drug for the active 
site. This does not seem to be the case, because increasing 
or decreasing the triphosphate concentration by a factor of 
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Fig. 2, The time course of RNA synthesis after addition of streptolydigin 
or rifampicin, Abscissa is the duration of the reaction and the ordinate 
is counts per min per 0-10 ml, reaction mix. The enzyme was “core” 
o,f" and the assay conditions were as in Fig. 1. O--©, Normal reaction; 
CJ--- C], rifampicin added at 2 min to a concentration of 2 g/ml.; 
Am — A, streptolydigin added at 2-5 min to a concentration of 107 M. 
There was no detectable RNA synthesis in a fourth reaction containing 
rifampicin to which polymerase was added at 1 min. 


four did not change the inhibition curve from that shown in 
Fig. 1. This suggests that the drug and the triphosphates 
are not competing for the same site. It remains to be 
shown which subunits are altered in the mutants resistant 
to rifampicin, streptovaricin and streptolydigin. 

I thank Bernard Weisblum for a preprint of his work 
with streptolydigin, and Andrew Travers, Dick Burgess, 
Chris Goff, Ned Minkley, James Watson and Walter 
Gilbert for their help. 
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Functional Independence of F and | Sex 
Pili 

CONJUGATION and gene transfer in E. coli and other 
Enterobacteria depend on the formation by donor cells 
of specialized filaments which may be the channel by 
which genes pass to the recipient’. These “sex pili” fall 
into two principal classes: “F pili” determined by the 
F sex factor’ and by related F-like sex factors? found in 
fi+ drug resistance (R) factors and colicin (Col) factors 
V and B; and “I pili” determined by the I sex factors of 
Colla-CA53, Collb-P9, ColEla and ji- R factors**. The 
two classes of sex pilus seem to be distinct in many 
respects’?, and this lack of relationship is further em- 
phasized by the failure of an intact sex factor of one 
class to complement a mutant factor of the alternative 
class in pilus synthesis. 

Mutant sex factors can be selected by exposing cultures 
of donor bacteria to donor-specific phage. Such cultures, 
however, are phage-sensitive initially only if they carry a 
sex factor which is de-repressed in respect of pilus syn- 
thesis so that most cells form sex pili and adsorb the 
phage’. The factor may be de-repressed either in the 
wild type state, as is F, or following mutation, like the 
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de-repressed mutant fi +R factor, Rldrd-19, which fails to 
form repressor although remaining sensitive to repression 
(A. Frydman and E. Meynell, unpublished results). 
Selection for phage-resistance might therefore yield twe 
types of mutant factor: those defective in pilus syn- 
thesis (psa-) and those which are psa+ but fail to form 
pili because pilus synthesis has again become repressed. 
Cis-trans tests for repressor synthesis require that the 
mutant sex factor can readily coexist stably with a second 
repressible sex factor in the same cell; that is, superinfee- 
tion immunity?’ is absent. This is feasible with F and 
a fit R factor but not with any pair of I sex factors so 
far examined, such as Colla and Collb (ref. 7). Phage- 
selected clones are therefore denoted here by an asterisk 
until their identity is established (for example, F*). 

Thirteen independent F* mutants were isolated from 
E. coli (Flac), strain AB1353, by phage MS2. All are 
believed to be psa—, for none repressed Rldrd-19. That 
is, wild type F does not seem to have a latent repressor 
region. Forty-two I* mutants were selected by I specific 
phage’. All were derived from de-repressed mutants of 
Fredericq’s complex plasmid consisting of Collb-P9 
linked to the trp cys region of Æ. coli®. Twenty-six of the 
mutants were derived from IPQdrd-5 col-irp+ and 
sixteen from IP9drd-5 collb+ trp+. Although super- 
infection immunity prevented a direct test for repression. 
by these I* mutants, they were examined indirectly, as 
follows. De-repression of an I sex factor is recognizable 
not only by an increase in conjugating ability but also by. 
examining broth cultures of their hosts which have been 
shaken overnight, for these have a smaller optical 
density and greater colicin titres than those of the same 
strain carrying the wild type factor. The sixteen I* 
derivatives of IP@drd-5 collb+ trp+ were examined in 
this way: however, they did not fall into two discrete 
groups corresponding to the de-repressed and will type 
plasmids but formed a continuous series between these 
extremes. 

Complementation in pilus synthesis was tested by 
introducing several unrelated de-repressed I factors 
(UP9drd-5, Ridddrd, R163drd, R538drd and Réd4drd) into 
strain AB1353 carrying each of the F* mutants. Similarly, 
wild type Flac or Ridrd-16 was tested in strains M616 or 
CL194 carrying the I* mutants. In no case did comple- 
mentation occur, as shown by the failure of the F* or I* 
strains to become sensitive to F or I phage, respectively, 
when drops of phage steck were applied to overlays 
inoculated with the test strains. 

The two types of sex pilus thus seem to be completely 
distinet by every criterion applied so far, Not only are 
they structurally dissimilar in their morphology, antigenic 
structure and phage receptors®*, bub they are algo 
functionally unrelated, as shown by the lack of corple- 
mentation reported here, the differing specificities of their 
repressors’, and by the independent transfer of their 
factors when both are present in the same host. 

G, Q. MEYNELL 
Eva AUFREITER 
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Fusicoccin: a Fungal Toxin that opens 
Stomata 


Fusicoccum amygdali Del, the pathogen of almond 
(Prunus amygdalus St.) and peach (Prunus persica (L.) St.) 
canker, causes leaves of an infected shoot to wilt and dry, 
besides causing cankers around infected buds and nodes. 
These foliar symptoms have been attributed to toxins 
which are produced by the pathogen at the site of infection 
and transported in the vascular system', A toxin, pro- 
duced in culture by the actively growing mycelium of the 
pathogen? has been extracted, purified, and called fusi- 
cocein®, It is a glucoside of a tricarbocyclic terpene with 
a molecular weight of 680 (ref. 4), When introduced into 
the xylem, fusicoccin produces symptoms in almond and 
peach shoots closely resembling those found after an 
infection of Fusicoccum amygdali?. Furthermore, if 
tested on cuttings or detached leaves, the toxin affects 
cuttings from a wide range of plant 

Very dilute solutions of fusicocein increased the rate of 
transpiration before the appearance of wilt and necrosis 
in tomato cuttings?*, A modification of Hygen’s drying 
technique® indicated that the toxin increased both 
cuticular and stomatal transpiration’. The ability of 
fusicoccin to induce opening of stomata and decrease 
the stomatal and cuticular resistance to transpiration 
was therefore tested, and its effect on leaf water potential 
was estimated. Cuttings of dogwood (Cornus florida L.) 
were put in distilled water in a growth room maintained at 
30° C, a relative humidity of 45 per cent and an illumination 
of 550 foot candles, and left overnight. The distilled 
water was then replaced by either a 10-* M solution of 
fusicocein in 0-001 per cent (v/v) ethyl alcohol, or a 
0-001 per cent (v/v) solution of ethyl aleohol (control). 
The epidermal resistance to transpiration from one of 
the two uppermost fully expanded leaves was measured 
with an aspirated diffusion porometer® after 0, 0-5, 1, 3 
and 6h. Because stomata are only present on the abaxial 
epidermis of dogwood, the adaxial resistance to trans- 
piration measured the cuticular resistance, whereas the 
abaxial resistance included both stomatal and cuticular 
components. The xylem sap pressure, closely related to 
the leaf water potential’, was measured with a pressure 
chamber’, 

The fusicoecin temporarily increased the abaxial 
resistance (Fig. 1), but after 1 h the resistance had already 
become less than in the controls and after 3 h the resistance 
was only 27:5 per cent of that in the controls. No change 
was observed in the adaxial (or cuticular) resistance, 
which was very high (1,740 s). The decrease in the abaxial 
resistance therefore showed that fusicocein opened the 
stomata after an initial and temporary closure; silicon 
rubber impressions" confirmed that stornatal widths had 
increased. The leaf water potential followed the changes 
in stomatal resistance (Fig. 1). From an initial value of 
~2-1 bars the leaf potential decreased to -11-4 bars in the 
treated plants after 6 h. Thus the fungal toxin evidently 
causes the stomata to open wider than in healthy plants; 
the water required for transpiration is therefore greater 
than can be supplied by the conducting vessels, and the 
leaf water potential declines until loss of turgor is visible. 
This pattern of response was repeated in further experi- 
ments. In one case when the period of study was extended 
the cuttings were visibly wilted after 12 h and dehydrated 
after 21 h in the fusicoccin solution. At this time the fresh 
weight of the treated plants was only 41 per cent of the 
initial fresh weight compared with 99 per cent in the 
controls. The cuticular transpiration, however, was 
unchanged even after 30 h in fusieoccin. 

When bean (Phaseolus vulgaris L., variety ‘Pinto’) 
leaves were painted with similar solutions, to which 
0-05 per cent (v/v) “Triton X-100° (Rohm and Haas, 
Philadelphia) wetting agent was added, fusicoccin caused 
a statistically significant decrease in the resistance. 
Furthermore, fusicoccin caused the stomata to open in 
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the dark. Bean plants kept in the dark for several hours 
and then painted with fusicocein by the light of a small 
flashlight had open stomata 3 h later (Table 1). Stomata 
opened in the dark in tobaceo too (Nicotiana tabacum L.). 
But the chemieal does not simply cause the stomata to 
lose their function, for stomata opened by fusicocein in 
the light partially closed when placed in the dark. 


Table 1. EFFECT OF FUSICOCOIN ON RESISTANCE (8) OF BEAN LEAVES IN 


THE DARK 


Control [0-02 per cent 
(v/v) methyl 
alcohol + 0-5 per cent 
(v/v) ‘Triton 


10°° M fusicocein 
{in 0-02 per cent (v/v) 

methyl aleohol + 

6-05 per cant (v/v) 


A-100] “Triton +100") 
Before painting R904 BS 90-6 + 5-6 
Three hours after painting Lt LL 11-0 + 1-0" 


* Significantly different from controls at 0-1 per cent level (n= 4), 


We have also observed stomatal opening by fusicoecin 
in the light in tobacco (Nicotiana tabacum L), sorghum 
(Sorghum bicolor (l.) Moench), cucumber (Cucumis 
sativa L.), lucerne (Medicago sativa L.) and pokeweed 
(Phytolacca americana L.). We found damage to the 
leaves after painting only in cucumber and beans; in 
both cases unpainted leaves and leaves which expanded 
later were unaffected. 

Although many chemicals have been found to close 
stomata and some have value for conserving water lost by 
evapotranspiration in the field’*, few are known which 
open stomata, Some cytokinins stimulate transpiration’ 
and open stomata in the light", but this response seems 
to be limited to the Gramineae’, Fusieoecin, on the other 
hand, opens stomata in both monocotyledonous and 
dicotyledonous species. The possibility of using a chemical 
that opens stomata to decrease the time to dry hay or to 
increase the rate of photosynthesis in poor light, in green- 
house conditions where ambient carbon dioxide levels 
can be raised, can now be investigated, 

We have shown that dilute solutions of fusicoccin, the 
chief component of a toxin produced by the fungus 
Fusicoccum amygdali, open stomata, but the increase in 
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Fig. 1. The changes with time of abaxial epidermal resistance (8) and 


leaf water potential (bars) in dogwood cuttings placed in either a solution 
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cuticular transpiration reported previously’ was not 
verified. So far, however, we can only speculate about 
the mechanism whereby the fusicoccin opens the stomata. 
Tt is known that stomata open as the guard cells increase 
in turgor. As fusicoccin increases the absorption of water 
by leaf disks of tomato™, perhaps it increases absorption 
of water by guard cells to a greater extent than the 
surrounding epidermal cells. Recent work!’ has suggested 
that movement of potassium ions into the guard cells in 
the light could account for the increase in turgor. Certainly 
fusicoccin can increase the permeability of cells to 
potassium ions, but for stomata to open in the dark 
there must be a source of energy other than light or 
immediate photosynthetic products. The greater rates of 
respiration found in disks treated with fusicocein’® may 
provide this source of energy. 

New C. TURNER 
Connecticut Agricultural Experiment Station, 
New Haven, Connecticut. 

ANTONIO GRANITI 
Istituto di Patologia Vegetale, 
University of Bari, 
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Control of Flower Growth and Develop- 
ment by Gibberellic Acid 


Tue presence of gibberellin-like substances in floral parts 
(petals plus ovary)! and demonstrations that gibber- 
ellie acid (GA;) can promote the growth of sepals and 
petals? have indicated that gibberellins are involved in 
the growth of flowers. Further evidence, presented here, 
indicates that in carnation the application of GA, diverts 
assimilates to the flower and hastens development towards 
anthesis, 

Plants of carnation (Dianthus), variety ‘White Sim,’ 
bearing a single shoot with a terminal flower were taken 
when elongation of the calyx was complete but the petals 
had not yet grown to fill the cavity of the bud. About 
0-4 ml. of aqueous solution of GA, was injected into this 

szavity. One hour later carbon dioxide derived from 
sodium carbonate-l4C, with an activity of 45 Ci, was 
fed to a leaf that was five leaf pairs from the floral bracts. 
Hlumination was provided by “daylight” fluorescent. 
lamps giving an intensity of about 14,000 lux at the surface 
of the fed leaf. The leaf was exposed to “CO, for 2 h and 
plants were allowed to remain for a further period at a low 
light intensity before they were assayed for radioactivity. 
During treatment, air temperature was maintained at 
2241° ©. Radioassay of plant parts was by a technique 
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similar to that deseribed by O'Brien and Wardlaw’. 
Material was dried at 85°C and ground to a powder, 
Samples were then plated onto stainless steel planchettes 
and radioactivity was determined using a thin mica end- 
window Geiger-Miller tube. 

Table 1 shows the radioactivity in the flower after 5 and 
18 h in terms of counts per minute and also as a percentage 
of the total activity in the whole plant, including the 
roots. There was a diversion of assimilates to the flower 
as a result of the localized application of GA, apparent © h 
after feeding the “CO, and only 6h after the application 
of GA, Analysis of variance showed the effect to be 
highly significant (P<0-01). The response to GA, was 
not peculiar to the developing tissues of the flower, for 
when the growth substance was applied to the stump of 
the stem after removal of the flower accumulation of 
C-labelled assimilates was promoted in the treated part. 
This suggests an effect similar to the hormonally induced 
transport of metabolites in French bean, ae in this 
case GA, was effective in directing transport only when 
applied together with indol-3-yl-acetie acid. 

















Table 1. ACCUMULATION OF CARBON-L4 IN THE FLOWER OF CARNATION AS 


AFFECTED BY APPLICATION OF GA, TO THE FLOWER BUD 
Activity in flower (e pen} 
Water GA, 
10 p.p.m. 
3,259 (5-6) 
23,808 (31-9) 


Hours after start 
of feeding “CO, 


5 2,114 (3-6)* 
18 19, O60 (266) 


Four plants received each treatment. 


* Values in parentheses represent activity in the flower as a percentage of 
the activity in the whole plant. 


40 ppm 


4,086 (7-2) 
26,002 (350) 


Table 2 shows results of a long term glasshouse experi- 
ment where GA, was injected into flower buds at intervals 
of about 3 days throughout development. Growth in 
terms of the dry weight of the flower during the first 
4 weeks was increased significantly (P.<0-01) by GAs. 
The rate of flower development was also increased so 
that, with the highest concentration of GA, used, flowers 
opened on average 7 days earlier than usual. GA, had uo 
significant effect on the dry weight of the Hawes at the 
time of opening, presumably because the effect of a faster 

rate of growth was offset by a shorter period of growth, 
Confirmation of these effects has been obtained in similar 
experiments. 

Table 2. 


EFFECT OF GA, APPLIED TO THE DEVELOPING FLOWER OF CARNATION 


GAs 
Water Z ppm. 20 ppm 200 ppm, 
Dry weight of flower after 4 
weeks (g) O16 019 0-25 ET 
Dry weight of flower at open- 
ing (g) P27 Tat 1138 118 
Days to opening of flower 55 52 50 48 


Twelve plants received each treatment. 


Previous results led to the suggestion that processes 
controlling the rate of development of the flower alsa 
control the partition of dry weight between the flower and 
the rest of the shoot®. The results reported here indicate 
that gibberellins occurring in the flower may have a role 
in linking these aspects of development and growth, 
regulating progress towards anthesis on the one band and 
determining the distribution of assimilates on the other 
hand. 
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Wool Characteristics as an 
Indication of Nutritive Attributes in 
Herbage Varieties 


Cerrar dietary constituents can influence both the 
quantity and quality of wool in sheep, There is con- 
siderable variation between grasses in both organic and 
inorganic constituents+*, but. ae comparisons have been 
made of the wool produced b y sheep offered different 
grasses" and we know of no pea ious work relating the 
quality of wool to a particular grass species or variety 
constituting the feed. 

Two experiments were carried out to evaluate the feed 
intake and liveweight gain of lambs offered different 
grass species and varieties. In the first experiment, 
cockstoot (Dactylis glomerata var. 8.37), perennial rye- 
grass (Lolium perenne var. 8.24), tall fescue (Festuca 
arundinacea var. 3.170) and timothy (Phleum pratense 
var. 8.51) were compared alone or supplemented with 
25 per cent red clover ( (Trifolium pratense var. Dorset 
marl). The herbages were dried in a commercial grass 
drier after harvesting at similar levels of organic matter 
digestibility (63-64 per cent in dry matter, “measured in 
niro’). They were chaffed (average length 1-3 cm) and 
offered for 12 weeks to groups of six individual ly housed 
12 week old Clun lambs. In the second experiment, two 
varieties of timothy (var. 8.352 and 8.48) were compared 
at an organic matter digestibility of 66 per cent (in dry 
matter, in vitro), After processing as before, they were 
offered ae 10 weeks to two groups of four Clun lambs, All 
lambs had been maintained in uniform conditions 
from birth. At the beginning of each experiment, 4 em? 
areas were clipped from the mid-side of each lamb; the 
same areas were clipped at the end of each experiment to 
give an estimate of staple length. Adjacent areas were 
chpped to provide samples of an uninterrupted growth of 
wool for comparison of crimp. 























Table 1. DRY MATTER INTAKE AND WOOL CHARACTERISTICS OF LAMBS PED 


S SPECIES WITH AND WITHOUT CLOVER 
Mean of six lambs 











Feeds Trtake Staple length Crimp 
(eiday) > (per cent)" 

„BT cockstoot 117 
.87 cocksfoot + clover 114 
.24 perennial ryegrass 83 
8.24 perennial ryegra. clover 135 
8,170 tall fescue OD 
8.170 tall fesene + clover 97 
8.51 timothy 12 
8.51 timothy + clover 79 

S.E. of differences between means +58 40-30 +101 


* Relative to value before experiment (100). 


At the end of experiment 1, significant differences were 
noted in both staple length and crimp of wool (Table 1), 
Staple length was greater on lambs offered tall fescue than 
on lambs offered other grasses. Wool crimp in the cocks- 
foot group changed little during the experiment, but in 

all other groups crimp was reduced, particularly where 
timothy was offered. Differences between groups were 
highly significant. Clover supplernentation increased wool 
erimp in lambs on both ryegrass and timothy, the increase 
being particularly marked on the latter. Staple length 
increased in all except in the tall fescue group. Differences 
in wool colour were also apparent by the end of the 
experiment, with a complete lack of pigmentation in the 
wool of lambs offered timothy. The main differences in 
wool characteristics noted may be seen in Fig. 1 (a-d) 
which compares typical wool samples from lambs on the 
unsupplemented grass feeds. 

Significant differences in staple length and crimp also 
occurred in the wool of lambs offered different varieties 
of timothy in the second experiment (Table 2), lambs on 
8.352 having a longer staple length and less erimp by the 
end of the experiment (Fig. 1 co-f). 

Loss of erimp in wool is generally associated with a 
dietary deficiency of copper’, although deficiency of zine? 
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Fig. 1. Comparison of wool characteristics before and after the experi- 

ments. X, Growth during the experimental period, Species: a, cocksfoot 

(8.37); b, tall fescue (8.170); e, perennial ryegrass (8,24); å, timothy 
(5.51). Varieties: e, timothy (8.48); f, timothy (2.852). 


and excess of fluorine’? may have a similar effect. The 
copper content of the grasses offered in the first experi- 
ment was either below or slightly above the estimated 
requirements of 5 p.p.m. in the diet for sheep™ (Table 3), 
and the differences noted in this experiment may therefore 
be the result of the differences in the intake of copper. 
This was confirmed by supplementation with copper at 
the end of the experiment. The effect of mineral supple- 
mentation of these grasses on animal performance has 
been considered in more detail elsewhere*®, The increase 
in wool crimp associated with clover supplementation 
may be attributed therefore to an increased intake of 
copper. In the comparison of two varieties of the timothy 
species, copper contents were above the estimated re- 
quirement (Table 3), yet the wool of lambs offered 5.352 
showed a loss of crimp. Supplementation with copper at 
the end of the experiment indicated that this could a 
be attributed to a deficiency of copper'®, and suggests 
that the availability of copper in certain varietics needs 
further investigation. 





Table 2, DRY MATTER UNTARE 


AND WOOL CHARACTERISTICS OF LAMBS 
Mean of four lambs 


Feeds Intake 


igiday) 


8.382 timothy 
8. 48 timothy 


S K of differences between means 
Relative to valne prior to experiment (100). 





Table 3. CHEMICAL COMPOSITION OF FRETS 


Peren- Red 
Nutrients; Cocks- nial Tall Timothy clover Timothy Timothy 
feeds foot ryegrass fescue  (S.51) (Dorset (9.352) (8,48) 
(8.87) (B.24) (8.170) marl} 
N (per cent) 1-57 113 184 120 2-60 134 
Culp, pmj 66 45 G4 8-5 10-5 BT 
8 (percent) O17 0-17 D24 012 = 0-28 





Some of the grasses compared were also low in protein 
and sulphur. Staple length differences could not, however, 
be positively related to the content of these constituents 
or feed intake. For example, lambs offered 5.352 produced 
wool of a longer staple length than those on 8.48, although 
their intake of digestible organic matter, sulphur and 
protein was no higher. The grasses compared in these 
experiments, although grown in similar conditions in the 
same locality, showed marked differences in their nutritive 
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attributes, and these differences were reflected in the wool 
characteristics of the experimental animals. “ This is a 
particularly useful way of detecting deficiencies of elements 
such as copper, the availability of which cannot be 
predicted from chemical analysis. The recognition of such 
deficiencies in varieties is of considerable significance in 
the context of breeding for improved nutritive quality of 
herbage. 

We thank Professor P. T. Thomas for his interest in 
this work. 


B. D. PATIL 
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Individual Differences among Adult 
Members of a Snail Population 


Iw spite of evidence that individual differences among 
animals are important in the regulation of population 
gizet?, ecologists usually only consider differences of sex 
and age. This article describes some differences between 
adult members of a land snail (Helix pomatia) population 
which seem to be important for the natural regulation of 
their numbers. 

The study was made in the Ojeéw National Park 
(southern Poland) on a 15° SW slope with a limestone bed 
and very shallow soil layer, through which stone debris 
protruded. The slope was covered partially with grass, 
partially with shrubs‘. The study area was a square 
25x25 m, divided into 100 plots, each 2-5 x 2-5 m, on 
which nine surveys were made in 1962. The first survey 
t=0 was made on June 20 and 22, and surveys t= 1, 2, 
3, 4, 5, 6, 7, 8 were made on July 2, 5, 9, 12, 25 and 
August 2, 15, 29, respectively. During each survey, 
the whole surface of the area was searched, and each 
newly found snail was marked with an individual number. 
For each marked or recaptured snail, the individual 
number and the plot number were recorded, and the snail 
was put back exactly where it had been found. Only 
data for adult snails (with a thickened lip at the shell 
opening) are reported. During the study, 295 adult snails 
were marked and 722 recaptures were made. Only those 
snails appearing on the surface of the ground in the study 
area were captured, so that snails hidden under ground, 
among stone debris, under shrub roots, or those which 
had wandered outside the study area were excluded. 

To decide whether or not the recaptures were random, 
Leslie’s method®.* was used, in which the actual was 
compared with the expected variance in a series of re- 
captures of individuals known to be alive. This method 
can be used for a group of N animals, which are found in 
a survey f, and also in another survey, say u, when 
t-u>3 and N>20. Series of successive surveys from 
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Table 1. RESULTS OF LESLIE'S TEST FOR RANDOMNESS GF RECAPTURES 


Series of surveys No. of 
from ¢+1 tou-1 individuals, N x? F 

1 6 34 42-66 eh 

1 5 34 34-50 pgo 
1 4 42 56-20 t 

1 3 59 6956 0-28 
2 6 43 77-40 60009 
2 5 43 60-16 OG 
2 4 62 74:39 O08 
3 6 4h 76-20 0-004 
3 5 48 71:79 poz 
4 i 39 5415 0-08 


t+1 to u-—1 were used to obtain the ratio X? of actual 
to expected variance (Table 1). The X? can be treated as 
an equivalent to a y? with N~1 degrees of freedarn: 
From this, the probability P can be obtained, and, when 
P <05, the captures are concluded to be non-random. 

It can be seen (Table 1) that most of the series show a 
high degree of non-randomness of recaptures. Snails 
found in the previous surveys have a much higher prob» 
ability of being found again than others. This is not 
unexpected, because the recaptures in most natural 
populations are non-random. In the snail population it 
does not result from using traps or other means of attract- 
ing snails to capture them, but from behaviour only. 
Some snails occur more often on the ground surface; 
others are hidden and are less often seen. This was the 
first difference observed among the adult snails. The 
mobility of a snail recaptured within the study area 
can be estimated, knowing a plot p: on which the snail 
was found in survey ¢ and a plot Pa on which it was found 
in another survey u. Distance d between p: and py was 
estimated in integral units of distance (one unit equal to 
the plot side=2-5 m), according to formula d= 4/a*+y", 
where x and y are rectangular coordinates for measuring 
distances between plots p: and py. To every imdividual 4 
found in a pair of surveys. ¢ and u, a distante d; wag 
assigned. If it was found on the same plot, diy=0. For 
each individual caught twice or more within the study 
area, I noted the distances d crossed over between con- 
secutive surveys in which it was found. 

The surveys ¢ were not evenly distributed in time, for 
technical reasons. and, even if this had been done, the 
same mobility rates between consecutive surveys could 
not have been expected because of varying weather cone 
ditions. Some snails were not found in the consecutive 
surveys, but were found later. For example, a snail was 
found in the surveys £=0. 2, 5 and 7. For this snail. ite 
series of diz values is: de= l. da= l, d,,=2. The values 
of diu depend not only on the snail's mobility, but also on 
its mobility between these particular surveys. Because of 
this difficulty, the standard measure ds,1u of the diy values 


deviation 8, were calculated. These values are not very 
different. for the different pairs of surveys; they range 
from d =09 to dy,=3-2, and from 8.10 to agg DI 
Distances d do not increase indefinitely with time because 
of the homing instinct’. 

The standard measure of distance is given by the 
formula ds.tu= (din ~deu)/8ru, and in this way all the 
distances between consecutive surveys in which a snail 
was found were calculated for each adult individual. For 
example, for the snail mentioned here: deg -- 0-72, 
dessas = — 0-90, desy — 0-18. Variance analysis was applied 
to find out whether there are significant differences 
between individuals in the ds... values. This analysis 
gave a variance between individuals equal to 1-344 (df= 
216), and a residual variance equal to 0-928 (df=: 431); 
therefore, the variance ratio P= 1-45 (P <G41). This tsa 
second difference between adult snails: seme are more 
mobile than others. 

As a measure of mobility of an individual ¢, the mean 
distance d; (calculated from the series of desu values) was 
used; for example, for the snail mentioned here, dr 


No. of survey 





Mean distance (di) 


Fig. 1. Number of surveys in which the snails were found plotted 
against their mobility (d;). The division for the z? test is given by 
broken lines, 


- 0-60. The measure of recapture can be given by the 
number of surveys in which an individual was found. 
The snails differ in respect to these two measures. If 
these two differences are independent, it follows that the 
more mobile snail crosses the boundary of the study area 
more often, and it should be found less often than a less 
mobile snail. In other words, there should be a negative 
correlation between mean distance di and the number of 
captures. I cannot verify this prediction. The correlation 
coefficient between the mobility and the number of 
captures r= + 0-005, which can be explained by close 
examination of the correlation diagram (Fig. 1), For the 
less mobile animals, a positive correlation can be seen. 
For more mobile snails this correlation is counterbalanced 
by the negative correlation already predicted. The most 
mobile individuals often eross the boundary of the study 
area, and are seldom recaptured. Distribution of the 
individuals in the diagram, which is the result of these 
two correlations, shows a highly significant departure 
from randomness, when tested with the y? test (division 
into cells given by broken lines in Fig. 1; y?= 18-73; 
df=6; 0-01l>P>0-001). It is thus concluded that the 
more mobile snails are found more often on the surface 
of the ground. The opposite relationship is the result of 
the effect of the boundary of the study area. We conclude 
therefore that snails can be divided into two groups: 
more mobile ones, which stay more often on the surface, 
and less mobile ones, which are more often hidden. 

Snails have a long lifespan and not enough data were 
obtained to study their differential survival: the dif- 
ferences I describe apply only to certain seasons. Out of 
217 individuals found at least twice, seventy-one were 
found copulating when the study area was inspected. 
The mean and the standard error of the d: values for the 
snails copulating at least once is equal to +0016 + 0-071, 
as compared with other individuals: — 0-049 + 0-075. The 
difference is not significant (P > 0-5). 

Such a differentiation among snails is not apparent if 
the marking-recapture method and the statistical pro- 
cedure are not applied. It is difficult to obtain information 
about the most mobile snails because of the limited study 
area, and about the least mobile snails because they are 
often hidden. Evidence that the less mobile snails stay 
in more advantageous places within the study area, that 
juvenile snails are more mobile, and that the differentia- 
tion also occurs in another area is given elsewhere. 

What is the impact of the observed differentiation on 
the natural population of the snails? Although there is 
no field evidence of a differential mortality, all sources of 
mortality of which we know® (or can imagine) must have 
a greater effect on the mobile snails, for they stay more 
often on the surface. In the study area, mortality under- 
ground—for example, as the result of predators or flood- 
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ing—is unlikely. Predators, drought and frost would 
always be more dangerous for a snail which is hidden less 
often. Besides, wandering snails do not have home ranges, 
like less mobile ones, and they can succumb more often 
to accidental death, Snails artificially introduced to a 
natural population behave like more mobile ones: they 
stay on the surface more often®, which is further evidence 
that the more mobile snails are at an ecological dis- 
advantage. 

What makes some snails more mobile than others ? 
The most reasonable explanation is that the more mobile 
are those which are in some sense in excess, as suggested 
by Errington’ for wandering animals in vertebrate popu- 
lations. Above a certain density (not an absolute density 
but one in relation to the habitat resources) one can 
imagine that some animals become more mobile, either 
by going to places where they have to cover larger 
distances to obtain food and shelter, or by moving even 
further to find better places. This does not result from 
aggressive or territorial behaviour because such behaviour 
does not occur among snails. Laboratory studies on the 
populations of Hydra"? and Tribolium show that 
emigratory activity, resulting from increasing density 
and leading to the reduction of the population, occurs 
much below the level of starvation or space shortage. 
During my study it was also found that both food and 
shelter for the snails were superabundant. 

Difficulties of accepting this mechanism for the regula- 
tion of animal numbers have been discussed by many 
authors- in connexion with Wynne-Edwards’s theory". 
What is the selective advantage of a snail becoming more 
mobile? The following reasons should be considered. 
(1) All natural habitats are temporal to a certain degree 
and this gives an advantage to the migrants!®18, (2) The 
probability of extinction of a local animal population is 
often an increasing function of population density in 
relation to the habitat resources. This is the basis of 
Wynne-Edwards’s theory’? and it gives the mobile 
individuals “the diplomatic advantage” in the sense of 
Lidicker’*. (3) The failure of mobile and migrating 
individuals can be counterbalanced by the success of 
their relatives, caused by the “altruistic transfers’ in 
the sense of Hamilton”. 

There is a shortage of theoretical models of the selective 
advantage of “self-regulation” within natural populations 
and, without such a model, it is rather difficult to include 
field evidence such as I have described here in a general 
theory. 


ADAM LOMNICKI 
Nature Conservation Research Centre, 
Polish Academy of Sciences, 
Kraków, Poland. 
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Skeletal Maturation Rate in 
North American Negro and 
White Children 


VARIABILITY in the rate of skeletal maturation in samples 
of children (using the Tanner~Whitehouse!? bone-specific 
approach) has recently been reported*:*, From samples of 
clinically normal North American (Philadelphia) Negro 
and White children I have obtained further information on 
this topic. 

The samples comprised 486 Negro children between 6 
and 13 years of age and 320 White children between 6 and 
12 years of age. Hand-wrist radiographs were taken twice 
for each child at an interval of a year, plus or minus 
approximately | week. The differences between successive 
mean chronological ages ranged from 0-96 and 1-00 years 
for all age groups except the 11-12 year old White males, 
in whom the mean difference was 0:92 years. The data 
therefore represent one year’s progress or velocity in 
skeletal maturity for cross-sectional samples at each age 
level. Before evaluating the hand-wrist films, I rated the 
films used by Acheson et al.*-7 in their study of the reli- 
ability of assessing skeletal maturity. The results showed 
an acceptable ranking*. All films of the present study were 
assessed without knowledge of the age and sex of each 
child. It was impractical to conceal the race of the 
subjects because the identification numbers were different 
for the two schools used. Nevertheless, all films were 
rated in a random order including films not used in the 
present report; that is, films of children seen on only one 
occasion. After assessing all the films (about 2,200), 150 
were re-assessed, taking every fifteenth film throughout 
the series. Analysis of the second readings indicated a 
high degree of replicability®. The means and standard 
deviations of the velocity of skeletal maturation of boys 
and girls in the present study series relative to the British 
series reported are displayed in Tables 1 and 2. Because 
the time interval between the dates on which the hand- 
wrist films in the present series were taken was practically 
one year in all age categories but one (see above), the 
mean rates reported in Tables 1 and 2 represent only the 
mean of the differences between skeletal maturity scores 
at each observation period. They were not calculated by 
dividing the increase in number of points by the exact 
time interval between the two successive radiographs as 
was done by Marshall’. 

Sex differences in the rate of maturation within each 
race group are not apparent until the immediate pre- 
adolescent years (from 9-10 years of age onward). Racial 
differences in velocities between North American Negro 
and White boys are not consistent over the age range 
reported. Negro girls tend to gain in maturity points 


ata slightly greater rate from 6 to 10 years; White 
Table 1. MALES 
American Negro American White British* 
Areon n St SD. n kt SD. n Xt SD. 
6-7 l4 459 2L7 1i 315 143 42 505 22-4 
7-8 45 467 17-2 34 502 210 59 499 216 
8-9 41 621 B41 34 44-0 97 49 39-90 181 
9-10 39 472 233 84 376 14-6 30 434 247 
10-11 40 506 27-5 40 587 20-5 39 577 332 
11-12 82 676 506 23 BSR 480 
12-13 31 62-4 34:5 


* From ref. 4. 
+ Mean rate (points per year). 


Table 2, FEMALES 


American Negro American White British* 
Age (vr) n Xt SUD. an Xt SD. n Xt SD. 
6-7 23 491 20-9 i 285 146 57 480 20-1 
7-8 33 505 209 30 405 223 55 462 212 
Red 41 561 302 32 413 162 51 53-0 27-5 
9-10 5+ SDE 48-5 30 683 440 4] 708 Ald 
10-11 37 930 42-1 29 1073 530 23 1013 68-6 
11-12 38 A2 45-9 13 1282 69-7 
12-13 18 952 598 


* From ref. 4. 
t Mean rate (points per year), 
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girls gained at a greater rate from 10 to 12 years. The 
results of the Negro-White comparisons agree with 
observations reporting essentially identical age relation- 
ships and progress in the skeletal maturity of Negro and 
White boys, but noting greater variability between Negro 
and White girls*. According to Todd (ref, 9, page 54): 


“It is not quite so easy to explore the progress (skeletal) 
presented in the female series. Often indeed the Negro girl is in 
advance even of the White girls. But it is only the relatively 
small number (n=72) of our Negro girls which leaves us still 
hesitant in assigning differentiation of Negro girls to an age 
relationship identical with that of White girls.” 


The mean one year velocities and standard deviations 
at each age level for the cross-sectional samples of North 
American children of both racial groups generally agree 
closely at most ages with the mean rates and ranges of 
variation for the British children, which represent a pure 
longitudinal series‘, Progress or velocity in each of the 
specific bone centres utilized in the Tanner-Whitehouse 
method has been reported®. 

This work was supported in part by a US Public Health 
Service grant. 

Roserr M, MALINA 
Department of Anthropology, 
University of Texas, 
Austin, Texas 78712. 
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Ecology of North Indian Ramapithecus 


In a report on the ecology of North Indian Ramapithecus, 
Tattersall! claims ‘‘. . . in general the Nagri environment 
can justifiably be characterized as one of tropical forests 
interspersed with broad rivers and tree savanna.” He 
reaches this conclusion after examining some of the 
mammalian genera reported from the deposits of the 
Nagri Zone. 

I find it very hard to accept this conclusion as valid, for 
the following reasons. First, he says that “Associated 
with Ramapithecus in the Nagri Zone are forest-dwelling 
pongid and lorisid primates’. Was the very sparse 
Ramapithecus material from the Nagri Zone actually 
excavated from a limited area, at a single level, in associa- 
tion with lorisids and pongids? Or were some pongid 
and lorisid fossils among the many other manunalian 
fossils collected at random from the various fossiliferous 
exposures that are jointly grouped as “the Nagri Zone” ? 
Even if lorisids and pongids were found in direct associa- 
tion with Ramapithecus, does this in any way prove that 
they were “forest dwelling’ ? There are living lorisids 
today which are not forest. dwellers, and I doubt if we are 
really sure that the Miocene pongids were, necessarily, 
“forest dwellers”. 

Then he writes that “primitive pigs; a giraffid closely 
related to Okapia; rhizomyid and hystricid rodents: 
viverrids; procyonid and felid carnivores” are all of ther 


“forest dwelling types”. Again T can see no valid evidence 
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for this in this list. It is true that Okapia, today, is only 
found living in a small forest zone in the Eastern Congo, 
but its hind foot structure, as well as that of the feet of its 
extinct cousins, strongly suggests an open plains habitat. 
The living Okapia species may have moved so recently into 
the forest that its ankle structure has not yet been modified. 
Pigs are not all forest animals. What evidence is there 
that the Nagri ones were? The hystricid and rhizomyid 
rodents include genera, today, adapted to all kinds of 
environments. What evidence is there that the Nagri 
representatives were forest dwellers? The same question 
may be reasonably asked about the carnivores. On the 
whole, viverrids live more in open country than in forests 
and the same is true of the felids. The foot of the Nagri 
Zone Hipparion is broad hoofed and has been interpreted 
as probably linked with swamp conditions. but there are 
others who believe a broad wide hoof is indicative of dry 
grassy plains habitat, as in the case of the zebras today. 

As to whether the presence of “‘tragulids, anthrocotheres, 
rhinocerotids, and dinotheres suggest forest and swamp”, 
this is again open to question. In any event, are we sure 
that they come from the same detailed levels, in the over- 
all Nagri Zone, that yielded the limited Ramapithecus 
material? I can assure Tattersall, from my personal 
observations over the past 60 years, that the living 
representatives of the hyaenid Croouta and of Orycteropus 
can be found in a very wide range of habitats, including 
forests with high rainfall as well as sub-desertic areas. 

I consider that the attempt to extrapolate the ecology 
and habitats of Ramapitheeus, by examining the extinct 
species of various genera reportedly associated with it, 
cannot be sustained. 

L. 8. B. LEAKEY 


Centre for Prehistory and Palaeontology, 
PO Box 30239, 

Nairobi, 

Kenya. 
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Criteria for recognizing 
Pre-Cambrian Fossils 


Anderson and Misra! have described new fossils from the 
Pre-Cambrian of Newfoundland and ascribe them to 
impressions of soft-bodied Metazoa, but they do not 
discuss why they consider the structures to be un- 
doubtedly organic in origin, though the Pre-Cambrian 
age is beyond dispute. New Pre-Cambrian fossils are 
reported quite frequently, but only a few of them are 
accepted as organic. It may therefore be helpful to 
distinguish the criteria available for distinguishing between 
organic and inorganic Pre-Cambrian macro-structures (as 
distinct from microorganisms’). 

(1) Simple symmetry or abundance are not acceptable 
criteria. (2) Chemical analysis of the rock is unlikely to 
help, particularly in more strongly tectonized sediments. 
(3) Ontogeny may be a useful guide. (4) The structures 
concerned may suggest a high degree of organic evolution, 
as with many of the South Australian Pre-Cambrian 
fossils. (5) Evidence of movement may be indicative of 
fossils, especially when considered with evidence of 
(6) mode of preservation and burial. 

The use of these criteria is well illustrated by the work 
of Glaessner and Wade, who have carefully described the 
relationship of the South Australian Ediacara fossils to 
the overlying and underlying sediment. Wade? has given 
an account of their preservation, and, by sectioning some 
of the material, she has been able to show just how 
individuals came to rest on the substrate, how they were 
entombed, and what happened to them as they decom- 
posed and were fossilized. Obviously it is necessary to 
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colleet the sediment overlying the fossil as well as that 
underlying it. 

Anderson and Misra mention the doubtful Aspidella 
terranovica Billings. This, though common, is definitely 
inorganic, Sectioning shows that many specimens are 
water or gas-escape structures. Others are partly attribut- 
able to the manner in which the highly lithified clay and 
silt-grade rock has parted along a changing stratigraphic 
level, particularly around load and scour structures. 

Unfortunately, Anderson and Misra give no evidence 
for the organic origin of their structures and do not 
relate them to the underlying and overlying sediment. 
Although an organic origin cannot be disproved, their 
illustration does show striking resemblances to impres- 
sions of cone-in-cone structure. 

R. GoLprine 
Department of Geology, 
University of Reading. 
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Our communication! did not describe new fossils from the 
Pre-Cambrian of Newfoundland but rather gave brief 
details of the presence of a metazoan fauna of this age, 
because our aim was to announce what we regard as an 
important discovery, and we indicated quite clearly 
that details of the fauna would be published elsewhere. 
We concentrated on the stratigraphical aspects of the 
fossil loeality because it is essential to establish from the 
outset that the rocks containing them are in fact Pre- 
Cambrian and not Lower Palaeozoie or younger. It is 
true that we did not provide evidence of the organie 
origin of the structures interpreted as fossils, but we 
assumed, perhaps wrongly, that readers would await this 
information in the actual account of the fauna. 

In view of the fact that the organic nature of these 
structures is discussed in a paper now in the press*, only 
a brief summary of the reasons for regarding them as 
organic will be given here: (1) their restriction to certain 
bedding planes; (2) they lie on these ripple-marked 
surfaces; (3) their orientation is unrelated to ripple-marks 
or to cleavage or other fracture patterns and some com- 
monly straight forms are also found in a curved state; 
(4) they are not related to sedimentary structures; (5) 
the variety of forms: round lobate, spindle-shaped, leaf- 
shaped, dentritic; (6) their variation in size (possibly 
ontogenetic), (7) the complexity of some forms; (8) 
similarity to known Pre-Cambrian fossils. A general 
geological account of the fossil-bearing rocks is given in 
ref, 3. 

Any resemblance of the commonest form in the fauna 
to cone-in-cone structure is illusory, for the cones of these 
calcareous structures (sometimes replaced by silica)! form 
at right angles to bedding surfaces and not parallel to 
them, and furthermore, unlike the fossil impressions 
illustrated, lenses of cone-in-cone structure developed in 
the same bed have the same orientation; they possess 
thickness and the cones interfere with one another so 
that they do not show a regular alternating left-right 
arrangement. 

M. M. ANDERSON 
8. B. Misra 
Department of Geology, 
Memorial University of Newfoundland, 
St John’s, Newfoundland, Canada. 
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Book Reviews 


ORIGINS OF LIFE 


Chemical Evolution 

Molecular Evolution towards the Origin of Living 
Systems on the Earth and Elsewhere. By Melvin Calvin. 
Pp. ix +278. (Clarendon Press: Oxford; Oxford Univer- 
sity Press; London, June 1969.) 55s board; 25s paper. 
A MODERN book on biochemical evolution or the origins 
of life must cover a good deal of familiar ground, It must 
include discussions of the early history of the Earth and its 
atmosphere, the fossil record, the prebiotic synthesis of 
small molecules, polymer formation, and the emergence of 
biological order. All of these subjects are included by 
Dr Calvin, but some are treated in great detail while 
others receive only brief mention. The result is a book 
which, while somewhat unbalanced from the point of 
view of the general reader, contains much that is of great 
interest to those more deeply involved in the subject. 

Almost half of the book is concerned with the fossil 
record. The first chapter deals briefly with the fossils of 
the Cambrian and later periods and, in somewhat greater 
detail, with more recently investigated microfossils going 
back for at least three billion (3 x 10°) years. Then follows 
a long discussion of the hydrocarbons present in contem- 
porary organisms, in relatively modern sediments and in 
Pre-Cambrian shales. The chemical evidence, particularly 
the presence of pristane and phytane, strongly supports the 
view that Pre-Cambrian rocks indeed contain fossils of 
organisms related to those we know today. A “progress 
report” on attempts to characterize these primitive 
organisms further by comparing the pattern of “fossil” 
hydrocarbons in the rocks with that of hydrocarbons in 
contemporary species will certainly interest the more 
specialized reader. 

The other main section of Calvin’s book opens with a 
discussion of the origin and early evolution of the Earth 
and with the synthesis of small molecules such as amino- 
acids, purines and sugars from hypothetical primitive- 
Earth atmospheres. The exposition is skilful and conveys 
very well the general picture without becoming involved 
in the many polemical aspects of the subject. The various 
ways of condensing monomers to polymers are considered 
next in the same unprejudiced fashion. 

The origin of the present genetic system (nucleic acids 
and proteins) remains a mystery; in this field there are 
at least as many theories as investigators. Thus, not 
everybody will accept the general picture which Calvin 
outlines and I suspect few would accept all of the details. 
Nevertheless, it is a good introduction to many current 
ideas, and could provide a framework to guide future 
experiments. 

The remaining chapters of this section describe the 
three-dimensional structures adopted by proteins, nucleic 
acids, lipid membranes, and the like. No doubt, these 
topics will become more important as our understanding 
of biochemical evolution inereases. Finally, Calvin 
gives a more personal account of the relation which he 
sees between the researches described in this book and 
human experience in general. 

In many ways this presentation seems to me over- 
confident. The author accepts without criticism some of 
the more dubious claims in the “prebiotic” literature. 
At times he fails to distinguish sharply enough between 
what seems reasonable and what has been established. 


Lor? 


Most of us would agree that life did evolve on Barth and 
that a little progress has been made towards under- 
standing how it happened. The problems facing . us, 
however, are enormously difficult and have not yielded as 
rapidly to experimental study as a casual reading of this 
book might suggest. It would be a pity if the potential 
researcher decided that the game is over; it is just 
beginning. 

In a publication which appeared in 1873 T. H. Huxley 
wrote: 

“If the problem discussed in my address to the British 
Association in 1870 has not yet received its solution, it is nob 
because the champions of Abiogenesis have been idle, or 
wanting in confidence. But every new assertion on their side 
has been met by a counter assertion; and though the public 
may have been led to believe that so much noise must indicate 
rapid progress, one way or the other, an impartial critic will 
admit, with sorrow, that the question has been “marking 
time” rather than marching. In mere sound, these two pro- 
cesses are not so very different.” 

Calvin’s book records a number of firm strides that have 
been taken since then. Only a very few of them, however, 
clearly lead in the right direction, Leste E. ORGEL 


FERTILIZATION ENLARGED 


Mammalian Fertilization 

An Atlas of Ultrastructure. By Robert Hadek. Pp. xii+ 
295. (Academic Press: New York and London, June 
1969.) 1358. 


Tue choice of mammalian iertilization as a theme for an” 
atlas of ultrastructure is highly commendable, because 
descriptions of minute detail can be linked to developing 
sequences of biological events. Two major themes dealt 
with repeatedly are changes in the acrosomal and egg 
membranes during capacitation and sperm penetration, 
and the transformation of various cellular organelles 
during the transition from oocyte to zygote. Miner 
topics include the analysis of the rodent vaginal plug, and 
an experimental section on the transport of ferritin into 
egg organelles. 

Unfortunately there are differences between the plaus- 
ibility of the presentation of the two major themes. 
Descriptions of the cell organelles and their changes, such 
as the accumulation of cortical granules of the egg, 
changes in mitochondrial structure in eggs and spermi- 
tozoa, and the possible funetion of organelles such as the 
stacks of annulate lamellae prove of considerable help to 
the reader. The descriptions are factual and the pictorial 
evidence plentiful. The data and discussions should be of 
value to the non-specialist and also to the electron miero- 
scopist. Even so, more references to the biochemistry of 
these organelles would have widened the appeal of the 
book. There is sufficient knowledge of mitochondria, for 
example, to have done this with profit. 

The descriptions of changes in the acrosomal region, 
sperm head and egg membranes during capacitation and 
sperm penetration leave many doubts. To begin with, 
the attempt to achieve capacitation by immersing sperma. 
tozoa in oviducal fluid, with no evidence that capacitation 
or fertilization is thereby achieved, is highly dubious. 
The enlargement of the apical end of the acrosome may 
or may not be a part of capacitation: there is no means of 
deciding. Recent work by other authors has shown that 
the plasma and outer acrosomal membranes of the 
spermatozoon undergo fusion as this gamete lies in the 
vicinity of the eggs. The resulting “blebbing’’ of the 
acrosomal and plasma membranes, before their final 
disintegration, would have been well worthwhile including. 
Other workers have indicated that the acrosomal region is 
probably not involved in the attachment of the fertilizing 
spermatozoon to the egg; this could have been debated, 
The importance of membrane fusion could have been 


1078 


stressed more throughout this topic. Some of the electron 
micrographs of the fertilizing spermatozoon leave some- 
thing to be desired, and a more rigorous selection would 
have been better. 

One of the minor sections also raises doubts, namely, 
that labelled “Experiments”. Ferritin is injected into 
the perivitelline area of rabbit eggs in astonishing amounts 
-—up to 0-L ml. per egg. How this was achieved and what 
remains of the developmental potential of these eggs is 
difficult to imagine. It is difficult to accept that these 
experiments reveal much concerning exchanges between 
the perivitelline area and the egg organelles. 

The idea of producing this atlas was excellent, and it 
could have provided a very good standard text. Many of 
the plates are of very high standard, the legends are clear 
and lucid, the style is attractive, and the book is not too 
expensive. The weaknesses of some of the experimental 
approaches reduce the value of critical sections of the 
book. In parts, the standard of odd sentences drops 
surprisingly, and there was surely no need to ask readers 
twice for their comments during a very brief preface. 
Nevertheless, it is a useful book to have for reference. 

R. G. EDWARDS 


CELL BIOLOGY TOPICS 


The Biological Basis of Medicine 

idited by E. Edward Bittar and Neville Bittar. Vol. 1: 
Pp. xv +590. 140s; $1950. Vol. 2: Pp. xiv+575. 
140s; $21. Vol.3: Pp. xiii + 493. 120s; $17-50. Vol. 4: 
xii+ 396. 90s; $14. (Academic Press: London and New 
York, 1968-69.) 

Taose two great medical classics, The Physiological 
Basis of Medical Practice by Best and Taylor and The 
Pharmacological Basis of Therapeutics by Goodman and 
Gillman, are now joined by a publication entitled The 
Biological Basis of Medicine. The books are not compar- 
able, however, because, whereas the first two are about the 
well-defined sciences of physiology and pharmacology 
which still have recognizable frontiers, the newcomer is 
explicitly about cell biology, which is so wide a term that 
it really encompasses all studies of living matter. Accord- 
ing to the preface, cell biology occupies a key position in 
the biological sciences and is a meeting ground for workers 
in different biological disciplines, so that the intention of 
this publication is “to demonstrate afresh that cell 
biology offers the basis on which life in health and disease 
ean be properly understood’. The proposition that 
cellular biology will ultimately unify the basic medical 
sciences is not as daring as the editors suggest. The real 
problem is how best to present the vast amount of informa- 
tion about cell biology in such a way as to make it as 
coherent and assimilable as possible for those who wish to 
learn about it. 

This publication attempts to solve the problem by pro- 
viding a large number of review articles which together 
are to give a balanced account of cellular biology and its 
applications to medicine. The approach is necessarily 
interdisciplinary, and over one hundred contributors 
include zoologists, geneticists, cytologists, biochemists, 
physiologists, pharmacologists, pathologists and clinicians. 
The articles are collected in groups which are distributed 
as follows. Vol. 1: Dynamic State of the Cell; Growth; 


Cell Injury; and Ageing. Vol. 2: Hormones; Control of 


Metabolic Processes; and Mechanism of Action of Bio- 
logical and Physical Agents. Vol. 3: Blood; Connective 
Tissue; Synovial Membranes and Skeletal Muscle; and 
Bone. Vol. 4: Molecular Genetics; and Immunology and 
Transplantation. Vol. 5: The Nervous System; The 
Liver and Gall Bladder; The Digestive System; and 
The Cancer Cell. Vol. 6: Hair and Skin; The Cardio- 
vascular System; The Lung; and The Kidney. The 
number of articles in the different groups varies from one 
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to eight; most contain between three and six. On the 
whole, the grouping of subjects in each volume is reason- 
able, although some topics seem oddly out of place; for 
example, it is difficult to understand why the cancer cell 
is dealt with in Vol. 5 rather than in Vol. 1, 2 or 4. Only 
the first four volumes have so far appeared and are the 
subject of this review. 

A publication like this, although large, eannot be com- 
prehensive. This is evident, for example, in Vol. 4, which. 
deals with immunology and transplantation; the index 
of this volume has no reference to complement. (although 
there are, of course, comments on the nature and functions 
of complement in the text). Nowadays, it is impossible 
to be comprehensive about any major topic, such as the 
mitochondrion, or immunological tolerance, in anything 
less than a big book. The value of anything shorter must 
lie mainly in accurate and critical assessments of selected 
sub-topics. 

A single reviewer who is a working biologist can read and 
think about only a few of the contributions because of 
other pressures on the time available for reviewing. It 
seems that the authors are bench as well as book experts 
on the subjects about which they write; for this reason 
most of the articles convey a sense of immediacy of 
involvement which is a welcome feature in such a large 
work. Most of the essays are of a very high standard; 
for example, that by O. Siddiqui on the mechanism of 
gene action and regulation; those by J. F. A. P. Miller on 
the thymus in immunity and on immunology of tissue 
transplantation; and that by G. L. Asherson and G. G. 
Allwood on immunological adjuvants, are about as clear 
and stimulating as they could possibly be. Rosemary 
Biggs shows very concisely how progress in understanding 
the complexities of blood coagulation has aecelerated 
recently as a result of the chemical characterization of 
some crucial factors and of the cascade hypothesis. In 
an excellent. article on the mitochondrion, D. B. Roodyn 
stresses the importance of elucidating the functions of 
membranes which are structurally intact: “The days of 
the hammer are over” and further advances will “require 
the most gentle dissection of the mitochondrial membrane 
by the most subtle research weapons”. A review on Iyso- 
somes by A. C. Allison brings together much useful 
information in a thoughtful way. 

Some authors have been a little too selective; for 
example, H. J. Curtis, writing on the nature of the ageing 
process, does not mention Orgel’s hypothesis which 
recently led to some interesting experiments (see 
Harrison, B. J., and Holliday, R., Nature, 213, 990; 1967). 
A very few of the essays give the impression of yet another 
write-up of an overfamiliar subject. Some would have 
benefited from more editorial revision. The technical 
terminology used without further explanation is no more 
than the bread-and-butter of all workers in the biological 
and medical sciences beyond the second year or so of 
undergraduate studies. 

This brings one to the main puzzle, which is to whom 
this publication is directed. ‘The editors hope that “both 
students and teachers of medicine and human biology at 
all levels will find these volumes stimulating and of unique 
value”; this hope begs the question. Undergraduate 
students need books which are more systematic and less 
eclectic; once they have been bought, it is most unlikely 
that the money will stretch to such volumes as these. 
Postgraduate research students require recurrent, con- 
tinuously up to date reviews which are now provided in all 
fields in profusion. This also applies to established 
research workers, who require their reviews to be detailed 
and critical, less cumbersome and certainly expensive. 
Indeed, this is one of those publications the high price of 
which would seem to make its purchase by most individual 
biologists unlikely. One wonders, as others are doing (see, 
for example, British Medical Journal, July 26, 227; 1969), 
whether this publication is not meant principally for the 
library market, which is apparently sufficiently large to 
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make such grand productions profitable. This publication 
would probably have a much greater sale among individual 
biologists and practising doctors if each article or at 
least each group of related articles could be bought 
separately, preferably in paperback form, That would 
have the further advantage that the articles dealing with 
rapidly moving subjects, for example, immunological 
tolerance, could be rewritten at frequent intervals, so 
keeping the publication up to date. 

The principal value of the work is likely to be as a source 
of authoritative information about particular topics which 
one may have to read up either to follow a line of ideas and 
to see how something has been worked out in an unfamiliar 
field, or when rewriting lectures. For such purposes, and 
for the general interest of biologists when they have time, 
on holidays say, to read over all their science, these 
volumes can be strongly recommended. They have good 
author and subject indices and the printing and production 
are excellent. G. V. R. Born 


DRUGS AND LIPIDS 
Drugs affecting Lipid Metabolism 


Advances in Experimental Medicine and Biology, Vol. 4. 
(Proceedings of the Third International Symposium on 
Drugs affecting Lipid Metabolism, held in Milan, Septem- 
ber 9-11, 1968.) Edited by Wiliam L. Holmes, Lars A. 
Carlson and Rudolfo Paoletti. Pp. xii+ 681. (Plenum 
Press: New York, 1969.) 827.50. 


Tue regulation of lipid metabolism by drugs and hormones 
is a relatively new study. For example, the mechanism 
of action of adrenaline in the control of the circulating 
level of free fatty acids (FFA) has been investigated only 
recently, although the effects of this hormone on carbo- 
hydrate metabolism have been documented for some 
time. Studies in this field have been stimulated mainly 
by the close interrelationships shown to exist between the 
development of atherosclerosis, the levels of circulating 
FFA, lipoproteins and cholesterol, and many of the papers 
are devoted to investigations along these lines. 

The book contains fifty-two papers, most consisting of 
about ten pages, set out in the classical scientific paper 
style: introduction, results with reasonable experi- 
mental detail and discussion. Most papers are copiously 
illustrated with graphs, diagrams and tables. Some have 
photographs. Each paper is accompanied by a list of 
references, but surprisingly there are no reports of any 
discussions about the papers, other than the authors’ 
own, even in a summarized form. 

The report is divided into five sections and includes a 
final short section on methodology, mainly of lipid fractiona- 
tion and analysis. This is a little removed from the main 
theme of the symposium, but it is nevertheless useful 
because progress in the field is often limited by the 
methods of analysis available. 

In the first section, “Drugs affecting FFA Mobilization”, 
several of the drugs and many other factors such as cyclic 
AMP, ATP and prostaglandins which affect the levels of 
circulating FFA are discussed. Many papers emphasize 
the important relationships between cyclic AMP, adenyl 
cyclase and tissue lipases. The second section, which is 
the largest, entitled “Effects of Drugs on Plasma and 
Tissue Triglycerides”, includes several papers dealing 
with clearing factor lipase and the mechanism of its release 
from tissues. Of special interest is a detailed account by 
M. C. Schotz et al. on the morphology and metabolism of 
isolated fat cells which is illustrated by several good 
photomicrographs. The third section, “Drugs and Serum 
Lipoproteins”, includes good reviews on ““Typing of Hyper- 
lipoproteinemias” and on the planning of clinical trials 
of new drugs such as ‘Clofibrate’ (Atromid-S) for its effect 
on ischaemic heart disease. 
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Cholesterol and bile acids form the main theme of the 
remaining section and this subject is considered from two 
main viewpoints: drugs which affect cholesterol biosynthe- 
sis and those which could affect its conversion to bile acids 
and subsequent excretion. This section meludes a wide 
variety of subjects ranging from the long term appraisal 
of drugs such as oestrogens, nicotinic acid, dextrothyroxine 
and linoleamides on serum lipids and myocardial infarction 
to factors affecting hydroxylation of cholesterol in the 
7-position. 

In all, the report covers a vast range of different 
approaches to the unsolved problems of lipid metabolism 
from fundamental biochemistry to clinical trials and, 
although the style of presentation by photographic repro- 
duction will not appeal to all readers, nearly everyone 
interested in lipid metabolism will find much to interest. 
them. E. D. Wins 


IMMUNITY AGAINST PARASITES 


The Immunology of Nematode Infections Trichinosis 
in Guinea-pigs as a Model 

By David Catty. (Monographs in Allergy, Vol. 5.) 

Pp. xiii +134. (8. Karger: Basle and New York, 1969.) 

sFr/DM 39; $9.35. 


Ir is 28 years since Culbertson published his book 
Immunity against Animal Parasites, and interested para- 
sitologists have long awaited the appearance of a new 
book on this subject. Unfortunately, they will surely be 
disappointed with this book. The extraordinarily worded 
title is misleading. The book is essentially Catty’s PhD 
thesis on the immunity of guinea-pigs to Triehinella 
spiralis and has been presented in the style still used in 
some of these documents: plans, results and discussions 
of the experiments are dealt with in separate chapters 
rather than each experiment being treated as an entity. 
This makes the book difficult to read and even more 
difficult. to abstract. 

The introduction to the book gives a restricted review 
of the literature on the parasite. There are a number of 
unfortunate mistakes and a large body of literature on 
immunity against Trichinella is ignored; no references 
are made to the classic work of Culbertson and of Rappa- 
port, to the interesting experiments of Matoff on the 
inmune response of guinea-pigs, or to Jackson’s beautiful 
immunofluorescence studies. 

The results section is mainly taken up with Catty’s 
observations on delayed hypersensitivity and various 
serological tests conducted in vitro and in vive. Although 
these are of interest, some of the results depend on too 
few animals to be regarded as more than preliminary 
observations. This point is even more important in the 
consideration of the parasitological observations. Here 
the small groups, combined with the absence of statistical 
analyses, render the conclusions of dubious validity. The 
discussion and conclusion chapters are interesting but 
suffer from the restricted outlook of the whole book. The 
reference list contains a number of mistakes. 

It is imperative that immunologists and parasitologists 
cooperate when working on the immunology of parasitic 
diseases, instead of isolating themselves in their individual 
disciplines. The fruits of such an interchange of ideas 
and techniques can be seen in the success of the Medical 
Research Council’s parasitology group at the National 
Institute for Medical Research at Mill Hill; the dangers 
of isolation are illustrated by this book. 

Publishers must be advised against publishing doc- 
torate theses in this form. It would be better if they 
were broken down into separate papers which could be 
criticized by the appropriate editors and referees. 

D. A. Dewnan: 
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SOIL WATER 


An Introduction to the Physical Basis of Soil Water 
Phenomena 
By E. C. Childs. 
New York, May 1969.) 


Pp. xiii+ 493. (Wiley: London and 


120s. 


Tae agriculturalist bas his reasons for wishing the soil to 
be wet and the civil engineer for wishing it dry. This 
book is not concerned with these aspects of soil water. 
Scant attention is paid to the source of the soil water and 
only little more to the sinks where it might go. The book 
is devoted almost in entirety to the manner in which water 
is held in the soil and in which, while there, it may move. 

A course of lectures to postgraduate students in the 
University of Cambridge School of Agriculture has pro- 
vided a basis for the arrangement of subject matter, 
starting from the most elementary concepts and following 
an appropriate logical sequence to the more difficult ideas. 
Thus from the structure of materials in general, the book 
proceeds briefly to the structure of some of the minerals 
which form the soil and to the structure of the water that 
wets it. A fourth chapter is devoted to the equilibrium 
of particles suspended in water. Here the meaning of 
suspension has been stretched to include solution, per- 
mitting a miscellany of ideas, from ionic dissociation, 
through pH and osmotic pressure, to Gouy layer theory, 
to be presented. Mechanical analyses, Stokes law with 
applications, limitations, and extension to centrifugation 
complete a fifth chapter. A short chapter on soil pore- 
space defines relevant terms, suggests how quantitative 
rneasurements of porosity may be made, then introduces 
the important fact of a pore size distribution against a 
concept of textural versus structural pore space. 

So far the book has followed a course in soil physics 
rather than in soil water: the matter presented is not 
irrelevant but provides a broader basis for the under- 
standing of what follows. The measurement of soil water 
pressure and suction is next discussed. The author is at 
pains to show that soil water at all points in the system 
exerts pressure. Because, however, these pressures are 
for convenience referred to a datum of one atmosphere 
rather than zero, the somewhat confusing idea of suction 
has crept into regular usage. 

With the preliminaries thus disposed of in little under 
one quarter of the book, the stage is set: for a discussion 
of those aspects of soil water wherein lies Childs’s real 
expertise. A most readable account of the hydrostatic 
equilibrium of water in soil includes an admirable exposi- 
tion of the theory of independent domains. This provides 
the much needed background for those who would have 
followed this aspect in the learned journals. Hysteresis 
is discussed, typical moisture characteristics—albeit at 
small suctions only—-are illustrated, and the effect of 
stability of soil structure on these is mentioned. The 
remaining two thirds of the book are devoted entirely to 
moisture movement in the aqueous phase; no reference is 
made to vapour assisted flow. Chapter headings for this 
part of the book give only the broadest outline of the 
subject matter. Indeed, it is tempting to write simply 
that it is all there, and then try to spot something that 
isn’t. Sections are devoted to the laws of soil water move- 
ment, the hydraulic conductivity of the soil to water, 
movement of water in the soil profile, surface infiltration-— 
the laws of Green and Ampt, Horton, Kostiakov and 
Philip are all presented—-and the flow of groundwater in 
both steady and non-steady states: it is here that we have 
to acknowledge the inevitability and irregularity of 
rainfall. 

Throughout the book, Childs has been aware of the need 
to reconcile the different approaches to the subject of, 
on the one hand, the physicist and engineer and, on the 
other, the biologist. Thus he has recognized that the 
mathematical treatments essential for the full attainment 
of his objects might form a serious break in continuity to a 
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reader who does not follow them easily. Accordingly, he 
has adopted a praiseworthy practice of including the 
mathematical treatments as separate numbered notes at 
the ends of the chapters. This works well in the earlier 
part of the book, but in later sections the mathematics is 
almost inseparable from the descriptive text and segre- 
gation becomes somewhat arbitrary. Mathematical 
procedures using the Laplace transform and the Dupuit~ 
Forehheimer approximation are discussed. The flow of 
groundwater to drains or ditches of varied ground patterns 
is considered and perhaps the most elegant if not the most 
useful of the solutions presented is for flow to an elliptical 
peripheral drain. The final chapter contains some 
laboratory and field methods for measuring hydraulic 
conductivity. An extensive bibliography, an author 
index and a comprehensive subject index complete the 
book. 

The prose is readable and conveys exactly and without 
ambiguity what the author wishes to say. Text figures 
are numerous and well used. Indeed, it is not anusual to 
read on for several pages with a finger still marking the 
place of a relevant figure. There is room for this book on 
the shelves of any library serving those who work with soil. 
I would predict further that many such workers will be 
delighted to find a place for this book on their own 
shelves. One final consideration. Has modesty perhaps 
compelled Childs to use the terms “soil” and “water” 
in the book ? While the boundary conditions of the prob- 
lems considered do tie much of the discussion to soil 
systems, there is plenty to interest all who are eoncerned 
with fluid flow through porous media. J. A. CURRIE 


SPECTRAL DATA 


An Introduction to Practical Infra-Red Spectroscopy 
By A. D. Cross and R. Alan Jones. Third edition. 
Pp. vii +102. (Butterworths: London, April 1969.) 20s. 


Tuis is a revision by R. A. Jones of the 1964 edition of 
Cross’s indispensable little book, the original author being 
no longer active in the field. The book has grown by 
18 per cent, with eight additional entries in the index 
(and three deletions). 

In part one, the sections dealing with the elementary 
theory and uses of infrared spectroscopy rernain un- 
changed, and there is very little change in the section 
on instrumentation. I wish, however, that this part had 
been as carefully revised as later parts. For example, on 
page 17 it is said that “low cost instruments commonly 
have scales which are linear in wavelength rather than 
in wavenumber”; and on page 37 that “filters may be 
used” for order sorting, but that “in practice unwanted 
orders are rejected by a small prism”. This was indeed 
so ten years ago; but the comprehensive and up to date 
information provided in Table 3 on currently available 
spectrophotometers clearly shows the subsequent very 
marked changes to the reverse situations. A “recent” 
survey made in 1959 is mentioned on page 18, and the 
reference to this is still incomplete. 

Discussion of sample handling now includes mention of 
newer micro-techniques and reflectance methods, though 
it is still contended that “current procedure” for obtaining 
solution spectra is to use “matched cells with carefully 
machined spacers of equal thickness” rather than a 
variable-path compensating cell. 

The section on interpretation now includes six worked 
examples to illustrate the use in structure determination 
of infrared in conjunction with NMR, mass, and electronic 
spectroscopy. 

Undoubtedly, the great worth of this book lies in the 
invaluable collection of structure/frequency correlation 
tables and charts in part two. These have been theroughly 
revised and updated, with the addition of significant 
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further data for heterocyclic compounds. This, together 
with a further twenty-four useful references, will ensure 
that chemists will, for a long time to come, continue to 
find this handy volume excellent value for money. 

D. E. WEBSTER 


HIGH MAGNETIC FIELDS 


Physics of Solids in Intense Magnetic Fields 

(Lectures presented at the First Chania Conference held 
at Chania, Crete, July 16-29, 1967.) Edited by E. D. 
Haidemenakis. Pp. xx+483. (Plenum Press: New 
York, 1969.) $27-50. 

Tue production of high magnetic fields is a specialized 
branch of technological physies which has recently under- 
gone a very dramatic change as a result of the discovery of 
very high field superconducting materials. Magnetic 
fields which previously required a megawatt or so of 
power to maintain them can now be matched or in some 
cases surpassed by winding the coil out of a high field 
superconductor which will then maintain a large magnetic 
field indefinitely at zero power cost. At the present time 
the fields produced by such coils tend to be limited to 
below 1x 10° oersteds, although this number is gradually 
going up as the technology of producing the coils is 
improved and as new materials are developed. This is 
opening the way to a host of new technological develop- 
ments in the direction of, for instance, superconducting 
electric motors. Research for improved materials and 
techniques means that studies of the basic physics of 
materials under high field conditions are becoming in- 
creasingly important for applications, in addition to their 
fundamental scientific interest. 

Much of the work reported in this volume, which consists 
of twenty-five papers forming part of the proceedings of a 
conference held in Crete, July 1967, was carried out at the 
Francis Bitter National Magnet Laboratory at Massa- 
chusetts Institute of Technology. This laboratory uses 
water-cooled conventional electromagnets which provide 
facilities available to many scientists in the United States 
for the study of materials under high field conditions. 
These are now being supplemented by superconducting 
magnets. “Hybrid” systems are also being developed. 
in which the field of a conventional magnet can be boosted 
up to fields of the order of 3 x 10° oersteds by surrounding 
it with a superconducting magnet. 

Unfortunately, although some attempts have been made 
to set up a high field facility in the United Kingdom, these 
have not so far met with ministerial approval, so that this 
particular branch of physics and technology has fallen 
somewhat behind in this country. Paradoxically, it 
seems likely that the first group to develop a large super- 
conducting magnet facility in the United Kingdom will be 
the high energy physicists who use these magnets in 
connexion with bubble chambers for studying the collisions 
of high energy particles. This is yet another example of an 
area where materials physicists in the United Kingdom 
are losing out in the competition for Government support 
to the heavyweights of science politics-——high energy 
physics and space and radio astronomy. 

High magnetic fields, of the order of 1 x 105 oersteds 
or above, form a useful tool for the study of the basic 
electronic states in solid materials. Several of the papers 
in this book are in the nature of reviews of a fairly peda- 
gogical character aimed at advanced graduate students or 
research workers in the field of solid state physics. These 
include reviews by E. Burstein on “The Interaction of 
Acoustic and Electromagnetic Waves (‘Son et Lumiére’) 
with Plasma in a Magnetic Field’, P. R. Wallace on “‘Inter- 
band Collective Effects and Magneto-optical Properties of 
Many Valley Semiconductors”, B. Lax and K. J. Button 
on “Quantum Magneto-optics at High Fields”, H. Hasegawa 
on “Effects of High Magnetic Fields on Electronic States in 
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Semiconductors—the Rydberg Services and the Landau 
Levels”, and W. A. Runciman on “The Zeeman Effect 
in Crystals’. A number of other papers form more 
specialized reports of recent research interests of the 
authors. 

Most of the articles in this book concern phenomena 
that can be discussed in terms of the motion of non- 
interacting electrons in the combined fields of the crystal 
lattice and the external magnetic field, together with the 
radiation used to study the materials. The techniques 
described have proved very successful for the elucidation 
of much information on the energy band structure of 
semiconductors and semimetals. Another field of interest 
is the propagation of electromagnetic waves through 
metals in high magnetic fields. Some of these are dis- 
cussed in an article by W. L. MeLean on ‘Helicon Pro- 
pagation in Metals: Quantum Oscillations in Tin”, 
Finally, there are a few articles on the properties of high 
field superconductors. The subject of the effect of high 
magnetic fields on cooperative phenomena such as 
magnetism is not discussed in this book. 

For the novice to the field the usefulness of the book is 
perhaps limited by the absence of an introduction. or 
survey article setting off the different topics in relation to 
each other. For the research worker in the field, however, 
it should form a useful source for recent developrnents 
in this particular branch of solid state physics. 

8. DONIACH 


BOLTZMANN EQUATIONS 


Mathematical Methods in Kinetic Theory 

By Carlo Cercignani. Pp. ix+ 227. (Plenum Press: New 
York, 1969.) $15. 

Cercicnanr’s book has parts concerned with each of two 
recent developments in the theory of ideal monatomic 
gases. The first discusses the nature of the solutions of 
the Boltzmann equation, especially when conditions 
deviate far from the Maxwellian state. The second deals 
with models of this equation which replace the actual 
collision term by an approximate form, and with solutions 
of flow and heat transfer problems derived using these 
models. The two are linked by the use of the eigenvalue 
theory developed in the first to suggest and justify models 
used in the second. The emphasis throughout is mathe- 
matical, the chief methods used being those of functional 
analysis and the theory of integral equations. 

The first section includes a derivation of the Boltzmann 
equation from Liouville’s Theorem, a deduction of the 
maeroscopie gas equations and the H-Theorem, the 
introduction of the linearized collision operator and an 
account of its properties (especially for cut-off potentials), 
and a critical account of what are described as the Hilbert 
and Chapman-Enskog methods of solution (though. 
perhaps these authors would have disowned some of the 
statements attributed to them). Cercignani does not 
proceed to the actual calculation of transport coefficients. 
The account of cut-off potentials, made largely for 
definiteness, introduces an unwanted continuous spectrum 
of eigenvalues; however, some of the methods invoked to 
cope with these are also of value in the second section. 

The chief of the models used in the latter section is the 
BGK model (introduced by Bhatnagar, Gross and Krook 
in 1954, though special cases of it have been used for 
about 50 years). This assumes a single collision frequency, 
independent of the molecular velocity, or equivalently & 
single eigenvalue of the collision operator. Generalized 
models refer to a collision operator with a finite number of 
eigenvalues, or to a collision frequency depending on the 
velocity (a continuous spectrum of eigenvalues). The 
BGK approximation is applied to studying the layers of 
slip or temperature-drop near a wall, and the structure 
of strong shocks, all concerned with effects that become 
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important when the free path is no longer small compared 
with the other lengths involved. Cercignani prefers 
analytical methods of solving the integral equations 
involved; he lists problems which have been discussed 
numerically, but gives little detail. 

The book has been attractively prepared. It reads 
easily, though this is in part because of the suppression of 
(not always unimportant) ancillary matter. It attempts 
to give exact proofs where possible; to achieve this it has 
sometimes to make non-physical assumptions which limit 
the range of validity of the proofs. One is not always 
sure that the book is concerned with actual gases; how- 
ever, as a mathematical exposition it possesses refreshing 
novelty. T. G. COWLING 


+ Ld 
Obituaries 
Professor P. W. Robertson 


Pati Witrrep Roserrsox, who died in London on 
May 7, was born in Auckland in 1885. From Wellington 
College he proceeded to Victoria University College, 
graduating MA with first class honours in chemistry in 
1905. In recognition of his academic competence and 
his ability in sport, especially hockey and tennis, he 
became the first of Victoria’s Rhodes Scholars (1905). 
At Trinity College, Oxford, he took MA with first class 
honours in chemistry and subsequently at Leipzig he was 
awarded a PhD. He became successively professor of 
chemistry at Rangoon College, Burma (1909-11), lecturer 
at Imperial College, London (1911-19), and professor of 
chemistry at Victoria University College, Wellington 
(1920-49). 

As an undergraduate, Robertson had an unusual 
aptitude for research. Even at seventeen it was obvious 
that he had in mind one of his principal objectives—to 
investigate the relationship between chemical constitution 
and physical properties. By the age of nineteen he had 
published in the Journal of the Chemical Society, London, 
and also in the Transactions of the New Zealand Institute, 
eight scientific papers entirely on his own. His earlier 
contributions touched on analytical chemistry including 
the well known method for halogen estimation, and on 
the mechanism of aromatic substitution. In extensive 
researches on eryoscopy, Robertson discovered the 
tendency of fatty acids to form double molecules which 
explained inter alia the two inflexions in the melting point 
and solidification curves of mixtures of adjacent even 
numbered fatty acids and assisted in the develop- 
ment of the theory that the component acids in the double 
molecules were held together by hydrogen bonding. 

Much of Robertson’s later work was concerned with 
the mechanism of organic chemical reactions, especially 
in connexion with electrophilic addition and substitution 
of halogens. Several of his papers on the importance of 
hyperconjugation in chemical substitution reaction ap- 
peared after his retirement in 1949, the last paper being 
published in the Journal of the Chemical Society in 1956. 

Robertson’s contributions to chemistry were paralleled 
by his literary achievements. They comprised two books, 
a number of short stories and a few poems. The earliest 
work published in 1920 under the title The Soul’s Progress : 
Mezzotints in Prose has been compared by Richard Le 
Galhenne with Walter Paters Imaginary Portraits. Its 
thread is continued in the autobiographical Life and 
Beauty, a testimony to the author’s ability to interpret 
foreign cultures, literatures and writers. His short story 
Odyssey in Wellington Harbour has been described as a 
masterpiece of conternporary New Zealand prose. 

His last publication appeared in Biology and Human 
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Affairs in 1967 in the form of a profound treatise on 
colour words and colour vision. 

In the preface to his first book he wrote: “There have 
been some who imagine that natural sciences will eventu- 
ally solve the riddle of the universe, while others have 
insisted, and porhaps rightly, that art being pure intuition, 
is a more certain key to a problem, one at least of whose 
factors is infinity’. In his unassuming way, Robertson 
endeavoured to approach the problem from both sides. 


Correspondence 


Will there be Catastrophe ? 


Str,—I am deeply saddened by the comfortable con- 
servatism and complacency of your leading article “Will 
there be Catastrophe ?” (Nature, 223, 550; 1969). 

The basic issues involved seem to have been avoided. 
Only minor occasions in which technological progress has 
clashed with social values were considered. But why 
does society have a say (and then usually too late) merely 
in the side effects of technology? Why are not the 
principal choices determined socially (i.e., selecting which 
of the opportunities presented by scientific research are 
to be developed) ? 

The reason seems to be that the public is mostly 
unaware of the choices available and scientists are too 
uninterested to inform them of the range of technological 
opportunities. The answer to this dilemma lies, largely, 
in an education system which instils in scientists an 
awareness of society and of their own special social 
responsibilities. 

Passive acceptance of the status quo and a complacent 
view of science are the antithesis of such a policy and 
just the type of attitude that suggests there will be a 
catastrophe. 





Yours faithfully, 


Davin Bieeins 
ARC Unit of Nitrogen Fixation, 
University of Sussex, 
Brighton BNI 9QJ, 


Sussex. 


Putting the Moon where it Belongs 


Srr,—In the article “Putting the Moon where it Belongs” 
(Nature, 223, 333; 1969), where you are discussing the 
scientific objectives of the Apollo flight, you say: “Where 
basie science is concerned, for example, it would probably 
have been possible to avoid some of the mistakes of the 
past few years if NASA had been more closely in relation- 
ship with the scientific community. Some of the Bio- 
satellite experiments would have had a poor showing if 
they had been put through the kind of intellectual mill 
to which academic research proposals are usually sub- 
jected, and is it really sensible to go looking for magnetic 
monopoles in samples of Moon dust recovered from the 
Moon this week ?” 

Since I am the principal investigator who proposed the 
monopole search to NASA, it would appear that Natere’s 
question (if it is not rhetorical) should be answered by 
me. I have just re-read my 1967 proposal, which is 
unfortunately too long to be reproduced with this letter, 
and I find the arguments presented at that time stil] 
valid. The opening sentence of my proposal reads: 
“Modern experimental physicists are generally agreed that 
the discovery of any one of the following three objects 
would constitute a major breakthrough in our under- 
standing of the physical universe: (1) free magnetic 





NATURE, VOL. 223, SEPTEMBER 6. 1969 


monopoles, (2) the heavy particles (quarks, etc.) whose 
existence has been postulated to explain the observed 
regularities in the ‘spectroseopy of fundamental particles’, 
and (3) gravitons, or some observation of gravity waves.” 
(In view of the very recent discovery of gravity waves by 
Joseph Weber, I was pleased to be reminded of this 
sentence.) 

Searches for physical phenomena of the kind just men- 
tioned have a special fascination for experimental physi- 
cists in that if one multiplies the chance for success (which 
is admittedly very low) by the scientific importance 
(which is enormous), the product compares favourably 
with that of the more routine experiments on which one 
spends most of one’s scientific life. 

It is now 21 years since Dirac showed that the existence 
of monopoles was consistent with all known physical 
phenomena, and would explain the otherwise inexplicable 
facts of electric charge quantization. The existence of 
monopoles would of course also bring symmetry to the 
sources of electric and magnetic fields—a symmetry that 
is conspicuously absent from Maxwell’s equations, which 
demonstrate the complete symmetry between the fields 
themselves. 

My file of reprints of papers concerning monopoles 
now numbers more than fifty, and involves work initiated 
or performed by an illustrious group of physicists including 
Dirac, Fermi, Teller, Amaldi, Purcell, Schiff and Schwinger. 
Theory and experiment indicate that magnetic monopoles 
must be created in pairs, in energetic nuclear encounters. 
The accelerators at Brookhaven and CERN cannot pro- 
duce magnetic monopoles, so, until the Serpukhov 76 GeV 
and the Weston 200-400 GeV machines can be tried, the 
search for monopoles must depend on primary cosmic ray 
bombardment. The Earth’s atmosphere is a likely target 
that has been investigated many times without success. 
The difficulty concerns the ultimate fate of the monopoles 
produced—there have been many answers to the question 
“Where do monopoles come to rest after being produced 
in the atmosphere by high energy cosmic rays?’ The 
problem is complicated by the Earth’s magnetic field and 
its frequent. reversals during geological time. Searches 
have been made for monopoles in ice from the north 
magnetic pole, in outcrops of magnetic ore in New 
England, and in cores from the ocean floor. 

To avoid problems of diffusion in the atmosphere, 
searches have been made in meteoritic material. There, 
one of the problems involves the ablation of the interesting 
surface material; any monopoles present in the meteorite 
could be lost with the surface layer, as the meteorite 
burned in its passage through the atmosphere. (Measure- 
ments of cosmic ray produced nuclides in meteorites yield 
the best information concerning the degree of surface 
ablation.) The second problem in using meteorites is 
that any bulk sample should contain equal numbers of 
north and south monopoles; monopoles slow down very 
rapidly in solid matter, so a free north and south pole 
would end up in close proximity. Effective monopole 
searches in meteorites can therefore be made only in 
ground-up material, in which, for statistical reasons, 
corresponding north and south poles find themselves in 
different test samples. “Moon dust” has been churned by 
micrometeorites to the point that it resembles the ground- 
up meteorites that museum curators so dislike to see 
prepared. 

The Moon’s surface is unique in that it has been exposed 
in vacuum to primary cosmie rays longer than the 
meteorites, in a non-magnetic environment, and the ex- 
posed surface can be brought through the atmosphere in 
a “box within a box”, so that ablation effects can be 
ignored. The “churning” of the Moon’s surface by 
meteoritic impact simply lowers the monopole density in 
the surface layers; monopoles can’t be lost except in 
mutual annihilation. All of these factors have convinced 
me that my associates and I can make the most definitive 
search for magnetic monopoles yet proposed or attempted. 
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Furthermore, the search is non-destructive; it doesn’t 
subtract a microgram from the available sample, and it 
didn’t add a microgram to the weight of the lunar module, 
nor subtract a microsecond from the time the astronauts 
had to do science on the Moon. And, for the reasons I 
gave earlier in this letter, I think the continuing search 
for magnetic monopoles, whenever the chance arises to 
do the job more effectively, is very worthwhile and in the 
best scientific tradition. 
Yours faithfully, 


Luis W. ALVAREZ 
University of California, 
Berkeley, California 94720. 


University News 


Dr John T. Wilson has been appointed provost of the 
University of Chicago. Dr Wilson was deputy director 
of the US National Science Foundation until his move to 
Chicago a year ago. 


Announcements 


Methuen and Co. Ltd are the British publishers of the 
book Induction and Intuition in Scientifie Thought by 
P. B. Medawar, the American edition of which was 
reviewed in Nature (222, 1095; 1969). The British edition. 
is available in hardback (16s) and paperback (7s). 


Dr André Guinier, professor of solid state physics at 
the Faculty of Science of Orsay, France, has been, elected 
president of the International Union of Crystallo- 
graphy. 


International Meetings 


September 23-24, Vertebrate Palaeontology and Gom- 
parative Anatomy, Newcastle upon Tyne (Dr A. L. 
Panchen, Zoology Department, University of Newcastle 
upon Tyne, UK). 

September 23-24, High Speed Photography, Birming- 
ham (Mr R. J. Cox, 44 Gade Avenue, Watford, Hertford» 
shire, UK). 

October 6-10, Safety Aspects of Hot Laboratory 
Equipment and Remote Control Systems, Vienna 
(International Atomic Energy Agency, Kartner Ring 11, 
A-1010, Vienna, Austria). 

October 6-10, Forest Symposium, Belgium (Special 
Committee for the International Biological Programme, 
7 Marylebone Road, London NW1). 


October 7-10, Separation Methods, Lausanne (Schweiz- 
erischer Chemiker, Falkennstrasse 12, Ch 8008 Zurich, 
Switzerland). 


Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of families about to 
take up periods of sabbatical leave. To begin with, 
no charge will be made for advertisements like this. 
It is hoped that a period of experiment will show what 


form these advertisements could most usefully take and 
whether they are effective. 


Wanted: Furnished accommodation in Oxford area, 
preferably in city, for visiting Australian scientist, 
December 1969—July 1970. Please contact: P. EL T. 
Beckett, Department of Agricultural Scienes, Oxford 
(57245). 
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British Diary 


Monday, September 8 


1969 European Microwave Conference (five days) Institution of Electrical 
Engineers, London WEZ, 


Distillation 1969 (three-day international symposium) Institution of Chemical 
Engineers, at Brighton, 


Tuesday, September 9 


Industrial Training (7.30 p.m.) Mr H. DeLooze, Oil and Colour Chemists 
Association, West Riding Branch, at the Griffin Hotel, Leeds. 


Particle Size Analysis (three-day conference) Society for Analytical 
Chemistry, at the University of Bradford. 


Systems Engineering (vacation school, five days) Institution of Electrical 
Engineers, at Lancaster. 


Technological Forecasting—-Some Techniques (two-day symposium) 
niversity of Aston in Birmingham. 


Wednesday, September 10 


Radiation Units for Protection Purposes and their Realization 
(symposium) British Radiological Protection Association, at the 
National Physical Laboratory, Teddington, Middlesex, 


Thursday, September I! 


Structure and Function of Interphase Chromosomes (two-day sym posium) 
British Society for Cell Biology, at the University of Glasgow. 


Saturday, September [3 


Antifouling Paints (10 a.m.) Mr I. R. McCallum, Oi) and Colour Chemists 
Association, Scottish Branch--Student Group, at St Enoch Hotel, 
Glasgow. 


Sunday, September 14 


The Structure and Biological Role of Proteins (six-day research conference) 
Biochemical Society, at Wye College, Ashford, Kent. 


Monday, September 15 


Calorimetry in Chemical and Biological Sciences (three-day international 
symposium} University of Surrey; and LKB Instruments, Ltd, 
at the University of Surrey, Guildford. 


Industrial Applications of Dynamic Modelling (four-day conference) 
Institution of Electrical Engineers, at Durham, 


Tropical and Sub-tropical Fruits (five-day conterence) Tropical Products 
Institute, Ministry of Overseas Development, at London, 


Reports and Publications 


(not included in the monthly Books Supplementy 
Great Britain and Ireland 


Medical Research Council Annual Report, April 1968-March 1969. Pp 
vi+317. (London: HM Stationery Office, 1969.) 28s, net, [48 
An Annotated Bibliography of the Tasmanian Aborigines. By N, J. B. 
Plomley. Pp. xix+143. (London: Royal Anthropological Institute of 
Great Britain and Ireland, 1969.) 30s.; $3.60. 58 
Is Britain Really Strike-Prone ?—A Review of the Incidence, Character 
and Costs of Industrial Conflict. By H, A. Turner. (University of Cam- 
bridge, Department. of Applied Economica—Occasional Papers, No. 20.) 
Pp. 48. (London: Cambridge University Press, 1969.) 88, net; $1.75. [58 
The Accreditation and Recognition Schemes for Suppliers of Laboratory 
Animals, Pp. 25, (Carshalton, Surrey: MRC Laboratory Animals Centre, 
n 8 
Ministry of Transport, Road Research Laboratory, RRL Report LR 266; 
The Effect of Weather Conditions on Early Strains in Concrete Slabs. By 
R. E. Franklin. Pp. 6+ tables and figures. (Crowthorne, Berkshire: Road 
Research Laboratory, 19860.) Gratis. {68 
British Steel Corporation. BISRA Corrosion Publications, 1963-1968 
including the main publications of the Corrosion Committee, Pp. 11. 
(London: BISRA—The Inter-Group Laboratories, 1969.) [78 
Automation and Data Processing in Pathology. (Symposium organized by 
The College of Pathologists and delivered in London in February 1969.) 
Edited by T. P. Whitehead. (Supplement No, 3 to the Journal of Clinical 
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each week is; 

“12 MONTHS (52 issues and 4 indexes) 


Great Britain and Eire . £14.0.0 each 





(by air freight) 

(by air freight) 
Elsewhere overseas by surface mail 
(Charge for delivery by air mail on application) 
*Shorter periods pro rata. (Minimum three months.) 





NATURE, VOL. 223, SEPTEMBER 6, 1969 


Pathology.) Pp. xvili+ 130. (London: Journal of Clinical Pathology, 1969- 
Published for The College of Pathologists.) 308, 78 
Ministry of Technology, National Engineering Laboratory. Report of the 
Steering Committee and Direetor of the National Engineering Laboratory 
for 1967-68. Pp. 20. (Hast Kilbride, Glasgow: National “Engineering 
Laboratory, 1969.) (78 
Captain James Cook--After Two Hundred Years, A commemorative 
address delivered before the Hakluyt Society by R. A. Skelton, Pp, 3832+24 
ilustra tions, (London: British Museum (Natural History), ine 
78. Od. 
Ministry of Public Building and Works. Archaeological Excavations, 
1968. Pp. 64. (London: HM Stationery Office, 1069.) 7s, net. {118 
Notes and Records of the Royal Society of London. Index to Volumes 1 
to 20 (1938-1965). Pp. xiviii. (London: The Royal Society, 1969.) 5s. (118 
, Greenwich Time Report. Royal Greenwich Observatory—Time and 
Latitude Service, 1968 January~March. Pp.20, (London: Sefence Research 


Council, 1969.) (11 
Natural Rubber Producers’ Research Association. Thirty-frst Annual 


Report, ae 45. (London: Natural Rubber Producers’ Research fee 
jon, J 
Building Research Station, Current Papers. 24/69; The Efficiency of 


Horizontal Drainage Layers for Accelerating Consolidation of Clay Embank- 
ments. By R. E. Gibson and G. C. Shefford. (Reprinted from Geotechnique, 
1968, Vol. 18, September.) Pp. 11. 15/69: Studies in Composite Construc- 
tion--an Elastic Analysis of Wall-Beam Structures, By J, R, Colbourne. 
Pp. 11. (Garston, Watford: Building Research Station, 1969.) Gratis, (138 


Other Countries 


Canada: Department of Energy, Mines and Resources. Highlights ‘68. 
Pp. 24. (Ottawa: Queen's Printer, 1969.) 317 

Journal of Nutrition Education, Vol. 1, No. 1, Sammer 1989. Pp. 1-32. 
Published quarterly, Subscription rate $6 for four issues, (Berkeley, 
California: Journal of Nutrition Education, 119 Morgan Hall, University of 
California, 1969.) 48 

European Organization for Nuclear Research. Annual Report 1968. 
theo” (Geneva: European Organization for Nuclear Research, OBEN, 
1969. 

Maritime Transport. (A Study by the Maritime Transport Committee.) 
Pp. 118. (Paris: ORCD; London: HM Stationery Office, 1969.) 13 francs: 
22s. Gd.; $3.20, {48 

Science Council of Canada. Third Annual Report, 1968-66. Pp. xi+40. 
(Ottawa: Science Council of Canada, 1969.) 48 

Canada: Department of Energy, Mines and Resources. Geological Survey 
of Canada. Bulletin 176: Ordovician and Silurian Stratigraphy of the 
Southern Rocky Mountains. By B. 8. Norford. Pp. 90 (19 plates). $2.75. 
Paper 68-51: Rocks and Minerals for the Collector: Buckingham—Mont 
Laurier—Grenville, Quebec; Hawkesbury—Ottawa, Ontario, By Ann P. 
Sabina. Pp. vili +107. $2. Paper 69-23: Lower Jurassic Rocks and 
Fauna Near Ashcroft, British Columbia and their Relation to Some Granitic 
Plutons (92-1). By Hans Frebold and H, W. Tipper. Pp. iv+26. $1.50. 
Paper 67-19: Fernie and Mines Strata North of Peace River, Foothills of 
Northeastern British Columbia. By D, F. Stott, Pp. v+132, $8.50. 
(Ottawa: Queen’s Printer, 1969.) [48 

Bulletin of the American Museum of Natural History. Vol, 141, Article 3: 
The Structure and Relationships of the Paracanthropterygian Fishes. By 
Donn Eric Rosen and Colin Patterson. Pp. 357-474 + plates 52-78. (New 
York: American Museum of Natural History, 1969.) 86. 48 

Occasional Papers of the Museum of Zoology, Louisiana State University. 
No, 36: A New Species of Blackbird (Agelaius) from Peru, By Lester L. 
Short. Pp. 8. (Baton Rouge: Louisiana State University, 1969.) 

American Museum Novitates. No. 2362: Preliminary Results of an 
Ornithological Exploration of the North Coastal Range, New Guinea. By 
J. M. Diamond. Pp. 57. No, 2369: A New Genus and Species of Gooselike 
Swan from the Pliocene of Nebraska. By Lester L. Short. Pp. 7. (New 
York: American Museum of Natural History, 1969.) [58 

Australia: Commonwealth Scientific and Industrial Research Organization. 
Soll Publication No, 25: Soil Surfaces and Sedimentary History near the 
Macdonnell Ranges, N.T. By W. H. Litchfield. Pp. 45+2 maps, (Meb 
bourne: Commonwealth Scientific and Industrial Research Organization, 
1969.) 5 

Bulletin of the Florida State Museum, Biological Sciences, Vol. 18, No, 3: 
Gopherus berlandieri in Southeastern Texas. By Walter Auffenberg and 
W. G. Weaver, Jr. Pp. 141-203. $085, Vol. 18, No. 4: The Mammal 
Fauna of Schultze Cave, Edwards County, Texas. By Walter W, Dalquest, 
Edward Roth and Frank Judd. Pp. 205-276, $0.90, Vol. 13, No, 5: 
Chironomidae (Diptera) of Florida. 3: The Harnischia Complex (Chirono- 
minae). By Elizabeth ©. Beck and William M. Beck, Jr, Pp. 277-313. 
Vol. 14, No. 1; Studies on the Evolution of Box Turtles (Genus Terrapene). 
By William W. Milstead. Pp. 1-113. $1.50. Vol. 14, No. 2: Miocene and 
Pliocene Artiodactyls, Texas Guif Coastal Plain. By Thomas Hudson 
Patton, Pp. 115-226. $1.50. (Gainesville, Florida: Florida State Museum, 
1969.) vi 

Population Bulletin, Vol, 25, No, 3 (June 1969): The “Brain Drain’ — 
Fact or Fiction? Pp. 57-88. (Washington, D.C.: Population Reference 
Bureau, Ine., 1969.) (78 
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We offer a range of flame analytical equipment designed to 


satisfy the widest variety of applications, requirements and budgets, from the 


simplest instrument typified by the EEL 100 Flame Photometer to the most 


sophisticated, as represented by the EEL 170 Digital Flame Photometer and the 


EEL 240 Atomic Absorption Spectrophotometer. 





The EEL 240 


EEL 240 ATOMIC ABSORPTION 
SPECTROPHOTOMETER Designed specifically 


to obtain improved detection limits and complete 
stability this outstanding and self-contained instru- 
ment offers scale expansion and signal integration 
amongst a feature-packed specification, which 
includes emission flame facilities, 


EEL 150 CLINICAL FLAME PHOTOMETER 


Developed expressly for medical laboratories, 
simultaneously determines sodium and potassium 
in serum and urine samples over the ranges Na 
0-200 mEg/litre, and K 0-10 and 0-100 mEq /licre, 


EEL 227 INTEGRATING FLAME 
PHOTOMETER Employs beth an internal 


standard and integrating system of measurement 
to confer the highest precision in the simultaneous 
determination of sodium and potassium in solution. 
Lithium and calcium can also be determined, 








The EEL 
100 


EEL 100 FLAME PHOTOMETER 


This compact and simply operated instrument, of 
which many thousands have been sold, has been 
largely responsible for establishing flame photo- 
metry as a routine laboratory technique, For che 
determination of sodium, potassium and lithium 
over the ranges 0-2, 0-3 and 0-15 p.p.m, respec- 
tively, 
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The EEL 170 


EEL 170 DIGITAL FLAME PHOTOMETER 


An advanced flame photometer employing an 
internal standard for the simulsaneous determina 
tion of sodium and potassium. Available in four 
variations ranging from manual to fully auterestic 
with printout to suit differing requirements. 


EEL 72 RECORDING SODIUM MONITOR 


For installation in che staam=water cycle of boiler 
houses and the associated water treatmant plant, 
provides a continuous record of sodium cone 
taminacion 


EEL 140 ATOMIC ABSORPTION 
SPECTROPHOTOMETER An accurate and 


sensitive instrument for trace determinations of 
over 60 metallic elementa on a wide variety of 
samples, To utilize fully the versatility of the 
technique, a wide range of ancillary equipment is 
available including an autosampler for the auto- 
matic presentation of samples. 


EVANS ELECTROSELENIUM LIMITED 


HALSTEAD :- 
Telephone: Halstead 2461 

EEL. INTERNATIONAL LIMITED 
BAYSWATER 


DISTRIBUTORS AND SERVICE 


, ENGLAND 
Telex : 88204 


WORLD 








UNIVERSITY OF EAST AFRICA 


LENTIFIC GIVIL SERVI 


FRESHWATER FISHERIES LABORATORY, PITLOCHRY 


Department of Agriculture and Fisheries for Scotland 


FISH BIOLOGIST OR PHYSIOLOGIST (graded Senior Scientific Officer/Scientific 
Officer) to carry out investigations of the behaviour or physiology of salmonid fish, 
especially salmon, 

SALARY : SO. £1,071-—£1,827; SSO. £2,021—£2,491. 

QUALIFICATIONS : ist or 2nd Class honours degree in zoology or an equivalent 
qualification and for $.S.0. at least three years’ postgraduate experience, 

Prospects of permanent pensionable appointment. 

APPLICATION FORMS and further information from The Establishment Officer, 
Department of Agriculture and Fisheries for Scotland, Room 17XC), St, Andrew’s 
House, Edinburgh EH! 3DA, 

Closing date: September 26, 1969, 


TROPICAL PRODUCTS INSTITUTE 


Ministry of Overseas Development 
56-62 Gray’s Inn Road, London W.C.1 


FRUIT TECHNOLOGIST (graded Senior Scientific Officer/Scientific Officer) for 
investigational and development work on the processing and post-harvest handling 
of tropical agriculture produce. This is a home-based post, the duties of which will 
include lengthy assignments in developing countries. 

Salary: S.O. £1,071—£1,827; S.S.O. £2,021~£2,491. 

Qualifications ; Ist or 2nd Class honours degree, or equivalent qualification in Food 
Science, Technology or related subjects, and, for §.S.0,, at least 3 years’ postgraduate 
experience, Age: S.O. under 29, $3.0. normally 26 to 3. 

Prospects of permanent pensionable appointment. 


APPLICATION FORMS and further details from the Administrative Secretary at the 
above address. 


AGRICULTURAL SCIENTIFIC SERVICES 


Department of Agriculture and Fisheries for Scotland 
East Craigs, Edinburgh 


BOTANIST (graded Experimental Officer/Assistant Experimental Officer) required w 
do plant quarantine work. The immediate task will be to deal with imported potato 
varieties and training will be given. Ultimately there will be opportunity to work on 
general international aspects of plant health. 

Salary : A.E.O. £809 (at 20)}--£940 (at 22)--£1,208 (at 26 or over)—£1454; EO. 
EL, S90--£2.006, 


Qualifications: Degree, H.N.C., or equivalent in Botany, Zoology or Agriculture, 
Age: A.E.O. under 28; EO. normally 26 to 30, 

Prospects of permanent pensionable appoinument. 

APPLICATION FORMS and further details from the Secretary, Department of 
ferioature and Fisheries for Scotland, Reom 17X9, St. Andrew's House, Edinburgh 
AE A. 


Closing date: September 19, 1969, 


(810) 





UNIVERSITY OF IBADAN 





MAKERERE UNIVERSITY COLLEGE—- 
UGANDA 


Applications are invited for LECTURESHIP 
IN DEPARTMENT OF MATHEMATICS, avail- 
able by July, 1970, Salary scale £EA1,350 to 
EA2230 per annum (KEAL=<£1 4s, 4d. sterling). 
Salary supplemented in range £345 to £410 per 
annum (sterling) and education allowances and 
children’s holiday visit passages payable under 
British Expatriates Supplementation Scheme. 
F.8.S.U0. Family passages, biennial overseas 
eave. 

Detailed applications (six copies), naming three 
referees by October 17, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, Lon- 
don, WIP ODT, from whom particulars are 
available, (812) 


UNIVERSITY COLLEGE LONDON 
DEPARTMENT OF CHEMISTRY 


Applications are invited for the post of Re- 
search Assistant in High-Resolution Molecular 
Electronic Spectroscopy. Facilities include a 
recently completed Czerny-Turner grating vacuum 
Spectrograph with good range of ancillary equip- 
ment, Current interests include high resolution 
studies on smell, aromatic molecules and pre- 
dissociation in polyatomic spectra especially in 
the vacuum ultra-violet region. Some experi- 
ence in Experimental Spectroscopy or Molecular 
Physics is desirable. 

Salary in range £1,240 to £1,470, admission to 
FS.S.U. considered. Further particulars from 
Dr. J. E. Parkin, Department of Chemistry, 
University College London, Gower Street, 
WEL (814) 


NIGERIA 


Applications are invited for (a) SENIOR 
LECTURESHIP or (b) LECTURESHIP (TREE 
CROP HUSBANDRY? IN DEPARTMENT OF 
AGRONOMY. Applicants must be conversant 
with the tropical crops such as cocoa, oil palm, 
rubber citrus, ete. Experience in teaching in 
tropical areas and in statistics and field experi- 
mentation advantageous. Salary scale: (a) £N2,275 
to £N2,575 per annum; (b) £N1,200 to £N2,175 
per annum (ENisx£l 3s. 4d. sterling). Salary 
supplemented in range £450 to £725 per annum 
(sterling) and education allowances and children's 
holiday visit passages payable in appropriate 
cases under British Expatriates Supplementation 
Scheme, Family passages; varlous allowances ; 
F.S.S.U.; regular overseas leave. 

Detailed application (six copies), naming three 
referees, by September 30, 1969, to Inter- 
University Council, 90/91 Tottenham Court 
Road, London, WIP ODT, from whom particu- 
lars are available, (833) 


UNIVERSITY OF BRISTOL 
DEPARTMENT OF ZOOLOGY 


Research posts concerned with studies on the 
respiration of animals are available at postgradu- 
ate and postdoctoral levels. As the posts form 
part of an interdisciplinary group, a qualification 
in zoology or physiology is not essential. The 
salary range is £800 to £1,700 per annum ac- 
cording to qualifications. 

Applications, giving the names of two referees, 
should be sent to Professor G. M. Hughes, De- 
partment of Zoology, Woodland Road, Bristol, 
BS8 1UG, by September 10. (821) 


For further Classified advertisements see page viii 


THE 
UNIVERSITY OF 
LEEDS 


Applications are invited jor posts in 
the following Departments : 


SCHOOL OF AGRICULTURAL 
SCIENCES 
RESEARCH ASSISTANT 


Candidates should be graduates in Bio- 
chemistry or Agricultural Biochemistry 
to work in Animal Nutrition Research 
Unit. Appointment for one year, re- 
newable up to a maximum of three 
years, The successful candidate may 
be able to register for a higher degree. 
SALARY : Initially will be £650. 

Ref. No 41/8/D, 


Applications (three copies), stating age, 
qualifications and experience and 
naming three referees, should reach the 
Registrar and Secretary, The Univer- 
sity, Leeds LS2 9JT, not later than 
September 12, 1969, quoting the refer- 
ence number. Further particulars may 
be obtained from Professor J. A, F. 
Rook, School of Agricultural Sciences, 


SCHOOL OF DENTISTRY 
BIOLOGICAL RESEARCH UNIT 
RESEARCH ASSISTANT 


with good degree in Biochemistry or 
Chemistry /Biology required to work on 
the changes occurring in enamel pro- 
tein during mineralisation. The suc- 
cessful candidate may be able to regis- 
ter for a higher degree. 

SALARY £850 per annum, 

Ref. No. 60/5/D. 

Applications to Dr. J. A, Weatherall, 
The Biological Research Unit, The 
School of Dentistry, Blundell Street, 
Leeds LS! 3ET, as soon as possible. 
Please quote the reference number. 


(840) 
SN E 





NATURAL ENVIRONMENT 
RESEARCH COUNCIL 


ASSISTANT EXPERIMENTAL 
OFFICER /EXPERIMENTAL 
OFFICER 


Applications are invited for the post of 
Assistant Experimental Officer /Experimen- 
tal Officer for duties in the Geology and 
Geophysics Section of the Council's Head- 
quarters, 

The successful applicant will be expec- 
ted to assist in all the activities of the 
section, which include the implementation 
of Council's policy of co-ordinating the 
programmes of its research establishments 
within the earth sciences (including the 
Institute of Geological Sciences) and pro- 
viding support for universities by means of 
research grants and training awards. 
Qualifications : 

A degree, or an equivalent or higher 
qualification, preferably with Geology as a 
major or subsidiary subject and some rele- 
vant postgraduate experience. 

Salary ; 

Assistant Experimental Officer (at least 
2) and under 28 at December 31, 1969) 
£997 to £1,579 (includes £125 Inner London 
Weighting). 

Experimental Officer (at least 26 and 
under 31 at December 31, 1969) £1,715 to 
£2,131 (includes £125 Inner London 
Weighting). 

Toitial appointment will be non-pension- 
able but there are prospects of a perma- 
nent and pensionable post. Application 
form and particulars from the Natural 
Environment Research Council (E-G), 
Alhambra House, 27-33 Charing Cross 
Road, London, W.C.2, quoting Ref, 
€2.2.39. 


Closing date: October 7, 1969. (834) 
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Return toR& D| 


in Britain 





Are you a British scientist or engineer thinking of returning to work in research and 
development in Britain ? You may find what you are looking for, without going home 
first, in the Scientific Civil Service, the United Kingdom Atomic Energy Authority, or 
the Central Electricity Generating Board. And your family fares back to this job 
may be paid. 


The work is mainly applied, in that it has a practical end in view, but fundamental 
research is frequently involved. There are likely to be openings in most branches of 
the physical and engineering sciences, especially in mathematics and computing. 


Career Appointments 

are on offer mainly at the starting point of Scientific Officer and Senior Scientific 
Officer (or their equivalents), for which candidates will most likely be between the 
ages of 23 and 31. 


Research Fellowships 
are prestige awards, offered to scientists and engineers of exceptional ability, usually 
for 2-3 years. Fellowships may lead to career appointments. 





A Selection Board composed of practising research scientists and engineers, 
drawn from R. & D. establishments in the three organisations, will be in-— 


CANADA (OTTAWA): U.S.A. (NEW YORK AND 


SAN FRANCISCO): 


interviews beginning in mid-January 
1970. Last Day for the receipt of 
applications: 5th December 1969. 


If you are in Canada 

please write to: 

Mr. H. G. Sturman, 

Senior UKAEA Representative 
in Canada, 

P.O. Bax No. 1245, 

Deep River, Ontario. 


interviews beginning in mid-March 
1970. Last Day for the receipt of 
applications: 9th January 1970. 


If you are in the U.S.A, 
please write to: 

Or. J. M. Lock, Director, 
United Kingdom 
Scientific Mission, 
British Embassy, 
Washington, D.C. 20008. 


Issued jointly by the Civil Service Commission, the U.K. Atomic Energy Authority 
and the Central Electricity Generating Board, 





GOVERNMENT OF NORTHERN IRELAND 
Ministry of Agriculture 


BIOMETRICIAN 


Applications are invited for a pensionable post in the Biometrics 
Division of the Ministry of Agriculture. 


DUTIES : The successful candidate will be concerned mainly with the 
design and analysis of laboratory and field experiments and surveys 
and with the statistical assessment of genetical studies on poultry, 
cattle and herbage plants. 


Qualifications : Candidates should be of British nationality and have 
a First or Second-class Honours Degree or equivalent in Mathematics 
or Biology with specialisation in and/or experience of statistics with 
special reference to the design and analysis of experiments and surveys. 


SALARY SCALES; £1,071 to £1,827; £2,021 to £2,491, Scale and 
initial salary offered will be related to qualifications and experience. 


Application forms are obtainable from the Secretary, Civil Service 
Commission, 45 Chichester Street, Belfast, BTI 4JU and must be 
returned by September 29, 1969. 


Please quote S.B. 125/69/64. 


(© RESEARCH 
METALLURGIST 


The Broken Hil Proprietary Co. Ltd., Australia’s largest Company, 
have a vacancy for an Experimental Officer at their newly 
opened Melbourne Research Laboratories. He will be required 
to assist with projects concerned with various aspects of 
solidification and the position calls for a person experienced in 
physical metallurgy and equipment design and possessing a 
capacity for original thought. 


QUALIFICATIONS 


A degree or other qualification giving a professional status. 
The age range would be between 25-30 years. 


SALARY 

A minimum salary of $5,000 per annum is envisaged but a 
higher salary would be negotiated for a person possessing 
higher qualifications or long post-graduate experience. 
GENERAL CONDITIONS 

Free passages to Australia by air or by sea would be arranged 
for the appointee and his family. A settling-in allowance 
would be paid and after a short probationary period the 
applicant may participate in a generous pension scheme and 
medical benefit scheme and enjoy free life insurance. Sub- 
sidized housing would be available on arrival. 


Please apply for an application form to 
Mr. A. S. Cornell, 
THE BROKEN HILL PROPRIETARY CO. LTD., 


Hanover House, 14 Hanover Square, 
London WIR OND. (817) 
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UNIVERSITY 
OF DUBLIN 
Trinity College 


TWO RESEARCH STUDENTSHIPS 
IN THE DEPARTMENT OF BOTANY 


Applications are invited for two 
research studentships tenable in the 
Department of Botany under the 
direction of Professor W. A, Watts. 


Salary: £600 p.a., with travel allow- 
ance. 


The studentships are part of a pro- 
gramme sponsored by the Office of 
Public Works to further research on 
aspects of conservation management 
and basic ecological study in the 
Killarney National Park. Topics of 
particular interest are autecology of 
Rhododendron ponticum, ecology of 
red and sika deer populations, 
limnology and plant sociology. 


Applicants should send particulars of 
their academic career, together with 
the names of two referees to: 
The Assistant Secretary (Staff), 
Trinity College, 
Dublin 2. 
not later than September 10, 1969. 
(B69) 





UNIVERSITY OF SYDNEY 
LECTURESHIP IN BIOLOGY 


Applications are invited for the above- 
mentioned post. 

The School of Biological Sciences is particu- 
larly interested in adding to its staff in ube Reids 
of comparative physiology or in ecology, bat suit- 
able candidates in other fields will be seriously 
considered. 

Salary will be within the range of $45,400 by 
$4276 to $A7,300 per annum, 

Further information about the position may be 
obtained by writing to Professor G. H. Satchel, 
School of Biological Sciences, University of 
Sydney, New South Wales 2006, Australia. 

information about superannuation, housing 
scheme, sabbatical leave, etc., and method of 
application from the Secretary-General, Associa- 
tion of Commonwealth Universities (Appts.), 16 
Gordon Square, London, WCA. 

Applications close in Australia and London on 
September 29, 1969. (862) 
UNIVERSITY OF BELFAST 
DEPARTMENT OF CHEMISTRY 
Applications are invited for the post of Re- 
search Assistant for work on the synthesis of 
organic compounds in the Department of Chem- 
istry. Placing on the salary scale, at present 
£650 to £1,040 per annum, will depend on 

qualifications. 

Applications, including the names of two 
referees. should be sent to The Seeretary, De- 
partment of Chemistry (Organic), Queen's Uni- 
versity, Belfast, BTS SAG before September 18, 
1969, (RTA) 


UNIVERSITY OF 


SOUTHAMPTON 
DEPARTMENT OF PSYCHOLOGY 
RESEARCH ASSISTANT required 












immediately in a project investigating au 
nomic characteristics of criminalis, Initial 
appointment within the range £800 to £950 
per annum, unt September 30, 1970, 
Candidates should be graduates in Psycho- 
logy and have competence jin statistical 
analysis and imerest in autonomic corre» 
lates of personality differences, 
Applications as soon as possible to the 
Deputy Secretary, The University, South- 
ammon SOO SNH; further information 
from Professor Gordon Traster (Telephone 
Southampton $6331, extension 373), guot- 
ing Reference N., (86) 
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A VACANCY IN THE 
CLINICAL CHEMISTRY 
LABORATORY 


Shell Research Limited, Tunstall Laboratory, Sittingbourne, Kent, 













have a vacancy in the Clinical Chemistry Laboratory of their Toxicology and Physiology 
Division. 

Candidates should be qualified in Chemical Pathology, preferably with I.M.L.T. diploma 
or HNC (MLS). However, consideration will be given to candidates qualified to intermediate 
ILM.L.T., or ONC (MLS) level. A minimum of two years’ experience in routine chemical 
pathology is essential while knowledge of automatic analytical techniques would be 
desirable. 

Fringe benefits include an excellent pension scheme, a staff restaurant, and sports 
slab. 


Applications, in writing, giving brief details of qualifications and experience, should be 
sent to: 


ocial 





Personnel Division, 
Shell Research Limited, 
Broad Oak Road, Sittingbourne, KENT 








DEPARTMENT OF VETERINARY 
MANAGEMENT SELECTION PHYSIOLOGY 
5 . i Applications are invited for the posi of 
Please state briefly, in writing, how each RESEARCH ASSISTANT to join an 
requirement is met, Nothing will be disclosed, unless S.R.C, Somatosensory Research Group ife 


1 s sagt 5 vestigating sensory mechanisms in central 
you give permission after a confidential interview. nervous system in primates. Applicants, 


as who should be graduates, should have an 
interest in information processing by the 
CNS and in the application of computers 
in this field. 





The Species aalay wil be £1170 per 


Head of Pharmacology Sc een 


will commence duty on October 1, 1069, or 


as soon as possible thereafter. 
about £6000 Further particulars may be obtained from 
the Secretary ta the University, Oki Col 
lege, South Bridge, Edinburgh, EHS YL, 
with whom applications, giving the names 


Se ay ia of two referees, should be lodwed not tater 
to take charge of an existing department of a British pharma- than September 15. 1969. Please cuote 


ceutical company which is undergoing rapid expansion, reference 5024/53. (01) 
particularly in ethical products. New laboratories have been 
built, and outlay on research and development, which has 
recently doubled, is planned to increase again fivefold with- 
in the next six years. The main effort is in the field of 
allergy, but entry into another major pharmacological field 
is planned. 

Applications are invited from pharmacologists in the U.K. 
and abroad with high personal research reputations proven 
ability and experience of leading a research group in the 
pharmaceutical industry or in university or other labora- 
tories. Contributory pension. Please write to P. Hook 
quoting U.26018. 


UNIVERSITY OF EDINBURGH 








UNIVERSITY OF 
SOUTHAMPTON 


DEPARTMENT OF BLECTRIOCAL 
ENGINEERING 


ELECTRICAL MACHINE RESEARCH 


RESEARCH ASSISTANT to work in the 
above field on research projects sponsored 
by the Science Research Council, Apopi- 
canis should have a good degrwe in Beeni 
cal Engineering, Physics or Mathematics. 
or an equivalent qualification, Salary £700 
ta £900, 

Apriications, giving details of age, quali« 
fications and the names of two. referees; 
should be sent to the Deputy. Seorerary, - 
The University, Sombampion SOU SNH, 
by September 20, 1969. Quote Ref. N. 


(868) 


MANAGEMENT SELECTION LIMITED 
17 STRATTON STREET, LONDON Wi 
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Methods and 
Instrumentation 
Supervisor 


Pulp and Paper 
Research Institute 
of Canada 


‘Institute of Technology 


INVITES YOU TO INVESTIGATE 


Gareer Opportunities 


IN ONE OF AUSTRALIA’S FASTEST DEVELOPING 
TERTIARY EDUCATIONAL INSTITUTIONS 





A memorandum of information detailing conditions of service and method 
of application is available from: 


The Agent General for Western Australia, 
Western Australia House, 
115 Strand, London W.C.2. 


When enquiring, please indicate in which position you are interested. 
Applications close 26th September, 1969. of) PRs g i . 
Phe Institute is expanding its pro- 
gramme to include the development 
of chemical analysis and physical test 
methods, instrumentation and control 
procedures for use in the pulp and 
paper industry. 


CENTRAL ADMINISTRATION AND SERVICES 


© Deputy Director 
® Senior Education Officer (Educational Development) 
@ Senior Education Officer (External Studies) 


: An immediate vacancy exists for a 
® Senior Counsellor 


university graduate in science or 
engineering to establish and direct the 
aclivities of a new organizational unit 
dealing with methods and instru- 
mentation applicable to pulp and 
paper process and quality control. 
This will include the developmen: of 
new techniques and apparatus, as 
necessary, in addition to conducting 
a continuous survey of available or 
adaptable methods and instrumeata- 
uon. 


DIVISION OF : DIVISION OF COMMERCE 
APPLIED SCIENCE | AND SOCIAL SCIENCES 


i 


HEADS OF DEPARTMENTS HEAD OF DEPARTMENT 
Computing Science _ Library Science 
Medical Technology SENIOR LECTURERS IN— 


SENIOR LECTURERS IN— Accounting 


Anthropology and Sociology 


Computing Science : 
puuna Asian Languages 


Mathematics English 

Medical Technology nee > i 

Chemistry— Organic syenolouy: 

Physics LECTURERS/SENIOR TUTORS IN- 
Accounting 

a IN- _ Administration (Quantitative Methods) 

Agricultural Engineering eee 

Computing Science Home Economics 

Chemistry Inorganic Occupational Therapy 

Chemistry-—Physical Physiotherapy 

SENIOR TUTOR IN— _ Psychology 

Medical Laboratory Technology Sociology 


Candidates should have considerable 
industrial research and development 
experience in the adaptation or 
creation of chemical, analytical and 
physical property measurement 
methods and apparatus, with emphasis 
on on-line sensing devices amenable 
fo computer process control, Experi- 
ence in the pulp and paper industry 
would be an asset. Demonstrated 
supervisory and administrative ami- 
tude essential, Preference will be 
given to candidates under 40 years of 
LIBRARY age. 
LIBRARIANS-—Acquisitions. Reference. W.A, School of Mines. 
ASSISTANT LIBRARIANS--Cataloguing and Bibliographic Services. Readers’ 
Services. Muresk Agricultural College. 


The Pulp and Paper Research insti- 
tute of Canada is a centre of research 
and learning concerned with virtually 
every aspect of the production and 
use of pulp and paper products, The 
Institute, located in a well-equipped 
laboratory in a modern Montreal 
suburb, represents a longstanding 
partnership of the Government of 
Canada, McGill University, and the 
pulp and paper industry. 


SALARY SCALES 


Deputy Director 

Head of Department 

Senior Lecturer/Senior Counsellor, 

Senior Education Officer $A7,500-- $48,400 

Lecturer Librarian $A5,300- $A7,300 
$A4,200-- $A5,000 
$A3,200- $A4,000 


(850) 


Please send complete résumé of quali- 
fications to: 


Chief Personnel Officer, 

Pulp and Paper Research Institute 
of Canada, 

S.T’ ALMLT., B.Sc. or equivalent, Salary 570 St. John’s Road, 

built at West London Hospital, Hammersmith, on Whitley Council Seales.—Applications in 


The successful applicant will participate in a writing should be made to the Secretary, Univer- Pointe Claire 720, Quebec. 
number of research projects involving a wide sity College Hospital Medical School, University 





SENIOR TECHNICIAN H REQUIRED RESEARCH TECHNICIAN REQUIRED 
(Histology: LM.L.T. or AUST) to take charge tor investigation of biochemical problems in 
jn Deparunen of Experimental Pathology Haematology. Candidates should have either 
(Charing Cross Hospital Medical School), newly ALS T 





variety of cytological and radioisotope techniques, Street, London, W.C.1, quoting reference 
felephone RIV 344l, ext. 106. (807) HAE/2. (829) 
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NATURE, 


NATURAL ENVIRONMENT 
RESEARCH COUNCIL 


NATURE CONSERVANCY 


SCIENTIFIC OFFICER /SENIOR 
SCIENTIFIC OFFICER 
DATA PROCESSING OFFICER 


Applications are invited for the post of 
Scientific Officer /Senior Scientific Officer tò 
be responsible for the development of data 
storage and retrieval systems and for come 
puter programming, to be based at the 
Nature Conservancy’s Biological Records 
Centre, Monks Wood Experimental Starion, 
Abbots Ripton, Huntingdon. 


Duties : 

To assist the Centre to effect the iransi- 
tion from 40 and 80 column punched card 
systems to a computer system based on 
the Atlas H Computer of the Ministry of 
Technology at Cambridge. To develop 
programmes t0 handie routine plant and 
animal records and their presentation in 
cartographic and other forms. To develop 
systems and programmes for storage and 
processing of records of research and 
events on Nature Reserves, for analysis of 
vegetation and animal communities and for 
production of bibliographies. 


Qualifications and experience : 

A good honours degree in mathematics, 
computational and statistical science or an 
associated subject is essential and experi- 
ence of programming in Fortran is desir- 
able. 


Salary Scales : 

Scientific Officer (under 29 years at 
December 31, 1969) £1,071 10 £1,827. 

Senior Scientific Officer (normally at least 
26 years and under 32 years at December 
31, 1969) £2,021 to £2,491. 

Initial appoinment will be non-pension- 
able but there are prospects of a perma- 
nent and pensionable post. FSS.U, 
arrangements already existing can continue. 


Application forms and further particulars 
from Establishments (Scientific), Nature 
Conservancy. 19/20 Belgrave Square, Lon- 
don, S.W.1, quoting Ref. P398/1. Closing 
date: Seprember 26, 1969. (842) 





UNIVERSITY OF ABERDEEN 


LECTURER/ASSISTANT LECTURER IN 
GENETICS 


Applications are invited for above past. Pre- 
ference will be given to candidates with special 
interest. in Microbial/ Biochemical Genetics, 

Salary on scale: Lecturer, £1,585 to £2,850 
Assistant Lecturer, £1,240 to £1,470, with initial 
Placing according 10 qualification; and Experi- 
ence. Superannuation (F.S.$.U.) and removal 
allowance. 

Further particulars from the 
University, Aberdeen, with whom applications 
iLecturer eight copies, Assistant Lecturer two 
copies), should be lodged by September 20, 1969. 

(873) 











Secretary, the 


UNIVERSITY OF EDINBURGH 
PHYSIOLOGIST 


Applications are invited for the post of 
LECTURER or UNIVERSITY DEMON- 
STRATOR in the Department of Veterin- 
ary Physiology. Applicants should hold 
qualifications in science, veterinary medi- 
cine or medicine and have had experience 
in physiology or biological sciences. Dutivs 
will include teaching veterinary undergradu- 
ate classes in physiology. Excellent re- 
search facilities are available. 


Salary Scales: Lecturer, £1,240 to £2,850 


per annum; University Demonstrator, 
£1,060 to £1,445 per annum, with place- 
ment according to qualifications and èx- 
perience, and with superannuation benefit, 


It is hoped that the successful candidate 
will take up duty on October 1, 1969. or 
as soon as possible thereafter. 


Further particulars may be obtained from 
the Secretary to the University, Old Col- 
lege, South Bridge, Edinburgh, EH8 OYL, 
with whom applications (three copies), stat- 
ing the names of two referees, should be 
lodged not later than September 15, 1969, 
Please quote reference 1077/53. (800) 





GOVERNMENT OF NORTHERN IRELAND 
Ministry of Agriculture 


RESEARCH OFFICERS 


Applications 


are invited for two permanent and pensionable posts in the 


Veterinary Research Laboratorics, Stormont, Belfast. 


The laboratories are of recent construction and are 
including electron microscopy. 
poultry and pigs are available for experimental use. 

are employed in the major disciplines at 
biochemistry and parasitology. The 


range of techniques 


fessional and technical staff 
pathology. bacteriology, virology. 


work of the department consists of research 
diseases of farm animals. Encouragement is given towards 
higher degree in the Faculty of Agriculture, Queen's University. 


VIROLOGIST 


The officer will be requird to partici 


equipped for a wide 
Minimal disease 
A total of 120 pro 


and routine diagnosi 
study fo 
Belfast. 








pate in the routine diagnostic service 


of the department but adequate time will be available for research on virus 


diseases of domestic animals. 


Qualifications: Veterinary | degree or B.Sc. (Hons) in Microbiology. 
Postgraduate experience in Virology is desirable. 


MICROBIOLOGIST 


To undertake diagnostic and research work in a routine bacteriological 


laboratory. 


The officer appointed will be expected 


to develop an interest 


in mycoplasma of both mammals and poultry. 


Qualifications: Veterinary degree or B.Sc. ct 
Postgraduate experience 


other appropriate subject. 
laboratory is desirable. 
Salary Scales: 


Research Officer Grade I 


(Hons) in Microbiology or 
in a microbiological 


£2,349-£2, 846. 


Research Officer Grade H £1.646 (age 232,1206 (age Al and over) 


£2,349. 


Grading and starting pay will be related to age, qualifications and 


experience, 


Application forms_and further information obtainable from the Secre- 
45 Chichester Street, Belfast, BTI 4JU, 


tary, Civil Service Commission, 





must be returned by September 29, 1969. 


Please quote §.B.126/69/ 64. 


BEDFORD COLLEGE 
(UNIVERSITY OF LONDON) 


Applications are invited from graduates in 
Biochemistry or Physical Chemistry for the post 
of Research Assistant in the Department of Bio- 
chemistry, to work under Professor D. F, Chees- 
man, Ph.D., on a research project financed by 
the Wellcome Trust into the Behaviour of En- 
zymes at Surfaces. Appointment will be for 
eleven months in the first instance, with possi- 
bility of renewal and registration for higher de- 
gree, Initial salary £825 per annum. i” 
Applications in duplicate stating agt, qualifi- 
cations and names of two referees, to the Seere- 
tary, Bedford College. Regents Park, N.W.1, 
before September 20, 1969. (809) 


COLLEGE OF MEDICINE OF THE 
UNIVERSITY OF LAGOS 
Applications are invited for LECTURESHIP 
GRADE II IN BIOCHEMISTRY in Department 
of Physiological Science. Salary scale; £N1.200 
to £€N2.100 per annum (ENI=£1 3s. 4d. sterling). 
Salary supplemented in range £450 to £625 per 
annum (sterling) and education allowances and 
children’s holiday visit passages payable in ap- 
propriate cases under British Expatriates Supple- 
mentation Scheme, Family passages + various 
allowances ; superannuation scheme ; regular 

overseas leave. 

Detailed applications (six copies), naming three 
referees by October 1, 1969, to Inter-University 
Council, 90/91, Tottenham Court Road, London, 
WIP ODT, from whom particulars are eit 

8 


(875) 


ROYAL AGRICULTURAL 








COLLEGE 
CIRENCESTER 
Applications are invited for the post af Le 
TURER IN AGRICULTURAL ANY 





specialising in Plant Pathology. Duties to come 
mence by January 1, 1970. Salary according to 
Burnham Technical Seale. 
Applications, giving details ol 
and experience, together with two recent testi- 
monials, shouki be sent to the Principal by 
September 15, 1969, from whom further details 
may be obtained. (308) 


UNIVERSITY COLLEGE HOSPITAL 
MEDICAL SCHOOL 


Chief Technician T or FE required to take 
charge of Medical School stores from November 
1, 1969, or as soon as possible thereafter. Ap 
plicants should possess experience of medical 
laboratory technol: and should hold the 
F.LM.L.T. or . Salary and conditions 
of service in ac nee with Whitley Council 
soales 

Duties will include control of central spores ; 
co-ordinating and advising on Departmental pir- 
chasing policy and the purchast and installation 
of laboratory equipment ; and assistini in reornit- 
ment of technical staff. The post offers topadir 
able scope for a man of initiative and. cneriy. 

Applications, with the names of two referees, 
should be sent by September 20, 1909, to the Sers 


qualifications 



















retary, University College Hospital» Medical 
School, University Sireen Wold iron whom 
further particulars may be obtained, wan 











LVI 


G. D. Searle & Co. Ltd. 









MAKERS OF ETHICAL PHARMACEUTICALS 
have a vacancy for a 


Laboratory 
Steward 


in their 
Basic Research Laboratories 


We are part of an international research-based group 
engaged in the manufacture and marketing of pharma- 


ceuticals and related products. 


Our Research and Development Department will move 
in 1970 into a new building in High Wycombe. We 
have a vacancy now for a man of good scientific tech- 
nical background (aged 35-40 preferably) to undertake 
the duties of an administrator and steward, He should 
have had good laboratory experience. 

This is a chance to join the U.K. subsidiary of an 
American company at an exciting stage in its develop- 
ment. Salary will depend on qualifications and experi- 
ence and is expected to be about £2,000. Benefits and 
conditions of service are excellent. 

Please write giving brief details of education and ex- 


perience to: 


The Personnel Manager, 
G. D. Searle & Co. Ltd., 
Lane End Road, 
High Wycombe, 


Bucks. 


(872) 


Searle 


Research in the Service of Mankind 





UNIVERSITY OF BELFAST 
LECTURESHIP IN COMPUTER SCIENCE 


The Senate of The Queen's University of Bel- 
fast invites applications for a Lectureship in 
Computer Science in the School of Physics and 
Applied Mathematics from January 1, 1970, or 
other date, The University has established both 
graduate and postgraduate curricula in Computer 
Seience. The research of the Department is 
supported by ready access to a large and expand- 
ing LCL. 1907 installation, with multiple access 
and batch processing capability. Salary range is 
£1,585 to £2,850 plus contributory pension rights 
under the F.S.8.U. Initial placing on the salary 
scale will depend on qualifications and experi- 
ence. 

Applications should be received by September 
26, 1969. Further particulars may be obtained 
from the Secretary, the Queen’s University of 
Belfast, Belfast BT7 INN, Northern Irena. 


UNIVERSITY OF GLASGO 


LECTURESHIP IN ANAESTHETICS AT THE 
WESTERN INFIRMARY 


Applications are invited for a Lectureship in 
Anaesthetics. The initiat salary will be fixed 
according to placement on the University scale 
for clinical teachers, The final maximum ís 
£3,235 per annum, F.S.S.U. 

The successful applicant will have the oppor- 
tunity to participate in teaching, to assist with 
the organization of undergraduate and post- 
graduate training programmes, to carry out 
original research and to undertake certain clini- 
cal duties in the Western Infirmary. 

Applications (twelve copies), should be lodged 
not later than September 26, 1969, with the 
undersigned, from whom further particulars may 


we obtained. 
ROBT. T. HUTCHESON, 
Secretary of the University a 
(837 





UNIVERSITY OF SURREY 
MULLARD RESEARCH FELLOWSHIP 


DEPARTMENT OF ELECTRICAL AND 
CONTROL ENGINEERING AND 
DEPARTMENT OF PHYSICS 


Applications are invited for a Research 
Fellow to study the controlled doping of 
compound semiconductors by ion implanta- 
tion. The project will include studies of 
electrical and/or electro-luminescent pro- 
perties of implanted samples together with 
damage effects, annealing behaviour and, 
where possible, atom location measure- 
ments. 

The Mullard Fellow will work closely 
with a group who are studying the be- 
haviour of semiconductor materials after 


fon implantation, and with experimental 
and theoretical physics groups, as well as 
with the associated Company, Mullard 
Research Laboratories. 


Applicants should preferably have at 
least four years’ post-doctoral experience 
and be able to demonstrate an ability to 
cope with the several disciplines involved 
in the project. 

The appointment is for three years and 
the salary negotiable up to £2,500 per 
annum, 

Applications, with the names of three 
referees, should be sent by September 12 
to: 

Professor Chick, 

Department of Electrical and Comrol 

Engineering, 
University of Surrey. 
Guildford, Surrey. (836) 
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FIELD STUDIES 
COUNCIL 


WARDEN of MALHAM TARN 
FIELD CENTRE, near Settle, York- 
shire (the present Warden is moving 
to a similar post in Scotland). Ap- 
plicants should have a degree in 
biology, geography or geology and a 
general interest in the other field 
sciences with a particular concern for 
conservation, Experience of teaching 
is to be preferred as duties include 
teaching as well as the administration 
of the Centre and the active conserva- 
tion of the surrounding area. Ap- 
pointment to be taken up towards end 
of year, if possible. 


Salary scale £1,275 by £75 to £1,650 
by £160 to £1,970 pa. with full resi- 
dential benefits including a house. 


Application forms from the Seien- 
tifie Director, Field Studies Council, 
9 Devereux Court, London, W.C.2 to 


be returned by September 26, 
(851) 


UNIVERSITY OF LIVERPOOL 


DEPARTMENT OF ELECTRICAL 
ENGINEERING AND ELECTRONICS 


ARC DISCHARGE RESEARCH 
UNIT 


A comprehensive research programme en 
pasie phenomena relevant to industrial 
devices is being developed under the direc- 
tion of Professor H. Edels with the sap- 
port of the Science Research Council. 
Studies will be carried out both within the 
Department and in Industrial and Govern- 
mental Research Laboratories. 


Vacancies exist for the following posts 
which are tenable initially for two years: 


(A) Research Officers (3 posts): Salary 
within the range £1,240 to £2,045 per 
annum with F.S.S,U. Candidates should 
possess a Ph.D. degree or equivalent re- 
search experience in gascous discharges or 
related fields, For one of the posts, ex- 
perience in the field of optical spectro~ 
scopy is essential. 

(B) Experimental Officer: Salary within 
the range £1,200 to £1,600 per annum 
with F.S.8.0, Candidates should possess 
a degree in Electrical Engineering or 
Physics or equivalent qualification. 


Applications, stating full particulars and 
names of two referees, should be sent as 
soon as possible to the Registrar, the Uni- 
versity, P.O. Box 147, Liverpool, L69 3BX. 
Quote Ref: RV/2822/N. (RIH) 





BURMAH OIL TRADING 
LIMITED 


require a young lady GRADUATE in Geo- 

graphy and/or Geology as RECORDS 

OFFICER in the Geologica] Department. 
The duties will include maintenance of 


maps, records and technical library in Lon- 
don and the salary will be conmmensurate 
with qualifications and experience. 
Applications should be addressed to: 
Sta! Manager, Burmah Ol Trading Limi- 
ted, Burmah House, 57 Chiswell Street, 
Londons, E.C.. (867) 
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IMPERIAL COLLEGE OF 
SCIENCE AND TECHNOLOGY 


Applications are invited for the post of 
RESEARCH ASSISTANT IN PROTO- 
ZOOLOGY to work at the College Field 
Station at Ascot on Aspects of DNA Syn- 
thesis and Nuclear Division in Malarial 
and Coccidial Parasites. 

Candidates should have a good honours 
degree in Zoology or related subject and a 
special interest in Parasitology. The ap- 
pointment is for three years with oppor- 
tunity to work for a higher degree. Salary: 
ria to £925 to £980 (with F,S.S.U. bene- 
ts). 





Applications, in writing, with names of 
two referees, to Dr E U. Canning, 
Imperial College Field Station, Ashurst 
Lodge, Ascot, Berks, by September = 

g 


1969. 





BARKING REGIONAL COLLEGE 
OF TECHNOLOGY 


LONGBRIDGE ROAD, DAGENHAM, 
ESSEX RM8 2AS 


Constituent College of the proposed 
North Bast London Polytechnic 
RE-ADVERTISEMENT 

Required as soon as possible: 

SENIOR LECTURER IN BIOCHEMISTRY 
to participate in a team of five biochemists with 
ability to teach and organise theoretical and 
practical work for M.LBiol. Parts I and H and 
B.Sc. (Honours and Ordinary) Applied Biology 
(C.N.AAJ and to develop future project and 
postgraduate work. Industrial and/or research 
experience essential, 


SENIOR LECTURER IN PLANT 

PHYSIOLOGY 
to teach mainly B.Sc. (Honours and Ordinary) in 
Applied Biology (C.N.A.A.) with plant physio- 
logy as a Part IL subject, Industrial experience 
or equivalent preferred. Good opportunities for 
expansion and eventual promotion to the right 
candidate. 


SENIOR LECTURER IN 
PHARMACOLOGY 
to teach B.Sc. (Honours and Ordinary) in Ap- 
plied Biology (C.N.A.AQ and M.LBiol. Indus- 
trial experience is essential and research experi- 
ence desirable. Opportunities for research avail- 
able. 


LECTURER GRADE H IN MICROBIAL 
BIOCHEMISTRY 
to teach Honours C.N.A.A. degree and M.LBiol. 
Part DL. Knowledge of process biochemistry with 
industrial and/or research experience desirable. 
Salary: 
Senior Lecturer: £2,280 to £2,495 per annum 
{ander review) plus £85 London Allowance. 
Lecturer Grade H: £1,725 to £2,280 per annum 
(under review) plus £85 London Allowance. 
Application forms and further particulars 
available from the Principal. (830) 


MEDICAL RESEARCH COUNCIL 
CLINICAL AND POPULATION 
CYTOGENETICS UNIT 
WESTERN GENERAL HOSPITAL 
CREWE ROAD, EDINBURGH, 4 


A biologist is required in the Medical Research 
Council's Clinical and Population Cytogenetics 
Unit to work with a group on the interaction 
between viruses and mammalian cells cultured in 
vitro. Preference will be given to candidates 
with some experience in virology or tissue cul- 
ture bat such experience is not essential. Can- 
didates should have a first or upper second 
class Honours Degree in a biological subject and 
preferably a Ph.D. or equivalent postgraduate 
experience, Salary according 10 age and quali- 
fications. 

Applications including a full curriculum vitae 
and the names of two referees should be sent to 
the Administrative Officer at the above address. 

(TA) 


INSTITUTE OF CLINICAL 
RESEARCH, MIDDLESEX 


HOSPITAL MEDICAL SCHOOL 


TECHNICIAN required for immunological/ 
microbiological research project. 

Applications to: The Secretary, Institute of 
CHnical Research, 40 Hanson Street, London, 
Wal. Tel: 636 2241. (814) 





+367 
THE QUEEN'S AWARD 
YOINDUSTRY 


TO WORK on the development of biochemical products 
labelled with carbon-I4 and tritium using enzymatic syn- 
thesis or microbiological preparative techniques. These 
products are used principally in university and medical 
research units in this country and abroad. 


QUALIFICATIONS AND EXPERIENCE: A good 
honours degree together with R & D experience. 


In the range £1,150-£2,670 
according to age and experience. 


HOUSING or assistance with house purchase may be 


STARTING SALARY: 


available. 


Apply to: The Personnel Officer 


THE RADIOCHEMICAL CENTRE 


Amersham, Bucks 
(Quote ref: 5.162) 


& BIOCHEMIST 
























BRIGHTON EDUCATION COMMITTEE 
BRIGHTON COLLEGE OF TECHNOLOGY 


(A Proposed Polytechnic) 


Required as soon as possible: 


HEAD OF THE DEPARTMENT OF 
COMPUTING & CYBERNETICS 


(Grade YD 
Salary Scale: £3,350 to £3,780 per annum (under review), 


Further particulars and application form (returnable by September 10, 1969) 
from: The Registrar, Brighton College of Technology, Moulsecoomb, Brighton 


BN2 4GI 


UNIVERSITY OF OXFORD 


TECHNICIANS 
AND 
JUNIOR TECHNICIANS 


required as soon as possible. One 
or two of the posts would require 
previous experience of laboratory 
work, but other would suit school 
leavers taking G.CLE. “O” levels 
including chemistry. Five-day week. 
University salary scale with 54-6 
weeks paid holiday per year and pen- 
sion scheme at 21. 


Applications in writing to Admini- 
strator, Department of Biochemistry, 
South Parks Road, Oxford. 


ID 


HOUGHTON POULTRY 
RESEARCH STATION 
HOUGHTON, HUNTINGDON 


ASSISTANT 
EXPERIMENTAL OFFICER! 
EXPERIMENTAL OFFICER 


BIOLOGIST, or holder of Diploma in 
Poultry Technology or Diploma in Pouliry 
Husbandry, with an imeresi in engineering, 
required io work on develogenent of isie 
lator systems for spectiiad pathogendrer 
poultry, Minimum qualification pass de 
gree, NDP, DPT, or equivalent, 





> according to age 
8 at 26 or over, rising 
. or EO. wi soaks 
£2.00. Guperinnie 


Salary on AE 
(£940 at age 225 £] 
to a maximum of ți, 
rising from £1,590 ta 
von, 








Application forme amd farther- derala 
from the Secretary. RTO) 





Information 
Scientist 


This position would suit a 
graduate in chemistry and/or 
biological subjects. He/She will 
join a small team maintaining 
liaison between research and 
development workers in UK and 
18 overseas units, The work 


includes processing, dissemination 
and retrieval of in-company 
scientific information, mainly 
from reports and correspondence. 
Chief subjects are veterinary, 
entomological and chemical. 
Previous experience not 
essential; knowledge of 

Spanish an advantage. 

Please write for application 

form, quoting reference U.49, to: 


Personnel Department, 
COOPER RESEARCH STATION, 
Berkhamsted Hill, 
Berkhamsted, 

Herts, 





COUNTY BOROUGH OF STOCKPORT 
STOCKPORT COLLEGE OF 
TECHNOLOGY 


REQUIRED for January 1, 1970: 

LECTURER I IN PHYSICS (Ref. N/170). 

Candidates should have an Honours Degree of 
a British University. Teaching / research /indus- 
trial experience advantageous. 

Seale of Salaries for Teachers in Establish- 

ments for Further Education, 1967: 

Lecturer 1--£1,035 to £1,735 per annum 
iplus additions for recognised qualifica- 
tions). 

Agreed conditions of tenure. 


Forms of application and further particulars 
from the Principal, Stockport College of Tech- 


nology, Wellington Road South, Stockport, SKI 
3UQ, quoting reference N1470, Applications to 
be received by September 18, 1969. (831) 








UNIVERSITY OF MANITOBA 


FIELD STATION (DELTA MARSH) 
MARSH ECOLOGIST 


Commencing immediately two Post-Doctoral 
Fellowships are available for work in marsh 
ecology din any field), 

Salary : $6.000—single or married with no 

children, 
$7,200-—-with children. 
Other emoluments are available. 

Applications, giving field of specialization and 
experience to: 

Dr, J. M. Walker, Director, 

University Field Station, 

c/o Botany Department, 

University of Manitoba, 

Winnipeg 19, Manitoba, Canada, aan 
84 





MEDICAL SCHOOL 
BASIC GRADE BIOCHEMIST 


This post, which is suitable for a recent gradu- 
ate in Chemistry or Biochemistry, will be vacant 


from November 1, 1969. The work consists 
mainly of balance studies on patients in a Meta- 
bolic Ward and biochemical controf of patients 
with metabolic disorders. There are opportuni- 
ties for research leading to a higher degree. 
Whitley Council salary scale. Candidates wish- 
ing to visit the department informally should 
contact Mr. M. Dick, EUS. 5050, Ext. 539. 
Applications for the post must be made in 
writing to the Secretary, University College Hos- 
pital Medical School, University Street, London, 
WEL Quoting reference M.U. /L.W. (828) 
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TECHNICAL OFFICER (SENIOR); 
TECHNICAL OFFICER 
(CHEMIST-RADIOCHEMIST) 

SCHOOL OF GEOLOGY 
UNIVERSITY OF MELBOURNE 


Applications are invited for the position of 
Senior Technical Officer/Technical Officer in the 
School of Geology. The successful applicant will 
be required to assist in the use and development 
of methods of activation analysis in a research 
programme concerned with the measurement of 
elemental abundances in lunar rocks, meteorites 
and terrestrial rocks. 

After an initial training period it is envisaged 
that the appaintee would assume considerable 
responsibilities in the day-to-day running of a 
new well-equipped activation analysis laboratory 
and take an active part in the research pro- 
grammes. 

Applicants should have had some experience 
in conventional analytical techniques but general 
experience with radiochemical and/or radioactive 
counting techniques would be an advantage. 
According to qualifications and experience the 
appointment will be made within the annual 
salary limits of Technical Officer (Grade 1. 
$A3.431 to $A3,.871: Grade 2, $A3,891 to 
$A4,091) or Senior Technical Officer (Grade 1, 
SA4 371 to $A4,671: Grade 2, $A4,811 to 
$ASIID. Reasonable travel and removal ex- 
penses will be paid. 

Written applications should include the posi- 
tion number 69447, the names of three p'ofes- 
sional referees and the earliest possible date for 
taking up the appointment in Melbourne. The 
applications should be addressed to the Staff 
Officer, University of Melbourne, Parkville, 
Victoria 3082, Australia, and close October 31, 
1969. Cty 


‘UNIVERSITY OF SURREY 
DEPARTMENT OF CHEMICAL PHYSICS 


A post exists for an EXPERIMENTAL OFFI- 
CER on a short-term contract to carry out 
interesting and challenging work on the proper- 
ties and the applications of by-products pro- 
duced by fluidised bed combustion. The investi- 
gation will involve the use of modern physical 
and chemical methods of analysis, particularly 
those involving modern instrumentation. The 
applicant should possess qualifications equivalent 
to at least an H.N.C. and to have had suitable 
experience in either chemical or physical labora- 
tories. The salary scale commences at £1,338 
per annum, 

Apmications should be addressed to Professor 
V. S. Griffiths, Head of Department of Chemi- 
cal Physics, University of Surrey. Guildford, 
Surrey. (879) 


~ INSTITUTE OF CANCER 
RESEARCH 
ROYAL CANCER HOSPITAL 


TECHNICAL ASSISTANT required in Chester 
Beatty Research Institute, Fulham Road, 8.W.3. 
to work with a group of bicchemists investigat- 
ing cancer chemotherapy. The work is of a non- 
routine nature and involves the application of a 
wide range of biochemical techniques. Appli- 
cants should possess H.N.C., an equivalent quali- 
fication, or extensive practical experience in bio- 
logical subjects, biochemistry or chemistry. Op- 
portunities for further study, Salary according 
to qualification and experience in range of £750 
to £1.200 in scale extending to £1,440, ` 

Apply with names of two referees, to the Sec- 
retary, 34 Sumner Place, §.W.7, quoting refer- 
ence 301/ /B/375. (825) 


JUNIOR TECHNICAL OFFICER (MALE) 
required to assist with research on cell mem- 
branes in Division of Physiology and Pharmaco- 
logy. Appheants should preferably have had 
experience in an electrophysiological laboratory 
and have a science degree or its equivalent; a 
suitably qualified candidate with two “A” 
levels will be considered. Initial salary accord- 
ing to age and experience will be on scale 
£1,272 to £1.440 per annum.——-Please make early 
application to: The Personnel Officer, National 





Institute for ee rata Research, Mill Hin, Lon- 
don, N.W.7, Please quote our ref.: N, 12/1. 


804) 


UNIVERSITY OF ‘ST. ANDREWS 
DEPARTMENT OF PHYSIOLOGY 


Applications are invited for the post of LEC- 
TURER IN PHYSIOLOGY, with preference to 
candidates having a special interest in pharma- 
cology. Salary scale £1,240 to £2.850; F.SS.U.; 
gram: towards expenses of furniture removal. 

Five copies of applications, with the names of 
three referees, should be lodged by September 
20, 1969. with the Secretary of the University. 
College Gate, St. Andrews, from whom further 
particulars may be obtained. (886) 


FIELD STUDIES 
COUNCIL 


ASSISTANT at Preston Montford Field 
Centre, near Shrewsbury, Shropshire : good 
degree in either botany (or biclogy) or 


geography, with a real interest in che other 
subject. 


Main duties : 
opportunities 
in autumn. 


Salary scale £690 by £30 to £750 per 
annum, with full residential benefis, 


Application forms from the Svientific 
Director, Field Studies Council, 9 Devereux 
Court, London, W.C.2, to be returned by 
September 19. (852) 


teaching with good 
for research. Appoinumen: 





TWYFORD SEEDS LIMITED 


who are continuing to expand 
Breeding operations, seek a 


BARLEY BREEDER 


for which post a vacancy occurs. Apmi- 
cants must have outstanding knowledge, 
theoretical and practical, and considerable 
experience of cereal breeding. A salary 
commensurate with this important position 
(including cent of farmhouse flat) will be 
offered to the successful applicant. 


their Plant 


Applications in strict confidence direct 
o : The General Manager, Twyford Seeds 
Limited, Adderbury, Banbury, Oxford- 
shire, {853} 








SCIENCE 
GRADUATE 


with good degree required to assist the 
Director and twain for responsible work 
in microbiology (no previous experience 


in mycobacteria necessary), Permanent 
career, assuming satisfactory probation. 
N.HLS. scales. 


Apply to Tuberculosis Reference Labora- 
tory (Public Health Laboratory Service), 
The Parade, Cardiff. (882} 





UNIVERSITY OF LIVERPOOL 


ASSISTANT SECRETARY TO THE 

UNIVERSITY APPOINTMENTS BOARD 

Applications are invited for an additional pos: 
of Assistant Secretary to advise students about 
thelr choice of career and assist them in obtain- 
ing employment. Some preference will be given 
to candidates with degrees in life sciences or 
earth sciences, but graduates in other subjects, 
including arts and engineering, will also be con- 
sidered. They should also have had several 
years varied experience, 

The salary scale will be £1,585 to £2,880 per 
annum and the initial salary will depend on 
qualifications and experience. 

Further particulars may be obtained from the 
Registrar, University of Liverpool, P.O Box 147, 
Liverpool, L69 3BX, to whom applications (six 


copies), together with the names of three referees, 
ae be submitted not later than October 1, 
1966 


Please quote Ref. RV/2840/N, (885) 


UNIVERSITY OF DUNDEE 


DEPARTMENT OF PHARMACOLOGY 
AND THERAPEUTICS 


Applications are invited for a RESBARCH 
ASSISTANT to work on the excretion of hist- 
amine metabolites in man in health and disease. 
mainly by gas chromatographic analysis. Appli- 
cams should have a good honours degree in 
pharmacology (science or pharmacy) or bio- 
chemistry. The post is tenable for three years 
at an annual salary of £800, and facilities will b 
available for submission of a thesis for Ph.D. 
degree. 

Applications, quoting Reference  Est/61/69. 
should be sent by September 27, 1969, to the 
Secretary, The University, Dundee, DDI oe 

£ 
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BRUNEL UNIVERSITY 
BIOLOGY DEPARTMENT 


Apptications are invited for the post of RE- 
SEARCH ASSISTANT to work on the pathway 
of gluconeogenesis in bacteria. Applicants should 
have interests in enzymology and should possess 
an honours degree in biochemistry or a related 
eld, 

The appointment will be for two years in the 
first instance. Salary will be at an appropriate 
point in the range £900 by £50 to £1,150. 

Applications (wo copies), with curriculum 
vitae and the names of two referees, should be 
sent to Dr. D. McBrien, Biology Department, 
Brunel University, Acton, London, W.3 (from 
whom further particulars can be obtained) by 
September 22, 1969, (892) 


“PORTSMOUTH POLYTECHNIC 


SENIOR LABORATORY 
TECHNICIAN 
(Post 467) 

A Senior Technician is required for microbio- 
logy and bacterial genetics. Previous experience 
of bacteriology essential Candidates with 
HND. or LM.L,T. preferred. 

Salary scale £930 to £1,095 per annum. 

Application forms from the Staff Officer, Ports- 
mouth Polytechnic, Ravelin House, Alexandra 
Road, Portsmouth. POL 2QQ, should be re- 
turned by September 22, 1969. (893) 


UNIVERSITY OF READING 
PROFESSORSHIP OF METEOROLOGY 


Applications are invited for the Professorship 
of Meteorology and the Headship of the Depart- 
ment of Geophysics, which will become vacant 
on October 1, 1970, by the retirement of Pro- 
fessor R. C. Sutcliffe, F.R.S. 

Further particulars may be obtained from the 
Registrar (Room 208, Whiteknights House), The 
University, Whiteknights, Reading, RGS ZAH, 
by whom applications should be received not 
later than September 27, 1969. (813) 





BRISTOL UNIVERSITY LIBRARY 
MEDICAL LIBRARY 


Applications are invited for the post of Senior 
Library Assistant in the above library of 55,000 
volumes. Candidates should be chartered 
librarians or graduates, and previous experience 
in medical or scientific libraries will be an ad- 
vantage. Salary within a scale £1,045 to £1,490 
(to £1,650 in exceptional cases). 

Applications, together with the names of two 
referees, should be sent to the University 
Librarian, University of Bristol, Queen’s Road, 
Bristol BS8 IRJ (from whom further particulars 
may be obtained) within one week of the ap- 
pearance of this advertisement. (820) 
UNIVERSITY OF SIERRA LEONE 

FOURAH BAY COLLEGE 

_ Applications are invited for the newly estab- 
lished CHAIR OF GEOLOGY. Candidates 
should be hard rock geologists preferably with 
experience of precambrian shield areas. Salary 
Le6,000 to Le6,800 per annum (Lel = 10s. ster- 
ling), Salary supplemented by £850 per annum 
(sterling) in appropriate case under British 
Expatriates Supplementation Scheme. F.S.S8.U. 
Various allowances; family passages; regular 
overseas leave, 

Detailed applications (six copies), naming three 
referees, by October 16, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
WIP ODT, from whom particulars are available 

(888) 








UNIVERSITY OF SYDNEY 


LECTURESHIP IN APPLIED MATHEMATICS 


Applications are invited for the above- 
mentioned post. 

Salary will be within the range of $A5,400 by 
$A270 to $A7,300 per annum, 

Information about superannuation, housing 
scheme. sabbatical leave, etc., and method of 
application is obtainable from the Secretary- 
General, Association of Commonwealth Univer- 
sities (Appts), 36 Gordon Square, London, 


ROYAL FREE HOSPITAL SCHOOL 


OF MEDICINE 
(UNIVERSITY OF LONDON) 

Applications are invited for the post of Lec- 
turer in biological chemistry from January 1, 
1970. The post is in the Department of Chem- 
istry, but it would be an advantage for applicants 
to have some qualification or experience in bio- 
chemistry. Salary scale: £1,240 by £115 to 
£2,045, then, subject to review, by £115 to 
£2,850. plus Londen allowance and superannua- 
tion benefits. 

Further particulars from the Secretary, 8 
Hunter Street, London, W.C.1, to whom applica- 
tions should be sent not later than a 
(826 








Salary up to £1,200 per annum 


chest disease. 
according to. qualifications and experience. 
Opportunity for Ph.D Gnternal) of London 
University for suitable applicants.—-Aoply to Dr. 
M. L. Thomson, London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, 
WCE. (878) 


FELLOWSHIPS AND 
STUDENTSHIPS 


AUSTRALIAN NATIONAL 
UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 


RESEARCH SCHOOL OF PHYSICAL 
SCIENCES 


RESEARCH FELLOWSHIP OR FELLOWSHIP 
IN THEORETICAL PHYSICS 


Applications are invited for appointment as 
Research Fellow or Fellow in the Department of 
Theoretical Physics. (Head of the Department, 
Professor K. J. LeCouteur). 

The salary of a Research Fellow is determined 
in the range $A5,400 to $A7,290 (5 by $A370); 
initial salary depends on qualifications and ex- 
perience. Appointment is for three years in the 
first instance with a possible. extension to a 
maximum of five years. 

The salary of a Fellow is determined in the 
range $46,400 to $48,740. Appointment is made 
for an initial period of five years ; thereafter the 
Fellow may be reappointed until retiring age. 
A Fellow is entitled to one year’s study leave on 
full pay, plus a contribution towards travel and 
other expenses, in every seven years. 

Superannuation is on the F.S.S.U. pattern with 
supplementary benefits. Reasonable travel ex- 
penses are paid and assistance with housing is 
provided. 

Further particulars are available from the 
Seeretary-General, Association of Commonwealth 
Universities (Appts), 36 Gordon Square, London, 
W.C.l. Applications close on October 10, 1969, 

(863) 
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UNIVERSITY COLLEGE 
LONDON 
Applications are invited for a Postdoctoral 
Fellowship for work in mechanistic and aynitheric 
organic chemistry. Salary in range £1,240 to 
£1,470 per annum, plus F.8.8.U. 
Apply with two letters of reference tO 
Dr. H. M. R. Hoffmann, 
Department of Chemistry. 
University College, 
Gower Street, W.C.1. 


(8845 


BATH UNIVERSITY OF TECHNOLOWY 
School of Mathematics 
There is a vacancy for a 


RESEARCH STUDENT 


from October 1, 1969, to stady computer- 
aided designs of transistor and integrated 
circuits using analogue and hybrid come 
puters, The appointmen, sepporied by 
the Ministry of Technology is for a UR 
citizen and is similar to an SRC, Sudent- 
ship. Applicants should have a fea or 
second class honours degree in Engineering. 
Physics, or Mathematics. 


Applications should be sent to Professor 
D. E, Bailey, School of Matheusaues, Bath 
University of Technology, Bath BAZ TAY. 


UNIVERSITY OF 
WESTERN AUSTRALIA 
RESEARCH FELLOWSHIPS IN 

ANIMAL NUTRITION AND PLANT 
NUTRITION 


Applications are invited for appointment. to the 
following two Edward Moss Research Fellowships 
in the Departments of Agriculture and Sol 
Science and Plant Nutrition within the Institute 
of Agriculture. 

ANIMAL NUTRITION. Department. of Agti- 
culture. Candidates should be graduates. in 
Science, Agricultural Science or Veterinary 
Science with postgraduate experience in animul 
nutrition. The appointee will be expected to 
undertake research on some aspect of ruminant 
nutrition, preferably related to pirogen oF 
sulphur metabolism, in association with Professor. 
R. J. Moir. 

PLANT NUTRITION. Department of Soil 
Science and Plant Nutrition. Candidates. should 
be graduates in Science or Agricultural Science 
with postgraduate experience in plant physiology. 
biophysics ot related fields concerned with the 
transfer of nutrients from soils to planta. The 
appointee will be expected to undertake research. 
on the mechanisms of ion uptake by plants, in 
association with Dr. J. F. Loneragan. 

Both Fellowships will be tenable for one. year 
initially and may be renewed for up to Two: 
further years. The salaries of the appointees will 
be within the range $A5,400 to $47,300 per 
annum, with an allowance im each case for. or 
towards expenses incurred in travelling to Perth. 


Intending applicants are requested te obtain 
details of the procedure to be, followed in apply- 
ing for the posts and a copy of the relevant 
conditions of appointment before submitting their 
applications, This information is available from 
the Secretary-General, Association of Common» 
wealth Universities (Appts), 36 Gordon Sanare, 
London, W.C.1. Applications close on October 
4, 1969. (8573 





SPORES - FERNS - MICROSCOPIC ILLUSIONS ANALYZED 


Volume | 


C. S. HIRES 


An exceptional book for nature lovers, artists and scientists in many fields. 


Living ferns beautifully illustrated, cell structure. 


Unique, 3-dimensional studies with models, line drawings and photomicrographs clarify basic spore structures; 


their wall arrangements organized for easy reference. New approaches to details and microscopic illusions. 


Simple, accurate terms. 


572 pages, 1,150 illustrations, 14 in colour. 


MISTAIRE LABORATORIES 
152 Glen Avenue, Millburn, N.J. 07041 U.S.A. 


Development—spore to maturity. 


Price: $22.50 
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UNIVERSITY OF NOTTINGHAM 
DEPARTMENT OF AGRICULTURE 
AND HORTICULTURE 
SUTTON BONINGTON, LOUGHBOROUGH 


Applications are invited from graduates in 
agriculture, agricultural botany, or botany for 
the following RESEARCH ASSISTANTSHIPS: 

1. To investigate the effects of seed treatment 
and plant distribution on yields of the potato 
crop. Postgraduate experience in research ig 
essential, Initial salary £1,100 per anmum, 

2. To investigate aspects of the growth and 
development of the sugar beet crop. Initial grant 
£600 per annum, 

Both posts provide opportunities to work for 
higher degrees, Application forms may be 
obtained from the Secretary, School of Agri- 
culture, Sutton Bonington, Loughborough, Leics, 
Closing date September 20, 1969, (883) 


MISCELLANEOUS 


TENDER NO. 
ES4/210/34/108/CELL-546 


The Director General, Supplies and Disposals, 
New Delhi, invites tenders for the supply of: 
T.V. STUDIO EQUIPMENT and ACCES- 
SORTES. 

Tender forms, specifications and drawings are 
obtainable from: Administration Branch, India 
Supply Mission, Government Building. Brom- 
yard Avenue, Acton, W.3, on application with 
a remittance for £1 13s. 4d. by Postal Order or 
Cheque made payable to the High Commissioner 
for India in U.K. and crossed, not later than 
September 10, 1969, In reply please quote 
5.3370/69/ SWR / ET, (868) 





SCIENTIFIC AND TECHNICAL 
writing Service, Confidential —~Julia Pratt, B.S.. 









Wanted and for Sale 
Scientific and Technical Reviews 
SANTO VANASIA, 58 Via M. Macchi, 
20124 MILANO X3) 










mains variation of 20%. 


TYPE 5260A 
1 V. to 3,000 V. d.c. 


TYPE 5260B 
0.1 V, to 600 V. d.c. 





TYPE 5260—1 V. to 1,500 V. d.c. 


Mains operated. Output voltage is selected in 1 V. 
steps by means of decade dials calibrated in volts. 


Stability: for voltages of over 100 V. better than 
0.02% for the total load range with a 


Maximum output current: 100 mA. 
Ripple and noise: less than 25 mV. 
Effective output resistance: 0.01 |. 
Dimensions: 534 x552 x314 mm (214x22 x124 in) 


For further details—List 211, sheet 3581 


H. TINSLEY &CO LT 





LECTURES AND COURSES 


Imperial College 


LONDON, S.W.7. 


A four-day course of postgraduate Jec- 
tures on “THE COMBUSTION OF 
GASES " will be given by Professor A. G. 
Gaydon, Professor F. J, Weinberg, Dr. 
M. D. Carabine and Dr. J, M. Hay in the 
Department of Chemical Engineering and 
Chemical Technology, in the week com- 
mencing Monday, October 13, 1969. De- 
tails from the Registrar. (819) 





Full details from: 


London, N.15. 


subsistence can be claimed. 

















NORTH LONDON POSTGRADUATE MEDICAL CENTRE 


WEEK-END COURSE 
“NUTRITION AND DIET IN HEALTH AND DISEASE” 


Guest Lecturers include: Dr. Barry Lewis, Dr. MALCOLM SEGALL. 
To be held at THE PRINCE OF WALES'S GENERAL HOSPITAL, N.13, 
on SEPTEMBER 27 and 28, 1969. 


Postgraduate Secretary, f 
Block 6, St. Ann's General Hospital, 


This Course is recognised under Section 63 and travelling allowances and 


Pacemakers in Precision Measurement 
WERNDEE HALL. SOUTH NORWOOD, 
LONDON, S.E.25. Tel: 01-654 6046 
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UNIVERSITY OF BRADFORD 


SCHOOL OF POLYMER 
SCIENCE 


A post-experience course on ‘ The 
Chemistry, Properties and Applica- 
tions of Polypropylene ” will be held 
on November 27 and 28, 1969. 

Papers will be presented on the 


chemistry, manufacture and properties 
of polypropylene, together with such 


fabricating processes as injection, ex- 
trusion and extrusion blow moulding. 
Film and fibre applications of this 
important polymer will also be con- 
sidered, together with a paper on 
applications development. 

Fee for the course £12. f 
Further details and forms of applica- 
tion may be obtained from the Regi- 
strar, University of Bradford, Brad- 
ford, 7. (845) 
















$ 







BID 
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New Atlases 
from U.S.S.R. 


ATLAS OF THE U.S.S.R. (In Russian) 
Cloth; 15x11 in.; 199 pp. Index plus 
149 full colour maps—Political and Adminis- 
trative; Physical; Economic and Regional on 
scales between 1:3 and 1:6 min. 

Ref. 4827 £3 10s. Od. 


ATLAS OF THE ANTARCTIC (In Russian) 
Vol. 1. Cloth: 20x15 in; full colour maps. 
The first complete Atlas of the Antarctic. 
(Vol. 2 due Autumn 1969) 

Ref. 2619 each £22 10s. Od. 


WORLD ATLAS & GAZETTEER (in English) 
Cloth: 20x13 in.; 250 full colour maps. 


“One can have nothing but praise for this superb 
atlas...."° Lecturer in Geography, University College. 


Ref. 3550 £30 Os. Od. 
Send for up-to-date map list 


Denington Estate, 
Wellingborough, Northants. 


CHEMICAL SERIES (2) 
2-thio-3R-2,4-(1H,3H) 
quinazoline diones 

NH 


a“ R = substituted 
cS alkyl or aryl 


R-N We welcome 
NS your specific 


CO enquiries 


Maybridge Chemical Co. Ltd. 
Launceston, N. Cornwall, U.K. 





CARNEGIE INSTITUTION 


OF WASHINGTON 
1530 P Street, N.W. Washington, D.C. 20005 


TO BE REISSUED THIS NOVEMBER : 


THE CALIFORNIA EARTHQUAKE OF 
APRIL 18, 1906 
(Carnegie Institution Pub, No. 87) 


Complete 2-volume set plus hox of 25 maps and 15 sheets of seismo- 
grams, 681 pp., 707 places, 185 figs. 


This famous report of the California Earchquake Commission, first 
issued in 1908-1910, will became available again this fall in response to 
professional demand. The first complete report of its kind, it remains 
a model for such studies. Suitable for the general reader with an 


interest in earthquakes or California history, as well as for the 
seismologist. 12 


Please remit payment in advance on orders outside the United Strates 
and Canada, Order direct from the Carnegie Institution. 





























E-15 PLANT GROWTH CHAMBER 


innovators... 


we're the first to offer you 
lighting intensities of 
up to 10,000 foot candies 


using standard lamps with the proven spectrum for 
the growing of plants-—and we're proud of iti 


g The FIRST to offer you 60 inches of full growth height 
in a wholly self-contained chamber. 


og The FIRST to offer you counterbalanced adjustable 
lighting fixtures. 


(] The FIRST with *Unifloor air distribution system, 
The FIRST with electronic controls on growth chambers, 


0 The FIRST with **Telensair adjustable remote sensing 
device, 


* Patent pending ** Patented 


CONTROLLED ENVIRONMENTS LTD. 


IN ENGLAND AT: 20-21 ST. DUNSTAN’S HILL, LONDON, ECA. 
Telephone: 04-923 1077 Telex: London 28188 


Represented in Australia, Canada, Europe, India, israel, New 
Zealand, South Africa and South America, 


“innovation is our business” 
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Wild M5 


Stereo- 


microscope 


for top performance 


















This precision instrument with swinging-arm stand, 





, 2 monocular straight 
can be combined with other and Boole Micrenraphie 





versatile Wild units to Camera t, 


make a special microscope W 


for any particular purpose, 





ILD 


Built-in magnification 
changer for 4 different 
magnifications, 








Pamphlet with technical 
data obtainable from 
WILD Heerbrugg Lid, 
Heerbrugg, Switzerland. 





New packing in metal hood 
for safety and convenience. 








Further particulars from: Wild Heerbrugg (U.K.) Led., 49-51 Church Street, Maidstone, Kent. 
Telephone: Maidstone 56736/7/8 





NIEVV | Paneee 


SDS presents a new low cost self Life Assurance Society 


contained analogue voltage to tape 


punch, on line computer or Established 1825 Incorporated by Royal Charter 


printout system. For nearly 150 years the Society has offered life assur- 
r : ance on attractive terms exclusively to past and present 

SDS consists of a wide range of members of Universities and similar educational estab- 
standard data conversion modules lishments within the United Kingdom. 
these can be assembled, along with The Society does not pay commission for the intro- 
tape punch or printout into one ductionof, new; business, 
instrument case to suit customers Special plans for Students or Young Graduates 
individual requirements. 

dividual require The “Minimax” Policy Reduced Premium Policy 
OTHER PRODUCTS Young Graduate’s Policy 
MB Electrophoresis Power Supplies. Other plans include 
W Digital Time Switches. Whole-life and Endowment assurance 
W Digital Stop-Watches. Edacational Policies Children’s Palicies 


Pension Policies . Annuities . Family Protection 
Unit-linked Assurances and Annuities 


4 Coleman Street, London, E.C.2 
Telephone : 01-606 6225 






STOGATE TECHNICAL DEVELOPMENTS LTD. 





44 Richmond Way, Fetcham, Surrey 
Tel. Bookham 5228 








Nature, September G, 1969, p. lolli 


It’s hard to believe that this is the world’s 
most advanced mass spectrometer 


It's so easy to operate. Inthe past, mass W Ultra high resolution, guaranteed at nanograms of sample. 


spectrometers were considered too 70,000. Results like these have made it the most 
complex for everyday use in the @ Mass measurement accuracy-2ppm. used and sought after mass spectrometer 
laboratory, but now with the MS902 @ Four inlet systems connected atone inthe major organic research labora- 
double focusing mass spectrometer, time. tories in the world, where it provides 
you can have a routine, high @ Fastscan high resolution for gas information previously undreamed of, 
performance instrument that is almost chromatography. When you buy an MS902, you're 
child’s play to operate. @ Proven data systems and computer buying the most advanced double 

From the minute you start operating programmes. focusing mass spectrometer in the 

the MS902 you get performance and With the MS902 you get acomplete world from the people who are leaders 
results never before achieved in fingerprint spectrum, the elemental in their design—— 

analytical chemistry. Just look atthese composition of a complete molecule, AEI Scientific Apparatus. 

outstanding features : and very often the complete structure of 


the molecule—even from a few 


Write for fuil details to: 
AEI Scientific Apparatus Limited, 

Dept. 107, Barton Dock Road, Urmston, 
Manchester M31 2LD. Tel: 061-865 4466 
And in the USA contact. 

Picker Nuclear, 1275 Manaroneck Avenue, 
White Plains, New York 10605. 
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at a new low price... 
$4,400” 





FEATURES 


m Low Cost m True Signal Averaging m Ease of Operation m Input Filter m Sweep Speeds From 
20 Microseconds/Address to 200 Seconds/Sweep m Visual Sweep Counter m= Autostop After 
Selected Number of Sweeps m Pushbutton Calibration for Oscilloscope and X-Y Recorder Outputs 


Sremas annae 


The Fabri-Tek Model 1010 Signal Averager is 
not a stripped down version of a more versatile 
unit. This low cost computer utilizes the most 
up-to-date technology (it’s made almost entire- 
ly of integrated circuits} and sacrifices none of 
the essentials of a complete signal averaging 
system. It is a completely digital system with 
a 256 word magnetic core memory. 

The unique circuitry does not resort to un- 
equal weighting of individual inputs (weight- 
ing techniques which emphasize more recent 
data), but rather presents the user with a true 
average of the input signal regardless of the 
number of sweeps. 


Automatic data normalization is one of the key 


For more information, write 


FA BRI-TEK instruments, Inc. 
| 
HI | 


Dept Nae 5225 Verona Rd., Madison, Wis. 53711 Phone: 608/238-8476 
in Europe: Bruker-Physik Ag, 7501 Karisruhe-Forchheim, 
Postfach 40 10, Karlsruhe, West Germany 







features of this single input signal averaging 
computer. A completely new approach auto- 
matically provides the user with normalized 
data regardless of the sweep speed or the num- 
ber of sweeps selected. At the same time this 
computer is easier to use than most laboratory 
oscilloseopes. Pushbutton programming, for 
instance, greatly simplifies and speeds up the 
operation, 


The input signal can be viewed for set-up pur- 
poses while adjusting the sensitivity and trig- 
ger threshold. External address advance is in- 
cluded. A pre-filter is provided for optimizing 
the signal-to-noise ratio improvement as well 
as avoiding “aliasing” errors due to high fre- 
quency noise. Calibration of X-Y plotter or 
oscilloscope outputs is simplified by means of 
pushbutton controls. A meter is provided to in- 
dicate the number of pre-set sweeps com- 
pleted, “Real-time” readout is available for 
comparing averaged signal to raw signal or 


for spectral analysis. 
*ULS.A. and Canada 







Precision engineering, 
experienced design, every- 
thing big-company “know-how” 

with small-company dedication can 
pack into a precision-built, durable, 
reliable centrifuge. That's what we put “in back” of every SOR- 
VALL. That is why the RC-2, and now the RC2-B, are successors 
only — not meaningless innovations to the original, manually - 
operated RC-1. (The original was so good, it still gives us a bad 
time when we try to replace it with the vastly improved RC2-B.) 
“Look in back” of a SORVALL — the RC2-B Automatic Super- 
speed Refrigerated Centrifuge — to 20,000 rom — to 49,500 x g. 
We assure you, it’s not just all front. For all the details, write to 


z ¿ivan Sorvall, Inc., Norwalk, Connecticut 06856. 


SORVALL. 


RESEARCH INSTRUMENTS — BUY SORVALL 


Request Bulletin na-gwiB 





$S-3 AUTOMATIC 
SUPERSPEED CENTRIFUGE 
RCF’s to 34,800 x g * 

17,000 rpm * The m 

table-top centrifug 

Gyro-Action Drive 


$S-4 MANUAL 
SUPERSPEED CENTRIFUGE 
RCF's to 34,800 x g * Speeds 
17,000 rpm * The mod 

controlled centrifu 

Action Drivel 


$S-1 SUPERSPEED 

ANGLE CENTRIFUGE.. 
RCF’s to 31,000 x g * £ 
16,000 rpm «~The original 
horse” of the modern laboratory! 


PRODUCT GUIDE 





LXVI 


EVERYTHING! 


THINK 


0 YO 
OU HAVE SEEN - 





you havent, you know, 
not unless you've used 
the new JEM-100B 





First, look at its specification 


Magnification—500-500,000—-single knob, digital 
readout, no realignment 

Accelerating voltages—20, 40, 60, 80, 100kV—digital 
readout 

Selected area diffraction—and with choice of three 
camera lengths 

Dark field—-with dual channel controls 

Six lens optics—for the best performance in all modes 
Fully automatic vacuum system 

Automatic camera and exposure system 


And you have all this and more in just one 

electron microscope. 

Now, make this your new electron microscope. 

Come and see it today—-and bring your specimens too. 
The JEM-1008 will show you everything. 
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Now, Direct Sales & Service by 


JEOLCO (U.K) Ltd. 





Shakespeare Road, London, N.3. 
Telephone: 01-346 7211 

A subsidiary of JAPAN ELECTRON 
OPTICS LABORATORY CO. LTD. 
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Quality Control... 








and what it means to you today 


Difco was developed by producing better products through control of quality. 

Now there is a history of more than seventy years of dedication to accuracy and 
dependability, specialized equipment, exacting materials control. 

it's a history of a unique kind of control. Difco tests each ingredient before it is 
accepted for use. Testing throughout preparation assures compatibility. 

The finished product is then tested for dependable performance under the conditions 
for which the product is intended. Result? Perfectly standardized products that give 
reproducible results every time. 

What does it mean to you? 

Assured reliability. Savings in time and money. 

Dependable microbiological results in your laboratory. 


D | F ( ©; &T are the sole concessionaire for DIFCO products, 
A complete line of microbiological reagents and media. 
Baird and Tatlock (London) Ltd., Posta/ Address: P.O. Box 1, Romford, RMI 1HA, 
S| T Situated at: Freshwater Road, Chadwell Heath, Essex. 
Telephone No: 01-590 7700 (25 lines). Te/ex: 24225 Bairhop. Cables: Burette Romford, 
TAS.OOA 
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SOMETHING NEW’ 


in the cryogenic world 
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INSTITUTE OF INORGANIC SYNTHESES 


Czechoslovak Academy of Sciences, Prague — Rei 





SODIUM DIHYDRO-BIS (2-METHOXY-ETHOXY) ALUMINATE 


A NEW REDUCING AGENT 


1. Sodium Dihydro-bis (2-Methoxy-Ethoxy) Aluminate was synthesized for the first time in 
1965 by Vit Casensky and Machacek in the Institute of Inorganic Syntheses of the Czechoslovak 
Academy of Sciences in Prague—Rez. |t is a new reducing agent with extremely advantageous 
chemical and physical properties, and is readily soluble in all ethers and aromatic hydrocarbon 
solvents. 


2. “S.D.A.” is very stable towards atmospheric oxidation and only ignites after prolonged contact 
with a naked flame, and reacts slowly with water and the alcohols. Consequently, any handling 
of the compound is completely safe, and, fram a technical point of view, very simple. 


3. The material has a high thermal stability which allows reductions to be carried out at temp- 
eratures up to 170°C, 


4. Analytical determination of active hydrogen can be conducted in a simple and rapid fashion. 
5. The material is, in comparison, less expensive than the complex alkali metal hydrides. u 


6. Delivered prices are as follows = 


100 grams . . 2. 2... . 4B/~ 
250 grams . . 2... . o 96/= 
500 grams . . .... . . 176/~ 
1000 grams . ..... . . 316/- 


PANSKA 9, PRAHA 1, 


Czechoslovakia 





FURTHER INFORMATION AVAILABLE FROM SOLE UNITED KINGDOM DISTRIBUTOR = 
CHARLES DRUCE LIMITED, 94 YORK STREET, LONDON, W.1 
Telephone: 01-262 1600 






SANTO VAN A SIA 


is at your service 
all over the world 


SUBSCRIPTION AGENCY 


He can deal promptly and efficiently with subscriptions, and 
renewals, to any periodical published throughout the world, both 
for individual or library requirements. 
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BOOK SERVICE 


He can obtain books for you from any part of the world. These books 
are sent to you direct by the publishers, which expedites delivery 
and reduces postal charges. 


RARE PERIODICALS 


He can obtain for you any complete or partial collection to | 
periodicals, quickly and economically. The stock of journals at his 
disposal ensures a most efficient and perfect organisation is always at 
your service. 

Cable: VANASIA-MILANO 


Mr. Santo Vanasia will be in North and South America in the 
months of April, May and June of each year and will regard it 
as an honour to meet you personally and place his organisation 
at your service, if required. 


20124 MILANO 58 Via M. Macchi Telephone 266.917 MEXICO 20, D.F. 26, Paseo de las Facul. Tel. 480150 
BUENOS AIRES 1410Cangallo Telephone 40.3937 MADRID 1 Calle Victor Hugo - Telephone 222.3078 


$3 
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MYCOTOXINS — 
for Research 


Formerly supplied by 
Yissum Research Development 
Company of the Hebrew University 


e AFLATOXIN B, 

© AFLATOXIN B, 

e AFLATOXIN G, 

e AFLATOXIN G. 

* RUBRATOXIN B 
DIACETOXYSCIRPENOL 















For specifications and prices write to: 





MAKOR CHEMICALS LTD., Dept. A 
P.O.B. 6570, JERUSALEM, ISRAEL 


@aAnhyaric 
Incubator 


Hilustrated catalogue on request to 

Laboratory Thermal Equipment Ltd. 
Greenfield, Nr. Oldham. 

Telephone: Saddleworth 3221 2 





Elliott High Voltage 
Generators 
with solid-state logic 


The GX high voltage generators from Elliott feature 
solid-state power control and solid-state lagic sequence: 
control using the Elliott Mintlog range. There are three 
basic types with outputs of 50kV at BOmA, 100kV at 
40mA and 150kV at Z0mA. All have a maximum contin- 
uous output power rating of 3kW, with the high voltage 
stabilised to 0-1% and on the GX1 to 0-01, 

The designed applications of the eight GX series Eliott 
high voltage generators are X-roy fluorescence analysis: 
rotating anode X-ray diffraction: sealed-off X-ray dif- 
fraction; industrial radiography and sealed-off neutron 
tube supply. Modifications can be made to the generators 
for specific requirements. 





for tall information, write to: 

The Neutron Division 
ELLIOTT-AUTOMATION 
RADAR SYSTEMS LTO 
Elstrae Way Borehamwood Herts 
Tel: 01-953 2040 Ext 3159 


ELLIOTT 


W EN 27 


SEPTEMBER 6, 1969 


CONTROLLED ENVIRONMENT CULTURE APPARATUS 


Continuous and batch 
culture of bacteria, algae, 
fungi, protozoa, viruses 
and animal and plant 
tissue cells 


® Accurate auto control and strip chart record of 
dissolved oxyger, temperature and pH. 


* Electronically controlled high power stirrer. 
* All glass/stainless steel culture vessel. 


# Pumped weir eliminates accretion of filamentous 
growth, 


AlL components readily accessible for operating 
and maintaining. 


And—the complete system comprising culture 
vessel, nutrient, harvest and reagent bottles and 
associated tubing is constructed on an integral 
trolley which withdraws down a built-in ramp 
for easy autoclaving jn toto or as individual 
components. 


The field of use for the apparatus includes 
development of industrial fermentations, 
brewing research, vaccine production, studies 
on water pollution and effluent disposal, 
tissue cell culture, biochemical reactions, 
enzymic digestions, fundamental research on 
cell and microbe growth. 


Ask for details 


Gallenkamþ 


LONDON P.O. Box 290 Technico House, Christopher Street, London 
E.C.2, Tel. 01-247 3211 Telex 886041 


WIDNES P.O. Box 19 Victoria House, Widnes, Lancs 
Tel, 051-424 2049 


STOCKTON-ON-TEES Portrack Lane, Stockton-on-Tees, Teesside 
Tel. 0642 63441 





Printed in 





1s 
at 4 Little Essex Street, London, W.C.2--Saturday, September 6, 1969. 








HEATHWAY 


BELL TYPE ANNEALING OVEN 

















OVEN ‘UP POSITION’ 
Operational advantages of this design are: 
Versatility—-easy loading— 


flexibility of operation— 

‘Heat lost when opening minimized. 
Specification: 

“Normal “Up and Off’ and “Up and 
Hold” plus temperature setting 

Max. operating temperature 650° C 


Inside dimensions of Bell: 
, 69" long 21” high 17%” wide. 





t OVEN ‘DOWN POSITION’ 
t May we'send you details of our range of lathes and equipment 
Write or phone 
he HEATHWAY MACHINERY CO., LTD 
UXBRIDGE ROAD, HILLINGDON, MIDDX 
TEL. UXB 36345/6. GRAMS: HECO UXBRIDGE 
Or contact one of our Overseas Agents : Canada: Nortel Manufacturing Lid-~~Scarborough 
Ontario, France; P. Foulon—Paris. Holland & Belgium: A, Bruyaux—Amsterdam. Australia: H.B. 


Selby. Scandinavia: Kebo--Stockhalm. U.S.A.: Bethlehem Apparatus—Hellertown PA. 
Switzerland: Ernst Keller-—Basle. Germany: Hahn & Kolb--Stuttgart. 





| Septem ber | 
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Postgraduate 
technology 
Insects in 2" 34 
biological control _ 
Bacteriophage 
sigma factor 
Mitochondrial 
DNA E 
Assignment of 
haptoglobin locus 
Models for 
membranes 











Earthquake 
in the mantle 


Cosmology and 
electrodynamics 


Vol 223 No 5211 





EDWARD 


-FOR ALL THOSE VITAL BITS AND 
PIECES FOR VACUUM PLANT 





VALVES 





SOLENOID 


MANUAL 





SOLENOID 





AIR ADMITTANCE 


NEEDLE 


Edwards manufacture and supply every type of valve required for in-line or 
panel mounting and for manual or automatic operation — from the tamous 
‘Speedivalve’ to vacuum needle valves for extra fine control. 


VACUUM CONNEXIONS 


The Edwards  solderiess 
fully demountable vacuum 
pipeline coupling system in 
din and tin nominal ranges 
provides a quick and econ- 
omical method of building 
up either temporary or per- 
manent vacuum systems. A 
full range of vacuum unions 
and flexible connexions is 
also available. 


PIPELINE 
COUPLING 
SYSTEM 











PEED AC y 





FLANGED 
UNION 





FLEXIBLE VACUUM 
CONNEXION 


Edwards 


(LLL 





f 





VACUUM SEALS 


‘0 RINGS 
EXTRUDED CORD 
SHEET 











FLOW SWITCHES 
SUCTION and PRESSURE 
CONTROLLERS 





‘FLOWTROL’ FLOW SWITCH 


Available either with or 
without flowrate indicating 
dial, the ‘Flowtrol’ is opera- 
ted by pressure differential 
across an adjustable ori- 
fice. A typical use is the 
protection of water-cooled 
and liquid flow equipment 
against damage resulting 
from inadequate or exces- 
sive flow. 


Edwards High Vacuum (Plant) Limited A member of the BOC group 


Manor Royal, Crawley, Sussex, England 
Telephone Crawley 28844 Telex 87123 Edhivac Crawley 








For fuller descriptions 
send for 
Publication 08643— 

| “A Summary of 

| Edwards Vacuum 
Accessories” 


é& 


Subscription Rates 


DIRECT POSTAL SUBSCRIPTION RATES 
*12 MONTHS (52 issues, 4 indexes) 


AIRFREIGHT 
United States... 00... ccc eee eee eee eee $B 
Canada $52 


SURFACE MAIL 
Elsewhere overseas, U.K. and Efre........ £14.0.0 


* Shorter Periods Pro-rata. 


ORDER FORM 


Please send me......copy/copies of NATURE each week for........months 
starting with the issue dated... 6... ccc cc ere erence eee entrees 


for which | enclose remittance * value... 0... cc ccc ccc cece etre tenance 


* Cheque, international Money Order or Bankers Dratt on London, 


ZIP OR POSTAL CODE......, 
ZIP essential for U.S.A. 


The publisher would appreciate this additional information 


BRANCH OF SCIENCE 
OR TECHNOLOGY 


ORGANIZATION ..,..... 


POSITION viceats caugiae 





NATURE OF WORK 
(RESEARCH, DEVELOPMENT, TEACHING, ETC,).. 




















Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, whe retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
te appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch. 
Minimum £3, each additional [/12th of an inch 
10s. Full page £158, Half page across £80, 
Colour (orange) £20 extra, 2/6 is charged 
for the redirection of replies to advertise» 
ments with a box number, 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
Inn, Strand, London, W.C.2, Telephone: 
Wen 4743, Telegrams: Textualist, London, 





APPOINTMENTS VACANT 





UNIVERSITY OF GLASGOW 


LECTURESHIP IN ANAESTHETICS AT THE 
WESTERN INFIRMARY 


Applications are invited for a Lectureship in 
Anaesthetics. The initial salary will be fixed 
according to placement on the University scale 
for clinical teachers. The final maximum is 
£3,235 per annum. F.S.$.U. 

The successful applicant will have the oppor- 
tunity to participate in teaching, to assist with 
the organization of undergraduate and post- 
graduate training programmes, to carry out 
original research and to undertake certain clini- 
cal duties in the Western Infirmary. 

Applications (twelve copies), should be lodged 
not later than September 26, 1969, with the 
undersigned, from whom further particulars may 


be obtained. 
ROBT. T. HUTCHESON. 
Secretary of the University Court, 
(BA) 
UNIVERSITY OF NOTTINGHAM 
DEPARTMENT OF PSYCHOLOGY 

Applications are invited for the post of Re- 
search Assistant in this Department engaged on 
a project investigating the effects of pre-natal 
stress in rats. Candidates should be honours 
graduates in psychology and experience with 
animals would be an advantage. Salary will be 
£800 per annum, 

Forms of application and further particulars, 
returnable not kuer than September 20. 1969, 
from the Staff Appointments Officer, University 
of Nottingham, University Park, Notdngham. 

(939) 
NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(University of Reading) 

The Physics Department has a vacancy for an 
Assistant Experimental Officer tò a. in the 
application of x-ray crystallography to bio- 
logical materials, including dairy products. 
Minimum qualifications are ‘A’ Jevel in 
Physics and/or Chemistry, with Mathematics or 
Biology ; or HUN.C. in Physics, Previous ex- 
perience ig not essential. 

Starting salary up to £1,208 according to age, 

















in scale to £1,434. 

Apply, ona forms obtainable from the Secre- 
tary, NERD, Shinfield, Reading RG2 9AT, 
quoting reference 69/133, (946) 











TWYFORD SEEDS LIMITED 


who are continuing to expand their Plant 
Breeding operations, seek a 


BARLEY BREEDER 


for which post a vacancy occurs, Appli- 
cants must have outstanding knowledge, 
theoretical and practical, and considerable 
experience of cereal breeding. A salary 
commensurate with this important position 
(including rent of farmhouse flat) will be 
offered to the successful applicant, 


Applications in strict confidence direct 
to : The General Manager, Twyford Seeds 
Li d, Adderbury, Banbury, Oxford- 
shire. (853) 
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SENIOR 
BIOCHEMISTS 


(Liverpool) 


As part of the expansion of Roche research activities in the United 
Kingdom, a temporary unit is being established in the Biochemistry 
Department building of Liverpool University, to be transferred after 
some three years to a new Roche research building at Welwyn Garden 
City. In this connection applications are invited from post-graduate 
and post-doctoral scientists for positions as: 


SENIOR ANALYTICAL BIOCHEMIST 


A chemist or biochemist is required to establish and coordinate a 
small group concerned with the quantitative analysis of drugs under 
clinical trial in tissues and body fluids. The work would include 
evaluation of existing methods of analysis with a view to their im- 
provement, and some research into new methods. Applicants should 
have experience in the quantitative application of U.V. and 
fluorescence spectroscopy and G.L.C. to biochemical analysis. 
Reference for the post: RBA. 


SENIOR PHARMACOLOGICAL BIOCHEMISTS 


Biochemists are required for research into the development of new 
therapeutic agents. Post-doctoral research experience Is required, 
preferably in the biochemistry of inflammatory connective tissue 
disease, neuronal transmission, or prostaglandins, the effect of chemo- 
therapeutic agents on protein biosynthesis or the effect of drugs on 
mammalian intermediary metabolism. Work in other flelds is not 
excluded. Reference for these posts : RBP. 


Write in confidence, quoting the appropriate reference, for further 
information and an application form to the Head of Personnel at: 
ROCHE PRODUCTS LIMITED 


15 MANCHESTER SQUARE LONDON WIM 6AP an 


Department of Agriculture and Fisheries 
for Scotland 
Freshwater Fisheries Laboratory, Pitlochry 


FISH BIOLOGIST OR PHYSIOLOGIST 


(Graded Senior Scientific Officer/Scientific Officer) to carry out investiga- 
tions of the behaviour or physiology of salmonid fish especially salmon. 


SALARY : S.O. £1,071 to £1,827; 5.5.0. £2,021 to £2,491. 


QUALIFICATIONS ; Ist or 2nd Class honours degree in zoology or an 
equivalent qualification and for $.S.0. at least three years’ post-graduate 
experience, 

Prospects of permanent pensionable appointment. 

APPLICATION FORMS and further information from The Establishment 
Officer, Department of Agriculture and Fisheries for Scotland, Room 


172(C), St. Andrew's House, EDINBURGH, EHI 3DA, 
Closing Date--September 26, 1969. ce) 
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UNIVERSITY OF STRATHCLYDE 


BIO-MEDICAL 
ENGINEERING 


Applications are invited for four Lectureships in the Bio-engineering 
Unit. 


The Bio-engineering Unit is the academic base for several multi- 
disciplinary research groups engaged on the application of scientific and 
technological expertise to clinical problems. The Unit has established 
an international reputation for innovation in bio-medical research. 
Current activities include the study of practical problems in plastic and 
orthopaedic surgery, obstetrics, lower limb prosthetics and artificial 
organ systems. 


The Unit has laboratories, workshops, etc. within the University precincts 
and specialized research facilities are maintained in several hospitals. 
A new building housing the Wolfson Bio-engineering Centre will be 
opened in 1971. 


Currently there are four vacancies for lectureships as follows: 


(1) A Graduate Scientist is required for work in the Microscopy 
group on fundamental problems of tissue biomechanics. A 
demonstrable interest or previous experience in transmission or 
scanning electron microscopy is required. 


(2) A Physicist, electrical or electronic engineer, is required to take 
charge of the design and development of electronic equipment 
used in support of the bio-engineering programme. For this 
appointment a first good degree is required with either consider- 
able experience in instrumentation research or substantial 
experience in industry. 

G) A Graduate preferably in mechanical or control engineering is 
required for the Prosthetics group to help with the continuing 
development of systems for the analysis of human locomotion 
and the design of novel prosthetic systems for the lower limb. 


(4) A Graduate in Mathematics, Physics or Engineering Is required 
to join the Research Group on Obstetrics Biomechanics. 
Expertise in mechanical instrument design, electronics, mathe- 
matical statistics or previous work in scientific medical research 
would be advantageous. A medical graduate with proven 
practical scientific ability would find this appointment challeng- 
ing and rewarding. 

Every encouragement will be given to help successful candidates towards 
higher degrees or other qualifications for the acquisition of specific 
technical competence. 
Salary Scale: Lecturers—£1,240-£2,850 p.a., with F.S.S.U., placing on 
scale according to qualifications and experience. 
Application forms and other particulars (quoting 36/69) can be obtained 
from The Registrar, University of Strathclyde, George Street, Glasgow 
C.l, with whom applications should be lodged by September 20, 1969, 
(928) 





HUNTINGDON RESEARCH CENTRE 


RESEARCH OFFIGERS 


Graduates in biological sciences are required for participation in research work 
in the fleld of safety evaluation of drugs and other chemicals. Preference will be 
given to candidates who have an imerest in mammalian syster associated with a 
broader physico-chemical knowledge. They should have initiative and organising 
ability. Experience in the field of toxicology would be considered a definite advantage 
but is not essential. The commencing salary would be according to experience. 


“Library and social facilities are good and four weeks’ holiday will be grammed per 
year, 


Applications should be addressed to the Personnel Officer, Huntingdon Research 
Centre, Huntingdon, quoting reference PRN. (B19) 





AUSTRALIAN NATIONAL 
UNIVERSITY 
JOHN CURTIN SCHOOL OF MEDICAL 
RESEARCH 


CHAIR OF PHYSICAL 
BIOCHEMISTRY 


Applications are invited for appointment to the 
position of Professor of Physical Biochemistry 
and Head of the Department of Physical Bio- 
chemistry, which will be relinquished by Pro- 
fessor A. G, Ogston, FAA. ERS. in July 
1970, when he takes up his appointment mi 
President of Trinity College, Oxford. 

The Department of Physical Biochemistry is 
one of seven departments in the John Curtin 
School of Medical Research (Director, Professor 
F, Fenner, FALA, ERS); the others, being 
Biochemistry, Clinical Science, Experimental 
Pathology, Medical Chemistry, Microbiology, and 
Physiology. There is also a Department of Bio- 
chemistry in the School of General Studies. 

The Head of the Department of Physfeal Bio- 
chemistry will be responsible for the direction 
and co-ordination of work in the department, 
and will have full scope to develop a research 
group devoted to his own interests. 

All departments in the John Curtin School are 
involved solely in research and postgraduate 
(PhD. and post-doctoral) training; members of 
staif are not required to participate in under. 
graduate teaching. 

Normal salary is $413,000 per anmum; there 
ig entitlement to one year’s study leave on fail 
pay, plus a grant of up t $43,200 towards 
expenses, within each four-year period. Saper- 
annuation is on the F.S.5.U. pattern, with 
supplementary benefits. The University will pay 
first-class fares for the appointee amd his familly 
and the costs of removal of furmiture and effects. 
The University will also provide assistance in 
housing. 

Further information about the position and a 
summary of conditions of appointment of 
academic staff may be obtained from the Secre» 
tary-General, Association of Commonwealth Uni 
versities (Appts), 36 Gordon Squares, London, 
W.C.1. Applications close on November 30, 
1969. {954 


NEW ZEALAND 
UNIVERSITY OF CANTERBURY 
Christchurch 


SENIOR LECTURER OR 
LECTURER IN PHYSICS 


Applications are invited for the sbove-qmen- 
tioned post. Applicants should have suitable 
qualifications and interests in solid state i 
atmospheric physics, theoretical physics or 
nomy. 

Applications close on © 

Salaries are under re 
for Lecturers are $ 
SNZ4.700, SNZ4_ 800 G uam, and for Senior 
Lecturers $NZ4,700 by SNZ200 to §NZ3 30 
(bar) and thereafter a range to SN 26,6 

Particulars, including informat 
removal allowances, study leave 
superannuation may be obtaine 
tary-General, Associatic of Commonwealth Urni- 
es CADpIS.), f London, 
1 (955) 


UNIVERSITY OF QUEENSLAND 
AUSTRALIA 
LECTURER /SENIOR LECTURER IN 
MINERAL OR METALLURGICAL 
ENGINEERING 

The University invites applications for the 
position of Lecturer/Senior Lecurer in the 
Department of Mining and Metailurgionl Engin- 
eering. Applicants should hold a degree in 
Mining, Mineral, Metallurgical or Chemical 
Engineering, or in Metallurgy, and have a pare 
ticular interest in proce: desi A higher 
degree andor some ind e would 
be an a ntage. 

Salary for a Lecturer wi 
$A5,400-$A47,300 and Sen 
SAS.750 per annum. 

The Unive 
similar to F 
leave and ra 
pointees of Lecturer st 1 

Additional information and apr 
will be supplied upon request to the Secretary- 
General, Association of Commonwealth Univer- 
sides (Appts), 36 Gordon Square, Londen 
w 7 

Applications close in London and Brisbane on 
October 30, 1969, (908) 









tober 34, 1969, 
w. Existing salaries 
00 by SNZ200 to 
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The Anatomy of 
Paramecium 
Aurelia 


A. Jurand, B.Sc., Ph.D. and G. G. Selman, B.Sc., Ph.D. 
Lecturers in the Institute of Animal Genetics, 


University of Edinburgh. 


Based on a fine collection of 53 plates of light and electron micrographs, this book provides a comprehensive 
account of the structure of Paramecium aurelia. 




















Corpuscies, membranes and fibrils are brought clearly into view; at the same time the electron microscope has 
provided a dramatic picture of such structures as the buccal cavity, the ciliate pellicle, the basal granules and the 
trichocysts. The nuclei, replication processes and cytoplasmic symbiotic inclusions are also illustrated and 
described. Details of the methods and materials used in producing the micrographs complete this valuable work 
of reference. 

224 pages 53 half tone --14 line illustrations £5 


Scientific Writing 
for Graduate 
Students 


Edited by F. Peter Woodford, 
| The Rockefeller University, New York. 


Many scientists write badly. The Council of Biology Editors in the United States believes this is because there isa 
lack of formal instruction during a university science course and has produced this book as a first step in remedying 
the situation. Designed principally for teachers of scientific writing the book is concise to allow room for personal 
interpretation but provides enough detail for individuals who want to improve the presentation of their research 
findings. 





Much of the book is devoted to the writing of a journal article, however additional chapters cover such topics as 
writing a doctoral thesis, oral presentation of a paper and searching the relevant literature. Source material is given 
at the beginning of each chapter and there is an annotated bibliography of further reading. 

192 pages 45s 


Macmillan & Co Ltd 
Little Essex Street London WC2 


yl 
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WORTHINGTON 


I 


Our newly published catalog lists 
more than 230 high purity enzymes 
and related biochemicals for 
research. Several are produced 
through the use of such advanced 
techniques as column chromatog- 
raphy, disc gel and free-flow elec- 
trophoresis, 

The catalog provides essential 
information on enzyme source, 
activity, purity, assay, packaging, 
and price for each biochemical. 
Also listed is a group of enzymatic 
reagents for clinical diagnosis, 

At Worthington we insist on pre- 

For 1969-70... paring all our own enzyme products, 
carrying them from raw material 
through processing, purification, and 
packaging. With complete control 


New Worthington over each step, we can give impor- 


tant guarantees of enzyme quality. 


catalog lists enzymes Other suppliers — re-sale houses 


offering something made by some- 
for research vot ese- ear't doit 


Use the attached coupon to request 
your copy of Worthington Enzymes 
for Research or other Worthington 
literature. 


Canadian distributor: Winley-Morris 
Co., Ltd, Montreal. 

































Emma's never met a scientific instrument quite like EMMA before. 
And that goes for a lot of people, because this 

Analytical Electron Microscope is new to the world of science. 
Now, for the first time, you can examine specimens with the 

full facilities of a high-resolution microscope and then carry out 
twin-channel x-ray microanalysis of the same area. There's no 
need to disturb the specimen or modify the instrument in any way. 
The technique best suited to the investigation can be selected 
from the one console. It couldn't be easier. 

The integration of these two highly sophisticated techniques 

into one instrument in no way compromises the performance or 
results of either. EMMA-4 gives a point to point microscope 
resolution of 10 A and a magnification range from 

1 000 x to 160 000 x. Because of the very small probe size 
available in EMMA, x-ray microanalysis and electron diffraction 
can be carried out on areas as small as 2 000 A diameter. 

The combination of techniques in EMMA-4 makes it a 
particularly powerful instrument in every field of research—biology, 
metallurgy, physics, chemistry and mineralogy. 

To receive full details of this outstanding new instrument 

and typical applications, just clip the coupon and send it to us. 
You'll find there’s a lot more to EMMA than meets the eye. 

P.S. Emma and EMMA are getting on fine. 


“SCIENTIFIC 
APPARATUS 


EUROPEAN LEADERS IN ELECTRON OPTICS 





EMMA-4 was developed in conjunction 
AS with Tube Investments Research Laboratories 





Vit 
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VIBRATIONAL SPECTRA OF BENZENE DERIVATIVES 


G. VARSANYE Physical Chemistry Department Technical University Budapest Hungary 
October 1969, xvit-430 pp., 105s. SBN 12.714950,3 


o on the vibrational problems of benzene and its derivatives is an important contribution to 
aa -OPY. e author has succeeded in deducing general rules for the interpretation of 
requencies by analysing the influence of the mass and electronic structure of a substituent on the 
variation of frequency and vibrational form within a homologous series. Using these rules, he 
eg an easily perceptible qualitative interpretation for the frequencies. t 

a i a ri source of information for physicists and chemists dealing with theoretical 
c tons of vibrational spectra. It will be invaluable to chemists using the vibrational spectra 
or structure elucidation and for the solution of analytical problems. 


CONTENTS: Theoretical Bases for Molecular S, v i fvrerd 
ities SOS J ‘pectroscopy, Normal Co-ordinate Analysis of Benzene and its Derivisives. 
Normal Vibrations of Benzene and its Derivatives. Appendix. ; References. Author Iide: Ee Index. 


ORGANIC CHARGE TRANSFER COMPLEXES 


ROY FOSTER Chemistry Department University of Dundee Scotland 
Volume 15 of ORGANIC CHEMISTRY —A series of monographs. 
Edited by A. T, BLOMQUIST 

October 1969, xii+470 pp., 160s. SBN 12.262650.8 


This volume concentrates mainly on systems involving organic components, although some examples 
of complexes involving inorganic components, such as the halogens, are included, This is an 
advanced-level text intended for final-year Honours chemistry students and post-graduate workers 
in chemistry, physics and molecular biology. 


CONTENTS: General. Theoretical Descriptions. Electronic Spectra. Infrared Spectra. Nuclear Magnetic Resonance 
Spectra. Determination of the Position of Equilibrium—Methods. Determination of the Position of Equilibrium-—Resuits. 
Crystal Structures. Electrical and Magnetic Properties. Selected Charge-transfer Complexes. Chemical Reactions which 
may Involve Charge-transfer Complexes. Biochemical Systems. Applications of Charge-transfer Complexes in Organic 
Chemistry. Appendix: Table 1, Table 2. Author Index. Subject Index. Compound index. 


ADVANCES IN OPTICAL AND ELECTRON MICROSCOPY 


Edited by R. BARER Department of Human Biology and Anatomy University of Sheffield England; 
and V. E. COSSLETT Department of Physics Cavendish Laboratory University of C ambridge England 
Volume 3, September 1969, xii +286 pp., 100s, SBN 12,029903.8 


This series presents informative review articles covering all methods of microscopy, both optical 
and electronic, emphasizing differences as well as common basic principles. In this volume, the 
inter-relation of optical and electron microscopy is emphasized in that two of the articles (those 
on microincineration and on autoradiography) describe successful attempts to adapt to electron 
microscopy some techniques for the optical microscope. The review of particle size measurement 
and stereology as practised by the optical microscopist should provide useful guidelines for similar 
measurements in the electron microscope. 

CONTENTS: Zoom Systems in Microscopy. Mensuration Methods in Optical Microscopy. Microincineration Techniques 
for Electranmicroscopic Localization of Biological Minerals. Small Angle Electron Diffraction in the Electron Microscopes. 


The Assessment of Electron Microscopic Autoradiographs. Author Index, Subject Index. Cumulative Index of Authors, 
Cumulative index of Titles. 


THERMAL CONDUCTIVITY 


in two volumes 


Edited by R. P. TYE Dynatech Corporation Cambridge Massachusetts USA 


This is a critical review of the methods available for making measurements of thermal conductivity. 
Both theoretical and practical aspects are considered in detail; the treatment covers all physical 
states and extends throughout the entire existing temperature range. Experimental sections provide 
essential design information and emphasize methods of avoiding error. The great range of discip- 
lines in which such measurements are vital includes nuclear energy, aerospace technology and 
thermal insulation in structures. 


Volume 1, September 1969, xxii +422 pp., 130s. SBN 12. 705401.4 


CONTENTS: Theory of the Thermal Conductivity of Solids. Measurement of Solid Conductars at Low Temperatures, 
Measurement of the Thermal Conductivity of Solids at High Temperatures by using Steady-State Linear and Quasi-linear 
Heat Flow. Radial Heat Flow Methods for the Measurement of the Thermal Conductivity of Solids, Measurement of Thermal 
Conductivity by Steady-state Methods in which the Sample is Heated Directly by Passage of an Electric Current. Heat 
Transmission in Low Conductivity Materials. Author Index, Subject Index. 


Volume 2, June 1969, xxii+354 pp., 105s. SBN 12. 705402.2 
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Way Ahead for Fusion 


Ir is a long time now since open speculation about the 
design details of thermonuclear power stations was 
respectable in public, but the pressure of conservative 
opinion has not prevented the British Nuclear Energy 
Society—~spurred on by or even as a front for the 
Culham Laboratory of the Atomic Energy Authority— 
from organizing what it calls the Nuclear Fusion Reac- 
tor Conference at the end of next week. The occasion 
should be more than a chance for old chums to meet 
again—if it comes to that, it is scarcely a year since 
most of them were hobnobbing at Novosibirsk on 
the occasion when Academician L. Artsimovitch stirred 
the fusion pot with his tales of the performance of the 
machine called Tokamak. The truth is that the title 
of the conference is either plain cheek or a challenge 
to the rest of us to ask whether the time has come to 
regard fusion seriously again. In Britain, and especi- 
ally at Culham, the issue has especial poignancy, for 
the British programme of thermonuclear research is 
now nearly half-way through the five year period during 
which expenditure must be reduced by a half. Are 
the organizers counting on their capacity to win the 
hearts of the policy makers with the tales they have to 
tell next week ? 

By all accounts, there is something useful to say. 
From the beginning, it has been recognized that success 
in controlled thermonuclear research depends on being 
able to confine a potentially reactive plasma in a 
magnetic field for long enough, at a sufficiently great 
density and at a sufficiently high temperature for the 
amount ofenergy produced to be greater thanthat needed 
to operate the machinery. Optimism that machines 
like this might be just around the corner was dashed 
by the discovery that most methods of containing 
plasma in magnetic fields are unstable. The magnetic 
bottles, as they used to be called, are not merely porous 
but brittle, and the painful succession of discoveries 
of this apparently inescapable truth was eventually 
rationalized in the so-called Bohm limit, which seemed 
seriously to limit the stability of plasmas confined by 
magnetic fields. The excitement at Novosibirsk last 
year stemmed from the announcement that the machine 
called Tokamak, a toroidal device with much in com- 
mon with the old British workhorse Zeta, had beaten 
the Bohm limit by a factor of fifty or so, This news 
has struck an echo from machine operators elsewhere, 
for it was already clear that the Bohm limit was a 
little like the speed limit on the roads, as much honoured 
in the breach as in the observance. Now the boast of 
the machine operators is not whether their device will 
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beat the Bohm limit, but by how much, To be sure, 
there is a long way to go to the conditions in which 
fusion would be prolific—a factor of a hundred in 
temperature, for example—but what had seemed to be 
an unavoidable obstacle has apparently been sur- 
mounted. 

So does it follow that the way is now clear for a 
practical demonstration that fusion power is really 
practical? Unfortunately there is no certainty of 
this. Some people have confidence-—or faith—that 
the immediate task is simply to extrapolate the experi- 
ments so far carried out towards more extreme condi- 
tions. There is talk, for example, of how several pat- 
terns of machine, some toroidal like Zeta and Tokamak, 
and some open-ended, could be turned into producers 
of thermonuclear power simply by making them bigger 
and by using more powerful magnetic fields for con- 
tainment. In practice, of course, much would depend 
on the magnetic fields which turned out to be necess 
100,000 gauss might be feasible, but 300,000 g 
might not. The conference next week should. “help 
to make these guesses a little more precise. But even 
if machines can or could be built to produce thermo- 
nuclear power in substantial quantities, there is, of 
course, no guarantee that all the related problems of 
operating them could quickly be solved. What 
materials would be used for building the containment 
vessels, for example? Niobium seems to be the 
favourite candidate at present, but nobody knows how 
durable it would be. It follows that even optimists 
cannot at this stage promise that thermonuclear 
power is once more round the corner--what they 
argue is that the time has come when a programme of 
deliberate exploration and development should be 
mounted. It is only fair to say that other people, 
sceptical or possibly case-hardened, point out that 
nobody at present knows why it should have b 
possible to beat the Bohm limit with such unexpected 
ease, and that there can be no certainty about the 
future development of thermonuclear fusion until 
that task has been accomplished. Here too, fortun- 
ately, the conference next week should help to clarify 
the way ahead. 

Neither the British Government nor the Atomic 
Energy Authority, which is formally responsible for 
having decided to run down thermonuelear research at 
Culham, should be surprised if there now grows up a 
demand for a reversal of the decision that this activity 
is a kind of luxury. Uncertain though the future may 
be, there seems no doubt that the prospects for practic. 
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able fusion power are brighter now than at the end of 
1966. Ifit was then sensible to support thermonuclear 
research to the tune of £2:5 million a year—half the 
then budget of £5 million a year—there is presumably 
now a case for settling for a somewhat larger figure. 
Certainly there are plenty of proposals for work that 
actually needs to be undertaken. Several designs of 
experimental machine promise to yield important 
information about the fusion process. Although it 
seems unlikely that Britain could usefully support a 
full-blooded programme of investigation with its own 
resources—it would certainly be unwise to try—it will 
seem strange to many people if the rundown at Culham 
continues when programmes of research and develop- 
ment elsewhere are blessed with extra funds and more 
enthusiasm. In a sense, the Ministry of Technology and 
its dependant, the Atomic Energy Authority, have 
become the prisoners of their decision three years ago 
that the technical assessment on which the rundown 
was based should not be published. Even if circum- 
stances have changed, there is no reason obvious to 
the outside world why the policy should change. 

With luck, however, the conference next week may 
even throw light on this unnecessarily secret matter. 
It is less likely to direct attention to the way in which 
the laboratory at Culham is being restricted by the 
decision to reduce the scale of operations by a half. So 
far, it is true, the adept management at the laboratory 
has been able to avoid sacking people by taking on 
outside work (and by rechristening one of its groups the 
astrophysics division and transferring it to the books of 
the Science Research Council), But there is now some 
evidence that the recruitment of people from British 
universities has fallen to such a level that much of the 
incidental educational benefit of the work at the 
laboratory is being lavished on visitors from abroad. 
In circumstances like these, logie would presumably 
dictate a still further contraction of effort, this time in 
the amount of scientific equipment. But the ideal 
would probably be a modest change of direction. 

The difficulty, of course, is that thermonuclear 


Who will Broadcast ? 


Everyzopy agrees that it would be pleasant to live 
in a better world. The problem which divides people 
is the definition of better. A group of distinguished 
people, including Professor Max Beloff, Sir Adrian 
Boult, Professor G. M. Carstairs and Dr J. ©. Kendrew, 
together with a powerful lobby of journalists, artists 
and what are called moulders of opinion, has recently 
united under the title of “Campaign for Better Broad- 
casting”. On the face of things, the movement has 
been triggered off by the recent decision of the British 
Broadcasting Corporation to reorganize its sound 
broacasting services so as to provide four more uniform 
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fusion is bound to be a long way off, however well 
founded the optimism of the enthusiasts may be. 
Experimental machines are difficult to design and hard 
to build. Even if it were now possible to think of 
building a machine large and powerful enough to 
demonstrate that thermonuclear fusion can be carried 
out on an economic seale, it is unthinkable that there 
would be something tangible to show for such an 
effort until the mid-seventies. But the immediate need 
is for a more modest extrapolation from experimental 
equipment now in service which implies that the crucial 
test of thermonuclear power cannot be made until the 
eighties. As has been clear from the start, thermo- 
nuclear power is a long-term investment. The problem 
for governments is to know what it is worth paying for 
a stake in a technique which could be, but which is not 
certain to be, an important source of commercial 
electricity in the next century. In practice, cost— 
benefit analysis is hardly relevant. What matters is 
that any programme of research should be large 
enough to make internal sense. Ideally, this invest- 
ment of effort should be carried out in concert with 
other countries. It is cheerful that the Culham 
laboratory and its partners in the Soviet Union have 
been able to derive a great deal of benefit from the 
Anglo-Soviet agreement on collaboration in atomic 
energy—the British team has this year spent several 
months in the Soviet Union on measurements with 
Tokamak. But there is also scope for hard-headed 
agreements on collaboration with European countries. 
Euratom may be a broken reed, but there is no impedi- 
ment to the parcelling out of work between the inter- 
ested states—Germany and France particularly. Within 
such a framework, however, the chances are that the 
British contribution would be larger than it is at 
present. This, at least, is what the conference next 
week is likely to demonstrate. As it happens, the need 
for a decision would seem to come at a time when the 
present Government could well find its political oppon- 
ents making an issue of thermonuclear research at the 
next election. 





programmes of sound than the mixed and supposedly 
balanced programmes which have been the BBC's 
stock in trade since the twenties. What the Campaign 
for Better Broadcasting seeks is a return to mixed 
programming in the belief that this will continue the 
good work of elevating standards by providing listeners 
with more than they had bargained for. The campaign 
also chides the BBC for underestimating public taste 
and, indeed, for letting its objective assessment of 
what listeners ask of radio to force on it the view that 
it is the task of broadcasting to give the public pre- 
cisely what it wants. 
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On the principle that public pressure on autonomous 
corporations is always constructive, the Campaign for 
Better Broadcasting should be a useful service. In 
many ways, there are obvious faults to be remedied. 
It is, however, sad that a group of people with such 
weight as those who have formed the campaign should 
have started from such a narrow base. To complain 
about the content of existing sound broadcasting 
services without considering the way in which the whole 
pattern of broadcast telecommunications may be 
changed by technical developments well on the way is 
to grasp the wrong end of the stick. 

With the arrival of communications satellites and the 
development of cable television services, it has become 
clear that it is now technically possible to increase 
enormously the number and the diversity of broadcast- 
ing channels. In principle, there is no reason why 
people should not in future be given access not merely 
to the television programmes put out by local broad- 
easting authorities but also to those broadcast else- 
where, in neighbouring countries perhaps. Satellites 
make possible long distance communication. Cables 
permit local distribution without interference. Al- 
though the cost of operating some schemes like this 
would no doubt often be a brake on the speed with 
which they were developed, the time is fast approaching 
when organizations such as the BBC will supply only 
a part of the content of the television broadcasts which 
capture local interest (and will, by the same test, 
find themselves broadcasters in the export business). 

In circumstances like these, it is inevitable that there 
should be a separation of the functions which broad- 
casting authorities such as the BBC have put together. 
Deciding the content of programmes and then designing 
them is one job. Making the corresponding electro- 
magnetic signals available to those who wish to have 
them is another. Most probably the most desired 
improvement in television and sound broadcasting 
alike would be an increase in the number of channels 
available to ordinary people. This, unfortunately, 
is something which the BBC has shied away from in 
its planning for the future, partly because it is accus- 
tomed to living on a tight budget and partly because 
it shrinks from schemes for raising revenue inde- 
pendently of the licence fee which is paid by owners 
of radio and television receivers. To be sure, there 
is to be a scheme for the development of Jocal radio in 
Britain and much of the BBC’s new plans seem to 
have been designed so as to get local radio quickly off 
the mark. (If local broadcasting is much delayed, 
there is always the chance that the commercial radio 
stations which the Conservative Party is attached to 
would steal the BBC’s thunder.) But the Campaign 
for Better Broadcasting would have now a better 
claim on public attention if it had given more weight 
to the prospects for diversity which are opened up by 
new technical developments in telecommunications. 
And in the long run, of course, it may be that the 
coexistence of independent broadcasting channels may 
be a better assurance of quality of broadcast pro- 
grammes than any amount of propaganda. 
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TELECOMMUNICATIONS 


Advice for Intelsat 


One trouble with being a pioneer is that nobody can 
give you advice. At last Intelsat (International 
Telecommunications Satellite Consortium) has been 
offered some in a form that it may be able to take, A 
study group, hung with the inevitable label of “task 
force”, under the auspices of the Twentieth Century 
Fund has prepared some recommendations, legally 
and technically sound and politically neutral, which 
the 68 members of Intelsat would do well to digest 
before re-convening in Washington in November. Then 
they must try to do what they failed to do in February 
—organize themselves into a permanent body to run, 
the world’s commercial satellite network. 

Intelsat should be pleased with the verdict that 
it is the best mechanism for providing the entire world 
satellite communication cheaply and efficiently. That 
may make it accept more easily the fund’s recom- 
mendation that it expand itself into something bigger 
and more flexible than its present narrow circuit- 
selling form. Intelsat, the advisers recommended, 
should provide a much wider range of satellite com- 
munication services—it should do local and regional 
communications for those who want them. It should 
take in as members organizations such as the World 
Meteorological Organization as wellas nation states; 
it should, accordingly, sell meteorological and naviga- 
tion services and it should, above all, take some interest 
in the content of satellite signals—helping educational 
television in underdeveloped countries, for example 
instead of contenting itself to be a passive signal 
carrier. 

Even on the purely commercial basis on which it is 
operated, under the managership of the American 
Comsat (Communications Satellite Corporation) since 
1964, Intelsat should become much more imaginative. 
Rates should be flexible. As things stand, there is a 
flat fee of $20,000 a year for a half-cirenit (from an 
Earth station up to the satellite), no matter where 
in the world or what time of day. The heaviest 
traffic is on the North Atlantic run, when it is morning 
in New York and afternoon in London. If rates were 
lowered for New York afternoons this might encourage 
telephone traffic to South America, where it is also 
afternoon. Independently, rates could also be lowered 
on the Indian Ocean satellite, where traffic is light and 
needs to be developed. 

Two structural changes are needed above all. Comsat 
should not remain as manager; no entity with a 
national identity should run what is the most inter. 
national form of communication yet developed. No 
one country should have the right of veto, as the 
United States does now. And most crucial of all, 
countries which belong to Intelsat should not be 
represented by their telecommunications organizations, 
but by a broadly based committee representing the 
many interests within the country in communications, 
The curse of Intelsat has been its sober dedicated 
telecommunications men. As Mr Fred Friendly, the 
American pundit, has recorded, an executive of the 
British Post Office told him in 1965: “Let me assure 
vou that the Post Office is in the satellite business for 
one purpose, to make as much money as it can by 
moving telephone message units.” 
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Among the other recommendations made in the 
report were that Intelsat should develop new suppliers 
in as many countries as possible, but that if their prices 
were higher than the American, the government 
concerned and not the satellite users should pay the 
difference. Non-members (Russia and others) should be 
encouraged to use the Intelsat system. The developed 
countries should try to help the poorer countries to 
plan their total communication networks and the 
International Telecommunications Union at Geneva, 
an under-appreciated agency of the United Nations, 
should be strengthened in order that it should be 
possible to supervise more effective use of the radio 
frequency spectrum. 

Most of the members of the Twentieth Century 
Fund’s task force were American. They will be joined 
by communications experts from other countries, 
including Russia, at a conference near Geneva later 
this month. Under the joint sponsorship of the fund 
and the Carnegie Endowment for International Peace, 
the conference will discuss how international organiza- 
tions should handle the regulation of communications 
in outer space. All this flurry of thought on satellite 
communications is in anticipation not only of Intelsat’s 
negotiations but of the ITU’s World Radio and Space 
Communications Conference in 1971, and also of the 
advent of the next generation of satellites (Intelsat 4) 
which, early in the 1970s, are each going to make avail- 
able 6,000 circuits, 18,000 telephone circuits or 36 
international television channels to a relatively un- 
prepared world. ` 


TELESCOPES 


Dim Seeing in Saudi Arabia 


from our Astronomy Correspondent 


A CRITICAL stage has been reached in the negotiations 
to set up an observatory with a 200 inch optical 
telescope near Riyadh in Saudi Arabia, according to 
Professor Robert Seeds of the University of Riyadh, 
who has been in London this week making an informal 
approach to the Export Credits Guarantee Department 
of the Board of Trade. The hope is that the ECGD 
will be able to guarantee credit to pay for the telescope 
and the observatory buildings, but according to the 
ECGD no firm proposal has yet been put to it. 

If the project goes ahead, the telescope will be the 
largest outside the Soviet Union, where a 236 inch 
instrument is being built in the Caucasus. To bolster 
Saudi pride the diameter of the Riyadh mirror is 
planned to be fractionally larger than the 200 inch of 
the Hale telescope on Palomar Mountain. Unlike the 
Soviet instrument, which is believed to be running 
into problems stemming from the choice of an altazi- 
muth mounting, the mounting of the Riyadh telescope 
would be on conventional lines. 

But the outlook for the project is less optimistic 
than when it was first mooted early in 1967. The war 
with Israel, a subsidy of £80 million to Egypt while 
the Suez Canal is closed, and a series of civil engineering 
works have all conspired to make the Saudi Govern- 
ment less inclined to put forward the money than it 
was originally. But, like the British Government 
talking about the CERN 300 GeV machine, the Saudi 
Arabian Government apparently likes to say what a 
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the spending of money. 

Professor Seeds hopes the ECGD will be able to 
help it do just that, and still make a start on the 
construction as soon as possible. Since early this year, 
the indications have been that the government does 
not want to put down any money on the project for 
the next four years, and the role of the ECGD would 
be to tide the project over until then. The observatory 
would then, of course, be British built, as the job of the 
ECGD is to guarantee credit for the purchase of British 
exports. 

According to Professor Seeds, there is a good chance 
that the ECGD will regard the project sympathetically, 
but one of the conditions is likely to be a large down 
payment from Saudi Arabia in the third year of the 
project, earlier than the government wants. Professor 
Seeds therefore hopes he can persuade the ECGD to 
modify its demands. 

Before the position changed earlier this year, the 
Government of Saudi Arabia was to allocate £11 
million to the project, the rest coming from the Univer- 
sity at Riyadh. At present, plans for the observatory 
are being drawn up using the funds of the university 
to finance the low level of work currently going on. 
The telescope is of more than passing interest to British 
astronomy because the intention is for it to be in the 
hands of the Science Research Council for the first five 
years of its operational life. The final draft of an 
agreement between the SRC and the University of 
Riyadh is already in existence, and the arrangement is 
that the SRC pays for the running costs and supplies 
maintenance staff and that the telescope is used by 
astronomers from Britain. When this bargain for the 
SRC ends, the hope is that the University of Riyadh 
will be experienced enough to take over the running 
of the observatory. 

As the firm responsible for the Isaac Newton tele- 
scope, Grubb Parsons seems a likely contender for the 
job of building the 200 inch, but there seems little hope 
of the company being able to provide the finance 
itself. An alternative is financial support from 
the United States, which would presumably put the 
part to be played by British astronomy in jeopardy. 

Sir Bernard Lovell plays an almost legendary part 
in the genesis of the project. Late in 1966, his com- 
ments in a BBC World Service broadcast that what 
astronomy needed was more optical telescopes in the 
150-200 inch range were picked up in Riyadh, and the 
200 inch telescope proposal was put forward shortly 
after. The site has already been fixed by an advisory 
committee within a hundred metres or so, and the 
seeing conditions have been tested by the Astronomer- 
Royal. 






PARTY CONFERENCES 


Liberals without Science 


THE annual extravaganza of the party political con- 
ferences has come round again. This year, the Liberal 
Party is the first to go into action. Its conference will 
take place in Brighton from September 17 to 20, and the 
final agenda covers the whole political spectrum— 
except for matters concerned with science policy. 
This is rather surprising because a conference which 
took place in Nottingham in March produced some 
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sensible and practical discussions on the proper use of 
scientific manpower, and these could be expected to 
provide a constructive motion for acceptance as party 
policy at the conference. 

Science has not played a very important part at any 
party conferences since 1965, when science and tech- 
nology were seized on as a potential election issue, so 
it is perhaps not altogether surprising that they are 
not a dominant theme in either the Liberal conference 
or in the preliminary agenda for the Labour Party 
conference. The Liberal conference will, however, be 
debating a motion calling for a complete reconstruction 
of the education system which would affect all dis- 
ciplines. It will be proposed that the age of entry into 
secondary education should be extended to twelve or 
thirteen, that the school leaving age should be raised to 
sixteen and that the age of transfer to tertiary education 
should be lowered to seventeen. This should at least. 
help with the introduction of more liberal sixth-form 
curricula, 

More radical changes have been proposed for higher 
and further education. The Liberal conference will 
be confronted with a motion calling for a new level 
of education between school and university. The idea 
is that this should take the form of two-year or three- 
year colleges, catering for full-time or sandwich 
students and providing places for up to one third of 
this age group; students would then go on to university 
or take up a career. Provided that this measure is 
implemented, the motion calls for an end to the in- 
crease of undergraduate places. These recommenda- 
tions would mean that a student who carries on to 
university will not complete his education until he is 
at least twenty-three. Nothing is said about the 
cost of implementing such a proposal. The motion 
also says nothing about the use of existing facilities 
for the pre-university and pre-vocational colleges, but 
the obvious intention is that the colleges of further 
education would be used for this purpose. 

These proposals are at once more radical and more 
far reaching than anything likely to be debated at the 
other party conferences. This may reflect the fact 
that the Liberal Party does not have to pretend that 
it must hammer out policies which have to last through 
five years of office, and can consequently conduct its 
debate on a more theoretical plane. 


AIRCRAFT NOISE 


No Quiet in London 


Jer aircraft noise at the London airports of Heathrow 
and Gatwick seems to have attained a balance between 
amenity and discomfort. The latest figures of the 
Board of Trade, covering the first quarter of 1969, 
show that the number of infringements of the specified 
noise limits at take-off did not change significantly in 
comparison with previous years, but that the per- 
centage of transgressing aircraft at Heathrow was more 
than four times greater at night than during the day. 

The noise limits set in 1958, which are thought to 
take account of the varying psychological effects of 
different sound frequencies, are 110 perceived-noise 
decibels (PNdB) for the daytime limit and 102 PNdB 
at night. Staff shortages have meant that only 70 
per cent of departing aireraft have been monitored, 
but 0-6 per cent of aircraft leaving Heathrow during 
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the day were noisier than they should have been and 
inthe night this number rose to 2-6 per cent. At 
Yatwick, the proportion of night infringements is 
apparently causing concern: seven of the fifty-four 
flights included in the statistics were above the limit 
but, because six of these were on two nights in February, 
it is thought that unusual weather conditions may 
have been partly responsible. Any infringement of this 
kind is reported to the airline concerned as a matter of 
routine, though how far the procedure is effective is 
not clear because the operator can apparently always 
claim that the correct abatement procedures were 
carried out. 

Incoming aircraft are monitored differently, with 
the object that the angle at which the aircraft 
approaches the runway should be 3 degrees, This 
figure is a compromise between the needs of safety 
(the path must not be too steep) and minimum noise 
disturbance (the aircraft must not fly too low too soon) 
and the monitoring is by radar. Equipment is not yet 
available at Gatwick, but for Heathrow airport there 
was a check on 3-2 per cent of arrivals, of which 0-4 
per cent were at too small an angle. An error on the 
side of safety is perhaps forgivable, although one might 
hope for a more consistently accurate approach than 
seems to be the case. 

What the statistics do not provide, of course, is any 
indication of how the noise disturbance to the public 
may have changed. The Board of Trade itself points 
out that aircraft which did not actually infringe the 
limits may or may not have been noisier than before. 
It is only at the airports themselves that the measure- 
ments are made, so that they do not take into account 
the possible effect on residents of districts a consider- 
able distance away; there have been complaints from 
Windsor, for instance, which is ten miles beyond 
Heathrow. 

Whether aircraft are becoming noisier thus remains 
an open question, but they are certainly getting more 
expensive to run. In an article in last week's BEA 
Magazine, the chairman of British European Airways, 
Sir Anthony Milward, revealed that the airline's services 
from London to Glasgow and Edinburgh were running 
at a sizable loss last year-—£566,000 on the Glasgow 
route. He attributed this deficit firmly to unrealistic 
fares for domestic flights in general, citing as an 
example the difference between a London—Glasgow 
tourist fare of £9 13s and a London—Cologne fare of 
£16 5s, both journeys being about the same length. 
Although the Edwards report (British Air Transport 
in the Seventies, HMSO, May 1969) suggested that a 
subsidy for some domestic routes might be justified 
on grounds of regional policy, Sir Anthony came out 
in support of an inerease in fares as the means of 
removing the problem, in spite of guaranteed opposition 
from a public that thinks that it is already paying too 
much. 

Several airlines, including BEA, have apparently 
now applied to the Air Transport Licensing Board for 
an increase that will average about 7 per cent, which 
they hope will take effect from April 1, 1970. 

















application has to go through the usual vetting pro- 
cedures which will include a public inquiry, possibly 
to be held in November or December. It is difficult to 
see any way of avoiding the increase, even though the 
tension between logic and the passenger's pocket will 
no doubt rise. Major price increases in nationalized 
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industries should be referred to the National Board 
for Prices and Incomes, but the board has so far never 
dealt with air fares and thus has nothing yet to say. 


BRITISH ASSOCIATION 


Well Attended 


from our Special Correspondent 
Exeter, September 10 


Tue introduction of the £7 annual meeting fee by the 
British Association has evidently not kept devotees 
away from Exeter this year. Although some old 
faithfuls may have noted the expense with a little 
disgust, they have all paid up, and almost two thousand 
people arrived for the academic pomp and circumstance 
of the inaugural meeting on September 3—by all 
accounts the most impressive in living memory. 

Of course, about twelve per cent of the two thousand 
were British Association Young Scientists, twelve to 
eighteen year olds able, for the first time, to attend the 
meeting as the equals of their elders. They have been 
very much in evidence at Exeter, apparently getting 
full value for their £1 15s, even if some of the science 
may have passed over their heads. At any rate, when 
Professor M. J. Lighthill gave the first Royal Society 
BAYS lecture, his spirited account of how fishes swim 
enthralled Lord Blackett and other notables, as well as 
the BAYS themselves. 

Five lectures each year to be given by Fellows are the 
Royal Society’s contribution to the inauguration of 
BAYS. Other, even more tangible, support has come 
in the form of £2,500 a year for three years from the 
International Publishing Corporation, £2,000 a year 
for seven years from Shell International Petroleum Co. 
and £1,000 a year for three years from ICI. Since its 
conception at Dundee, the BAYS organization has 
made rapid progress. There are now thirty branches 
throughout the United Kingdom, and the official 
estimate is that there are about three thousand BAYS 
altogether. They held their first national conference 
at Exeter, and after some heated argument agreed on 
twenty-five regions into which the branches will be 
grouped, and elected four representatives to sit on the 
headquarters BAYS committee under the chairman- 
ship of Professor G. E. Fogg. 

The success of BAYS is bound to be threatened by 
the BA’s perennial financial problems. In 1969, costs 
ran to more than £5,000, and will increase in the future 
to the extent that a membership of 36,000 will be 
necessary if each member continues to pay 10s a year, 
with half of this going to headquarters to cover admin- 
istrative costs. This will be a sure test of enthusiasm, 
and will provide plenty of headaches for Mr Terry 
Whodcoat, the BAYS officer, who seems to have 
established himself rapidly as a popular leader. 

A meeting which inaugurates a whole new member- 
ship structure seems an appropriate time to stress the 
topical theme of innovation. After the exhortations of 
Sir Peter Medawar’s presidential address, there was the 
much heralded symposium on inventiveness and 
innovation, intended to examine the problem of good 
British ideas that never bring any commercial return 
because the inventors are not backed up by the 
innovators. Many members of the large audience 
which gathered in the morning to hear case histories of 
several British inventions—float glass, polythene and 
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others—had found other things to do by the afternoon. 
This left a hard core of dissatisfied inventors, would-be 
innovators and silent observers to enliven the panel 
discussion, and no new ideas seemed to emerge. But 
a lot of people had been exposed to the needs and 
potentiality of British innovation, and this could be 
augmented by a visit to Inovex, a fairly unexciting 
exhibition showing the history of some successful British 
developments such as hovercraft and natural gas. 

When the annual meeting has a technological theme 
it is good to know that during the past year the 
association has spent the whole of its grant from the 
Ministry of Technology. The £10,000 earmarked for a 
programme designed to encourage interest in techno- 
logical careers was not all used in 1967-68. But in 
1968-69, as the latest annual report relates, a determ- 
ined and successful effort to allocate all the money to 
the branches resulted in a total expenditure of £11,499, 
all of which Mintech kindly produced. 

The BA has once more ended the year without a 
deficit, but the situation is far from happy, and it has 
again been necessary to reduce the funds for the 
branches and area committees; these were £3,975, 
compared with £13,203 in 1965-66. This makes the 
branches much more reliant on money raised locally, 
and obviously makes their situation a little more 
precarious. The association naturally hopes that the 
new membership structure and annual meeting fee will 
increase revenue so that, in the words of the treasurer, 
the association can remain in a sound (if not pros- 
perous) state. The next, anxious, year will be pre- 
sided over by Lord Todd, who takes over from Sir 
Peter Medawar at the end of the Exeter meeting, and 
in 1970-71 his successor, Sir Alexander Cairncross, 
will no doubt hope to see some of the fruits of the 
recent changes. 


SPACE RESEARCH | 


Lond-7 Comes Buck Softly 


Tue latest in the Soviet series of “Zond” lunar probes, 
Zond-7, is distinguished not so much for the experi- 
mental work which it carried out, much of which was 
of a routine nature, but for the fact that it was the 
first lunar probe to be successfully soft-landed in 
Soviet territory. It came down to the south of the 
town of Kustanai (Kazakhstan), well within the 
scheduled zone. The experimental work included 
photography of the Earth and of both faces of the 
Moon, and the testing of what are described in the 
reports as “improved” on-board systems—the flight 
control computer, astro-orientation system, telemetry 
systems and means of radiation shielding and radiation 
dosage measurement. 

The soft landing system is said to be based on the 
use of a complex astro-orientation system and special 
on-board computer. Shortly before re-entry, a time- 
programmed device triggered off the separation of the 
re-entry capsule from the remainder of the craft. A 
special stabilization system then quenched the angular 
misalignments set up during the separation process 
and positioned the capsule at the correct angle of 
attack for re-entry. The now standard “dipping” 
technique was twice repeated to reduce the velocity 
from 11 km s- to 200 m s~ by means of aerodynamic 
lift and frictional braking. At an altitude of 7-5 km, 


NATURE, VOL. 223, SEPTEMBER 13. 1969 


a special altimeter operated the parachute system 
and, in the last stages of descent, actuated low-thrust 
landing motors, the use of which in conjunction with 
parachutes appears to be one of the most novel features 
of this member of the Zond series. 

As a pointer to future Soviet space research, this 
new soft-landing technique would appear to indicate 
a continuation, at least for the present, of the tendency 

_to base the more exploratory aspects of the space 
programme on the use of unmanned stations. In a 
recent interview between a Pravda reporter and the 
unnamed Deputy Chief of Construction of the Zond 
series, however, a slightly more ambivalent attitude 
is revealed. “In my opinion, very many problems of 
space research, including exploration of the Moon and 
planets, can unquestionably be solved by automatic 
means,” the engineer said, but “purely human means 
of analysing unexpected situations in space, collecting 
information for which the sensors and automatic 
instruments were not designed, observing new pheno- 
mena not ‘written in’ to the programme of the auto- 
matic units, are of great assistance to the expansion 
of our knowledge of the planets and space.” It would 
seem, therefore, that a mixed programme of automated 
and piloted spacecraft is envisaged. Judging by another 
recent Pravda article by N. Kozyrev, the establishment 
of a permanent lunar laboratory is included in the 
not-too-distant agenda. 


CONSERVATION 


Future of Lake Baikal 


Tue recent conference at Irkutsk on the future of Lake 
Baikal has once more brought into prominence both 
the uniqueness of Baikal as an ecological habitat and 
the special problems arising when the question of its 
future is discussed. 

Baikal, the world’s deepest lake (maximum depth 
1,741 m) and the largest freshwater lake in the Eurasian 
landmass (area 31,500 sq. km), is perhaps best known 
for its unique freshwater seals; other, smaller charac- 
teristic fauna include the isopod Asellus dybowskii, the 
amphipods Acanthogammarus grewigkt, Macrochetopus 
and Brandtia lata, the molluses Kobellocochlea marten- 
siana and Liobaicalia stiedae, and the fishes Comephorus 
dybowskii and Cotinella boulengeri. In all, there are 
more than a thousand varieties of flora and fauna 
unique to Lake Baikal. 

The threat to Baikal as a wildlife habitat is two-fold: 
the industrial development. of the lakeshore itself, and 
the extensive felling of trees in the regions bordering on 
the lake. The two threats are, in fact, connected, 
because the felled trees are processed in the wood-pulp 
and paper mills on the shores of the lake. For some 
time, all such mills have been compelled to use the most 
up to date water-purifying installations; however, 
data provided by research vessels of the Institute of 
Limnology of the Academy of Sciences of the USSR 
indicate that this purified effluent still constitutes a 
threat to wildlife. It also seems that no steps have so 
far been taken towards restricting the tree felling which 
has already denuded considerable areas of mountain. 
slopes adjacent to the lake, leading to the partial or 
total drying up of many of the rivers and streams 
feeding the lake, 

A further cause of concern, affecting the overall 
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planning policy of the Soviet Union and not only the 
conservationists, is that Baikal is an enormous natural 
freshwater reservoir, holding, in fact, more water than 
all the rivers and other freshwater lakes of the Soviet 
Union combined. The problem of clean water and of 
fish production is causing increasing concern through- 
out the country. In 1968 alone, 510 purifying in- 
stallations were erected on industrial complexes 
which had formerly been polluting fish producing areas, 
notably on the Dnieper, Desna, Don, Tom and 
Volga. The pollution of the basin of the Northern 
Dvina by the cellulose and paper industries is currently 
causing considerable discussion in the Soviet press. 
Lake and river fish are an important food resource 
throughout the Soviet Union and inland fishing is an 
important industry—a new technique of aerial spotting 
of shoals is at present being tested on Lake Aral 
(Uzbekistan). Lake Baikal is particularly noted for its 
reserves of omul’ (Coregonus autumnalis, a member of 
the salmon family). 

Earlier this year, therefore, the Soviet government. 
passed a resolution on wildlife conservation in the 
Baikal area. The Irkutsk conference was called to 
discuss certain practical aspects of implementing this 
decision. One proposal would have more than half the 
basin declared a conservation zone, banning all indus- 
trial and similar activity on or near the lake, (It is not 
reported whether or not the whole of the lake would be 
included in the conservation zone, and if not, what 
industrial activity would be tolerated on the remaining 
portion of the lake shore.) 

Another widely favoured proposal is the setting up 
of some kind of national park in the area because, it is 
felt, the scenic beauty of the area could attract many 
tourists. This combination of tourism and conserva- 
tion has already been shown to work effectively in the 
Soviet Union, in the Byelovezhskaya Forest National 
Park (administered jointly by Poland and the Byelo- 
russian SSR). Because of the remoteness of Baikal, 
however, any such development would involve the 
construction of hotels, camping sites, cable-ways and 
the like, which would represent some kind of comprom- 
ise with the demands of the strict conservationists. 

No definitive report from the conference has yet been 
published. It should be noted, however, that any 
decision to conserve is bound to have a considerable 
effect on Soviet industrial and economic planning. 
While the conference was taking place, the Soviet press 
was hailing the progress of the “giant” new Ust 
Llimsk Hydro-Electric Station on the lower Angara (the 
major outlet of Lake Baikal) which is seheduled to 
come into service in 1973. The basin of the lower 
Angara is already an important industrial complex, and 
even if the alterations to the bed and flow of the 
Angara which the Ust-Ilimsk project will introduce 
produce no direet physical effect on Baikal, the further 
industrialization of the Angara basin might well 
influence the outcome of the development-versus- 
conservation conflict regarding Lake Baikal. 





OBJECTIVE TESTING 


One More Unit 


Aw Educational Measurement Research Unit which 
is to be established at the University of Reading may 
go some way to meet the criticism that methods of 
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assessment in education often seem to bear little 
relationship to educational objectives. Attacks on 
traditional examination systems frequently start from 
the premise that they do not test the parameters 
which they are designed to test, and this will be the 
major preoccupation of the unit. 

The Associated Examining Board (AEB) is financing 
the research and the unit will be based in the School of 
Education at the university. The close connexion 
between the AEB and the unit will inevitably mean 
that the primary area of study is going to be assessment 
in secondary schools and, in particular, how objective 
testing, such as multiple choice examinations, can be 
developed as a component of the General Certificate of 
Education. Two thirds of the unit’s work will be of 
short-term interest to the AEB, but the rest of it will 
be concerned with the whole field of educational assess- 
ment. The aims of this part of the work are very 
broad and a wide range of problems will be investigated. 
How reliable are the present examinations ? What are 
they aiming to test ? Do they match up to the declared 
objectives of the course? In particular, research into 
methods of assessment wil] be considered in the wider 
context of educational philosophy. 

The AEB differs from many of the other examining 
boards because it is not directly linked to one univer- 
sity, and its examinations are taken by most students 
taking O-levels and A-levels at colleges of further 
education. The work of this research unit will also be 
rather different from that of units connected with the 
other boards, as these tend to be concerned solely with 
problems related to GCE examinations. Studies of 
systems of assessment have been carried out by univer- 
sity departments of education in the past, but these 
have tended to concentrate on problems concerned 
with one level of education or with a particular estab- 
lishment. The University of Manchester is setting 
up a group to study its own system of assessment, and 
a study at Sheffield, in which students were asked for 
their views on the system being employed, reported in 
favour of retaining the three-hour closed examination. 

Apart from the research programme, members of the 
Reading unit will be involved in teaching the funda- 
mentals of educational measurement to students, 
teachers and educational research workers. The Uni- 
versity of Reading has been active in this field in the 
past: courses in educational assessment were started 
in the School of Education in 1965, and the AEB has 
sent members of its staff to these lectures. This type 
of course is particularly important in helping to promote 
the idea among people concerned with education that 
examinations are not the only methods of assessment, 
and alternatives often test different aspects of a 
candidate’s ability. The director of the research unit 
will be Dr R. B. Morrison, a lecturer in the school of 
education, who has been mainly concerned in the field 
of educational assessment. Initially he will have one 
research officer, but two more will be appointed in 1970. 


METEOROLOGY 


Five Year Plans 


Tue Meteorological Office embarked last year on a 
programme of modernization and automation which 
seems to be going well, and it is also coping with 
increasing demands for its services from the agricul- 
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tural and building industries and cooperating in the 
World Weather Watch—all on a rather limited budget 
of £8-5 million (Annual Report, HMSO, lls). As for 
the future, a detailed five year plan, based on a giant 
new computer, a new automated telecommunications 
system, a new radiosonde system and an expansion of 
basic and applied research, has been prepared and 
approved in principle by the Secretary of State for 
Defence. 

The new computer should be chosen and ordered 
within the next few months, and when it comes it 
should be possible to prepare much more detailed 
numerical forecasts using a sophisticated mathematical 
model now being developed by the research branch. 
The present mathematical models are too simplified to 
deal with the small rapidly developing systems which 
produce severe local weather and they cannot forecast 
rain, snow or fog. The present computer has, however, 
Jed to significant improvements in forecasting the 
large weather systems important in aviation. An 
interesting development has been the introduction of 
a routine system for re-routing ships across the Atlantic 
to minimize the time spent in heavy seas. Mr P. J. 
Meade, Director of Services at the office, estimates 
that about half the office’s resources are used for 
forecasting and that this proportion is unlikely to 
increase in view of its growing commitments to 
research. 

An important feature of this year’s research has been 
the SKUA rocket ascents from the Outer Hebrides which 
demonstrated the existence of large weather systems 
above about 100 km and showed that dramatic changes 
in temperature and winds occur above 30 km in the 
winter. Firings were made from the island of Gan in 
the Indian Ocean for the first time last year, and showed 
that there are quite strong short-period disturbances 
in the equatorial stratosphere and mesosphere. Studies 
of the concentration of ozone and molecular oxygen at 
heights up to about 200 km have been made using 
ARIEL satellites and Skylark rockets. The Meteoro- 
logical Office hopes to expand its rocket programme 
and perhaps start its own satellite programme within 
the next few years. 

The first part of a project to study the structure 
and evolution of frontal cloud systems and the factors 
which control the intensity and duration of their rain- 
fall was completed during the year. The project 
involved dropping self-opening radar targets in a pre- 
determined pattern over a front and tracking them with 
a precision radar located in the Isles of Scilly; it showed 
that it is possible to determine the vertical air motion 
in clouds, on scales between 10 and 100 km. To help 
with its cloud-physics programme the office has been 
promised a Hercules aircraft which will be equipped 
as a flying laboratory with automatic data processing 
equipment by 1973. 

In applied climatology there has been a growing 
demand for the office’s advice for large scale agricul- 
tural and civil engineering projects. One example 
is the investigation of the spread of the foot and mouth 
epidemic last year. Analysis of the air-mass trajec- 
tories showed that the disease could not have entered 
Britain as an airborne infection from Europe or North 
Africa. It also showed that the disease could have 
spread inside Britain by particles carried by wind and 
rain, so that it should in future be possible to predict 
the spread of the disease with greater precision. 
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MOLECULAR BIOLOGY 


Living with Shortage 
from our Cell Biology Correspondent 

Locat millionaires and the US cancer charities have not 
been falling over each other in the rush to give funds 
to the Cold Spring Harbor Laboratory, as everyone 
hoped they might when Professor J. D. Watson achieved 
a personal ambition and succeeded Dr John Cairns as 
director of the laboratory. Nevertheless, at a time 
when everyone else is finding federal funds hard to 
come by, Watson has persuaded the National Science 
Foundation to give him a large grant, roughly $1-5 
million spread over five years, to set up the nucleus of 
an animal virus group. And by all accounts, recruiting 
is in full swing. In addition, Cairns has received life- 
time support from the American Cancer Society and 
an experienced administrator formerly at an American 
university in Istanbul has joined the laboratory. 

In the past, the annual Cold Spring Harbor sympo- 
sium volume has, of course, brought eash as well as 
reputation to the laboratory and Professor Watson is 
intent on expanding the book publishing side of the 
business for both reasons. The first step, a new ab- 
stracting service covering meetings held at Cold Spring 
Harbor and elsewhere, was announced recently. So 
far, apart from the annual symposium volume, which 
is the best $20 worth a molecular biologist can buy, 
booklets containing the abstracts of the other meetings 
held each year at the laboratory have been given to 
participants and anyone who wrote asking for them. 
The problem, however, has been that only those in the 
know have realized that this service is available. Now 
the laboratory's abstracting service is offering to any- 
one, for $12 a year in the United States and $15 a year 
overseas, a complete set of abstracts produced in the 
familiar format. Between now and June 1970, each 
subseriber will receive abstracts of the August 1969 
tumour virus meeting, the 1969 phage meetings and 
the lactose operon meetings, all held at Cold Spring 
Harbor. These three abstracts are available immedi- 
ately and at least two others are to come, the European 
phage meetings being held this year at the University 
of Sussex and, of course, the 1970 Cold Spring Harbor 
symposium abstracts. Lf it does nothing else, the new 
service should put an end to the queues in the world’s 
less affluent laboratories for the one copy of the 
abstracts that the local star brought back with him 
from Long Island. 

While Cold Spring Harbor and US molecular biology 
flourishes, the Kendrew Report and the British Bio- 
chemical Society's commentary on it (Nature, 228, 
989; 1969) point to the comparatively unhealthy 
state of the industry in Britain. A one-day meeting 
of the British Biophysical Society, to be held on 
September 22 at Queen Elizabeth College, London, 
has the gloomy task of discussing the future of 
biophysics in the United Kingdom. Professor R. 
Burge, who is in the process of grafting an undergradu- 
ate biophysics department to his physics department, 
makes no secret of his concern for the future of the 
subject in British universities. The topics to be 
covered—EMBO, undergraduate and postgraduate 
teaching courses, job prospects in industry, the univer- 
sities and the research councils, and biophysics in the 
United States (several of the participants have been 
at the recent Boston biophysics meeting)—underline 
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this. And judging from the very impressive list of 
participants, most of Britain's leading molecular 
biologists and biophysicists, especially those who are 
sticking it out at the universities rather than retiring 
to the seclusion of a research council laboratory, share 
Professor Burge’s unease. Perhaps if enough of them 
stand up to be counted they will not go unnoticed by 
the universities and, more importantly, by the UGC. 
That, after all, is probably the chief object of the 
exercise because the submissions for the 1972-77 
quinquennium are now being drafted. 


SOIL SCIENCE 


Soil Surveys Continue 


Tue Soil Survey of England and Wales, with bead- 
quarters at Rothamsted Experimental Station in 
Hertfordshire, aims to describe and classify the dif- 
ferent types of soils in selected areas of 38 square miles 
in each county. Maps at a seale of 1 : 25,000 are then 
published and are accompanied by memoirs or bulletins 
which describe the properties of the soils and the 
geography, geology, climate, vegetation and land use 
of the district surveyed. According to the Soil Survey's 
latest annual report, surveying is now in progress on 
eighteen maps in fifteen counties. Work carried out 
in 1968 included a start on the first three 1 : 25,000 
maps representative of Cheshire, a survey of 20 square 
miles in the south of Westmorland, the preparation of 
a map of Buckinghamshire at a seale of 1 : 250,000, 
and the completion of the mapping of the Eccles North 
area of Norfolk. 

Other investigations included a calculation of the 
extent of the occurrence of the principal soil types in 
England and Wales. Of the six principal soil types in 
lowland areas, brown earths are by far the most im- 
portant, especially in southern England, and they cover 
more than two-fifths of the area. Gley soils come next 
in importance, especially in northern England and 
Wales. Caleareous soils, organic soils, podzols and 
alluvial soils oceur much less often. 








WATER POLLUTION 


Cleaning Up the Trent 
ABOUT 16 per cent of the total effort of the Water 
Pollution Laboratory in 1968 was spent on studies of 
the effects of pollution on streams, especially the 
River Trent (Water Pollution Research 1968, HMSO, 
17s 6d). The laboratory and the other authorities 
concerned are trying to find ways of using the river 
more effectively to meet the growing demand for water 
in the Midlands and in the eastern part of England. 
The demand for water in this area by the end of the 
century is likely to be about 500 million gallons a day 
about the same as the present daily supply to the 
Greater London area—and the total expenditure is 
expected to be more than £500 million. 

The trouble is that the Trent's catchment area is in 
a very heavily populated industrial area, and the river 
is therefore so badly polluted at its source that its 
water cannot be treated by normal methods. The 
Water Pollution Laboratory is, however, seeking 
methods for predicting the effects of pollution dis- 
charges on the quality of water elsewhere in the river 
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system. This problem is complicated because the river 
has many tributaries with differing levels of pollution 
and hydraulic regimes, while the whole system receives 
the discharges of a large number of industrial and 
sewage effluents, some of which can individually have 
a significant effect on the pollution of the system. 
Work has begun with analyses by the Trent River 
Authority between 1964 and 1966, but there will also 
be detailed surveys of badly polluted stretches beginning 
with the tributary River Tame. 
Among purification processes and sludge treatments, 
„the laboratory is investigating reverse osmosis in 
collaboration with the Process Technology Division 
of the UK Atomic Energy Research Establishment, 
Harwell. The AERE is developing the membranes 
and the laboratory is examining their performance and 
stability. Experiments with small test cells have shown 
that water of good quality can be produced, although 
membranes at present available are eventually attacked 
by bacteria. Preliminary trials have shown that it may 
ultimately be possible, by using reverse osmosis in 
combination with purely physical and chemical pro- 
cesses, to treat sewage to a more rigorous standard. 





NUCLEAR ENGINEERING 


No Joy at La Crosse 


Tue unhappy story of the La Crosse Boiling Water 
Reactor Project was the subject of an mvestigation 
by the Joint Committee on Atomic Energy in May this 
year, and the report of the hearing now published (US 
Government Printing Office, $2-25) indicates that some 
very costly lessons have been learnt about the handling 
of contracts for new reactors, The La Crosse project, è 
part of the second round of the AEC’s demonstration 
programme, seems to be a splendid example of how 
safety regulations for reactor design can clash with the 
short term interest of an individual company, and of 
how accepted inspection procedures can turn out to 
be inappropriate to new or experimental projects, 
even when the construction companies are of high 
repute, 

The Congressional enquiry arose because the AEC’s 
financial assistance for the project exceeded the 
estimated figure of $92 million by about $4 million, 
or 44 per cent. This was greater than the allowed 
leeway of 15 per cent. The Joint Committee on Atomic 
Energy was informed at the inception of the project 
in 1961 that the 50 MW reactor would be completed 
by August 1964 and would be handed over to the 
Dairyland Power Co-operative by September 1966. 
In fact, there was a delay of two years, and costs were 
much greater than expected. 

Much of the delay arose because the AEC evolved 
new and tighter safety controls when Allis-Chalmers, 
the main contractor, decided not to continue in the 
nuclear business. The Atomic Energy Commission 
also admits that the policy of purchasing fairly 
standard equipment from reputable concerns and 
deferring the testing until the hardware actually 
entered the reactor plant had to be paid for dearly. 

Mr M. Shaw, director of the Division of Reactor 
Development and Technology at the AEC, described 
to the joint committee the many problems that 
had beset the project. There were difficulties with the 
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control rod drives, delays in starting work by sub- 
contractors, snags in building the reactor pressure 
vessel, delays in procuring and installing additional 
safety components and systems as a result of revised 
safety regulations—-it was a long list that only escaped 
being an obituary notice by the professed determina- 
tion of Allis-Chalmers to finish the project, come what 
might. The control rod drives in particular were caus- 
ing acute problems. 

The history of the decision to install an alternative 
core cooling system in the reactor is rather confused. 
There was some suggestion that Allis-Chalmers should 
have realized at the outset that an alternative cooling 
system was advisable for the La Crosse reactor to 
insure against a possible core meltdown. As it found 
out, the design had to be changed half way through to 
incorporate an emergency cooling system. Plainly 
there was also some failure of communication between 
the AEC and Allis-Chalmers on the evolution of ideas 
relating the effects of a loss of coolant to the changing 
safety requirements. Although the whole disaster was 
sparked off by an unfortunate combination of events, 
it is clear from the report that much could have been 
done to mitigate if not avoid the delays that ensued. 
A tighter control on safety and testing factors by the 
AEC was signalled, and Allis-Chalmers was criticized 
at the hearings for mishandling the design and con- 
struction. 





RESEARCH AND DEVELOPMENT 


New Zealand 


Tue Department of Scientific and Industrial Research 
of New Zealand has just issued its annual report for 
the year ending March 31, 1969. The report shows 
that the department spent a total of $8,155 million (NZ) 
during the year, one third of it on the chemistry divi- 
sion, the Physics and Engineering Laboratory and the 
Geological Survey. 

DSIR supports research directly through its own 
laboratories in agriculture, ecology, food technology, 
industry and the earth sciences, as well as making 
grants for research condueted in universities, industrial 
research associations and other bodies. A striking 
example of the industrial benefits derived from it in 
the past year is the setting up of a new process for the 
manufacture of high quality steel. The company, 
NZ Steel Ltd, will soon start manufacturing steel from 
ironsands, which will be reduced to pellets of impure 
iron in coal fired furnaces, and then turned into high 
quality steel in an electric are furnace. The research 
on which this process is based was carried out by DSIR 
in conjunction with NZ Steel. 

An important change of organization in DSIR is 
the decision to transfer to it the Industrial Development 
Department of the University of Canterbury. This 
unit was established in 1948 and has previously received 
DSIR grants and fees. Its incorporation in DSIR 
should integrate it more closely with similar units 
in the department and encourage greater attention 
to research and development work. It will also provide 
headquarters in the South Island for expanded research 
facilities to industry, already provided by DSIR at 
Wellington and Auckland. Under DSIR the unit 
will operate as the Christchurch Industrial Develop- 
ment Division. 
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The Transcription of Genes 


Tars has been a good year for progress in the under- 
standing of how the content of genes is translated 
first into molecules of messenger RNA and then into 
protein molecules. Indeed, since the first announce- 
ment of the discovery of what is called sigma factor 
in January this year (Nature, 221, 43; 1969), there has 
sprung up a new industry in molecular biology for the 
study of this and other factors which can alter the 
specificity of the enzymes responsible for stringing 
messenger molecules together and thus for exerting a 
positive control on the transcription of genes. No 
doubt many graduate students are still recovering 
from the shock of being asked suddenly to interest 
themselves in RNA polymerase and its specificity 
factors. 

The work so far reported has been concerned with 
the RNA polymerase involved in the transcription of 
the DNA of the bacterium E. coli. The first step, in 
January, was to show that the usual form of the 
enzyme can be separated into two components, both 
of them protein molecules. Two groups at Harvard 
and Rutgers Universities showed that the transcription 
of DNA proceeds efficiently only when the two com- 
ponents are somehow linked together. When the 
smaller sigma factor is separated from the core of the 
enzyme, activity is lost. The interest of these first 
reports was that they suggested a means by which 
the specificity of RNA polymerase could be determined 
and possibly modified as well. Indeed, the two groups 
predicted that the sigma factor first isolated would not 
be unique, and a search began for other molecules 
which might play a positive part in the regulation of 
gene transcription. 

The next step was the recognition of the part played 
by sigma factor in the transcription of the DNA from 
T4 bacteriophage, which is injected into Æ. coli cells 
and which can subvert the biochemical machinery of 
the cell to its own purposes. First came evidence that 
in the absence of the sigma factor, RNA polymerase 
will transcribe genes at random from along the length 
of a molecule of DNA from the bacteriophage. Then, 
last week, Bautz and his colleagues at Rutgers Univer- 
sity (223, 1022; 1969) showed that the sigma factor 
is indeed necessary if the genes which appear at the 
very beginning of the infective cycle are actually 
to be expressed in an orderly fashion. These are called 
the pre-early genes. This week (page 1107), Travers 
from Harvard reports the discovery of a second factor, 
itself a product of the infective cycle, which allows 
the polymerase to transcribe not the pre-early genes 


but those which come into play at a later stage in the» 
infective cyele, and which are embodied in a different 

part of the DNA molecule. These two developments 

give support to the bald assertion, by Travers and 

Burgess earlier this year (Nature, 222, 537; 1969), 

“that sigma or similar factors with different specificity 

are necessary for all natural initiation” of DNA 

transcription. 

What does all this mean ? Taken together, the work 
of the Harvard and Rutgers groups has provided a 
fairly complete picture of what happens when T4 
phage injects its DNA into an Æ. coli cell. At thie 
beginning, probably within the first minute, the sigma 
factor of Æ. coli probably functions as a positive control 
element which restricts the initiation of RNA synthesis 
to a small part of the molecule of DNA from T4-~the 
part responsible for the so-called pre-early genes. This, 
at least, is the inference from those experiments which 
have shown that, in the absence of sigma factor (and 
away from the cell), RNA polymerase will synthesize 
RNA more or less at random from along the length of 
the DNA molecule of T4. Certainly there is no pre- 
ference for the pre-early genes. Presumably T4 has 
evolved in such a way that it can make use of the signin 
factor of its host as a means of regulating the early 
stages of its replication cycle. Soon afterwards, how- 
ever, it seems that the sigma factor ceases to play a 
part in the synthesis of RNA. Bautz and his colleagues, 
and others as well, have found that there is no sigma 
factor in extracts of E. coli cells which have been 
infected with T4 phage for several minutes. In other 
words, it seems that once the sigma factor has done its 
job of promoting the transcription of the pre-early 
genes, it is removed from the scene. 

But what determines the order in which the other 
genes of the invading T4 genome are brought into use ? 
It has been known for several years that the forms of 
RNA that are characteristic of the later stages in the 
infective cycle appear only when the cells have synthe- 
sized a certain protein, characteristic of the bacterio- 
phage. With the recognition of the importance of the 
sigma factor earlier this year, it was tempting to 
suppose that this protein molecule is analogous to the 
sigma factor itself, although this was plainly not 
the only possibility—the need to synthesize an entirely 
new form of RNA polymerase might, for example, have 
accounted for the delay in the appearance of the forms 
of RNA involved in the later stages of the cycle. What 
has now emerged from the work of Travers and his 
colleagues is that infected T4 cells do indeed contain a 
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factor which promotes the transeription of phage DNA 
but which has no polymerase activity on its own 
account. This material is not apparent in the first 
few minutes of infection, but turns up between about 
five and fifteen minutes afterwards. Whether this 
factor is actually an analogue of the sigma factor 
remains finally to be demonstrated—-its lability has so 
far frustrated attempts outside the cell to show that it 
does actually enable RNA polymerase to transcribe 
the appropriate parts of the T4 genome. Indirectly, 
however, there is reason to think that Travers may 
have found a second potentiating factor of RNA poly- 
merase. 

What will come next? Most probably, there are 
further controlling factors to be identified. The genes 
transcribed by those which have been discovered so 
far are both on the same strand of the helical double 
molecule of DNA from T4, but it is known that RNA 
molecules that have been transeribed from the 
complementary strand of the DNA molecule make 
their appearance after about ten minutes of infection , 
So are there also special factors responsible for bringing 
these to light ? 

There also remains the problem of what happens to 
the RNA polymerase in cells of Æ. coli infected with 
bacteriophage. It is known that the normal enzyme 
is modified by the infective process. Although both 
forms respond in the same way to the sigma factor, 
Travers claims that the modified enzyme binds less 
tightly to the sigma factor than does normal RNA, 
which in turn implies that it can exchange one protein 
factor for another comparatively easily. The modifica- 
tion of RNA polymerase which seems to follow from 
T4 infection may thus be an adaptation to the need 
of the T4 bacteriophage to switch from one pattern of 
transcription to another as the infective cycle proceeds, 

As always—or nearly always—in molecular biology, 
the bearing of these developments on the processes 
which occur in cells other than those of Z. coli is largely 
a matter of conjecture. With promoting agents such 
as those now identified and repressor molecules which 
serve to inhibit the expression of certain genes, it seems 
permissible to consider a hierarchy of controlling 
factors, some positive and some negative. This fills 
out the picture of DNA transcription in an especially 
pleasing way. It also provides a further incentive for 
the study of the kinetics of DNA transcription, much 
neglected since the recognition that histone chemistry 
is not the answer to every prayer. 


BACKGROUND RADIATION 


Isotropic Microwaves 


from our Astronomy Correspondent 


Tue current issue of Monthly Notices of the Royal 
Astronomical Society contains two papers which refer 
to the isotropy of the microwave background radiation 
discovered by Penzias and Wilson in 1965 (144, 255 
and 144, 279; 1969). The first adds gravitational 
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waves to the list of factors which could conceivably 
produce anisotropy in the background, while the second 
considers how the isotropy is relevant to the helium 
problem—the question of how much helium there is 
in the universe end its significance in cosmology. Both 
take as their starting point the familiar notion that the 
microwave background is a byproduct of the fireball 
in the big bang cosmology. The hope has been that 
the anisotropy of the background would throw some 
light on the irregularities in the fireball which might 
have given rise to the clumping of matter in the universe 
into galactic clusters. So far, however, only upper 
limits have been placed on any anisotropy which may 
be present, and low upper limits at that. The Stanford 
group, for example, find that fluctuations on a scale 
of a degree must be less than 0-2 per cent, at least in 
the region of the sky which they covered (Conklin 
and Bracewell, Phys. Rev. Lett.,18, 614; 1967). But the 
theoretical evidence is that the anisotropy is in any 
case likely to be finer than this. 

In the first paper, G. Dautcourt of the Babelsberg 
Observatory in East Germany considers how the deflex- 
ion of photons by gravitational fields (the well known 
bending of light beams by the Sun) and the scattering 
of photons by gravitational waves might produce aniso- 
tropy. Dautcourt agrees with others who have trodden 
the path before that the deflexion of photons by 
gravitational fields is unlikely to be important-~except 
perhaps for a supercluster of galaxies. But Dautcourt 
shows that scattering by a background of gravitational 
radiation could be significant if the gravitational 
background results from turbulent motions in the 
original fireball. According to this, the Stanford 
measurements of the microwave isotropy can place 
upper limits on the energy density of such a gravita- 
tional background. 

The second paper is by R. F. Carswell of the Univer- 
sity of Sussex, who looks at the isotropy in terms of 
the helium problem. According to Carswell, there is 
good reason to choose an anisotropic model universe 
in the calculations, especially one which is axially 
symmetric. Using such a model and combining it 
with the upper limits for the microwave anisotropy, 
some information on the production of helium during 
the carly stages of the universe can be gained. 

Helium is important chiefly because the amount of 
it in the universe at present often seems larger than 
can be accounted for by the normal hydrogen-burning 
processes in stars. What is left over could be helium 
formed at the time of the big bang, and one possibility 
is that the precise amount of extra helium in stars 
might be used as a test to distinguish between different 
variations of the big bang cosmology. Carswell says 
that the amount of helium produced by some of his 
models can be less than five per cent by mass-—appre- 
ciably less than the twenty per cent or so which is 
usually deduced from big bang models to account for 
the extra helium. But recent observation of helium 
abundances appreciably lower than the initial helium 
production in conventional big bang models has 
aroused interest in models producing low amounts of 
helium. Carswell agrees in the paper that the low 
abundance of helium which he has derived does not 
follow easily from the model—in particular, if new 
measurements reduce even further the degree of 
anisotropy which could be present, then it becomes 
impossible to account for the low helium abundances. 
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QUASARS AND PULSARS 


The Same Inside ? 


Ir had to happen. In this month’s Astrophysical 
Journal Letters (157, L73; 1969) Professor Philip 
Morrison of MIT asks “Are quasi-stellar radio sources 
giant pulsars ?” and goes on to list a handful of features 
common to both. Quasars, for example, can be 
periodic. Their radiation is polarized, indicating mag- 
netic fields in the source. They are highly concentrated 
objects. And, like pulsars, they could easily be the 
remnants of explosions. Their evolution, of course, is 
different, but Morrison is saying that, apart from 
differences of scale, they are objects of the same kind. 
What they have in common is a spinning, magnetized 
core of condensed material, and in both cases the work 
done by the spinning magnetic field on charged particles 
emitted from the core is an important cause of slow- 
down. 

Morrison’s prototype quasar is 3C 345, which has a 
sharp optical outburst at intervals of 320+3 days. 
According to Morrison, this is a reasonable value for 
the rotation period of a condensed galactic core. 
Naturally enough, his typical pulsar is the Crab pulsar, 
NP 0582, and its history as the stellar remnant of a 
supernova suggests how quasars might have evolved. 

Like almost everybody these days, Morrison sees 
quasars as belonging to the same family tree as normal 
galaxies, Seyfert galaxies and so on. What happens, 
he suggests, is the contraction of the nucleus of a 
normal galaxy into a rapidly spinning, intensely mag- 
netized core. Interaction of the spinning field with 
charged particles, presumably from a hot-spot on the 
core, is responsible for the bursts of radiation. 

And, just as N P 0532 is immersed in the Crab nebula, 
quasars on this model are surrounded by a cloud of 
gas which is excited by the supply of energetic particles 
from the core, It is the gas in the near neighbourhood 
of the central core which is responsible for the optical 
continuum, while the bulk of the radio power comes 
from the more remote parts of the cloud—the analogue 
of the extended filaments of the Crab. Just as in the 
Crab, Morrison says, the periodic radio pulses are 
likely to be much weaker than the optical pulses and 
swamped by the radio emission from the outer regions. 
This is why, he says, no radio bursts have so far been 
detected to match the optical pulsations. 

Morrison sums up his paper in a nutshell: quasi- 
stellar objects are to quasi-stellar sources as the radio 
pulsars are to the Crab pulsar itself—ageing objects 
which have lost their accompanying clouds of excited 
gas. In other words, they are galactic coffins. 


MOON 


Next Penumbral Eclipse 


Tue last eclipse of the year will occur on September 25, 
when the Moon will pass through the penumbra of the 
Earth’s shadow. The maximum of the eclipse will be 
at 20.10 GMT, when 93 per cent of the Moon will be 
covered by the shadow. According to The American 
Ephemeris and Nautical Almanac, the beginning of the 
eclipse at 18.06 will be visible in Asia, the western 
Pacifice Ocean, Australia, New Zealand, the Indian 
Ocean, Africa except the north-western part, Europe 
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except the western part, and the Arctic regions. The 
ending at 22.15 will be visible in Asia except the eastern 
part, the Indian Ocean, Africa, Europe, the Atlantic 
Ocean, South America except the western part, the 
extreme north-eastern part of North America, and the 
Aretic regions. 

Although a lunar eclipse has little of the importance 
of a solar eclipse, scientific interest has been aroused 
over the question of contributions to the luminosity of 
the Moon when the solar illumination is cut off. In 
the case of a penumbral eclipse, the Earth’s atmosphere 
has the effect of slightly increasing the angular radius 
of the Earth as viewed from the Moon, and thus 
increasing the density of the penumbra. On the other 
hand, refraction in the atmosphere tends to brighten 
the shadow, and on balance the refraction effect prob- 
ably dominates (Link, F., Eclipse Phenomena, Springer- 
Verlag, 1969). 

But observations seem to show an excess of light in 
the part of the penumbra nearest the geometrical 
shadow and a deficiency in the outer regions. Neither 
scattered light from the atmosphere nor the influence 
of the structure of lunar soil could be responsible. 
The answer seems to be the luminescence of lunar 
material, and the variation of the light excess across 
the penumbra could be due to the way the Earth, 
seen from different parts of the Moon, blocks off sources 
of radiation on the Sun. 

The two solar eclipses of 1969 have been disappoint- 
ing for astronomers—both have been in remote parts 
of the world and, worse, both have been annular 
eclipses. This means that the apparent diameter of 
the Moon is appreciably smaller than that of the Sun 
so that an annulus of the Sun is still visible even at 
maximum. This happens when the Moon happens to 
be at the apogee of its orbit around the Earth—the 
apogee and perigee differ by about 50,000 km. 


pe 


But next year a total solar eclipse on March 7 


will 
start in the Pacific Ocean, cross Central America and 
sweep up the eastern seaboard of the United States 


and Canada. Expeditions are already being planned. 


PARTICLE PHYSICS 


Quarks or Red Herings? 


THERE has been a mixed reaction to the announcement 
last week by Professor C. B. McCusker of the University 
of Sydney that his group has found evidence for the 
existence of fractionally charged particles in a new type 
of cosmic ray experiment. Among high-energy phy- 
sicists, there is both scepticism and muted optimism., 
Speaking to the international cosmic ray conference in 
Budapest, Professor McCusker reported the results of 
an experiment in which cosmic ray showers from 
primary radiation, with energy about 10! eV, have 
been analysed with a set of cloud chambers. He said 
that, of the 60,000 tracks obtained in the experiment, 
there were five that could be explained by the existence 
of a particle with a charge two-thirds that of the proton. 
This is the charge expected for one of the three brands 
of quarks. 

The experiment itself was basically straightforward. 
The centre or core region of a shower of secondary 
cosmic ray particles was selected by a core detector, 
and four cylindrical cloud chambers were used to 
obtain ionization tracks from the shower. In all, 
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6,000 photographs were taken, yielding about 60,000 
tracks. From these, Professor McCusker claimed that 
five tracks were found which showed an ionization of 
about a half (unity being that from a proton). Because 
ionization varies as the square of the charge, this 
points to the existence of particles of charge 2/3. 
The exact figure for the ionization of these tracks was 
quoted as 0-48 + 0-05. 

The interpretation of the ionization tracks, however, 
is far from simple, as Professor McCusker seems readily 
to have admitted. There are several possible processes 
that can produce tracks similar to those from lightly 
ionizing particles, and it was inevitable that Professor 
McCusker’s experiment would be judged on the strength 
of his evidence to dispose of freak events. As well as 
“background” due to ionization loss from relativistic 
particles, possible variations in the density of gas 
within the chamber and tracks caused by pre-expansion 
events are all factors which may affect the situation. 
Professor McCusker said he has assumed that the 
distribution of ionizations in the tracks was Poissonian, 
but there was general concern at the conference at the 
lack of a histogram displaying the distribution of 
particles with ionization. If the tracks are to be con- 
sidered significant in the sense indicated by McCusker, 
then some direct evidence is needed to show that they 
are not part of some overall background distribution. 
Although the Sydney group is evidently aware of these 
problems, and McCusker seems to have answered the 
points on the uniformity of gas in the chamber quite 
deftly, the presentation of a histogram of track widths 
would have added much backing to the case. 

This sort of experiment, of course, provides ample 
scope for sceptics to indulge in ritual slaughter. The 
absence of incontrovertible evidence is an easy excuse 
for unfettered criticism, and it is encouraging to note 
that a further experiment is being planned by 
McCusker’s group to find the other types of quark 
with a charge of 1/3. By using a high pressure chamber 
he expects to be able to track particles with an 
ionization down to below 1/10, which would then 
include the quarks of smaller charge. Should tracks 
be found which correspond to both types of quarks and 
which cannot be explained as part of a simple statistical 
distribution, the evidence for the existence of quarks 
will indeed be very strong. As it is, opinion seems to be 
divided chiefly between cautious optimism and cautious 
pessimism as to how McCusker’s results should be 
interpreted. It may be that a more detailed analysis 
of the existing results will be enough to sway the 
balance. 


CRYSTALLOGRAPHY 


New Structures by Computer 


from a Correspondent 


Ir frequently happens in the crystal structure analysis 
of organic compounds that one wishes to determine 
the chemical structure or molecular conformation of 
a compound about which accurate knowledge of a 
part of the molecule is already available. A computer- 
ized Patterson search method which uses such informa- 
tion is described in a recent paper by P. B. Braun, 
J. Hornstra and J. I. Leenhouts (Philips Research 
Reports, 24, 85; 1969). Other workers, for instance 
C. E. Nordman and K. Nakatsu (J. Amer. Chem. Koc., 
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85, 353; 1963) and W. Hoppe and E. F. Paulus (Acta 
Cryst., 28, 339; 1967), have described methods to 
determine the atomic coordinates for the known part 
of a molecule, but the computer programs of 
Braun et al. determine the atomic parameters for the 
unknown part of the structure as well as the known 
part. 

The Patterson map, which may be computed very 
easily from the X-ray diffraction data, is essentially 
a vector map of the erystal structure, the peaks in a 
Patterson synthesis representing the interactions be- 
tween atoms. Thus if there are n atoms in the unit 
cell there will be n(n—1) peaks in the Patterson map 
plus an »-fold peak at the origin which represents the 
interaction of each atom with itself. The size of a 
vector peak is proportional to the product of the atomic 
numbers of the interacting atoms, so if there are no 
heavy atoms in a large molecule there will be an 
impossibly large number of similar peaks in the Patter- 
son function. With these new programs for dis- 
entangling the vector map, the computer first stores a 
numerical copy of the Patterson function and is then 
given the coordinates of the known part of the molecule 
referred to an arbitrary set of axes. The program 
next calculates the coordinates of all the vectors 
between the atoms of this model structure, compares 
the calculated vectors with those which occur in the 
Patterson synthesis, and calculates a measure of fit. 
The model is then systematically rotated in steps about 
the axes and the process repeated. The position of the 
centroid of the model is found by systematic trials, 
and the measures of fit are short listed and refined 
by making small adjustments. The few models 
with such optimized best fits now contain the true 
solution. In practice it is usually, but not always, 
the first in the list. 

The parameters of the unknown part of the molecule 
are then calculated by a second program. Possible 
positions for atoms attached to the best model are first 
calculated from simple chemical and geometrical con- 
siderations. Because there are usually several alterna- 
tive possibilities for the bonds from each model atom, 
the vectors between the known atoms and each of the 
possible new atoms are calculated and compared with 
the true vector map as before. The one with the best 
fit is selected and this atom is added to the molecule. 
The process is repeated with the now enlarged model 
until the molecule is complete. Standard erystallo- 
graphic least squares refinement methods are then used 
to complete the determination. 

The methods described were successfully applied to 
the structure determination of seven retro-stercids. 
The initial well known chemical group consisted of 
nine atoms in most cases—the C and D rings. In all 
cases a complete list of the coordinates of up to twenty- 
six non-hydrogen atoms was produced by a CD3600 
computer within 45 minutes, a time which a erystallo- 
grapher would consider extremely reasonable for such 
difficult: structural analyses. 

Theoretical calculations in the paper show that the 
minimum size of model required to solve a structure 
with z atoms in the unit cell was approximately equal 
to the square root of n. It was also shown practically 
as well as theoretically that a structure could be 
solved even if some atoms in the model were completely 
misplaced, provided that at least the minimum number 
were correctly placed. 
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COMPOSITES 


_ New Techniques for Fibres 


from our Materials Science Correspondent 


CARBON fibre has been in the news since the Parlia- 
mentary Select Committee on Science and Technology 
recently reported on the organizational and political 
problems associated with large-scale manufacture of 
„the fibres. The matter has, however, been too much 
discussed in terms of the fibres themselves, although 
the committee was at pains to emphasize the importance 
of improving the methods of fabricating composites. 
This is true not only for composites based on carbon 
‘fibres, but also for those based on the American rival 
material, boron fibre, and even more for composites 
made with ultra-strong whisker crystals of alumina, 
silicon carbide and so on. 

Two recent American publications have reported 
advances in composite technology. One, by Vidoz, 
Camahort and Crossman (J. Composite Materials, 8, 
254; 1969), refers to reinforcement of metallic matrices 
with boron fibres. A serious problem with boron fibres 
is that they are rapidly attacked at high temperature 
by many potential matrix metals, such as eutectic 
titanium alloys, nickel and aluminium; this leads to 
difficulty particularly during fabrication by infiltration. 
Camahort has developed a process to produce a sub- 
micron boron nitride coating at the fibre surface, and he 
and his colleagues have now made an assessment of the 
resistance of nitrided boron fibrestothe above-mentioned 
matrix metals. The results are very promising for all 
the metals, even the highly reactive titanium alloy, 
provided precautions are taken to keep the duration 
of the infiltration step very short. As for the aluminium/ 
boron composites, development has been taken to the 
stage of making composite wires by aluminium infiltra- 
tion, stacking these between aluminium sheets and 
diffusion-bonding, to produce panels. 

Related work on protecting carbon fibres by means of 
metallic coating has been done in Britain, and the 
Fulmer Research Institute has announced its process 
for coating carbon fibre with a protective tungsten 
layer. However, nothing has as yet been published 
about metal-matrix composites made with these 
coated fibres. 

Another paper, by Kirkpatrick et al. (J. Composite 
Materials, 3, 322; 1969), deals with a particularly tricky 
problem—how to align short whiskers for the fabrica- 
tion of oriented metal-matrix composites. These 
whiskers are commonly less than a millimetre in length 
and no methods of mechanical guidance (as used for 
long spools of carbon or boron fibre) appear to be 
applicable. At present one has to rely on hydrodynamic 
alignment in flowing gel suspensions, which then poses 
the problem of getting rid of the gels. The new ap- 
proach makes use of dielectrophoresis—the migration, 
in an electric field, of particles in a dielectric liquid: 
the field induces electrie dipoles in the particles and 
these experience a force proportional to the square of 
the field gradient. Under these circumstances, a long 
thin particle will align itself parallel to the field. The 
method works best with an a.c. field, especially if the 
supporting fluid (preferably an organic liquid such as 
carbon tetrachloride, containing a little binder) con- 
tains some residual mobile ions, which cause inter- 
ference if d.c. fields are used: the direction of the 
resultant force depends on the sign of the field gradient, 
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not on the sign of the field. Most of the tests were 
done with silicon carbide whiskers, but good results 
were also obtained with alumina whiskers and with 
chopped carbon or boron fibres; it appears that a high 
conductivity of the fibre is no bar to the success of the 
method. In a prototype system, silicon carbide 
whiskers were deposited on continuously moving 
aluminium foil; as the foil leaves the liquid, the action 
of the meniscus serves to orient the whiskers along a 
uniform direction in the foil surface. The bewhiskered 
foils, stabilized through a thin co-deposited binder 
layer, were hot-pressed in stacks to form a composite 
sheet. The mechanical properties of the first sheets 
were found to be modest, and this was attributed to 
poor quality of the whiskers and damage during press- 
ing. Nevertheless, this ingenious method appears 
to have considerable promise for both whiskers and 
chopped carbon fibre. 


SOLID STATE PHYSICS 


Band Structure from X-Rays 


from our Solid State Physics Correspondent 


Tue Fermi energy and the density of states in a metal 
are such fundamental quantities that any whisper of a 
new and simple technique for measuring them must 
naturally attract attention. The possibility of using 
the variation of the soft X-ray emission speetrum with 
applied stress in copper to study the electronic band 
structure has been investigated by R. H. Willens et al. 
(Phys. Rev. Lett., 23, 413; 1969), who have found that 
the fine structure of the emission curve reveals some 
useful Fermi surface and critical point information. 
Rough values for the deformation potential in copper 
were also obtained. 

One of the advantages of this technique over other 
recognized methods for determining band structure, 
such as photoemission spectroscopy, ion neutralization 
or piezo-optical experiments, is that the electron 
transitions are well defined, the lower energy states 
being atomic levels. Moreover, as the generation of 
X-rays takes place well below the surface, it is not 
necessary to prepare highly polished samples. In the 
experiments reported, polycrystalline copper with a 
preferred orientation was used. 

The fine structure of the emission curve was obtained 
from the difference between the X-ray intensities from 
the strained and unstrained specimens. Some interest. 
ing features emerged. The general shape enabled 
Willens et al. to make rough estimates of the deforma- 
tion potential at the top and bottom of the band— 
single crystal experiments will no doubt lead to refine- 
ments here—-and the kinks in the curve which consti- 
tute the fine structure were associated with “sensitive” 
regions of the band. They suggest that the Fermi 
surface and the Van Hove singularities associated with 
the density of states in copper are likely to be respons- 
ible for these. To check this, they compare several 
features of the emission curve with existing caleulations. 
The peak of the emission curve was found to coincide 
with the peak in the density of states eurve, and one 
of the subpeaks in the emission curve was found to 
occur at exactly the value of the calculated Fermi 
energy. They guard against trying to deduce too much 
from the measurements on polycrystalline copper, 
however, and look to single crystal experiments for 
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more refined data. The calculated energy values at 
many of the high symmetry points do nevertheless 
coincide with structural points on the emission curve. 

Willens et al. point out that their experiment con- 
stitutes a new avenue for X-ray emission work. It 
was known that the soft X-ray emission of a material is 
proportional to the density of states and the transition 
probability, but a combination of instrumental, life- 
time and Auger broadening precluded measuring these 
quantities by this means. The hope that applied 
stresses would bring out the critical features of the 
bands seems to have been fulfilled, and Wilens et al. 
see this technique as being valuable both for pure 
metals and for the more problematical alloys. 


EMBRYOLOGY 


Midday in Moscow 


from a Correspondent 


Tur ninth International Embryological Conference, 
sponsored by the Journal of Embryology and Experi- 
mental Morphology, was held in Moscow from August 
25 to 29. In the session on the control of synthesis in 
embryos at the genetic level, E. H. Davidson (Rocke- 
feller University, New York) presented very elegant 
hybridization techniques which have been developed 
for measuring the informational content of the RNA 
stockpiled in the mature quiescent oocyte of Xenopus. 
A striking feature of the technique is the use of a DNA 
fraction containing only unique or non-repetitive 
sequences, the annealing time required being 6-10 
days, and extremely high nucleic acid concentrations. 
As saturation is approached, 0-7 per cent of the non- 
repetitive DNA is bound, from which it is estimated 
that the oocyte RNA stockpile contains as much 
genetic information as would be carried by 50,000 
different genes of the size of that coding for the $ chain 
of haemoglobin. G. P. Georgiev (Institute of Molecular 
Biology, Moscow) gave some attention to the problem 
of nuclear RNA synthesis in eukaryotes and confirmed 
Harris’s observation that only a small fraction of this 
RNA gets into the cytoplasm. He suggested that this 
RNA comprises an acceptor region and an informational 
one, and that it is the acceptor zone, which is concerned 
with regulation, that is degraded. J. Paul (Beatson 
Institute for Cancer Research, Glasgow) summarized 
their work on the masking hypothesis of cytodifferen- 
tiation. By combining hybridization techniques with 
studies on chromatin, they suggest that the masking of 
DNA in cells involves histones as non-specific agents 
with the acidic proteins of the chromatin providing the 
specificity. Their observation that changes in the 
chromatin in regenerating kidney can be detected 
within a few hours is of particular interest. 

The cell surface and cell movement continue to 
attract considerable interest. G. Gerisch (Zoological 
Institute, University of Freiburg) is using the slime 
mould as a model system where several functions may 
be attributed to the cell surface, such as receptor activ- 
ity for chemotactic agents, species specific cell adhesion 
and control of the transmission of stimuli in an aggre- 
gation field. Using immunochemical techniques, 
surface antigens have been isolated. Gerisch has 
concluded that univalent antibody binding to certain 
specific sites on the cell surface interferes with cell 
adhesion and that these sites are different from those 
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involved in chemotaxis. The isolation of mutants 
defective in some aspect of aggregation behaviour, 
together with his immunochemical approach, seems 
very promising. J. M. Vasiliev (Moscow State Univer- 
sity) has also been investigating cell interactions in a 
model system: the behaviour of stationary fibroblast 
cultures when a portion is removed. He has found that 
cells move into the gap within about 12 hours and that 
it is only in such cells that DNA synthesis is activated. 
Fucose was able selectively to prevent activation of 
DNA synthesis in such cells. Cells treated with colce- 
mide were unable to migrate since cell polarity was 
abolished. 

In general it is the developmental biologists’ approach 
which is proving the most exciting and fruitful for 
embryological problems. 


OBESITY 


Enzymes controlling Weight ? 


from our Medical Biochemistry Correspondent 


ALTHOUGH most of the world is undernourished, obesity 
is the major nutritional problem in developed countries. 
Earlier this year, Kekwick and Palan (Lancet, 1, 822; 
1969) suggested that adipose tissue might be the means 
of controlling body weight. Their research and that of 
others has shown that not all nutritional calories are 
equal. The proportion of any dietary component which 
is oxidized or excreted as chemical compounds depends 
on the chemical nature of the food. In spite of this, 
most people’s body weight remains roughly constant 
although the amount of food intake and energy expen- 
diture in physical work can vary considerably. They 
proposed that adipose tissue was not just an inert 
reservoir that acted as a heat-insulating layer. Adipose 
tissue can very rapidly release free fatty acids to act 
as an energy source for almost all other tissues. A 
number of metabolic pathways have been described in 
adipose tissue so that the fate of compounds in the cells 
could be changed by altering the relative activities of 
these pathways. Since adipose tissue makes up 20 per 
cent of the body weight in a well-fed male, relatively 
slight changes in its metabolism might have very great 
effects. 

This theory has now received some direct support in 
investigations on obese human beings (G. A. Bray, 
Lancet, ii, 397; 1969). Bray kept six obese women on a 
3.500 calorie diet for seven days followed by twenty- 
four days on a 450 calorie diet. Although their weight 
loss in the second period averaged 10-3 kg, more than 
half of this loss occurred in the first eight days. Weight 
loss decreased progressively during the period, and this 
was probably largely due to a decrease in energy 
expenditure. The energy expenditure of the women 
(estimated by measuring their oxygen consumption) 
declined by a significant 15 per cent while they were 
on the reducing diet although their living circumstances 
were the same. This significant decrease in the rate at 
which food was used up apparently counteracted the 
severe dietary restriction. 

Tn a search for possible enzymatic changes underlying 
this change in energy production with food intake, 
Bray took two biopsy specimens of subeutancous fat 
from another group of eight obese patients. The first 
specimen was taken after 10-15 days on a 3,500 calorie 
diet and the second after 10-15 days on a 900 calorie 
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reducing diet. He measured the activity of the soluble 
= NAD-linked a-glycerophosphate dehydrogenase and 
the mitochondrial cytochrome c-linked a-glycerophos- 
phate dehydrogenase in homogenates of the fat. The 
mean. activity of both enzymes had declined signifi- 
cantly to almost half the original activity after 10-15 
- days on the reducing diet. The two glycerophosphate 
enzymes working together can shuttle electrons from 
NAD to cytochrome c with a net energy yield of 2 
molecules of ATP rather than the 3 molecules of ATP 
produced by the normal re-oxidation of NADH. 
Glycerophosphate activity is known to be increased in 
conditions which favour heat production. This decline 
in activity on dieting means that the cell will be working 
more efficiently, producing more ATP from molecules 
metabolized. This change in adipose tissue in response 
to diet is in the direction suggested by Kekwick and 
Palan’s hypothesis, and suggests that further investi- 
gation of the factors controlling adipose tissue meta- 
bolism would help in understanding weight control. 


NUTRITION 


Many Problems Ahead 


from a Correspondent 


Tue eighth international congress on nutrition was 
held in Prague between August 28 and September 5. 
It was the first congress since the formation of the 
International Union of Nutritional Sciences, and was 
organized by the union in conjunction with the J. E. 
Purkyne Czechoslovak Medical Society. 

It seems clear that the control of food intake still 
has to be properly explained. J. Mayer (Harvard 
School of Public Health), in his paper on the ventro- 
medial glicoreceptor system, gave an account of the 
recent work of his school on the functioning of the 
satiety centre in the hypothalamus, including the 
nature of the lesions caused by gold thioglucose. This 
research, which may elucidate the role of glucose, was 
extended further by A. F. Debons (State University of 
New York, Brooklyn) to try to indicate the function 
of insulin. 

A revealing paper by A. Stunkard, H. Levine and 
S. Fox (University of Pennsylvania, Philadelphia) 
reported a study of the activities of the self help group 
“TOPS” (take off pounds sensibly) which has been 
so successful in weight control in the United States. 
TOPS has over 250,000 members, almost all women, 
organized into 10,000 chapters. <A detailed study of 
twenty-two chapters in one area of Philadelphia re- 
vealed that the organization was rather more efficient 
in securing weight reduction than the outpatient 
medical centres. The technique of weekly meetings 
and detailed weight record keeping seems to match 
the best medical results, but it has not yet been 
possible to isolate the factors which make the best 
chapters so effective. 

There appears to be increasing evidence that mal- 
nutrition in the first few months of life may lead to 
permanent damage to the brain, primarily due to a 
reduction in brain cell division. M. Winnick (Cornell 
Medical School) outlined the evidence for this and 
others reinforced his position. Population movement 
to the towns in developing countries leads to a reduc- 
tion in breast feeding, thus removing the protection 


from malnutrition which this affords to babies in the 
critical period. The implications of this work for aid 
programmes clearly need careful examination, 

The congress showed a tendency to take the term 
“nutrition” to include the whole of the agricultural 
sciences and food science and technology as well. One 
area which was given rather full coverage was com- 
munal catering, but the general level of the papers 
revealed the primitive state of most scientific work 
connected with catering. 


MOLECULAR BIOLOGY 


DNA and Polylysine 


from our Molecular Biology Correspondent 


In 1966 Leng and Felsenfeld noted that under appro- 
priate conditions poly-L-lysine, which forms complexes 
with DNA, can discriminate between species rich in AT 
and those rich in GC, the first being preferentially 
precipitated out of mixtures. Considering that poly- 
acid~polybase associations are of necessity predomin- 
antly coulombic in character, depending as they do on 
pairing of the charges, this was a remarkable finding, 
the basis of which was quite obscure, Its importance 
in terms of interactions between nucleic acid and pro- 
teins is evident enough, and its potential application 
to the fractionation of nucleic acids has also attracted 
attention. A weighty study of the DNA~polylysi 
system has now appeared (Shapiro, Leng and Fe 
feld, Biochemistry, 8, 3219; 1969) which sets out to 
answer some of the questions raised by the earlier work. 

Specificity is achieved only at relatively high salt 
concentrations, at which the interaction is nob too 
strong. Under these circumstances, the interaction is 
highly cooperative, so that when the DNA is in & 
the mixture contains stoichiometric complex and free 
DNA. Shapiro et al. show that effectively complete 
separation of DNA species of 62 per cent and 42 per 
cent AT content is easily achieved. The complex 
sediments rapidly in the centrifuge, and light scattering 
studies indicate that the particles are of remarkably 
uniform size, averaging 1700 A in radius. Moreover, 
calculations of the mass per particle indicate that they 
contain some 95 per cent of water. They have no 
birefringence, and may be visualized as regular coacer- 
vates, or micelles. 

Complexes form less readily with poly-p,t-lysine 
than with either the p-polymer or the L-polymer, and 
this, as well as the optical rotatory properties, argues 
for a highly ordered structure. The first Cotton effeet 
of the complexes is of opposite sign to that of free 
DNA, and up to two orders of magnitude bigger. In 
terms of what is known about the optical activity of 
the nucleic acids, the most convincing though by no 
means the only explanation is that the formation of the 
complex imposes a considerable distortion on the geo- 
metry of the DNA helix, involving a change in the tilt 
of the bases. Here indeed is a possible explanation 
for the recognition mechanism; whereas the results of 
X-ray analysis indicate that the structure of helical 
nucleic acids is essentially independent of composition, 
it is entirely possible that the energy required to deform 
the helix is less when the GC content is low. The 
possibility that the specificity arises in some manner 
from the relatively accessible methyl groups of thymine 
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was disposed of by showing that a phage DNA, contain- 
ing uracil in place of thymine, behaved no differently 
from other species. 

One further extraordinary observation, dealt with in 
a second paper (Shapiro, Stannard and Felsenfeld, 
ibid., 3233), is the reversal of the specificity—that is to 
say, the preferential precipitation of GC-rich DNA— 
when the supporting electrolyte is a tetramethyl- 
ammonium salt. The reason for this startling effect 
turns out to be competition of the cation for AT-rich 
material, The relative affinities of various cationic 
species for DNAs of different base compositions were 
measured by an equilibrium dialysis technique, where- 
by two different DNAs are placed in compartments 
separated by a membrane; a radioactive cation known 
to have no base preference and to be bound fairly 
strongly, such as calcium or spermine, is added. and the 
transfer of radioactivity to one side or the other on 
introduction of various ionic species is observed. In 
this way, small affinity differences can be measured 
with remarkable precision, and problems arising, for 
example, from the Donnan effect, such as a more forth- 
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right approach would incur, are thereby circumvented. 
Sodium, potassium, lithium and caesium ions show no 
significant preference for AT or GC, and the same is 
even true for the oligomer, tetralysine (though the 
heptamer already shows strong discrimination). Tetra- 
methylammonium ion, on the other hand, shows a 
substantial preference for AT, and in its presence 
polylysine is consequently displaced from molecules 
rich in AT and GC. The effect prevails also with 
phenyltrimethylammonium and tetraethylammonium 
ions, but is absent with tetrabutylammonium, which is 
evidently too large to satisfy some steric requirement 
of the interaction. This work provides the first clear 
indication that small simple molecules, as well as simple 
polybases, can recognize a native DNA helix by com- 
position. 

It may be noted that independent evidence for a 
defined complex of polylysine and DNA comes from a 
comparison of turbidity with fluorescence depolariza- 
tion data, fluorescent labels being attached to the 
polylysine (Evett and Isenberg, Ann. NY Acad. Sei., 
158, 210: 1969). 


Undergraduate Teaching Observed 


by The investigator must look beyond the classroom to understand 


MALCOLM PARLETT 


Department of Educational Sciences, 


University of Edinburgh mena. 


Discussions of university teaching are rarely satisfactory. 
Evidence cited is often impressionistic rather than factual, 
and in any case there is little research to draw on! that 
is informative, readable and germane. The study described 
here is part of a research programme being carried out 
at the Education Research Center of the Massachusetts 
Institute of Technology, which focuses on teaching and 
learning, as the central activities of the university, but 
extends beyond them in scope and subject matter. 

In a previous research project? one complete intake of 
freshmen (893 students) was followed through four years 
to graduation. About a hundred demographic and psycho- 
logical variables were included; the cohort was given a 
lengthy personality test devised for normal college 
students (the “omnibus personality inventory’)! ®; and 
fifty-five students were selected randomly for yearly 
interviews. Issues considered included the personal and 
departmental pressures and inducements that influenced 
students when they had to make academic decisions; the 
relationship of stress to institutional and psychiatric 
factors; the types of strategies which students followed 
in handling the formal curriculum, and in mastering several 
institutional skills and academic short cuts that appear 
in no prospectus but which form an influential “invisible 
curriculum’, Results were illuminating though far from 
straightforward; and suggested several directions for new 
research, notably smaller scale but more intensive studies 
of particular university contexts, such as undergraduate 


teachers and their pupils. A wide ranging study at the Massachusetts 
institute of Technology has uncovered several interesting pheno- 


courses, The investigation described here was an attempt 
to meet this need. 

I followed three separate second and third year courses 
for their duration, usually a semester. In each case I 
concentrated on the aims, organization and effects of the 
course, and at the same time observed each individual 
involved—instructors, teaching assistants, and students. 

In some ways the research was akin to social anthropo- 
logical fieldwork, the investigator studying a community 
-—here a class—by living in it. Like the anthropologist, I 
tried first to isolate the most significant of the course 
characteristics, structuring the investigation around them. 
In other ways the work was distinctly psychological, with 
close attention paid, for example, to the differences—in 
working strategies, in motives, and in perception of events 
-~among students taking the same course. 

Two of the three courses were in second year physics: 
vibrations and waves* and introduction to quantum 
physics’. The other, by contrast, was a laboratory course 
in electrical engineering chiefly for third year students: 
the digital systems project laboratory®. Each course was 
distinetly different, and correspondingly research methods 
varied from study to study. But three techniques were 
common to each: (a) participant observation; (b) inter- 
views and inforrnal discussions; and (c) questionnaires. 

For participant observation, I sat with the elass for 
lectures, seminars, and tutorials; attended staff meetings; 
and circulated in the laboratory. Various observations 
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were made: for example, of attendance, seating position 
and participation in class discussion; of the instructor’s 
style of delivery; and of the ways in which he made use 
of his assistants, implicitly or explicitly stated the goals 
of the course, assigned and collected work, identified 
conceptual errors, alluded to examinations, delivered 
ultimata, and handled difficult students. 


Interviews and Questionnaires 

Discussing in detail each course with those concerned— 
instructors, teaching assistants, technical staff, as well as 
students—was an essential accompaniment to the observa- 
tion. I was able to pursue further the significance and 
implications of what I had witnessed. In addition, fifty 
of the eighty-five students in the three classes had more 
formal interviews, when they were encouraged to describe 
in detail their approach to the course, and express opinions 
freely. More general topics were also broached; their 
working habits, school and family backgrounds, non- 
curricular interests, and their perceptions of the university 
environment and of their own positions within it. Inter- 
views served also to define and select topics and questions 
for questionnaires; information obtained with these, in 
turn, suggested new directions to pursue in interviews. 

In the three studies ten questionnaires were distributed, 
with a 92 per cent overall response rate. Together, they 
provided extensive data, making it possible to assess 
group opinion, and to compare individuals. Questionnaires 
have serious disadvantages: they reflect what a person 
thinks he does rather than what he actually does; they 
force expression of opinion into prescribed and artificial 
categories; and they are frequently boring and time con- 
suming. Here they were used cautiously, responses 
wherever possible being compared and cross-checked with 
information from other sources. 

The success of the investigation depended on students 
and staff expressing themselves openly, in the knowledge 
that I would treat what they said in confidence. That I 
was not only accepted but actively assisted was, in part, 
because I was regarded as outside the discipline and 
relatively untutored in the subject. This impression was 
reinforced by my avoiding—because it appeared to be 
threatening—-discussion of the subject matter itself. 

The information collected was divided into three sec- 
tions. First, observations made in the classroom and 
laboratory; second, information related to the context 
of the course as a whole, for example, the semester’s 
programme, the instructor’s long term strategy, the expec- 
tations and goals of class members and their responses to 
the various deadlines and, third, more general information 
—(a) departmental and university policies relevant to 
the course, such as those governing assessment procedures, 
and (b) features common to much of the university popula- 
tion, for example, certain scientific or “convergent”? 
personality characteristics. Most important was the inter- 
relationship between these three sections. I found it 
essential to study the specific concerns of the classroom 
in a wider context, and to link general characteristics of 
the university with specific transactions and incidents 
observed. 

I shall cite some representative findings; inevitably 
they do not provide a full account. The first, classroom 
phenomena: in one study I wanted to know why the 
attendance at seminars dropped sharply four weeks after 
the beginning of term, with very slow attrition thereafter. 
It seemed to be unrelated to identifiable features of the 
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class meetings themselves, or to such factors as the 
timing of mid-term examinations. But there seems to be 
a critical point at about the fourth week of term when, 
characteristically, students have to choose to “selectively 
neglect”! certain of their work commitments in order to 
keep up. Thus some students, weighing their priorities, 
decided to absent themselves; others came but sought to 
direct the instructor’s efforts—despite his convictions-— 
solely into exam preparation. 

In the same seminar class, two groups of students were 
differentiated: those who attended regularly, took part 
in discussion, and sat at the front; and others whose 
attendance was variable, and who—if they came—sat at 
the back and rarely asked questions or responded to the 
instructor. Despite their difference in approach to the 
course, the two groups performed similarly in the examina- 
tion. 


Different Approaches to the Course 

The second group of results concerned longer term 
characteristics of the course, and the ways in which 
individuals adapted to it, I devised a comprehensive 
questionnaire about study habits, techniques of learning 
and preferences for certain types of teaching, and used 
this to differentiate two types of undergraduates: the 
“syllabus-free”, who sought to be independent in how and 
what they studied, often regarding the formal demands of 
the course as irrelevant and inflexible, and their more 
straightforwardly studious counterparts, the “sylabus 
bound”, who, far from feeling constricted by the atructure 
of the course, were grateful for the direction it offered. 
No attempt was made to pigeonhole every student inte 
one or other category. Instead, two groups, who showed 
the contrasting approaches im extreme forms, were 
selected for comparison. As expected, syllabus-free 
students often expressed a profound distaste for the 
usual examination and assessment procedures, and for 
lecturers who “stuck too closely to the book”; and in the 
project laboratory they were less likely to seek tutorial 
assistance than were the other group. 

Academically, the two groups generally performed 
similarly, but one difference was noteworthy. In the 
laboratory course, some who excelled in constructing 
individual projects were borderline failures m other 
electrical engineering subjects. These students, who 
seemed to be emancipated in the freer situation of the 
project laboratory, had been found, on other criteria, to 
be among the most syllabus-free in the class. 

Other results were less predietable; for example, there 
was no relationship between being syllabus-bound and 
having conscientious and regular habits of study. Hudson" 
similarly established a lack of correlation, using a sample 
of English schoolboys. Indeed, in one class at MIT, it 
was the syllabus-free students who had imposed stringent 
study timetables on themselves; further enquiry sug- 
gested that the practice helped these students foreibly to 
restrict their attention to set work. 

Another discovery was that the teaching assistants in 
one class appeared to differ markedly in how they per- 
formed their job; in caricature, some adopting the role 
of advocate, others that of the policeman. I found that 
those whom class members perceived as authoritarian 
were consulted less often, and were seen-—inaccurately— 
as both “less knowledgeable” and “less able to explain 
difficult concepts” than their more permissive colleagues. 
Another interesting point emerged when the assistants 
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were asked to predict how most class members would 
answer questionnaire items about the assessment criteria 
used in the course. More authoritarian assistants were 
significantly less accurate in predicting student opinion. 
This suggests that authoritarian and permissive teachers 
may differ in major respects other than in their customary 
teaching style. 

Of the third and most general set of results, two will be 
cited. First, despite encouragement from instructors, 
students rarely took part in class discussion. And, even 
in the informal and minimally supervised setting of the 
undergraduate laboratory. class members rarely addressed 
each other. If they did, it was usually when exchanging 
equipment. Most students seemed to be afraid of exposing 
agnorance or conceptual confusion in front of their fellows. 
"This explanation, though plausible, led to other questions: 
for example, How did the prevalent fear arise ? And how 
was it sustained ? Several factors seemed to contribute. 
(i) With so many combinations of subjects available to 
undergraduates, the extent of their common academic 
experience was often limited to a few basic, and very 
large, lecture courses. Members of the same class were 
often total strangers. In an associated study, Kahne” 
established a relationship at MIT between students’ active 
participation in seminars, and whether or not the in- 
structor knew and used the names of his class. (ii) The 
composition of the MIT undergraduate population may 
also be relevant. A large proportion have outstripped 
their contemporaries at high school. Earlier work* 1° 
suggested that for MIT students a major adaptive demand 
was learning to face intensive competition, often for the 
first time. (iii) Related to the issue of competitiveness 
is the possibility, strongly suggested at many points in 
the investigation, that science and engineering students 
tend to define their personal worth in terms of technical 
competence. Admitting confusion in a technical area thus 
often involves an erosion of self-esteem. 

A second general finding concerned the use of time, 
possibly the chief preoccupation of both students and 
staff. Almost all undergraduates were anxious about 
“falling behind” in their work, for this was a disequilibrium 
hard to correet. Despite the concern, more than half the 
class in one study considered that they were behind in 
their work, and a similar number admitted that they had 
recently “wasted a lot of time”. Also, undergraduates 
normally arranged their personal timetables to accord 
with the timing of lectures and assignments, mid-term 
tests and final examinations. For many students, the 
organization of all this had itself become another major 
task; and one that had, at least for some students, an 
unforeseen result: it effectively discouraged the single 
minded devotion to specifie topics and subjects that is 
sometimes the hallmark of intense intellectual involve- 
ment, 





Concentrated Study 

In an experimental one month course devoted to “con- 
centrated study’, members of the class followed the 
same subject each day. The aim was to remove the 
conflicting obligations and hourly shifts of attention of 
normal term time. The instructor encouraged students 
to immerse themselves in the subject matter, inde- 
pendently following up topics they found of particular 
interest. There were profound differences between this 
elass and others observed, both in working styles and in 
the members’ perception of the subject. Students read 
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more widely, worked---they thought-—more effectively, 
reported that they felt “less tired and tense”, and showed 
a degree of concern and excitement with physics that the 
instructor had rarely witnessed before. Although these 
differences cannot be attributed solely to the absence of 
the usual schedule, there is little doubt that this was a 
major factor. 

The selection of results discussed here demonstrates the 
range of the phenomena studied. Such examination of 
small-scale institutional settings from both social and 
psychological standpoints can best be described as “eco- 
logical” in approach. This strategy, as distinct from more 
conventional methods (for example, using questionnaires 
only), permits analysis of complex inter-relations between 
individuals’ characteristics and their working environ- 
ments; for example, the syllabus-bound student in a 
“free” study setting, or the inexperienced teaching assist- 
ant in his intermediate status position between instructor 
and students. 

Certain of the implications and overall conclusions 
extend beyond MIT. For example, the research provides 
little support for the view—still implicitly held-—that 
there is a set of specifiable conditions for effective class- 
room learning. It was clear that instruction was multi- 
dimensional, with different types of teaching fitting the 
needs and wishes of different students; and that learning 
was a markedly individualistic matter, strongly influenced 
by the student’s interests, self-confidence, and willingness 
to “selectively neglect’. Ecological studies, such as 
these, are therefore likely to increase, rather than diminish, 
the educator’s sense of the complexity and uncertainty 
about his methods of selection, teaching and assessment. 
Claims made for specific techniques—such as programmed 
learning and computer-assisted instruction—often under- 
estimate this complexity, and sometimes appear simplistic 
and misleading. 

Finally, there is a case for innovations that change 
certain critical dimensions of the student’s experience; 
especially perhaps the re-allotment of his time, as in 
concentrated study. Experiments on these lines, particu- 
larly if coupled with appropriate research, might effect a 
major rejuvenation of university life. 

This work was completed during a two year research 
agsociateship at MIT Education Research Center, and was 
supported in part by the National Institute of Mental 
Health, US Public Health Service. I thank Professor 
Benson R. Snyder and Professor Merton J. Kahne of 
MIT for advice and encouragement; Professor Liam Hud- 
son of the University of Edinburgh for useful discussions, 
and faculty members and students at MIT for their 
cooperation. 
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Postgraduate Training in Engineering 


and Technology 


by 
N. L. ALLEN 
Department of Electrical and Electronic 


Engineering, 
University of Leeds 


Tae Royal Society’s report on postgraduate training in 
Engineering and Technology *, if translated into practice, 
could have a profound effect on university teaching. One 
of its most important proposals is that postgraduate 
research, which forms the basis of all PhD work, should 
be rationalized into relatively few departments, leaving 
the others to concentrate almost exclusively on under- 
graduate teaching. 

The report, produced by a small panel of engineers 
appointed by the Royal Society, was prompted by 
criticisms of the quality of the PhD graduate in Britain. 
These criticisms are widespread and not confined to 
engineering, and have been made most stridently m 
industry. Variations in standard, the worth of the research 
project concerned and variability in supervision have all 
attracted adverse comment, but the supposed lack of 
adaptability and narrowness of the PhD graduate have 
probably aroused the strongest criticism. The Royal 
Society panel concludes that many faults could be recti- 
fied by the reorganization of postgraduate research into 
large “schools” in which a given department centres on 
a research activity engaging a substantial number of 
staff and research students. The aspiring PhD would 
participate in a major research effort established on lines 
which ensure that it is likely to make a significant con- 
tribution, perhaps in the relatively short term, to 
technology. 

The ease for the large research school can be taken for 
granted, but it is necessary to look closely at the compari- 
son, made by the report, between existing large schools 
and those other departments (which form the majority) 
not organized in this way. I believe that the report has 
not adequately acknowledged the case for the “other 
departments”. The report is open to criticism on several 
grounds. First, the principal recommendation is based 
on an interpretation of statistical data which do not 
bear close scrutiny. Second, it expresses opinions and 
makes proposals which are not based on a complete 
review of the functions of a university department. Third, 
it can be argued that some basie aims of postgraduate 
training have not been examined critically. Finally, it 
was written by a panel drawn entirely from one institution 
(Imperial College) and, without doubting the sincerity of 
its members, if seems likely to refleet only a particular 
set of viewpoints. 

It is worth recalling how the present pattern of techno- 


*The Royal Society: Postgraduate Training in the United Kingdom, 
6, Engineering and Technology, January 1969. 


The proposal that postgraduate research in engineering and tech- 
nology should be concentrated into large groups in relatively few 
departments appears to ignore the value of smaller departments. 





logical education has evolved. Many large departments 
in Britain carry on a substantial amount of research and 
yet do not contain large research schools in any particular 
field. A primary reason for this is the need to teach under- 
graduate courses. Informed opinion, voieed not least 
from industry, is that undergraduates should receive a 
fundamental training on a broad front; they must be 
adaptable, and prepared to apply the wide rar of 
knowledge that forms the engineer’s stock-in-trade. The 
teaching staff of a university department must therefore 
present the student with a variety of opportunity in his 
studies. If we accept that staff and their teaching bene 
from their research, departments will evolve to the f 
pattern of a group of individuals engaged in several 
research projects within their particular engmeering 
discipline. 

There are exceptions, of course. A few departments 
have very large staffs and can sustain more than one 
large research group, thus simultaneously fulllling the 
ideals of the report and the ideal of breadth of teaching. 
Other departments have concentrated their research 
efforts largely in one field, but these two types are un. 
common and it is the majority, conforming to the broader 
pattern, which is called into question. 




















What Industry Wants 

We must also look at the qualities that industry, 
particularly, seeks in the PhD graduate. Specialized 
knowledge is probably less important, for most jobs, than 
creativity, initiative and the self-confidence born from 
experience of difficulties overcome. Fundamental know- 
ledge gained at the university is valuable in so far as ib 
enables the graduate to exploit these personal qualities, 
Specialized skills have the same values and limitations, 
but it is largely a matter of chance whether or not he 
will use those particular techniques later. 

There is no fundamental reason why the man graduating 
from the smaller group is any less well equipped with 
these qualities than his counterpart from the larger school, 
He may not have had the benefit of the larger amount of 
specialized equipment often available to the larger groups, 
but this may also mean that he has had greater difficulties 
to overcome, which may be no bad thing in itself. 

The statistical section of the report presents evidence, 
coded numerically from replies to a questionnaire sent to 
PhD graduates, which indicates that those from the 
smaller groups felt relatively less satisfied with their post- 
graduate training, particularly the quality of their supe 
vision by staff members, than those from the large groups, 
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Table 1. DEGREE OF SATISFACTION WITH ASPECTS OF POSTGRADUATE EDUCATION, BY SIZE OF UNIVERSITY AWARDING PhD 


Size of university awarding PhD 


4 f : 
Aspects of PhD training ee Saath Mee. ee ade a 

Mean deviation coefficient* Mean deviation coefficient * 
(1) Professional excellence of supervisor 11 12 28 0-8 14 17 
(2) Quality of his supervision v6 L4 12 O4 6 0-9 
(3) Professional excellence of rest of academic staff 1-0 10 30 0-6 11 17 
(4) Helpfulness of reat of academic staff 09 LV 23 08 bd 21 
(5) Opportunities for contacts with fellow PhDs 0-9 1-2 2-4 O-4 4 0-9 
(6) Provision of advanced lecture courses f 0-0 14 ~O1 ~ 06 Le “15 
(7) Provision of lectures, seminars, and so on 04 13 09 -03 13 ~ 0-6 
(8) Availability of laboratories, equipment, materials 0-6 13 4 O-6 12 13 
(9) Availability of ancillary staff ~ OL 14 2 ol 14 0 
{10) Contacts maintained between university and industry 02 14 0-4 -0-1 14 -0l 
411) As a contribution to the general body of knowledge 05 12 12 05 12 13 
{12) As training in independent research 12 0-9 39 1-0 1-0 31 
(18) As a preparation for present work 0-8 11 22 O7 rl L9 


There were four possible answers to each aspect: very satisfied, fairly satisfied, rather dissatisñed, very dissatisfied. These were assigned values of 
+2, +1, ~land —2, respectively. The means shown in this table represent average scores for each variable. 
standard deviation 
3 (mean — median)" 
gives the direction of the skew: if the answer is positive, the distribution is positively skewed; if negative, it is negatively skewed. The higher the coefficient 
the greater the skew, i 


+ Several respondents did not indicate their degree of satisfaction with this aspect but left it blank, most commenting that none were available. The 


proportion not answering was 10 per cent for the six universities awarding more than 100 PhDs and 18 per cent for the twenty awarding less than 100 PhDs 
over the five year period. 


* Pearson coefficient of skewness, obtained by the following formula: skew = In all cases, the median was zero, This measure 


But this cannot prove anything about the quality of the 
graduates themselves; would those who commented 
adversely consider themselves inferior to those who did The American practice, now quite common in Britain, 
not? In fact, the evidence from the same statistics of requiring attendance at extensive series of postgraduate 
(Table 24 of the report, reproduced here as Table 1) lectures is widely quoted as an inherent advantage of the 
suggests that graduates from small groups did not regard larger schools. But, heretical though it may sound, it 
their training as significantly less valuable preparation must seriously be asked whether these courses, which 
for subsequent employment than the others. The standard instil a greater breadth of theoretical knowledge, neces- 
deviations were nearly always larger than the mean values sarily develop the basic qualities looked for by industry. 
of the coded replies and differences between mean values Wider theoretical knowledge does not, of itself, make a 
for the two types of individual were much less than the stronger researcher and, while appropriate postgraduate 
standard deviation. Moreover, only 38 per cent of the lectures have their valued place, their value must be 
PhDs circularized replied to the questionnaire; the survey looked at beside the particular research project being 
was not therefore representative. The data can hardly followed. Breadth of experience is as important as 
be taken as strong evidence of deficiencies confined to breadth of knowledge; despite his proclaimed deficiencies, 
certain groups of graduates, yet they form perhaps the itis all too clear that the British PhD holds his own very 
strongest statistical evidence on which the proposals are adequately with his heavily lectured American counter- 
based. Shortcomings undoubtedly exist, but the radical part. 
solution proposed is not necessarily the only one suggested The report pays little attention to the effect of its 
by these data. proposals on undergraduate teaching, while admitting 
Again, Table 20 of the report (reproduced here as Table that the research carried on in the more diversified, or 
2) suggests that more PhD graduates from larger, as smaller, departments would be reduced. Whether or not 
opposed to smaller, universities entered industry. The we accept that research benefits teaching, most staff 
report infers that industry prefers the products of the members engage in research and are there because they 
larger, rather than the smaller, schools. Yet a significant can do this. Take away the incentive and opportunity for 
part of the report is devoted to industry’s criticisms of PhD research and they will move elsewhere. Their replacement 
graduates, the bulk of whom (in industry) have come from would, of course, be that much harder for precisely the 
larger schools. Other interpretations of these data are, of reasons leading to the previous incumbents’ departure, 
course, possible and should have been considered. and the balance of teaching in many departments would 


Postgraduate Teaching 


Table 2, PRESENT PLACE OF EMPLOYMENT OF PhD ENGINEERS AND TECHNOLOGISTS, BY SIZE OF UNIVERSITY AWARDING PhD 
Size of university awarding PhD 


> 100 PhDs awarded <100 PhDs awarded. Total 
Present place of employment in 5-year period in 5-year period No, Proportion Distribution 
No. Proportion No. Proportion (per cent) (per cent) 
(per cent) (per cent) 

University 104 500 105 50-0 209 100-0 417 
Government or publicly owned authority 39 50-0 39 60-0 73 160-0 156 
Industry 124 64-6 68 354 192 100-0 33-3 
Other 14 8 22 a4 
Total 281 56-1 220 43-9 601 100-0 100-0 
Total awards* 1,218 63:5 701 86-5 1,019 100-0 


The data which make up this table refer to 601 of the total of 1,919 engineers and technologists who received their PhD between 1960-61 and 1064-65. 
This number of successful PhD candidates, all of whom were UK residents at the time of the survey, responded to the postal questionnaire sent to 1,835 of 


the ex-students. 
* For comparative purposes, the numbers and proportions of all 1,919 students receiving their PhDs from the two groups of universities during the 
period under review are shown. 


NATURE, VOL. 223, SEPTEMBER 13. 1969 


be upset. Some departments would probably disappear 
and the benefits of their particular teaching would be 
Yost. Whether surviving departments could absorb the 
students so displaced is another matter. 


Value of Smaller Schools 

It must be apparent also that the report is perpetrating 
a contradiction in terms. To back up its proposals it 
suggests that funding bodies, such as the research councils 
and Government ministries, should support only the larger 
schools. In doing so, it ignores the means by which many 
large schools began. It implies the indefinite “steady 
state’? and overlooks the process of growth (and decay) 
characteristic of research. Most large schools began with 
the creativity of, perhaps, one or two men, who found the 
right conditions of knowledge and financial support for 
the growth of their work. Are we to stifle the productive- 
ness of a significant number of creative men to preserve 
an established pattern ? The continuance of large 
groups cannot be guaranteed. Some will decline, 
others will grow, branch out and perhaps fragment, 
through the originality of individuals, and who is then 
to say where the large school ends and the small group 
begins ? 

It is true that the report suggests, as an alternative to 
research, that members of staff cultivate their contacts 
with industry and carry on consultative work. But this 
surely begs the question, since the ability of a university 
teacher to be an effective consultant depends on his own 
standing in research. If his efforts are cut off at source, 
he will not be of much use to industry. Possibly industry 
might support his efforts at the university, but it would, 
of course, lead back to the situation the report seeks to 
avoid. 
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There is an alternative, the germ of which already 
exists in Britain, which is well established in the United 
States and which the report surprisingly overlooks, 
Technological departments frequently do research comple- 
mentary to, and sometimes overlapping with, work in 
other parts of a university. The study of combustion 
processes, for example, is undeniably important to indus- 
try. In universities it may be studied in departments of 
chemistry, mechanical engineering and chemical engineer- 
ing or fuel technology. Similarly, quantum electronics 
is of interest to several branches of physics, electrical 
engineering and chemistry, and may be utilized by others. 
Would it not make more sense to bring together such 
research into large groups, or institutes, crossing depart- 
mental boundaries, to which all interested staff ean 
contribute and in which research students find theme 
selves in a melting pot of disciplines ? How much more 
valuable must be the influence of these separate disciplines 
on a student than im the concentration of a large research 
school in one particular department. And how much more 
like the environment that he will eventually meet in an 
industrial laboratory, where interdisciplinary boundaries 
have no meaning. 

But it is naive to suppose that improvements will 
come about solely by manipulations of policy, What is 
needed most is greater inquiry into, and consolidation of, 
the grass roots techniques of postgraduate training. I 
have dealt with but one aspect of this repart-——the pro- 
posed concentration of PhD education into a few depart- 
ments. Many other problems remain, but this particular 
proposal is important, in the end, to the whole structure 
of technological education in Britain. It is to be hoped 
that the report will not be read by policy making bodies 
without a very searching appraisal of its conclusions. 


Bacteriophage Sigma Factor for RNA Polymerase 


by 
ANDREW A. TRAVERS 


The Biological Laboratories, 
Harvard University, 
Cambridge, Massachusetts 


A SPECIFIC mechanism for the positive control of RNA 
synthesis in bacteria was recently suggested by the 
discovery of the RNA polymerase o factor’. This factor 
acting in conjunction with the core RNA polymerase, 
the enzymatic machinery for synthesizing RNA, is neces- 
sary for the accurate initiation of transcription in vitro 
(Goff, Minkley and A. A. T., unpublished observations: 
Bautz, Bautz and Dunn, personal communication). When 
bacteriophage T4 (refs. 2 and 3) or à (refs. 4 and 5) DNA 
is used as a template for RNA synthesis in vitro,o directs 
the synthesis of only a restricted class of RNA molecules 
corresponding to those which appear in vivo immediately 
after phage infection. The appearance in vivo of RNA 
species characteristic of later stages of the infection cycle 
is dependent on phage-specific protein synthesis*~*, 
indicating that synthesis of these species requires at least 
one component of the transcription machinery to be 
coded by the phage”. Experiments using the antibiotic 
rifamycin suggest strongly that the host core polymerase 


An RNA polymerase factor analogous to the E. coli o factor has 
been isolated from T4-infected cells. 
direct the transcription of different portions of the T4 genome. 


The o factor and the T4 factor 


is conserved, at least in part, throughout the course of 
T4 (ref. 11), SPOIL (ref. 12) and X (Schleif, quoted in ref. 
11) phage infection. One interpretation of these results 
is that phage-coded factors analogous to o direet the 
synthesis of the later species of RNA using the core poly- 
merase of the host. This article describes the identifica- 
tion of such a factor in T4-infeected cells and further 
shows that the specificity of transcription in vitro is 
primarily determined by the type of factor which is present 
and not by the core polymerase. 


A T4-coded RNA Polymerase Factor 

The search for a T4-coded RNA polymerase factor was 
based on the assumption that such a factor would promote 
transcription of T4 DNA in preference to such templates 
as T7 or calf thymus DNA. To facilitate the detection 
of an activity with these properties we used a T4 phage 
which carried an amber mutation in gene 62, This mutant, 
when grown on a restrictive host, does not produce much 
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intracellular DNA and consequently RNA synthesis in 
crude extracts of infected cells is largely dependent on 
added DNA. (Similar results to those reported here can, 
however, be obtained with T4 phages mutant in either 
gene 33 or gene 55; both of these phages replicate their 
DNA extensively.) 

We observed that a crude extract obtained from cells 
artificially lysed 15 min after infection did indeed contain 
an endogenous RNA polymerase activity that selectively 
transcribed T4 DNA (Table 1). On separation of the crude 
extract into a ribosomal pellet and a supernatant fraction, 
the T4 specific polymerase activity was usually found in 
the ribosomal pellet from which it could be removed by 
washing with a buffer of high ionic strength. In contrast 
to the ribosomal fraction, the supernatant transcribed 
T4 DNA rather poorly, although it was very active with 
calf thymus DNA as template. Chromatography of the 
ribosomal wash on a DEAE-cellulose column resulted in 
the recovery of RNA polymerase activity in the fraction 
eluting between 0-13 M and 0-23 M KCI. This polymerase 
activity had lost the ability to transcribe T4 DNA 
selectively and had instead the template specificity of the 
core enzyme. T4 specific transcription by this poly- 
merase fraction could be regained, however, by the addi- 
tion of material which did not absorb to the column. 
Because this material by itself had no RNA polymerase 
activity this suggested that it contained an RNA poly- 
merase factor directing transcription of T4 DNA, The 
behaviour of this factor on a DEAE cellulose column 
contrasts with that of o which is only eluted at high salt 
concentrations (0-4-0:5 M KCI”. 

Further analysis of the ribosomal wash by zone sedi- 
mentation at high ionic strength (T'/2 = 1-0) again revealed 
that a factor could be resolved from the polymerase. This 
factor, which stimulated RNA synthesis by core polymer- 
ase specifically on T4 DNA (Table 3), sedimented at 
about. 55 (Fig. 1), a value very similar to that obtained for 
s. In addition to the main peak of stimulatory activity 
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at 55 we often observed a shoulder of stimulatory activity 
at 785-85. This material again stimulates RNA synthesis 
only on T4 DNA. It may represent either a dimer of the 
5S material or a different protein species. The T4 factor 
activity isolated in this way is unstable, having a half- 
life of 1-2 days, so that it has not yet proved possible to 
purify it further. 

Analysis of crude extracts at various times after 
infection showed that the T4 factor activity is not detect- 
able in the first few minutes after infection at 30° C, but 
appears between 5 min and 15 min, after which it declines 
slightly (Fig. 2). Because the polymerase activity in the 
ribosomal wash from uninfected cells has the template 
specificity pattern characteristic of RNA synthesis in. the 
presence of o (Table 1), the T4 factor is probably phage- 
coded. Further, no RNA polymerase activity with the 
o pattern of template specificity has been observed in 
infected cells except during the first 2-3 min after infec- 
tion. 








T4 Factor directs Asymmetric Transcription 

Whereas RNA synthesis by the core polymerase alone 
is relatively non-specific, synthesis occurring in the 
presence of polymerase factors should be specific and hence 
asymmetric. The symmetry of RNA synthesis directed 
by T4 factor was tested by hybridizing RNA, synthesized 
using the ribosomal wash, to each of the separated strands 
of T4 DNA. The results (Table 2) show that when RNA 
synthesis on T4 DNA is directed by either o or T4 factor 
transcription is almost completely asymmetric, more than 
90 per cent of the RNA hybridizing to the I-strand of 
T4 DNA in both cases, 

To test whether o and the T4 factor direct the synthesis 
of the same or different species of RNA from T4 DNA, 
radioactive RNA was synthesized under the direction of 
o or T4 factor and then hybridized to the l-strand of T4 
DNA in the presence of increasing amounts of non-racio- 
active RNA synthesized in the presence of the homologous 
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Fig, 1. 


Analysis of ribosomal wash by zone sedimentation, 


The ribosomal wash prepared from 


T4-infected cells as described in the legend to ‘Table 1 was concentrated ten-fold by ammonium 


sulphate precipitation. 


10-30 per cent glycerol density gradient containi 


A 250 pl. sample containing 5-4 mg protein was layered on a 12 ml. linear 
ng 0-01 M tris-HC) buffer, pH 7:9, at $ 


5° C, Ol M 





Mgt, 1-0 M KCI 0-0001 M EDTA and 0-001 M 2-mercaptoethanol, The gradient was centrifuged 


for 13 h at 41,000 r.p.m. in an International SB 283 rotor at 4° C. 


0-48 ml, fractions were collected. 


A 15 ul. aliquot of each fraction was assayed for its ability to stimulate RNA synthesis by 0:3 ze T4 


core RNA polymerase on T4 DNA (@) 
1-4 pmoles of AMP. 
with calf thymus DNA as a template (/ 
using T4 DNA as template. Molecular wei 











With no additions T4 core polymerase incorporated 
A 20 ul. aliqnot of each fraction was assayed for RNA polymerase activity 
} No fraction had significant RNA polymerase activity 
ight markers (E. coli §-galactosidase and human haemo- 


globin with sedimentation coefficients of 168 andl 4-68 respectively) were centrifuged on a parallel 
gradient. 
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-able 1. TEMPLATE SPECIFICITY OF TRANSCRIPTION IN SUBCELLULAR 
FRACTIONS FROM T4-INFECTED CELLS 


“CG AMP incorporated 
(pmoles/O-1 ml.) 





DNA template: T4(37  Calfthymus T7 (37 T4 DN? Í 
i ugiwl) (75 ee/ml.) ng/ml) Tr DNA 
T4 infected cells : an ea i 
Crude extract (174 ug) 84 73 52 16 
Supernatant fraction (79 ug) 26 ] 15 119 ts 
Ribosomal wash (65 4a) Wi 34 13 13-1 
DEAE-cellulose column i i 
R a 2 = 
013-02 ACTS 2 . 
ug) : 41 442 427 0-09 
0-13 M-0-23 a ee p 
120 + 0:05 uC 
ane 210 194 162 re x 
T4 core polymerase (3 pg) 10 485 437 002 
Uninfected cells f 
Supernatant fraction (280 ug) 135 128 418 0-3 
Ribosomal wash (115 ug) 79 83 202 p4 


E. coli B/r was grown at 30° C in 2 x YT medium (16 g tryptone, 10 g yeast 
extract, 5 g NaCt per lL) to a cell density of 1-5 x 10*/ml, and then infected 
with T4 am EDO (isolated and characterized in the laboratory of Dr R, 8. 
Edgar) at a multiplicity of 2-5. 15 min after infection the cells were poured on 
to frozen M9 salts**, centrifuged and resuspended in standard buffer (0-01 M 
tris-HC), pH 7-9, at 25° C, 0-005 M MgCl., 0-005 M 2-mercaptoethanol, 0:0001 
M EDTA) + 0-05 M KCI + 300 ug/ml. lysozyme. The cells were lysed by freez- 
ing and thawing three times and the crude lysate was centrifuged at 14,000g 
for 15 min to remove cell debris, The supernatant, termed crude extract, 
was then centrifuged for 2 h at 78,000g to yield a ribosomal pellet and a 
supernatant fraction. The pellet from 8 g infected cells was resuspended in 
10 mi. standard buffer +05 M KCI and centrifuged for 1-5 hat 105,000g. 
The resulting supernatant, termed the ribosomal wash, was applied to a 
1-210 em DEAE-cellulose column after dialysis against standard buffer + 
0-05 M KCL The column was washed with this same buffer and protein was 
then eluted stepwise with standard buffer containing successively 0-13 M, 
0-23 M and 0-40 M KCL Uninfected cells were treated in the same manner 
except that the ceils were opened by grinding with alumina. : 

The assay mixture (100 ul.) for RNA polymerase activity contained 0-04 M 
tria-HCl, pH 7-9, 0-01 M MgCh, 0-0001 M EDTA, 0-005 M 2-mercaptoethanol, 
0-061 M potassium phosphate, 0-15 M KCl, 0-15 mM CTP, GTP and UTP, 
0-15 mM “C ATP (specifie activity = 2 Ci/mole) and DNA at the concentra- 
tion indicated. The mixture was incubated for 10 min at 37° ©, chilled, 
precipitated with 5 per cent TCA and filtered on ‘Millipore’ filters. Samples 
were counted for radioactivity on an end-window gas flow counter. The 
background incorporation in the absence of added DNA has been subtracted 
from all data; in no case did this background exceed 26 per cent of the maxi- 
mum observed incorporation. The amounts of protein added to the assay 
mixture are indicated in parentheses, 


or heterologous factor. The results (Fig. 3) show that 90 
per cent of the c directed RNA is not competed by T4 
factor directed RNA and similarly 60 per cent of the T4 
factor directed RNA is not competed by o directed RNA. 
Clearly, the different factors direct the synthesis of qualita- 
tively different sets of RNA. The presence of nucleotide 
sequences common to both sets could result either from 
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Fig. 2. Time course of appearance of T4 factor after infection. 250 mi. 
aliquots of an infected culture were harvested at various times after infec- 
tion, The cells were lysed and the cell extracts purified as far as a 
ribosomal pellet and a supernatant fraction as described in the legend to 
Table 1. The ribosomal pellets were resuspended in 0-5 ml. standard 
buffer +0-05 M KCl and the endogenous RNA polymerase activity 
was assayed on T7 DNA (W) and T4 DNA (O) The background 
incorporation in the absence of added DNA has been subtracted from all 
data. Tn no case did this background exceed 34 per cent of the observed 
maximum incorporation, 
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Fig. 3. Cross competition of o directed T4 RNA and T4 factor T4 RNA. 
HC labelled and cold RNA samples were synthesized in parallel tubes as 
described in the legend to Table 2. In each case “C RNA was annealed 
to 0-2 wg/ml. T4 I-atrand in the presence of increasing amounts of eod 
RNA. Otherwise conditions for annealing were as deacribed in Table 2. 
(1, Competition of “C a directed RNA by unlabelled o directed RNA: 
@. competition of “C o directed RNA by unlabelled T4 factar directed 
RNA; ©, competition of “C T4 factor directed RNA by unlabelled T4 
factor directed RNA; W, competition of YC T4 factor directed TNA hy 
unlabelled q directed RNA. Input: o, directed RNA, 3.200 conan 
T4 factor directed RNA, 2,880 epum. The hybridization efficiencies for 
these RNA samples were 31 per cent and 27 per cent respectively. The 
relative amounts of unlabelled RNA added were caleulated asaming 
equal RNA synthesis In the labelled and unlabelled reaction mixtures. 


certain promoters being recognized in the presence of 
either factor or from readthrough resulting from the Jack 
of proper RNA chain termination in vitro. 

As yet we have not been able to obtain sufficient 
quantities of purified T4 factor to determine the nature 
of the T4 RNA synthesized in the reconstituted system of 
factor and core polymerase. Two arguments, however, 
suggest that the material sedimenting at 5S is the eom- 
ponent responsible for directing specific transcription of 
T4 DNA. First, its presence is correlated with the ability 
of the crude system to transcribe T4 DNA. It is not 
found, for example, in the supernatant fraction. Seeond, 
the reconstituted system reproduces the pattern of teni- 
plate specificity observed in the crude extract (see below), 





Tale 2, ASYMMETRY OF in vilro TRANSCRIPTION 


C.pam. retained 





RNA sample by filter RNA hybridized to batrani 
L-strand rstrand RNA hybridized to rstrand 
o directed RNA 1,040 98 112 
T4 factor directed RNA 968 52 18-6 


The reaction mixtures for in vitro RNA synthesis were as described in the 
legend to Table 1 except that the specific activity of the MC ATP was 36 
Ci/mole and the reaction volume was 500 wl ‘The reaction mixture for 
o directed RNA contained 25 xg puritied complex of Æ. colt core polymerisc 
with o; that for T4 factor directed RNA contained 650 uga protein from the 
ribosomal wash of T4-infected cells, Addition of T4 DNA to this ribosomal 
wash stimulated RNA synthesis t7-fold. Incubation was for 4 min at 37° 0 
after which the reaction mixtures were extracted with 0-5 ml, water-saturated 
phenol and the RNA precipitated from the aqueous phase by the addition of 
125 mi. ethanol, The RNA precipitate was dissolved in 1 mi 2x 880, 
Aliquots of the “C RNA were annealed for 4 hat 65° Cin 2 x SSC with either 
the 1 or r-strand of T4 DNA (prepared as described by Guha and Saybalski!® 
After annealing 2 ug heat treated RNase A were added to each sample which 
was further incubated for 30 min at 25° C. The DNA-RBNA hybrids were then 
collected by filtration through nitrocellulose filfers™, Data have been correc- 
ted for radioactivity retained by the Alter in the absence of added DNA. Theae 
backgrounds were 8 ¢.p.m. for o directed R and 17 opan. for TA factor 
directed RNA. Hybridization efficiency was 87 per cent in both eases, Tn a 
control experiment using denatured T4 DNA as a template for H, coli core 
polymerase with o transcription was almost asymmetrie (RNA hybridized to 
Lstrand/RNA hybridized to r-strand = 1-4), 
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Table 3, TEMPLATE SPECIFICITY OF TRANSCRIPTION DIRECTED BY o AND 
BY T4 FACTOR 
eae AMP incorporated (pmoles/0-1 ml.) 
a 
DNA template: thymus T7 T4 A T2 
T4 core polymerase (0-3 ag) 30 20 <i 3 <1 
T4 core polymerase (0-8 ug) + o 
(1 ug) 47 73 52 54 47 
T4 core polymerase (0-3 ug) + 
T4 factor (15 ug) 24 21 43 2 40 
E.coli core polymerase (0-15 ag) 42 48 3 me ee 
E. coli core polymerase (0-15 
ng)+ o (L ug) St 116 92 ~ ~ 
£. coli core polymerase (0-15 
va) + T4 factor (15 ug) 26 31 45 —_ 


RNA synthesis in the presence and absence of factor was assayed as 
described in the legend to Table 1 except that the specific activity of "C ATP 
was 35 Ci/mole. X. coli core polymerase and a were a gift from Dr R. Burgess. 
T4 core polymerase and T4 factor were obtained from tubes 15 and 22 
respectively of the glycerol density gradient shown in Fig. 1. Incorporation 
hy either factor alone was <1 pmole for all types of DNA tested, In all 
eases saturating amounts of DNA were used. A dash indicates not tested, 


Factor determines Specificity of Transcription 

It has previously been suggested that all specific 
initiation of RNA synthesis requires the presence of an 
initiation factor“, and that specifie initiation factors 
determine the nature of the RNA synthesized. The 
demonstration that o and the T4 factor direct the 
synth of different classes of T4 RNA shows that 
this statement is true for RNA synthesis on T4 DNA. 
To test whether factors allow the core polymerase 
to discriminate between different DNA templates we 
assayed the ability of o and T4 factor to stimulate RNA 
synthesis by core polymerase on a variety of DNA tem- 
plates (Table 3). Whereas o stimulated RNA synthesis 
on all templates tested, the T4 factor stimulated synthesis 
only on T-even phage DNA and appeared to depress the 
non-specific synthesis by core polymerase on other DNA 
templates. Thus by the addition of T4 factor to core 
polymerase we can reproduce the pattern of template 
specificity observed in extracts of T4-infected cells. It 
remains possible, however, that the depression of RNA 
synthesis on calf thymus and T7 DNA is not an intrinsic 
property of the T4 factor, but is merely the result of a 
contaminating activity. Walter et al.” observed that soon 
after infection of E. coli by T4 the subunit of the core 
polymerase is “modified”. This “modified” enzyme and 
the bacterial core polymerase respond in a qualitatively 
identical manner to both o and the T4 factor (Table 3). 








Positive Control of Transcription 

The T4 factor directs the synthesis of RNA complemen- 
tary to the l-strand of T4 DNA. During normal phage 
development RNA with this property is synthesized at all 
times after infection whereas transcription from the r- 
strand does not become significant until 10 min after 
infection, Salser et al? have identified a class of T4 
RNA, termed quasi-late RNA, which is present at 5 min 
after infection and increases several-fold between 5 min 
and 20 min. Further, they have shown that this class is 
distinguishable from the class of RNA synthesized during 
the first minute after infection. Because both these 
classes of RNA appear before 10 min they must be 
transcribed from the I-strand. It is the | min class that is 
synthesized in vitro in the presence ofe (Bautz, Bautz and 
Dunn, personal communication). Thus a possible in vivo 
function for the T4 factor would be to direct the synthesis 
of quasi-late RNA. We are currently testing this hypo- 
thesis. 

Both the bacterial and the T4 “modified” core poly- 
merases respond in the same manner to o and to the T4 
factor, so what therefore is the function of this “modifica- 
tion’ ? One effect is to reduce the affinity of the core 
polymerase for o (my unpublished observations), Further- 
more, we find that the T4 factor also does not bind 
tightly to the “modified” polymerase, as shown by their 
ready separation. Because the T4 chromosome probably 





NATURE: VOL, “SEPTEMBER 13. 1969 


codes for more than one polymerase initiation factor it is 
plausible that “modification” might be necessary to ensure 
that the switch from one factor to another functions 
efficiently. We note that it has been shown both in vivot® 
and in vitro! that the product of T4 gene 55 acts as a 
positive control element required for the transeription of 
late T4 RNA complementary to the r-strand of T4 DNA 
(Geiduschek, Guha and Szybalski, quoted in ref. 19), 
This raises the interesting possibility that the gene 55 
product is also a phage-coded sigma factor. 

Both o and the T4 factor stimulate transcription of T4 
DNA by core polymerase but the different factors direct 
the transcription of different portions of the T4 genome. 
Thus both factors act as positive control elements determ- 
ing the specificity of transcription. We envisage that cach 
factor enables the core polymerase to recognize a different 
class of promoter sites? on the DNA. Such a system of 
control may be the fundamental mechanism of the regula- 
tion of RNA synthesis in bacteria. The positive elements, 
acting at the level of initiation, would turn on many 
operons simultaneously and would thus act as a coarse 
control. Fine control of specificity would then be medi- 
ated through ancillary systems, each individually affecting 
only a limited number of operons. This fine control could 
be negative, as occurs in the tryptophan operon*, or 
positive, as probably occurs in the arabinose operon”? 
This model of regulation can readily be extended to 
eukaryotes and is indeed formally analogous m many 
respects to the model proposed by Britten and Davidso 
for the control of transcription in differentiated ce 

I thank Mrs Christine Roberts for technical ass 
Professor J. D. Watson for encouragement and Professor 
K. K. Weber and Dr R. Schleif for critical reading of the 
manuscript. This work was carried out during the tenure 
of a Damon Runyon Memorial Fellowship. 

Note added in proof. Davison et al. (Proc. US Nat. 
Acad. Sci., 63, 168; 1969) have recently reported that a 
stimulating factor, termed M-factor, can be isolated fram 
the ribosomal wash of uninfeeted cells. This factor 
stimulated RNA synthesis by core polymerase on all 
DNA templates tested. 
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Control of Template Specificity of E. coli RNA Polymerase 


by a Phage-coded Protein 


by 
WILLIAM C. SUMMERS 
RUTH B. SIEGEL 


Radiobiology Laboratories, 
Yale University School of Medicine, 
New Haven, Connecticut 06510 


Tue discovery)? of noncatalytic subunits of RNA poly- 
merase which confer certain template specificity on the 
enzyme suggests a model for a type of “positive” gene 
control. Briefly, a new class of genes can be activated by 
altering or replacing the specificity subunit of the RNA 
polymerase in such a way that initiation occurs at pre- 
viously unrecognized promotor regions. An obvious 
example might be what happens in virus infection, when 
a whole set of genes must be activated; the virus may 
indeed carry information for a new specificity subunit in 
its genome. The sequential control of classes of viral 
genest> may represent a further refinement of this model. 
Table 1. EFFECT OF RIFAMPIN ON RNA SYNTHESIS IN EXTRACTS OF E. coli 
D228 (RM) aND OP E. coli SY111 (RMD 


RM 


Source of enzyme {ugik} RNA synthesis in vitro 


RM: 0 201 e.p.m. (100 per cent) 
20 47 ¢.p.m. (23 per cent) 

RM? ü 155 cpm. (100 per cent} 
20 131 cpm. (85 per cent) 

RM” infected with ‘E7+ 0 449 e.p.m. (100 per cent) 
(8 min, 37° (9 20 105 cpm. (23 per cent) 


The sensitive strain RM? (K. coli D32) fails to grow on nutrient agar with 
02 gg/ml. rifampin (RM). The resistant mutant RM? was isolated as pre- 
viously described’ and grows on nutrient agar containing 20 sg/ml. RM. 
Extracts were made as follows: cells were collected from 20 ml. cultures, 
washed in buffer and sonicated in 1 ml. of 4 mM MgCl, 40 mM tris pH 8, 
O15 M KCI The sonicated mixture was centrifuged at 81,000g for 90 min 
and 0-1 mi. of the supernatant was then assayed for DNA-dependent RNA 
polymerase activity. The reaction mixture (0-25 ml.) contained 0-2 M KCI, 
0-04 M_tris-Cl pH 7-9, ©0046 M MgCl,, 0-002 M MnCi,, 007 mM EDTA, 
Pi mM GTP, 0-15 mM CTP, 0-15 mM UTP, 015 mM MC-ATP (L ul) 
umole}, 0-04 M mercaptoethanol and 25 «g calf thymus DNA. It was 
incubated for 15 min at 37°C and the radioactivity precipitable by 5 per 
cent cold trichloroacetic acid was determined, Parallel determinations were 
made with rifampin added to the cell extracts 5 min before assay. A similar 
au ran slone with extracts from RM" cells collected & min after infection 
with T7 at 37°C, 


A simple experimental test of this model may be 
provided by coliphage T7, for which gene 1 of T7 controls 
the appearance of nearly all—if not all—-phage-induced 
proteins. Results in our laboratory have shown that this 
control is mediated at the level of transcription; the 
protein product of gene l is required for transcription of 
a major portion of the genome. If the gene 1 protein is a 
factor which substitutes for, or alters, the sigma factor! 
of the host RNA polymerase such that the polymerase 
can then transcribe the rest of the viral genome, one would 
expect the following. Phage development should require 
an intact host RNA polymerase. E. coli enzyme (from 
uninfected cells) should only transcribe gene 1 in vitro, 
The initiation specificity of the enzyme from infected 
cells should be determined by the gene 1 product, and 
mutations in that gene might be expected to alter the 
specificity. Enzyme from phage-infeeted cells should be 
able to transcribe more of the T7 DNA in vitro than the 
E. coli enzyme. 

All the results of our experiments to test these predic- 
tions are compatible with the model outlined here. 

Experiments with two strains of host cells which differ 
only im their sensitivity to the antibiotic rifampin show 
that the phage requires at least a portion of the host RNA 


The protein specified by the T7 phage gene | co-purifies with the 
RNA polymerase from phage infected E. coli. It also determines the 
fidelity of template strand selection during in vitro RNA synthesis 
with T7 DNA as template. 


polymerase’. Rifampin prevents initiation bub not 
elongation of RNA chains. The difference m sensitivity 
is the result of an altered RNA polymerase (Table 1}. 
In cells with rifampin-resistant RNA polymerase, the 
production of T7 is resistant to the drug while, in cells 
with rifampin-sensitive RNA polymerase, T7 production 
is sensitive to the drug until all species of phage RNA 
have been initiated (Fig. 1). Once all species of phage 
messenger RNAs have been initiated, phage development 
becomes insensitive to rifampin. At later times (8 min 
after infection at 37°C), the DNA-dependent RNA 
polymerase activity in extracts of infected cells is still 
sensitive to inhibition by rifampin (Table 1), Thas 
transcription of T7 RNA involves at least part of the host 
cell RNA polymerase, Similar conclusions have been 
reported for phages SPOL (ref. 9) and T4 (ref. 10). 

RNA polymerase was isolated from Æ. coli B (ref. 
purified through the low-salt glycerol gradient 
enzyme, purified at least several thousand-fold as | 
by the loss of contaminating protein. contained no ultra- 
violet absorbing material in the peak of activity (Fig, 2). 
The enzyme, which presumably retains the sigma specifi- 
city subunit’, was used to transcribe T7 DNA in vitro. 
The reaction mixture contained the following: (2M BCI, 
0-04 M éris-Cl. pH 7-9, 0-0046 M MgCl, 0-002 M Mnth,. 
0-07 mM EDTA, 0-15 mM CTP, 0-15 mM UTP, 6-15 mM 
GTP, 0-15 mM UC-ATP (1 pCi/umole), 0-04 M mereapte- 
ethanol. 10 to 40 ug/ml. T7 DNA, and 100 ug/ml. bowine 
serum albumin. It was incubated at 37° C for 30 min and 
then the RNA was extracted with phenol at 65° C (ref. 13). 
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Fig. 1. Phage yield from T7-infected Æ. colt D22 ORM*) and E. coli 
SY 111 (RM?) after addition of rifampin (RM) (20 we/mil.) at various times 
after infection. Multiplicity of infection was 10, Cells were grown at: 
30°C in K medium" supplemented with proline, histidine and trypto- 
phan (20 ug/ml. each). Phage titres were determined at 60 min after 
infection. The control culturea were infected with T7 but did not 
receive rifampin. These cultures lysed normally at 30 to 35 min. 
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Fig. 2. Zone sedimentation of RNA polymerase in a 10 per cent to 
30 per cent glycerol gradient. The enzyme from Æ. cali infected with 
Tits (842-15) was purified by ammonium sulphate fractionation and 
DEAE-cellulose column chromatography and then layered on a 27 ml. 
glycerol gradient with ionic strength 0-05 following the method of 
Burgess’, The sample was centrifuged at 4° C for 21 h at 24,000 r.p.m. 
in a SW 25.1 rotor in a Spinco L2 ultracentrifuge. Fractions were 
collected from the bottom of the gradient and the absorbance at 280 nm 
measured, The enzymatic activity was assayed on 0-05 ml. aliquots, 
Fractions 4-9 were pooled as indicated by the bar above the activity 
peak, In this way at least a hundred-fold purification was achieved 
at this step alone in the purification, This pooled material was used 
directly in the experiments described in the text. RNA polymerase 
from uninfected X. coli and from cells infected with T7+ was prepared 
in the same way. 





The in vitro product was analysed in two ways. First, 
the degree of asymmetry was determined by hybridizing 
the RNA with the separated complementary strands of 
T7 DNA. This directly measures any gross infidelity of 
transcription beeause, if the enzyme is faithful, all the 
RNA should be complementary only to the r-strand of 
T7 DNA, as it is in vivo. Second, the sequences tran- 
scribed in vitro were determined by hybridization com- 
petition experiments. 

90-99 per cent of the in vitro product from numerous 
experiments was complementary to the r-strand (Table 
2). This indicates that, in our conditions, E. coli RNA 
polymerase was initiating only at a limited number of 
biologically meaningful sites. Fig, 3 shows the results of 
some hybridization competition experiments. Similar 
results have been observed for the in vitro transcription 
of T4 (ref. 12) and SPOL (ref. 13). 


Table 2, ASYMMETRIC TRANSCRIPTION OF T7 DNA in vivo AND in vitro 
Hybridiza- 
i tion ' cpm, Hybridized Per cent 
RNA sample efficiency ug DNA ir) ay r 
(per cent) 
In vivo RNA 73 10 992 4 99-6 
i 93 30 1,202 2 90-8 
In vitro RNA 40 30 280 14 95 
87 TH 470 15 97 





The extent of asymmetric transcription is expressed as the percentage of the 
total hybridized RNA which was specifie for the r-strand, “C-RNA was 
hybridized with the indicated quantity of each of the separated strands of 
T7 DNA. The total efficiency of the hybridization (hybridized e.p.m./input 
wpm.) is indicated. RNA was extracted from infected cells pulse-labelled 
with }*C-nracil and “C-adenine from 6 to 9 min after infection at 30°C 
according to methods previously described. T7 RNA was made in vitro 
with Æ. coli RNA polymerase as described in the text. Details of the 
hybridization procedure are included in the legend to Fig. 3. Separation and 
isolation of the complementary strands was done by complexing poly (U, G) 
with denatured T7 DNA followed by CsCl density gradient separation of the 
restrand which binds poly (U, G) from the L-strand which does noti, 


Table 3. TEMPLATE-STRAND SPECIFICITY OF RNA POLYMERASE 
UNINFECTED E. coli AND T7-INPECTED E. coli 


Per cent rstrand RNA 


FROM 


Source of enzyme 30° 6 43°C Ratio 43° €/30° C 
È. coli 99 99 1-00 
T7+ infected Z, coli 99 98 0-98 
Tite (342-15) 
infected K. cali 91 71 0-78 


Enzyme was purified from uninfected cells, from cells infected with T7*, 
and from cells infected with T7ts (842-15) which carries a thermosensitive 
mutation In gene 1. These preparations were used to synthesize RNA in 
20 min Incubations at 80°C and 43°C. T7 DNA was used as template. 
The RNA was then extracted with hot phenol! and the asymmetry of the 
product waa determined by hybridization to each of the complementary 
strands of T7 DNA. The asymmetry was expressed as the per cent of the 
total hybridized RNA which hybridized to the r-strand, Thus random 
transcription (symmetric) is 50 per cent r-strand specific and perfect fidelity 
is 100 per cent r-strand specific. 
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The in vitro RNA made with E., coli RNA polymerase 
was compared with RNA from cells infected with T7*, 
T7* in the presence of chloramphenicol (T7CM), and 
T7am23, which carries an amber mutation in gene 1. 
Previous experiments have shown that, in cells infected 
with T7+ in the presence of inhibitors of protein synthesis 
(chloramphenicol or kanamycin), or in cells infected with 
T7 carrying amber mutations in gene 1, only a few of the 
twelve normal T7 mRNA species! are made. The phage 
RNAs which are made in the absence of a functional 
gene 1 product or in the presence of chloramphenicol 
have been called “early” RNA in phage T7; the remainder 
of the RNAs are “late”. Our results (Fig. 3) show that 
the RNA made by the Æ. coli enzyme in vitro is very 
similar, if not identical to the “early” T7 RNA. The 
unlabelled in vitro RNA can compete with (dilute) the 
labelled RNA from cells infected with T7am23 (amber 
mutation in gene 1), or T7* in chloramphenicol. It com- 
petes poorly, however, with RNA from T7+-infected cells, 
which shows that the in vitro RNA is deficient in many 
of the RNA sequences present in “late” T7 RNA. The 
control (Fig. 3D) shows that all the unlabelled in vivo 
RNA samples compete equally well against the labelled 
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Fig, 3. RNA-DNA hybridization competition experiments comparing 
the T7 RNA made in vitro from T7 DNA by E. coli RNA polymerase 
with early and late T7 RNA made in vivo, The in vivo RNAs were 
isolated by hot phenol! from the T7-infected cella 9 min after infection. 
The radioactive samples were labelled by adding “O-uracil and +C- 
adenine at 6 min after infection’, T7CM RNA was from T7*-Infected 
cells to which chloramphenicol (400 ug/ml.) had been added 5 min 
before infection. T7am23 carries an amber mutation in gene 1 and 
directs only early T7 RNA synthesis. Hybridization expetiments were 
carried out using a modification of the procedure of Nygaard and 
Hals, The hybridization reaction contained 0-1 ml. 10x SSC (S8C is 
0-15 M NaCl, 0-015 M Na, citrate, pH 7-6), 1 to 10 ug of the appropriate 
strand of T7 DNA, 500 to 4,000 cpm. RNA, and water to make a 
total volume of 0-50 ml. In the competition experiments, various 
amounts of unlabelled RNA were also included in the reaction mixture. 
The mixture was placed in a sealed vial and incubated at 60° C for 5 h. 
The sample was then treated with 20 sgim. pancreatic RNase (boiled 
5 min to destroy DNase activity) for 30 min at room temperature, 
This mixture was diluted into 15 ml. 3 x SSC and slowly filtered through 
a nitrocellulose membrane filter (8 and §, B6, 24 mm). One hundred mi. 
of 8 x SSC was washed through the filter which was then dried and the 
bound radioactivity was measured, Saturation curves and controls 
lacking DNA were included in the experiments to ensure that non- 
specific binding was low or absent and to make sure that competition 
experiments were done in conditions of excess RNA, The same prepara- 
tion of unlabelled in vitro T7 RNA was used throughout these experi- 
ments so that the relative amounts of competing in vitro BNA is 
comparable in all these experiments. Unlabelled Æ, coli RNA was without 
effect on the hybridization of T7 RNA. Competition with unlabelled in 
vivo RNA which was identical to the labelled species showed that greater 
than 95 per cent of the label could be diluted. Competition with un- 
labelled in vitro T7 RNA showed that 75 per cent of the labelled in 
vitro T7 RNA could be diluted. The data in panel D include a correction 
for this fact. 
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in vitro RNA. The concentration of sequences similar to 
the in vitro RNA is therefore about the same in all the 
in vivo samples, even though the T7+ in vivo RNA has a 
greucer total amount of phage-specifie RNA. These 
experiments show that the Æ. cola RNA polymerase can 
initiate transcription of only a few T7 genes. 

RNA polymerase was also isolated from cells infected 
with T7* and from cells infected with T7ts (342-15) which 
has a temperature sensitive mutation in gene 1. Cells 
were collected 8 min after infection at 37°C and the 
enzyme was purified in essentially the same way as that 
from uninfected cells. The enzyme from infected cells 
(“T7 enzyme”), however, was eluted from DEAE cellulose 
with 0:18 M KCl whereas the E. coli RNA polymerase 
(“host enzyme”) was not eluted until the 0-23 M KCI step. 
Both enzymes sedimented very rapidly through low-salt 
glycerol gradients. The altered affinity of the T7 enzyme 
for DEAE-cellulose was the only obvious difference 
between the T7 enzyme and the host enzyme. 

The three enzymes (Æ. colt, T7+ and Tits (gene 1)) 
were then tested for specificity of transcription at 30° C 
and 43° C to detect an alteration of the T7ts enzyme. At 
30° C, all three enzymes were active and the RNA product 
was highly asymmetric (Table 3). At 43° Ç, the alteration 
in overall amount of RNA synthesis was not striking, but 
the product of the T7ts (gene 1) enzyme was much less 
asymmetric. The enzyme from cells infected with T7ts 
(342-15) possesses a thermolabile component that is not 
essential for enzymatic activity, but is critical for tem- 
plate-strand specificity in vitro. 

We have not yet been able to perform the hybridization- 
competition experiments necessary to prove that the T7 
enzyme makes “late” RNA in vitro and that this specificity 
is also under the control of the gene 1 product because of 
insufficient amounts of T7 enzyme. Conditions can be 
found, of course, which result in the in vitro transcription 
of “late” T7 RNA by E. coli RNA polymerase but in all 
these cases the RNA is also very symmetric, the synthesis 
is random and all parts of the genome may be transcribed. 
This type of trivial “late” RNA synthesis must be care- 
fully excluded in all experiments of this type which 
purport to show transcription of new classes of RNAs by 
RNA polymerase. 

In summary, coliphage T7 requires at least part of the 
host RNA polymerase for its transcription in vivo. Purified 
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Ir is now believed that pulsars are rotating neutron stars 
with a field of the order of 10° G, and that the pulsed 
radiation is the result of a directed beam of radiation 
corotating with the neutron star, giving rise to the 
“searchlight” effect.-* Radio observations show that 
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E. coli RNA polymerase transeribes only “early” T7 RNA 
under the appropriate experimental conditions im vitro, 
The phage gene 1 protein co-purifies with the RNA 
polymerase activity from infected cells and determines 
the fidelity of template-strand selection for RNA synthesis 
using a T7 DNA template in vitro. 

We thank Dr Burgess and Dr F. William Stadier for 
helpful discussions and advice. Dr Studier also supplied 
several of the T7 amber mutants used in this study. We 
are grateful to Dr Staffan Normark for giving us Æ. cold 
D22. Rifampin was a gift from the Dow Chemical Co. 
This work was supported by a grant from the US Public 
Health Service. 

Note added in proof. Recently RNA has been synthe- 
sized in vitro by RNA polymerase from T7+-infected cells 
which is highly asymmetric and contains a high proportion 
of “late” T7 RNA. In RNA-DNA hybridization com. 
petition experiments only 32 per cent of this RNA could 
be diluted by unlabelled “early” RNA (from Tlam23 
(gene 1)-infected cells or T7*- infected cells in chlorampheni- 
col), Eighty-nine per cent of the T7 in vitro RNA could, 
however, be diluted by unlabelled RNA from T7*-infected 
cells-—that is, “late” RNA. 


Received July 7, 1969. 
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The action of a strong electric field on electrons at the surface of 
pulsars causes a population inversion, and a laser-type transition 
produces a continuous emission guided by the magnetic field into 
sharply defined beams. 


after transmission delays due to interstellar electrons 
(interstellar ionosphere) are taken into account, all radio 
emissions seem to originate from the same spatial region 
and have a similar pulse shape (see ref. 4 for a summary). 
This transmission delay is absent in optical and X-ray 
observations, and simultaneous observations of NP 0832 
show that the times of arrival of X-ray and optical pulses 
are in agreement to within an accuracy of 10 g (ref. 5), 
The pulse shape of the radio, optical and X-ray emissior 
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is essentially the same, These facts indicate that all pulsar 
radiation originates from a common source and is emitted 
by the same process. From the time variation m the 
structure of the radio pulse, the dimension of the source is 
less than 30 km (ref. 6). This is comparable with the size 
of a neutron star, the radius of which can be from 10 km to 
20km, Accordingly, the radiation flux from the emitting 
region of the pulsar is estimated to be from 101 ergs 
em"? s~ to 108 ergs cem? s74, covering a continuum from 
50 MHz radio waves to X-rays of energy greater than 
10 keV. 

Because of this large flux, the radiation is certainly non- 
thermal and a laser-type coherent process must exist 
which gives a continuum. This process must be different 
from that of an ordinary laboratory laser which emits 
only line emissions. 

Observations also show that the radiation rate from 
pulsars is directly related to the rate of increase of the 
period, indicating that the energy radiated from pulsars 
eomes from the rotating energy of the star, which is of the 
order of 1047 ergs (ref. 1, Goldreich at the National 
Academy of Sciences pulsar symposium, April 1969, and 
unpublished work of Maran and Cameron), To understand 
pulsars, four problems must therefore be solved. (l) 
The region where pulsar radiation is emitted must be 
determined; that is, whether the radiation comes from 
the surface or from regions far away from the neutron 
star. (2) A mechanism must be discovered which can 
couple the rotational energy with a radiation process which 
operates at the surface of the neutron star (or far away 
from the star, as the case may be), (3) There must be a 
radiation process capable of laser-type emission, yielding 
the observed flux and spectrum. (4) The beam mechan- 
ism must be determined. 

There are two reasons to believe that the radiation from 
pulsars originates from the surface rather than from 
regions far away from the neutron star. First, the 
repetition rate of the pulses timed from the peak (which 
is very sharp) over a long-time base line gives the period 
P with an accuracy of 1/10° and the rate of increase 
AP to an accuracy of 1/10° (refs. 4 and 7, and Reichley, 
Downs and Morris at a meeting of the US National 
Committee of URSI, April 1969). This type of accuracy 
is to be expected if the radiation originates from the sur- 
face. On the other hand, if radiation is emitted far away 
from the surface and energy is transmitted by a long link 
of plasma, such accuracy and stability is not to be 
expected, Second, it is unlikely that the vicinity of a 
neutron star is populated by a magnetosphere as might be 
expected from consideration of the magnetosphere of 
planets and stars. This is because of the large synchrotron 
radiation rate of electrons in strong fields. Near the sur- 
face of a neutron star, the field is of the order of 10 G, 
and at a distance of 10'km (10° radii away from the 
neutron star) the field is still of the order of 104 G, if a 
dipole field is assumed. Near the surface where the field 
is 10 G, the synchrotron energy loss rate from an 
electron of one MeV is about 10-1 s, and is considerably 
shorter than 10-48 at higher energies*®. Even at a 
distance of 104 km from the star, where the field is 104 G, 
the mean life of a 10% eV electron against synchrotron 
radiation is less than 10-1! s (ref. 9). A rotating magnetic 
neutron star can generate in the vicinity of the star a very 
strong electric field (10%? V cm?) in the inertial frame of 
reference, but even this field is insufficient to accelerate 
particles with a net gain in energy, due to the heavy 
synchrotron energy loss encountered. Hence particles 
cannot be pulled from the surface to form a magnetosphere. 
An electron comoving with the star will only sense a pure 
magnetic field and not the electric field generated by the 
rotating magnetic field, and hence cannot be accelerated. 
Tf for some reason a magnetosphere exists around a 
neutron star, the components of the particle energy per- 
pendicular to the field will first be dissipated in less than 
10-08, and the immense gravitational field of the star 
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will then pull the electron back into the star. Thus the 
vicinity of a magnetic neutron star must be devoid of 
matter. 

This then leaves radiation from the surface as the only 
alternative to be considered seriously. Here we propose 
a mechanism based on solutions of the general relativity 
equations which will couple the rotational energy of the 
star to a radiation process taking place at the surface. 
This mechanism shows a differential surface motion which 
ina magnetic field of 10° G can generate an electric field up 
to 10! V em. This electric field then pumps electrons 
into higher magnetic states, causing a population inversion. 
When electrons in these magnetic states cascade down 
via the electron bremsstrahlung process discussed pre- 
viously? 3°, laser type emission with a spectrum resem- 
bling the spectrum of observed pulsars takes place. The 
emitted radiation is then guided by the magnetic field lines 
into sharply defined beams, corotating with the star, 
producing the pulses observed? , 





Surface Differential Motions 

On the surface of a neutron star a differential motion 
may be caused by a force generated by the mixed com- 
ponents of the metric tensor. This force is always per- 
pendicular to the velocity, so that, without doing any 
work, it merely changes the direction of motion of mass 
elements on the surface, thus introducing a differential 
motion. 

In general relativity, gravitational forces arise from (a) a 
scalar potential which is analogous to the familiar potential 
of the Newtonian gravitation and (b) a vector potential 
which is generated by mass currents’. This vector 
potential is usually negligible when the Newtonian lmit 
applies, but may be important in the case of neutron stars. 
Because distortion from spherical symmetry is small in 
neutron stars if the rotational period is longer than 1 ms, 
we will assume spherical symmetry. Without. distortion 
the line element is given by™: 








ds? = er) (dz)? — ef) dr? — r°d6? — r? sin (de? 
— 2wir) dg dz’) 
esac, a= ra = 6,07 = o (1) 


where o(7) is the veetor potential. vir) and A(r) are 
determined by the well known Tolman-Oppenheier— 
Volkoff equations. The explicit form of w(r) has been 
extensively studied'!? in particular, the exact external 
solution of o(7) for a rigid rotating body is given by 
(r) = 2 G J (2) 
ext | = tery ee 
where J is the angular momentum of the neutron star. 
olr) gives rise to the so-called Lense~Thirring effect. 
One way to visualize this effect is to regard it as a kind of 
Coriolis force. On Earth, the Coriolis force due to 
rotation introduces macroscopic ocean currents. Laike- 
wise, w(r) can produce a differential motion on the surface 
of a neutron star, as we shall now show. 
We will consider the effect of go, (= o(r) r? sin 8) in the 
equation of motion 
Tw, = 0 (3) 
where 78 is the energy-momentum tensor of a perfect 
fluid 


Tb = (e + Pyut ue — P gal 
(4) 


On the surface of a neutron star the pressure P is negligible 
compared with the rest energy density pe? which is the 
dominant term in e. Let us consider the equation of 
motion (3) for the index x= 2, namely 


{ 2) [vans = 
2 LA) Pury fo) TRE =O 5 
Te + Juv F luvi (5) 
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When ga, vanishes (or «(r)=0), equation (5) is satisfied 
identically because of the equation of hydrostatic equili- 
brium. In the case gq,30, an extra Cristoffel symbol 
appears 


= o (r) sin 6 cos 0 (6) 


This is the same as the introduction of a new force. To 
satisfy equation (5) a dynamical motion must be intro- 
duced such that 


TH = (e+ P)utu® & pe? eb) u? y 0 


Hence du? /dtsi0. (For clarity, write u® =u). 


Accordingly, equation (5) becomes 


we 


1 gu” (2) , 
pe? enpre) = s =- of R Ma T0 7 
es c ôt 103) 0) 
where 
T x oc? eke) ay) = pe? erly) 2 (8) 
E 


and Q is the angular frequency of the rotating body. 
When (8) and (6) are substituted into equation (7), we 
obtain 

Ou? 

ot 
at the neutron star surface r= R. This force can be 
responsible for the physical acceleration in the meridian 
direction (if the original direction of motion is in the plane 
perpendicular to the rotational axis). The value of the 
acceleration, a, can be obtained easily from equation (9) 
as 


= — 20m(R) sin 6 cos 6 evirt) (9) 


a=e RQo(R) (—sin 20) (10) 
By using equation (2) we obtain approximately 
a= — QR (R/R) sin 26 eas) 


where Re=2GMj/e? is the Schwarzschild radius of the 
neutron star. 

This acceleration is due to a force perpendicular to the 
velocity and hence it cannot do any work. Because of 
this force, however, in a time t, 


OR 1 


rotational velocity EE 
© @R(Rj R) O(Rs/R) 


meridian acceleration a 





(12) 


the kinetic energy of rotation on the surface can be 
converted into kinetic energy in differential motion with 
respect to the star. As we will show, this differential 
motion is responsible for converting the rotational energy 
of neutron stars into a laser-type emission covering a 
spectrum from radio waves to X-rays via the pulsatron 
mechanism (a general relativistic pumping mechanism 
for the magnetic laser in a pulsar). 


Pulsatron Radiation Process—Magnetic Laser 


Let us consider a mass element on the surface of a 
neutron star moving with a differential velocity v which 
is a fraction of the rotational velocity Oro = 63 km s~! 
(R/O km) (1 s/P). We assume that the source of the 
magnetic field is located at the centre of the neutron star 
so that the field corotates with the star. Because of this 
differential motion, the surface mass will experience an 
electric field Ẹ given by 
#2300 H (v/e) V em & 104(A/108 G) (v/10 km s~!) V cem- 
{The presence of this electric field due to rotating magnetie 
neutron stars was first suggested by P. Goldreicht:’.) 
This electric field will then cause electrons and ions to 
drift in opposite directions. Because of the large electric 
field, electrons will collide with ions coherently and will be 
pumped from the magnetic ground state n= 0 to the next 
excited state n=1; the separation of these two states 
is 100 keV if the field is 103? G (refs. 2 and 3). A population 
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inversion will be set up and the most important de- 
excitation process is the bremsstrahlung process*?, 
e-(n= 1)+(Z,A)--er(n = 0) + (Z,A) +4 

The emitted radiation is a continuum probably with a 
resonance line corresponding to the energy difference 
between the two states (with the same z-mormentur), 
This resonance line is likely to be found in the X-ray 
region if the field strength is 10° G. The emitted radiation 
is then guided by the magnetic field lines at the surface 
into sharply defined beams*'. Details of this emission 
process (pulsatron process) are being studied. 


Changes in Pulsar Periods 

Pulsar periods P=2n/Q have been observed in many 
instances to Increase with time and, but for one short- 
lived exception (to be discussed later), in no case has the 
period P been observed to decrease with time. Specifi- 
cally the change of P per period, AP, is such that 
the ratio for each pulsar AP/P is constant and ranges 
from 1078 to 10-7. Such values are accounted for here. 

According to the earlier discussions, the kinetic energy 
of rotation of the nondegenerate envelope Ay =4A2,RMP 
(Ma is the mass of the nondegenerate envelope) is lost at a 
rate 





— “= — $M, Re Qs = pMa Re O (RJR) (13) 
after using equation (11) for >. 

Because the viscosity of a gas increases with degeneracy, 
the interior of a neutron star rotates as a rigid body. The 
pulsatron radiation process effectively is a kind of viscosity 
which couples the interior of the star to the nondegenerate 
atmosphere. The energy reservoir of pulsar emi i 
therefore the total kinetic energy of rotation K, 
where J is the moment of inertia. K, is therefc lost 
at the same rate as Ka. The total energy loss per rotation 
AK; is then 




















AK; = (14) 
Substituting equation (13) into (14), we obtain 
IQAQ = = MABOR R 
or 
= AQ/Q = (AP/P) = A Ma/ M) (RR) {15} 


where ņ is a fudge factor of the order unity deseribing 
the improper way of approximating the moment of 
inertia by M R°. 

Thus, according to (15) AP/P is a constant, which is 
in agreement with observations. Furthermore, the scale 
height Hs at the surface of a neutron star is of the order of 
lem. The nondegenerate envelope is approximately 1} ro 
thick, and the density ranges from 10° g em at a depth of 
Im to l gem at the surface’. The total mass contained 
in the surface is approximately 

Ma = 4r R? Hap 10% g (16) 
Substituting into equation (16) this value of Ma and the 
following parameters which are believed to be typical 
for neutron stars: M= 10% g, R= 10%em, Re/R= 1/3, we 
find that AP/P10- which is in the middle of the range 
of observed values. It is clear that individual neutron 
stars will differ widely in interior temperatures and 
therefore in atmospheric density and seale height. We 
expect that fresh pulsars will have a shorter period, a 
higher interior temperature, a larger atmospheric mass Ma, 
a larger value of AP/P and a larger radiation rate. These 
are in agreement with observations (Maran at Conference 
on General Relativity, Institute for Space Studies, New 
York, May 1969). 

Finally, a discussion is not complete without explaining 
the sudden decrease in period — 3P/P.10-* of the pulsar 
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PSR 0833-45 in Velat, which was followed by a change 
of the rate of increase by an amount 
d(AP/P) = 10° AP/P) (17) 
A tiny shrinkage of the pulsar of the order of 1 em (star- 
quake) suggested by Ruderman! in conjunction with a 
phase transition (crystallization) in the interior can explain 
the very sudden change in period, but not the change in 
the rate of increase. But this change is easily accounted 
for if, in conjunction with the crystallization, the atmos- 
pheric mass decreases slightly such that 
SMa Ma = 10-8 

which is not unreasonable. 

We thank Drs M. Ruderman and 8. Maran for 
discussions. 
Received June 6, 1969, 
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Tue problem of the structure of biclogical membranes 
and the correlations between physical structure and 
physiological functions may to a large extent be reduced 
to that of the interactions of the three major components, 
proteins, lipids and water. Although these problems may 
eventually be solved by the study of intact membranes, 
such an approach is at present seriously hindered by the 
great heterogeneity of membrane preparations. Indeed, 
membranes embrace a wide variety of organelles; further, 
each membrane is probably not homogeneous over its 
surface. Moreover, the structure of membranes is labile, 
and probably does not withstand all the operations re- 
quired by some of the physical techniques (in electron 
microscopy, for example, fixing, drying, embedding). One 
way out of these pitfalls that has often been taken in the 
study of biological problems is to focus the experimental 
work on model systems, chosen sufficiently simple to 
provide reliable information and yet capable of mimicking 
some of the properties of biological systems. 

We have applied this approach to the structure of 
membranes. The first stage has been the analysis of 
lipid—-water systems by X-ray diffraction’, This revealed 
the remarkable property that lipids take up a wide variety 
of structures in experimental conditions not too remote 
from those of the living cell. We have discussed elsewhere 
the biological implications of this polymorphism®; our 
main conclusion has been to put forward the hypothesis 
that polymorphic transitions analogous to those observed 
in lipid-water systems may well play a part in the physio- 
logical functions of membranes. It is clear, nevertheless, 
that the gap from lipid~water phases to membranes is 
wide; our purpose here is to narrow it down by the study 
of more complex systems, of chemical composition closer 
to that of membranes. Proteins are the most obvious 
component to add to hpids and water and we describe 
here some properties of protein—lipid-water systems. 


The phases present in a variety of protein—lipid-water systems have 
been identified, and their structure established by X-ray diffraction. 
A spectrophotometric and circular dichroism analysis has been 
carried out on phases of known structure, and correlations between 
optical properties and structure are discussed. 


Although the proteins used in this work, chosen among 
the most common and stable ones, are of dubious relevance 
to membranes, and although the experimental analysis of 
the three-component systems is still incomplete, a multi- 
plicity of structures has been observed that reveals a 
subtle interplay of a variety of interactions. 

Most of the results described here were obtained by 
X-ray diffraction analysis, using techniques and methods 
similar to those used with lipid-water systems!. Besides 
these, extensive use has been made of spectroscopie tech- 
niques, namely absorbance and circular dichroism (CD). 
great care being taken to carry out the speetroscopic 
experiments under conditions as close as possible to those 
of the X-ray work. The purpose of this study is two-fold. 
On the one hand, the optical properties of well organized 
(and liquid-erystalline) systems are interesting per se, 
and may provide useful information on the structure of 
the phases. On the other hand, we are seeking a correlation 
between spectroscopic properties and structure, in the 
hope of reaching a better understanding of the optical 
phenomena, and thus laying the ground for a future 
interpretation of the spectroscopic properties of mem- 
branes in terms of structure. Indeed, a great wealth of 
spectroscopic data has recently been gathered for bio- 
logical membranes, but the interpretation still is confusing 
and controversial®~’, 


Ferricytochrome c—Phos phatidy! Inositol 

We explored the three-component (protein-lipid-water) 
phase diagram fairly carefully at room temperature, by 
X-ray diffraction and CD experiments. We mixed the 
ingredients in fixed amounts and waited for equilibrium. 
In addition to the pure components and to a variety of 
lipid-water phases (to be described elsewhere), two pro- 
tein-lipid phases were observed, each with constant 
protein/lipid ratio and with variable water content (see 


NATURE, VOL. 223, SEPTEMBER 13. 1969 


Table 1). In the intermediate regions two or three phases 
are found in equilibrium and could be separated by high 
speed centrifugation, The X-ray diffraction diagrams and 
CD spectra are the sum in varying proportions of those of 
the pure phases. 


Table 1. FERRICYTOCHROME ¢~PHOSPHATIDYL TNOSITOL-WATER 
T d Coja Co dp dy do 
Phase CO (A) k : (AY «A A 
I 20 78:5 0-78 O18 23-0 30:8 7 
20 68-0 O78 0 24-8 43-2 0 7 
IL 20 112 149 23 42-9 396 20-5 
20 91 1-49 0 47-0 43-8 0 
20 0-2 to 395 


Horse heart ferricytochrome e, purchased from Sigma (type VI), was 
used without further purification. Phosphatidyl inositol, extracted from 
wheat germ!*, was used in the form of sodium salt. The protein, lipid and 
water concentrations were determined by chemical analysis (Kjeldahl, 
phosphorous, Karl Fischer). d is the repeat distance, dp, di, do are the 
“partial thickness’ of the protein, lipid, water layers: cp, €h, Co are the weight 
concentrations of each component. The expressions for dp, di, do are dp = 
gpd, and so on, where 9p, Pl, Go are the volume concentrations, gp =cp Bp 
(epp ++ ei + cove), and so on, and dp, #1, Go are the partial specific volumes 
(dp =0-725, #1 = 1-00", Ho= 1-00 cm? g7). The dimensions for each phase 
correspond to its most hydrated form, and to the dry form obtained by 
evaporating the water from the hydrated form. 





Neither temperature (0°-60° C) nor the presence of 
excess water in the pH range 4-5-6-5 disturb the structure 
of either of the protein-lipid phases. Electrolytes (NaCl, 
1M) bring about the dissociation of both phases into 
protein and lipid, ferricytochrome e being recovered in 
these conditions in its native state according to the optical 
properties. These experiments were performed on pre- 
parations that had never been dried, for rehydration of 
dried samples is not a fully reversible operation. 

The X-ray diffraction diagrams of the two lipoprotein 
phases are formed by several (up to 10) sharp small-angle 
reflexions (e< (10 A)~1), all integral orders of one funda- 
mental repeat, and by a few high-angle diffuse bands, the 
strongest of which, near s= (4-5 A), is typical of the 
“liquid” paraffin chains'. Such X-ray diagrams are 
characteristic of a long range organization of the smectic 
type, namely of a structure formed of planar lamellae, 
parallel and equidistant, with no other correlations in 
position and orientation'. The fact that the same kind of 
structure is observed in the absence of water strongly 
suggests that the seat of the disorder is a continuous 
layer of “liquid” paraffins. We are thus driven to put 
forward a structure consisting of lipid lamellae with inter- 
calated protein-water layers (Fig. 1). 

The “partial thickness” of the protein, lipid and water 
layers, defined as the thickness of the planar slabs the 
volume of which is the volume occupied by each of the 
components in the (one-dimensional) unit cell, can be 
determined if the repeat distance, the concentration and 
the partial specific volumes are known. The values are 
given in Table 1. 

An inspection of the data suggests several things. The 
thickness of the water layer varies with the nature and 
the composition of the phase. For each of the protein- 
lipid phases two dimensions are given in Table 1, one for 
the dry, the other for the most. hydrated form obtained in 
the presence of excess water. The thickness of the lipid 
layer is the same in the two protein—lipid phases, both in 
the dry and in the hydrated forms and in the lamellar 
lipid-water phases. These observations, together with 
the dissociating effects of electrolytes, suggest that the 
interactions between proteins and lipids are weak and 
involve chiefly the polar regions of the structure. The 
most striking difference between the two protein-lipid 
phases is in the thickness of the protein layer which in 
one case is twice the other. 

The spectroscopic study of the two phases was carried 
out on aliquots of the samples used in the X-ray diffraction 
experiments. Clearly, at such high protein concentration 
the preparations must be extremely thin. Furthermore, 
it is highly desirable that the samples are optically isotropic 
around the axis of the CD apparatus. Both results were 








EELZ 
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Fig. 1. Ferricytochrome ¢~phosphatidy] inositol-water; the structure 
of the lamellar phases I and II, in the hydrated form (see text and 
Table 1). The sections are perpendicular to the planes of the lamellae, 
The densely and the lightly hatched areas represent the protein mole- 
cules and the water regions (both of arbitrary shape). The polar groupa 
of the lipid molecules are represented by a black dot, the “Tiquid” 
paraffin chains by a wriggle. Note that the thickness of the lipid leaflet 
is the same in hoth phases, and that the polar leaflet contains one 
layer of protein molecules in phase I, two layers In phase I. The 
distribution of the protein molecules is represented as Hf it were quite 
regular, the only evidence being the fact that the molecules are ex- 
tremely closely packed (area per protein molecule ~ 630 A®; cytochrome 
e is approximately spherical with diameter ~ 31 A). 


achieved by pressing a drop of the viscous preparation 
between two silica disks, separated by thin ‘Teflon’ spacers. 
In these conditions the absorbance in the Soret region is 
lower than 2-5, the planes of the smectic phase are oriented 
parallel to the silica disks and consequently the CD curves 
are invariant on a rotation of the sample in its plane. The 
length of the optical path is of a few microns (5 to 25) but 
was not measured accurately. The A/CD ratio was veri- 
fied to be independent of thickness at constant wavelength. 

We report here only the CD results obtained in the 
Soret region that are highly specific for the different 
phases. The spectroscopic analysis in the regions of the 
absorption of the peptidic and of the aromatic chromo- 
phores is hindered by the high optical absorption and by 
the unfavourable CD/A ratio. The absorbance of the 
Soret band (around 400 nm) as well as the absorbance and 
the CD of the « and $ bands of the haem (500 to 600 nm} 
are identical to those of the free protein. The CD spectra 
of the two protein~lipid phases are represented in Fig. 2. 
On the same figure are drawn the CD spectra of dilute 
ferricytochrome e solutions in the native, intermediate 
and denatured forms*:* (in the case of the native form the 
CD spectrum was shown to be independent of protein 
concentration up to ¢p=0-50). The CD spectra of the 
two protein-lipid phases are remarkably different from 
each other as well as from those of the free protein in its 
various forms. Some similarities may be noted instead 
with the CD spectra of the haemopeptides, that various 
authors have ascribed to haem-—haem interactions’!, 

The data of Table 1, together with the optical and 
chemical information, and the size of the cytochrome e 
molecules (quasi-spherical, diameter 30 A) support the 
structure models presented in Fig. 1. These consist: of 
continuous lipid sheets (not necessarily planar) filled by 
the “liquid” paraffin chains and covered by the polar 
groups of the lipid molecules. alternated with polar leaflets 
containing protein and water. The protein molecules 
form a single layer in one of the phases. a double layer in 
the other. The CD spectra in the Soret region do not 
seem to arise from conformational transitions of eyto- 
chrome c, but rather from the orientation of the haem 
groups and from the haem-haem interactions. Besides, 
the ease with which the protein is recovered in its native 
form is hardly compatible with a conspicuous conforma- 
tional rearrangement. It may be noted that a similar 
structure has been put forward recently for a system 
containing cytochrome e, lecithin, phosphatidylserine, 
water?’, 
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Fig. 2. Ferricytochrome ¢-phosphatidy! inositol-water, cireular di- 


chroism spectra, The spectra were recorded on the Dichrographe I 
(Jouan, Paris). Phases I and II are described in Table 1 and in Fig, 1. 
_ The experimental conditions are discussed in the text. The different 
curves for ferrieytochrome ¢ are taken from ref. B. de= AAsel, where 
AA is the experimentally observed circular dichroic absorbance, e is the 
protein concentration (moles/l.), Zis the path length (em), In the case 
of phases I and IT the product el waa estimated from absorption 
measurements, 


Ferricytochrome c—Cardiolipins 


Only a small region of the three-component phase 
diagram was explored in this system, approximately frorn 
Cp/ey= 0-78 to 2-18, in the presence of excess water. Two 
lamellar phases were observed, the compositions and 
repeat distances (ep/ei= 1-70, d=108 Å; ep/er.=0-89, d= 
15 Å) of which are very close to those of the protein-lipid 
phases of the previous system (see Table 1), thus suggest- 
ing that the structures are very similar to those represented 
in Fig. 1. These results are independent of temperature 
from 20° to 60° C. 





Ferricytochrome c—Mitochondria Lipids 


These lipids, extracted from beef heart mitochondria, 
differ from the other lipids used in this work by a broader 
chemical heterogeneity, for in addition to containing a 
variety of fatty acids they are a mixture of lipid species 
with different types of polar groups, 

Three protein-lipid phases were observed at room 
temperature. Two of these are lamellar, with d= 86-5 A 
and d=116A. The other displays a two-dimensional 
hexagonal organization characterized by a set of X-ray 
small-angle reflexions the spacings ratios of which are: 
1:73:14: 77: and so on’, with a=83 A. In the 
absence of direct chemical analysis no other dimensions 
ean be determined for these phases. 





Lysozyme—Cardiolipins 

The study of the phase diagram was limited in this 
system to the phases that can be found in equilibrium 
with free water, precipitated out when dilute solutions of 
protein and lipid are mixed. In these conditions, and at 
pH 6 to 7, two phases were observed; one, designated HT 
in Table 2, found if the protein is in excess, the other (IV) 
if the lipid is in excess, and a mixture of both in the inter- 
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Table 2, LYSOZYME~CARDIOLIPINS-WATER 
T d "plè to 
Phase co (Ay P7 e & 
1H 25 92 113 0-28 Bao 
£ 25 73 113 0 OG 
TV 25 TTO 169 OAT 150 
i 25 670 1690 0 0 
y 35 852 1:69 Ol? WS 
25 02 to 
oe Os 
35 2 to 
Os 


(See legend to Table 1.) Lysozyme is a Sigma product, first grade. Beef 
heart cardiolipins are in the form of disodium salt! greens 


mediate cases. Another (lamellar) phase was observed at 
pH 8, but that will not be deseribed here. 

The effect of temperature is different on the two phases. 
The crystallographic properties of phase TII, and con- 
sequently its structure, are independent of temperature 
from 0° to 60°C, On the contrary, phase IV undergoes 
an irreversible transition, We suspect this transition to 
involve a chemical reaction between the protein and the 
lipid, for we have failed to separate the two components 
in the thermally treated samples, while in the other cases 
the addition of divalent cations leads to the precipitation 
of the cardiolipins, leaving the lysozyme in solution in its 
native form (according to spectroscopie evidence). 








2 
100A 

Phase IH Phase IV 
Fig. 3. Lysozyme-cardiolipins-water; the structure of the lamellar 


phases (see text and Table 3). The symbols are those of Fig. 1. The 
middie frame represents the lamellar lipid-water phase. Note that the 
thickness of the lipid leaflet is the same in phase HHI and In the lipid- 
water phase, and that it decreases In phase IV, This shrinkage (see 
text) is Interpreted to involve hydrophobic contacts with the pid 
molecules, shown in the figure. The area per molecule is 640 Åt in 
phase ITI, 531 Å? in phase IV; the approximate dimensions of lysozyme 
molecules are 45 x 30x 30 A. Thus the packing of the protein melecules 
is extremely compact. 


+004 
+ 0-02 
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Pig. 4. Lysozyme~cardiolipins-water: spectrophetometric differential 


curves (phases TII or IV minus native lysozyme). 
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The X-ray diffraction diagrams are typical of a lamellar 
(smectic) structure, containing “liquid” paraffin chains. 
The data and dimensions are given in Table 2. 

The thickness of the lipid layer (see Table 2) displays 
more interesting variations than any other parameter in 
this system. The value of d is the same in phase III and 
in the lamellar lipid-water phase, a fact suggesting that 
the interactions between proteins and lipids are weak and 
polar. On the other hand, the lipid layer of phase IV 
shrinks quite extensively with respect to the lipid~water 
phase. In the lipid~water phase the paraffin chains are 
shielded from the water by the polar groups of the lipid 
molecules’, Because the surface/volume ratio of the lipid 
layer increases as its thickness decreases, in phase IV some 
of the paraffin chains become exposed to the protein- 
water layer. The contacts probably involve the non-polar 
region of the protein molecules (Fig. 3). 


Phase Ill 
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Fig. 5. Lysozyme-cardiolipins-water; circular dichroism spectra in 


the region of aromatic absorption, “Lysozyme” refers to the native 
protein in solution. 
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Fig. 6. Lysozyme—cardiolipins-water, the thermal transition of phase 


IV displayed by circular dichroism spectra. Each CD curve was re- 
corded af fixed temperature. The transition followed at 22 nm is 
plotted in the inserted graph. 
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Fig. 7. Lysozyme~cardiolipins-water; circular dichroism spectra of 
the native protein In dilute solution and of phase IV, The concentration 
(e in legend of Fig. 2) used here is mole of proteln residue per Hire. 


In the case of phase TIT the spectroscopie study was 
carried out on thin isotropic samples made with aliquots 
of the preparations used for the X-ray diffraction experi- 
ments. Only the region of aromatic absorption was 
explored in this phase, for the absorbance is much too 
high in the region of peptidic absorption. The absorbance 
spectrum is similar to that of phase IV (see Pig. 4) and is 
discussed here: the CD spectrum is shown in Fig. 5. 

In the case of phase IV a satisfactory orientation of 
the smectic preparations could not be obtained, and the 
spectroscopic study was carried out on the clear super- 
natant of a precipitate obtained in the presence of a 
small excess of lipid. The protein/lipid ratio, and the 
presence of a thermal transition near 35°C (Fig. 6 and 
Table 2), absent in the free lysozyme and in phase IIE 
are consistent with the presence of phase IV in. the 
supernatant, Because the solutions are clear, the apeetro- 
scopic study was performed over a wide spectral range. 
The red-shift of the aromatic bands (see Fig. 4) ie a 
phenomenon usually observed in protein-detergent coms 
plexes, and usually ascribed to the exposure of some of 
the aromatic groups to a less polar medium, More 
striking are the CD differences of the region of aromatic 
absorption (Fig. 5) and, to a smaller extent, those of the 
region of peptidic absorption (Fig. 7). 

The structure of the two phases can be discussed, in the 
light of the whole of the experimental evidence (see Fig. 3). 
For reasons given previously, both phases appear to 
contain a continuous lipid leaflet, with “liquid” paraffin 
chains, and a protein-water layer consisting of a single 
layer of protein molecules (the approximate dimensions 
of lysozyme are 45x 30x30 Å). The contacts between 
proteins and lipids involve chiefly the polar regions in 
phase ITI, and both polar and non-polar regions in phase 
TV (see discussion earlier). The CD in the region of peptidie 
absorption (Fig. 7) indicate that in phase IV the conforma. 
tion of the protein molecules is somewhat disturbed with 
respect to the native state. The conformational changes 
of phase IV probably become more extensive at the 
thermal] transition, as shown by the alterations of the CD 
spectrum in this region (Fig. 6). The exceptionally large 
changes observed in the CD spectra of the aromatic bands 
(Fig. 5) could perhaps be ascribed to conformational 
transitions, although effects of such sign and magnitude 





1120 


are more likely to arise from the orientation and the 
interactions of the protein molecules. 


Lysozyme-Phosphatidy! Inositol 


The number of phases observed in this system is excep- 
tionally high, and their structures are more varied than 
in any of the other systems. Some of the phases were 
isolated, all in the form of precipitates obtained by mixing 
protein and lipid solutions at fixed pH and temperature. 
The X-ray diffraction diagrams contain several sharp 
small-angle reflexions, whose spacings ratio is specifie for 
each of the lattice types; 1:2:3:4:, and so on, for 
the lamellar, 1: 4/3: 4/4: 4/7:, and so on, for the two- 
dimensional hexagonal, 1: 4/2: 4/4: 4/5 :, and so on, for 
the two-dimensional square. The chemical composition 
and the dimensions of the various phases are given in 
Table 3. All the transitions that take place in the tempera- 
ture ranges shown in Table 3 are reversible. The structure 
of the lamellar phases probably is similar to that of the 
lamellar phases of the previous systems. The structure 
of the other phases, namely the distribution of the pro- 
teins, lipids and water in the two-dimensional lattices, is 
mot yet known. 


Table 3. LYSOZYME-PHOSPHATIDYL [NOSITOL-WATER 


Tempera- Lattice 
rH ture Cpi ty Lattice type dimensions 
CC) (A) 
4 0 to 35 109 O27 Two-dimensional 63-5 
square 
4 0 to 35 109 a Two-dimensional 57-0 
square 
5 25 0-50 — Lamellar TŁO 
SGto7 Oto 36 1-96 O23 Two-dimensional 80 to 82-5 
hexagonal 
re 0 ~= — Two-dimensional 96 
hexagonal 
T | oe -_ Lamellar 106 
T 40 ~ —_ Lamellar 83 
8 25 0-97 22 Lamellar 106 
3 $000 == Lamellar 83 


_ {See legend to Table 1.) Some of the concentrations were not determined 
in this system. 


In addition to the phases periodically ordered in one 
and two dimensions enumerated in Table 4, a few erystal- 
line phases, periodically ordered in three dimensions, were 
observed in this system, but the X-ray reflexions have 
not yet been indexed in a satisfactory way. 


Discussion 


The number and variety of the phases are too great 
to fit into a simple and general picture. Indeed. if the 
lamellar phases seem to comply with the requirements of 
the Danielli~-Davson model in the sense that they contain 
a continuous lipid leaflet covered by the protein molecules, 
several other phases display more highly ordered structures 
involving complex distributions of proteins and lipids. In 
fact the polymorphism observed in the protein-lipid— 
water systems is by no means simpler than that found in 
lipid-water systems}? and the results of this work lend 
further support to the hypothesis that polymorphic 
transitions may take place in membranes and play a part 
in some of the physiological functions?. 

The very observation of a variety of structures, specific- 
ally dependent on chemical composition, temperature, 
pH, is perhaps surprising in view of the fact that the 
systems studied here involve proteins and lipids that are 
not biologically related and have not been selected to 
display particular affinities for each other. It may thus 
be inferred that the capacity to display complex and 
subtle interactions is a general property of proteins and 
lipids, and that most likely the interactions elicited by 
the model systems are of the same nature as those that 
stabilize the structure of membranes. 

The various types of interactions analysed in the discus- 
sion of each phase belong to three major classes: hydro- 
phobic, polar, chemically specific. We have put forward 
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here an operational definition of “hydrophobic bonds” 
between proteins and lipids, based on the observed con- 
traction of the lipid layer in the protein-lipid phase as 
compared with the lipid--water phase (phase 1V, sce Fig. 3 
and discussion in the text). Polar interactions may be 
expected to be particularly important in systems contain- 
ing positively charged proteins and negatively charged 
lipids, like those deseribed in this work. The dissociating 
effect of electrolytes and the action of pH (see the lyso- 
zyme—phosphatidyl inositol system) are consistent with 
this type of interaction. It should be noted nevertheless 
that the role of the polar interactions may well be ampli- 
fied here by the fact that both proteins are highly soluble 
in water. Indeed, two eases should be mentioned (eyto- 
chrome 6,-phosphatidyl inositol and cytochrome by- 
cardiolipins, unpublished observation) in which lamellar 
phases are observed in systems in which both the protein 
and the lipid are negatively charged. 

Several cases of chemically specific interactions are 
illustrated by the experimental observations. For example, 
the formation of two lamellar phases, one containing a 
single, the other a double protein layer (see Fig. 1), seems 
to be characteristic of ferrieytochrome e, for it occurs only 
with this protein and with two lipids (phosphatidyl 
inositol and cardiolipins) (see also ref. 17). Nevertheless, 
the comparison of these systems with the one containing 
ferricytochrome ¢ and mitochondria lipids shows that the 
role of the lipids may be quite specific as well. Another 
example is provided by the two systems containing 
lysozyme, in which the structure of the phases is strongly 
dependent on the nature of the lipid (see Tables 2 and 3). 

The remarkable specificity of the spectroscopie pro- 
perties emphasizes the need for carrying out the optical 
experiments on well defined phases. The interpretation 
of the spectroscopic observations in terms of structure 
is still at a very preliminary stage, and several phenomena 
must be taken into account the effect of which cannot yet 
be clearly discriminated, for instance optical properties 
of the liquid-erystalline media, conformational transitions 
of the protein molecules, orientation of the individual 
chromophores with respect to the optical beam, inter- 
actions between chromophores. The propagation of cir- 
cularly polarized light in a liquid erystal may in principle 
set some problems, which we have felt justified in neglect- 
ing here, on account of the particular orientation of the 
smectic phases and of the linear relationship between 
CD and absorbance. The evidence suggesting that con- 
formational transitions take place in the protein molecules 
was discussed in each case, although it was pointed out 
that the transitions are unlikely to be conspicuous, given 
the ease with which the proteins can be separated from 
the lipid and recovered in their native form. More im- 
portant causes of spectroscopic perturbations appear to 
be the fixed orientation of the protein chromophores with 
respect to the optical beam, and the interactions between 
chromophores carried by different protein molecules 
located in the same or in adjacent layers. These effects 
have been discussed here, especially in the case of ferri- 
cytochrome ec. 

Tt should be noted that the optical phenomena due to 
the liquid-erystalline structure and to the orientation of 
the chromophores are a consequence of the experimental 
conditions used in this work, while the effects of protein 
conformation and chromophore interactions are present 
in membrane preparations as well. 
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THE concept of the lithosphere as a stress guide? suggests 
that information about the major driving forees in global 
tectonics can be obtained from knowledge of the state of 
stress within the lithosphere. Most shallow earthquakes 
seem to occur between plates of lithosphere and therefore 
yield information about the direction of motion of one 
plate with respect to the other rather than the stress 
within a plate. But analysis of focal mechanism solutions 
from the Tonga and Japanese regions? suggested that 
deep and intermediate depth earthquakes occur within 
downgoing slabs of lithosphere in response to stresses 
within the plates. A chief purpose of this article is to 
show that a comprehensive and worldwide survey (our 
unpublished results) of focal mechanism solutions supports 
this interpretation of deep and mtermediate depth earth- 
quakes. We can therefore determine the orientations of 
stress within the various downgoing slabs on a world- 
wide basis. 


Gravitational Forces on Downgoing Slabs 


The main result of this survey is that the stress in 
those portions of the mantle seismic zones that have a 
relatively simple inclined planar configuration, that is, in 
those portions removed from remarkable contortions or 
changes in trend, is often oriented such that either the 
axis of maximum compressive stress or the axis of mini- 
mum compressive stress is approximately parallel to the 
dip of the inclined seismic zone. We find clear evidence 
for down-dip extensional stress within slabs at inter- 
mediate depths in at least six regions. These regions 
seem to be also characterized by prominent gaps in the 
seismicity at depths between about 300 and 500 km or 
by an absence of earthquakes deeper than about 300 km. 
On the other hand, down-dip compressional stress is 
predominant at depths greater than 300 km in all regions 
studied. 

These results are summarized in Figs. | and 2, and a 
simple model that attempts to account for them is given 
in Fig. 3. In this model a heavy slab sinks into the 
asthenosphere, exerts a pull on the portion of the plate 
remaining on the surface, and eventually hits bottom in 
such a way that the support for the load of excess mass 
within the slab is transferred from above the load to 





Downgoing slabs of lithosphere may exert a pull on the portions 
of plate left at the surface. 


beneath the load. Although the two-dimensional model 
is certainly too simple to explain all the data, the general 
predominance of down-dip stress orientations and, 
especially, the widespread occurrence of down-dip exten- 
sional stress, lend encouragement to the ideas that gravi- 
tational body forces on the downgoing slabs are inportant 
forces in determining the stress within the lithosphere 
and may be important forces in driving the global syster 
of plate movements. 








Axes of Stress 


The data include, primarily, focal mechanism solutions 
of the double-couple type for deep and intermediate.depth 
earthquakes that are large enough (M255) to obtain 
reliable first-motion data from the World-Wide Standard: 
ized Seismograph Network (WWSSN). Although these 
data are restricted to earthquakes that occurred since 
1962, reliable solutions for previous earthquakes are also: 
used for certain regions. The data are discussed in more 
detail elsewhere (our unpublished results), Tn this article 
we focus attention primarily on the results for fourteen 
island ares and are-like structures for which the oriente- 
tions of the inclined seismic zones are relatively simple and 
well defined. This selection is required because the basic 
analysis consists of comparing the orientation of the 
double-couple mechanism solutions with the local orienta- 
tion of the inclined seismic zone. 

Some of the excluded earthquakes occur in zones or 
portions of zones that are remarkably contorted or complex 
in structure, such as the northern end of the Tonga arc. 
The mechanism solutions in these and sirnilarly complex 
regions reflect the complexities of structure and are re- 
ported on in detail elsewhere (ref. 3 and our unpublished 
results). Others that are excluded occur in regions where 
the data are insufficient clearly to define a planar zone, 
such as the Mediterranean and Himalayan regions. Never- 
theless, about 60 per cent of the earthquake mechanism 
solutions are included, and the results apply to most of 
the major island-are structures of the world. 

The overall results are shown in Fig. 1 in which the 
stress axes and the poles of nodal planes of the most 
reliably determined double-couple solutions are plotted 
relative to the local orientations of the seismic zones. One 
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of the nodal planes of a mechanism solution is the fault 
plane of the equivalent shear dislocation, and the pole of 
the other nodal plane gives the direction of slip‘; the 
seismic data do not, however, distinguish which is which. 
The compressional (P), tensional (T) and null (B) axes 
coincide with the axes of maximum, minimum and inter- 
mediate compressive stress in the medium only if the 
nodal planes define planes of maximurn shear stress in the 
medium, This must be taken as an assumption of the 
analysis. If a Coulomb—Navier type of fracture process is 
operative for deep and intermediate depth earthquakes 
and the effective coefficient of internal friction is less than 
onet, the P, T and B axes will still be good approxima- 
tions (within the uncertainties of the analyses) to the 
principal stress axes. 

Fig. ld shows clearly that neither of the possible fault 
planes is parallel to the seismic zone. This result supports 
the contention? that intermediate and deep earthquakes 
‘do not indicate slip along a major thrust fault defined by 
the inclined seismic zone. Figs. la, 1b and le show that, 
instead, the inferred stress axes of the double-couple 
solutions tend to be parallel or perpendicular to the planar 
geometry of the zones. This result suggests that the down- 
going slabs act as stress guides. If the lithosphere can 
support stresses considerably larger than those im the 
asthenosphere, so that the shear stresses are relatively 
small along the upper or lower boundaries of the plate, 
then the principal axes of stress within a thin plate of 
lithosphere will be approximately parallel and per- 
pendicular to the plate. 





Deviatoric Stresses 

This interpretation is strongly supported by recent 
estimates’:® of the magnitude of the deviatoric stresses 
involved in deep and intermediate depth earthquakes. 
These stresses appear to be one to two orders of magni- 
tude greater than the stresses estimated*.* for zones of 
shallow earthquakes where movements between plates of 
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Fig. 1. 


reliably determined double-couple mechanism solutions of deep and intermediate depth earthquakes. 
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lithosphere are apparently accommodated along zones 
of weakness. Also, Stacey! has pointed out that thermo- 
dynamic problems arise if stresses much greater than 10 
bars are associated with the large strain rates in the 
mantle that are required by sea-floor spreading and 
continental drift. These problems may be circumvented 
if the earthquakes in the mantle indicate large stresses 
within lithospheric plates rather than the smaller stresses 
within the weaker asthenospheric material where most of 
the mechanical work is being done. 

The predominance of simple down-dip stress orienta- 
tions shown in Figs. laand 1b suggeststhat in those portions 
of the zones characterized by relatively simple planar 
geometry the stress may be a result chiefly of the forces 
directly involved in the downward motion of the plate. 
The presence of down-dip extensional stress suggests that 
the slabs may be pulled into the mantle as a result of a 
negative buoyancy of the slab as suggested by Elsasser'. 
At rates of descent of the order of 10 em/yr, temperatures 
in the slab may be of the order of 1,000° C cooler than the 
adjacent mantle. and positive density anomalies of the 
order of 0-1 g/ml. would result. 

Hatherton™ and Morgan and Smitht? find support for 
such excess mass in analyses of gravity data. If this load 
were supported chiefly by tractions along the large areas 
beneath the surficial plates of lithosphere, then simple 
calculations show that the deviatoric stress within the 
downgoing plate would be extensional, of the order of 
several kilobars, and would decrease with depth (Fig. 34). 
As the slab penetrates into stronger material beneath the 
asthenosphere the support for the load of excess mass is 
transferred from above to below the load, and the stre 
in the lithosphere would depend on the variation of exces 
mass within the slab and the variation of strength with 
depth. In general, one might imagine a stage in which 
part of the load is supported from below and part from 
above (Fig. 3b) such that the stress changes from extension 
at intermediate depths to compression at great depths, 
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Equal-area projections of the axes of compression (P), axes of tension (T), null axes (B) and the poles of the nodal planes of the most 


‘The centre of each plot is in a direction 


parallel to the dip of the inclined seismic zone; the strike of the zone and the direction normal to the zone (on the lower side) are as shown In 


Fig. id. 





America®? (14° W-108° W), 5; Chilet? (15° 8-30° §), 8. 


The regions and number of earthquake mechanisms included in this plot are as follows: Tonga t12 (15° 8 





26" S), 14; Kermadect** 





26° 8-36° 8), 1: North Island, New Zealand*®.** (36° S-41° S), 1; New Hebrides!? (10° §-22° 8), 9; Sunda (unpublished results of B, I and 
M. and oir ¥iteh and P. M) (100° E-127% B), 9; Marianas (12° N-24° N), 2; Izu-Bonin*®-** (24° N~35° N), 8; Philippines" ( 3° 

3: Ryukyu” (24° N-33% N), 2; northern Henshu*** (35° N-43° N), 4; Kuriles™ (43° N-52° N), 8; Aleutians™ (145° W-170° E), 1 ¢ 
‘meri The data on focal mechanisms and the structures of the seismic zones are deseribed 





N~12° N), 
; Middle 


in more detail in the references Indicated here. 
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Fig. 2. Down-dip stress type plotted as a function of depth for fourteen regions (see caption for Fig. 1 for locations of regions and sources of 
data). A filled circle represents an orientation such that the axis of tension T is within 20-30 degrees of the loval dip of zone, that is, 





down-dip extension; an unfilled circle represents an orientation such that the axis of compression P is within 20-80 degrees of the local dip of 


the zone, that is, down-dip compression; and the Xs represent orientations that satisfy neither of the preceding. 


less reliable determinations. 


Smaller symbols represent 


The enclosed rectangular areas approximately indicate the distribution of earthquakes as a function of depth by 
showing the maximum depths and the presence of gaps for the various zones. 
from Barazangi and Dorman’ and Gutenberg and Richter? were used for each of the fourteen regions. 


in addition to the references listed in the caption to Fig. 1, data 
The zones are grouped (from left to 


right) according to whether the zone is continuous to depths of 500-700 km, discontinuous with a gap hetween Intermediate depth and deep 
earthquakes, or continuous but reaching depths less than 300-400 km. 


with zero deviatoric stress somewhere between. When the 
load is fully supported from below, the stress becomes 
compressional throughout. Fig. 3d shows an alternative 
development where, as a result of the extensional stress 
and a possible stoppage in the movements, a piece of 
lithosphere breaks off, sinks independently, hits bottom 
and thereby comes under compression. In Figs. 3b and 3d 
gaps in the distribution of earthquakes as a function of 
depth might occur between extensional type mechanisms 
at intermediate depths and compressional type mechan- 
isms at great depths. Where the seismic zone is con- 
tinuous, that is, where earthquakes occur throughout the 
range of depths to 600-700 km, the slab would be under 
compression throughout. 


Seismicity and Depth 


The model shown in Fig. 3 thus predicts a correlation 
between the respective depth variations of focal mechan- 
ism and seismicity. Fig. 2 shows that this correlation is 
partially supported by the data. The regions where down- 
dip extensional stress predominates, such as Middle 
America, the New Hebrides and Chile, are characterized 
by notable gaps in seismicity as a function of depth or, 
in the case of Middle America, an absence of deep earth- 
quakes. On the other hand, in regions such as Tonga, 
Izu-Bonin and northern Honshu the zones are apparently 
continuous and exhibit down-dip compressional stress at 
intermediate depths as well as great depths. Thus Tonga, 
Izu-Bonin and northern Honshu would be represented 
by Fig. 3¢; Middle America would be represented by 
Fig. 3a; and Kermadec, Chile, North Island of New 
Zealand, New Hebrides, Sunda and Philippines would be 
represented by Fig. 3b or 3d. 

Anderson and others have proposed a phase change 
at depths near 350-400 km where the density increases by 
9-10 per cent. If dT/dP for the phase boundary is positive 
{as proposed by Anderson), and the change occurs with 


sufficient rapidity, the transition to greater density in the 
lithospheric plate might occur above the level of the 
transition in the adjacent mantle. This added load applied 
near 300-400 km depth might help to explain the pre- 
valence of compression everywhere below 300 km as well 
as the prevalence of minima or terminations (Fig. 3) in 
the various distributions of seismicity as a function of 
depth. 

Certain other areas not included in the present analysis 
because of uncertainties in the configuration of the sub- 
crustal zone may offer further support for the models of 
Fig. 3. Intermediate depth earthquakes in the Hindu 
Kush, for example, are characterized by T axes that dip 
gently northward’ 4, If this zone of intermediate depth 
earthquakes is a remnant of a larger slab underthrust 












INCREASING STRENGTH 





HIGH STRENGTH 


Fig. 8. A cartoon showing possible distributions of stresses in slabs of 
lithosphere that sink Into the asthenosphere (a) and hit bottom ( and 
c), d represents the case where a piece of lithosphere has broken off. 
The symbols are the same asin Fig. 2: the filled circles represent down- 
dip extension and the unfilled circles represent down-dip e 
The size of the circles qualitatively indicates the amount of activity at 
the respective depths. in b and d gaps in the seismicity would be 
expected. Also shown is the underthruating and the extensionsi stresses 
near the upper surface of the slabs due to the bending of the stab beneath, 
the trenches. These features are inferred from the mechaniams of shallow 
earthquakes*. The lower boundary where the slabs hit bottom might 
correspond to the transition region or discontinuity near 650-700 kyti, 
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beneath the Himalayas, then the focal mechanism orienta- 
tions might be indicative of down-dip extensional stress. 
The deep earthquakes beneath western Brazil are located 
nearly vertically beneath intermediate depth earthquakes 
and are apparently associated with the island arc-like 
features of the Peru trench. The deep mechanisms are 
characterized by nearly vertical P axes (refs. 16 and 17 
and our unpublished results). Although the structure of 
the seismic zone is not well defined, the locations of earth- 
quakes'®!* suggest that the deep zone also dips very 
steeply beneath western Brazil. 


Limitations of the Two-dimensional Model 


Further comparisons of Figs. 2 and 3 show that the 
correlation breaks down in certain regions. In particular, 
the down-dip compressional stresses in the Aleutians and 
Ryukyus, the presence of both compressional and exten- 
sional stresses at intermediate depths in the Kuriles and 
New Hebrides, and the solutions denoted by “X” are not 
explained by the two-dimensional models of Fig. 3. These 
diserepancies, as well as the complex mechanisms and 
structures excluded in the analyses of Figs. 1 and 2, 
indicate the unsurprising result that the two-dimensional 
model of Fig. 3 does not explain all the data. Certainly, 
contortions and disruptions of the lithospheric plates 
would be expected to affect the stresses, although a 
search for such effects does not yield any simple relation- 
ship between the mechanism orientations and the con- 
tortions of the zones. 

Nevertheless, one interesting association can be pointed 
out. The down-dip compressional stresses present in the 
Aleutians, the New Hebrides and the Ryukyu are (Fig. 2) 
are located where the curvature of the are is appreciable. 
In each case the T axis, instead of the B axis, is nearly 
parallel to the strike of the seismic zone; this orientation 
of the extensional stress might result from the type of 
deformation of the slab suggested by Stauder®®. In the 
less arcuate portion of the New Hebrides the T axes are 
predominantly parallel to the dip of the seismic zone and 
the B axes are parallel to the strike. Many of the mechan- 
isms represented by Xs in Fig. 2 may reflect other un- 
resolved contortions of the downgoing slab or other 
sources of stress such as thermal gradients within the 
plates or local density variations. 

Nevertheless, the consistent pattern shown in Fig. 2 for 
zones that are relatively uncontorted offers support for 
the interpretation that gravitational body forces are a 
major source of stress in the lithosphere. If we make this 
interpretation, then the results require that in many 
regions the slabs are smking and are exerting a downwards 
pull. The results also require the complications of Fig. 3 
in which the sinking slabs are supported from above or 
below, or both. Thus if we use the results to extract in- 
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formation on the forces that drive the global plate move- 
ments, we can infer two important effects: (1) the down- 
going slabs can exert a pull on the surface portions of the 
plates, and (2) as the downgoing slabs “hit bottom” 
beneath the lithosphere the downward pull on a surface 
plate is significantly decreased. These interpretations 
suggest that the pull of the descending slabs may be an 
important contribution to the driving forces of global 
tectonics. Moreover, hiatuses or changes in the rates and 
direction of sea-floor spreading and continental drift 
might result when the descending slabs reach depths of 
500-700 km. 
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THE frequency of occurrence and structural complexity 
of eircular forms of mitochondrial DNA differ in various 
types of cells. The most common form of mitochondrial 
DNA in multi-cellular animal cells is a circular molecule 
with a contour length of 4-5 to 5-5 microns, corresponding 


experimentally to cause the accumulation of DNA dimers and higher 
oligomers in the mitochondria. 
growth restores the formation of DNA monomers. 


Return to normal conditions of 


to a molecular weight of 9-10 million daltons!~*. Circular 
forms of DNA with twice or several times the length and 
molecular weight of the monomeric form have been 
described in mouse fibroblasts (L-cells)*-?, HeLa cells’, 
human leukaemic leucocytes’? and sea urchin eggs! 
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Dimers may consist of two forms, unicircular double- 
length molecules or two monomers that are interlocked. 
The latter are most commonly observed and occur at a 
frequeney of 2 to 9 per cent’-!?. The unicircular dimers, 
on the other hand, have been described only in mitochon- 
drial DNA isolated from human leukaemic leucocytes (up 
to 32 per cent)? and mouse L-cells (6 per cent)*7, The 
cause of these variations in form and frequency of circular 
DNA molecules in mitochondria is unknown. 

The experiments reported here developed from a striking 
observation made during studies of DNA methylation. 
L-cells deprived of methionine yielded mitochondrial 
DNA with about 50 per cent dimers. Additional experi- 
ments, described in this article, show that the frequency of 
dimers is most effectively augmented (up to 82 per cent) 
by keeping cells in the stationary phase of growth, by 
treatment of cells with cycloheximide, and by amino- 


acid starvation. Higher DNA oligomers, especially 
forms consisting of interconnected dimers, are also 


generated. Studies with labelled DNA suggest that 
existing monomer forms are utilized in dimer formation. 


Forms of Mitochondrial DNA 
Growing and Stationary Cells 


Cells growing logarithmically in culture eventually 
eease to divide if the cell population becomes relatively 
dense. This stage is termed plateau or stationary phase 
of growth. It has been proposed that cells in stationary 
phase depend on endogenous metabolism and thereby 
deplete amino-acids and other cell reserves!*, There have 
been conflicting reports as to the relative reduction of 


in Logarithmically 
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Table 1. THE FREQUENCY OF CIRCULAR DIMERS AND HIGHER OLIGOMERS LX 
MITOCHONDRIAL DNA FROM L-CELLS IN LOGARITHMIC AND STATIONARY 
STAGES OF GROWTH 


Cell Cell concen- Total Unicireular Higher 
Stage of Days divisions tration dimeret dimers oligomers 
growth No.* cells/ml. ®t Wy Yo 
Experiment 1 
Log 2 11 BO x 10% 10 8 L 
Stationary 2 O37 37x 108 82 66 11 
Reverted log 2 16 TË x 108 40 25 5 
Experiment 2 
Log 2 7 57x 10° 17 m 2 
Stationary 2 016 27x 10* T7 — 10 
Reverted log 2 1-2 4d x 105 BO we 4 


* The cell division cycle or doubling time for L-cells in log phase is approx: 
imately 20 to 22 h or 1-1 to 1-2 cell divisions per day. Cells were harvested 
at the concentration indicated. 


+ Total dimers from lower and intermediate bands of caesium chloride~ 
ethidium bromide gradients. Count includes unicircular and interlocked 
dimers, as well as a small proportion of dimers that were too twisted to be 
categorized. 


+200 to 400 molecules were scored in each experimental condition. 
Standard deviations + 4 per cent. 


DNA, RNA and protein synthesis in stationary phase 
cells'415, It was of interest to examine mitochondrial 
DNA from cells in this phase of growth for it ocours 
naturally during the life span of many types of cells. 
In logarithmically growing L-cells, mitochondrial DNA 
consists of approximately 90 per cent circular DNA 
monomers and 10 per cent dimers and higher oligomers’. 
Two types of dimers are found, the unicireular and inter- 
locked forms, of which the former predorninate®”. Table 1 
shows the frequencies of monomers, dimers and higher 
oligomers of mitochondrial DNA isolated from ceils m 
logarithmic and stationary phases of growth, and Figs. 1 








Fig. 1. 
L-cells in stationary phase of growth. 
which interlock at the arrow; submolecule on right has two loops. This preparation received uni- 
directional shadowing in addition to the routine rotary shadowing to clarify the structural relation 


between two submolecules. 


Electron micrographs of multiple DNA molecules isolated from mitochondria of cultured 
(1) Interlocked dimer, consisting of two relaxed monomers 


(2) Loosely coiled monomers; (3) supercoiled dimer; (4} loosely 


coiled unicircular dimer; (5) tetramer, consisting of two loosely coiled interlocked dimers, Contour 
lengths of monomer approximately 5 microns. 





Fig 2, Electron micrograph of multiple mitochondrial DNA from L-cells 

in stationary phase of growth. (1) Loosely coiled monomer, (2) three 

loosely coiled dimers; (3) octamer (presumably), consisting of a relaxed 

unicircular dimer (centre), connected with a supercoiled dimer (top) 

and relaxed interlocked dimer (bottom); two supercoiled monomers 

connect with central and bottom dimers; the latter relation is not 
clearly defined. 





and 2 show representative electron micrographs of the 
types of DNA molecules found in mitochondria of 
stationary cells. Table 1 indicates that after 2 days in 
stationary phase (0-37 cell divisions during the first day, 
none during the second), the concentration of DNA 
dimers reached 82 per cent. This is the highest frequency 
of dimers observed thus far. Most dimers consisted of the 
unicireular type. The remaining double-length molecules 
were either two interlocked monomers or were too tightly 
coiled to be classified into either of the two types. Higher 
multiple forms of DNA also increased from l per cent in 
control cells tœ 11 per cent in stationary cells, 

The accumulation of DNA dimers and oligomers was 
reversible. The frequency of these forms was reduecd to 
less than half after the stationary cells were diluted and 
were grown for 2 days in logarithmic phase, m which the 
cells grew little during the first day but doubled during 
the second day (Table 1). The reduction of the frequency 
of multiple-length DNA may result either from dilution 
by newly formed DNA monomers, from conversion into 
monomers, or from both, 

Examination by electron microscopy of the structure 
of dimers and higher eligomers in mitochondrial DNA of 
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stationary cells revealed complex forms of DNA that have 
hot previously been described. In addition to the 
prevailing unicireular and interlocked dimers, tetramers 
consisting of two interconnected dimers were most. 
frequently observed (Fig. 1). The identification of inter- 
locked forms as opposed to overlapping molecules was 
possible because mere overlapping occurs very rarely. 
In confirmation of observations by Hudson and Vinograd”, 
individual DNA molecules tend to avoid each other on 
the protein film; they touch when they are physically 
connected. By focusing the electron microscope or by 
adding undirectioual shadowing (Fig. 1 (1)), the relation 
between touching molecules was found to be interlocking. 
In tetramers, either both dimer submoleeules were 
unicireular (Fig. 1 (5)) or one dimer submolecule was of the 
interlocked type. Tetramers composed of four monomers 
were rare. Hexamers consisting of three interconnected 
dimers were also observed. Fig. 2 shows a complex 
molecule that may be an octamer, consisting of three inter- 
connected dimers and two monomers attached to two of 
the dimers. Trimers consisted either of interlocked 
monomers or of a joined dimer and monomer. 
Preliminary experiments have shown that L-cells 
grown to confluence on monolayers also yielded mitochon- 
drial DNA greatly enriched with dimers and higher 
oligomers, : 








Forms of Mitochondrial DNA in Cells subjected to 
Amino-acid Starvation and Metabolic Inhibitors 


Specific metabohe conditions which might affect the 
pattern of multiple forms of mitochondrial DNA were 
examined, Table 2 shows several conditions that may 
generate DNA dimers and oligomers. If the supply of 
methionine was limited, the concentration of DNA 
dimers increased four to six-fold. After four cell divisions 
the frequency of dimers had returned to normal. Similar 
results were obtained after starvation for phenylalanine. 
It should be noted that the concentration of dimers after 
sumption of growth in phenylalanine-rich medium is 
still rather high (33 per cent). This may be due to a 
particularly long lag period (24 h) during which multiple- 
length DNA. molecules may continue to accumulate. 
Among many known inhibitors of protein synthesis, 
the antibioties eycloheximide and chloramphenicol were 
chosen. In eukaryotic cells, eveloheximide inhibits 
cytoplasmic but not mitochondrial (or bacterial) protein 
synthesis, whereas chloramphenicol inhibits mitochondrial 





Table 2. THE PROPORTIONS OF CIRCULAR DIMERS IN MITOCHONDRIAL DNA 





OF L-CELLS FOLLOWING AMINO-ACID STARVATION OR TREATMENT WITH 
VARIOUS INHIBITORS 
Cell Total Higher 
Experimental condition Days divisions dimers* oligomers 
No, t A a 

Control cells Jogarithmically grow- 

ing) 2 2-4 9 2 
Methionine starvation (exp. D) t 2 1-6 40 ~$ 
Methionine starvation (exp. z 01 53 = 
Methionine supplied after starva- 

tion (exp, 2) 5 42 9 mem 
Phenylalanine starvation 2 Oe De 1e 
Phenylalanine supplied after star- 

vation 2 17 3g on 
Cycloheximide (25 ugm.) 1 0-02 73 9 
Cycloheximide removed ü 46 R 2 
Chloramphenicol (25 ugm) 2 16 17 1 
Chloramphenicol (150 yg/ml.) 1 O04 24 d 
Actinomycin D (1 ug/ml.) 1 0-03 11 i 
Colchicine (O01 mwelmbhyt (55% = 

metaphases) 1 O05 2 


The incorporation of $H-phenylalanine (1 h pulse) into whole cells was 
inhibited 99 per cent after treatment with cycloheximide. The incorporation 
of 'C-leucine and “H-uridine (1 h pulse) was inhibited 2-5 per cent in both 
chloramphenicol experiments. 6-12 pe nt after treatment with actinomycin 
D. The incorporation of *H-thymidine (1 h pulse) was inhibited 2-5 per 
cent and 90 per cent after treatment with chloramphenicol and actinomycin 
D, reapectively, 


* Composition and scoring of dimers as described in Table 1. 











+ Standard deviations +4 per cent. 
+ Covalently closed DNA from lower band only. 
§ Not analysed. 
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(and bacterial) but not cytoplasmic protein synthesis’*. 
Addition of 25 ug cycloheximide per ml. cell culture for 
24 h effectively mhibited cell division and total protein 
synthesis, as tested by cell counts and incorporation of 
3H-phenylalanine into whole cells. Strikingly, the 
isolated mitochondrial DNA was greatly enriched in 
dimers (73 per cent) and higher oligomers (9 per cent) 
(Table 2). The structure of these complex DNA forms, as 
seen in the electron microscope, was similar to the appear- 
ance of mitochondrial DNA from stationary cells. After 
removal of cycloheximide by washing and growing the 
cells in fresh medium, incorporation of *H-phenylalanine 
into whole cells resumed immediately. After 4-6 cell 
divisions, the dimer concentration had returned to normal. 

Treatment of cells with chloramphenicol, on the other 
hand, did not significantly generate DNA dimers (Table 2). 
The concentrations of 25 ug/ml. and 150 ug/ml. were 
chosen because Firkin and Linnane!’? reported that in 
cultured HeLa cells 20 ug chloramphenicol per ml. was 
sufficient to inhibit the synthesis of some mitochondrial 
proteins, whereas 150 ug/ml. inhibited respiration and cell 
growth. As with Hel.a cells, L-cells proceeded through 
two cell divisions in the presence of 25 ug chloramphenicol 
per ml. and then stopped growing. Cell growth was com- 
pletely inhibited when chloramphenicol was more econ- 
centrated (150 ug/ml.). The incorporation of *H-leucine 
into whole cells was slightly inhibited in both experi- 
ments. It is not yet known whether this inhibition reflects 
a specific effect on mitochondrial protein synthesis. 
Several types of toxie effects of chloramphenicol on mam- 
malian cells have been reported'’, Thus far, the experi- 
ments suggest that protein synthesis, possibly an enzyme 
manufactured in the cytoplasm, is required for main- 
taining a normal balance of mitochondrial DNA mono- 
mers. A definite conclusion cannot be drawn until these 
relationships have been examined in greater detail. It 
is evident, however, that the generation of dimers does 
not occur in all conditions leading to arrest of cell division, 
for actinomycin D, which inhibited by 90 per cent the 
incorporation of *H-thymidine into DNA, and colchicine, 
which arrested 55 per cent of the cells in metaphase, did 
not cause an increase of DNA dimers (Table 2). 


Band Sedimentation of Mitochondrial DNA labelled in 
Logarithmically Growing and Stationary Cells 


Are DNA dimers and higher oligomers synthesized 
de novo in conditions causing their accumulation or do 
they originate from pre-existing monomers ? The yield of 
mitochondrial DNA (ug DNA/mg mitochondrial protein) 
was only slightly higher (5-15 per cent) in stationary cells 
as compared with logarithmically growing cells. There 
was thus no drastic shift in the DNA-protein ratios in 
conditions of high dimer formation. To assess the origin 
of the DNA forms made, several experiments were per- 
formed with isotopically labelled DNA (Fig. 3). L-cells 
were grown for 2 days in the logarithmic phase in the 
presence of *H-thymidine. The cells were centrifuged and 
divided into two portions. One part (a) was resuspended 
in fresh non-radioactive medium and grown logarith- 
mically for 2 more days. The other part (b) was re- 
suspended at a high cell concentration in fresh medium 
containing C-thymidine. The cells were kept in 
stationary phase for 2 days. The growing cells (a) and 
two thirds of the stationary cells (b) were harvested. One 
third of the latter cells (c) were then washed and diluted 
with fresh medium and grown for 2 days in the presence of 
+P, Mitochondrial DNA was isolated from the three cell 
cultures by the caesium chloride-ethidium bromide 
method, dialysed to remove the dye, and subjected to band 
sedimentation through sucrose gradients. Analysis of the 
DNA by electron microscopy before sedimentation 
(Table 1, exp. 2) revealed 17, 77 and 30 per cent dimers 
in preparations (a), (b) and (c) respectively. 

Fig. 3a shows DNA profiles from cells labelled in log 
phase. There were three major bands with approximate 
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Fig. 3. Band sedimentation of mitochondrial DNA isolated from T-cells 
in logarithmic and stationary phases of growth. a, L-celle grown in 
logarithmic phase for 48 h in the presence of 0-5 «Cl "H-thymidine per 
mi. (specific activity 10-4 Ci/mmole), Cells were resuspended 10 none 
radioactive medium and grown for another 48 h. b, L-cells maintained in 
stationary phase for 48 h in the presence of “C-thymidine. Celle were 
derived from a after growth in “H-thymidine-containing medium, bat 
were Subsequently resuspended at a ten times higher cell concentration 
in a medium containing 6-1 aCi 'C-thymidine per mi, (gpeciic-activily 
47-9 mCi/mmole). ¢, L-cells grown In reverted logarithmic phase for 48 D 
in the presence of P (H,PO,). Cella were derived from. 6 by resuapon- 
sion and dilution with medium containing half the usual phosphate 
concentration and 5 «Ci SP (PO) per ml. ©, H radioactivity: 
(P, YC radioactivity; @, P radioactivity; x, percentage of sucrose, 


sedimentation coefficients of 158, 39S and 548. The 
fractions were analysed by electron microscopy before 
interpretation of the labelling patterns. The 15S com- 
ponent consisted of small linear fragments (about 1-2 
microns), 398 of circular 5 micron monomers, and 545 
of mainly unicireular and very few interlocked dimers, 
The calculated sedimentation coefficients are approximate, 
with a standard deviation of +1 in six experiments. 
They are consistent, however, with values obtained for 
other types of mitochondrial DNA 1-1 from analytical 
centrifugation (39S for the closed circular 6 micron 
monomer!®2, 37-LS and 51-68 for closed circular monomer 
and closed unicireular dimer, respectively)". Fig. 3a 
shows that the *H-labelled 39S component clearly pre- 
dominates in log phase DNA of L-cells, as expected from 
electron microscopical analyses before ysedimentation. 
The 545 component is relatively reduced. Several 
experiments have shown that growing cells subjected to 
centrifugation and resuspension contained almost twice 
as many dimers (17 per cent) than control cells that were 
not manipulated (6-10 per cent). Tt is possible that during 
the few hours of lag phase following centrifugation some 
dimers accumulate. The 158 component is fragmented 
DNA, most of which appears to overlap in CsCl-ethidium 
bromide gradients from the upper linear band into the 
intermediate band. 
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Fig. 36 shows the labelled DNA profile from stationary 
cells. The *H-labelled profile is clearly shifted to an 
augmented 545 peak. The “C profile also indicates that 
mostly 54S and some larger components were made. 
Analysis of the isolated 39S and 54S fractions showed 
mostly DNA monomers in the 395 fraction and unicircular 
dimers in the 548 fraction. Both bands also contained 
about 5 per cent interlocked dimers. The interlocked 
forms, depending on their structural intactness, have been 
reported to sediment closely with either unicircular 
dimers or monomers*!. Sedimentation coefficients of 
51-68 and 51-38 have been determined for closed circular 
and interlocked dimers respectively, and 39-78 for inter- 
locked dimers with one nicked submolecule®. The latter 
forms of DNA were present in the preparations studied 
here by including the intermediate bands of CsCl-dye 
gradients. 

The radioactivity profile (Fig. 3b) suggests that pre- 
existing *H-labelled monomers were utilized in dimer 
formation, for dimers (548) were labelled both with "H 
and with C, the former being given during log phase and 
the latter during stationary phase only. It is also possible, 
however, that *H-labelled dimers were synthesized 
incorporating *H-labelled precursors from degraded mono- 
mers or other compounds in an as yet unknown precursor 
pool of the cells. The former possibility is favoured as a 
more likely process. After growth of the cells in P for 
2 days (Fig. 3c), the profile shows a shift of the 9H curve 
from an originally enhanced 548 peak to an increased 398 
peak. The “C profile shows a similar shift. The results 
suggest either a conversion of dimers back to a 39S form, 
or a conversion into other forms of DNA, sueh as nicked 
interlocked dimers, or dimer degradation. The P curve 
indicates that both 54S and 39S components were made 
during reverted log phase at about equal rate. Whether 
dimers actually replicated is a possibility that must be 
tested by other methods. Pulse labelling experiments, 
in which cells were labelled with *H during the second day 
in stationary phase and with P during the second day 
in reverted log phase, have thus far given similar results to 
those in Fig. 3e. Although pulsing for shorter periods of 
time is obviously required to resolve the mechanism of 
dimer formation, there is a technical difficulty of obtaining 
sufficiently radioactive cells after short pulses. The cells, 
especially in stationary phase, have a relatively low 
metabolic activity, and excessive amounts of isotope are 
required for the large volumes of suspension culture used 
to obtain sufficient yields of mitochondrial DNA. 

The present results indicate that the production of 
DNA monomers in mitochondria of L-cells is in equilibrium 
with the formation of dimers and higher oligomers. In 
normal conditions of growth, DNA monomers accumulate; 
in conditions inhibitory to protein synthesis and in station- 
ary phase of growth (where protein metabolism may also 
be affected) the equilibrium is shifted to the production of 
multiple forms of DNA. Restoration of normal growth 
conditions also restores the process of monomer production. 
The exact mechanism of duplication of DNA monomers 
to yield multiple forms remains to be determined. Such 
a mechanism must also explain why some types of cells 
in what we consider normal conditions differ in their con- 
tent of unicireular and interlocked dimers’~!*. Further- 
more, it is necessary to distinguish which forms of DNA 
are normal intermediates in monomer replication 
and accumulate in conditions of starvation, and which 
forms may be newly created by an error in the duplication 
process or by recombination. Goebel and Helinski?® 
recently reported that higher multiple cireular DNA 
forms of the bacterial plasmid Col E, in Proteus mirabilis 
can be generated by treatment with chloramphenicol or 
by amino-acid starvation. They proposed that the 
generation of multiple forms may result from an imbalance 
in the formation or concentration of the enzymes re- 
sponsible for Col E, DNA duplication. This may also be 
the case in L-cell mitochondria. No generalizations can 
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be drawn as yet, however, for the unicircular dimers, 
in contrast to interlocked dimers, have been described 
only in a few types of malignant cells, human leukaemic 
leucocytes!®, mouse L-cells*?7 and an unspecified number 
of human solid tumours®*. It has been proposed that a 
survey of tissues suggests a significant relationship 
between the formation and presence of the unicircular 
dimer and neoplasia in manè. It should, however, be 
stressed and cautioned that results obtained by merely 
sampling the frequency of various DNA forms in mito- 
chondria of diverse cell types can be misleading unless the 
metabolic state of the cell is known or studied in detail. 
The results of a reversible generation of multiple forms of 
mitochondrial DNA from monomers also imply that the 
informational content of DNA monomers is repeated, 
that is, becomes redundant in the multiple state. 


Experimental 


Cell culture. Mouse fibroblasts (L-cells) were grown in 
suspension culture in Joklik medium containing 10 per cent 
foetal calf serum‘. Cells in stationary phase were obtained 
by centrifugation of cells in logarithmic phase (2-3 x 105 
cells/ml.) and resuspension to a concentration of 2-3 x 10° 
cells/m]. This method was preferable to letting log cells grow 
until they reach stationary phase because it gave a more 
reproducible growth response. Cells in reverted log phase were 
obtained by diluting cells in stationary phase to a concentra- 
tion of 2-3 x 108 cellsjml. Cells were starved for amino-acids by 
reducing the content of amino-acids to one-fifth of that in 
normal Joklik medium. 

Isolation, of mitochondria and mitochondrial DNA. Mito- 
chondria were isolated as described previously!*, except for 
omitting incubation with DNase to assure recovery of com- 
parable intact DNA from mitochondria of celis grown in widely 
different conditions. Mitochondrial DNA was isolated in CaCl- 
ethidium bromide gradients as described before?. Residual 
nuclear DNA was removed by discarding the upper band. The 
lower two bands were pooled for analysis. A yield of 0-5-0-7 ug 
DNA/mg mitochondrial protein or at least 50 to 70 per cent of 
total mitochondrial DNA! was obtained. 

Band sedimentation in sucrose gradients. Linear gradients 
of sucrose solutions consisted of 4:5 ml. 5-20 per cent (w/v) 
sucrose, 0-1 M NaCl, 1 mM EDTA, 0-01 M ¢tris-HCl, pH 8-1. 
DNA solutions (approximately 2 ug) were layered on top of 
the gradients in volumes of 0-1-0-2 ml. The tubes were centri- 
fuged in a SW65 Ti rotor in the Spinco L2 ultracentrifuge at 
48,000 r.p.m., 15° C, for 60 min. Nine-drop fractions were 
collected from the bottom of the tubes. The radioactivity was 
determined in 50 or 100 ul. aliquots on filter disks or dissolved 
in NCS-toluene liquid®:’. Approximate sedimentation coeffi- 
cients were calculated as described*4 from 


5 AB x 101017 
S ww = a 


where d is the distance in em of the DNA band from the 
meniscus and œ% is (r.p.m.)® x hours. 

Electron microscopy. The techniques were as described 
previously”. To allow analysis of large numbers of DNA 
molecules, they were scored directly in the electron microscope, 
after first examining and measuring molecules on representative 
electron micrographs taken from the same preparations. If 
many molecules were too twisted to be categorized, the DNA 
was spread again in the presence of 10 ug/ml. ethidium bromide 
which caused partial unwinding of the molecules as deseribed®, 
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Do Intestinal Parasites require Oxygen? 


by 
MALCOLM H. SMITH* 


Department of Biochemistry, 
University of Sheffield 


THe question of whether intestinal parasites require 
oxygen goes back to the turn of the century. The idea 
was that intestinal worms do not and cannot consume 
oxygen. Slater’s experimental evidence and theoretical 
arguments to the contrary}? seem to have made little 
impression, and not until 1931 were the first studies of 
oxygen consumption by intestinal parasites recorded. 
There has since been a continuous rearguard action to 
bring all such data into line with the pre-existing belief 
that such parasites require little or no oxygen im vivo. 
From being regarded as strict obligatory anaerobes, 
worms such as Ascaris have come to be considered 
facultative anaerobes with little or no use for the aerobic 
facility, or more recently as having—possibly—a small 
obligatory requirement for oxygen. I believe that the 
preconceived concept of anaerobiosis so colours the 
design and interpretation of experiments that it has had 
a prejudicial effect on parasitology. 

According to von Brand’, the controversy as to whether 
or not intestinal parasites require oxygen was first un- 
equivocally decided by Epps et al.‘, who sterilized speci- 
mens of Ascaris lumbricoides using antibiotics and found 
that they produced volatile fatty acids (page 111). As 
I shall show, they merely proved that the fatty acids 
were produced by Ascaris rather than by bacteria. This, 
and many related experiments, have little relevance to 
the normal metabolism of Ascaris. Von Brand’s earlier 
comment (page 111), that “It is of historie interest to 
note that the assumption of a causal connexion between 
volatile fatty acids and helminth metabolism, first 
described by Weinland', has several times been severely 
criticized and doubted (for example, Fischer’; Slater?*), 
mainly because of the unwillingness to concede that in 
invertebrate tissues metabolic pathways may exist that 
are different from those prevailing in vertebrates”, is 
symptomatic of a rigid outlook which leads to acceptance 
only of such views as are consistent with an inherited 
view of a host—parasite relationship which somehow 
revolves around a unique parasite metabolism. Outside 
parasitology there is no evidence that the basic biochemical 
features of the animal cell are appreciably different in any 
metazoan, and there is much evidence that parasitic 
species are not unique in this sense. In this light, much 
information about their biochemistry and physiology 
can be readily and more rationally interpreted. I take 
most of my specific examples from Ascaris lumbricoides 
variety suum, because it is commonly used as type 
material in parasitology, because more information is 

* Deceased. 


These parasites have long been considered anaerobic. Available 
information about Ascaris at least suggests that they are normal 
aerobic animals. 


available about it than any other species, and because I 
have the experimental experience with this animal. 
The literature suggests that conclusions applicable to 
Ascaris probably apply equally to all nematode parasites. 
I see no a priori reason why they should not apply with 
equal validity to the trematodes. The position of other 
parasitic helminths is less clear, chiefly because of lack of 
information, but again I see no a priori reason why they 
should not be similar. 

A complete tricarboxylic acid (TCA) cycle clearly 
exists in several parasitic nematodes, although it has 
previously been held that few, if any, parasites have all 
the necessary enzymes (ref. 3, page 132ff). The presence 
of a complete cycle where only part had been recognized 
before obviously indicates inadequate or incomplete 
experimentation earlier. A penetrating summary of the 
reasons for this, and of the precautions needed before 
valid conclusions can be drawn, was given by Ward and 
Schofield’. It is therefore disappointing that they 
attempted to explain away the functional importance of 
the cycle on the grounds that it cannot be of use in an 
anaerobic environment. Their premise, held to be axio- 
matic in all previous discussion, is that a complete 
normal TCA cycle implies a priori an aerobic metabolism. 
Although it has been recognized recently that this is not 
strictly true (the cycle operates in many microorganisnas 
in anaerobic conditions for the production of intermedi- 
ates), it is nevertheless the case that in higher organisms 
the TCA cycle has always been associated with an 
undoubtedly aerobic metabolism. Thus we can accept 
at face value von Brand’s statement? (page 133) 
that “A complication arising in the case of practically all 
parasites is that they are, as mentioned im a preceding 
section, aerobie fermenters. .. . A typical Krebs cycle 
cannot function under anaerobic conditions”. Because a 
typical Krebs eycle has been demonstrated in several 
species in which it had previously been confidently held to 
be absent?, notably Ascaris, further investigation is 
likely to reveal the complete cycle in many other parasites. 
It already follows that theories based on the concept of an 
incomplete cycle need revision. All such theories fail 
completely unless they can be shown to be in accordance 
with the newer evidence. In any case, can the existence 
of a TCA cycle in parasitic helminths be correlated with 
an aerobic metabolism or not ? 

The answer is yes. There is no concrete evidence that 
such parasites exist anaerobically in normal life, and 
little evidence that they are even facultative anaerobes. 
In attempting to summarize arguments for an anaerobic 
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mode of life, [ have found that all the “evidence” boils 
down to three points: (1) that parasites can be maintained 
in a normal, healthy stato in vitro; (2) that when kept 
in vitro their metabolism is normal, and (3) that the 
normal environment is anaerobic. As far as Ascaris is 
concerned, all three propositions ean be shown to be 
untrue. 


Ascaris in vivo 


The problem of maintaining parasites alive outside the 
host has only occasionally been overcome. In principle 
one would hope to be able to raise fertile adults from 
the eggs. Where such attempts have been successful, 
there is usually sterility or some bodily malformation, with 
the life cycle arrested at a particular point. In the case 
of Ascaris, adult animals from the gut of the host are 
“cultured” in the laboratory. It should be easier to keep 
these animals alive than to obtain adults from Ascaris 
eggs. A considerable literature has accumulated on the 
maintenance of Ascaris in vitro, and periods of up to about 
30 days have been claimed. Such studies are notable in 
two respects, First, the frequency of statements such 
as... was alive on the twenty-sixth day ... and was 
found dead on the following day”, indicating a sudden 
and unaccountable change in health, drastic enough to 
lead to the worm’s rapid death, This is a situation quite 
beyond normal experience, unless there is a strange 
disease which can strike down its vietims at various well- 
separated intervals of time. Second, the profusion of 
assurances of the health of the worms (up to the moment, 
when they are found dead), as contrasted with the dearth 
of information about how the health of the worm was 
appraised. I have yet to see published the criteria by 
which the worms were Judged to be “alive” at the end of 
the experiment, apart from the question as to whether or 
not the criteria adopted were experimentally sound. 
I am therefore sceptical of claims to have kept adult 
Ascaris alive for much more than 14 days, and see no 
sign of evidence to indicate that in all experiments so far 
the worms were not simply dying off slowly from the 
moment that they left the host. In my experience the 
normal behaviour pattern in vitro is first an “agitated” 
continuous motion, gradually subsiding until in two or 
three days there is little movement except possibly of the 
head. After this there is no further movement except as 
a result of direct stimulation, such as raising the ambient 
temperature. From this time on white patches appear 
on the body, other regions being at first unaffected and 
still responding to stimulation (even when the head has 
died). This necrotic tissue spreads until in 10-14 days 
the whole interior of the animal has disintegrated and is 
held together by the cuticle. I have seen no published 
description of such changes although I have seen them 
in all the usual media. The situation is, of course, con- 
fused to some extent by lack of knowledge of the normal 
behaviour of the worm in vivo. As a working hypothesis 
T have adopted the view that the healthy worm is normally 
immobile, or almost sof; that in vitro it at first reacts 
vigorously to some obnoxious stimulus in the new en- 
vironment (the movements are consistent with the idea of 
an attempt to evade some such stimulus); and that 
eventually it suecumbs to this or some other factor and 
becomes moribund, and eventually after the animal has 
died as an individual the tissues die altogether. 


Metabolism in vitro 

It is clearly difficult to argue with conviction that the 
metabolism of worms kept in vitro is still normal, even in 
the first few hours. There is evidence that within a 
relatively short time it becomes decidedly abnormal. 
Numerous studies have shown that in the presence of 
air whole Ascaris, or strips of the musculature, consume 
oxygen at an average rate of about 100 pl./g wet weight/h. 
As Laser’ pointed out, this is not substantially lower 
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than the basal metabolic rate of mammalian tissues. 
The normal method of keeping Ascaris for extended 
periods is to place one or more individuals in medium at 
37°C, this usually being changed every 24h. I have 
usually kept the equivalent of two to three average- 
sized females (about 4g wet weight each) in 250 ml. of 


solution. Table 1 shows that this is fairly generous 
compared with many experiments reported in the 
literature. In most cases the data given do not make 


possible any estimate of the amount of respiring tissue, 
which is approximately 60 per cent of the wet weight’, 
In my experiments the respiring tissue is therefore about 
6g and the dissolved oxygen would last about 10h, 
assuming negligible replacement of oxygen from the gas 
phase (by diffusion only). The latter follows from the 
feebleness of worm movement, even when most active. 
Even with a daily change of medium, worms would 
therefore have been maintained in anaerobie conditions 
for about half the time, and for even longer at the higher 
densities reported in Table 1. A cogent objection is that 
the rate of consumption of oxygen is apparently not 
uniform. Laser’ and Krüger! produced data showing 
that the rate at which adult Ascaris consume oxygen 
depends on the ambient concentration, The results 
suggest that consumption falls exponentially as oxygen 
tension is reduced, being reduced to half that in air at 
about 40mm partial pressure. They are not, however, 
accurate enough to indicate with certainty what happens 
at very low oxygen tensions. For example, the existence of 
a small but finite level of oxygen consumption, that is a 
basal metabolic rate, is by no means ruled out. Experi- 
ments in this laboratory with an oxygen electrode have 
shown clearly that worms brought from the abattoir 
at fairly high density can completely deoxygenate the 
medium in 1~2h. At a density of one per 300ml. a 
single worm can completely deoxygenate the medium in 
15-20h. The initial agitated movements diminish in 
proportion as the oxygen is used up. Davenport! 
correlated cessation of movement with deoxygenation 
of the tissue haemoglobin, and Slater! observed that 
survival of worms was dramatically shortened when, in 
anaerobic conditions, they were kept moving by repeated 
electric shocks. 


Table 1. DENSITY OF WORMS IN KEEPING MEDIUM AS GIVEN BY VARIOUS 


AUTHORS 


Volume of liquid 


Conditions available for each worm Reference 
Five worms/75 ml. 15 ml. Adam’ 
Five worms/50 rol. 17 mh Saz and Weil 


About fifteen worms (44:3- 
111:7 g, average abont 70 g) 
in about 450 ml, 

91 2/1,000 ml. 


von Brand** 


Approx, 25 ml. 
Ellison et al” 


Approx. 43 ml. 


Seven worms/333 ml, 475 ml, Harpur?’ 

Twenty worms/1,000 ml. 50 mil. Harpur and Waters’? 
30-90 2/700-900 ml. Approx, 40-100 ml. Weinland? 

Five worms/500 ml. 100 ml. Cavier and Savelt® 
One worm/125 ml. 125 ml. Epps et alt 

One worm/200 ml. 200 ml. Veno 


Medium was usually changed every 24 h. 


This suggests a ready explanation of the deep con- 
viction that Ascaris is a fermenter—they have always 
been kept in anaerobie conditions. This seems to be 
the case. The “typical” smell of Ascaris is due to volatile 
fatty acids—no such smell is apparent with fresh worms 
even in anaerobie conditions. I have examined these 
fatty acids in the medium by running aliquots of a stearn 
distillate of the medium through a gas chromatograph. 
This provided adequate qualitative data and gave a 
rough indication of the relative amounts of each acid from 
the peak heights. In an experiment oxygen was provided 
to the medium (a) by slow bubbling of air through a 
peristaltic pump; (b) by vigorous bubbling of air through 
an aquarium aerator, or (c) by vigorous stirring. None 
of the characteristic fatty acids appeared in (a) and (b) 
even though in (b) the worms died and partly disintegrated. 
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Only in (c) did the expected fatty acids appear, and in this 
case the typical Ascaris smell was noted. In one of the 
(b) flasks there was considerable odour, but not that 
typical of Ascaris. In further experiments the appearance 
of fatty acids was followed over a period of days when the 
worms were incubated in a sealed flask. They only 
appeared on the second or third day, though I have since 
found that they can be detected after 1 day by chromato- 
graphing samples of the medium directly. My results 
confirm data unrecognized in the literature since 1960. 
Ueno" kept Ascaris in medium for up to 13 days and 
analysed both the medium and the perienteric fluid for 
fatty acids on each day. He gave his results as amount 
of acid formed on each day. But if they are graphed in 
the more usual way as total fatty acid formed up to each 
day, a striking pattern emerges. For perienteric fluid 
the total fatty acid in each group (C-1, C-2 and so on) 
increases exponentially, so that only after 5 days is a 
substantial amount present. Only the C-l acid differs, 
this increasing at a linear rate. This agrees with my 
finding that formic acid always seemed to be present to 
some extent, even in aerobic conditions. Bueding™ 
ascribed this to bacteria in the worm’s gut. Data for the 
medium itself show a rapid linear increase of C-] and C~2 
acids for the first 3 days, and then a slower linear increase ; 
while the remaining acids show a roughly linear increase 
which is usually greater than the corresponding increase in 
perienteric fluid. The picture is clearly that of excretion 
of fatty acids into the medium during the first few days, 
which then reached such a high level that the tissues of 
the worm itself begin to accumulate them. Most of the 
eurves can be projected back in time, when they usually 
indicate an origin about 10h after the start of the incuba- 
tion. Fatty acids therefore do not appear even in the 
medium, until the medium has become anaerobic. Thus 
these fatty acids are not normal products of excretion, 
but very abnormal. The various studies and controversies 
about their formation and origin are therefore irrelevant 
to the normal metabolic processes. As a result, the experi- 
ment of Epps et al.* loses its point, and conclusions 
drawn from it are erroneous. 


Is the Normal Environment Anaerobic ? 


Nobody seems to have investigated this matter in 
mammals since Rogers!®*, There is ample evidence 
stretching back 50 yr (see data in ref. 16) that the gut 
contents contain oxygen up to a maximum partial 
pressure of 40-50 mm, that is up to a quarter to a third 
of that in air. The best such study I know of is by 
Crompton, Shrimpton and Silver”, who showed that in the 
small intestine of the domestic duck there is a gradient 
from 25 mm close to the villi, to zero at the centre of the 
lumen. Because most nematodes parasitic in the intestine 
live close to the villi, they at least have access to plenty of 
oxygen. It has been generally conceded that uptake of 
oxygen may be significant in small parasites. But‘... . 
an entirely different situation prevails in the case of the 
large intestinal worms like Ascaris... . The conclusion 
is... inescapable that they lead in vivo a predominantly 
anaerobic life” (ref. 3, page 357). Rogers! (page 149) 
made a tentative calculation relating the size and known 
oxygen consumption of several parasites to the partial 
pressure of oxygen which would be needed in the environ- 
ment to provide the necessary amount by diffusion alone. 
For Ascaris he used a metabolic rate of 60 ul./gfh and 
Krogh’s commonly accepted value of 0-84 ul./em*/h for 
simple diffusion of oxygen through tissue, and found 
that the local oxygen tension would have to be greater 
than 1 atmosphere (it may be noted in passing that the 
probable oxygen tension of the environment is mislead- 
ingly quoted as “very low” for Ascaris, whereas values of 
4mm and more are quoted for some other nematodes 
living in similar surroundings). This gives an oxygen 
consumption of 2 uL/g/h at an external partial pressure 
of 30 mm if the calculation is reversed. At such a partial 
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pressure, which seems reasonable for average im vive 
conditions, the observed oxygen consumption per gram 
of Ascaris tissue would be 30 ul", It must, however, be 
remembered that there is no simple diffusion of oxygen in 
tissues containing haemoglobin as in Ascaris. Mitchell” 
showed that in skeletal muscle the rate of oxygen transport 
is increased some four times at 10mm of oxygen, as 
compared with simple diffusion. Applying this to the 
case of Ascaris muscle leaves only a difference of three 
times to be accounted for (known oxygen consumption 
30 pl./g/h against 8 wl./g/h calculated), a rather different 
matter compared with the “one atmosphere against zero 
oxygen” with which we started. In any case, factors 
other than the mere presence of haemoglobin hawe to be 
considered——-movement: of the gut of the host, movement 
of the worm in the gut, the possibility of varying rates of 
diffusion in different tissues of the worm, the possibility of 
different rates of oxygen consumption by tissues of the 
worm in vivo, and finally the possibility of differing 
overall rates of consumption by the worm. From present 
knowledge, only the last of these seems likely to me to be 
of major significance. 


Indications of Aerobic Metabolism 


Failure to detect eytochrome oxidase im tissues of 
Ascaris has usually been a major objection to the ides 
that a significant amount of aerobic metabolism involves 
the normal respiratory chain of cytochromes, flavines 
and so on, as in normally aerobic organisms. Unlike 
mammalian tissues, Ascaris muscle is not inhibited by 
cyanide, azide and so on, and contains more cytochrome 
b than e21, The eggs, however, respond to imbibitors in 
a manner suggestive of the normal cytochrome to eyto- 
chrome oxidase chain, although neither cytochrome ¢ nor 
cytochrome oxidase as such could be demonstrated™. The 
failure to demonstrate eytochrome oxidase aetivity in 
significant amounts seems to be essentially a failure of 
technique, as was the case with cytochrome e, and the 
TCA eyele. Cytochrome oxidase activity is readily demon- 
strated when fresh muscle of Ascaris is processed as 
follows (essentially the standard method now used 
generally): muscle homogenized in buffered 0-5 per cent 
deoxycholate (5 ml./g) was spun at 500g for 5 min and the 
supernatant from that spun at 12,0009 for a further § min. 
The resulting pellet was resuspended in 0-2. of the 
deoxycholate solution. Aliquots of 10 ml. were added to a 
reaction mixture containing bovine serum albumin and 
reduced cytochrome e. The time course of the reactiori 
was followed in a spectrophotometer equipped with a 
micro-slit, and at 550nm. The highest rate of activity 
measured was 0:46 10-3/min/mg wet weight. This 
accounted for about 10 per cent of the possible reaction 
and dropped to about half the rate after a few minutes. 
Solid cyanide added after the start of the reaction in- 
hibited the reaction markedly compared with a control, 
but did not completely stop the residual activity until 
a further 20min. A rough calculation based on several 
sets of data?™?! suggests that the observed maximal rate 
of activity is about 10-* times the activity of a pig heart 
preparation, or about 10° times an activity reported by 
Kmetec and Bueding®. If this approximation is con- 
firmed, then the oxidase activity of Ascaris muscle at the 
lower rate of the main reaction is adequate to maintain 
the observed in vitro rate of oxygen consumption in pure 
oxygen (250 ul./g/h®4). Even if the approximation is too 
high, it has been common with other organisras to ex- 
perience difficulty in obtaining rates sufficiently high to 
account for the observed in vivo respiration, although 
there is no reason to suppose the involvement of alter- 
native pathways. Improved techniques have steadily 
raised the activity observable in isolated systems in vitro 
and any remaining discrepancy is certainly largely 
artefactual. In the case of Ascaris some specific factors 
should be considered. Tissue which had been deep 
frozen before use gave no detectable activity until 
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sonicated. On the other hand, sonication reduced the 
rate in fresh tissue by about 30 per cent. Also in fresh 
tissue finer homogenization gave lower rates. These 
observations seem to suggest a marked instability of the 
Ascaris mitochondria from the point of view of oxidase 
activity. 

Mitochondria are generally held to occur predominantly 
in aerobic tissue, and so there has been reluctance to accept 
them in Ascaris tissues (for example, ref. 18, page 103). 
When it seemed that the “granules” seen in Ascaris 
muscle were definitely mitochondria, emphasis shifted 
to the suggestion that they were not typical mitochondria 
as encountered in yeast, higher organisms and so on. It 
has been stressed that they have relatively few cristae, the 
implication being that they contained little, if any, cyto- 
chrome oxidase, in accordance with the supposed anaero- 
bie metabolism, I believe that, in part, this view arose 
from early reports now superseded. Reger**, Rosenbluth?’ 
and Sheffield?! showed mitochondria in various tissues of 
Ascaris which clearly contain cristae. They do not 
differ from mitochondria seen in tissues of aerobic animals. 
Only in specialized tissues such as insect flight muscle is 
there the complexity of structure which might otherwise 
_be thought typical of mitochondria in general. (Fawcett 
provides convenient sources of this information®®. His 
Figs. 43-45 and 63-65 are representative of mitochondria 
of aerobie tissues which show as few cristae as Ascaris 
mitochondria.) It is also relevant that until recently the 
biochemical characteristics of insect flight muscle mito- 
chondria were held to be significantly different in several 
respects, all now known to be artefacts resulting from the 
method of preparation®*. Although clearly specialized, 
insect flight muscle mitochondria are equally clearly 
equivalent to muscle mitochondria from other sources. 
The same will no doubt prove to be the case with parasite 
mitochondria. 

Many intestinal parasites possess one or more haemo- 
globins, at least one of which usually occurs in the muscular 
tissues and can be shown to be specifically adapted to the 
oxygen tension of the environment. We have come a 
long way since they were dismissed as “‘functionless 
by-products of the nutrition of the worms’’!*, but their 
profound significance is still not generally recognized. 
There is no other area of biology in which the presence of 
massive amounts of haemoglobin is so largely ignored, and 
in which so many efforts are made to explain away its 
occurrence, rather than to understand its true function 
as an oxygen-combining pigment. 

Older literature contains striking testimonials to the 
consequences of heavy infestation leading to movement 
of the worms into other regions of the gut and even into 
the body cavity, and, particularly in calves, to a very 
strong acid smell in breath and tissues, which was said 
to be specific of ascarid infection. These observations 
are reminiscent of the apparently purposive movements 
mentioned in relation to the in vitro experiments (see also 
ref. 2), and are consistent with migration of worms in 
conditions of oxygen starvation, accompanied by the 
production of the volatile fatty acids characteristic of 
Ascaris kept in anaerobic conditions. 

Worms kept in motion by electric shocks die much 
sooner in anaerobic conditions than unstimulated 
controls!:*, This is consistent with the avoidance of 
activity when oxygen is lacking by the controls, leading to 
extended survival compared with animals forced to move 
and therefore consume oxygen at a greater rate. 

Fujimoto?! reported that the biosynthesis of hydroxy- 
proline (required for collagen formation) requires oxygen 
in Ascaris. This is consistent with the known mechanism 
of synthesis in higher animals. 

All these observations are readily explicable in terms 
of a normal aerobic metabolism, but difficult to under- 
stand if it is predominantly anaerobic. Although I do 
not cite it as further corroborative evidence, it is worth 
stating that the general trend of biochemical thinking 
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and research is leading to the proposition that all living 
things are related to a single primordial ancestral cell: 
“... everything we can account for [is] derived from a 
single source. All the species we have studied so far— 
and they are representative of life in general—derived 
from one souree’’**, Tt follows that the nematodes, if 
classified correctly as individual species, should bear a 
close metabolic relationship to each other, and probably 
to all other living things. Because it is generally accepted 
that “. . . all higher animals and plants are aerobic” 
(ref. 33, page 153), it seems very necessary that the 
corollary *, the few parasites which can now live 
without oxygen have acquired the ability secondarily” 
should be rigorously proven. In the light of general 
biological and chemical evidence there can be little 
justification for starting with an assumption of anaerobic 
life, and rebutting all evidence to the contrary. In the 
light of present evidence on the nematodes there are no 
grounds for considering them anything other than normal 
aerobic animals, specially equipped to live in regions of 
lowish and possibly intermittent oxygen tension. There 
are also many observations relating to cestodes and 
trematodes which could be explained in terms of an 
aerobic metabolism; for example, many trematodas, like 
free living flatworms, possess haemoglobin. It is interest- 
ing and important to many fields of biological research 
to establish beyond all doubt whether any higher organism 
can truly maintain a strictly anaerobic existence. 
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Many economic entomologists interested in biological 
control have tried to explain and describe the properties 
of predatory and parasitic insects used in biological 
control*, Lacking detailed numerical observations of 
the behaviour of insect populations, their theories were 
mostly too imprecise to permit useful predictions. 
Nicholson, however, made precise assumptions about 
parasite behaviour. He described the efficiency of search 
of a parasite by a single constant, the area of discovery a, 
which was a measure of the individual female’s ability to 
find and attack suitable hosts. He also assumed that 
search by populations of parasites was random—which 
simplified the mathematics. Then, if the parasite popula- 
tion density is represented by p and the initial host density 
is @, and the final host density is u 


Uy 
a=] pae l 
P ORe u ( ) 


This fundamental formula can be used to determine 
the area of discovery if the percentage parasitism 
7 100(u, — u : ‘ 
eel and adult parasite density are known; to 

1 


construct a “competition curve’? which relates the 
percentage parasitism to the fraction of the area covered 
by the parasites [pa]; and as a component in a population 
model in which it represents parasite action’. 

Nicholson and Bailey* studied the consequences of 
their initial simple assumptions. Their theory predicts a 
“steady density” for host and parasite for each combina- 
tion of area of discovery and host power of increase. 
But this equilibrium is not stable and, when the initial 
densities of one or both are displaced from their steady 
density, the models generate oscillations of increasing 
amplitude in both host and parasite. These oscillations 
can be stabilized by reducing the area of discovery as 
parasite density increases, but changes in area of dis- 
covery in relation to host density do not promote stability, 
Some of Nicholson’s predictions are now being used in 
arguments which affect the practice of biological control. 
We wish to examine the validity of the basic assumption 
that the area of discovery of a parasite can be regarded as 
a constant, and to see how our findings affect biological 
control. 


is Area of Discovery Constant ? 

Nicholson’s important assumptions are really negative: 
that in constant climatie conditions the area of discovery 
as measured from equation (1) is related neither to host 
nor parasite population densities. It is hardly conceivable 
that the whole of parasite behaviour can be satisfactorily 
described by a single constant. Weather, host density 
and parasite density all influence the value of a. 

The effective area of discovery must be affected by 


Mutual interference between searching insect parasites provides 
theoretical support for current biological control practices. 


weather conditions. Klomp'* has shown that the area, of 
discovery of the tachinid fly Carcela gnava (Meig.), 
searching for caterpillars of Bupalus pinarius (L.) on 
pine, increases in relation to the amount of sunshine 
during the searching period. 

Host density may affect the area of discovery m two 
ways. First, Takahashi", studying the ichneumon 
Nemeritia canescens (Grav.) searching singly in laboratory 
conditions for almond moth caterpillars (Ephestia cautella 
(Walk.)), found that the area of discovery increased as 
host density increased. The parasites wera much more 
active when hosts were abundant. Second, as host pòpu- 
lation densities become very high relative to those of the 
parasite, the parasite’s area of discovery decreases because 
of increases in the handling time as shown by Holling? 
or because of egg-limitation. This must be a general 
phenomenon. 

Huffaker and Kennett! have shown that Nemeritis, 
searching for caterpillars of the flour moth Anagasta 
kühniella (Zell.) in a room ecosystem, gives an inverse 
relationship between the area of discovery and the total 


number of parasites searching per generation, This 
relationship (Fig. 1d) was described by the equation 
logi a= ~ 1-22 — 0-54 logis p (2) 


where a is the area of discovery and p the density of 
searching parasites in a generation. We bave found 
similar relationships from the data of Burnett*** and 
Ullyett'®" (Fig, la, b, cand e). All can be deseribed by 
relationships of the form 


logi @= logis Q- m logu p (3) 


We call Q the “quest constant’? and m the “mutual 
interference constant”. The striking feature of the 
relationships in Fig. 1 is that they are linear over several 
orders of magnitude: three orders of magnitude for 
Nemeritis; one and a half for Dahlbominus fuscipennia 
(Zett.) and Encarsia formosa Gahan; and one order of 
magnitude for Cryptus inornatus Pratt. The data for 
Chelonus texanus Cress. (Fig. le) cover a narrow range of 
parasite densities but seem to imply a curvilinear relation- 
ship. We would expect the slope to fall to zero at very low 
parasite densities. 

The mechanism by which mutual interference reduces 
the efficiency of the individual when parasite density is 
high is being studied. Both mechanical interference and 
forms of “territoriality” seem important. 


Statistical Tests 

It is important that a theoretical population model is 
presented in such a way that it can be applied to ficld or 
laboratory interactions. Watt? produced a theoretical 
model in which he incorporated an interference com- 
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ponent very similar in form to equation (3). To obtain a 
linear regression he then plotted 


pK ean 
| lo ) 
7 "Be p. e N,/ 


Nop 











against parasite density p (where K is the maximum 
attack rate for the parasite, Na is the number of hosts 
attacked and N, is the initial host density). This provides 
a valid test for Watt’s interference equation only if, as in 
some laboratory studies, the parasite density is precisely 
known. Any errors in p will necessarily bias the relation- 
ship to produce a negative correlation, because the same 
values for parasite density appear on both axes of the 
graph. The use of the method by Miller’ is invalid as 
a test for interference because his parasite population 
estimates based on field data have a large variance. The 
same type of bias is present in Fig. ld because inaccurate 
estimates of parasite density are used in calculating the 
area of discovery as well as being the independent variable. 
Clearly, we need an independent statistical test to confirm 
the reality of interference. A valid test is shown in Fig. 2a. 
The log of the k value®* for parasitism 


u- 
rtk) 
Ogio | 10g10 pi 


(with symbols as in equation (1)) is plotted against the log 
density of searching parasites (X). The null hypothesis 
is that the points will lie along a slope of unity (that is, 
the area of discovery is a constant). The regression of 
Y on X and that of X on Y are calculated and both must 
be shown to lie significantly below a slope of unity. The 
test confirms the significance of the suspected relationship 
for Nemeritis from Huffaker and Kennett? (Fig. 2a). 


Lag jo Hea Of discovery 





Log to parasite density 


Fig. 1. Relationships between searching efficiency (expressed as log 

area of discovery) and the log density of searching parasites, (a) Dahl- 

bominus (Burnett); (b) Encarsia (Burnett™); (c) Chelonus (Ullyett™®); 
(d) Nemeritis (Huffaker and Kennett); (e) Cryptus (Uilyett!”), 


We have compared the two methods using our data on 
Cyzenis albicans (Fall.), a tachinid parasite of the winter 
moth. We might conclude from Watt’s method (Fig. 2c) 
or from our own (Fig. 26) that interference was clearly 
present. ‘The statistical test shown in Fig. 2d, however, 
shows the two regressions to be on different sides of the 
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Fig. 2 (a) Statistical test confirming interference relationship for 

Nemeritis canescens (data from Huffaker and Kennett?) (6) Apparent 

interference relationship for Cyzenis albicans using the method shown in 

Fig. 1. (¢) The same as (b) but using Watt's method", (d) Statistical 

test for interference relationship for Cyzenis. The two regressions are 

on opposite sides of the line b= 1-6, hence the suspected relationship is 
not confirmed. 


slope of unity. Thus the inverse relationships of Fig. 2b 
and ¢ could be the result of errors in our estimates of 
searching Cyzenis densities. 


The New Population Model 

The relationship im equation (3) represents a most 
significant departure from the theory of Nicholson and 
Bailey. Tn a more general form we can write this equation 





g z 
PE (4) 
P 
Substituting equation (4) in Nicholson’s equation (1) 
loge aad = pe pe pee (5) 
KZA p” 


In this new model the parasite population has a direct 
density-dependent factor built into its behaviour. The 
greater the value of the mutual interference constant m, 
the greater will be the tendency for a host-parasite model 
based on equation (5) to stabilize. As m approaches zero, 
the parasite’s behaviour conforms more and more closely 
to the Nicholsonian system and the more unstable the 
interaction will become. With a five-fold host increase, 
the Nicholsonian model is violently unstable. Fig. 3 
shows the progressive stability m four models as the mutual 
interference constant is increased in value from 0-3 in 
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Fig. 3. Population models showing the progressive stability as the 
mutual interference constant a is increased in steps of 0-1 from m=083 
in (a) to m=0-6 in (d). (Host ae of increase =5; quest constant 


Fig. 3a to 0-6 in Fig. 3d, the host’s power of increase being 
kept constant at five. 

G. C. V. and Gradwell® have used Nicholson’s theory in 
models representing the winter moth and its parasite 
Cratichneumon culex (Mueller). With the area of discovery 
given its mean value as a constant, the calculated host 
and parasite densities are close to observed figures, but 
two clear discrepancies emerge. First, the peaks in 
calculated parasite density lag two generations after the 
host peaks, whereas the observed peaks of Cratichneumon 
lag by only one generation. We conclude that Nicholson’s 
theory underestimates this parasite’s efficiency at low 
parasite density. Second, the winter moth in England has 
several fairly specific parasites acting on it. If a second 
parasite species is introduced into G. ©. V. and Gradwell’s 
model, one parasite invariably eliminates the other. 
Only by introducing into the model habitat diversity and 
differential behavioural responses*! by parasites to them 
can two parasite species coexist. 

If, instead of using Nicholson’s equation in models for 
winter moth parasites, we use the new population model, 
both these difficulties disappear. The calculated parasite 
peaks are now in phase with observed peaks and true 
coexistence can easily occur. Models computed on the 
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Oxford KDF9 computer have shown that a wide range of 
values for m and Q permit even three or more parasites 
to coexist on one host in a stable interaction, Such a 
model is shown in Fig. 4 where three successively acting 
parasites have been given the same quest constant, and 
m for the first and third-acting parasites has a value of 
0-5, and for the second-acting parasite has a value of 0-6 
(Fig. 5; parasites 1, 2 and 34), Such values are not un- 
realistic considering that two of the relationships of 
Fig. 1 have values for m greater than 0-5. 

The simple consequences of this inductive model, in 
contrast to that of Nicholson, are in good agreement with 
field and laboratory studies. 


Multiple Parasite Introductions 


A controversy has arisen over the practice of multiple 
parasite introductions in biological control. Usually 
when an exotic pest is concerned, many parasites are 
studied from the pest’s native home or elsewhere before 
several specific parasites are liberated for colonization, 
Parasite species which are found either to be unspecific 
or to act as hyperparasites are not used. If some intro- 
duced parasites provide partial control, further parasite 
species are introduced in the hope that one or more will 
beeome established and reduce the pest population to a 
new low level, either by collaborating with previously 
colonized parasites or by replacing them. These current 
practices of biological control are vigorously defended by 
Huffaker and Kennett?! and van den Bosch®. 

The opposing view has recently been developed by 
Turnbull and Chant*4, Watt** and Turnbull. They con- 
sider that competitive interference between parasites will 
result in a lesser degree of “control” than if only the 
“best” species were introduced. Because a successful 
introduction is irrevocable whether it does harm or good, 
they argue that the “best” parasite should be determined 
before release by careful preliminary screening. The 
difficulties here are both scientific and economic ones. 
Even an expensive scientific laboratory study might fail 
to determine which will be the most favourable parasite 
species in the field, G. ©. V. drew attention to the 
possibility that if two or more parasite species were 
established, the pest population that they could maintain 
might be higher than if only the best operated alone. 
The argument was developed from Nicholson*® (conclusion 
C.17) and Nicholson and Bailey? (conclusions ©.31 and 
C.32). G. C. V. also noted that many British pest species 
have a rich complement of predators and parasites and 
suggested that it might be the large number of parasite 
species which was the cause of the high pest population 
density. 


New Approach 


A further critical study of population models based on 
Nicholson and Bailey’s theory shows that their conclusions 
are misleading and cannot be used to sustain this view. 
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Fig. 4, Coexistence of three parasites in a stable population model. Mutual interference constant m for 


parasites 1 and 3=0-5; m for parasite 2=0-6. ( 


ost power of increase =5; quest constant Q= 0-1.) 
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Although they were able to calculate “steady densities” 
for two species of specific parasite acting on one host, 
these steady densities prove to be unstable. Parasite and 
host break into violent population oscillations which 
rapidly lead to extinction of one parasite. In models in 
which these oscillations are stabilized by the addition of 
a density-dependent factor acting on the host, one 
parasite species always eliminates the other. Because the 
Nicholsonian model predicts competitive displacement 
and cannot explain the coexistence of parasite species 
(which experience shows to be the rule in nature), it is 
illogical to use it to predict the consequences of coexistence. 

The abandonment of Nicholson’s theory for the new 
parasite quest relationship provides a new approach to 
the understanding of biological control. Stable population 
models including several specific parasites can easily be 
constructed where m and Q can vary considerably as 
mentioned earlier. We shall assume that two specific 
parasites act successively, each with a mutual inter- 
ference constant, m=0-5, and the same value of the 
quest constant, Q. If to such a stable model a third 
parasite is added at a very low population density, we 
have a model situation comparable with the introduction 
of a further specific parasite when partial control is 
already established. There are four possible consequences 
which depend on the properties of the third parasite 
(Fig. 5). 














0 LKU 20 
Log,, parasite density 


Fig. 5. Possible interference relationships for a third parasite (parasite 
3.4 to 3D) introduced into a model where two parasites (parasites 1 and 
2) are already acting. (See text for further explanation.) 


(A) If the values of m and Q are close to those of the 
parasites already established (Fig. 5; parasite 3.4), the 
third parasite will increase and become established. 
All three parasites may coexist. The host density will 
decrease significantly. (B) If the value of m is about 
0-5 and that of Q is higher than for the other two species 
(Fig. 5; parasite 3B), so that the area of discovery of the 
third species is always considerably larger than that for 
the established species, the third species will replace the 
other two parasites. The host density will decrease and 
remain stable. (C) If the third species is much less 
efficient than the other two (Fig. 5; parasite 3C) it will 
decline in numbers and fail to become established. (D) If 
the value of Q is greater than for the other species but m is 
small (Fig. 5; parasite 3D), so that the third parasite 
is more nearly Nicholsonian, it will replace the other two 
parasites and cause host population oscillations about a 
new low level. 

If we relate these four possibilities in the population 
models to biological control, we find that the first and the 
second can be classed as successful, the third a failure and 
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only the fourth consequence would possibly be unfavour- 
able. How likely is this possibility ? Basically it is the 
outcome predicted by the theory of Nicholson and Bailey. 
We know of no examples from biological control where 
violent population oscillations have been reported. There 
are a few well known cases of cyclic population change in 
insect pests like the grey larch tortrix, Zeiraphera diniana 
Gm., in the Engadine, the forest tent caterpillar, Mala- 
cosoma disstria Hbn., in North America and the black- 
headed budworm, Acleris variana (Fern.), in Canada. It 
has already been proved in Acleris that the oscillations 
arise from the host~parasite interaction. These cases are 
a minute fraction of known pests. The prediction of 
G. C. V. and Gradwell® that the successful introduction of 
Cyzenis to control winter moth in Nova Scotia would 
result in such population oscillations has not yet been 
verified. If, in spite of lack of proof, Cyzenis has a moder- 
ate value for m, then a satisfactory stable control should 
result and the prediction based on Nicholson's theory 
will be falsified. 

Chitty?! has argued that self-regulatory mechanisms 
are common in animal populations. Perhaps parasites 
have evolved this mutual interference behaviour because 
without it their populations were not stable enough to 
avoid extinction. Turnbull is impressed by the fact that 
community diversity and population stability are cor- 
related and he considers that it is the diversity which is 
casual. Here only parasites with a high value of mutual 
interference can co-exist, and they will automatically 
stabilize the host-parasite interaction. Far from being 
causal, diversity is the consequence of the stabilizing 
behaviour. Turnbull also uses Zwélfer’s®® analysis of the 
parasite complex of five species of moth. He claimed 
that the abundance of some of the moths arose from 
competition between the many parasite species. This 
competition has not been effectively quantified, nor even 
conclusively demonstrated. The number of parasite 
species encountered seems largely related to the size of 
the sample studied. A large sample automatically 
increases the number of rare species found. 


Value of Multiple Introductions 


This new theory of “parasite quest”, based on studies of 
parasite performance in laboratory and field, provides a 
better interpretation of field observations than was possible 
with previous theories. Its application to biological 
control suggests that the practice of multiple or successive 
introductions is right. As long as hyperparasites and non- 
specific parasites ‘are excluded, there is little danger from 
successive introductions, and the more species which can 
be established the lower the pest density is likely to be- 
come. If two species of parasite both attack the same 
host stage, the theoretical consequences are more com- 
plex and the result. depends critically on the outcome of 
competition between the parasite adults and their larvae®, 
but because precise figures are not available it is pre- 
mature to investigate a model of this kind of relationship. 

The advantages of multiple introductions are: (1) there 
is a greater chance that at least one species will be estab- 
lished; (2) if more than one is established, this is likely to 
be advantageous, and (3) if the environment includes 
different climatic zones, then, by competitive displace- 
ment, different beneficial species can become dominant 
in different areas. 

Laboratory studies can go some way to predict which 
species may be successful, but an introduction provides 
the only real test. Fortunately, the fears that multiple 
introductions give rise to serious difficulties have not been 
realized in practice nor are they supported on theoretical 
grounds. 
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are only one step from the optimal 5 Your temperature to 
solution: modifying the variables and 0.0001°C — dig ita lly 














recording once more. 
Even on its own, the 9100A is unique. 
You have fog and trig functions at your 


fingertips. You solve transcendental 
equations as easily as typing your name. 


And yau obtain solutions with ten signi- 
ficant digits aver a 10-98 to 1099 range. 
Need to use 4 given programme repeatedly? 
Just record it on a small magnetic card 
{up to 196 keystrokes), and slip it into the 
91004A. Programme changes are made 
individually. No need to re-enter the 


entire programme. 
Care for a demonstration? Your nearest 
hp office will be happy to arrange one 
$4,400 fob factory 


for you. 
9100A calculator, 
3125A X-Y recorder, $2,475 fob factory 


In ail of ten seconds, the 2801A Quartz 


Thermometer takes your temperature and 
shows it with 6-digit, 0.0001 °C resolution. 


it's the most accurate direct-reading 
temperature measuring device available, 





4. Less than 10 minutes — 
and your CHN analysis 
; The secret is a new, unique angle of quartz 
crystal cut giving a very linear, yet sensitive 
relationship between frequency and 
HEWLETT į 


is complete 


J PACKARD 


temperature. 

This compact, self-contained electronic 

system gives you an invaluable means of 

measuring temperatures in a wide variety 

of scientific applications. Uses in 

calorimetry, eryascopy, and ebuiliometry 

European headquarters ; 

Hewlett-Packard S.A., rue du Bois-du-ban 


Hewlett-Packard Ltd. . 
are discussed in hp Application Notes 78-2 224 Bath Road, Slough, Bucks, Great Arita , 
1217 Meyrin-Geneva, tel (O22) 4? #4 00 


Tei 93 341 







and 78-3. 
Range is —80 °C to 250 0C with outstanding 
linearity. Readings in °C or °F can be 
recorded by an hp digital printer. 28 sales and service offices 
With two probe input channels, Ti, T2, or thraughout Europe 

Tı -T2 can be measured. Tı and T2 can 
be up to 1,350 m from the instrument 


(2,700 m from each ether). Choice of 
4 different probe configurations. Ask for 


specifications. and application notes, 
Price hp Z801A with 2 probes: 
$3,300 fób factory 
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CHN analysis by the. standard. technique is 
a laborious, time-consuming and expensive 
business. The hp 185 CHN Amalyze? has 
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From BDH-two biochemicals 
of major importance 







L-ASPARAGINASE from Erwinia carotovora 


For investigational use with laboratory research animals or for tests jn vitro, L-asparaginase 
from E.carotovora, manufactured by the Microbiological Research Establishment, Porton, 
Salisbury, England under contract to the Ministry of Health, is now commercially available 
through BDH Chemicals Ltd. 

The enzyme from E.carotovora, which has been shown to inhibit tumour formation in mice, has 
a higher specific activity than that from other bacterial sources. It is supplied as a lyophilised 
powder with a specific activity > 500 L.U. per mg protein. 

A Product Information Sheet giving a full specification of the enzyme is available on request. 


Wade, H.E, et al, Lancet,1961,11,776 Minimum of 1000 IU per ampoule 600/- 


TRANSFER RIBONUCLEIC ACID from E.coli. 
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fate Development quantities of transfer ribonucleic acid from E.coli K.12 CA 265 are manufactured 
i by the Microbiological Research Establishment, Porton Down, Salisbury, England? and are 
JERN now available commercially through BDH Chemicals Ltd. 

Mas This material has been used as the starting point for the separation and purification of 
alt formylatable methionine tRNA and non-formylatable methionine tRNA? in amounts sufficient 
i for chemical and structural characterisation. Attempts have been made to crystallize the 


4 formylatable methionine tRNA and unit cell dimensions of the micro-crystalline form have been 
tag determined’. 
BDH tRNA is supplied as a lyophilised salt free powder of which the following is a typical 


analysis :— 
RNA 90% 1% 
DNA 1-3% E, cm 260 nm 222 
Volatile matter 41% Ango Agogo 2:09 
4-Amino acid acceptor capacities in pumols/Adggo unit: 
Alanine 65 Lysine 450 
y Asparagine 42-0 Methionine 32-0 
: Aspartic acid 32-0 Phenylalanine 80 
Giutamic acid 60 Proline 23-0 
Glutamine 39-0 Serine 65.0 
Glycine 30-0 Threonine 60 
iso-Leucine 17-0 Tryptophan 16-0 
Leucine 118-0 Tyrosine 15-0 


The batch analysis is supplied with each package. This material is stable indefinitely at ~20°C 
and for at least six months at 4°C. 
50 mg 150/- 


ig £75 


BDH tRNA is available in quantities up to 100g, for which special prices will be quoted on 
request. 


4. Elsworth R, et al, J. appl. Chem., 1968, 17, 157, 

2. British Patent Prov, Spec, 33693/66, 

3, Doctor, B.P., Wayman, B.J., Cory, S., Rudiand, P.S. and Clark, B.F.C., European J, Biochem,, 1989, 8, 93. 
4, Clark, B.F.C., et al., Nature, 1968, 219, 1222, 


By arrangement with the Microbiological Research Establishment, BDH are joint distributors 
of these two products in the U.K. and exclusive distributors outside Europe. 
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NEW! 
Der Sekundärstoffwechsel in Pflanze 
und Tier 


Von Doz, Dr. rer. nat. habil. MARTIN LUCKNER, Halle/Saale. 
Etwa 368 Seiten, 312 Abbildungen, 21 Tabellen, 16,7 cm x24 cm. Leinen etwa 47,50 Mark. (Voraussichtlich Dezember 1969) 


Sekundäre Naturstoffe werden von Pflanzen und Tieren neben den lebensnotwendigen Verbindungen des Grundstoff~ 
wechsels erzeugt. Zahlreiche dieser Stoffe haben Eingang in den Arzneischatz gefunden, andere dienen der chemischen 
industrie als Rohstoffe; technologisch höchst wertvolle Eigenschaften besitzen der Kautschuk, die Gerbstoffe und 
die Faserstoffe des Tier- und Pflanzenreichs.—Vorliegendes Buch bietet in gekonnter Kürze einen pragnanten Gber- 
blick über die Biochemie dieser bedeutsamen Verbindungen. 


Lehrbuch der Entwicklungsgeschichte und 
Entwicklungsphysiologie der Tiere 


Von Prof, Dr. rer. nat. OTTO PFLUGFELDER, Stuttgart. 
2. erweiterte und überarbeitete Auflage. Etwa 464 Seiten, 455 Abbildungen, 17 Tabellen, 21 cm 29,7 cm. Leinen etwa 63,20 
Mark. (Voraussichtlich September 1969) 


Das Werk gibt in knappster Form einen Überblick Uber Entwicklungsgeschichte und Entwicklungsphysiologie aller 
Tierstémme, dargestellt an typischen Vertretern. Voraus geht ein Allgemeiner Teil, in welchem die wichtigsten Grunder- 
scheinungen und die Grundbegriffe dargelegt werden. 


Grundriss der Humanparasitologie 


Von Prof. Dr. phil. WOLFGANG TISCHLER, Kiel. 
Etwa 176 Seiten, 70 Abbildungen, 6 Tabellen, 16,7 cm*24 cm. Leinen etwa 18,50 Mark. {Voraussichtlich November 1969) 


Da die Humanparasitologie einen Grenzbereich zwischen Medizin und Biologie umfasst, sind zunächst die grösseren, 
allgemein interessierenden Zusammenhänge dargestellt, die sich aus der Historie und aus Fragen der Systematik, 
Phylogenie, Physiologie, Ökologie ergeben. Im speziellen Teil werden die Parasiten und Seucheniibertrager nicht in 
systematischer Reihenfolge, sondern nach ökologischen Aspekten behandelt und nach ihrer heutigen Bedeutung fiir 
die Menschheit gewertet. 


VEB GUSTAV FISCHER VERLAG JENA 


DDR-69 Jena, Villengang 2 Deutsche Demokratische Republik 
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Regulation of Pyruvate Carboxylase Formation from the. 
Apo-enzyme and Biotin in a Thermophilic Bacillus 


by 


J. J. CAZZULO 
T. K. SUNDARAM 
H. L. KORNBERG 


Department of Biochemistry, 
School of Biology, 

University of Leicester, 
Leicester LEI 7RH 


WHEN microorganisms grow on glucose as the sole carbon 
source, they necessarily use a carbon dioxide-fixing reac- 
tion to replenish the compounds drawn from the tri- 
carboxylic acid eycle for the synthesis of cellular material’. 
This reaction, in many instances, consists of the carboxy- 
lation of pyruvate which yields oxaloacetate and is 
catalysed by pyruvate carboxylase, an enzyme containing 
the B vitamin, D-biotin. By analogy with other carboxy- 
lases*, pyruvate carboxylase is presumed to have the 
biotin linked to a lysine c-amino group of the apoenzyme 
by a peptidic bond. 

A thermophilic strain of Bacillus coagulans, which 
grows readily on a simple salts medium with succinate or 
glucose as sole carbon source, was found to contain very 
low amounts of pyruvate carboxylase on the former 
medium. When p-biotin was added to the growth 
media, however, the specific activity of pyruvate carboxy- 
lase in succinate-grown cells was increased nearly 100-fold 
and to the same level as that observed with cells grown on 
glucose in the presence of biotin’, This observation 


` suggests that cells grown in the absence of the biotin 


supplement might still form the apo-enzyme and the 
holoenzyme synthetase, though the formation of the 
active holoenzyme is impaired. It is the purpose of this 
article to present evidence to this effect. Results obtained 
with cell-free extracts of the organism grown in biotin- 
deficient media further show that full reconstitution of 
pyruvate carboxylase activity from the apo-enzyme and 
biotin is obtained only if acetyl-coenzyme A is also present. 
Because acetyl-coenzyme A is also required for the 
catalytic activity of the holoenzyme, this dual role of the 
allosteric effector may indicate a novel mode of enzyme 
regulation. 

The composition of the salts medium and the conditions 
for the culture of the thermophilic B. coagulans have been 
described’. Two cultures were grown at 55°C with succinate 
as carbon source in the presence of L-leucine (40 yg/ml.). 
When the absorbance of the cultures at 680 nm reached 


about 0-5 (at a cell density of about 0-18 mg dry 
weight/ml.), p-biotin (1 ug/ml.) and “C-leucine (27 nCi/ml.) 


were added to one culture (control); the other culture 
(test) received at this time chloramphenicol (500 ug/ml.) 


The reconstitution of active pyruvate carboxylase—occurring with- 
out protein synthesis and with high efficiency—shows a virtually 
complete dependence on acetyl-coenzyme A and is inhibited by 
L-aspartate. The reaction may represent a novel mode of regulating 
the formation of an active enzyme. 


and, 60 min later, biotin and “C-leucine. Samples were 
withdrawn at the times indicated in Table 1 and monitored 
for absorbance at 680 nm as an index of growth, for 
pyruvate carboxylase activity and for protein synthesis. 
Pyruvate carboxylase activity was assayed in ell free 
extracts as described in Table 1, by measuring the “CO, 
fixed at 45° C from Na, “CO, in a system containing Mg, 
ATP, pyruvate, NADH, acetyl-coenzyme A and malate 
dehydrogenase. Protein synthesis was measured as the 
quantities of “C-leucine incorporated by the cells as- 
follows. The samples (1 ml.) taken from the cultures were 
mixed with l ml. of 10 per cent (w/v) trichloroacetic acid 
and allowed to stand at 0° C for at least 30 min. The mix, 
tures were filtered through ‘Millipore’ membranes (pore 
size 0-8 um): the residue on the filter was washed 
thoroughly with ice-cold 5 per cent trichloroacetic acid, 
dried and transferred with the membrane te 25 mil: of 





Bray's fluid‘ for assay of radioactivity in a Packard 4000 
Table 1, FORMATION OF ACTIVE PYRUVATE CARBOXYLASE FROM THE api 
ENZYME AND BIOTIN BY CULTURES OF B., coagulans 

Specific activity 

Time of pyruvate uy deuckne 

after carboxylase Aga ee incorporated 

Culture biotin {nmoles of "CO, of (eommtalmin 

addition fixed/min per culture per mioo 

(min) mg of protein onture) 

Succinate control 0 AT 0-53 0 
30 128 O71 7,400 
60 140 One 14,080 
Succinate test (chlor- 0 16 Oba ü 
amphenicol treated) 30 162 0-57 136 
60 152 O55 190 
Glucose control ü 2i 0-45 6 
30 179 972 4,351 
60 182 120 12,970 
Glucose test (chloram- 0 28 0-51 0 
phenicol treated) 30 170 O-5L 46 
60 159 0-50 183 





dieni spee eati in 1 Ob 5 ml.: trie HC I ‘pH 3 7 8) 5 
sodium pyruv: ate, 5; acetyl-coenzy me A, 02; Bs 

NaCO, 3 (15 aCi) malate dehydrogenase, 0-36 units and. cell-free ext 
(0- 05 ml. containing 0-15-0-18 mg of protein). After incubation at 45. 
10 min, 1:5 ml, of absolute ethanol was added and the mixture wae centri- 
fuged. Of the supernatant liquid, 0-5 ml. was acidified with © L mi, of glacial 
acetic acid and the mixture was dried on a hot plate. The acidification and 
drying were repeated, the residue was dissolved in Onl of w ami 
mixed with 2-5 mil. of Bray’s fluid‘ for the measurement of radinactivity Ios 
Packard 4000 scintillation spectrometer. 
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Fig. 1. Effect of L-aspartate on the activity of B. coagulans pyruvate 
carboxylase, The enzyme used was a partially purified preparation of 
pyruvate carboxylase (precipitated between 48 and 60 per cent saturation 
of ammonium sulphate), The reaction mixture contained (in uzmoles 
unless otherwise specified) in 3 ml.: fris-HCl (pH 7-8), 300; MgCl, 15; 
KHCO,, 150; sodium pyruvate, 10; NADH, 0-65; malate dehydrogen- 
ase, 1 unit; ATP, 5; and enzyme (48 ug). Acetyl-coenzyme A and 
L-aspartate were present as indicated. The reaction was carried out at 
45° C and was initiated by the addition of ATP. The reaction velocity 
is expressed as the decrease per min in the extinction at 340 nm, measured 
in an SP800 recording spectrophotometer. ©, No L-aspartate added; 
@, 10 mM L-aspartate in the reaction mixture. 


scintillation spectrometer. A parallel experiment was 
performed in identical conditions with cultures containing 
glucose instead of succinate as carbon source. 

The results (Table 1) indicate that, in both experiments, 
the chloramphenicol-treated cultures, which neither grew 
nor synthesized protein after the addition of biotin, none- 
theless formed active pyruvate carboxylase to the same 
high specific activity as observed with control cultures 
growing in the presence of biotin. Although the specific 
activity of the enzyme in the cells cultured in glucose 
medium was appreciably higher than that in succinate 
medium before the addition of biotin, the final specific 
pyruvate carboxylase activities in the two experiments 
were virtually the same. The results therefore show that 
cells of the test cultures contained, before the addition of 
biotin, a full complement of the apo-pyruvate carboxylase, 
and of the holoenzyme synthetase that mediates the 
attachment of biotin to the apo-enzyme. 

For experiments in vitro, extracts of cells grown on 
succinate as carbon source, without added biotin, were 
prepared by lysozyme digestion as previously described®, 
with the modification that, before centrifugation, the cell 
homogenates were incubated with deoxyribonuclease 
(75 ug/ml.) for 25 min at 30° C. Before use, the cell-free 
extracts were dialysed for 16 h against 50 mM tris-HCl, 
pH 7-6, containing 1 mM EDTA. 

When such an extract was incubated with biotin, ATP 
and a divalent metal, the specific activity of pyruvate 
carboxylase rose from 0-58 to 9-25 in 45 min (Table 2). 
When. acetyl-coenzyme A was also added, however, the 
formation of the active enzyme from the apo-enzyme was 
stimulated a further ten-fold. Indeed, in these conditions. 
and when freshly prepared undialysed cell extracts were 
used, the specifie activity of the enzyme thus reconstituted 
reached that normally observed with extracts prepared 
from cells growing logarithmically in biotin-supplemented 
media. 

Inclusion of L-aspartate in the Incubation mixture over- 
came, to a large extent, this marked stimulation by acetyl- 
coenzyme A of the formation of the holoenzyme. The 
mutual antagonism of aspartate and acetyl-coenzyme A in 
this system is analogous to the effects these substances 
exert on the activity of the holoenzyme. Fig. 1 demon- 
strates that the enzyme is maximally active only when 
more than 10 uM acetyl-coenzyme A is present, and this 
stimulation of pyruvate carboxylase activity is, in part. 
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reversed by the presence of aspartate. But the formation 
of the holoenzyme from the apo-enzyme and biotin is 
much more sensitive to aspartate than is the activity of 
pyruvate carboxylase; whereas, in the presence of 230 uM 
acetyl-coenzyme A, 5 mM L-aspartate reduced the quan- 
tities of active enzyme formed to less than 40 per cent of 
those obtained in the absence of the amino-acid (Table 2), 
the same concentration of aspartate did not significantly 
inhibit the activity of the enzyme when similar quantities 
of acetyl-coenzyne A were present. Indeed, and as shown 
in Fig. 1, the inhibitory effect of even 10 mM L-aspartate 
was almost completely abolished by concentrations of 
acetyl-coenzyme A as low as 50 uM. The inhibition by 
aspartate of holoenzyme formation is thus not an artefact 
of the system used for assay of enzyme activity: the final 
concentration of aspartate in the samples in which the 
activity of the enzyme was measured (see legend to Table 
2) was less than 0-2 mM, 





Table 2, FORMATION OF ACTIVE ENZYME FROM APO-PYRUVATE CARBOXYLASE 
AND BIOTIN IN CELL-FREE SYSTEMS PREPARED FROM SUCCINATE-GROWN 
B. coagulans 


Specific activity (nmoles of CO, 
fixed/min per mg of protein) formed 


Reconstitution mixture after incubation for (min): 


15 80 45 

Complete ; 4-16 75-9 98-0 102 
L-Aspartate (8 umoles) added 1:37 351 34-5 383 
Acetyl-coenzyme A omitted 0-58 3-12 578 925 
L-Aspartate (3 moles) added; acetyl- 

coenzyme A omitted 0-46 1-79 3-08 343 
Biotin omitted O21 O25 O19 _ 
GSH omitted 341 68-3 93-2 — 
Mn** omitted; 4 umoles of EDTA added 0-48 3:57 TET _ 
Mn? omitted; 5 wmoles of MgCl, added 3-62 47-5 700 mn 


A dialysed extract from succinate-grown B. coagulans was prepared as 
described. The complete mixture for reconstitution of active enzyme con- 
tained in a volume of 0-65 ml. (quantities in wmoles unless otherwise stated): 
MnCl, 1; reduced glutathione (GSH), 25; ATP, 0:25; acetyl-coenzyme A, 
015; D-biotin, 0-14; and B. coagulans extract, 0-5 ml. Additions and 
omissions were made as indicated, The mixtures were incubated at 45°C 





G, 
and samples (0-1 ml.) were withdrawn at the times indicated and stored in 
ice until the enzyme assay. Pyruvate carboxylase activity was assayed by 
the radiochemical method (Table 1) on 0-02 ml. of these samples, with the 
incubation time reduced from 10 min to 5 min; in these assay conditions there 
was no significant formation of active enzyme. The results of the radio- 
chemical method were confirmed with the spectrophotometric assay described 
in the legend of Fig. 1. 


The formation of holoenzymes from their apo-enzymes 
and biotin has been demonstrated with other carboxy- 
lating enzymes*:* and, in vivo with the pyruvate carboxy- 
lase of rat liver”. The high efficiency of holoenzyme 
formation reported m our present work, however, has not. 
to our knowledge, been previously attained. The require- 
ment for acetyl-coenzyme A for full reconstitution of the 
holoenzyme is probably a further manifestation of the 
allosteric nature of the enzyme, reflecting the conforma- 
tional changes needed before the protein can react with 
biotin; the effects here described may thus reveal a novel 
metabolic control point between the formation of an 
active enzyme and the reaction it catalyses. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Decrease of Flux Density of the 
Radio Source Cassiopeia A at 81:5 MHz 


THE radio source Cassiopeia A is well known to be asso- 
ciated with the remnants of a galactic supernova. 
Although optical studies are difficult because of heavy 
obscuration the object is seen to consist of a roughly 
circular nebulosity with an angular diameter of 4 min of 
arc. Minkowski'-* has investigated the motions of the 
filaments and estimated the date of the explosion as ap 
1702+14. It is natural to expect a secular variation 
of flux density from so young an object and, following 
Minkowski’s work, a mean rate of decrease of (1-06 + 0-14) 
per cent per year was detected by Hégbom and J. R. 8.4 
by means of cbservations in 1956 and 1960 combined 
with earlier observations by Ryle in 1948-9. Measure- 
ments at other frequeneies have since been reported®-* 
which confirm that there is a decrease but do not improve 
the accuracy of measurement. 

This article describes some new observations in Novem- 
ber 1967, April 1968 and June 1969 which, together with 
the results of Hégbom and J. R. S., provide information 
at a frequency of 81-5 MHz over a span of 20 years. An 
interferometric radio telescope was used for these obser- 
vations, each element consisting of one half of the long 
cylindrical parabolie reflector’® at the Mullard Radio 
Astronomy Observatory, Cambridge; the main beam of 
the resulting reception pattern was 0-5° x 11° between half- 
power points. As in the previous observations, the 
method involved a comparison of the intensities of the 
sources Cas A and Cyg A, thereby avoiding the difficulties 
inherent in absolute measurements. Because the radio 
galaxy Cyg A has none of the characteristics of the 
variable extra-galactic sources, it is reasonable to suppose 
that its flux density remains effectively constant over the 
period concerned and it can therefore be taken as a 
reference standard. Each source was observed at transit 
and both before and after transit the sensitivity of the 
receiving system was monitored by the injection of 
correlated noise signals. 

Further data have been obtained from the work of 
Parker™, who has recently made absolute measurements 
of the flux densities of Cas A and Cyg A at a number of 
frequencies, including 81:5 MHz. His results provide an 
accurate value of the relative intensities of the two 
sources in November 1966. 

Before comparing the measurements with those of 
Hégbom and J. R. S., the latter must be corrected for 
the reception pattern of their antenna, which was a 
fixed array directed towards the zenith (8= + 52° 10’). 
The necessary correction factor (B. Elsmore, private 
communication) is close to unity and its uncertainty is 
not thought to be significant. The collected results, 
together with estimated standard errors, are listed in 
Table 1; a plot of the logarithm of the ratio of flux 
densities (Soas/Scyg) as a function of epoch is given in 
Fig. 1. It ean be seen that the trend found earlier con- 
tinues but the time seale is not yet long enough (with 
the present errors) for any change of the rate of decrease 
to be revealed. A least-squares fit to the points gives an 
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Fig.1, The logarithm of the ratio of fux densities ( Scas/Sey,) a8 a Puno- 
tion of epoch; the straight line obtained from a least-squares At to the 
points is also shown, 


annual rate of decrease of (1:29 + 0-08) per cent, somewhat 
higher than, but not inconsistent with, the value found 
by Hégbom and J. B.S. 


Table 1 
Ratio of flux densities Standard 
Epoch Cas AfCyg A error 
1949-0 1507 + O03 
1958-9 1-4@t O02 
1960-0 L401 O02 
1966-9 1-295 OR 
1067-9 1-28 O04 
1968-3 t24 03 
1960-4 baad Polo 


Shklovsky* has considered the rate of change of flux 
density S to be expected, under certain singplifymeg 
assumptions, for an expanding radio source. At an early 
stage of expansion, before any appreciable slowing has 
occurred, his model predicts 


Sa tT 


where T is the age of the source and 6 is related to the 
spectral index « of the source (defined by S x ve) by 
B=2(1+20). The data of Table 1 have been reanalysed in 
terms of a power law variation with an assumed date of 
origin for the supernova of ap 1702.° Although the 
measurements are consistent with a power-law variation, 
the value of 8 =3-31+ 0-22 found is significantly less than 
that predicted by the model which, with a= 0-770 + 0-006 
(ref. 11), gives 6=5-08+0-02. This discrepancy was 
first noted by Hégbom and J. R. S. and attributed by 
them to the oversimplifications of Shklovsky’s model. 
The assumptions of the model have been discussed by 
Kellermann and Pauliny-Toth” and by Shklovsky**, 
Shklovsky has shown that the discrepancy can easily be 
explained by the known non-uniformity of the expansion, 
the shell structure of the source and the possibility of a 
revision in the age of the nebula. In this latter connexion 
Brosche has drawn attention to Korean records of a 
“guest star” in this region in ap 1592. 

Despite the different value of 8 found, it is of interest 
to note the prediction of the model that the rate of 
change of flux density should be independent of frequency. 
Comparison of the present value (1°29 + 0-08) per eent per 
year at 81-5 MHz, with the most accurate measurements 
at a high frequency’ (1:14+ 0-26) per cent per year at 
3,200 MHz, indicates that this is indeed the case to within 
the limits of error. 

The present result is clearly of interest in connexion 
with the theory of expanding radio sources. Tt is also 
hoped that the improved accuracy will be of technological 
benefit, because Cassiopeia A is widely used as a standard 
source when determining the gain of antermas used in 
satellite communications, and the effect of a change from 
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the currently assumed value for the rate of decrease of 
1-1 per cent to the present value of nearly 1:3 per cent can 
introduce significant differences in periods of only a few 
years. 
P. F. Scorr 
J. R. SHAKESHAFT 
M. A. SMITH 
Mullard Radio Astronomy Observatory, 
Cavendish Laboratory, 
University of Cambridge. 
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Brightest Members of Clusters 
of Galaxies 


THe small dispersion in the absolute magnitude of the 

brightest member of rich clusters of galaxies has been 

interpreted by Peebles! in terms of a statistical model 

based on a luminosity function common to all clusters. 

In this model it is assumed that the probability that there 

is a galaxy in a given cluster with absolute magnitude in 
the range M to +d AZ is 


dP =Ma M (1) 


where 
WM) == weet ~ Mo) (2) 


is a universal function for all rich clusters. This form of 
&(M) is consistent with the bright end of the cumulative 
luminosity function for the Coma cluster determined by 
Abell? with a=1-8; M, which can be derived from the 
observed mean luminosity of the brightest cluster mem- 
bers, is interpreted as a measure of the total number of 
galaxies in the cluster and thus of the cluster mass. On 
these assumptions Peebles shows that the probability 
distribution of the absolute magnitude M, of the brightest 
member is 


dP, = a exp [«(M; — Mo) — eh -MAM (3) 
the mean of M, is consequently given by 
0577 
<Mò=M= (4) 


Peebles has compared the distribution (3) with absolute 
magnitudes derived from the photographie photometry 
of eighteen brightest cluster galaxies by Humason, 
Mayall and Sandage’; he has also investigated the distri- 
bution of differences in absolute magnitude between the 
first brightest and the third, fifth and tenth brightest 
members. He concludes that the observations are com- 
patible with the predictions of the model. Consequently, 
the brightest galaxies in clusters obey a statistical lumin- 
osity funetion smoothly extrapolated from the fainter 
members and there is nothing physically remarkable about 
their small luminosity dispersion. 
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Fig. 1. Red-shift-magnitude diagram for thirty-eight brightest members 

of clusters of galaxies. Abell richness classes are indicated; those clusters 

whose richness class is unknown are entered as triangles. The least- 

squares best fitting line giving qy = 0-64 and My = — 22-50 (for H,=75 km 
s-i Mpe) has been drawn in. 


Fig. 1 gives a red-shift-magnitude diagram for thirty- 
eight brightest members of clusters with z in the range from 
0-003 to 0-2, based on unpublished photoelectric photo- 
metry by Sandage. The apparent visual magnitudes Ve 
have been corrected for aperture effect to an isophote 
of about 25 magnitudes per square second of arc and 
absorption due to interstellar extinction in our galaxy, 
and the K-correction of Oke and Sandage* has been 
applied. Using Mattig’s? exact red-shift-magnitude rela- 
tion in the Friedmann (A= 0) cosmologies, 


e OE 
Ve=5 logo Fy rr lo + (om IVg +1- 1)] 
ote 


H (5) 


+ My+ 25 (qq > 0) 


a least-squares fit to the data has been computed with the 
deceleration parameter g, and My as undetermined para- 
meters. The best fitting line, giving g)=0-64+4 0-43 
(pe) and My= — 22504+4005 (p.e.) for H,=75 km s“! 
Mpc-, has been drawn through the points in Fig. 1. This 
fit approximates to within the probable error in g, to the 
straight line ease qa= 1. 

The absolute magnitudes derived by this procedure are 
listed in Table 1 and are plotted as a histogram in Fig. 2, 
where they are compared with the predicted distribution 
(3). It is immediately apparent that the predicted distri- 
bution is too wide by a factor of two if one chooses g= 1-8 
from the observed luminosity function for Coma. The 
agreement may be improved by choosing a larger value of 
a, and we show a better fitting distribution found by 
adjusting this parameter to 4-4. A normal distribution with 
o= 0-27 magnitudes has also been drawn; apart from a 
statistically insignificant asymmetry it is an adequate 
representation of the data. 

The comparison between the observations and the statis- 
tical theory can be taken a step further by considering the 
predicted distribution of magnitude of the brightest 
members of clusters M, for particular richness classes, 
In the Abell Catalogue of clusters®, richness is defined in 
terms of the number of member galaxies in the magnitude 
interval Af, to M,+2, where M, is the magnitude of the 
third brightest member. The ranges of population in the 
two magnitude interval defining richness classes 0 to 5 
are given in Table 2. By a simple extension of the argu- 
ments given by Peebles in deriving the distribution (3), 
one may derive the distribution of magnitudes M, for 
particular richness classes by calculating the joint prob- 
ability of a given magnitude for the brightest member and 
the membership of a given richness class. When sub- 
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Fig. 2. A histogram of the absolute magnitudes given in Table 1. Two 

cases of the distribution given by equation (3) are shown; a for a= 18 

which is clearly too broad, and b for a=4'4 which approximates more 

closely to the observations. The broken line is a normal curve with 

standard deviation o = 0-27 magnitudes, All three curves are normalized 
to the area of the histogram. 


divided among richness classes our data are numerically 
insufficient for a useful comparison with these predicted 
distributions, but we may compare the predicted mean 
magnitude < M, > for each class with the observed means. 

Richness classes are listed in Table 1. The seven clusters 
for which no classification is given are either too close for 
inclusion in the Abell Catalogue, or are in richness class 0 
for which the Catalogue is incomplete, or have less than 
thirty members in the interval from M, to M,+2. Mean 
magnitudes are given for the different classes in Table 2 
where they may be compared with the calculated means 
based on the statistical model with 2=1:8. While the 
model predicts an increase of about 0-25 magnitudes in 
the mean per richness class, in only one case does the 


Table 1. ABSOLUTE MAGNITUDES FOR THIRTY-EIGHT BRIGHTEST MEMBERS 
OF CLUSTERS OF GALAXIES 
I Abell Rich- Red- Absolute 
Cluster catalogue ness shift magnitude Morgan 

No, class z My types 

Virgo (NGC 4472) _ 1 0-0035 KEZ 

Fornax (NGO 1316=M 03-31) —- 1 0-0049 D3-4 

Peg I (NGC 7619) -= ~ 0-0128 KE4 

Anon (3C 31) = — ©0189 

0122 + 3305 (NGO 507) — — 60170 

Anon (30 40=NGC 545) 194 0 0-0180 eD4 

Perseus (NGC 12752230 84) 426 2 0-0181 KD 

Anon (3C 66) 347 ü 00215 ED2 

Coma (NGC 4889) 1656 2 0-0222 ED? 

Anon (3C 4652NGC 7720) 2634 1 00301 e?D4 

Anon (3C 83822 NGC 6166) 2199 2 0-0308 eD4 

Hercules 2151 2 0-0841 

Anon (8C 317) 2052 0 00351 eD4 

2308 +0720 (NGC 7503) ~~ ~~ 00428 

2322 +1425 (NGC 7649) 2593 0 00440 

1145 + 5559 137 1 0-0516 

0106 — 1536 151 1 0-0528 

1024 + 1039 — — 00649 

1239 + 1852 === -= 0718 

1520 + 2754 2065 2 00722 

0705 + 3506 568 0 0-0779 

Anon (M 23-117) 2638 2 0-0825 D5 

1518 + 0433 2048 1 0:0944 

1431 +3146 1930 1 0:1312 

1055 + 5762 1182 1 01345 

1153 +2341 1413 3 0:1426 eD 

1534 + 3749 2100 3 0-1582 

0025 + 2223 31 2 0-1594 

1228 -+ 1050 1553 2 0-1651 

0138 + 1832 234 1 0:1730 

1809 — 0105 1689 4 01745 

Anon (3C 219) —_ 2 0-1745 eD 

1304 + 3110 1677 2 01831 

Anon (30 234) -— 0°1846 N1 

0925 + 204 801 2 0-1917 

Anon (3C 28) 115 3 0-1959 

1253 +4422 1643 1 0-1979 

0855 + 0321 732 1 0-2018 





The designation of the brightest member galaxy is given in parentheses in 
column 1. Richness classes for clusters not in the Abell Catalogue are taken 
from Matthews, Morgan and Sehmidt*, Morgan types are taken from Morgan’: 
Matthews, Morgan and Schmidt’; and Morgan and Lesh*. 
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Table 2, THE MEAN ABSOLUTE MAGNITUDE < M,> FOR THE BRIGHTEST 
MEMBER OF A CLUSTER FOR DIFFERENT RICHNESS CLASSES 


Richness No. of galaxies in the n <My> 
Observed 








class range M, to M,+2 Predicted 

0 30- 49 ~ 22-33 £016 (5) 3 

1 50- 79 ~ 22-404 0-26 (11) & 

2 80-129 ~ 2262 + 0-28 (L1) 

3 120-199 ~ 22-69 + 0-41 (3) 

4 200-299 22-38 (1) 

BY 300 + — ~_— 
Unclassified ~ 22-64 + 0-19 (7) oe 


Errors are formally computed standard deviations of the means; the 
number of clusters in each class is given in parentheses. The predicted 
means are based on a=1-8 and M,= — 22-18. 


observed mean differ by more than one standard deviation 
from the mean of the whole sample, ~ 22-50. The dis- 
crepancy for richness classes 0 and 3 amounts to 0-60 
and 0-51 magnitudes respectively. In view of the small 
numbers available the discrepancy is not highly significant 
but we find no indication of the predicted trend in bright- 
ness with richness. An increase of « would again improve 
agreement, but a normal distribution for M, independent 
of richness class is the simplest interpretation of the data. 
Abell’s published observations on the Coma luminosity 
function rule out any increase of slope « sufficient to give 
agreement with the distribution in Fig. 2 and there is no 
reason to believe that Coma is in any way exceptional. 
If the observed? discontinuous change of slope to %= 0-0 
in the Coma luminosity function about 2-5 magnitudes 
fainter than M, were universal, it could change the pre- 
dicted variation of <M,> with richness, were M,-+2 to 
be fainter than the point at which this change of slope 
occurred; but it would not affect the predicted distribu- 
tion (3). It may be remarked that the substitution of 

(2) by the Zwicky function?’ 
yM) = const 10%% (8) 


would increase these disagreements by decreasing the slope 
by about a factor four over the Abell function. 

A further difficulty for the statistical theory lies in the 
variation of population among clusters. We have noted 
that in the model (2) M, is a measure of the cluster popula- 
tion. If the population varied appreciably from cluster 
to cluster it would increase the dispersion of M, in Fig. 2. 
Indeed, if we assume the extreme and improbable case in 
which all the observed dispersion is due to such a variation, 
the dispersion in M, would be 0-27 magnitudes, that is, 
the dispersion in population would be less than about a 
factor of two. The sample considered here, however, is 
drawn from clusters the population of which varies by 
more than an order of magnitude. 

In view of these arguments we consider the statistical 
theory inadequate; consequently, it would not appear 
possible to account for the luminosity of the brightest 
member of a cluster by a luminosity function observa- 
tionally defined by the fainter cluster members. The 
apparently normal distribution of M, also argues against 
a sharp cut-off in the luminosity function at the extreme 
bright end. The observations are compatible with the 
conclusion that the magnitude of the brightest member is 
a normally distributed random variable, independent of 
cluster richness or the luminosity function governing the 
fainter members. 

Such a conclusion is clearly of importance for theories of 
galaxy formation. Absolute magnitude is probably not 
the only property in which there is a discontinuity in 
passing from the brightest to the fainter members. Table 
1 gives Morgan types’ for the brightest cluster members 
where available. It will be seen that of the fourteen 
classified, eleven are given as D (of which six are cD or 
supergiant D galaxies), which are thus morphologically 
distinct from the E and 80 galaxies making up the bulk 
of the bright end of the luminosity function. The remark- 
able correlation between the orientation of clusters 
containing cD galaxies and the orientation of the major 
axis of the cD galaxy itself found by Sastry" is another 
indication of the peculiar properties of the brightest 
member. 
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If the apparent absence of correlation between absolute 
magnitude M, and cluster richness is confirmed, it would 
be of considerable significance in the use of the brightest 
cluster members as cosmological test objects. Any 
observational tendency to choose preferentially richer 
clusters for investigation near the observational limit 
(Scott effect) would not introduce any systematic error into 
the interpretation of the red-shift-magnitude diagram 
for brightest cluster members, and in particular into the 
derivation of the deceleration parameter. 

I thank Dr A. R. Sandage for observations in advance of 
publication and Mr J. M. C. Beard for help with the 
computations, 

J. V. Pracn 


Department of Astrophysics, 
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Balloon Observations of High Energy 
X-ray Sources in the Region of the 
Galactic Centre 


Ix an eight-hour balloon flight launched from Mildura, 
Australia, on October 15, 1967, we surveyed the X-ray 
emission above 20 keV from the region of the sky from 
declinations — 70° to — 5° and from right ascensions 150° 
to 280° (angular resolution 13° fiw.h.m.). We noted 
earlier! that the data showed several sources 
in a region near the galactic centre. From a 
more detailed analysis of the data from this 
region we can now account for the bulk 
of the hard X-rays we observed in terms of 
four sources whose positions and spectra we 
report here. 
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We analysed the data from our energy channels 1 and 2 
(20-30 keV, 30-40 keV) separately; the results are 
summarized in Table 1. The positions for sources M1, 
M2 and M3 derived separately for the two statistically 
independent channels seem to agree with one another. 
When a fourth source was added to the analysis of the 
channel 2 data, however, the solution did not converge 
satisfactorily, so that the analysis of channel 2 data was 
stopped there. 

Fig. 1 is a map in galactic coordinates showing the 
source positions together with the positions we previously 
reported for Cen XR-2 and a source in Norma! ?, Around 
each of our positions is an error circle of 3° radius represent- 
ing our estimate of the lo position uncertainty, a result of 
combining the statistical fluctuations from simulated 
data tests with possible systematic errors from the 
apparatus. Also shown are some of the data reported by 
various groups from rocket surveys using narrow slat 
collimators*-*, 

To find the spectra of the four sources we fixed their 
locations at the positions derived from the 20-30 keV 
data and then found the maximum likelihood values of 
their intensities in each of the energy channels. The 
results, adjusted for the detector response and corrected 
to the top of the atmosphere, are shown in Fig. 2. The 
corrections were outlined in detail in an earlier paper®. 

A possible cause of systematic error in the spectra 
(and the number of pulses unaccounted for) might be 
a variation in the background rate as the instrument 
rotates in azimuth. Careful examination of the data 
shows that this effect, if it exists at all, would not change 
the values quoted by more than 6 per cent in the case of 
source M1, and 12 per cent in the cases of sources M2, M3 
and M4. 

M2 lies close to the strong source designated Ara 
X R-1 in the low resolution (8° f-w.h.m.) NRL 1965 rocket 
survey’ and the “hard” source labelled No. 3 in the higher 
resolution (~ 2° fiw.h.m.) Lockheed survey®. The inten- 
sity in the 1-10 keV range® and our data at higher energies 
are fitted by an exponential law of the form exp (— E/kT) 
with kT =16+4 keV (Fig. 2). 

The situation around the sources M1, M3 and M4 is 
evidently more complicated. The position we find for 
the brightest and hardest of these sources, namely M1, 
lies in a region where no source was apparently detected 
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We adopt as our solution to the problem 20 
of deconvolving the source distribution and 
the detector response function the smallest 
set of hypothetical discrete sources that 
accounts for most of the X-ray counts in 
excess of the background and predicts the 
observed data with maximum likelihood. 
Tests on simulated data showed that the 
method recovers the assumed source posi- 
tions to an accuracy of 2° (r.m.s.) and their 
intensities to an accuracy of 20 per cent 
(r.m.s.} provided that no two sources are 
separated by less than five degrees if their 
intensities are equal, and by less than eight 





Fa 
Boundary of region included 
in present analysis 


Gen XR-2 





© Bradt etal? 


D2 Lewin eta’? 
[C] Buser et oi 


Present Work 
al eect 


EEPE Seine eed Waar eens acne E 


meee i ee 








degrees if their intensities differ by a factor L 
of four. Rocket surveys have shown the 
presence of ten or more discrete sources 
along the galactic equator in the galactic 
longitude range ~20°<14 < + 20°, so it is 
probable that the positions and intensities 
of some of our hypothetical sources corre- 
spond to the mean positions and composite 
intensities of unresolved sources. 


Fig. 1. 


Galactic map of X-ray source locations near the galactic centre region, 
small open circles are the positions of the sources located by Bradt et al.‘ as the inter- 
sections of two sets of position lines derived from a rocket survey in July 1967, and 
another set of position lines obtained in a survey by Gursky et al.*, The rectangular boxes 
indicate the positions of hard X-ray sources observed by Buselli et ai. in February 1968. 
The rectangular error box around G3 +1 is our estimate of their uncertainty; this error 
is not quoted by therm. 
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The field of view of our own observations and that of typical 
rocket observations are shown In the figure. 
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Table 1. SUMMARY OF RESULTS FROM THE MAXIMUM LIKELIHOOD ANALYSIS OF 


5 
(degrees) 


~ 29°3 


Source Possible other 

designation designations 

M1 GX ~ 2-58 
13° 
2, 38 
Ara XR~ 17 
GX5- 14 
GXO+ 1 


ou 
(degrees) 
+25 


m 
(degrees) 
357-5 


a 
(degrees) 
261°6 


M2 251-6 -470 338-9 -16 


+34 


M4 ~40 


Sco LR - 6? 
Sco XR~ 27 
GX354 - 58 
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THE BALLOON SURVEY DATA FROM 20 TO 40 keV 


I (eounts/s) a ô ur gir P(egunte/s/ 
(degrees) (degrees) (degrees) (degrees) 358 emi 
21:8 261-6 ~ 3810 856-4. +138 REN 
17-8 254-4 -458 B411 wo Bb To 
155 266-1 — 20-8 Ti +AT të 
115 


The values listed under a (right ascension), 6 (declination), / (galactic longitude), 6 (galactic latitude), and T (the counting rate per 358 em!" corrected to the 
top of the atmosphere) are the maximum likelihood values for the complete set of hypothetical sources. 


in the rocket survey by Bradt et al.4. Moreover, we are 
unable to reconcile the position with that of GX3+1 
and therefore disagree with the conclusion of Buselli 
et al.* that the dominant contribution to the hard X-ray 
emission near the galactic centre is made by GX3+1. 
At the same time the galactic longitude of M1 coincides 
with that of GX —2-5 (ref. 3) and with that of source 
No. 13 in the survey of Fisher et al... The latter had a 
“hard” spectrum, and this fact supports its identification 
with M1. Clearly, new measurements are necessary to 
solve the apparent discrepancies. The shape of the energy 
spectrum for M1 can be characterized by an exponential 
law of the form exp (-E/kT) with kT=19 keV, or 
equally well by a power law of the form £-* with values for 
the energy spectrum index « of 2+0-5 (Fig. 2). The spec- 
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Fig. 2. Spectra of four sources which account for the hard X-rays 


observed from the galactic centre region. Rocket data in the 1-10 keV 

range are shown for M2 only with the assumption that this source is the 

same as source No. 3 observed by Fisher et al. For convenience we have 

indicated lines representing pnergy eee with values for $T of 16 keV, 
9 keV and a=2. 


tral results for M1 with respect to both intensity and shape 
agree with those reported by Buselli et al. for GX3+ 1 and 
by Haymes et al.!°. We therefore believe that the high 
energy X-rays they detected are primarily fram the 
source that we identify as M1. Values for g reported by 
them are 1-0+ 0-2 and 1-2+0-4. The low value of 1-04.02 - 
reported by Buselli et al. was derived by combining their 
balloon results with earlier rocket results’4 on GNO+1.: 
If the balloon results alone are taken into account we 
derive a value for « from Buselli’s data of ~ 1540-3 
which is consistent with our result on M1. 

Each of the two remaining hypothetical sources M3 
and M4 probably represents a composite of several weak 
sources. The spectrum of M3 can be characterized bi 
kT =9+4keV and that of M4 by kT =12+7 keV. 
note that the spectral data and source position for Jf4 
are consistent with those reported by Buselli ef alt for 
the source they identify as GX354— 5. 
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Millimetre Wave Emission by 
Interstellar Dust 


Ir the interstellar grains consist of material resembling 
a semiconductor with a d.c. conductivity o in the range 
0-01 to 10 Q~? em~, then there may be large optical depths 
for millimetre and submillimetre waves due to grains. 
Thus dense clouds or condensations within them may be 
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significant blackbody radiators at these wavelengths 
because of the grains. Because the grains may have 
amorphous but not glassy structure, or contain impurities 
and lattice defects even if the structure should be well 
ordered, such conductivities for the grains are highly 
probable! ?, 

The optical depth t, for such materials is given by 


tg = TUN Qo, T) 


where Q(w,7) = 4wa Im [(€ —1)/(€ + 2)]/c is the absorption 
efficiency, a is the radius of a spherical grain, w/27 is the 
radiation frequency, Ẹ is the complex dielectric constant 
at a temperature T and N, is the projected density of 
grains (number cm~*) (refs. 3 and 4). The extension to 
non-spherical grains is discussed by Van de Hulst®. We 
write e=e’+ie", and ce” = (4n6/w)(1+o7+*)-!, where v is 
the mean free time for collisions of the charge carriers 
with defects and impurities or, at higher temperatures, 
with the phonons. It is not unlikely, according to stand- 
ard laboratory measurements, that the charge carrier 
density n ~ 10" em~ and r~ 1072s. Because o = ne? z/m*, 
we calculate that ¢~10" s-t or 10-! ohm em~ for the 
effective mass m* ~ mass of a free electron. The real part 
of the dielectric constant e” is the sum of a term due to the 
lattice, ¢,, and another term due to these charge carriers. 
That is, ¢’ = e~ w4 t?(1 + @? t?)-1, where wp = (4ane#/m*)!/# 
is the plasma frequency. With these values of n and +, 
we obtain wit?=4drer~ 1. Because e, may be anywhere 
from ~3to ~ 15 for a variety of semiconducting materials, 
e’ is not likely to be negative or metal-like. We usually 
can neglect the frequency dependence of e, over the range 
of long wavelengths of interest here. 

If we consider tg as a function of œ, we find that vz, 
has a maximum given approximately by 


Tg, max ~ L2na*N,4ro/(2 + e’)2e, where 
(or)i~4not/(2+e")<Slora~wp/V/(2+e) 


determines the frequency at the maximum. For fre- 
quencies below this broad maximum, 7,0? and for 
frequencies above the maximum, 7%? until the fre- 
quency dependence of the lattice and interband contribu- 
tions to the dielectric constant s, become important in the 
infrared region where +, increases again. 

A common type of grain might have e’= 3, o = 10" s~, 
t= 10-5, and a= 2 x 10-5 cm (ref. 6), for which we caleu- 
late that tg, max ~ 3 x 10-3 Ny. For Ng ~ 3 x 10-8 Ny (where 
Nnu is the hydrogen projected density), Tg, max ~ 10725 Ng for 
a frequency of w/2n~3x 100 Hz. Similarly, for e’~4, 
o= 1048-1, r= 10-2 8,a=3 x 10-°em, and Ng~6 x 107! Ny 
for graphite grains’:*, we calculate tg, max ~ 10-3 Ny at 
o/2x~10" Hz. The conductivity is for the electric field 
vector perpendicular to the basal planes and the d.c. 
conductivity in the planes is about 10% times larger. 
The extinction due to this metallic conductivity is about 
10° times smaller than the semiconductor component at 
10" Hz. 

For typical clouds, Ny is only ~ 10?! em-? (ref. 9). 
We might, however, expect for condensations that. 
Nu> 1075 cm, or even higher dust ratios N,/Nu, and 
that t21. For example, a protostar of ~l Mo and 
<10 years age, with a diameter of ~3-10"% em, might 
have Ny ~ 3:102 cm~ (ref. 10). 

The temperature of a cold grain in many cases might 
be determined by the emission (Kirchoff'’s law) efficiency 
Q(a,T) at millimetre wavelengths. We set the absorbed 
power per unit area of ~6-10-4 erg cem? s~, due to an 
effective blackbody at 10,000 K with a dilution factor 
10-4 and a visible and ultraviolet absorption efficiency 
of ~0-1, equal to the emission [Q(@,T)I(e.T)da, where 
Ko, T) is the blackbody flux per unit bandwidth. The 
integral can be approximated by ~ 24ca(k7)?/[n(2 +e’)? 
eh], assuming ħwop/(2 +e k T1. Thus the grain 
temperature is given by 
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(+/10-12)2(2 +’) 


v (6/10) V/(a/2 x 10-5) 


Thus with 2(2+2')~12 and the other factors equal to 
unity, we obtain T~ 12 K, which is lower than the estim- 
ates made for a metal, graphite and ice of 74, 30 and 15 K, 
respectively". It must be remembered that the con- 
ductivity probably depends exponentially on the tempera- 
ture because of the ionization potential of shallow impurity 
states'?, In these excitation conditions, the emission 
maximum in QI for semiconductor grains occurs in the 
millimetre region. At this temperature, an opaque 
object that subtends 1 are-minute would provide a sizable 
2x 10-21 W m Hz at ~ 101! Hz at the top of the Earth’s 
atmosphere. Densities of 10° hydrogen atoms or mole- 
cules cem or ~10' Mo might, however, be required 
unless the dust ratio is unusually large. Anomalous 
regions of OH or H,CO microwave absorption might be of 
interest??:13, 

Conductivities >10 Q-1 em~ are also possible. The 
carrier concentration might increase considerably when 
the temperature is sufficiently high to ionize less shallow 
donor or acceptor levels or to excite electrons across a 
small semiconductor energy gapt? The maximum in 
7g then occurs in the submillimetre range, for which 
blackbodies at 20-30 K are of interest. The strong far 
infrared emission at 100 ym, from the galactic centre, 
is likely to be such a case. Because this object subtends 
~ 10-4 sr, the blackbody flux would be ~ 10-18 W me? Hz-}, 
about five times larger than that observed. With t,~ 0-2, 
hydrogen densities of about 10° cm? are deduced if the 
grains have tg~ 10-85 Ny as used here. Other cases of 
strong far infrared emission, as from NGC 7027 (refs. 15, 
16), the Crab nebula!?-*, n Carinae, NML Cygnus??? 
and many others might also apply. The possibility of 
strong millimetre wave emission due to grains with lower 
conductivity should not, however, be overlooked in these 
same sources. 

This work was sponsored by the US Air Force. I 
acknowledge discussions with Dr H. J. Zeiger. 
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How Important is Steady State 
Cosmology to Classical and Quantum 
Electrodynamics ? 


In a recent article on cosmology and electrodynamics, 
Hoyle and Narlikar! have argued that the direct action 
electrodynamics of Wheeler and Feynman? may be used 
as evidence that the steady state model of cosmology is 
the correct form of cosmology in the physical universe 
{see also ref. 3). They base their argument on the fact 
that conventional Maxwell—Lorentz electrodynamics, being 
basically inconsistent because of the presence of self- 
energy infinities, can be supplanted only by the Wheeler- 
Feynman electrodynamics (the justification of the com- 
plete absorber assumption coming automatically out of 
the steady state model of cosmology). This argument 
would apparently establish a strong connexion between 
local electrodynamics and steady state cosmology were 
it not for the fact that a third and more consistent form 
of electrodynamics exists (in which the Lorentz—Dirac 
equation can be derived from a variational principle, 
without any infinite self-interactions, and without 
recourse to any cosmological assumptions about complete 
absorption). 

This new formulation of electrodynamics, classical 
elementary measurement electrodynamics‘, is based on 
the paradigm that, in a physical event, it is the mutual 
measurement interaction between the observer charge 
and the observed charge which is the basic elementary 
building block of the theory. 

Within the context of a relativistic theory of point 
charges, this new theory of electrodynamics implies that 
the charged particles (associated with J,{"), K=1,2,..,N) 
and their electromagnetic fields (associated with A,™, 
K=1,2,...,N) are not elementary in themselves but are 
merely interdependent degrees of freedom in ascalar elemen- 
tary measurement field Jp ®© A, K=4J=1,2,...,N. 
Because this implies that the scalar elementary measure- 
ment field J,” A“, KJ, is more fundamental than 
either J, or Ay'” then, in this theory, Maxwell’s equations 
(with the proper Green function) are interpreted to be a 
set of covariant identities which give a prescription for 
converting particle currents J,” into their associated 
electromagnetic fields A ®. Because all the electro- 
magnetic fields Ay“ are required to be directly connected 
to their associated currents, Jp"), through the Maxwell 
“identities”, then no free uncoupled electromagnetic 
fields will exist in the theory. This means that the pheno- 
mena of radiation will occur as the by-product of the 
propagation of mutual electromagnetic measurement 
interactions between charged particles and will not be 
independent of the detector. On the basis of the paradigm 
which underlies this theory, all self-measurerment fields. 
Sk AMO; K=1, 2,..., N,are excluded a priori as being 
non-physical. Hence the problem of infinite self-energies 
is excluded in the basic formulation of the theory and never 
arises again. 

Tt has been shown‘ that an action principle for the 
relativistic elementary measurement of N classical 
charged point particles and their associated electro- 
magnetic fields can be constructed. Making the action 
stationary with respect to the variation of the interacting 
degrees of freedom gives the equations of motion of the 
measurement. With the proper choice of Green function 
for the Maxwell tautologies. the equations of motion of the 
measurement have the same form as that of Wheeler- 
Feynman electrodynamics. They have the distinct advan- 
tage, however, that no “complete absorber” assumption 
is ever needed or used and the electromagnetic fields are 
not eliminated from the theory a priori as is done in 
Wheeler-Feynman theory. The difficulties associated 
with infinite self-energies and mass renormalization are 
absent from this new theory and a consistent set of energy- 
momentum and angular momentum conservation laws 
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follows from an associated conserved energy-momentum 
tensor. 

This is accomplished in a flat Euclidean universe, in 
which the effects of radiation reaction can be produced 


X 
independent of the value of the quantity E (Fy ® (ret) — 


kel 
Fi” (adv)). The zero value of this term is usually 
associated with the complete absorber assumption. 


Because this theory can reproduce the Lorente~Dirac 
equation for point charges, it can reproduce all of the 
physical predictions of Maxwell-Lorenta theory and 
Wheeler-Feynman theory, but in a consistent fashion 
and with fewer assumptions. In addition, following 
Hoyle and Narlikar, if we quantize only the trajectories of 
particles and leave the electromagnetic fields as e-nurmbers, 
this new theory can predict the same results about 
spontaneous transitions as that of the Hoyle~Narlikar 
quantum electrodynamics. The details of this have been 
carried out (my unpublished work). In this work it is 
shown that the wavemechanical generalization of classical 
elementary measurement electrodynamics yields a theory 
which can account for the spontaneous transition process 
(via its nonlinear structure) even though the associated. 
electromagnetic fields are c-numbers and are not second 
quantized in the usual manner. 

The conclusion drawn is that classical elementary 
measurement electrodynamics (and its quantum general- 
ization) may exhibit a dependence on cosrnology when 
inserted into a general relativistic framework. It does 
not, however, require the steady state cosmological 
model for its internal consistency. Because this new 
electrodynamic theory offers a superior alternative to 
Maxwell-Lorentz and Wheeler-Feynman theory, the 
immediate implication is that Hoyle and Narlikar’s 
argument (that a consistent local electrodynamics does 
require the steady state cosmology) is not on firm ground. 
Tn particular, it remains an open question how important 
the steady state cosmology is to classical and quantum 
electrodynamics in the local vicinity. 

DARRYL J. LEITER 
Department of Physics, 
Boston College, 
Chestnut Hill, Massachusetts. 


Received June 18, 1969. 


1 Hoyle, F., and Narlikar, J. V., Nature, 219, 340 (1968). 

? Wheeler, J. A., and Feynman, R. P., Rev. Med. Phys., 17, 157 (1945); ibid. 
21, 425 (1949). 

3 Hoyle, F., and Narlikar, J. V., Proc. Roy. Soc. A, 277, 1 (1063), 

‘Leiter, Darryl Ja, Ann. Phys. 51, 561 (1969). 


Hoyle and Narlikar comment as follows: 

Maxwell’s electromagnetic theory, in spite of it 
markable successes in the experimental field, po 
two main defects. The first is the ad hoc choice of retarded 
solutions. As long as this choice is made on empirical 
grounds, we are no better off in our understanding of euch 
basic phenomena as radiation and the eleetrodynamic 
arrow of time. The second is the concept of self action 
which leads to infinities in the study of even the simplest 
systems. The search for a new theory of electrodynamics 
should therefore be motivated by two considerations: 

1. The new theory must be at least as successful as 
Maxwell's theory in the experimental field. 

2. The new theory must be free from at least one of the 
above defects, preferably both. 

Our recent work!-* goes some way towards demonstra- 
ting that the Wheeler-Fevynman theory in a suitable 
cosmological background fulfils these requirements. In 
Dr Leiter’s elementary measurement electrodynarnies the 
empirical choice of retarded potentials is still retained‘, 
and it is therefore no better off than Maxwell’s theory 
in this respect. That he needs no absorber condition is no 
surprise in the light of this assumption, The absorber 
condition of Wheeler-Feynman theory has the attractive 
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feature that it can be understood in terms of the element- 
ary processes occurring in the universe. As regards the 
concepts of self action and the degrees of freedom of 
fields, these play an important part in the Maxwellian 
quantum. electrodynamics, and it still needs to be demon- 
strated how the elementary measurement electrodynamics 
handles the so-called radiative corrections. 

F. Hove 
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Free Oscillations of the Earth 
and the D’ Layer 


Bullen and Haddon!:? have derived a density model for 
the Earth (model HB1) which is designed to accord with the 
observed free oscillation data. Their solution is based on 
Jeffreys’s a and p (P and § velocity) distributions for the 
mantle and Bolt’s « distribution for the core. To avoid the 
unlikely condition of a constant density throughout most 
of the lower mantle, they had to postulate an Earth model 
having a radius 15 to 20 km greater than that of the 
Jeffreys model. Taggart and Engdahl’, on the other hand, 
have used PeP data to determine a core radius of 3,477 + 2 
km, only 4 km greater than the Jeffreys value. 

This discrepancy is possibly the result of errors in the 
Jeffreys 8 distribution for the lower mantle. There have 
been attempts of an ad hoc nature to reconcile the observed 
theoretical free oscillation periods by varying § in the lower 
rnantlet®, A more definite basis for such a solution has 
been provided by a determination of B at the core~mantle 
boundary by J. R. C., using diffracted S data. The value of 
6-8 km/s obtained in this way is 0-5 km/s less than that of 
Jeffreys. Doyle and Hales’ found no great departures 
from Jeffreys's B distribution down to a depth of about 
2,200 km. As a first approximation, therefore, it is 
reasonable to assume that the greatest variation from the 
Jeffreys 8 distribution occurs in the lowest 200 km of the 
mantle (the D” layer). 

A simple modification of model HB1 has been con- 
structed on this basis. The core radius of HB1 has been 
reduced to 3,478 km, and 8 is assumed. to decrease linearly 
from the Jeffreys value of 7-25 km/s at the top of D” to 
6-80 km/s at the bottom. Elsewhere model HB1 has been 
retained without modification. We designate this new 
Earth model as ANUL. 

The periods of the various free oscillation modes of 
ANUL have been calculated. In Fig. 1, the fundamental 
spheroidal modes from Se to Sip for ANUL and HBI, 
are compared with the “best values” chosen from observa- 
tions of free oscillation periods by Anderson® and used by 
Anderson and Kovach’. The small corrections for the 
rigidity of the inner core given by Alsop’? have been 
applied to the periods calculated from both models. 
The results for both models differ only slightly from the 
“best values” within this range. For the higher funda- 
mental modes and the overtones of the spheroidal oscilla- 
tions, and for the toroidal oscillations, the free oscillation 
periods derived from ANUI1 are virtually the same as 
those of HB1. 

Model ANU1 shows that the dilemma encountered by 
Bullen and Haddon ean be resolved by reasonable varia- 
tions of the 8 distribution in the lowest part of the mantle. 
No finality is however claimed for the model in its present 
form. The modifications to HB1 have produced small 
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changes in the mass and moment of inertia of the model 
Earth, and these deficiencies require a density redistribu- 
tion elsewhere in the model. It is likely that 8 at the base 
of the mantle is slightly underestimated by the diffracted 8 
velocity because of the influence of core material on the 
velocity of the long-period diffracted waves. The Jeffreys 
value for & at the top of D” may also be slightly in error. 
Furthermore, the assumed gradient of B in D” is slightly 
less than is required for the upward refraction of 8 waves, 
implying that no direct 8 wave energy reaches the surface 
beyond a distance of about 93°. We are now developing 
a more sophisticated model which takes better account 
of these factors. 

We thank Professors K. E. Bullen and Don L. Anderson 
for unpublished information. 
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Electrical Resistance of Single 
Carbon Fibres 


SINGLE carbon fibres 25 cm long have been strained at a 
rate of 0-1 em/h and their electrical resistance monitored 
continuously. Three different grades of fibre, each from 
a different source, have been studied (Table 1); values 
of Young’s modulus were determined from tensile tests 
on individual fibres. The electrical resistance of the 
unstrained fibres varied from fibre to fibre even among 
fibres of the same grade. The variations within the grades 
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appeared to be due to variations in the diameter of the 
fibres; mean values of resistance and diameter are given 
in Table 1. 


Table 1 
Grade Young's Fibre Electrical 5 
of Modulas diameter resistance a 6 
fibre dynejem* micron KQ degrees 
A 38x 10% ~i 38 OF 22 
B 34x10 ~9-0 45 13 24 
Cc 2:3 x 19% ~ 10-0 80 7 32 


On straining, the resistance of the fibres inereased. 
The absolute value of the increase varied from fibre to 
fibre, but within each grade the ratio of the change in 
resistance (R) produced by a given strain to the un- 
strained resistance (R) was nearly constant. Fig. 1 shows 
results typical of most of the fibres. There was no 
detectable hysteresis when the strain was cycled and 
no permanent change in resistance. The fibres were not 
perfectly straight, some were badly crimped throughout 
their length and showed no linear region in the R/R 
versus strain graph. Most fibres were reasonably straight 
and their R/R versus strain graphs showed a small initial 
eurvature followed by a long straight region. The slopes 
z of the straight line portion of the graphs are given in 
Table 1. It appears that the initial curvature in the graph 
was associated with the straightening of the fibre. 

A small percentage of the fibres behaved in an anomal- 
ous manner (Fig. 2). The measurements on these fibres 
were not reproducible but showed certain general features. 
There was an initial dip in 82/R followed by a steep rise 
in which there was often a short pause at about é6R/R= 
1/200. When the load was removed &R/R decreased but 
did not return along the initial curve and there was a 
residual, permanent increase in resistance. When the 
strain cycle was repeated, 3R/R showed further similar 
changes and there was a further permanent increase in 
the resistance. 

Transmission X-ray diffraction patterns have been 
obtained from oriented bundles of the fibres, the (002) 
reflexions identified}? and plots made of the Bacon func- 
tion’. The graphite crystallites were oriented with the 
c axis approximately perpendicular to the fibre direction. 
The angular width 6 of the Bacon function at half peak 
height-——that is, the angular spread in ¢ axis orientation— 
is given in Table 1. Curtis et al.4 have shown that the 
erystallites in carbon fibres become more highly oriented 
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Fig. 2. 
when the fibres are strained. The graphite crystallite 
has marked electrical anisotropy, the resistivity parallel 
to the ¢ axis being of the order of 10° times the resistivity 
perpendicular to the ¢ axis; consequently any reorienta- 
tion during straining will have a marked influence on the 
electrical resistance of fibres. The curves published by 
Curtis et al. show that crystallites with the greatest 
misorientation experience the greatest rotation when 
fibres are strained. One would therefore expect that 
poorly oriented fibres—those in which many of the erystal- 
lites have ¢ axes inclined at large angles to the fibre axis— 
would show maximum reorientation and the maximum 
effect on the electrical resistance. 

If a fibre showed no change in volume on straming, no 
change in electrical properties and no reorientation effects, 
the slope of the R/R versus strain graph would be 2, 
The reorientation effect would have the effect of counter- 
acting the rise in resistance on straining and therefore 
poorly oriented fibres should show a slope markedly 
different from 2. Our results (Table 1) show a correlation 
between the degree of misorientation, measured by 0, 
and the slope of the graph, but the correlation has the 
wrong sense; in other words, the deviation from the ideal 
gradient decreases with increasing misorientation instead 
of increasing. The simple reorientation effect therefore 
cannot be a dominant mechanism as far as electrical 
properties are concerned. 

The change produced in the electrical resistance of a 
earbon fibre by strain is obviously related to the degree of 
misorientation (Table 1). Unfortunately, reliable informa- 
tion is not currently available on the properties of graphi- 
tic material of the type found in fibres, Until further 
measurements of basic properties are made it is impossible 
to assess the importance of factors such as Poisson’s ratio 
contraction and the effect of stress on the electrical con- 
duction mechanism in graphite. 
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Anomalies in the Thermal 
Properties of Water 


In this article we draw attention to the abrupt changes 
in the properties of water as a function of temperature 
which have been described as “anomalies in the already 
anomalous behaviour of water’})?, 

Recent experimental results?! are not at all in agree- 
ment with these anomalous properties. Earlier observa- 
tions by one of us” showed thermal anomalies, or “kinks”, 
in the magnetic susceptibility of liquid water with tem- 
perature, and we could not exclude the possibility that 
such phenomena were a result of the interfacial properties 
of water. For this reason the interpretation of bulk 
Measurements could be misleading. A new accurate 
investigation of the bulk magnetic properties of water 
did not confirm the existence of “kinks”, although it 
showed the structural significance of the temperature 
coefficient of the diamagnetism of water. Recently 
Drost-Hansen and co-workers'®!® looked for thermal 
anomalies in the flow behaviour of bulk water but obtained 
negative results. They concluded that surface effects 
could be important. 

In order to decide whether the “kinks” owe their 
existence to bulk properties or are a result of interfacial 
effects of liquid water, we have studied the behaviour of 
the interfacial tension of n-hexane—water and n-decane— 
water and the behaviour of the volume magnetic suscep- 
tibility of dispersions of silica gel in water with tempera- 
ture. Reasons exist for the choice of such systems?%21, 

Water used in these experiments was prepared as 
previously deseribed'*. The n-hexane was Merck reagent 
grade; n-decane was Fluka “purum’’. Five measurements 
were made on each of five samples at each temperature in 
the range from 5° to 45° C by the ring method, using a 
Lecompte du Noiiy type tensiometer. The temperature 
of the samples was known to +0-05°C; great care was 
taken to measure the temperature at the hydrocarbon— 
water interface and to evaluate the buoyancy correction. 
Liquids were in equilibrium with the surrounding atmo- 
sphere. The maximum error on the measurements was 
not greater than 0-04 dyne/em. The standard deviation 
was +001 dyne/em. The values of the n-hexane-water 
interfacial tension at 25° C in the present study agree to 
within +04 dyne/em with those obtained by Gillap et 
a; for n-decane—water our values are nearly the same 
as theirs. 

Fig. 1 shows the behaviour of n-hexane—water and the 
n-decane-water interfacial tension from 5° to 45°C. It 


% 
53} 
‘Sy 
x ba 
W aa 
52 Ma R 2 maximum error 
AS 
Ar OK 


5l > 





x a 
SO. = 3 oa, 
OA 
G 
49 49.5- N vig 
A Y 
aA 
AN 
as 
48 aE — i 
10 20 380 40 50 
Tr (°C) 
Fig. 1. Interfacial tension of hydrocarbon-water systems versus 
temperature. a, n-Decane-water; b, n-hexane—water; e, more refined 


study of the n-hexane-water system from 23° to 20° €. 
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also shows in more detail the behaviour of the n-hexane- 
water system near one of the most apparently doubtful 
“kinks”. Measurements for pure liquid n-hexane and 
n-decane show a continuous smooth curve in the same 
temperature range within the same experimental error. 
Freshly prepared samples of water show thermal anomalies 
of surface tension at about the same temperatures as the 
“kinks”, with an amplitude about the same as the experi- 
mental errors. Fig. 2 shows the behaviour of water—air 
surface tension, measured also by the ring method at 
equilibrium temperature or with a temperature gradient, 
using the Wilhelmy method with a Cahn RH recording 
electrobalance. The procedure will be described in a 
future paper. 

Volume susceptibility measurements were carried out 
so as to maintain the sample in the same condition as in 
our earlier work!’, even though this excluded the pos- 
sibility of a quantitative interpretation. The magnetic 
susceptibility apparatus was similar to that previously 
deseribed**. Water was prepared by the same procedure 
as for the interfacial measurements; Merck silica gel 
(0-10 mm diameter) for chromatography was used. 
Samples of silica gel dispersions in water were prepared 
by direct sedimentation at high temperature into the 
vessel, after long ebullition. The vessels were then sealed 
under vacuum and during several weeks they showed 
constant apparent weight change in the magnetic field 
at 20° ©, within the experimental errors. Fig. 3 shows 
the ratio between the volume magnetic susceptibility K: 
and the reference volume susceptibility Ky. for two inde- 
pendent sets of measurements. The standard deviation 
for six measurements at each temperature was about 
+0:015 per cent. Suecessive runs on the same sample 
showed a hysteresis in K, values depending on the 
temperature range and time interval between successive 
runs. In all runs “kinks” always appeared at the same 
temperatures, within +0-5° C. 

The “kinks” claimed by Drost-Hansen appear very 
evident in the interfacial tension behaviour of both 
systems studied by us at all temperatures surveyed in 
his report'. 

The results obtained for surface tension of pure water 
and earlier results for the temperature coefficient of dia- 
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ments. 


magnetism of liquid water’? showed feeble and sometimes 
uncertain thermal anomalies; such anomalies, for surface 
tension, vanished in those samples of water stored for a 
long time in ‘Pyrex’ or silica glass bottles. The uncertain 
results for the water—air surface tension, in our opinion, 
may have arisen from the impurities adsorbed on the free 
surface of the liquid. Their slow decrease after some time 
is probably a consequence of a different distribution of 
concentration between the free water surface and that of 
the water~silica (or ‘Pyrex’ glass) of the vessel used. This 
fact could also explain the results of Claussen’, 

The evidence of “kinks” in magnetic data of samples of 
silica, gel dispersions in water confirms the interfacial 
origin of these phenomena, even though the accuracy 
was lower than previous results", 

We are consequently led to conclude that the “kinks” 
claimed by several authors at a number of discrete tem- 
peratures owe their existence to the ordered water struc- 
ture at the liquid-liquid (or solid-lhquid) interface. On 
this basis we can reinterpret the experimental results 
where the observed behaviour was ascribed to bulk 
properties, and in particular those results in which the 
surface properties (macroscopic or microscopic, for 
example solvated ions) have added importance by virtue 
of the particular parameters considered and the accuracy 
of the measurements®™ 78.24, 

We thank Professor G. Gabrielli for her help in the 
experimental study of the surface tension of water with 
temperature. 
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Growth Mode of Ice Crystals in Air at 
Low Pressure 


THE mode and the rate of growth of ice erystels in air at 
low pressure are of special interest in studying the noctilu- 
cent and the nacreous clouds which occur m the upper 
atmosphere!-?. When the dimensions of an ice crystal 
are comparable with, or less than the mean free path of 
molecules in the ambient air, the rate of sublimation onto 
the surface of the ico crystal is governed not by the 
diffusion of water vapour molecules in the ambient air 
but by the collisional frequency and the sublimation 
coefficient of water vapour molecules on the surface. 
It is also conceivable that the growth mode or the -habit-of 
ice crystals in such a condition differs from those in 
tropospheric conditions. Here are the results of 
experiments on the growth of ice crystals on a metal 
surface in a vacuum cryostat. 

A copper rod extending from a liquid nitrogen. bath 
on the top of a cryostat was terminated in a copper block 
with a tipped edge. The temperature of the tipped edge 
on which ice crystals were grown was controlled by an 
electric current through a wire wound around the copper 
rod. Another copper rod extended through the bottor of 
the cryostat from a flask filled with liquid nitrogen below 
the cryostat, the top end of the lower rod facing the 
tipped edge of the upper rod. On the top of the lower rod, 
a thin flat sheet of pure ice was frozen in each experiment 
and used as the source of water vapour for growing. ice 
crystals on the tipped edge of the upper rod. The eryostat 
was evacuated by means of a conventional pumping 
system to a pressure between 107 and 10 mm of mercury. 
Ice crystals grown on the tipped edge were observed with 
a microscope through a glass window. 

At pressures lower than 10 mm of mercury ice crystals 
grew in spherically symmetric form with facets of high 
indices forming initially and then facets of lower indices 
later. These ice crystals were transparent and their 
facets were specular. Even at a high supersaturation 
(saturation ratio~ 2), neither edge growth nor skeleton 
structures were observed, as can be seen in Figs. 1 and 2. 
Their growth modes were very different from those of 
ice crystals of similar sizes grown at normal pressure, The 
erystals grown included no air bubble and no skeleton 
structure, and so the mass of each ice crystal was deter- 
mined from its shape and size in photomicrographs. 

The growth rate of a spherical ice crystal of which the 
radius r is less than the mean free path s of molecules 
in the ambient air is given by 











= -e (la — by) 
eet aay 
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where « is the sublimation coefficient, Rv the gas constant 
of water vapour, T the temperature of the ice sphere, p 
the density of the ice sphere, la the water vapour pressure 
in the ambient air and dy the saturation water vapour 
pressure at T, For fixed values of the supersaturation 


and temperature, the radius inereases linearly with time. 





This relationship was found to hold in the case of our 
experiments (Fig. 3). From the growth rates obtained 
at temperatures between — 50° and — 110° C, values of the 
sublimation coefficient were determined. At temperatures 
between — 50° and — 80° C values of the coefficient, g, lie 
around 0-06, and below — 80°C the value increases with 
decreasing temperature. These values are smaller than 
the evaporation coefficients obtained from evaporation 
measurements by Kramers et al.* and Tschudin®. In the 
high latitude summer atmosphere where noctilucent 
clouds are relatively frequently observed, the temperature 
may be about —90°C to —110°C. Aeearding to our 
results, x has a value between 0-1 and 0-5. f 

Instead of the tipped copper rod, we then used some 
plastic fibres of poor thermal conductivity stretched 
parallel to the surface of the water vapour source. We 
let ice crystals grow on the fibres. When the air pressure 
became higher than several tens of millimetres of mercury 
the formation of dendritic ice erystals occurred. 























When the 
pressure was reduced to 10 to 10 mm of mercury, ice 
erystals did not grow on their edges or on the tips of 








A spherical ice crystal grown at = 54° ©, and 3x 10°? mm of 


Fig, L 
mercury, with a saturation ratio of 1-14 and a= 0-07. 





AORE: 


Hemispherical ice crystals grown at -> eC and 1 x 1071 mm 
of mercury, with a saturation ratio of 1:77 and a = 0-06, 





Fig. 2. 
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pre-formed crystals, but grew in cylindrical shape around 
the fibre. 

These experimental results suggest that ice crystals 
grown on solid particles in air at a pressure as low as 10-* 
-10 mm of mercury have a quasi-spherical shape with 
specular facets of high indiees; needle-shaped ice crystals 
IPES Chapman? can only be formed, it seems, on 
needle-shaped nuclei. 

Tt is coneluded that the growth modes of ice erystals in 
mesospheric and high-stratospheric conditions differ very 
markedly from those in tropospheric conditions and that 
this should be taken into account when dealing with 
noctilucent and nacreous clouds. This is especially so 
when dealing with their optical properties and the fall 
velocities of cloud particles. 
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Adsorption of Water on Silica 


Since the announcement! of anomalous water, its pro- 
perties have been investigated by several workers?*, but 
little understanding of its structure has been achieved. 
In our laboratory recently we obtained water adsorption 
results on sihca surfaces that have been treated so as to 
contain only freely vibrating hydroxyl groups or only 
hydrogen bonded hydroxyl groups in addition to the 
ever present siloxane linkages (unpublished). The 
adsorption of water on the freely vibrating hydroxyl 
group gives rise to a typical type II isotherm. Quantita- 
tive measurements of water adsorption on the hydrogen 
bonded groups indicated that up to a pressure of 13 torr 









NATURE. VOL. 223, SEPTEMBER 13. 1969 


the adsorption took place in two steps. The first step 
corresponded to the adsorption of one molecule of water 
for each pair of hydrogen bonded hydroxyls, while the 
second step showed that a further two molecules of water 
became adsorbed for each pair of H-bonded hydroxyls, 
presumably as a second layer. This evidence suggests that 
the results may have a bearing on the structure of anomal- 
ous water, which is prepared by the condensation of water 
in small capillaries from a water atmosphere in which 
pjp is close to one. In view of this we have extended our 
measurements of water adsorption on the H-bonded 
surface hydroxyls out to p/py-~1. 

A sample of silica (Cabot Co., ‘Cab-O-Sil’, 160 m?/g) 
was soaked in nitric acid, washed with distilled water and 
heated to 520°C. Infrared examination showed that its 
surface contained both free and hydrogen-bonded OH 
groups. This sample was treated with liquid monochloro- 
trimethyl silane until its infrared spectrum showed that 
all the freely vibrating hydroxy! groups had been removed 
from the surface. It was then placed in an Ainsworth 
recording vacuum balance and heated to 150°C in 
vacuum before use. Water vapour was admitted to the 
system and the pressures read on a mercury manometer 
by means of a cathetometer. Nine separate runs were 
made on the same silica sample and the data are recorded 
in Fig. 1. 
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Fig. 1. Water vapour adsorption isotherm (25° ©) on a silica surface 

containing only H-bended OH groups, Curve (q) is the water adsorption 

isotherm on a silica surface containing no OH groups. Dashed lines 
represent extrapolations of each layer to complete coverage. 


As in the previous work, at pressures up to 13 torr, 
two distinct knees can be observed in the isotherm, 
corresponding to one and then three molecules of water 
adsorbed on every pair of H-bonded surface hydroxyl 
groups. At higher pressures (17 torr), a third knee can be 
observed on the eurve and this is similarly interpreted as 
being due to a third layer of water on the silica surface. 
Above 18-20 torr the amount of water adsorbed increases 
very rapidly, making absolute determination of the 
number of molecules adsorbed in the third layer very 
difficult. The total number indicated by the knee is 
near six, however. It is certainly more than five and less 
than seven. This value of six also receives support from 
data recently presented by Brunauer et al.4 who, on the 
basis of their own studies, comment that “the number of 
adsorbed layers at p/p y=1-0 is close to six’. Also, on 
recalculating t-curve data obtained by Harkins and Jura 
for water on anatase, Brunauer ef al. concluded that “the 
number of layers adsorbed at saturation pressure is six’’. 

Because it is known that the adsorption of water on our 
silica is occurring only on the H-bonded hydroxyls, the 
adsorbed water may be pictured as shown in Fig. 2. 
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Proposed structure of water adsorbed on H-bonded surface 
silanol groups. 


Fig. 2. 
This hexagonal structure is composed of six water mole- 
cules in three layers: (i) a single water molecule adsorbing 
on each pair of surface hydroxyl groups, (i) two water 
molecules adsorbing on the hydrogen atoms of the first 
water molecule, and (iii) completion of the ring by the 
adsorption of a further three molecules, Ifsuch a structure 
were to be released from the surface, it could produce a 
polymeric species which would give rise to the high 
viscosity associated with anomalous water. A hexameric 
structure has been previously postulated by Frank’ 
in order to aceount for the presence of liquid water on 
highly polished surfaces super-cooled to —72° C. The 
two models are in disagreement in that Frank's model 
postulates the six oxygen atoms distributed at the 
corners of a regular octahedron rather than in the planar 
fashion suggested by our adsorption data. 
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Formation of the Macrocyclic Ring in 
Tetrapyrrole Biosynthesis 


Tue monopyrrole porphobilinogen (PBG; Fig. 1) is 
polymerized and cyclized to uroporphyrinogen IH 
(Fig. 2) in the early stages of the biosynthesis of the 
haems, chlorophylls and bile pigments'*, It is relatively 
easy to visualize the condensation of four PBG molecules 
to give uroporphyrinogen I (Fig. 2), the only other 
uroporphyrinogen isomer found in nature. The topo- 
logical problems posed by the formation of the IFI isomer 
through PBG condensation have led to several hypotheses 
about the reaction sequence*~*, none of which seem to be 
completely in accord with all the available evidencet**, 
This report is concerned with a new hypothesis about this 
reaction sequence which has been deduced from a study 
of molecular models of presumed intermediates. 


Pr Ac Ac Pr Ac Pr 
i HNH, CH, NH, 
H N ) 
H H 
A B @ 
Fig. 1. Porphobilinogen (A), isoporphebilinogen (A) and opsepyrrole 


dicarboxylic acid (C). (Ae = CHCOOH, Pre - CH CHOON), 
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Fig. 2. Uroporphyrinogen T (x= Pr, y= Ac) and HI (x= Ac, y= Pr). 


The in vive reaction requires two enzymes, uroporphy- 
rinogen I synthetase (porphobilinogen deaminase) and 
uroporphyrinogen III cosynthetase'. The cosynthetase 
affects neither the rate nor the stoichiometry (4PBG-+ 
uroporphyrinogen I or ITI) of the reaction, but its con- 
centration determines the isomeric ratio of the products’. 
Uroporphyrinogen III is formed exclusively when the 
cosynthetase is in excess, uroporphyrinogen I when it is 
absent, and mixtures of the two isomers at intermediate 
concentrations. Moreover, cosynthetase has no effect on 
uroporphyrinogen I or on PBG in the absence of syn- 
thetase. A simple conclusion from these observations 
would be that the synthetase enzyme assembled PBG 
molecules, with elimination of the elements of ammonia, 
to form «-linked chains PBG,, PBG, (Fig. 3) and finally 
PBG, which cyclized spontaneously to the “expected” 
isomer, uroporphyrinogen I. One of the intermediates in 
this sequence would then be the substrate for cosynthe- 
tase. Accordingly we have examined molecular models of 
PBG, and PBG, for steric constraints on their behaviour, 
with the following results. 

The pyrrole rings of PBG, cannot rotate freely about 
their bonds to the common methylene bridge. This 
suggests that each PBG fragment is added to the growing 
chain in a rotational conformation suitable for ultimate 
eyelization to uroporphyrinogen, that is, with its pyrrole 
nitrogen adjacent to that of its neighbour (the chains m 
Fig. 3 have this geometry). 

Steric repulsion by the distal member of a PBG, chain 
in this orientation prevents the close approach of a fourth 
PBG moleeule to the growing end of the chain. An 
intramolecular elimination of ammonia, analogous to the 
(intermolecular) process of chain growth, can however 
occur because the distal end of the chain is functionally 
similar to the excluded PBG molecule. The product of 
such a reaction, cyclo-PBG, (Fig. 3), would have C-C-C 
angles at the methylene bridges of about 101°, in a con- 
figuration chosen to minimize the non-bonded repulsions 
across the macrocyclic ring. Such a compound has not 
to our knowledge been characterized, so we have attempted 
to estimate the effect of steric strain on its stability. The 
overlap integrals used by Bloor and Gartside? were modi- 
fied by cos? 4° to give a value of about 80 kealories mol-! 
for the enthalpy difference between six such strained 
C-C bonds and five unstrained bonds. Allowing 30 
kealories mol-? for the relief of non-bonded repulsions, we 
very crudely estimate an upper limit of 50 kealories mol-) 
for the activation energy of ring opening. Thus it seems 
possible that cyclo-PBG,, despite its steric instability, 
could survive long enough in physiological conditions 
to take part in uroporphyrinogen biosynthesis. 

Table 1 summarizes a model of the complete reaction 
which is compatible with the stereochemical constraints 
outlined. The selection of substrates for the synthetase 
enzyme was guided by the principle that only when one 
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of the substrates is the compact cyclo-PBG, can four 
PBG fragments be brought close enough to react rapidly. 
One teleological justification for this principle is the 
elimination of the “wastage” of PBG which could other- 
wise result from reactions such as PBG, + PBG, v PBE po 
Ptoporphyrnagen I during synthesis of uroporphyrinogen 


Table 1. PROPOSED REACTIONS IN UROPORPHYRINOGEN BIOSYNTHESIS 


Substrate Enzyme Product 
PBG + PBG Uroporphyrinogen I synthetase PBG, 
PBG + PBG, Uroporphyrinogen I synthetase P) qe 
PRG Uroporphyrinogen I synthetase eyci- PBG, 


PRG + eyelo-PBG, 


Uroporphyrinogen I synthetase 
PBG +cyclo-PBG, Uroporpharinos 


Uroporphyrinogen IEL cosyn- 
thetase 


* After re-cyclization. 


Uroporphyrinogen [* 
Croporphyrinogen LIL* 


The view of uroporphyrinogen biosynthesis developed 
above was based solely on a knowledge of the overall 
reactions catalysed by the two enzymes and the stereo- 
chemistry of their presumed intermediates. We now 
examine its relevance to the other available experimental 
evidence. 

First, cyclo-PBG, has two distinct loci of reaction with 
PBG. These require retention of the CH, as a carbanion 
by one or other of the flanking rings with electrophilic 
attack on the propionic side « group of a fourth PGB 
molecule while this reacts similarly with the alternative 
ring. It is thus a topologically suitable intermediate, and 
would explain both the similarity in rate of synthesis of 
the I and HI isomers and the absence of the other two 
isomers (IT and IV) or their derivatives in living systems. 
(Solutions of PBG alone yield on heating a random mixture 
of all four isomers of uroporphyrinogen’.) 

The assumption that cyclo-PBG, yields only uroporphy- 
rinogen I on the synthetase enzyme and only uroporphy- 
rinogen IIT on cosynthetase implies that this substrate at 
least must be bound and orientated (oppositely on the two 
enzymes) by its carboxylic acid side chains. In agreement 
with this view, both iso-PBG and opsopyrrole dicarboxylic 
acid (Fig. 1) are competitive inhibitors of the enzymic 
reaction’, 

Poisoning the mixed enzyme-PBG system with high 
concentrations of ammonia or hydroxylamine completely 








PRG, PRG, 
Pr Ac 
H 
HON 
CH 
Mi, 
r Ac 
eyclo-P BG, 
Fig. 3. Proposed intermediates in uroporphyrinogen biosynthesis. 
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inhibits formation of uroporphyrinogen III. The rate of 
consumption of PBG is, however, unaffected and an 
unidentified intermediate accumulates in the medium. 
A high yield of uroporphyrinogen I is obtained on pro- 
longed incubation®. These results may be interpreted as 
the destruction of cyclo-PBG, by nucleophilic ring opening 
to PBG, or an analogue, followed by the sterically 
disfavoured reaction PBG,+PBG-»+PBG, (~-uropor- 
phyrinogen I). 

The proposed mechanism is also consistent with 
radiochemical studies? which suggest that the acetic and 
propionie acid side chains are not interchanged during 
biosynthesis of uroporphyrinogen IIT and that the 
methylene bridge carbon atoms are at no time completely 
detached from the pyrrole rings of PBG moieties. Further- 
mare, this model requires only one active site per enzyme. 

Finally, we note that an alternative condensation of 
cyclo-PBG, with PBG would yield a macrocycle of the 
corrin type and directly explain the association between 
uroporphyrinogens and corrin biosynthesis’. 

We thank Professor L. Bogorad for unpublished experi- 
mental results and the US National Institutes of Health 
for financial support. 
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BIOLOGICAL SCIENCES 


Separation and Characterization of Rat 
Liver Mitochondrial DNA Strands 


Tue description and physical characterization of mito- 
chondrial DNA (M-DNA}— has been drawn heavily from 
the work of Vinograd and co-workers on the analogous 
polyoma viral DNA®*®, for both share in the native state 
a similar covalently closed ring structure. During alkaline 
CsCl density gradient centrifugation, however, M-DNA 
undergoes strand separationt®7-9, a property not shared 
by the viral DNA. The exciting report from Borst’s 
laboratory? that only the heavy (H~) strand is active 
in RNA transcription in vivo prompted us to present our 
data on the characterization of the isolated M-DNA 
strands. 

The two strands were separated by preparative alkaline 
CsCl density gradient centrifugation. Analytical ultra- 
centrifugation of the separated strands in neutral and 
alkaline CsCl gradients gave further evidence that the 
M-DNA bands seen in the alkaline gradient were indeed 
the separate strands with minimal cross-contamination 
(Fig. la: A, B). The neutral buoyant densities of the 
L and the H-strands, 1:708 and 1-721 g/cc, respectively 
(Fig. la: D, C), bracket that of the denatured M-DNA 
(1-709 g/cc) observed previously in neutral CsCl*. When 
mixed in a l: l ratio, the neutralized strands reassociate 
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near this density (vertical line, Fig. la: Æ), whereas they 
form a largely double-stranded structure (Fig. la: £) 
after heating at 60°C for i h. This is shown by the 
density shift to 1-701 g/cc, in the direction of that of 
renatured M-DNA (1-695 g/cc)’, by the narrowed band 
width, and by incubation of the strands separately (Fig. 
la: G, H), which does not reproduce this band. W hen a 
mixture of the strands is annealed in SSC (0-15 M NaCl, 
0-015 M Na citrate, pH 7) (Fig. la: J), a sharp band at a 
density of 1-702 g/cc is formed. Differences in renaturation 
conditions between experiments of Fig. la: F, 1 probably 
account for the concatenated structure. 

The large separation in alkaline buoyant densities of 
the L and H-strands (0-031 g/ec (ref. 9)) implies a large 
excess in guanine plus thymine in the heavy strand**-". 
Without direct measurement it is impossible to predict 
which base, if not both, is in excess. In the case of mouse 
satellite DNA, for example, in which the strands have a 
similar separation in alkaline buoyant densities (0-03 g/cc), 
the higher alkaline buoyant density of the H-strand is 
entirely caused by an excess in thymine residues; actually, 
the L-strand has a small guanine excess. (See also 
recent data on human satellite DNA") 

Regional differences in base composition or possible 
secondary structure formation contribute in a largely 
unknown fashion to the neutral buoyant density of a 
single stranded DNA molecule!®?, In comparison with 
mouse satellite DNA, about which more is known, 
the neutral CsCl buoyant density of the M-DNA L-strand 
seems anomalously high, first, because it is almost at the 
denatured M-DNA buoyant density (1-708 compared with 
1-709 g/ce (refs. 7-9)) and, second, because it is closer 
than usual to its own alkaline buoyant density (1-738 — 
1-708=0-03 g/ee (ref. 9}). By contrast, the difference 
between alkaline and neutral buoyant densities of the 
H-strand (0-05 g/cc) is similar to that observed in several 
other cases, for example, in @X-174 DNA (0-047 g/ee 
(ref. 10)), single stranded rat nuclear DNA (0-044 g/ce 
(ref. 9)), M. lysodeikticus DNA (0-049 g/cc (ref. 10)), and 
the polydeoxyribonucleotide, poly TG (0-048 g/ee (ref. 12}) 

To investigate the problems both of G-T base exce: 
in the strands and of regional base compositional dif- 
ferences, the binding of the M-DNA to the polyribo- 
nucleotides, poly U and poly G, was studied (fig, 1b). 
Binding occurs to DNA regions rich in the complementary 
base!*, The L-strand interacts strongly with both poly- 
mers and is sedimented to the bottom of the cell (Fig. 16: 
A, D). By contrast, the H-strand binds hardly at all to 
either polymer (Fig. 1b: B, E). Intact M-DNA, de- 
natured and quenched in the presence of the polyribo- 
nucleotides (Fig. 1b: C, F), forms a single band at about 
1-728 g/ee. This must be the H-strand alone. Bands 
denoted by small arrows in Fig. lb: A, C, F are too 
small to represent the amount of L-strand material 
present. Thus the L-strand is T and (or) G poor (Fig. la) 
and has both A and C-rich clusters (Fig. 1b). Tt must be 
emphasized that we have not isolated intact L and H- 
strands, because they are degraded in alkali?*, Band- 
equilibrium experiments, however, through alkaline CsCl 
using both old and fresh (intact) M-DNA give the same 
equilibrium distribution, although this is reached much 
more quickly in the latter case? (also, A. T. Leffler, 
unpublished data). It is therefore unlikely that the 
strand separation is an artefact of fragrnentation. 

Szybalski!* has advanced the hypothesis that the 
presence of pyrimidine (thymine or cytosine) clusters on 
the DNA strand is necessary for initiation of RNA 
transcription. The evidence for this is somewhat cireum- 
stantial, but in several bacilli and coliphages, especially 
T-7 phage", the DNA strand containing C-rich clusters, 
the poly G binding strand, hybridizes with mRNA. 
Although the rat M-DNA L-strand has C-rich (and A-rich) 
clusters, for it binds poly G (and poly U), it is apparently 
the H-strand which is transeribed into RNA’. ‘T-rich 
clusters, which we infer to be present on the H-strand 
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Fig. 1. Analytical ultracentrifugation of M-DNA strands, performed aa described previously’. 


essentially as previously described’, 


taining 0-2 N KOH, was centrifuged at 20° © for 42 h at 36,000 r.p.m. (anglehead Type 65 Spinco rotor, polypropylene tubes) The 
The radioactive H and L-band fractions were pooled and dialysed against 0-1 


was punctured with a hot needle to obtain fractions. 


a, To 100 xl. solution (approximately 0-5 wg DNA) was added 0-40 mi, saturated CsCl (25° C), 
After centrifugation, 0-5 ml. of these gradients w 
(C) H-strand; (D) L-strand. 


DNA solution: (4) H-band; (B) L-band. 
of 80 ul. 5-0 M CsCl, LOM NaHPO,, pH 6:8: 











5H-Thymidine labelled M-DNA was prepared 


Approximately 100 ug M-DNA in 1-0 ml. SSC, mixed with 4-0 mil. saturated CsCl solution (25° © ee 
> tube 





2M KOH and 0-5 ug (1 yl.) M. lysodeikticus 
neutralized to pH 8-5-90 by the addition 
These gradients were recovered, mixed in equal proportions, and 





OL perfringens DNA (1 ug/ml.) added: (£) H plus L-strands (middle band), kept at room temperature; (F) H plus L-strands, heated to 60° € 


for 1 h, then cooled to room temperature before centrifugation, 
0-40 ml, saturated CsCl solution, pH 6-8 with 0-04 M KHPO,, was add 
before incubation. 6, Binding of polyribonucleotides'!® to M-DNA. 


About 0-5 xg DNA in 110 ul. SSC was incubated at 60° C for 1 h, cooled, and 
ed: (G) H-strand alone; (GH) L-strand alone; (1) H and L-strands mixed 
80 ul. of 1/10 x SSC (about 0-4 wg DNA) mixed with 20 aL polynue ide 






solution (1 mg/ml), placed in boiling water (3-5 min), quenched and 0-30 ml. saturated CsCl solution, pH 6-8, and 0-5 ug Cl. perfringens DNA 
was added: (A) L-strand and poly U; (8) H-strand and poly U; (C) M-DNA and poly U; (D) L-strand and poly G; (8) H-strand and 


poly G; (F) M-DNA and poly G. 


would then be presumed to be the initiation site for RNA 
transcription, 
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Denaturation of Proteins: Single or 
Multiple Step Process ? 


We have reported the nuclear magnetic resonance (NMR) 
spectra of eleven proteins covering a wide range of 
molecular weights in five denaturing solvents'. With 
some exceptions the proteins (with disulphide bonds 
intaet) appeared to behave in solution as random coils, 
devoid of non-covalent interactions. We have thus 
defined by NMR. spectroscopy a particular denatured 
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Urea (M) 
Fig, 1. Denaturation of ribonuclease in aqueous urea at (A) pH 4-7, 


(B) pH 2-8. The vertical lines represent standard deviations from the 
mean value of F obtained as an average from six peaks. 


state (the unfolded state) and the next step is to study the 
denaturation process brought about by the progressive 
addition of denaturant to the native protein. At 60 MHz 
we can examine simultaneously six parameters (proton 
resonances) of the protein’. At 220 MHz many more 
resonances can be observed, because of the much greater 
resolving power of the spectrometer?. Here we direct 
attention to whether denaturation is a single or multiple 
step process; a satisfactory answer has often been difficult 
to obtain in the pastë, but it is a prerequisite of any mean- 
ingful thermodynamic study of denaturation. 

In general, the denaturation of a protein gives rise to an 
unfolded conformation, which in some cases undergoes 
further change, resulting in the formation of an aggregate. 
precipitate, gel or a refolded non-native conformation 
(see Fig. 3). When a protein is unfolded, the broad bands 
in the native spectrum give rise to sharper and better 
resolved peaks’? The fraction of unfolding F is defined 
by the equation F = (h—hy)/(kv — hy). where hy, k and hy 
are the heights of the particular NMR resonance for the 
native protein, for the protein at the measured concentra- 
tion of denaturant and for the completely unfolded protein 
respectively. For a single step process the spectrum in 
the transition region is a linear combination of the spectra 
of the native and unfolded molecules. If intermediates 
are present during unfolding, they may be recognized by 
(a) the appearance of additional resonances in the transi- 





SCHI METHYL 


2 4 6 8 10 


Fig. 2. NMR spectra of ribonuclease (10-15 per cent) in (4) D:0, (B) 
D,0 containing 10 per cent d,-formic acid, (C) D,0 containing 80 per 
cent d,-formic acid (v/v). Note the occurrence of an upfield histidine 
resonance which corresponds to the unfolded state of the protein. 
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tion region and/or (b) the non-equivalence of F for various 
peaks at a particular concentration of denaturant. Sub- 
sequent conformational changes after the initial unfolding 
are readily detected, because in all the cases deseribed, 
they would lead to a decrease in F. 

The experimental technique consists of the measure- 
ment of the NMR spectrum at 60 MHz! of a native 
protein in solution, followed by successive additions of 
denaturant and at least 3 h aceumulation of the 
spectrum after each addition. The assignment of peaks 
has been described! (see also Fig. 2) except for the peptide 
and arginine NH peaks‘. 

The denaturation of ribonuclease at pH 4:7 in aqueous 
urea occurs in a single step, because the values of F 
obtained from all six peaks (C-2 histidine, peptide NH, 
phenyl protons of phenylalanine, arginine NH, SCH, of 
methionine and methyl protons of valine, isoleucine and 
leucine) are constant at a particular urea concentration 
(Fig. 1A). The graph of F against molarity of urea is a 
symmetrical sigmoidal curve at pH 4-7, but is markedly 
asymmetrie at pH 2-8 (Fig. 1). Such skewness in transit 
curves has been attributed to the existence of in 
mediates’, but there is no evidence in either case for the 
occurrence of additional peaks during the transition. 

















Urea (MD 


Penaturation of lysozyme by urea at pH 2-8. (A) represents 
average F values for the S-CH, and methyl peaks, (8) F values for the 
arginine NH peak which is also followed with less accuracy by the height 
of the upfield histidine peak produced on denaturation (see Fig. 2). 


Fig. 3. 






Additional peaks are observed on the denaturation of 
ribonuclease in D,O by the addition of d,-formic acid. 
For native ribonuclease in D,O (Fig. 24) no methionine 
peak is observed. In the transition region (Pig. 2B) two 
resonances arising from the S-~CH, protons of methionine 
residues are present. The upfield peak, with an abnormal 
chemical shift, corresponds to an intermediate, partially 
unfolded conformation. The height of the upfield re- 
sonance decreases to zero as the unfolding approaches 
completion (Fig. 20). Similar intermediates, characterized 
by an upfield methionine peak, were observed in the 
denaturation of ribonuclease by hydrochloric acid and by 
potassium thiocyanate. We therefore conclude that the 
unfolding of ribonuclease by these denaturants is not a 
single-step process. 

The denaturation of hen egg-white lysozyme by urea in 
water at pH 2-8 demonstrates yet another type of be- 
haviour (Fig. 3). The value of F at each urea con- 
centration between 2-5 and 6 M is greater for the arginine 
and histidine peaks than for the methionine and upfield 
methyl peaks. This shows that those regions of the 
lysozyme molecule which contain an abundance of histi- 
dine and arginine residues, unfold at lower urea concentra- 
tions than other portions of the molecule rich in aliphatic 
side-chains. These latter portions may be identified with 
the hydrophobic core of lysozyme™. Furthermore, the 
arginine and histidine residues are all on the surface of 
the lysozyme molecule’. It therefore appears that the 
unfolding of lysozyme by urea proceeds in at least two 
steps, with the outer portion of the molecule unfolding 
before the hydrophobic core. The decrease m F above 
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6M is probably caused by aggregation, because a gel 
formed from the 8-5 M solution after a few hours. 

Thus, by observation of six parameters (resonances) 
simultaneously, the denaturation of ribonuclease in urea 
at pH 4-7 (and perhaps also at pH 2-8) appears to occur in a 
single step, whereas m KCNS or in acids (formic acid and 
HCl) multiple steps are observed. With lysozyme at pH 
2:8 the exterior of the molecule unfolds in urea before the 
hydrophobie core. It is clear that diverse results are 
obtained for one protein (ribonuclease) in different 
denaturants and for different proteins (ribonuclease and 
lysozyme) in the same denaturant. The NMR technique 
can, however, detect the occurrence of intermediate states; 
it is clearly the most powerful technique currently 
available for structural studies of proteins in solution. 
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Renin-like Activity in the Plasma of 
Anephric Men 


RENIN-LIKE activity has been found in several extra 
renal tissuesi*, and the isolated perfused rabbit uterus 
releases renin-like material in response to pharmacological 
stimulants’. Capelli et alë found plasma renin-like 
activity in anephrie women but not in two anephric men. 
Finding detectable renin-like activity only in the uterus 
at post-mortem in one female, they postulated uterus as 
the likely source of the plasma renin-like material. The 
present study provides evidence of renin-like material 
in male as well as female anephric patients, thus implicat- 
ing a source other than uterus for some of this material. 

Seven anephric patients (three male and four female) 
who were on chronic intermittent haemodialysis were 
studied. Blood samples were taken just before dialysis 
into heparin (10 u/ml.). Plasma renin-like activity was 
measured according to the method of Skinner*, using a 
standard sheep substrate. 

All patients had detectable levels of renin-like activity 
in their plasma (Table 1). One male patient showed 
formation of pressor material in the normal range for 
plasma renin (5-20 ng angiotensin equivalent/ml. plasma/ 
h), while one female was at the lower limit of this range. 
Among these patients, the level of plasma renin-like 
activity did not appear to be related to the duration of 
the anephric state (r= — 018, P> 0-35), but was related 
to patient age (r= — 072, P<0-05) and possibly to 
systolic blood pressure at the time of sampling (r= 0-58, 
P<01). 

The renin-like material was capable of acting on human 
substrate and therefore, presumably, of producing angio- 
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tensin in the human circulation. Plasma samples from 
patients. 3 and 4 were treated at pH 4-5 (ref. 6), which 
left the plasma substrate intact, and then incubated 
alone at pH 7-5. Angiotensin-like pressor material was 
formed at constant rates of 0-3 ng angiotensin equivalent/ 
ml./h for patient 3 and 0-6 ng/ml./h for patient 4, com- 
pared with a lower limit of normal for human plasma of 
0-7 ng/mil./h (ref. 6). The substrate content of these 
plasmas was 900 and 1,000 ng of available angiotensin/ml. 
compared with the mean normal value of 1,100 ng/ml. 
(ref. 6). 


Table 1. CLINICAL DATA AND PLASMA RENIN-LIKE ACTIVITIES IN ANRPHRIC 


PATIENTS 
Dietary Blood pressure Plasma 
i j Time sodium  atsampling renindike 
Patient Sex Age anephrie — (mequiv./ (mm of activity 
(months) day) mercury) (ng/ml. /h) 
1 M 21 15 50 140/70 2:3 
2 M 45 17 50 130/90 24 
3 M 20 15 65 160/90 T 
+ F 31 12 0 160/110 4-9 
5 F 44 5 50 150/100 2-5 
6 F 49 4 65 140/86 O-6 
T F 50 3 50 160/90 19 


To identify the renin-like material further, it was 
shown that the Michaelis constant for the material acting 
on sheep substrate was 166 and 210 ng available angio- 
tensin/ml. substrate concentration in two experiments, 
compared with 190 for normal human plasma. An 
angiotensinase-free antibody to human renal renin (kindly 
donated by Dr 8. L. Skinner, Department of Physiology, 
University of Melbourne), which blocks the activity of 
human plasma renin? but not dog renal renin (S. L. 
Skinner, personal communication), completely suppressed 
the renin-like activity in anephric plasma whether it was 
acting on human or sheep substrate. The presser product, 
of incubation was ultrafilterable, was not destroyed by 
boiling but rapidly destroyed by trypsin and chymotryp- 
sin. It distributed by counter-current® like angiotensin I 
and unlike angiotensin II, vasopressin, adrenaline or nor- 
adrenaline. Pepsin treated like the anephric plasma and 
incubated with sheep substrate at pH 7-5 formed no 
pressor material after 24 h. 

These results demonstrate that renin-like material 
exists in the plasma of both male and female anephric 
patients and is capable of reacting with homologous 
substrate at pH 7-5. The source of the material in the 
male patients is not known. 

This work was supported by the Medical Research 
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Effect of Oxygen on the Frequency 
of X-ray Induced Somatic Crossing 
Over in Drosophila melanogaster 


Ix Vicia faba root tips, X-rays produce a greater percent- 
age of chromosomal aberrations when the roots have been 
in water through which oxygen is bubbled than when they 
have been similarly exposed to nitrogen'. The enhance- 
ment of radiosensitivity by oxygen-—the “oxygen effect’ 
— has been found in essentially all forms of life, in many 
biological systems, and in such phenomena of genetic 
interest as chromatid breaks*, autosomal crossing over? 
and sex-linked mutations’. This communication presents 
evidence of an oxygen effect for somatic crossing over in 
the fruit fly Drosophila melanogaster. 

Two highly inbred stocks, one with the recessive gene 
yellow (y) at position 0-0 on the X chromosome, the other 
with the recessive gene singed (sn?) at position 21-0 on the 
same chromosome, were used. This is the genetic system 
by which the existence of somatic cross-over was first 
established’. The gene yellow in the homozygous state 
is expressed by yellow bristles which are readily dis- 
tinguishable from the wild-type black bristles. The 
phenotype of singed, when homozygous, shows the normal 
black bristle colour but the bristle shape is markedly 
curled rather than being straight. During the develop- 
ment of the female larvae, whose genotype is y+/+ sn’, 
recombination between the X chromosomes can occur 
spontaneously at the four-strand stage, giving rise to the 
possibility of homozygosity for yellow or singed among the 
descendants of the cells in which this genetic event took 
place. This crossing over in cells destined to form bristles 
can be detected in the adult fly by the appearance of spots 
of yellow or singed bristles or of twin spots containing 
some bristles which are yellow and others which are 
singed. The average number of spots per fly depends 
largely on the genetic constitution of the two parent 
stocks but is also subject to a number of environmental 
influences, among them temperature and ionizing radia- 
tions, X-rays are known to be capable of causing an 
inerease in the frequency of somatic crossing over in 
Drosophila’. 

Larvae were reared in identical conditions, at 25° C. 
During the first instar, at an average age of 35 h (plus 
or minus 2 h), they were exposed for 2 h to various 
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Fig. 1. Mean number of abdominal spots, with standard error, following 
exposure fo various concentrations of oxygen, without X-ray treatment 
dower curve) and with X-ray treatment (upper curve). Twin spots are 
counted as single spots. 
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Fig. 2. Effect of post-radiation exposure to nitrogen, alr or oxygen in 
modifying the frequency of somatic crossing over. The experiments in 
which the post-radiation exposure was to air are also shown in Fig. 1. 





concentrations of oxygen which were prepared by mixing 
either nitrogen or oxygen with air. Thereafter half the 
larvae subjected to each oxygen concentration were 
returned directly to air. The other half, while still in the 
airtight plastic jars containing the different gas mixtures, 
were given 1,326 r. (140 kV, 4 mA, Lö mm aluminium 
inherent filtration) at a dose rate of 102 r.jmin. Immedi- 
ately after being X-rayed some of the larvae were put 
back in air while others were placed for 2 h in an atmosphere 
of nitrogen or oxygen. The different sets of larvae were 
allowed to pupate and hatch in identical conditions. The 
emerging adult flies were aged for 24 to 36 h, killed with 
ether, and their abdomens were mounted on glass slides 
in ‘Euparal’ under coverslips. Examination for spots on 
the abdominal tergites was made with transmitted ght 
at a magnification of 150. 

The average number of spots per abdomen found on 
microscopic examination is shown in Figs. 1 and 2. Each 
datum point is based on the information obtained from 
one hundred flies. The lower graph experiments (Fig. 1) 
serve as controls for the upper graph experiments, be- 
cause for any one oxygen level, offspring from the same 
parents were used. The lower curve shows the mean 
number of spots per abdomen for the experiments in 
which the larvae were exposed to different oxygen con- 
centrations but were not X-rayed. There is no mdication, 
of an effect on somatic recombination due to such short 
exposures to oxygen concentrations which, at least for 
the higher percentages, must be outside the range com- 
monly experienced by Drosophila. The upper curve, 
beginning with a low value at 0 per cent, exhibits a rapid 
increase in the frequency of spots up to 21 per cent 
oxygen and then begins to flatten. The enhancement 
in the number of spots by a factor of about 3-5 between 
0 and 100 per cent and the absence of additional effective- 
ness of the X-rays at oxygen tensions beyond that found 
in air are compatible with the findings of others, among 
them studies on chromosomal rearrangements and aberra- 
tions in Pradescantia?®. Varying the gaseous environ- 
ment after the X-ray treatment can modify the number of 
spots found on the abdominal tergites (Fig. 2). It appears 
to make no substantial difference if larvae following 
irradiation in nitrogen are placed in nitrogen, air or 
oxygen. Larvae X-rayed in air or oxygen and then 
placed in an atmosphere of nitrogen for 2 b, however, 
were found to have a higher number of spots per abdomen 
than larvae which after radiation were put into air or 
oxygen. This effect is perhaps due to the disruption of 
an oxygen dependent repair process, as was suggested by 
Sobels® and Watson!® who have obtained analogous 
results for mutations in early spermatids of Drosophila. 
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New Visual Markers of Antibody 
for Electron Microscopy 


SINGER! introduced ferritin-labelling of specific antibody 
as a means of identifying antigens in electron miero- 
graphs. This technique has been widely applied to 
the location of cellular, bacterial and viral antigens?, 
Recently we have modified the technique by preparing 
hybrid F(ab’), antibody, permitting the development of a 
multiple-marker system and obviating the chemical 
coupling of ferritin to antibody (which engenders hetero- 
geneous products and causes considerable loss of antibody 
activity). In the indirect version of this modified test’, 
as used for the location of mouse cell surface antigens, 
alloantibody is applied to the viable cells in suspension, 
followed by hybrid antibody with one combining site for 
mouse y@ and the other for ferritin, and finally by 
ferritin. Thus the reaction sequence is surface alloantigen: 
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alloantibody (mouse yG) : anti-mouse yG/anti-ferritin 
hybrid antibody : ferritin. Labelling in this way is highly 
specific and reproducible. 

For simultaneously visualizing two different alloan- 
tigens, in order to ascertain their mutual positions on a 
single cell, two morphologically distinguishable markers 
are required. The present alternatives to ferritin are 
histochemical labelling with peroxidase’ and auto- 
radiography with isotope-labelled antibody®, but these 
lack either the resolution or reproducibility needed for 
delineating the antigenic composition of cell surfaces. 
A special value of the hybrid antibody technique is that 
visual markers other than ferritin may be used, provided 
that these are: morphologically identifiable m electron 
micrographs, of appropriate size, antigenic, and not prone 
to adsorption to cell surfaces. 

The small plant viruses are suitable in all these respects, 
and we report here that southern bean mosaic virus 
(SBMV) has been successfully used for locating mouse 
H-2 histocompatibility antigen on the surface of cells, 
SBMV was extracted from Phaseolus vulgaris L. var. 
‘Bountiful’ according to Steere! with the modification that 
reducing agents were added (0-02 M eysteine and 0-02 M 
sodium diethylearbamate in 0-1 M phosphate buffer 
pH 7-0). 

Hybrid antibody was produced essentially as described 
by Nisonoff?. The yG fractions of rabbit antisera to 
SBMV and to mouse yG (MyG) were digested with pepsin 
(pH 4:5 at 37°C for 16 h), yielding respective F(ab’), 
fragments of rabbit yG. Anti-SBMV F(ab’), {iaSBMV),] 
was separated from other F(ab’), by precipitation with 
SBMV and elution from the washed precipitate with 
glycine-buffered saline at pH 2-2. Anti-mouse yG [(aMyG),] 
was obtained by use of an immunoadsorbent prepared 
according to Avrameas*’. A mixture of equal parts of 
(aSBMV), and (aMyG), was then split with mereaptoethy] 
amine (MEA) (0-015 M pH 5-0 at 37°C) to form F(ab’) 
subunits (which retain their antibody combining capacity). 
After removal of MEA by cation exchange chromato- 
graphy and reoxidation with oxygen. about 50 per cent of 

















~~ 


Fig. 1. Labelling of H-2? antigen, on EL4 leukaemic cells, with either (a) southern bean mosaic virus ( x 8,160), or (b) ferritin 


{x 12,600), as the visual marker. 


anti-mouse yG/rabbit anti-SBMV (or anti-ferritin), and last by SBMV or ferritin. 


Method of U. H. et al’. Antiserum H-2k anti H-2+, followed by hybrid antibody rabbit 


Final cell pellet fixed in 1 per cent 


glutaraldehyde and then in 1 per cent OsQ,, embedded in Epon, Upper section (a) stained with uranyl acetate and lead citrate. 
Lower section (b) unstained. 





NATURE, VOL. 223, SEPTEMBER 13. 1969 


these univalent fragments recombine to form bivalent 
F(ab’), molecules, a proportion of which carry both 
specificities. These reformed F(ab’), molecules were 
separated from the remaining monomers by ‘Sephadex 
G-100° chromatography, and used for labelling without 
further purification. 

In Fig. la H-2 alloantigen on a C57BI ascites leukaemia 
cell (EL4) is seen labelled with SBMV by the hybrid 
antibody method. For comparison, Fig. 1b shows H-2 on 
EL4 cells labelled by the same procedure but with 
ferritin (and the anti-ferritin hybrid antibody) in place of 
SBMV. SBMV forms a dense monolayer parallel to the 
surface. Each virion (average diameter: 25 mmicrons) 
presumably covers several cell surface antigenic determin- 
ants. As with ferritin, labelling with SBMV is dis- 
continuous, being restricted to some sectors of the cell 
surface only. Thus as in previous studies?:#-1° H-2 antigen 
is seen to reside in circumscribed areas of the cell surface. 


Table 1. SPECIFICITY OF HYBRID-ANTIBODY LABELLING WITH SOUTHERN 


BEAN MOSAIC VIRUS (SBMV) AND FERRITIN MARKERS 


Labelling 


Serum Marker — of cells* 


H-2*) anti (H-2b) (prepared 


Hybrid antibody 





in an H-2 congenic strain) aMyG/aSBMVt Positive 
rs i aMyG/aFerritin ł Negative 
’ P aMyG/aFerritin Ferritin Positive 
` m aMyG/aFerritin + SBMV + Positives 
y s aMyG/SBMV (mixture) Ferritin 
À 4 None SBMV = Negative 
aa 8 None Ferritin Negative 
(H-2>) anti A (H~2s) or nor- 
mal mouse serum (nega- 
tive controls) aMy/aS BMV SBMV Negative 


* C57BI ascites leukaemia EL4 (H-2), 

+aMyG/aSBMV: anti-mouse yG/anti-SBMV hybrid antibody. 
taMyG/aFerritin: anti-mouse 7G/anti-ferritin hybrid antibody. 

§ The markers were interspersed within the same circumscribed areas. 


Table 1 summarizes the results with two markers, 
ferritin and SBMV, including controls to indicate that 
labelling is specific. We are exploring two other markers, 
tobacco mosaic virus and T4 bacteriophage, and the 
combined use of different markers in the mapping of cell 
surface antigens, 
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Arterial Wall Shear and Distribution 
of Early Atheroma in Man 


Tue patchy distribution of fatty streaking and early 
atheroma has been associated with arterial blood 
mechanics. Mustard ef al? have noted occurrence of 
atheroma at sites which are thought to experience particle 
(platelet) deposition as the result of local rapid flow 
fluctuations (turbulence) or eddies. Others have proposed. 
platelet deposition in regions of flow separation’. Texon* 
invoked damage due to Bernoulli-type suction forces in 
areas of locally increased blood velocity; but this is eon 
sidered implausible because the forces are negligible in 
physiological conditions in comparison with normal 
variations of mean blood pressure. Mitchell and Schwartz* 
reported the sparing of fatty streaking in localized areas, 
at which they suggest low wall shear rate (the product 
of velocity gradient and fluid viscosity) is experienced. 
Fry®® has shown that acute elevation of shear rate on the 
aortic wall causes endothelial damage and increased 
permeability to lipids. These theories assign to fluid 
mechanics a causative role in atherogenesis. 

We consider that fluid mechanics has a controlling 
and inhibiting (or retarding) effect, rather than a causative 
one. We show that the observed distribution of fatty 
streaking and early plaques is coincident with regions 10 
which the shear rate at the arterial wall is locally reduced. 
Similarly the development of lesions is inhibited in areas 
where the local wall shear rate is relatively high. These 
correlations refer to early manifestations, that is, before 
the appearance of gross changes of the arterial wall. 

The localized development of atheroma in large arterial 
branches can be described in terms of this hypothesis. 
R. C. S. and Sudlow?* have shown that the important 
fluid dynamical effects in daughter tubes at large junctions 
(Fig. 1) are associated with: (1) the establishment of a 
new (thin) boundary layer on the wail immediately 
downstream of the flow divider (inner wall}; (2) a com- 
paratively thick boundary layer on the opposite (outer) 
wall; (3) the maintenance of this differential downstream 
of the junction by secondary motions induced in the 
fluid. 

Because regions of high wall shear are associated with 
relatively thin boundary layers, our hypothesis predicts 
fatty streaking or early atheromatous lesions on areas 
with relatively thick boundary layers, Thus we expect 
involvement of outer, rather than inner, walls of daughter 
arteries. A new boundary layer must, moreover, develop 
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Fig. 1. Schematic geometry of a large branch, showing nomenclature. 





Fig. 2. Human superior mesenteric, coeliac and renal arteries. a, From 


intimal side; b, from adventitial side. 





in the parent vessel immediately downstream of the flow 
divider; this would be expected to inhibit development. 
of atheroma. 

We studied the distribution of lesions in relation to sites 
of this type (branches of aortic arch, coeliac, superior 
mesenteric and renal arteries, and aortic bifureations). 
Our findings support the predictions. Twenty-one human 
aortas, stained with Sudan IIT, were examined (age range 
18 to 67, median 40 yr). Measurements were made on the 
coeliac, superior mesenteric and renal arteries, an initial 
segment of each (length approximately equal to diameter) 
eing divided into quadrants (Fig. 1). The degree of 
involvement in each quadrant was assessed on a discrete 
four-point scale (0= negligible, 3=extensive) based on 
area affected and intensity of staining. Results of four 
independent observers were averaged for individual 
branches and overall (Table 1). The inner wall (quadrant 
(a}) is much less affected than the other walls, particularly 
the outer; it is, of course, recognized that measurement 
technique and statistical interpretation are crude. 

Fig, 2a shows the more extensive involvement of the 
outer walls of branches of the abdominal aorta compared 
with the inner walls (Fig. 2b) (dark area on inner wall of 
superior mesenteric is shadow; inner wall of right renal 
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also unaffected). 


; Sparing is seen on the aorta, im- 
mediately downstream of the coeliac flow divider, but 


as the aortic wall merges with the outer wall of the 
superior mesenteric, involvement again occurs, The 
distribution of lesions in branches of the aortic areh also 
conforms to the patterns described; for example, a plaque 
on the outer wall of the innominate artery, and sparing of 
the inner wall. Conceivably, structural or functional 
peculiarities of flow dividers could explain their relative 
sparing. It is of particular interest, however, that there 
may be no recognizable aortic wall segment between the 
innominate and left common carotid arteries: the flow 
divider for the innominate also forms the outer wall of 
the left common carotid. The inner wall is spared; the 
outer wall-—while structurally part of the flow divider— 
is affected. 


Table 1. DISTRIBUTION OF LESIONS 


Quadrants 
Arterial site a b e a 
Coeliac Odd 1:30 1:79 1:50 
Superior mesenteric O82 LET 178 1:57 
Left renal 0:39 OTL 1-65 1:06 
Right renal O46 093 1-62 1:30 
Overall tt P 172 1:36 


Relative sparing has been reported within the aortic 
posterior fatty streak, immediately downstream of inter- 
costal orifices’. Our observations on similar vessels are 
in agreement. It is suggested’ that this sparing results 
from local low shear. In fact such areas experience 
relatively high wall shear. Blood will enter the inter- 
costals from the boundary layer on the wall of the aorta, 
so that a new boundary layer must develop downstream 
of the orifice, and this region is therefore exposed to 
increased shear. These predictions have been confirmed 
in model experiments, using the technique of evaporation 
of a volatile indicator in a straight ‘Perspex’ pipe with 
small side branches; flow in these was a small fraction of 
the parent flow (parent Reynolds number, Re, approxi- 
mately 10°), 

The theory also relates to other documented areas of 
early involvement, now seen to be low shear regions, for 
example inner wall of bends in coronary arteries, and outer 
walls of iliac bifurcation!. 

We now contrast our theory with previous interpreta- 
tions of arterial fluid mechanics. Tt is unlikely that 
damage could oecur to the arterial wall in regions of flow 
separation® (Re much lower than required for damage by 
turbulent pressure fluctuations transmitted through a 
separation bubble}. Fox and Hugh? associate particle 
deposition with relative stasis in separation regions. 
Separation is unlikely to occur?4, however, with the gentle 
curvature of outer walls normally observed at junctions 
(for example, arterial casts produced by Tompsett). 
Nevertheless it is interesting that a  Duguid-type 
mechanism! is not incompatible with our theory—-if in 
fact particle (platelet) deposition does occur preferentially 
in low shear regions. While our theory predicts sparing 
in regions of increased shear, it is reasonable to expect an 
upper limit of vessel tolerance; if this is exceeded, the 
damage mechanism proposed by Fry®* may well be im- 
portant. 

Having established this correlation between the wall 
shear and occurrence of atheroma, we suggest a mechanism 
involving mass transfer for the development of lesions. 
Shear dependent transfer rates have been extensively 
studied in other situations (for example, heat!). The 
arterial wall can synthesize lipid", apparently from 
precursors supplied from the lumen!?, and there is in vitro 
evidence of cholesterol exchange between the wall and 
incubating fluid’*. We propose a process of simultaneous 
ingress and egress, not necessarily solely of cholesterol. 
with the gradual accumulation of materials in the arterial 
wall. This process would depend on many factors, such as 
diffusion, reaction. kinetics and chemical equilibria. Local 
variations of wall shear, affecting local supply and re- 
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moval rates, may control the rate of accumulation of 
material constituting atheromatous lesions. It is interest- 
ing that this theory predicts that physical exercise 
involving increase of cardiac output, and hence increased 
shear rate, might retard the development of atheroma. 
An overall reduction of shear rate, for example a normal 
volume flow rate through a dilated artery, will tend to 
favour the development of atheroma. This is in contrast 
to other predictions! 3-*-*, 
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Financial support for this work was derived in part from 
the Wates and Nuffield Foundations, the Medical Research 
Council and the Royal Society. J. M. F. is a travelling 
scholar of the Gowrie Scholarship Trust Fund. 


5, G. CARO 
J. M. Frrz-GeraLp 
R. C. ScHROTER 


Physiological Flow Studies Unit, 
Imperial College, 
London. 


Received July 25; revised July 30, 1969. 


1 Mustard, J. F., Rowsell, H. C., Murphy, E., A., and Downie, H. G., Evolu- 
tion of the Atherosclerotic Plaque (edit. by Jones, R. J.) (University of 
Chicago Press, 1963). 

* Fox, J. H., and Hugh, A. E., Brit. Heart J., 28, 388 (1966). 

*Texon, M., Bull. NF Acad. Med., 36, 263 (1960), 

* Mitchell, J. R. A., and Schwartz, ©. J., Arterial Disease (Blackwell, 1965). 

E Fry, D. L., Cireulation Res., 22, 165 (1988), 

‘Fry, D. L., Circulation Res., 24, 93 (1969). 

? Schroter, R. C., and Sndlow, M. F., J. Physiol., 202, 36P (1969). 

®Schroter, R. C., and Sudlow, M. F., Resp. Physiol, (in the press). 

* Gutatein, W. H., and Schneck, D. J., J. Atheroscler. Res., 1, 295 (1967). 

 Lighthill, M. J., Proc. Roy. Soc., A, 202, 359 (1950). 
3 E a S., Srere, P. A., and Chaikoff, I. L., J. Biol. Chem., 179, 143 
ae bese bia M. L., Day, A. J., and Tume, R. K., Circulation Res., 24, 123 


18 Jensen, J., Biochim. Biophys. Acta. 178, 71 (1969). 


Specific Inhibition of 
immunocompetence 


In intact animals there is a period of depressed direct 
haemolytic plaque-forming cell (DPFC) response, below 
that of the primary response, in primed animals challenged 
1 to 9 weeks after the initial immunization!. This de- 
pressed DPFC response, during a period when the total 
haemagglutinin levels are maximum, is difficult to inter- 
pret in terms of antibody-mediated immune suppression® 3, 
During this interval of the primary response to sheep 
erythrocytes in mice, the haemagglutinin which persists is 
primarily IgG, which has been demonstrated to exert an 
inhibitory effect on IgM (DPFC) production. Byers and 
Sercarz4 have suggested that this depression represents 
an “exhaustion” of both the immune progenitor (X cells) 
and the sensitized (Y cells) cell compartments and that the 
IgM memory is short-lived. 

Using the in vivo transfer method we have shown a 
similar depression of the DPFC capacity at 2 and 4 weeks 
in primed mice*. Spleen cells from donors primed for 2 
weeks with sheep erythrocytes, when transferred with 
optimum antigen dose into irradiated recipients, elicited 
a DPFC response which was significantly below that 
achieved with an equivalent number of nonprimed cells. 
Because of the lack of interference from high levels of 
pre-existing antibody in this transfer system, this 
depressed DPFC capacity at 2 weeks after priming 
reflects not only the lack of sensitized cells but also of the 
progenitor cell compartment. It is unclear, however, 
whether in this system we are dealing with a general 
depression of progenitor cells or a specific suppression for 
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Fig. 1. Mean total DPFCs per recipient spleen after transfers of §REC- 

primed or nonprimed spleen cells with SRBC test antigen. Each point 

represents the mean of twenty to sixty mice + one standard error of the 

mean. @-—@, Nonprimed spleen cells; © spleen cells trans- 

ferred 7 days after priming; W --- W, spleen celis transferred 14 days 
after priming. 








the priming antigen. The following experiments were 
designed to determine whether a normal primary level of 
DPFCs to a different antigen could be obtained during 
this period of reduced capacity. 

Male [(CS57Bl6 3 x C3H/An 2)F, CUM] specific-pathe- 
gen-free mice 12 to 14 weeks of age were used together 
with the haemolytic plaque-forming technique’, For 
assaying haemolytic plaque-forming cells against rat 
erythrocytes this method was modified by using a 1:6 
dilution of frozen rabbit serum as a source of complement’. 

The transfer system has been described previously’. 
Donors were injected intraperitoneally with 1 mal. of 1-0 
per cent sheep erythrocytes at 0 time, or were uninjected. 
Recipients were given 800 r. of X-radiation and then 
injected intravenously with 25x 10° spleen cells from 
either primed or nonprimed donors mixed with 25x 107 of 
sheep, rat or horse erythrocytes. The plaque-forming 
assay was performed 4, 5 and 6, and sometimes 7 days 
after transfer. The results are pooled data taken from two 
to eight experiments. 

The number of DPFCs on day 4 after transfer of non- 
primed spleen cells (primary control) is approximately 
4x 10%, and the measured peak is achieved on day 6 at 
2x 104 cells (Fig. 1). When the secondary immune 
capacity of cells transferred at 1 week after priming of 
donor mice are compared with nonprimed ceils, the 
priming effect is detectable as an elevated DPFC compart- 
ment size at 4 days (approximately 20-fold inerease), and 
the peak is measured at 5 days (4:4 x 10* cells), Thus the 
peak DPFC potential of spleen cells primed for 1 week is 
elevated by two-fold and is achieved 24 h earlier when 
compared with nonprimed spleen cells. In spleen cells 
primed for 2 weeks, the DPFC response reaches peak level 
between 5 and 7 days after transfer, but the detected peak 
secondary DPFC response is depressed below that of an 
equivalent number of nonprimed spleen cells. 

The primary DPFC response to rat and horse erythro- 
cytes, measured at 1 and 2 weeks in mice primed initially 
with an equivalent dose of sheep erythrocytes, is shown 
in Figs. 2a and 26. This response is compared with the 
normal DPFC capacity of 25 x 10° nonprimed spleen. cells 
against rat and horse erythrocytes. The measurements 
made at days 4, 5 or 6 after transfer show no real difference 
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Fig. 2. Mean total DPFCs per recipient spleen after transfers of SRBC- 

primed or nonprimed spleen cells with RRBC (a), or HRBC (b). Each 

point represents the mean of ten to forty mice one standard error of 

the mean, @-—~@, Nonprimed spleen cells; / > SRBC-primed 
spleen cells, 








in the DPFCs of either experimental groups when com- 
pared with the controls, This conformity of response is 
measured in the presence of a weak cross-reactivity 
between the two test antigens, rat and horse erythrocytes, 
as measured against sheep erythrocytes (Table 1). The 
frequency of DPFCs to sheep erythrocytes increases with 
the primary response to rat and horse erythrocytes. This 
cross-reactivity cannot be detected against the less 
antigenic rat erythrocytes when measured during a 
secondary response to sheep erythrocytes. It is therefore 
reasonable to assume that the weak cross-reactivity 
between the erythrocyte antigens would not have inter- 
fered appreciably with these measurements. 


Table 1. DPFC MEASUREMENT OF CROSS-REACTION BETWEEN HETEROLOGOUS 
ERYTHROCYTES IN MOUSE TRANSFER SYSTEM* 
Test 
antigen 
RRBC 12 


Days after transfer 


Treatment 


SRBC-—secondary t 2 8 — 
RRBC—primary SRBE 62 23 570 +250 = 
HRBC--primary SRBC 4 16 480475 — 
* Ten to twenty mice per point + one standard error of the mean. 
+ Cells transferred 1 week after priming. 


k 


The results of our experiments are compatible with 
studies of heterologous erythrocyte antigen competition 
in intact animals which show that the period of depressed 
primary haemagglutinin? or DPFC potential’ to a second 
erythrocyte antigen in mice primed with sheep erythro- 
cytes is maximum between 2 and 4 days and reaches 
normal levels between 7 and 14 days. Our results, how- 
ever, demonstrate further that there is a period of 
specifically suppressed DPFC potential to the priming 
antigen at a time when other immune capacities are 
normal. 

Recently, Radovich et al. postulated that this drop in 
DPFC capacity, as measured in a mouse spleen cell 
transfer system between 7 and 20 days after injection of 
sheep erythrocytes, was caused by the movement of 
memory cells out of the spleen into other areas. Based on 
the results of the present study, the above interpretation 
could be expanded to include a movement of specific 
progenitor cells out of the spleen. We consider this inter- 
pretation to be unlikely because of the previous demon- 
stration in intact animals that, like the depressed DPFC 
capacity in the spleen, the peak secondary haemolysin 
level in the serum is below that of a normal primary 
response}, 

These results suggest a depletion of the sensitized (Y 
cell) compartment between 1 and 2 weeks after priming 
with sheep erythrocytes. This supports the idea that 
IgM memory is short-lived in this situation. As postu- 
lated in the X-Y-Z scheme, the depletion of the sensitized 
cell compartment could be a result of antigen-driven 
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maturation `of the Y cells to functional antibody- 
producing Z cells. Further, during this interval there is 
lack of specific immunocompetent (DPFC) progenitor 
cells in the primed donor spleen cell pool. This depression 
of the primary DPFC potential 2 weeks after priming may 
be the result of a reduction in the number cf specifie 
progenitor cells or a specific antibody-mediated suppres- 
sion in the donor. 

This research was jointly sponsored by the US National 
Cancer Institute and the US Atomic Energy Commission 
under contract with the Union Carbide Corporation. 
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Immunological Defence against 
Preneoplastic Stages of Diethylnitros- 
amine Induced Carcinomas in Rat Liver 


We report here the results of experiments in rats which 
support the idea of an immunological defence against 
preneoplastic stages in tumour development. The stages 
were observed by histochemical and histoserological 
examination of the livers of rats treated with carcinogens. 
The activity of the enzyme glucose-6-phosphatase, which 
can be induced in all normal hepatocytes by starvation, is 
absent from the ceils in a high percentage of liver tumours 
in rats}, The loss of glucose-6-phosphatase activity can 
be traced back to a very early period following the start 
of carcinogen treatment?. Carcinomas lacking ghicose-6- 
phosphatase activity arise from these islands’. Using 
the technique of Wachstein and Meisel‘, islands of several 
hundred hepatocytes which lack  glucose-6-phospha- 
tase activity may be observed. This technique produces 
a black precipitate of PbS in normal hepatocytes, whereas 
earcinogen-transformed cells have a lighter appearance 
(Fig. 1). 

If diethylnitrosamine is given at 8 mg/kg daily for 8 
weeks and the treatment is then stopped, new islands arise 
for a further 4 weeks. From this time and for the next 
5 weeks, the ratio of the area of the island tissue to the 
area of the whole liver tissue remains constant? and then 
suddenly many islands transform to carcinomas (a baso- 
philic cytoplasm, many mitoses, irregular arrangement of 
cells). To explain this latent period in the growth of the 
islands two alternative hypotheses may be put forward: 
(1) there is a clock in the cells of the island, for example, 
chain reactions which last about 5 weeks; or (2) there is an 
interaction between the host and the neoplastic cells, 
for example, an immunological defenee. The latter 
hypothesis was proved by suppression of the immune 
reaction with antilymphocytie serum (ALS) prepared 
by the method of Levey and Medawar’. Thirty rats 
received 8 mg/kg diethyInitrosamine daily. continuously 


NATURE. SEPTE MBER 13. 1969 0 B XXVII 


An abundance of 
l labelled amino-acids _ 


Fro 8 Adenosil “be inethionine (methyl-C14) to Compounds recently added to sto 
L-Valine-2, 3-T(n), The Radiochemical Centre's .-3(3, 4-Dihydroxypheny!) alani ine- 
-range of labelled amino-acids covers more than L-Methionine-1-C14 
130 compounds labelled with six radioisotopes. L-Proline-5-T 
L-iso Leucine-4, 5-T(n) 
Special grade reagents for enzy 
S-Adenosyl-i-methionine (methyl-Ci4 
L-Arginine (guanido-C14) 
L-Asparagine-C14 (U) 
u-Citrulline (carbamy!-C14) 





NATURE, SEPTEMBER 13. 1969 





Ampholine Electrofocusing equipment, 
including Power Supply 

and Uvicord ultraviolet Monitor 

ready for protein separation. 


KB) IN THE SERVICE OF SCIENCE 








LKB INSTRUMENTS LTD. @ LKB HOUSE @232 ADDINGTON ROAD @S. CROYDON, SURREY. CR2 BYD @ TEL: 01-657-0286 
SALES AND SERVICE THROUGHOUT THE WORLD : STOCKHOLM, WASHINGTON, THE HAGUE, COPENHAGEN, ROME, VIENNA 


Separation 
Purification 








PROTEIN 


A separation 
of chicken haemoglobin. 





Characterization 


Research establishments, hospitals. 
and industry throughout the world 
have used LKB Ampholine Electro- 
focusing to successfully separate the 
following kinds of protein. 


Endotoxins from bacteria 
(ipopolysaccharides) 

Capsular polysaccharide from H. Influenza 
Urine gonadotrophins of pregnancy (human) 
Pituitary hormones 

Amonuim Sulfate preparations of human 
serum 

Blood coagulation proteins, namely FXU 
Whole serum 

Gamma globulin 

Steroid binding y-globulin 

Transcortin cortisol binding P, globulin 
y-globulin, transferrins 

Cytochrome c from beef heart 
Biliverdin-protein in eel serum 

Rat fetal protein from albumin 
Immunoglobulins 

Bovine serum 

Albumin 

Ovalbumin 

Intact platelet mebranes 

E. coli nucleases 

Enzymes catalyzing sulphydryl 
disulfide interchanges 
Enzymes-cellulases (some proteases) 
Butyryicholinesterases from human brain 
Pancreatic enzymes 


Bromelain+acid phosphatase from 
ananas comosus 


Aryisulphatases of aspergillus oryzae 
Mitochondrial transaminases 

D-aspartic oxidase 

Glycosidases from fungal or bacterial source 
Lactoperoxidase 

Invertase from yeast 


Ribosomal 

Catalase 

Acid phosphotases 

DNA polymerase 

Enzymes of carbohydrate metabolism 
Neurospora crassa invertase 

Alkaline phosphatase in eel intestinal 
mucosa ; 

For myltetrahydrofolate synthetase from 
clostridium thermoaceticum 
Haemoglobin 

Isoenzymes of alcohol dehydrogenase 
Soluble grape proteins 

Influenza virus and adenovirus 

Herpes simplex virus proteins 

Renin (ovine, human} 

Insulin 

Glycopeptides of fibrinogen and platelets 
Chondroitin sulfate glycoproteins 
Myoglobin 

Ferritin 

Chemically modified myoglobin 
Interferon samples from chicken eggs 
High and low molecular weight 
glycosidases. Detergent-soluble 
glycosyltransferases (membrane bound) 
Extracellular enzymes and toxins from 
staphylococcus aureus e.g. hyaluronate 
lyase 

Have YOU a research problem that 


can be solved by LKB 


Ampholine? 





NATURE, VOL. 223, SEPTEMBER 13. 1969 


for 6 weeks. ALS was given intraperitoneally to fifteen 
of these rats, the first day 1-0 ml. and later on 0-5 ml. 
daily. This treatment was continued for 6 weeks. Two, 
4, 5, 7 and 10 weeks after the end of the treatment the 
animals were killed. A 6 week treatment was chosen 
because an 8 week treatment with a daily dose of 8 ml./kg 
causes more than 10 per cent of liver tissue to be trans- 
formed to island tissue, whereas with a 6 week treatment 
the island tissue area will amount to only 0-5 per cent, 
With this lower total dosage per animal one cannot expect 
tumours to appear until at least 6 months after the begin- 
ning of the treatment. 





Fig. 1 aand b. Rat liver frozen sections, glucose-6-phosphatase assay: 

a, animal treated daily for 6 weeks with diethylnitrosamine, 8 mg/kg; 

killed 5 weeks later; b, animal treated with diethylnitrosamine as in a 
and with ALS for 6 weeks daily; killed 5 weeks later. 


The results are given in Fig. la, b and Fig, 2. Fig. la 
represents a frozen slide of a control liver, treated accord- 
ing to Wachstein and Meisel‘. The rat was killed 5 weeks 
after the end of the treatment. One bigger and two 
smaller islands ean be seen. Fig. 1b shows a frozen slide 
of a rat liver which had been treated with diethylnitros- 
amine and ALS (method and time as in Fig. la). Several 
very large islands were observed. No islands of com- 
parable size were found in earlier experiments using only 
diethylnitrosamine. Fig. 2 shows the quantitative results. 
After 11 weeks (5 weeks after ending the treatment) the 
area in the controls is about 0-4 per cent of the whole liver 
tissue. In the ALS treated animals it is 18 per cent. In 
the same period of time the number of the islands in the 
controls is 0-15 and in the ALS treated animals 2-5. 
Five weeks after finishing ALS treatment the immune 
suppressive effeet has ceased. In control experiments we 
proved that normal rabbit serum had no effect. 

The experiments are in agreement with the assumption 
that there exists immunological defence not only against 
tumours® but also against preneoplastic stages. This state- 
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ment corresponds with Burnet’s concept of immunological 

surveillance’. 
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Probable Assignment of the Alpha Locus 
of Haptoglobin to Chromosome 16 
in Man 


THERE has been discussion concerning the possible assign- 
ment of the human haptoglobin locus, Mpa, to a D group 
chromosome'*. The data showed anomalies of hapto- 
globin inheritance in various heterozygous deletions, of 
a D chromosome and were open to alternative interpretas 
tions such as the presence of the rare, apparently inactive, 
allele Hp’. These data have been reviewed’. No support 
for the assignment was elicited by linkage studies involving 
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a DID ora DIG translocation or involving a chromosomal 
variant of a D group chromosome. Computer analysis of 
sixteen such pedigrees that bear on the linkage of Hp to 
the D chromosomal lesion gives led scores: 


lod = ~ 0-30 


+0401 ~228 R10 ~ © 
Os g 0-3 0-2 OT Q 


whieh do not confirm the assignment. (Lod score at 
recombination fraction 0 = logy) (standardized likelihood of 
pedigree data given 0). A likelihood of 1 at 0 =0-5 (lod = 0) 
is taken as the base of standardization. A lod of 3, for 
example, corresponds to a likelihood 1,000 times greater 
than the likelihood at @=0-5.) Such apparently adverse 
lod scores could, however, be obtained even if the assign- 
ment were correct if Hp were remote from the site of the 
lesion in at least some of the pedigrees. 

The pedigree described (Figs. 1 and 2) is likely to bring 
the discussion to a satisfactory conclusion. In this pedi- 
gree, the translocation (2?—; 1674) between one arm 
of a No. 2 chromosome and one arm of a No. 16 chromo- 
some is segregating in coupling with the Hp’ allele. 
There are seven certain and four probable non-recombin- 
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11 21 22 H 14 H 21 21 1-1 
Fig. 1. Pedigree of family PRU 3747; MRC 895; F2M95 showing 
close linkage between the haptoglobin locus and one break-point of a 
chromosomal rearrangement involving chromosomes 2 and 10, The 
family was ascertained through a girl with Down’s syndrome, 47, XX, 
Ge, H2%—5 12+) ©, 42%—-: 167+): » 47, G+, (29 

167+). Haptoglobin phenotypes: 1-1, 2-1 and 2-2. nt, Not tested, 
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Fig. 2. Partial karyotype of a member of pedigree F2M95. The 
reciprocal translocation is probably 2g —; 186g +) but itis not certain 
which arms are involved, For comparison with the abnormal chromo- 
somes, chromosome pair No, 1 and a presumptive pair No, 17 have 
been included. 


17 





NATURE, VOL. 223, SEPTEMBER 13. 1969 


4 y 
' 
i] 21 
9 
no 24 


I] 






4 
2 
8 
Z 


IV 


Fig, 3. Pedigree of family K42; 


F MRC 889: 
linkage between the haptoglobin locus and one break-point of a chromo- 
i 


FIM89 showing close 


somal rearrangement involving chromosomes 1 and 16. ©, 4641 —; 
16+), Haptoglobin phenotypes: 1-1, 2-1 and 2-2, nt, Nof tested for 
haptoglobin. 


ants between the Hp locus and one or other break-point 
of the translocation out of a total of eleven opportunities 
for recombination. The linkage data involving chromo- 
some 2 and Hp (pedigrees F23ST (ref. 5), F2GLP (ref. 6), 
F2C34 (ref. 7), V2IAN (unpublished results of E. Wikra- 
manyake, J. H. Renwick and M. A. Ferguson-Smith), 
V21WP (ref. 8)) do not favour linkage. Other trans- 
location data involving chromosome 16 are confined to 
those from the single 1/16 translocation pedigree (Fig. 3) 
which shows several probable non-recombinants between 
Hp and a break-point on chromosome 1 or 16. A location 
of Hp on chromosome 16 rather than on chromosome 2 is 
thus favoured and the data on the linkage relationship 
of Hp to the site of the aberrance of the long-arm marker 
of chromosome 16 enhance the evidence further. The lod 
scores from eight such pedigrees (JMILA, JM121, JM168, 
JM178, JM181, JMIMY (unpublished results of E. Wikra- 
manyake et al.), VMIGN, VM187) from various labora- 
tories are: 
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A simple sum of all the lod scores concerning Hp and 
chromosome 16 will clearly underestimate the evidence 
for assignment of the Hp locus because of the likely 
differences in its distance from the critical site of the 
chromosomal lesion in the various pedigrees. In spite of 
this underestimation, the simple sum gives the following 
high total lods for Hp and chromosome 16: 


lod = +126 +257 43°55 +3-63 42-70 — 00 
0 = O4 O38 02 0i 0-06 0 


The corresponding lods for Hp and chromosome 2 are 


much lower: 


lod = +078 +115 +0:89 -028 
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and the averaged likelihood ratio (ref. 9), A’, is 28:1 
compared with 1,191: 1 for chrornosorme 16. 

A more complete analysis will be forthcoming and will 
include acknowledgments and additional data already 
partially processed. If previous data on chromosome 
lengths are taken into account, the present data indicate 
a probability of 0-97 that Hp is on chromosome 16. 
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Dialysable Agent involved in the 
Stimulation of Thymic Regeneration 
following Injury 


We have found with in vitro and in vivo test systems a 
dialysable agent in the bone marrow of mice and rabbits 
which stimulates proliferation of mouse thymic cells. 
The in vitro test was based on *H-thymidine incorporation 
into DNA of thymic cells, and the in vivo test on regenera- 
tion of X-ray injured thymuses. 

Pooled thymic cells of female C57B1/6 mice, 33 +3 days 
old, were passed, in cold Tyrode solution, through a stain- 
less steel screen, centrifuged, washed and resuspended 
in Tyrode solution. One ml. of this suspension, containing 
an amount of cells corresponding approximately to one 
thymus, was incubated at 38° C for 30 min with 0-125 
mCi of *H-thymidine (17,000 mCi/mmole) and 48 ug of 
non-radioactive thymidine, in a total volume of 1-5 ml, 
together with 0-1 or 0-2 ml. of bone marrow preparation 
or of Tyrode solution (in control groups). Nucleic acids 
were extracted from the trichloroacetic acid precipitable 
fraction’, Thymidine incorporation was measured in a 
Tri-Carb scintillation counter, and the DNA content 
analysed according to the method of Burton?. 

C57B1/6 mice of both sexes, 30-45 days old, and 1 month 
old fernale rabbits were used as sources of bone marrow. 
The tibiae and femora of ten mice were removed (all 
operations were performed at 0°-4° C), syringed with 
Tyrode solution, and the final volume of the suspension 
made up to 2-4 ml. 0-1 ml. of this suspension was added 
to the suspension of thymic cells, so that the mixture 
contained 160x106 thymic cells and 19x 10° bone 
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Table 1. EFFECT OF HONE MARROW CELL SUSPENSION AND BONE MARROW 








SUPERNATANT ON “@H-THYMIDINE INCORPORATION INTO THYME? CELLS 
in vitro 
Counts/min. pet 
Type of cells Additions incubation Per cent 
mixture (x 109) lnercase 
Thymic cells (eontro) Tyrode 283 = 
Thymic cells + bone marrow — 406 oe 
Thymic cells Bone marrow 427 A 
supernatant 
Bone marrow cells (control)  Tyrode 25 tom 


* After correction (see text). 


marrow cells. With the rabbits the bone marrow of the 
femora and tibiae of a 1 month old female was made 
up with Tyrode to 12 ml. l 

Table 1 shows the significant increase of thymidine 
incorporation in the mixture containing both types 
of cells, compared with the incorporation by thymic cells 
alone. Clearly this inerease is not merely a sum of the 
values obtained by both types of cells incubated separ-: 
ately in the same conditions. After subtracting the in- 
corporation of thymidine into the bone marrow cells 
themselves, a 56 per cent increase was obtained in the 
mixture of both types of cells. It is also evident that the 
active factor is present in the supernatant obtained by 
centrifuging the cells. The effect of bone marrow super- 
natant was compared with blood serum obtained from 
the same mice. Different dilutions of both, compared 
on the basis of their protein content, showed that the agent 
is not detectable in the serum (Fig. 1). 


Table 2. INCREASE OF THYMIDINE INCORPORATION IN PHYMIO BLIS BY 
BONE MARROW SUPERNATANTS PREPARED FROM MICK OR RABBITS 


Counts/min per 









Additions incubation Por cent 

mixture 10°) increase 
Tyrode B61 one 
Mouse bone marrow supernatant 633 75 
Rabbit bone marrow supernatant TIR 104 
Dialysate of rabbit bone marrow supernatant 44 3? 


Each point is the mean of duplicate samples the values of which differed by 
less than 10 per cent. 


Similar activity was found also in rabbit bone marrow. 
After 48 h dialysis against an equal volume of Tyrode 
solution, 37 per cent of the total activity appeared in the 
dialysate (Table 2}. Other experiments, not presented 
here, showed that after an exhaustive dialysis (against a 
large excess of Tyrode solution diluted 1: 200) and con- 
centrating the dialysate by freeze-drying, up to 90 per 
cent of the activity could be recovered. The dialysed and 
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Fig. 1. Comparison of the effect of supernatant from bone marrow. cells 
and blood serum of mice on °H-thymidine incorporation into the DNA 
of normal mouse thymic cells in vitro. Female COTRIG mice served ae 
donors for thymic cells, bone marrow supernatant and blood serum, Tie 
values are expressed aa per cent of increase over the controls. të which 
Tyrode was added instead of blood serum or bone marrow cell super- 
natant. Each point is the mean of duplicate samples the values 
of which differed by less than 10 per cent. @, Serum; ©, bone marrow 
supernatant, 
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Fig. 2. The effect of the bone marrow preparation (BMP) on the thymic 
weight of mice irradiated 4x 170r. Each group wag composed of ten 
mice. 95 per cent coniidence intervala for means of each group are shown. 


Table 8. EFFROT OF BONE MARROW PREPARATION ON THYMIDINE IN CORPORA” 


TION AND DNA CONTENT OF THYMIC CELES 
*H-thymidine incorporation (counts/ 
min x 10° per Incubation) into thymic 


Treatment of DNA cells 
mke ngithymus After additional incu- 
Tyrode bation in vitra with 
added bone marrow prepari- 
tion 
Non-irradiated controls g ; 
infected with Tyrode 1,8502 527 789 
irradiated controls injec- E 
ted with Tyrode 289 174 454 
irradiated, Injected with ; i 
BMP 728 a7 487 


Each figure is the mean of the duplicate samples the values of which 
differed by less than 10 per cent. 


freeze-dried material obtained from the femora and tibiae 
of one rabbit was dissolved in 10 ml. of deionized water 
and kept at — 15°C, This material was used in the experi- 
ments described below. 

For in vive testing, female C57B1/6 mice, 33 + 3 days old, 
were irradiated with four doses of 170 r. each, admin- 
istered once a week®, and 0-25 mal. of the rabbit bone map- 
row preparation was injected intravenously twice a week 
for 3 weeks, the first injection being given within an hour 
after the last irradiation. Fig. 2 shows that 
after six injections of the bone marrow 
preparation, complete recovery of the 
thymic weight was achieved. The weight 


À : - 
increase here is comparable with that 
obtained by injection of isogenic bone 
marrow cells in similar experimental con- + 


ditions‘, The histological picture of the 
thymuses of mice treated with bone 
marrow preparation showed a proliferation 
of cells in the cortex and an increased 
number of mitotic cells, 

In vitro incorporation of *H-thymidine 
was also tested as an indication of thymic = 
regeneration in vivo. In these experiments, 
the mice (ten per group) were irradiated 
and injected as described. One day after the + 
last injection, a 5 ml. suspension of washed 
thymic cells was prepared in the cold from 
each experimental group. One rol. of this 
suspension was incubated at 38° C for 30 
min with *H-thymidine, as described. 
Thymic cells from irradiated mice treated 
with the BMP incorporated more thymidine 
than the irradiated controls (Table 3). 


Control 


Control after LSD 100 pg/ml, 
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Further support for the existence of a thymus stimulat- 
ing factor in the bone marrow was obtained by analysis 
of the DNA of the thymie cells in the same experiment 
(Table 3). The addition of the rabbit bone marrow 
preparation (0-1 ral.) to the incubation mixture substanti- 
ally increased the incorporation of thymidine (Table 3). 
It is noteworthy that the thymic cells isolated from the 
group of mice injected with the bone marrow preparation. 
after the irradiation were less sensitive to the same 
preparation in vitro than cells from the irradiated controls. 
These results show that the action of the bone marrow 
preparation is similar to that of intact syngeneic bone 
marrow cells in the regeneration of X-ray in jured 
thymuses?, 

This investigation was supported by a grant from the 
Max and Ida Hillson Foundation. We thank Professor 
I. Berenblum for advice and discussions. We also thank 
Noach Kuller and Ruth Peri for their technical assistance, 


M. BURGER 
AHUVA KNXYSZYNSKI 


Department of Experimental Biology, 
Weizmann Institute of Science, 
tehovot, 
Israel, 
Received May 6; revised Faly 24, 1960, 
eran, mi Burger, M, and Kaye, A. M., Biochem, Pharmacal,, 18, 711 
(1967). 
* Burton, Kn Biochem. J., 82, 315 (1956). 
*Cividalli, G., and Knyszynski, A., Radiat, Rea., 80, 148 (1087) 
+ Burger, M., Knyszynski, A., and Berenblum, 1., Radiat. Res. (in the press). 


s Kaplan, A &., Brown, M. B., and Paull, J., J. Net. Cancer Tast, 14, 303 


Agroclavine antagonizes Depression 
induced by Noradrenaline in the 
Cerebral Cortex of the Rat 


Intravenous injection of the ergot alkaloid agroclavine, 
a member of the clavine group of alkaloids, elicits marked 
behavioural effects in several speciest, which suggests 
that the substance acts on the central nervous system. 
In curarized rabbits intravenous injection brings about a 
continuous arousal pattern of the electrocorticogram, 
indistinguishable from that produced by external stimuli 








NA 50 pa}mt. Control 


| 500 pY 


toms 


Fig. 1, Records 4, B, C show respectively a control evoked response, the depressant 
effect of NA (50 ug/ml.) topically applied to the pial surface for 4-5 min and a control 
response taken 21 min after the removal of NA. The procedure was repeated in records 
D, E and F after topical application of LSD (100 ug/ml.) for 30 min, showing the lack of 
effect of LSD in this concentration on the evoked res 


nse (D), but antagonism of the 
depressant action of NA (E). 
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Fig. 2. Records A, B, C show respectively a control evoked response, the depressant 


effect of NA (50 uagiml.}, topically applied to the pial surface for 4-5 min and a control 

4.” The procedure was repeated after topical application 

of agroclavine (100 pg/ml.) for 5 min (records D, E, F)and 37 min (records G, H, I) showing 

the lack of effect of agroclavine in this concentration on the evoked response (records 

D, @) but antagonism of the depressant action of NA (records E, H). Records F and I 
are control responses taken after removal of NA as in record Ge 


response after NA had been removed, 


or by administration of lysergic acid diethylamide (LSD)’. 
A more specific test of a neuropharmacological action of 
agroclavine was suggested by the similarity between the 
structure of agroclavine and that of LSD and the reported 
ability of LSD to antagonize the depressant effect of 
topically applied noradrenaline (NA) on the response of 
the rat somatosensory cortex evoked by stimulation of 
the forepaw?*. 

Purified agroclavine (prepared by Dr P. G. Mantle 
(Department of Biochemistry, Imperial College, London) 
from fermentation of the ergot Claviceps fusiformis) was 
dissolved in an artificial cerebrospinal fluid, containing 0-02 
per cent tartaric acid. Both agroclavine in tartaric acid- 
cerebrospinal fluid (CSF) solution and NA as the bitartrate 
dissolved in CSF were applied to small (2 mm diameter) 
areas of the pial surface of the somatosensory area of the 
cerebral cortex of the rat anaesthetized with Dial, using 
the technique described by Malcolm et al5. The total 
volume of fluid applied in each trial was about 0-02 ml. 
The effects on the response evoked by subcutaneous 
stimulation of the contralateral foreleg with a 0-1 ms 
rectangular current pulse were observed. By selecting 
the area in which the maximum cortical evoked response 
could be recorded from the pial surface in each experi- 
ment, some uniformity in the neurone populations observed 
from experiment to experiment was achieved. In an 
initial series of experiments it was determined that topical 
application of the tartaric acid~CSF solution exerted by 
itself no significant effect on the evoked potential over 
periods of 2h. In all other experiments, control responses 
were recorded in the presence of tartaric acid~CSF. 

In one series of experiments, Herrington’s work on LSD* 
was repeated using the improved topical application 
technique at our disposal and his results were confirmed. 
Records A and C, Fig. 1, show before and after control 
evoked responses and record B shows the depressant 
effect of NA (50 ug/ml.) applied to the pial surface for 4-5 
min. Records D, E and F were taken in exactly the same 
fashion after the pial surface had been exposed to a solu- 
tion containing LSD (100 ug/ml.) for 30 min. Record D 
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shows that this concentration of LSD had 
no significant depressant effect by itself 
on the evoked response but considerably 
antagonized (record Æ) the depressant 
effect of NA on the negative wave, 

These experiments were repeated using 
identical concentrations of agroclavine in 
place of LSD. It was found that agro- 
clavine, although it exerts no significant 
effect by itself, also antagonized the depres- 
sant action of NA on the evoked response. 
Records A-C (Pig. 2) show the character- 
istie depressant effect of topically applied 
NA (50 ug/ml}. Records D-F show some 
antagonism of this depressant action after 
topical application of agroclavine (100 
ug/ml.) for 5 min and records G-1 show 
almost complete antagonism of the depres 
sant effect of NA after 37 min topical 
application of agroclavine. 

The experimental data are summarized 
in Fig. 3. A solution containing NA (50 
ug/ml.) applied to the pial surface of the 
cerebral cortex in thirteen experiments for 
a mean time of 45 min exerted a small 
depressant action on the positive wave of 
the evoked response (T24 per cent of 
initial control, S.E. 3-9) and a large depres- 
sant action on the negative wave (28-4 per 
cent of control, S.E. 3-9). Application 
of a solution containing agroclavine (190 
ug/rol.) had by itself no significant acti 
on the evoked potential in fifteen 
ments (positive wave 90-6 per cent of 
trol, S.E. 2-8; negative wave 99-5 per cent 
of control, S.E. 8-8), but if NA were reapplied to the cortex 
immediately after removal of agroclavine ite depreseant 
action was considerably antagonized (seven experiments), 
the positive wave now being depressed to only 05-4 per 
cent of control (S.E. 3-4) and the negative wave to 33-7 
per cent (S.E. 10-7). 

It has yet to be determined whether the diminution in 
size of the evoked response produced by NA is due to non- 
specific depression or true inhibition, but the accumulated 
evidence of many workers" makes the hypothesis of a 
cortical noradrenergic inhibitory system a strong possi- 
bility. The antagonism of topically applied NA by agro- 
clavine may reflect the ability of this alkaloid to interfere 
with a noradrenergic synaptic mechanism in the rat 
somatosensory cortex. The hypothesis that agroclavine 
may be acting on similar adrenergic mechanisms in the 
hypothalamus to produce the marked endocrine changes 
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Fig. 8. Summary of actions of NA and agroclavine on positive and 
negative components of the cortical evoked response, expressing initial 
control height as 100 per cent and showing standard errors af means. 
C, Control; NA, 60 agjmi. noradrenaline; AG, 100 ug/ml agroglayine. 
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observed in pregnant and lactating rats and mice®-* is 
still being investigated. 
N. DAVIDSON 
J. A. EDWARDSON 
D. I. ScawasB 
Department of Physiology, 
University of Aberdeen. 
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Does Strychnine block Inhibition 
Post-synaptically ? 


Amone the amino-acids present in vertebrate nervous 
systems which mimic, and are thereby candidates as, 
neural transmitters of inhibition, y-aminobutyric acid 
(GABA) is important because it occurs almost uniquely 
in the central nervous system. Recently, glycine was pro- 
moted as a more likely alternative to GABA because of its 
apparent association with interneurones in the cat spinal 
cordi, Inhibition in the vertebrate nervous system can 
conveniently be classified on the basis of whether or not it 
is blocked by strychnine. The candidature of glycine as 
an inhibitory transmitter at the cat motoneurone was 
enormously advanced when it was found that its effects, 
like the physiological inhibition, could be prevented by 
strychnine’. GABA, which seemed unaffected, could 
presumably qualify as an inhibitory transmitter only in 
strychnine-insensitive pathways’. 

Our evidence, obtained on the Mauthner cells of an- 
acsthetized goldfish, throws doubt on the validity of some 
of these conclusions. Strychnine must be presumed to 
act post-synaptically in blocking glycine; our experiments 
therefore were designed to show whether glycine effects 
were prevented by an amount of strychnine similar to 
that needed to block physiological inhibition. Substances 
were applied iontophoretically from single, double or triple 
barrelled micropipettes (GABA 35 M, pH 4-5; glycine 
25M, pH 3-0; glutamate 2M, pH 7-25) and miero- 
electrodes (K. citrate, 2 M, 5-10 MQ) were used to record 
membrane potential and conductance changes, the latter 
by measuring the height of the antidromic spiket-*. From 
our experiments we know that GABA, glycine and the 
inhibitory transmitter(s) all drive the membrane potential 
to a similar level which is often greater than resting 
potential. By loading the cell with the appropriate Kt 
salt, the permeability of the cell membrane acted on by 
both GABA and glycine was found to be increased for Br-, 
I-, Ch, NOs, SCN~, ClO,-, HCOO~, but not for the larger 
anions BrO,-, HCO, CH,COO-, [O,, SO,-~. H,PO,-, 
HPO, ~, and citrate. In this respect too, both amino-acids 
resernble the inhibitory transmitter(s) at the Mauthner cell’. 

Strychnine blocks both the late collateral inhibition 
and the contralateral VITI N. inhibition of the Mauthner 
cell, Fig. 1 shows that the effects on the Mauthner cell 
of glycine, but not those of GABA, can also be blocked by 
strychnine. Clearly the Mauthner cell in these respects 
closely resembles the cat motoneurone. When, however, 
the glycine dose was doubled, there was a measurable 
response. Our aim was to compare quantitatively the 
drug effects before strychnine with those at the time when 
the physiological inhibition was just completely blocked. 
In order to eliminate the difficulties presented by the local 
iontophoretie application of strychnine, the distribution 
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of which over the cell is then not uniform, we chose to 
inject it intramuscularly. This leads to a progressive 
reduction of the inhibitory conductance change (both 
from collateral and VIII N. inhibition): the time taken 
for the blocking action of strychnine to be complete varied 
from a few minutes to over an hour. It was necessary 
therefore that the recording electrode remain intracellular 
for this whole period, and that the extracellular pipette 
stay a constant distance from the cell, To estimate 
whether any changes in response to glycine and GABA 
were due to movement of the micropipette, we also meas- 
ured the responses to the excitatory substance L-glutamate, 
delivered from a third barrel, on the assumption that 
strychnine would not affect the response to this amino- 
acid, 

Our first results showed that the blocking of physiological 
inhibition always began, and could be well advanced, before 
any detectable effect on the glycine response was observed. 
The results were particularly striking when the full dose- 
response relations were investigated quantitatively. Fig, 2 
was made from an experiment in which the effects of both 
glycine and GABA were essentially unchanged at a time 
when the physiological inhibition was totally blocked. 
Almost always it was only after longer intervals, when 
presumably the strychnine concentration had inercased 
beyond that needed to block inhibition, that the dose- 
response relations of glyeme were preferentially affected. 
Even at those times the effeets of GABA appeared to be 
unaltered. On those occasions when the dose-response 
relation of GABA seemed to have altered, that of i-gluta- 
mate was found to have changed also, in the same direc- 
tion; the result was always consistent with the inter- 

















Fig. 1. Response of Mauthner cell to iontophoretically applied GABA 


and glycine, before and after strychnine injection, A, C, E show the 
intracellularly recorded antidromic spikes (upper trace} and the ionto- 
phoretic current applied through the drug pipette (ower trace). First 
current pulse in each record is GABA, and the second, glycine; decrease 
in spike height measures the resultant conductance change. B, D are 
records of the collateral inhibition, seen as a decrease In amplitude of 
an antidromic spike arriving 6 ms after an initial spike. After the 
records A and B were made, 03 mg strychnine was injected Intramuscu- 
larly. Note that both the glycine response and collateral inhibition are 
largely blocked (C and D}, In Æ, the glycine dose was doubled, and now 
caused a detectable response. Vertical bar, 20 mV and 10-* A; horl- 
zontal bar, 3 s for 4, C and E, and 5 ms for B and D. 
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Fig. 2. Dose-response relations of GABA (A) and glycine (B) before (©) 

and after (@) injecting 0-3 mg strychnine, intramuscularly. At the 

time when the second dose-response relations were measured (@), 
strychnine had completely blocked the physiological inhibition. 


pretation that a small change of micropipette position had 
occurred relative to the cell. 

In these experiments the region of the cell affected by 
the iontophboretically applied substances is also that where 
most of the measured physiological inhibitory activity 
oceurs®. It seems therefore that two possibilities should 
be considered: (a) strychnine is blocking inhibition post- 
synaptically, in which case neither glycine nor GABA is 
likely to be the inhibitory neurotransmitter, and/or 
(b) that strychnine is affecting the inhibitory pathways 
pre-synaptically. In the latter case, that strychnine 
blocks glycine is no longer evidence that this amino-acid 
is an inhibitory neurotransmitter. We note with interest 
that at the cat motoneurone also, the physiological 
inhibition has appeared to be more sensitive than glycine 
to the action of intravenously-administered strychnine’. 

S. ROPER 
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New Neurohypophysial Principle in 
Foetal Mammals 


From a study of the ratio of vasopressor to oxytocic 
activities (the V/O ratio) in foetal mammals, we have 
found preliminary evidence for a hormone formerly 
thought to be confined to the lower vertebrates. Because 
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the hormone occurs only in the foetus, it carries the bint 
of molecular recapitulation and suggests that hormonal 
structure may depend not only on the species but also 
on the stage of development. 

The V/O ratio is approximately unity in many adult 
mammals but seems to be unusually high in some species 
of newborn and in late foetuses'-*, Studies at early stages 
of foetal life are confined to human material, which may 
have undergone post-mortem changes during periods of 
storage before dissection’. In the results presented here 
studies were extended to relatively early foetuses taken 
from sheep (Ovis aries) in living condition, and from seals 
(Callorhinus ursinus) immediately after the death of the 
mother. 

(a) Foetal sheep, 81-91 days of gestation (0-55-0062 
of term): thirty foetal sheep were delivered by Caesarean 
section from ewes under light chloralose anaesthesia 
(40 mg/kg, intravenously). The neural lobes of the pitui- 
tary glands were either dried in acetone which had stood. 
over CaCl, (40 ml./gland, three changes in 24 h), or they 
were frozen in dry ice and lyophilized. The powders were 
extracted for three minutes in 0-25 per cent acetic acid 
at 100° C, and the extract was cooled, filtered or centri» 
fuged, and neutralized before assay. Oxytocie assays 
were carried out on the isolated rat uterus’, and vaso- 
pressor estimations on the anaesthetized rat*’. The four- 
point statistical design of assay was used*, The results 
are given in Table 1. The V/O ratio was high in both 
acetone dried glands (sample 1 = 12-7), and in lyophilized 
tissues (sample 2= 15-6). 

In sample 3, which was an extract of twenty-two pooled 
glands of both types, the V/O ratio reached 20-7, a value 
so high that it seemed possible that the oxytocic effect 
was a result of the intrinsic activity of arginine vaso- 
pressin alone. To test this possibility, the remainder of 
sample 3 (0-84 ml., representing 11-8 mg powder) was 
submitted to paper chromatography on Whatman 3 MM 
paper, using butanol/acetic acid/water, 4/1/8, for 13-h 
at 25° C, as described by A. M. P.?. 500 mv of aynthetic 
oxytocin (Syntecinon, Sandoz) and 12,400 rau of a com- 
mercial vasopressin preparation (Pitressin, Parke Davis 
Co.) were chromatographed separately, alongside the foetal 
material. Fig. 1 shows that the foetal extract probably 
contained a small proportion of oxytocin, for oxytocie 
activity was eluted from a fast-moving region between 
Rr 0-4 and 0-7, the same region in which synthetic oxytocin 
was shown to run. It amounted to no more than IS per 
cent of the total oxytocie activity eluted from the chrom- 
atogram, however. Foetal vasopressor activity was found 
in a slow-moving region, chiefly between Ayr 0-1 and 0-4, 
with a peak at 0-2-0-3. This was in good agreement with 
the movement of standard vasopressin. The omytocie 
activity present in the peak at Rr 02-03 was, however, 
10:3 times too great to be accounted for by the mtrinsic 
oxytocic activity of arginine vasopressin, if this peptide 
were present in the amounts indicated by vasopressor 
assay (this and other comparisons are based on the data 
of Sawyer*). Further, the low levels of oxytocin present 
in the fast-moving region suggested that substantial 
quantities of oxytocin would be unlikely to trail so far 
behind. The eluates were therefore tested for activity 
in promoting water reabsorption by the frog bladder 
(Rana catasbiana; four-point assay according to Sawyer’). 
Fig. 1 shows that there was powerful frog-bladder 
activity in the region of the vasopressor peak. The most: 
potent eluate, at Ry 0-2-0-3, contained a total of 38,000 





Table 1. OXYTOCIC ANT VASOPRESSOR ACTIVITIES OF THE NEURAL LOBES OF THE PITUITARIES OF FOETAL SHEEP AND SEALS 
Sn, fee NER Gestational Biological activities mU/mg powder* 
Species Sample age of foetus Treatment Oxytocic Vasopressor VIO ratio 
No. (days) activity (0) activity (V3 

Oris aries 1 81-91 3 glands, acetone dried OME BRT 125-8 + 18-44 I? 

2 81-91 5 glands, lyophilized BSO+ 5-87 S702 + SAt Tah 

: f 3 89-901 22 glands, pooled acetone dried and lyophilized 29-7 615-6 AE? 

Callorhinus ursinus 4 90-100 13 glands lyophilized GS E DRO t PLO Ted 


i All assays by the 4-point method of Holton’, all errors expressed as fiducial limits, P=0-05, where three or more groups were obtained. 
+ Values are given as weighted means of individual assays, calculated according to Brownlee™. ` 
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mv of frog-bladder activity, and this was 452 times greater 
than that which could be expected from arginine vaso- 
pressin, if this were present in the amounts indicated by 
vasopressor assay. Similarly, it was 108 times too great 
to be accounted for by the oxytocic activity detected, if 
this were assumed to be due entirely to oxytocin which 
had trailed behind its characteristic fast-moving zone. 
It therefore seemed probable that the vasopressor peak 
contained, at least in part, a slow-running moiety which 
differed from arginine vasopressin in its higher oxytocic 
effect, and in its powerful action on the frog bladder. 

(b) Foetal seals, 90-100 days of gestation (0-39-0-43 
of term): thirteen foetal seals were delivered by Caesarean 
section, as soon as possible after the mothers had been 
shot. The neural lobes of the pituitaries were frozen in 
liquid nitrogen, lyophilized, pooled, extracted and assayed, 
as already described. The results are given in Table 1; 
the V/O ratio was 4-1. After assay, the remainder of the 
extract (0-96 ml., representing 1:92 mg powder) was 
chromatographed as described. Fig. 2 shows that there 
was a fast-moving region of predominantly oxytocie 
activity, probably oxytocin, at Rr 04-06, and this was 
clearly separated from the oxytocie activity within the 
vasopressor peak. The vasopressor activity was found 
between Rr 0-1 and 0-4, with a peak at 0-2-0-3. In Rp 
0-2-0-3 the oxytocic activity was 15-2 times greater than 
could be accounted for by the intrinsic activity of arginine 
vasopressin. The powerful frog-bladder activity was 587 
times too great to be explained by the presence of 
arginine vasopressin, and ninety-five times too large to 
be accounted for by oxytocin, if it were assumed that all 
the oxytocic activity of this region resulted from trailing 
oxytocin. 
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extract from the neural lobes of foetal sheep, 81-91 days of gestation, as 
detailed in the text. Black areas, oxytocic activity; hatched areas, 
vasopressor activity; white areas, frog-bladder activity, 
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extract from the neural lobes of foetal seals, 90-100 days of gestation, 
Key as for Fig. 1. 


The results are best explained by assuming that the 
neurohypophyses of mammalian foetuses contain small 
quantities of oxytocin, greater amounts of arginine vaso- 
pressin, and in addition a frog water-balance principle. 
This extra principle has chromatographic properties similar 
to those of a basic neurohypophysial peptide, oxytocic 
activity greater than that of arginine vasopressin, and 
a powerful effect on the frog bladder. These properties, 
and in particular the great magnitude of the frog-bladder 
activity, are typical of arginine vasotocin, the basic 
principle of sub-mammalian vertebrates’, The frog- 
bladder effect is not, however, proportionately large 
enough to indicate the presence of arginine vasotocin 
alone. It is probable that the young foetus produces a 
mixture of arginine vasopressin, as seen in the adult 
mammal, and arginine vasotocin, as found in sub-mam- 
malian species, Because arginine vasotocin has not been 
demonstrated in the pituitary of any adult mammal, it is 
probable that it occurs only temporarily during early 
foetal life. Final conclusions must await pharmacological 
and chemical identification of the separated principle. 
We thank Dr Geoffrey Dawes and Mr Ford Wilke for 
their assistance, and the National Research Council of 
Canada for its support. 
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Encoding of Nerve Signals from 
Retinal Rods 


Tue rod threshold in a special psychophysical situation 
ean be used to measure the size of rod signal. We have 
measured in this way the signal elicited by flashes of vari- 
ous strengths and found it to be proportional to the quan- 
tum cateh over a thousand-fold range of flash energies. 
Our method is based on the observation of M. A. that the 
threshold for detecting a flash presented at A (Fig. la) is 
raised if at about the same time a second flash falls on the 
annular surround B. If the threshold at A excites rods 
then it is only the excitation of rods at B which raises that 
threshold. Cones at B are also excited but are without 
effect on the rod threshold at A. The effect of B on A is 
not because of the physical scatter of light but is caused by 
the rod signals generated in B which inhibit those from A’. 
For example, when B had been bleached so that it was 
physiologically insensitive to the flash now falling there, 








C 


Fig. 1. a, Circle A is illuminated by blue test flash; annulus B by red 

contrast flash; F.P. is the fixation point. b, Schema representing how 

signals from flash B raise the threshold for seeing flash A. e, Alternative 

configuration for flash B. Of the thirty-two equal sectors only the four 
shown black are illuminated, 
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Log intensity of B (quanta absorbed/rod)} 


Fig, 2. a, Threshold for seeing flash A plotted against strength of 
inhibiting flash B, open circles when B is presented as in Wig. la, filled 
circles when as in Fig, le, Each point is the mean of five sivcessive 
measurements (method of adjustments} on a single observer In a single 
experimental session, The result was typical of a large nomber of 
similar experiments on this and one other observer. 5, Transformation 
of curves œ by making the vertical risers” of the staircase each 0D ion 
unit high, but keeping the horizontal “treads” unchanged. This plots. 
log N, the signal. e, Replot of curve 6 with N instead of log N as ordinate 
{scale on right). 


the inhibiting action of this flash on A was abolished, 
though of course the scattered light was unaffected. 

We are thus led to a scheme such as that in Fig. 1) 
where the signal from A to the brain is inhibited by the 
signal from B. As flash B is increased so must A be 
increased if it is still to be seen. The curve relating flashes 
A and B when A is only just perceptible! is shown by the 
white circles of Fig. 2a. 

Consider the uniform annulus B as being composed of a 
set of thirty-two identical sectors (Fig. le), Obviously, 
each sector makes its own contribution to the inhibition 
at A, which responds to the sum of these thirty-two 
inhibitory stimuli. Now imagine that the four shaded 
sectors alone remain illuminated and the others are all: 
extinguished. Because only four out of the former thirty- 
two inhibitory stimuli are acting, the inhibitory stimulus 
will be reduced to one eighth, and consequently the flash 
strength on the four remaining sectors must be increased 
if flash A is to remain at threshold. It is easy to measure 
experimentally by how much the light energy incident 
per sector must be increased when the sector number is 
reduced to one eighth; from this we can determine the 
strength of inhibitory stimulus as a funetion of energy 
of light flash. 

Fig. la shows the dimensions of A and B. A was 
centred 6° parafoveal. Flash A lasted 10 ms, was blue and 
always excited rods at threshold (verified by absence of 
Stiles—Crawford effect). Flash B started 100 ms after A, 
lasted 100 ms and was red, in order to raise the cone 
threshold in region A, though it is only the excitation of 
the rods by B that concerns our measurements. In the 
experiment the surround B was flashed with a series of 
light energies, and for each the energy of the test flash A 
was found that was just threshold (a) with the full baek- 
ground field (b) with the eighth background (Wig. te). 

The results are shown in Fig. 2a where the threshold 
energy of flash A is plotted vertically against the energy. 
of flash B both on a log scale. The upper curve is when 
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Log intensity of retinal Hluminance (td s) 
t 2 3 





10 2-0 3-0 4-0 
Log quanta absorbed/rod 


Fig. 3. Amplitude of a (©) and 6-waves (@) of human ERG as function 
of intensity of 100 ms flash plotted as log quanta absorbed/rod. The 
a-amplitude was measured from baseline to peak of corneal negativity; 
the b-amplitude from the a-peak to the maximum of corneal positivity. 
The continuous line is that of Fig. 2¢; the broken line is the same slid 
two units to the left. AU curves arbitrarily scaled to unit maximum. 
‘These results are from one session on one observer, Similar results were 
found in many sessions and with one other observer, 


the background was unobstructed, the lower when it 
consisted of one eighth sectors. Each surround flash B 
generates a corresponding inhibitory nerve signal N which 
m turn raises the threshold of the test flash A. Fig. 2a 
plots the relation between B and A, but we require the 
relation between B and N. This can be found by drawing 
vertical and horizontal lines between the curves (Fig. 2a) 
to form the irregular staircase shown. Now because each 
vertical “riser” of the staircase corresponds to an eight- 
fold increase in the number of inhibitory sectors at con- 
stant illumination per sector it will correspond to an eight- 
fold increase in N, the inhibitory signal (or 0-9 increase in 
log N). Thus we can replot the log A staircase of Fig. 2a 
as the log N staircase of Fig, 2b where all the risers are 0-9 
in height, but the horizontal treads are just as they were. 
This turns our staircase into a regular flight at 45°, which 
means 





log N=log B+log K, or N= KB 


Thus the signal is proportional to B (the quantum cateh 
from the flash) as long as the line remains straight, that. 
is for the 3 log unit range we measured with full surround, 
and, doubtless, below this for an indefinite extent (statis- 
tically interpreted). 

Tn principle, light flashes can be increased in magnitude 
indefinitely, but biological responses cannot. Fig. 2b 
shows that at a flash energy of 2-9 log (quanta/rod) log N 
is no longer increasing as fast as log B but only half as 
fast, and for greater flashes the signal N becomes saturated 
and will respond no higher however strong the flash. 
Fig. 2c is a replot of the upper curve of Fig. 2b but with 
N plotted on a linear instead of a logarithmic vertical 
scale. This curve is precisely the shape of the curve 
obtained from fish when the S-potential (mV) is plotted 
against the log energy of light flashes? and expresses the 
relation 

V=IT/(I+s) 


where o is the semi-saturation constant. Much the same 
relation has been recorded intracellularly from single 
cones‘, rods and bipolar cells§, j 
To see whether the human electroretinogram (ERG) 
showed some wave that corresponded to our N signal, we 
illuminated the eye with a very uniform Ganzfeld formed 
by an integrating sphere into which the eye just projected. 
Fig. 3 shows the amplitude of the a-wave and the b-wave 
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plotted as a function of log intensity of flash (both scaled 
to an arbitrary 100 per cent ceiling). The solid curve is a 
replot of Fig. 2c, scaled to the same ceiling and not slid 
sideways. It is clear that the a-wave of the ERG could 
be the electrical sign of our inhibitory signal and that, the 
b-wave could not. It had seemed improbable that the 
b-wave could be generated by the process of which the a- 
wave was the sign, for b is so much more sensitive. 
Now this difficulty vanishes, for our nerve signal N is not 
absent where the a-wave becomes imperceptible, it is still 
proportional to the light energy and can be measured 
well over the whole range oecupied by the b-wave in Fig. 3. 
Insummary, using the psycho-physical technique of con- 
trast flash to measure the size of nerve signal N generated 
by human rods in response to light flashes I of various 
energies, we find the relation to be N = I/(1+a), where 
c= 800 quanta absorbed per rod per flash. Thus signal 
is proportional to light up to 100 quanta absorbed/rod. 
This is the general form of receptor potentials, S- 
potentials and so on, and in particular it coincides with 
the a-wave of the ERG without change of o. 
This work was supported by the US Atomie Energy 
Commission and the US National Science Foundation. 
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Eye Glow in the Moth and 
Superposition Theory 


ExNer’s theory of the formation of a retinal image by 
superposition! in certain arthropod compound eyes 
requires that an object in front of a number of ommatidia 
is twice inverted by the dioptric system of each ommati- 
dium. Thus erect images of the object are formed behind 
the crystalline cones. Converging proximally, those 
images grow in size and superimpose in the layer of the 
receptive structures, the rhabdoms. Exner tested his 
theory by observing the image formation in sectioned 
eyes and found agreement between experiment and 
theory in more than a dozen insect species. His findings 
were confirmed repeatedly using the firefly?-4. (Although 
Exner proposed the formation of superposition images in 
certain Crustacean eyes, he failed to obtain upright and 
superposition images. So did other observers*:*.  Crusta- 
cea will therefore be excluded.) 

Recently Exner’s theory of superposition has, however, 
been seriously challenged’. Two main points of eriticism 
are considered here. First it is doubted that the eye 
medium between crystalline cones and rhabdoms is of 
sufficient transparency and optical homogeneity to allow 
proper passage of light converging from different crystal- 
line cones to the same rhabdom area. Second it is argued 
that Exner did not take into account the existence of 
crystalline tracts (threads) which in these eyes extend be- 
tween crystalline cone and rhabdom of the same ommati- 
dium. Instead, it is suggested that the crystalline tracts 
funetion as light guides which funnel the light emerging 
from a crystalline cone into the corresponding rhabdom. 
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I have tested both criticisms in the eye of Ephestia 
kühniella. 

For the test of image formation, an eye cup was sheed 
off a fresh animal with a vibrating razor blade’, the cut 
side placed on a glass slide moistened with Ringer solution 
and viewed under a microscope with the cut side up. 
Instead of the microscope condenser a light bulb was 
installed, the V-shaped filament of which was used as an 
object in front of the eye cup. Consistently erect images 
proximally of the crystalline cones (Fig. 1) were observed, 
(The inverting action of the microscope having been taken 
into account.) Movement of the object produces the same 
direction of movement of these images, Raising the focus 
causes the erect images to appear enlarged and finally to 
fuse into a single image which apparently is identical with 
Exner’s superposition image. This image follows the 
direction of object movement. The superposition image 
is not as readily observed as the other images because its 
occurrence depends highly on the quality of the section. 
The crystalline cones of the moth eye do not adhere to 
the cornea as in the firefly and therefore are easily dis- 
arranged. 

The distortion of light paths by surgical procedures can 
be avoided by experiments with the intact eye. For this 
purpose the phenomenon of eye glow was used: if the 
dark adapted eye of the moth is illuminated, a central 
circular area about 25 facets in diameter appears bright in 
the otherwise dark eye. The eye glow has been shown to be 
light reflected from the tracheoles in which the rhabdoms 
are embedded’. Although it seems conceivable that this 
light might solely be reflected by the most distal ends of 
tracheoles in between the rhabdoms, electron microscopic 
observation shows that in this region the rows of tracheoles 
surrounding the very thick rhabdoms are quite thin 
(Fig. 2). 

As is well known the glow is only observed if the eye is 
viewed in the direction of the incident light. Incident 
and reflected light rays are therefore more or less parallel. 
According to Exner, parallel light rays falling on the eye 
are collected in a small receptive area of one or a few 
rhabdoms (the optical axis of the central rhabdom being 
parallel to the incident rays). A portion of the light that 
is diffusely reflected in this area will follow the same ray 
paths as the incoming light and leave the eye parallel to 




















Fig. 1. Erect images behind the crystalline cones in hexagonal array. 
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the direction of incidence. Consequently, it should be 
possible to shine light into the eye through a fow facets and 
see reflected light in different facets which are only 
lighted from within (Fig. 3). 
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The experiment demonstrates that light which entered 
the eye and was not absorbed will leave it almost parallel 
to the direction of incidence also through facets which were 
not illuminated from the outside in apparent 
agreement with the theory of re which form 
superposition images. The result also proves that the 
eye medium between dioptric apparatus and reflecting 
layer is sufficiently transparent and homogeneous to allow 
light rays to follow paths prescribed by the dioptric 
apparatus. 

An attempt to explain these results on the basis of light 
conduction in crystalline tracts would meet considerable 
difficulties. The apparent ray path of the superposition 
theory found in the moth eye does not disprove t 
possibility of an optical function of the crystalline tracte. 
Both light conduction and image superposition ean take 
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Fig. 3. The paths of rays according to the superposition theory (adapted 

from Exner’). In the present experiment illumination of only a few 

facets of the moth eye (arrows) caused the complete glow. D—D, Diop- 

tric systems separated by shielding pigment. R-—R, Combined rhabdom 
and tracheole layer, 


place simultaneously. None the less, it seems unjustified 
' to dismiss Exner’s superposition theory. 

I thank Dr K. Kirschfeld for helpful discussions, Mrs S. 
Lueckhaus for technical assistance and Miss E.-M. Stauch, 
C. B. Boschek and K. Hausen for preparation of Fig. 2. 
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Method for Use in Studies of 
Insect Chemical Communication 


Interest in the possibility of using behaviour-inducing 
chemicals to assist in the control of insect pests has 
stimulated efforts to isolate, identify and synthesize insect 
pheromones and food and oviposition attractants. Identi- 
fication of these substances is usually difficult because of 
the low concentration of biologically active material in 
the insect or plant source. Usually fractionation of a crude 
extract followed by behavioural bioassay of each fraction is 
the procedure. Shortage of time and material often makes 
it difficult to give each fraction an adequate behavioural 
examination, especially if synergism is suspected. To 
overcome this difficulty we have developed a technique 
whereby all the olfactory stimulating compounds in an 
extract can be quickly detected. The method is based 
on the general assumption that the principal receptors 
used in insect olfactory communication are those on the 
antennat, It entails linking a gas chromatograph with the 
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inseet’s antennal sense organs prepared for the recording 
of electroantennograms (EAGs). The volatile constitu- 
ents of the test material are separated on the chromato- 
graphic column and the effluent is split between a flame 
ionization detector and the antenna. Simultaneous 
recording of gas chromatographic detector and insect 
responses makes possible the correlation of retention times 
with EAG responses. 

The inseet used for the development of this method was 
Diparopsis castanea Hmps. (Lepidoptera, Noctuidae), 
the red bollworm of south-eastern Africa, Tunstall demon- 
strated? that the female moth produces a sex pheromone 
in a gland situated near the tip of the abdomen. For the 
present work dichloromethane extracts of the last three 
or four segments of virgin female and male moths were 
used. Methods of extraction and purification will be 
deseribed elsewhere. The female tip extracts were known 
to attract male moths in the laboratory and in the field. 














Fig. 1. Gas chromatograph oven viewed from above. A, Lead from 

column to splitter; B, lead from splitter to reservoir; C, reservoir; 

D, nitrogen inlet: E, flame ionization detector: F, nitrogen outlet 
(to antenna). 


A Varian-Acrograph 204-1-B gas chromatograph fitted 
with a miecro-collector had its split ratio altered so that 
approximately 75 per cent of the column effluent went to 
the detector and the rest passed into a three necked, 
10 ml. flask (C) attached to the micro-collector in the 
detector oven (Fig. 1). The effluent accumulating in C 
could be flushed out at intervals over the antenna by 
oxygen-free nitrogen passed in through D and out through 
F. A second stream of nitrogen was used to cool the gases 
below 30° C before they reached the antenna. The 
nitrogen streams were continuously monitored with a 
flowmeter and regulated with a needle valve. Timing 
sequences were controlled by an electronic timer in series 
with a solenoid valve. In practice the column effluent 
was allowed to accumulate for 15 s and was then flushed 
over the antenna for 3 s. Blowing the effluent continu- 
ously over the antenna was unsatisfactory because the 
EAG responses were masked by baseline drift. The 
technique used for recording the EAGs was essentially 
that described by Schneider’, but a high speed ink-writer 
was used instead of a camera to make permanent records 
of the potentials. The tip extracts were chromatographed 
with temperature programming on five different column 
packings—-acid-washed, dimethylchlorosilane-treated, 80- 
100 mesh ‘Chromosorb G’ coated with 2 per cent “Carbo- 
wax 20M’, cyclohexanedimethanol succinate, ‘Apiezon 
L, SH30 and QF 1. Resolution was improved by the 
use of support-coated open tubular columns, run isotherm- 
ally. Two calibrations were routinely performed; first, 
the performance of the electrophysiologieal system was 
measured by injecting a 1 mV input and recording the 
output. Second, the sensitivity of the test insect was 
determined by recording the potential obtained when 
nitrogen was blown first over a paper cartridge treated 
with a known amount of standard extract and then over 
the antenna. 
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Tig. 2. Gas liquid chromatogram of female moth abdominal tip extract with male moth EAG superimposed as a histogram. 
Gas-—liquid chromatograph column, 50 feet sapport-coated open tubular column coated with ‘Carbowax 20 AP. Attennation x 4, 
except where otherwise marked. Temperature 166° C, S, EAG response to solvent. 


Preliminary experiments showed that the antennal 
receptors of Diparopsis castanea females do not respond 
to either male or female tip extracts and the antennal 
receptors in males respond only to female extracts. Male 
moths could detect up to five different substances 
extracted from the female but only three EAG responses 
{originally designated 2A, 2B and 4) were consistently 
produced by all the active extracts examined. The 
substances producing these three responses were also 
present in the condensate from air passed over virgin 
female moths. The gas-liquid chromatographic trace 
from a typical experiment with EAG responses super- 
imposed is shown (Fig. 2). The pheromone concentration 
was too low for gas-liquid chromatography peaks to be 
seen corresponding to the EAG responses, The sensitivity 
of the method is such that good EAG responses can be 
obtained from 10-* female tip equivalent. 

EAG peak 4 was found to correspond exactly with the 
behavioural response in a laboratory bioassay similar to 
that of Gaston and Shorey‘. Female extract was chromato- 
graphed in the same conditions as in the EAG runs and 
the effluent was split between the detector and a cylinder 
containing male moths in a darkened cabinet. The male 
moths were stimulated into flight by the effluent at the 
retention time of EAG peak 4. No behavioural response 
was elicited by the other compounds which produced 
olfactory responses. The exact function of these com- 
pounds is not yet known. The substance which produces 
EAG peak 4 can on its own attract male moths over a 
short distance in the laboratory, but it seems probable 
that the compounds producing EAG peaks 24 and 2B 
will be of importance in eliciting the full spectrum of sexual 
behaviour in the field. Wright’ suggested that most 
insects generate a complex attractant scent which requires 
the simultaneous presence of several different molecules 
to be effective. It has, moreover, been demonstrated’ 
that aggregation in Ips confusus depends on three different 
compounds in the field, although two of these are sufficient 
in laboratory conditions. Some evidence of the same 
phenomenon in Lepidoptera has been provided by Jones 
and Jacobson’ who report that in the field an activator is 
needed for the pink bollworm sex attractant. Similar 
systems may well be present in other moths and could 
account for some of the disappointing results obtained 
from field experiments with a single pheromone. Where 
such mixtures of pheromones do occur in other insects, 
the method described here could provide a valuable aid to 
the process of identification, particularly of those con- 


stituents which do not on their own elicit a behavioural 
response. 

We thank Mr J. P. Tunstall for providing insect material, 
field and entrainment studies, and J. Sanders and ©. F. 
Dewhurst for technical assistance. 


J. E. Moornovse 
R. YEADON 
Anti-Locust Research Centre, 
College House, 
Wright's Lane, 
London W8. 


P. S. BEEVOR 
Beenpsa F. NESBITT 
Tropical Products Institute, 
56-62 Gray’s Inn Road, 
London WC1. 


Received May 5; revised July 7, 1969. 


1 Von Frisch, K., Zool. Jahrb. Abt, Allg. Zool, und Physiol, $8, 449. (102813, 

2 Tunstall, J. P., Pest Articles and News Summaries, 4, 11, 212 (2905). 

* Schneider, D., Z. Vergl. Physiol., 40, 8 (1957), 

4 Gaston, L. K., Fulento, T. R., and Shorey, H. H., ann. Entomol. Soe. 
Amer, 59, 1062 (1966). 

s Wright, R. H., Nature, 204, 121 (1964). 

t Wood, D. L., Stark, R. W., Silverstein, R. Mo and Rodin, J, On Vature, 
215, 208 (1967). 

T Jones, W. A., and Jacobson, M., Science, 159, 99 (1988). 


Transfer of Virulence between Isolates 
of Agrobacterium 


Ix South Australia, at least three distinct forms of 
Agrobacterium can be isolated from crown galls on stone 
fruit treest, These forms will be referred to as Agro- 
bacterium sp., A. tumefaciens and A. radiobacter. Agro- 
bacterium sp. and A. tumefaciens induce the formation of 
galls when inoculated into peach or tomato, but can be 
distinguished by various biochemical tests ineluding 
3-ketolactose production®, by serology (our unpublished 
data) and by protein patterns following gel electro: 
phoresis (our unpublished data). A. radiobacter is non- 
pathogenic but otherwise cannot be distinguished by any 
of these tests from A, tumefaciens. i 
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I now report transfer of virulence from Agrobacterium 
sp. to A. radiobacter which is converted to A. tumefaciens. 
Virulence transfer was first observed when tomato plants 
inoculated with Agrobacterium sp. became contaminated 
with water-splashed soil containing A. radiobacter, Six 
weeks after inoculation, approximately 50 per cent of the 
A. radiobacter contaminants were pathogenic and indis- 
tinguishable from A. tumefaciens. Transfer of virulence 
has now been achieved between a single-cell isolate of 
Agrobacterium (sp.) (donor) and an isolate of A. radiobacter 
(recipient) labelled with an antibiotic resistance marker 
to distinguish it from the natural soil population of 
A. radiobacter. 

Agrobacterium sp. was isolated from a gall on a young 
peach tree, Cultures of single cells were obtained’ and one 
of these was used as the donor. It is 3-ketolactose 
negative, cannot utilize nitrate as a source of nitrogen and 
will not grow on Schroth’s medium‘. A. radiobacter was 
isolated from partially sterilized potting soil and a heavy 
suspension was plated on yeast-mannitol agar containing 
25 p.p.m. of chloramphenicol. An isolate resistant to 
chloramphenicol] was obtained and used as recipient. It 
is 3-ketolactose positive, can utilize nitrate as a source of 
nitrogen, grows readily on Schroth’s medium and is 
serologically distinet from the donor. 

Stems of 4 week old tomato plants (Cultivar SA early 
dwarf red) growing in partially sterilized potting soil were 
inoculated with a 48 h culture of the donor isolate grown 
on yeast-mannitol agar. Inoculated plants were placed in 
a galvanized iron tray and sub-irrigated to prevent soil 
splash during watering. In the second and third week 
after inoculation I ml. of the recipient culture was sus- 
pended in sterile distilled water (2x 10° cells/ml.) was 
pipetted onto the surface of the developing galls. Three 
inoculated plants were contaminated with the recipient 
and three were left uncontaminated as controls. Six 
weeks after inoculation the galls were surface-sterilized 
in 0-5 per cent sodium hypochlorite for 10 min, macerated 
in 100 ml. of sterile distilled water, diluted 1:10 and 
0-lml. was plated on Schroth’s medium which inhibits 
growth of the donor but allows growth of the recipient. 
No colonies developed on the plates from control plants. 
From the plates from treated plants twenty individual 
colonies were selected at random, transferred to yeast- 
mannitol agar slants and tested for pathogenicity. Six 
of the isolates were pathogenic, inducing the formation of 
galls when inoculated into tomato plants. All six were 
keto-3-lactose positive, could utilize nitrate and grow on 
Schroth’s medium, were serologically indistinguishable 
from the parent recipient and were resistant to chloram- 
phenicol. Single-cell cultures of these isolates were also 
pathogenic. 

This seems to be the first unequivocal evidence for 
transfer of virulence from a plant pathogenic to a sapro- 
phytic species of bacterium, though DNA transformation 
of unmarked isolates of Agrobacterium and Rhizobium has 
been reported®, 

In the field, galls are always contaminated with soil 
containing the ubiquitous saprophyte A. radiobacter. It 
seems likely that virulence transfer is a common field 
phenomenon. As yet, there is no indication of the 
mechanism of transfer. 
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New Natural Growth Inhibitor in the 
Liverwort Lunularia cruciata (L) Dum. 


Tue growth of the Israel strain Lunuleria is highly 
sensitive to photoperiod!? and, in long day conditions, 
particularly at high temperatures, it rapidly becornes 
dormant. The dormant thalli can be preserved in the 
air-dry condition for several years without losing their 
capacity to resume growth, although thalli growing 
actively in short day are killed by dry conditions. Light 
break experiments by Wilson and Schwabe® using narrow 
wave bands at 735 nm and 650 nm have shown that the 
day-length response is controlled by phytochrome, which 
has suggested that dormancy is induced by an endogenous 
inhibitor. 

Table 1. BEFECT OF TRANSFER OF THREE DAYS OLD NUTRIENT SOLUTION 


FROM SHOBT DAY TO CONTINUOUS LIGHT AND VICE VERSA ON AREA GROWTH OF 
GEMMALINGS GROWN IN SD AND CL 


Transfer of nutrient solution 
Mean area (mm*) 


Exp. 1 Exp. 2 
Gemmalings in short day (SD) 
SD control fresh solution every three days 24-67 20-57 
3-day old SD solution 21-17 17-49 
3-day old CL solution 1412 42:33 
LSD 5 per cent 5:27 227 
Gemmalings in continuous light (CL) 
CL control fresh solution every three days 0-04 1-27 
3-day old SD solution 0-97 0-96 
3-day old CL solution 0-93 4-65 
LSD 5 per cent N.S. 016 


In Exp. 1, gemmalings were grown on chromatographie paper; in Exp. 2, 
on nylon cloth. Seven replicates of three gemmalings per treatment. Results 
after 30 days. 


Experiments were carried out with young gemmalings 
grown in culture solutions, in both continuous light and 
short days, to see whether the hypothetical inhibitor would 
diffuse into the culture medium and thereby inhibit the 
growth of other thalli. The culture solutions were renewed 
every 3 days. They were then used as growth medium 
for further batches of gemmalings, growing in both long 
and short days, the solution being replaced every three 


SD 


120 


109 


CL 


120 


100 


Area growth (percentage of control) 


80 p- 


60 


40 


Fig. 1. Amounts of inhibitor in diffusates from short day (SD) and 

continuous light (CL) grown thali, chromatographed in isopropanol: 

water (10 : 2) and bio-assayed with Lanularia gemmae. (Black portions 
significant at 5 per cent level.) 
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days with more ‘‘used’’ medium. The composition ofthe 
medium! precluded the possibility of nutrient deficiency, 


and this was further confirmed in other experiments. The * 


results shown in Table 1 indicate that inhibitory substances 
are released into the culture in both long and short days 
but to a much greater extent in continuous light. We 
then attempted to extract this inhibitor from the culture 
medium and the plant material itself. Methanol extracts, 
partially purified by chromatography, were tested in 
bio-assays with Lunularia itself, that is, by adding the 
extracts to filter paper slips in specimen tubes to which 
nutrient solution was added. Gemmae were grown on 
these for a period of five to ten days, after which the 
growth in area was determined microscopically. Results 
of a typical assay are shown in Fig. 1. 

Using this bio-assay technique we tried extracting 
larger amounts of the inhibitor from approximately 1 kg 
of fresh material. Thalli grown for 10 days under con- 
tinuous light at 25° C were macerated with 80 per cent 
methanol and kept in the refrigerator overnight. The 
extract was filtered and the residue washed several times 
with 80 per cent methanol; this was then removed from 
the bulked filtrates on a rotary film evaporator at 35°-40° 
C, under reduced pressure. The aqueous residue was 
acidified to about pH 3 (HCl) and extracted three times 
with equal volumes of freshly redistilled ethyl acetate. 
The organie fraction was washed once with 5 per cent 
NaHCoO,; it was then reduced to a small volume and 
applied to previously washed ‘Whatman No. 3’ chromato- 
graphy paper. When developed with distilled water, 
which was found the most suitable for purification, the 
inhibitor was located in the band from Rp 0-25 to 55, as 
detected by bio-assay and its blue fluorescence in the 
ultraviolet. This strip of the chromatogram was eluted 
by macerating it in a blender, with wet methanol. The 
paste was kept in the refrigerator for 24 h, filtered and 
washed several times with fresh methanol. The bulked 
filtrate was reduced to a small volume and applied as a 
narrow line on plates coated with a 0-5 mm layer of 
silica gel. 
acetate : acetic acid (60:40:5), the position of the 
inhibitor was detected at Rp 0-2-0-4. This active band 
was eluted with wet ethyl acetate and wet methanol, and 
the eluate rechromatographed on a thin layer chromato- 
graphic plate in benzene:ethyl acetate: acetic acid 
(50:6:2). In this solvent system the inhibitory activity 
was found at Rr 0-7-0-9. After being eluted with wet 
methanol or ethyl acetate, the final extract was allowed 
to crystallize from methanol and water in a refrigerator. 
The activity of the crystalline material (approximately 
2 mg). tested by bio-assay at several dilutions (Fig. 2), 
eonfirmed that the crystals consisted of the inhibitor in 
pure form. Further tests by the multi-development 
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Fig. 2. Growth Inhibition of Lunularia gemmae at different inhibitor 
concentrations, Significant linear regression line is shown. 


After development with chloroform : ethyl ` 
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technique on specially prepared thin layer chrornatograms 
impregnated with fluorescent dye also indicated a bigh 
degree of purity. 

This substance, which we name lunularic acid, appeared 
as pale yellow needles (2 mg), m.p. ~ 192° (Kofler block). 
Thin-layer chromatography (Kieselgel G: benzene, 
dioxan~acetic acid 90: 25:4 by volume) indicated that it 
was homogeneous. Mass spectrometry gave the molecular 
weight as 258 and suggested C,,H,,0, as a possible mole- 
cular formula. Fragmentation of the molecular ion 
occurred, giving intense peaks at m/e 214 and 107, and this 
could be rationalized as involving the decarboxylation 
and subsequent benzylic cleavage of a diarylethane 
carboxylic acid (I). 


HO p77. 
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This type of structure was confirmed by optical rotatory 
dispersion measurements (made on a Beilingham-—Staniey 
‘Polarmatic 62°) which indicated the compound to be 
optically inactive. The infrared spectrum (poteasium 
chloride pressed disk) had vmas 3,450 cm-t (hydroxyl), 
1,610 and 1,530 cm- (aromatic) and a strong band at 
1,650 cm? assigned to the carbonyl absorption of a 
hydrogen-bonded carboxylic acid function, as in salieyHe 
acid. In agreement with this, luinularic acid gave a 
permanent violet coloration with ferric chloride solution. 
The ultraviolet spectrum was found to be highly sensitive 
to pH. In neutral ethanol, maxima were at 308 nm 
{z 4,200) and at 287 nm {e 3,600) and 280 nm {te 3,300), 
assigned respectively to the two aromatic rings. In 
weakly alkaline ethanolic solution, a single maximum was 
present at 300 nm {e 6,600). Comparison of the doublet 
peak of the phenol chromophore with the ultraviolet 
data available for the cresols indicated a striking resem- 
blance with p-cresol (absorbance maxima at 280 um and 
288 nm) and suggested a similar p-substitution pattern. 
Comprehensive data on suitable model cornpounds for 
the phenolic acid chromophore were not available although 
the mould metabolite 6-methylsalicylie acid has been 
reported* to have an absorbance maximum at 307 nm. 

The dihydroisocoumarin hydrangenol (TD) and its 
isomeric stilbene hydrangeic acid have been isolated frora 
certain hydrangea species*® and a confirmatory synthesis 
of both compounds has been deseribed’. During these 
investigations, reduction of hydrangenol was found to 
afford dihydrohydrangeiec acid (ITT), m.p. 201~2°. 
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We compared these data with a sample of dihydro- 
hydrangeic acid. Accordingly, hydrangenol was isclatect 
from the acid hydrolysate of the root extract of Hydrangea 
macrophylla using the method of Ibrahim and Towers’. 
Reduction with sodium and ethanol provided dihydro- 
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hydrangeic geid, m.p. 197°. 
ultraviolet and infrared spectra and the Rp in four differenti 
solvent systems it was shown to be identical with hinularic 
acid. Comparative bio-assay with the natural material 


and dihydrohydrangeic acid (Table 2) confirmed the, 


chemical identity. The structure of lunularic acid is thus 
established as’ (TII) and a valuable new source of the 
inhibitor has been found. 


Table 2. MRAN AREA (mm*) OR PER CENT OF CONTROL 

Concentration Lunularic acid Dihydrohydrangeic acid 
ppm. mm? per cent mm? per cent 

0 a 189 100 L31 100 

Dl 1-63 86 109 83 

1 1:57 83 0-87 66 

10 7 129 68 0:80 61 

LSD 6 per cent 0-19 10 0-18 18 


Four replicates of three gemmalings per treatment. Results after 10 days. 


The investigations of hydrangenol biosynthesis by 
Ibrahim and Towers’ and by Billek and Kindl’ provide 
a elue to the biogenetic origin of lunularie acid. These 
workers have used radioactive tracer techniques to demon- 
strate that hydrangenol arises in vivo by the condensation 
of an intact phenylpropanoid molecule with three mole- 
cules of acetate. It seems likely that a similar pathway 
could be operative in Lunularia. 

These and other studies with lunularic acid indicate that 
it is a normal constituent of Lunularia cruciata and that 
its level is quantitatively controlled by a phytochrome 
mediated day-length response. Its function in the 
plant is clearly to control growth and, more or less 
indirectly, drought resistance. Other evidence suggests 
that it also controls the arrest of growth of gemmae in the 
gemma-eup of the mother plant. It seems likely from 
other tests in progress that lunularic acid may also be 
involved in other reactions of ecological importance. 
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Trisporic Acids: Sexual Hormones 
from Mucor mucedo and Blakeslea 
trispora 


RECENTLY, sexual hormone from the mycelium of mated 
strains of Mucor mucedo, which causes the production of 
zygophores in unmated cultures of the same fungus 
has been isolated’ and characterized’. A close parallel 
exists between the biological properties of this mycelial 
hormone and those of the trisporic acids from culture 
filtrates of mated strains of Blakeslea trispora’-*, While 
trisporic acids B and C (Fig. la and b) have been identi- 
fied with the sexual factors obtained from culture filtrates 
of several members of the Mucorales*, we have carried 
outa direct comparison of the Mucor mycelial hormone 
and authentic trisporic acids from B. trispora. 






From a comparison of the 
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"The acidic components of an extract of mated M. 
muacedo mycelium!, having highly characteristic ultraviolet 


"spectra identical with those of corresponding fractions 


mi B. trispora culture filtrates, were methylated with 
diazomethane in ether. The crude Mucor esters (3-06 mg 
from 200 g dry weight of Mucor mycelium) were analysed 
by thin-layer chromatography on Merck F, plates 
(benzene : ethyl acetate : pentane-—-7:5:1) combined 
with application of specific colour reactions and co- 
chromatography with authentic methyl  trisporates. 
The three chief ultraviolet absorbing components of the 
crude mixture were identical with methyl trisporate A 
(structure unknown, Ry 0-62), methyl trisporate B (la, 
all-trans, Rr 0-45; 9-cis, Re 0-51), and methyl trisporate C 
(1b, all-trans Rp 0-25; 9-cis, Ry 0-32). The 9-eis isomers? 
were present in small proportion only. For comparison, 
13-0-acetyl methyl trisporate C had Re 0-59 in this system. 





Fig. 1. a, X=0; b, X= H, OH. 


The minor components, corresponding to methyl 
trisporate A and methyl trisporate B, were not present 
in sufficient quantity for further study. The major 
component (2:53 mg) was isolated and further purified 
as above, when the resulting pale yellow oil proved to be 
identical in all respects to authentic all-trans methyl 
trisporate C with a small proportion of the 9-eis isomer. 
The criteria included Rr values, co-chromatography and 
colour reactions, ultraviolet spectra (Amax 233, 304 
(shoulder), 317, 334 (shoulder) nm in ether; Amaz 307 
(shoulder), 322, 337 (shoulder) nm in CCL), and super- 
imposable thin-film infrared absorption spectrum’. Treat- 
rent of the trienone with sodium borohydride in 95 per 
cent ethanol solution caused a rapid conversion of its 
ultraviolet spectrum to that of the derived trienol, as 
found for authentic methyl trisporate C‘. 

The Mucor ester was acetylated and the acetate shown 
to be identical with 13-O-acetyl methyl trisporate © by 
similar criteria (ultraviolet spectrum, Amax 3185 nm 
in CCL; £12, = 697-2). Final proof of the structure of the 
predominant Mucor acid was provided by mass spectro- 
metry of its methyl ester (high resolution molecular weight 
= 320-198583. Calculated for C,,H.,0, = 320-198747) 
and of its acetyl methyl ester (high resolution molecular 
weight = 362-209495, calculated for C,,H,,0, = 362-209310). 
In both cases, the full mass spectrum of the Mucor deriva- 
tive was indistinguishable from that of the corresponding 
trisporic acid © derivative. 

Thus the major ultraviolet absorbing acids of a Afueor 
hormone preparation have been identified as trisporic 
acids. In complementary studies, the methyl esters of 
trisporic acids B and C from B. trispora were tested 
separately in the standard bio-assay with (— )-M. mucedo 
cultures?. The esterification had no observable effect on 
diffusion of these two compounds through the system and 
they possessed the same biological action. Trisporic Č 
ester was slightly more efficient than the B ester in zygo- 
phore induction but both were markedly active in amounts 
as low as 20 ng per assay. 

From a consideration of the high yields which can be 
obtained from B. trispora, Ciegler has concluded that the 
trisporie acids are probably not hormones". The present 
bio-assay results for their methyl esters, however, demon- 
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strate that these compounds are fully active at very low 
concentration. 4 

An investigation of hormone production and biosynth 
sis in B. trispora shake cultures is in progress. Hormone 
production in mated cultures is nutritionally conditioned 
as indeed is the biochemical response (in terms of intensi- 
fied carotenoid and steroid synthesis) of (—)-strains to 
added trisporic acids'?. Here too, the maximal response 
is elicited by far lower levels of trisporic acid than those 
actually obtainable in mated cultures’. 

Structurally, the trisporic acids are plausibly viewed 
as degradation products of B-carotene. In trisporic acid 
C produced by B. trispora in the presence of 2-4C-mevalon- 
ate, carbon atom 12 acquired 26-8 per cent of the total 
radioactivity and the carboxyl group acquired only 1-4 
per cent. The molecule is derived from four equivalent 
non-randomized isoprene units, that is, from at least a 
Cao (diterpene) precursor. Other observations support 
a carotenoid origin for the hormones, such as their efficient 
incorporation of radioactivity (trisporic acid B-2-46 
per cent; trisporic acid C-0-87 per cent) from 2-C- 
acetate-derived §-carotene™. Furthermore, m car- 
mutants of Phycomyces (deficient in §-carotene) the 
sexual process is also deficient. 
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Pleistocene Speciation in Birds living 
in the High Andes 


Tur South American Andes were brought to their present 
height by the final uplift phases of the late Pliocene and 
the Pleistocene!* and an alpine-like vegetation (locally 
called páramo or puna?!) developed in the terrain thus 
produced. It follows that the evolution of the associated 
paéramo-puna fauna by multiple speciation in situ should 
have taken place mostly or entirely during the Quaternary, 
so that the occurrence of speciation within this fauna 
should be a convenient guide to the possible rate of 
speciation in the Pleistocene. 

What follows is a discussion of the patterns of speciation 
of the bird fauna and their relationships with known 
Pleistocene events. 

The birds living in the péaramo-puna habitats (grassland 
and scrub above timber-line) belong to about sixty-four 
genera and 153 species (freshwater birds excluded). The 
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“most characteristic birds are the Tinamidae (especially 





genus Nothoprocta), Thinocoridae, Columbidae (Metrio- 
pelia), Trochilidae (especially Oreotrochilus, Chalgostigma), 
Picidae (Colaptes), Furnariidae (especially Geositta, Cin- 


. clodes, Asthenes), Tyrannidae (especially Muscisaxicola, 


Agriornis, Ochthoeca), Motacillidae (Anthus), Enoberizinae 
(especially Sicalis, Phrygilus, Diuca), and Carduclinae 
(Spinus). These taxa are a homogeneous avifauna found 
along the entire length of the Andes, from Venezuela and 
Colombia in the north, to southern Patagonia in the 
south. 

I have analysed speciation patterns in eighty-three 
species (54 per cent of total) which I considered representa- 
tive of the whole péramo-puna avifauna. Detailed data 
on the sample are published elsewhere! 1", 


Table 1. SPECIATION IN LAND BIRDS LIVING IN PARAMO-PUNA VEGETATION 
OF THE HIGH ANDES 


No, of 
species Ter cent“ 
Total number of species having geographical isolates 26 at 
Number of these twenty-six species with isolates at the 
periphery of their range 22 26 
Number of allopatric taxa belonging to superspecies 3G 36 


* Eigbhty-three species sampled represent 100 per cent, 


Table 2. BARRIERS TO GENE FLOW AMONG LAND BIRDS LIVING IN PARAMO- 


PUNA VEGETATION OF THE HIGH ANDES 


Per cent of species 

living on both sides 

of barrier and show- 
ing differentiation 


i Barrier , 
Location Ecology 


(1) César Depression, Nor- Tropical, wet to relatively 


A thern Colombia dry lowlands a7 
(2) Rio Torbes Valley, Ven- Interandean arid basin 50 
eguela 
(3) Magdalena Valley, Col- Interandean arid valley 80 
ombia 
(4) Northern Peru Low Desr, arid interandean val- 
eys 83 
(5) Central Chile-Argentine High Andes with winter 
Andes snow cover 4 


Discontinuities of range within and between taxa at or 
just below the species level are shown in Table 1 (geo- 
graphical isolation) and Table 2 (ecological barriers 
promoting such discontinuities). The presence of geo- 
graphical isolates (especially peripherally located) within 
a species provides the necessary conditions for incipient 
speciation’. Isolates are present in twenty-six species 
(31 per cent), twenty-two of which are peripheral (lines 1 
and 2 of Table 1). About one-third of the páramo-puna 
bird species could therefore become further split should 
the existing isolation be maintained or reinforced. Super- 
species!? indicate that reproductive isolation between 
allopatric taxa has evolved to completion or near com- 
pletion. Over one-third (36 per cent) of the páramo- 
puna species are members of superspecies (line 3 of Table 
1). This high frequency shows, again, that species 
formation is actively taking place in this fauna. 

The continuity of paéramo-puna vegetation along the 
Andes is interrupted in about a dozen areas. Table 2 
lists the five most important of these eeological barriers. 
Areas 1-3, in the northern Andes, seem to be efficient 
barriers for birds because 30-50 per cent of the species 
ranging across them are morphologically different which 
reflects cessation or reduction of gene flow (Table 2), Yet, 
because only twenty-three to thirty-eight species out of the 
total (15-25 per cent) live in the northern Andes, specia- 
tion in this area is likely to have contributed only a few 
new species to the total paramo-puna fauna. Barrier 5, 
in the southern Andes, reduces gene flow in only 9 per 
cent (Table 2) of the twenty-two species ranging across ib, 
Here again, the net effect of this barrier for speciation in 
the fauna as a whole seems slight. 

Barrier 4 (Northern Peru Low, including the Marafion 
Valley), however, contrasts with the others because a 
high proportion (63 per cent, Table 2) of the fifty-two 





species (34 per cent of total) occurring on both sides of it 
shows reduction or interruption of gene flow. This area 
of aorthern Peru probably accounts for a proportionately 
larger increase in the number of species than any other 
barrier along the Andes. One reason for this may lie in 
its geographical position. The area of continuous habitat 
to the south of this barrier (in Peru and Bolivia) is at least 
twice as large as that to the north (in Ecuador, Colombia 
and Venezuela). A new species arising north of barrier 4 
(that is in Ecuador) from a founder isolated from its 
Peruvian-Bolivian stock is more likely to colonize 
southward across the gap (and become sympatric with its 
` ancestor) than farther northward. Such a model would 
explain the present two to one ratio of ninety-one species 
in north-central Peru to fifty-two in central Ecuador. 

An alternative, yet not mutually exclusive hypothesis, 
is that at least some of the speciation which led to the 
91-95 species (60-62 per cent of total fauna) living today 
in the central Andes (Peru, Bolivia, northern Chile- 
Argentina) occurred in situ. This area, however, (locally 
called altiplano) lacks ecological barriers of the kind 
listed in Table 2. According to the concept of geographical 
speciation’, there must have been barriers in the altiplano 
at earlier times. The best indicator of an area of former 
geographical isolation is the presence of zones of secondary 
contact between pairs of differentiated taxa at or below 
the species level. These contacts can be (a), secondary 
hybridization”? and gene exchange if reproductive isolation 
is incomplete; (6) mutual range exclusion; or (c) slight 
range overlap if there is reproductive isolation, 

Three regions within the Andes of Peru and Bolivia 
were found to be zones of contact. In Bolivia, where I 
eonducted intensive field work, these zones take place 
along climatic and vegetational gradients, where one 
normally expects clinal, not discontinuous, variation. 
Among the genera which have allopatric and differentiated 
pairs in these contact zones are Oreotrochilus, Asthenes. 
Agriornis, Muscisaxicola, and Phrygilus, which also show 
differentiated pairs across barriers such as those of Table 2. 
During the Pleistocene periods of maximum ice expansion, 
the mountain glaciers of the central Andes (Peru, Bolivia, 
northern Chile-Argentina) were more extensive than they 
are today and reached lower down the slopes!-41819, 
Moreover, the interandean region (altiplano) became 
flooded by huge lakes‘ 2" now represented only by small 
remnants; for example, lakes Titicaca, Poopó, salt flats of 
Coipasa, Uyuni. The combination of expanded area of 
glaciers and increase in lake surface would have restricted 
the distribution of the avian taxa living there to ice-free 
and non flooded refuges. 

Using geological evidence, the glacial history of certain 
specific areas can be correlated with the presence of 
contact zones in bird taxa. There is one contact zone 
today near the source area of the Marañon River (near 
10° §). Glaciers occurred theret which could have pro- 
duced a refuge north of the ice in the northern Peruvian 
Andes. There is another series of contacts in the area now 
occupied chiefly by Titicaca Lake and its basin, where 
glaciers and expanded lake might have restricted north- 
south disperal and gene flow. If this obstacle were 
removed during an interglacial, secondary contacts of 
previously isolated populations would be possible. 
Finally, several allopatric species pairs come into contact 
today in southern Bolivia, south of the area of the now 
dried-out Lake Minchin®**, which, alone or in combination 
with glaciers, might have been a barrier. 

If these correlations are correct, glacial maxima in the 
central Andes would have corresponded to periods of 
genetical differentiation in relatively small, geographically 
isolated populations living in refuges in the interandean 
region. During an interglacial, removal of most of the 
ice and lakes would promote north-south range expansions 
among these birds. 

We know that mountain glaciers, now above 4,500 m, 
may have reached down as low as 3,000 m locally in the 
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northern Andes*!-*4 and that simultaneously the tempera- 
ture depression during the Pleistocene caused a lowering of 
the timberline from the present altitude of about 3,300 m 
to about 2,200 m***, There would then have been, 
therefore, a much more continuous, if narrow, belt of 
paramo vegetation than exists today. An upward re- 
extension of forest during an interglacial (as now) would 
restrict. the non-forest vegetation to higher, and more 
isolated positions, 

I am not suggesting that pdramo-puna vegetation 
became continuous across barriers 1-4 (Table 2), but 
that the width of unsuitable vegetation was reduced 
sufficiently at such barriers to make gene flow across 
them more probable at glacial than at interglacial times. 
In the Andes of Venezuela, Colombia and Ecuador, the 
net effect of the changing ecological conditions would 
thus favour dispersal (gene flow) among paramo-puna birds 
during glacials, and geographical isolation during inter- 
glacials. 

It seems therefore that the locales for geographical 
isolation in páramo-puna birds shifted latitudinally from 
the central Andes (Peru, Bolivia, northern Chile-Argentina) 
during glacial times to the northern Andes (Venezuela, 
Colombia, Ecuador) during interglacial times. There were 
repeated opportunities for speciation in the Andes during 
the Pleistocene because there were three or four glacial- 
interglacial episodes. One bird species having colonized 
the pdéramo-puna vegetation before the onset of the 
glaciations might thus have been isolated enough, in 
optimal conditions, to have given rise to five or even more 
new species. 

I thank Ernst Mayr and Beryl Vuillewmier for their 
advice and criticism, and Harvard University’s Evolu- 
tionary Biology Committee, Sigma Xi, the Bourse 
Fédérale de Voyages (Société Helvétique des Sciences 
Naturelles), and the Chapman Memorial Fund for financial 
support. A version of this article was presented at the 
IVth Congreso Latinoamericano de Zoologia, Caracas, 
November 1968. 
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Book Reviews 


EXORCISM OF LYSENKO 


The Rise and Fall of T. D. Lysenko 

By Zhores A. Medvedev. Translated by I. Michael Lerner, 
with the editorial assistance of Lucy G. Lawrence. Pp. 
xvii+284. (Columbia University Press: New York and 
London, July 1969.) 908; $10. 


“Bravo, comrade Lysenko, bravo !’ These words, uttered 
by Stalin following a speech in which T. D. Lysenko had 
advocated the use of vernalization of wheat as part of the 
class struggle at the Second All-Union Congress of Shock 
Collective Farmers in 1935, were a signal of official 
approval that opened the way to power of forces that 
largely blocked the development of biology and agricul- 
ture in the Soviet Union for a quarter of a century. 

The biological conflict in the Soviet Union is described 
in this truly remarkable book by Zhores A. Medvedev, 
who is in charge of the Laboratory of Molecular Radio- 
biology at the Institute of Medical Radiobiology in 
Obninsk, close to Moscow. Apparently, the work has been 
widely circulated in typescript for comment in the Soviet 
Union, but publication has been refused. A microfilm 
of a typescript, authorized as representing the author's 
current views, however, came indirectly into the possession 
of Michael Lerner. who decided to publish a translation, 
believing that this could only be of benefit to science in 
the Soviet Union. Moreover, Lerner considered that 
publication would comply with the wishes of Medvedev, 
who had had the courage, concern and integrity widely 
to circulate his work during the final surge of Lysenko’s 
power in 1964. 

The book is in three parts. In the first, the author acts 
as a historian of the rise to pre-eminence of the Lysen- 
koist concepts in the period 1929-41. The second part 
deals with the period 1946-62, during which Lysenkoism 
became all-powerful and a weapon in the cold war: of 
these events Medvedev was an observer. The final part 
describes the phase from 1962-66, which ended with the 
effective fall of Lysenkoism, and in this part of the story 
the author was an active participant. 

The Lysenkoist-Michurinist concepts of genetics, which 
are the subject of Medvedev’s account, adhere to what 
has been termed the nutrient theory of inheritance, where 
a nutrient is any component of the environment. It 
is based on the philosophy of dialectical materialism which, 
holding that opposing components of any system give rise 
to continual change, cannot accept notions based on the 
concept of a relatively constant genotype or of constant 
individual gene structures. The nutrient theory postulates 
that under optimal conditions heredity is stable, but that 
under adverse conditions different components of the 
environment are absorbed and incorporated in the 
hereditary constitution so that adaptive changes occur. 
Subsequently, after modification, stabilization takes place 
by the so-called “conservatism” of heredity. All this, 
of course, constitutes a denial of the chromosome theory 
of heredity and the subsequent developments of this theory 
into the field of molecular genetics. 

The means by which Lysenkoist~Michurinist genetics 
were able for so long to hold sway in the Soviet Union are 
clearly indicated by Medvedev. He makes clear, without 
equivoeation, that it was sustained by the falsification of 
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experimental evidence, writing, for example, of “The 
fraudulent experiments on the transformation of one 
species into another...” (page 134) or, in commenting 
on the supposed effect of environmental factors in con- 
verting spring into winter wheat, ‘The effect of all these 
factors in securing one or another result has never been 
proved by anybody; it has just been announced” (page 
185). I personally met Lysenko on only one oceasion, in 
Moscow in 1961, and formed the opinion that his attitudes. 
were ascientific—thus when I asked him what hypothesis 
he offered to explain the interspecies conversion he claimed 
to recognize, he said he was not interested in how it. 
occurred, he merely observed it as a fact. 

His doctrine, however, which could not be sustained 
experimentally, received overwhelmingly powerful govern- 
mental patronage. This was obtained in the late 1930s. 
by accusing the proponents of the chromosome theory 
of reactionary offences against the State and led to the 
arrest of, among others, Vavilov, Karpechenko, Levitsky, 
Kovalev and Flaksberger. The inspiring aspect of the 
history of this period is the courage with which these 
people defended their scientific principles when opposed 
by the bitter polemics of the Lysenkoist sehool and the 
obvious threats of the system. 

After the war, in 1946 and 1947, opponents of Lysenko 
once again began to find outlets for their views and for 
criticisms of his theories. Unfortunately, with the estab- 
lishment of cold war conditions in 1947-48, Lysenke 
was able to persuade Stalin that it was possible for irreeon- 
cilably opposed theories to be maintained in science just 
as they were in politics and economics. Subsequently 
Lysenko, by means of a speech approved-~and indeed 





tural Sciences and established his views of genetics in an 
even more powerful position. Medvedev describes the 
attempts that were then made to destroy all traces of 
“Western” genetics and bitterly depicts the eagerness of 
the Lysenkoists for rewards. “They greedily grabbed. 
ranks, posts, scientific degrees, honorary titles, prizes, 
salaries, medals, orders, honorifics, honoraria, apart- 
ments, summer houses, personal cars. They did not 
just await bounties from nature” (page 127). 

Yet by 1963, as the message of molecular genetics. 
spread, there was again a resurgence of conventional 
genetics, but once more Lysenko received support from. 
high quarters. In a speech in February 1964 to the 
Central Executive Committee, Khrushchev is quoted by 
Medvedev as saying, “Who wishes to use Lysenko’s 
method cannot lose... . It is from such scientists we car 
learn”. On this occasion, however, the ascendancy re- 
established by Lysenkoism was short lived because on 
October 14, 1964, Khrushchev was relieved of his posts. 
The day before this was officially announced L A, Rapo- 
port, well known for his work on mutagens, to his surprise, 
was asked by the Central Executive Committee to 
prepare a newspaper article on the achievements of 
genetics. The appearance of the article signalled the end 
of official support for Lysenkoism and demonstrated the 
extent to which the theory had depended on such support. 
Soon Lysenko and many of his adherents lost official 
posts, although some Lysenkoists are still occupying 
exalted positions. The Soviet Government has apparently 
learned from the past and no longer favours one theory, 
allowing the normal processes of selection to operate in 
its scientific community. 

Many in the West have for long, while recognizing the 
fallacy of the genetical theories, wondered whether 
Lysenko’s proposals in practical agriculture have achieved 
any success. According to Medvedev, they have been 
entirely disastrous, inflicting considerable economic 
damage on the Soviet Union. In a chapter on Lysenko’s 
agrobiology, he describes the total failure, m prac- 
tical application, of vernalization im wheat, variety 
production by conditioning or by intravarietal crossing, 
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summer planting of potatoes, the stubble sowing of winter 
wheat in Siberia, the cluster planting of trees and attempts 
to breed cows with high butter-fat by hybridization with 
Jerseys by Lysenkoist principles. From this it appears 
that incalculable harm was inflicted on Soviet agriculture 
by Lysenko and those favouring his teaching. Good new 
crop varieties, some of them outstanding, were produced 
during the Lysenko period, but always by the same means 
that are followed in breeding work elsewhere in the world. 

In a final and perceptive chapter the author asks 
why it was that Lysenkoist doctrines came to occupy 
such a powerful position. He points out that a wide 
range of hypotheses will always be current in science 
and those at the extremities of the range may be fanatical. 
Such an extreme hypothesis can only be dogmatized in a 
monopolistic state system. This was aided in the case of 
Lysenkoism by the tendency to classify ideas as either 
“bourgeois” or “proletarian”, by press censorship, by the 
isolation of Soviet science from external contacts, by the 
rigid centralization of scientific administration and educa- 
tion and by the rigidity of control of agricultural policy. 
The remarkable impression left by the book, however, is 
that in spite of all the difficulties and throughout the 
length of the episode there were always people who 
held to their belief in the chromosomal--DNA theory of 
heredity and were not afraid to voice their beliefs. ‘This 
culminated in the production and circulation of Medve- 
dev’s work which will result, it seems likel y, in the exorcism 
of Lysenko. 

The book should be read not only by geneticists but 
by all concerned with the effects of governmental inter- 
ference on the advance of science and as an insight 
into the development and operation of the Soviet system. 
It is not only a history, it is historic. Raren RILEY 






ALGEBRA OF GENETICS 


Population Genetics 

By W. J. Ewens. (Methuen’s Monographs on Applied 
Probability and Statisties.) Pp. xii +147. (Methuen: 
London, February 1969.) 30s. 


POPULATION geneticists, the cynic might conclude, come 
in two varieties: the biologist who knows little mathe- 
maties, and the mathematician who knows little biology. 
This reviewer, who comes into the first category, found 
Professor Ewens'’s book difficult but worthwhile. It is 
about the algebra of population genetics (not, as its 
title suggests, about the whole of the subject). It leads 
the reader gently but firmly from the Hardy-Weinberg 
law through the darker territories of stochastic processes 
(diserete, diffuse or branching), over the adaptive topo- 
graphy, to the final attainment of dominance. It is 
written clearly and elegantly, and takes commendable 
care to warn us of the important distinction, sometimes 
the difference, between algebraic model and biological 
fact. 

In his introduction, Ewens states that the book is 
aimed at the mathematician rather than the geneticist. 
For the benefit of the former, it is unfortunately neces- 
sary to draw attention to some biological errors. The most 
startling occurs on the first page, where he asserts that 
“half the A,A,;xA,A, matings will produce AA, 
offspring, the other half producing A,A,”. Later (page 
10), he concludes that heterozygous advantage is a neces- 
sary and sufficient condition for selective balance. This 
is untrue if the selective values vary with gene-frequency, 
but the qualification is not stated. He perpetuates the 
superstition that when W (which he calls W) is equal to 
one, the size of the population remains constant (page 
17). There are also too many typographical mistakes, 
usually involving the names of plants, animals and 
people. They give the impression of haste, marring an 
otherwise well-written book. 
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Professor E. B. Ford is reported to have defined a 
specialist as “one who has no elementary knowledge”. 
Alas, it is all too true. We can only hope that some day 
our prince will come; a mighty polymath who can com- 
prehend and express clearly the basie principles of both 
algebra and genetics. Meanwhile, Ewens has given us a 
useful introduction to some of the thornier aspects of the 
subject, Bryan CLARKE 


UNDER THE SPREADING 
ENTROPY 


Structure and Stability of Biological Macromolecules 

Edited by Serge N. Timasheff and Gerald D. Fasman. 
(Biological Macromolecules: a Series of Monographs.) 
Pp. ix +694. (Dekker: New York, March 1969.) $33-50. 


Two editors, nine authors and nearly 700 pages of relent- 
less erudition: the book, says the jacket, “is of great value 
to biochemists, polymer chemists, molecular biologists, 
biophysicists, biologists, physical chemists, and” (all 
permutations exhausted, the blurb writer pauses to wipe 
the foam from his lips) ‘“‘spectroscopists’. The truth is 
that this book is a collection of extended, often loosely 
related, essays, and possesses a measure of the ephemeral 
quality that so often characterizes the genre. The best 
parts—-which justify the book—are those which work 
over circumscribed areas, not previously reviewed at 
length, and two chapters in particular will, I think, 
endure for some time as standard sources. 

This is the second of a series of volumes, which Fasman 
and Timasheff are editing on various aspects, so far almost, 
wholly physical, of biological macromolecules. The first 
volume, on polyamino-acids, came at a good point in the 
development of the field and, because of its circumscribed 
aims, lent itself rather better to this type of multi-authored 


venture. The subject matter of volume two is more 
diffuse: it ranges from proteins to polysaccharides, 


from protein structure in crystals to interaction of salts 
with macromolecules, and from thermodynamics to 
infrared spectra. To my mind, the most successful 
chapters are those by von Hippel and Schleich on the 
relation of neutral salts to the structure and stability of 
macromolecules in solution, by Stone on the (to me, at 
any rate) forbidding subject of polysaccharide conforma- 
tions and DeVoe’s survey of statistical mechanics of 
polymer conformation. One might have wished, perhaps, 
that the last of these had set a more leisurely pace. for it 
is the shortest and most concentrated in the book and is 
not a beginner’s exposition. 

Two chapters on proteins which follow it run between 
them to more than 220 pages, and if that of DeVoe is 
ascetic, these are expansive if not self-indulgent. This is 
no doubt partly a consequence of the subject matter. 
Since Kauzmann first pointed out some years ago the 
importance of entropy-driven, hydrophobic interactions 
in stabilizing the structure of globular proteins, the 
subject has advanced remarkably little in conceptual terms, 
It is still, for example, impossible to predict from the 
physical properties of a solvent whether it will be a strong 
ora weak denaturant. A copious literature, born perhaps 
of frustration, has nevertheless grown up, and it is hard 
now to discern real progress in the physical chemistry of 
proteins, through the hydrophobic miasma. This dearth 
of hard facts lends a curiously elusive quality to expositions 
of the generalities of protein conformation, and the 
chapter by Lumry and Biltonen is no exception. They 
offer an individual, often idiosyncratic approach, and have 
built up an especially elaborate structure concerning the 
proteins of the echymotrypsinogen group. This is the 
most provocative and also the most speculative chapter 
in the book, and readers will have to make up their own 
minds about how many of the concepts are likely to 
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survive. One’s confidence is not perhaps increased by the 
number of premises which rest on unpublished work, be 
it PhD theses, personal communications or papers cited 
as in preparation or in press. No less than forty of the 
references are of this kind, and I have looked in vain for 
several of the papers supposedly in the pipeline when the 
book went to press. 

Most protein chemists would, I think, agree that the 
work of the past few years, mostly from Eigen’s laboratory, 
using the temperature-jump technique to study the 
kinetics of conformational changes in proteins and 
polypeptides, provides one of the freshest and most 
interesting departures in the field. Yet the two chapters, 
by Lumry and Biltonen and by Brandts on the thermo- 
dynamics and kinetics of protein conformation, make no 
mention of it. Whereas they may stimulate (and perhaps 
enrage) workers in the field, they are not to be recom- 
mended as balanced surveys suitable for the biochemist- 
in-the-street or for the student. For the rest, there is a 
thorough account by Rupley of how protein conformations 
in the crystalline state are thought to relate to those in 
solution, and a chapter by Susi on the infrared spectra of 
macromolecules. 

While turning the pages of a learned journal some time 
ago, I was transfixed by a graph bearing along its ordinate 
the legend “Relative turgidity”. I understand that this 
is a parameter well known to botanists, but some such 
scale might provide the breakthrough that is needed in the 
field of the scientific book review. Without attempting a 
numerical evaluation chapter by chapter, it is clear that 
the value of the function varies widely through the book. 
On balance, the editors’ efforts have been worthwhile, 
and they deserve wide gratitude: one looks forward to 
the forthcoming volumes in this enterprising series with 
continuing interest. W. B. GRATZER 


PLANT PHYSIOLOGY 


Introduction to Plant Physiology 

By Jacob Levitt. Pp. vii +304. (Mosby: 
Distributed in Great Britain by Kimpton: 
1969.) 86s. 


SrupenT texts are most valuable when the necessary basic 
information is combined with a lively account of current 
progress and speculation, not forgetting a liberal sprinkling 
of scepticism. Professor Levitt has aimed at devising an 
introductory course in plant physiology covering a range of 
topics wide enough to interest and enlighten the student 
taking, perhaps, only one course in plant physiology. At 
the same time he has attempted to treat each subject in 
sufficient depth to satisfy the needs and sharpen the 
curiosity of the intending specialist. 

There is no question of the need for such a book at this 
time. The torrent of fresh information which has trans- 
formed so many aspects of biological science in recent 
years has left plant physiology curiously unchanged. 
There is almost a superfluity of elegant concepts and 
sophisticated techniques to play with, but, in many 
respects, knowledge of how the whole plant functions 
has advanced comparatively little in forty years. The 
clarity with which the complex and fascinating problems 
peculiar to plant physiology are outlined to succeeding 
generations of experimentalists must surely have an 
important bearing on the speed with which these out- 
standing issues are settled. 

To a very large extent Levitt has succeeded in both of 
his airs. He is clearly a teacher par excellence, and he 
has written a book that the first and second year univer- 
sity student will find quite invaluable for a first course in 
plant physiology. Indeed, Levitt writes in so simple and 
concise a manner that there is no reason why this book 
should not be used to great advantage in a modern 
sixth-form course. 


St Louis. 
London, 
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The book is divided logically into three sections dealing 
with the biophysics, biochemistry and developmental 
aspects of plant growth. The first two of these sections are 
quite excellent and will serve most usefully as a brief but 
thorough introduction to the more complex and detailed 
treatments of topics such as the ascent of sap, or photo- 
synthesis, that the student will be expected to deal with 
in more advanced courses. I found the section dealing 
with the growth and development of the whole plant a 
little disappointing. Levitt points out that “to discover 
the complete mechanism of plant growth and development 
requires a utilization of the most modern principles of 
molecular biology as a basis for experimental attack”. 
It is the very complexity of plant growth regulation that 
has made the underlying growth mechanisms so resistant 
to biophysical and biochemical analysis, and against this 
background I would like to have seen rather more 
space given to details of the experimental elucidation of 
the mode of action of plant growth regulators, plant 
tropisms and responses to light. A wealth of well-chosen. 
specific and general references at the end of each chapter, 
however, makes up for this deficiency. 

The range of topics is unusually broad, and inchides 
chapters on such Cinderella subjects as plant rhythms and 
stress resistance. Each chapter concludes with a list of 
questions calculated to indicate to the student whether 
the information in the chapter has been understood and 
assimilated. The book is attractively printed and there 
are many clear diagrams and figures. The book repre- 
sents very good value for money and should soon he a 
basie text in the teaching of modern plant biology. 

ALAN Canin 


CANCER CHEMOTHERAPY 


Cytotoxic Drugs in the Treatment of Cancer 

By Evelyn Boesen and Walter Davis. Pp. ix+ 208. 
(Arnold: London, May 1969.) 60s. 

Or the contributions by the Chester Beatty Research 
Institute to our understanding and treatment of cancer, 
perhaps none have had a wider impact than those in cancer 
chemotherapy. A great deal of their effort in this field, 
where the authors obtained much of their expertise, 
concentrated on alkylating agents and, because probably 
more cancer patients receive this group of drugs than any 
other, it is appropriate that a large part of the book should 
be devoted to them. Both the chemical and clinical aspects 
of the alkylating agents are dealt with lucidly and authori- 
tatively, not to say dogmatically, but for the clinician 
for whom this book is primarily intended this is very 
much to be welcomed. It resolves for him the difficulty 
of having to sift through a mass of original and sometimes 
contradictory papers in order to find out current opinion 
on the most appropriate treatment. 

The section on antimetabolites is much shorter, but 
nevertheless contains all the essential information neces- 
sary for clinicians who may be thinking of using them. 
Three further sections describe the plant products, 
among them the vinea alkaloids; the antitumour anti- 
bioties including the actinomyecins; and a series of miscel- 
laneous compounds which are or have been used in the 
treatment of cancer. 

“Hormonal” agents used in cancer chemotherapy are, 
however, not dealt with by the authors, and this may 
puzzle some clinicians who might suppose that this admir- 
able review of cytotoxic agents would enlighten them about 
all anticancer drugs. Certainly, prednisone would seem 
to deserve a specific section rather than incidental men- 
tion. Altogether, the book is very well written and most 
clinical cancer chemotherapists will profit from reading it. 

Most of the agents which are described have been in 
clinical use for at least five years and some for more than 
ten, and it would be a remarkable drug or technique which 
could supplant them all in the near future. Nevertheless, 
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considerable efforts are being made to find better anti- 
cancer drugs and it is inevitable that a book of this kind 
cannot deal with or evaluate all the latest seemingly 
remarkable agents. It is thus only able to deal cursorily 
with asparaginase and cytosine arabinoside, in both of 
which there is currently much interest. 

In giving their readers the basis of drug development 
the authors pinpoint the weakness of experimental cancer 
chemotherapy: the lack of a reliable predictive screening 
test for anticancer compounds. They point out that. the 
clinician is only too well aware of the limitations of the 
two dozen or so drugs he has available for the treatment 
of neoplastic disease and looks to the organic chemist 
to provide better ones. Some of the most effective anti- 
cancer agents in clinical use today are, however, not so 
much the result of synthetic organic revelations, but of 
acute biological and clinical observations. 

The desire of the medicinal chemist to see activity 
related to structure is very understandable, but fraught 
with obvious and well recognized though rarely heeded 
hazards. Structure-activity “relationships” are often 
of a transitory nature and only hold because insufficient 
compounds were made. Thus the authors state that 
among alkylating agents it has been established quite 
unequivocally that only bifunctional compounds achieve 
cytotoxic effects. Recent reports, however, indicate that 
there may be monofunctional alkylating agents which 
have greater antitumour activity than any alkylating 
agent previously tested. 

The book should be required reading for clinicians and 
senior medical students, but it would be helpful for 
researeh workers if references were given in the text 
instead of a reading list at the end of the book. It is to be 
hoped that this can be remedied in future editions. 

K. HELLMANN 


RADIATION DOSIMETRY 


Thermoluminescent Dosimetry 

By J. R. Cameron, N. Suntharalingam and G. N. Kenney. 
Pp. xxii +232. (University of Wisconsin Press: Madison 
and London, February 1969.) $7.50; 71s 6d. 


Tuts book has the great merit that it is eminently readable 
and gives an account of the many basic experiments that 
the authors and others have carried out. It also provides 
a good account of the many applications of thermo- 
luminescent dosimetry, demonstrating the versatility of 
this method compared with many other systems. 

The order of presentation of the book is unconventional 
in that it presents applications of the method at the 
beginning before the practice, and theory is left until the 
last chapter. It is in this respect that whilst the reviewer 
ean read the book drawing on his previous knowledge of 
the subject, the student would benefit if there had been, 
early on in the book, a comprehensive summary of the 
basic procedures and problems that have to be overcome. 

The inclusion of the basic design of a reader that a 
technician could make up in a moderately equipped 
workshop is good, and so also is the extensive bibliography 
which includes the titles of the pap ers. 

The description of the response of thermoluminescent 
materials as a linear response always leads to sorne con- 
fusion in that the response referred to is that obtained 
when the light emitted is plotted against the dose as a 
log-log curve. When the response is plotted on linear 
scales a linear curve is obviously not in general obtained. 
It would have been useful to comment on this because 
many initial experimenters have been confused by this 
deseription. 

Altogether, this is a very useful book which has been 
well proofed and I recommend it as an up to date report. 
of the practice of thermoluminescent dosimetry. 


R. E. Erus 
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CHEMICAL REAGENTS 


Complexometry with EDTA and Related Reagents 
By T. 8. West. Third edition. Pp. 235. (BDH Chemi- 
cals: Poole, 1969.) 50s. 


THE monograph is a third edition, completely revised and 
rewritten, and gives a thorough coverage of the literature 
up to 1964 and an occasional paper in 1965. This suggests 
that the work with ethylenediaminetetra-acetic acid 
(EDTA) and related reagents has completed its present 
phase of thorough investigation. Hence the monograph 
provides a most useful and lasting survey of the field, 
which has been extensively developed since 1945, following 
Schwarzenbach’s use of ethylenediaminetetra-acetic acid. 
This reagent gives an almost instantaneous formation of 
stable, water-soluble chelate complexes with most metal 
ions in solution. 

The survey is in a most useful summary form and is 
arranged in eight sections. An introduction gives the 
theory under lying the formation of complexes, the essential 
properties of a complexometric reagent, and end-point 
detection, including instrumental procedure s. The empha- 
sis, however, is on the reliability of visual indicators in 
view of their ease of application and ready automation by 
photoelectric methods. The section on EDTA concisely 
reports the reactions, stoichiometry and the relationship 
between complex stability, pH and temperature, A 
series of tables gives the logarithms of the stability con- 
stants for the various classes of complexones. 

The many indicators employed fall into distinct classes 
and with concise reports on the main metallochromic, 
fluorescent, redox and chemiluminescent types. Each 
indicator is thoroughly covered in a distinctly attractive 
summary form, with full reference cover to the original 
papers. Then follow the many physico-chemical methods 
of end-point detection. Again the conciseness and clarity 
of the deseriptions for conductometric, high-frequency, 
potentiometric, amperometric, spectrophotometric, 
chronopotentiometric, enthalpimetric, ete., titrations are 
noteworthy. The use of masking agents considerably 
extends the analytical scope. 

Although many other compounds varying in one way or 
another the structure of complexometric titrants have been 
examined, the modifications have not approached EDTA 
in usefulness, though for each modification the essential 
characteristics are given. The presentation is a model of 
effective condensation of very many publications giving 
precisely the particular direction in which the titrants 
may be useful. 

The last section covers selected EDTA procedures for 
some fifty-seven elements, outlining the reagents and 
method for the use of most of these. The monograph is, 
however, in no sense a laboratory manual though sufficient 
information is given for any necessary determinations, Of 
special note is the use of the method on water analysis 
using visual end-points. 

The publication is associated with British Drug Houses, 
Ltd, and many of the indicators are commercially available, 
but not the range of titrants. The index to the book 
usefully gives the full names of titrants often met only as 
abbreviations. Although there is a full bibliography, a 
separate author index is not included. 

The monograph is marred by many errors linked with 
the structures given for indicators. These range from 
incorrect bonding for an aromatic nucleus on pages 48, 
56 and 66. Formulations showing carbonium ions, as 
for lucigenin, would more usually utilize anthracene type 
bonding with charges on nitrogen. The charge on carbon. 
is also shown for catechol violet, though on the facing page 
the elosely related pyrogallol red is given the usual 
fluorescein-type structure. Similarly, methyl thymol 
blue and glycine thymol blue are more usually shown with 
a p-quinonoid ring, and this applies also for xylenolk 
orange and semi-xylenol orange. Then morin is a 2’: 4’- 
substituted anthocyanidin and not 2’: 5’ as given, and 
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a cross-reference for HEEDTA on page 67 should be 
page 134. 

The monograph is an essential aid to all concerned with 
inorganic analysis in academic and industrial fields and is 
thoroughly recommended. G. R. RAMAGE 


EARTH’S MAGNETISM 


Magnetospheric Physics 

{Proceedings of the International Symposium on the 
Physics of the Magnetosphere, Washington, September 
3-13, 1968.) Edited by Donald J. Williams and Gilbert D. 
Mead. Pp. 459. (American Geophysical Union: Washing- 
ton, 1969.) $10. 


THe modern science of geomagnetism dates from 1600 
when Queen Elizabeth’s physician, William Gilbert, 
published De Magnete in which he established the concept 
of the Earth as a magnet. His views of magnetic attrac- 
tion in terms of action taking place over a distance may 
well have influenced Isaac Newton, who would un- 
doubtedly have been aware of his suggestion that the 
planets were held in their courses by magnetic forces. 

The idea of an essentially dipolar field, totally arising 
from sources within the Earth, persisted for almost three 
centuries, although influences of electric currents flowing 
externally to the Earth seem to have been first recognized 
by Carl Friedrich Gauss. In his General Theory of Terres- 
trial Magnetism published in Leipzig in 1839, Gauss states: 
“Another part of the theory on which there may exist a 
doubt is the supposition that the agents of the terrestrial 
magnetic force are situated exclusively in the interior of the 
Earth. If we seek for their immediate causes, partly or 
wholly, without the Earth, and confine ourselves to 
known scientific grounds, we can only think of galvanic 
currents. But the atmosphere is no conductor of such 
currents, neither is vacant space; thus, in seeking in the 
upper regions for a vehicle of galvanic currents, we go 
beyond our knowledge. But our ignorance gives us no 
right absolutely to deny the possibility of such currents; 
we are forbidden to do so by the enigmatic phenomenon 
of the Aurora Borealis, in which there is every appearance 
that electricity in motion forms a principal part.” 

The concept that the terrestrial magnetic field is modified 
by an electrically conducting solar wind, which owes much 
to the scientific contributions (covering half a century) of 
Sydney Chapman and his colleagues, has been abundantly 
confirmed through a decade of satellite measurements 
which commenced with the discovery in 1958, by J. A. 
Van Allen, of the trapped belts of energetic particles. 
We now know in broad outline the configuration of the 
magnetosphere. which we may define as the region of 
the terrestrial environment where the magnetic field of the 
Earth plays a dominant part; it extends some 10 Earth’s 
radii towards the Sun and has an extended “tail” in the 
anti-solar direction. 

The present work has succeeded, on the whole, in sum- 
marizing the work of this past decade. It contains the 
fifteen invited review papers presented at the International 
Symposium on the Physics of the Magnetosphere, held in 
Washington in September 1968. It is inevitable that, in 
a field where each new magnetospheric satellite experiment 
leads to new discovery, the book contains much that is 
still controversial; nevertheless, it presents between two 
covers an up to date account of what is known of the 
physical nature of the magnetosphere and of the dynamical 
processes which are responsible for it. This involves not 
only the basic effects of the solar wind interaction, but 
also phenomena such as the radiation belts, the intimate 
relation between electromagnetic fields and particles, the 
aurorae and their associated polar substorms; all of these 
participate in determining the dynamic equilibrium of the 
“quiet” magnetosphere and its changes (and their con- 
sequences) during solar disturbance events. 
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While the book admirably serves its-purpose of pro- 
viding a consolidated account of present knowledge, there 
are two criticisms that might be made. Firat, although ib 
is, in fact, a reprint of the February/May (1969) issue of 
Reviews of Geophysics, it would have been appropriate to 
have added both an author and a subject index. The second 
is that it might perhaps have been prefaced by an historical 
review, especially relating to Chapman's outstanding 
contributions in this field; after all, the symposium was 
held during Sydney Chapman’s 80th year. 

T, R. KAISER 


VOLCANOES AND LANDSCAPE 


Volcanoes as Landscape Forms 
By C. A. Cotton. (Facsimile of the second edition, 1952.) 
Pp. 416. $13.50. 


Climatic Accidents in Landscape-Making 

By C. A. Cotton. (Facsimile of the 1947 edition.) 
xx +3544 58 plates. $15. 

(Hafner: New York and London, 1969.) 


THE reprinting of Cotton’s well known book on voleanovs 
supplies a distinct need, for no other work has yet emerged 
to supplant it. This is the more surprising because vol- 
canoes and vulcanism have excited general interest from 
earliest times and geologists from the inception of their 
science; the study of volcanoes has contributed largely 
to our understanding of earth behaviour, for by comparison 
with most physical processes, those of valcanism are rapid 
and indeed, within certain obvious limits, their operation 
may be directly observed. Moreover, the destruction or 
dissection of volcanoes is also rather rapid in terms of 
geological time, so that we are enabled to appreciate 
cause and effect more readily than in the ease of most 
phenomena. 

Although, as the title indicates, the emphasis of the 
book is on morphology, the main features of present day 
voleanic activity in the formation of volcanoes and 
volcanic fields are also effectively covered, These are 
essential to an interpretation of older volcanic structures. 
The first part (60 pages) of the book is devoted to the 
mechanism of vuleanism with a convenient two-fold 
division into “lava volcanoes” and “pumice volcanoes”; 
while all but two chapters of part two (330 pages) which 
is concerned with volcanic landscapes relates to the con- 
structional aspects of vulcanism. The descriptions cover 
a wide and very representative range of phenomena. 

Perhaps the most serious disability of the book is that 
the references and consequently the presentation of the 
subject matter are effectively pre-1044, for, although the 
second edition appeared in 1952, the modifications made 
were corrections of detail rather than revision of sub- 
stance. Some of the more theoretical notions seem, 
therefore, somewhat obsolescent, if not actually obsolete. 
In recent years there has, indeed, occurred a revival of 
interest in interpretation of volcanic phenomena, as 
distinct from a concern about the petrogenesis of volcanic 
rocks. Thus, for example, the understanding of volcanic 
landforms in Ieeland where activity has occurred variously 
in glaciated and non-glaciated conditions; the products 
of submarine vulcanism and the factors responsible for 
that diversification; as well as the great elaboration of 
knowledge on welded tuffs, ignimbrites and mechanisms 
responsible for their formation have greatly extended the 
field of enquiry. 

Nevertheless, this book provides a very convenient 
basis of well presented and effectively digested information 
on voleanoes. It is very readable and it is consistently 
relevant. 

The reprinting of the second book is timely and:-useful ; it 
provides effective and quite comprehensive accounts of 
the evolution of landscapes under arid or sub-arid condi- 
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tions and the modification of landscapes by glaciation. 
No other work so conveniently and appreciatively 
presents such a range and depth of fully digested and 
appropriate information on these topics. 

There has, of course, been an ever increasing volume of 
publications by geomorphologists, mostly geographers, 
in these fields since the book was published in 1947, but 
this has added little real significance to their description 
and virtually nothing to their understanding. The book 
therefore remains entirely relevant. B. ©. Kixa 


MUSICAL COMPUTERS 


Music by Computers 

Edited by Heinz von Foerster and James W. Beauchamp. 
Pp. xviii +139. (Wiley: London and New York, June 
1969.) 140s, 


By now it is evident that computer musie has come to stay. 
In the United States it is well established and this state 
of affairs will surely obtain soon in Europe and in particular 
Britain. Several installations of one type or another are 
being brought into existence in this country and recently 
the British Society for Electronic Music has been formed. 
Although there is a fair amount of literature on the subject, 
it has, in general, been confined to “small-time” publica- 
tion and to research papers scattered in various journals. 
But here, in this beautifully produced book, we have a 
broad survey of the subject by several authors, all ermnent 
in one aspect or another of the field. One hundred and 
thirty-nine pages at 140 shillings might, at first sight, 
seem rather a large sum to pay, but the book does include 
four 7-inch records of remarkably good quality. The 
records complement the book and provide an intriguing 
and varied programme, 

The book is a collection of papers based on contribu- 
tions to the Joint Computer Conference held in the autumn 
of 1966. Professor Heinz von Foerster organized the 
“Computers in Music” section of the conference and he 
writes a short but fascinating introductory article on 
“Sounds and Music” which summarizes the essence of the 
relationship between the character of musical scunds and 
that of the human auditory system. After this the book 
is divided into three sections, the first dealing with the 
fundamentals of generating music by computers, the 
second with the problems of composing and scoring and 
the third with the aesthetics of computer ae 

The most substantial and detailed paper is by J. W. 
Beauchamp concerning the problems of analysis of tones 
produced by conventional musical instruments and 
subsequent synthesis by a computer. By these means one 
is able to correlate subjective judgments on musical 
sounds with some objective ingredient in them, A paper 
by Arthur Roberts then gives an account of current com- 
puter programs for musie synthesis, such as MUSIC IV 
and ORPHEUS; records of two pieces illustrate the 
techniques. 

The second section of the book, dealing with composition, 
opens with an article by Lejaren Hiller in which are 
described programs involving subroutines and random- 
number sequences which can generate a piece of music to 
an outline specification by the composer. Continuing on 
this theme is an article by M. V. Mathews and L. Rosler 
on the problem of providing scores of musie to be generated 
by the computer. Incorporated with this is an intriguing 
record of “Rhythm Developments” where a simple tune 
“The British Grenadiers” is subtly changed as time goes 
on to the tune “Johnny Comes Marching Home”. The 
transition from F major in 2/4 time to E minor in 6/8 
time is quite uncanny, and, after we hear the latter 
melody, it is changed back again to the first one. 

The final section is devoted to aesthetics and consists 
of three articles ending with one by Gerald Strang on 














` “Imperfection in Computer Music” 





NATURE, VOL. 223, SEPTEMBER 13. 1969 


; the fascinating subject 
of the musical value of departing from the “inhuman” 
sound of steady, periodic stimuli, by introducing perturba- 
tions such as vibrato. Again, a recorded illustration is” 
given. 

The computer is demonstrated to be a most powerful 
tool for producing musical sounds; this book is an 
extremely good deseription of those powers and potential, 
and is recommended to all those who are interested in the 
development which is exciting so many musical minds 
at the moment. R. P. WILLIAMS 





Correspondence 


Molecular Biology at Spetsai 


5iR;—We, the undersigned, are a group of non-Greek 
scientists of the Fourth NATO Advanced Study Institute 
of Molecular Biology, held in July 1969 in Spetsai, Greece. 
Many of our colleagues refused to attend this meeting 
because of their objection to the military government now 
ruling Greece. Because of their position, we wish to 
inform them, and the private citizens of our countries of 
origin, of our attitude towards this meeting. 

First, we believe that the holding of a scientific meeting 
of this sort in Greece is a distinct ‘advantage to scientists 
of that country. To refuse to attend facilitates the 
isolation of the Greek intellectual community, thereby 

cutting them off from the free interchange of information 
and ideas. For these reasons we believe that such meet- 
ings should continue to be held in Greece. We believe 
that they are of value in demonstrating the international 
nature of science and the desirability of a free and full 
exchange of views. It is with these beliefs that we went 
to Spetsai; our visit in no way reflects approval of the 
Greek government. 

Second, attendance at such meetings should be depen- 
dent upon certain assurances being given concerning the 
financial and political independence of the meeting and 
the unrestricted admission of participants. In this case, 
Dr Francis Crick, the chairman of the Organizing Com- 
mittee of the Study Institute, sought the assurance by the 
Greek government that it did not intend to make any 
political propaganda in connexion with the meeting. 
Its representative stated that the Greek government 
appreciated the strictly scientific nature of the meeting. 
Dr Crick also obtained the assurance of the freedom of 
admission for students from Eastern European countries 
resulting in the granting of visas to them for the duration 
of the course. 

Finally, we believe that the exact sources of finance 
for such meetings should be declared in advance. We 
consider it important that this school should in no way 
depend financially upon a government which we consider 
to be oppressive. We feel strongly that the attitude of 
such of our home countries as, singly and collectively, 
support the Greek military government is deplorable. 











Yours faithfully, 


F. Salvatore 

M. L, Sartirana 
M. Schoentjes 
A. E. Sippel 

V. Ssymank 


P. Henson 

M., Herzberg 

W, Kabsch 

D. Kettlewell 
M. A, Koblinsky 


H. Andersen 
P. R. Avner 
P, M. Bayley 
C. Bordier 

8, Chang 


R. Cotter T. A, Krulwich J. W. Thorner 
R. M. Dittgen D. B. Malcolm H-P. Vosberg 
8. Dolfini P. Paulin J. N. Vournakis 
A. Fantoni J. M. Pesando 8. Weil 

P. Gilbert G. Pieczenik F. R. Williams 


G, Rosenbaum 


g 
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University News 


Professor Lord Llewellyn-Davies has been appointed 
to the chair of urban planning tenable at University 
College, University of London. 

Professor D. R. Wilkie has been appointed to the 
Jodrell chair of physiology tenable at University College, 
University of London. 

The title of professor of zoology has been conferred on 
Dr James Green in respect of his post at Westfield 
College, University of London. 


The title of professor of physics has been conferred on 
Dr G. V. Groves in respect of his post at University 
College, University of London. 


The title of professor of bacteriology has been conferred on 
Dr J. R. May in respect of his post at the Institute of 
Diseases of the Chest, University of London. 


The title of professor of electrical engineering has been 
conferred on Dr H. Tropper in respect of his post at 
Queen Mary College, University of London. 


Announcements 


The reorganizing committee of the Brain Research 
Association has dissolved after a little over a year in 
office, and after a ballot by its 800 members the following 
were elected to serve on the permanent committee: 
Dr G. B. Ansell (Birmingham Medical School), Professor 
J. B. Cavanagh (Institute of Neurology, London), 
Professor B. A. Cross (Bristol Medical School), Dr J. 
Dobbing (Manchester University}, Dr C. R. Evans 
(National Physical Laboratory, Teddington), and Pro- 
fessor P. D. Wall (University College, London). The 
structure of the association is such that secretaries of 
local groups become ex officio members of the committee. 
The committee elected Professor P. D. Wall as the BRA’s 
first chairman, Dr C. R. Evans as secretary and Dr J. 
Dobbing as treasurer. 


Sir Joseph Hutchinson, emeritus professor of agri- 
culture in the University of Cambridge, is to visit the 
Indian Agricultural Research Institute, Delhi, as Royal 
Society Leverhulme Visiting Professor. While 
there, Sir Joseph will lecture, take seminars, help with 
research and do professional work generally. 


The Gairdner Foundation awards for 1969 will be 
presented as follows: to Dr R. B. Salter, Hospital for 
Sick Children, Toronto, for his work on congenital hip 
disease; to Dr E. A. McCulloch and Dr J. E. Til, 
Ontario Cancer Institute, for their work on methods of 
studying cells in bone marrow; to Dr F. J. Dixon, 
Seripps Clinic and Research Foundation, La Jolla, for 
his work on the nature of acute nephritis; to Dr J. P. 
Merrill, Boston, and Dr B. H. Scribner, Seattle, for their 
work in the treatment of chronic kidney disease; to 
Dr F. M. Sones, for devising a technique for visualizing 
the coronary arteries in a special type of X-ray procedure; 
and to Dr E. W. Sutherland, Vanderbilt University, 
Nashville, for his discovery of a biological and biochemical 
mechanism important in the action of various hormones. 


International Meetings 


October 6-11, International Construction Equipment 
Exhibition, London (Federation of Manufacturers of 
Construction Equipment, 8 St Bride Street, London EC4). 
October 7-8 Pathogeny in Epilepsy, Bulgaria (Bul- 
garian Academy of Sciences, Epilepsy Research Group, 
Higher Medical Institute, Sofia 31, Bulgaria). 

October 14-16, Calorimetry, Portsmouth, USA (Dr 
G. C. Sinke, Dow Chemical Company, 1707 Building, 
Midland, Michigan 48640, USA). 
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Qétober 15-18, 12th International Morphological 
Conference, Prague (Dr L. Borovansky, Albertov 4, 
Prague 2, Czechoslovakia). 

October 20-22, 16th Spectroscopy Symposium, Mor- 
treal (Robert Dunn, CN Technical Research Centre, 3950 
Hickmore Street, Montreal, Quebec, Canada). 


j 


October 20-24, Man in Isolated andjor Enclosed 
Spaces, Rome (Captain J. E. Rasmussen, Navy Depart- 
ment, Washington DC, USA). 

October 20-24, Nuclear Energy Costs and Economic 
Development, Istanbul (International Atomic Energy 
Agency, Kartner Ring 11, A-1010 Vienna, Austria). 
October 21-23, Air and Stream Improvement Con- 
ference, Toronto (H. D. Psavila, Air and Stream Im- 
provement Group, Canadian Pulp and Paper Association, 
2300 Sun Life Building, Montreal 110, Canada). 

October 22, Water Utilization and Effluent Treatment, 
Edinburgh (British Paper and Board Makers Association, 
Technical Section, Plough Place, Fetter Lane, London 
EC4). 

October 23-24, Mathematical Models of Hetero- 
geneous Catalysis Processes, Frankfurt am Main 
(Dechema, Postfach 97 01 46, 6 Frankfurt am Main 97, 
Germany). 

October 25-26, International Society for Homotoxi- 
cology and Antihomotoxicological Therapy Sym- 
posium, Baden-Baden (Dr F. Doerper, Secretary, 
Bertholdstrasse 7, 757 Baden-Baden, Germany). 

October 25-27, Pathology of the Liver, Montecatini 
(Segreteria del Congresso, Via Modica 6, 20143 Milan, 
Italy). 
October 26-30, Mathematical and Computer Aids to 
Design, Ansheim, USA (Meetings Information, TEER, 
345 East 47th Street, New York, NY 10017, USA). 


October 26-November 1, Lith Pan American Congress 
of Gastroenterology, Puerto Rico (Dr F. Hernandez 
Morales, e/o Wilson Medical Building, 1475 Wilson Street, 
San Juan, Puerto Rico 00907). 

October 27-November 3, Fuel Celis, Paris (Centre de 
Perfectionnement Technique, 80 Route de Saint-Cloud, 
92 Rueil Malmaison, France). 

October 28-30, Biomedical Research of Quinones, 
London (Ciba Foundation, 41 Portland Place, London 
Wi). 

October 28-November 4, Superconductors, Paris (Centre 
de Perfectionnement Technique, 80 Route de Saint-Cloud, 
92 Rueil Malmaison, France). 

October 29-31, Gaseous Electronics, Gatlinburg, USA 
(Dr W. W. Havens, jun., The American Physical Society, 
335 East 45th Street, New York, NY 10017, USA). 
October 29-31, Nuclear Science Symposium and 
Exhibition, San Francisco (Technical Conference Ser- 
vices, IEEE Headquarters, 345 East 47th Street, New 
York, NY 10017, USA). 

October 30, Noise Problems in the Textile Industry, 
Manchester (Mr J. K. Jackson, Shirley Institute, Dids- 
bury, Manchester M20 8RX). 

October 30-November I, Unconventional Photographic 
Systems, Washington (Society of Photographic Scientists 
and Engineers, 1330 Massachusetts Avenue NW, Wash- 
ington DC 20005, USA). 

October 31, 11th Conference of the 
national Development, New Delhi, 
1346 Connecticut Avenue NW, Washington 
USA). 

November 25-28, Reduction of Friction in Industrial 
Plant, London (Organizer, Industrial Lubrication and 
Tribology Symposium, Scientific Publications, Broseley, 
Shropshire, UK). 


Society for Inter- 
India (Secretariat, 
DC 20038, 
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Monday, September 15 


Calorimetry in Chemical and Biological Sciences (three-day international 
symposium) University of Surrey; and LKB Instruments, Ltd, at 
the University of Surrey, Guildford. 

Industrial Applications of Dynamic Modelling (four-day conference) 
Institution of Electrical Engineers, at Durham. 


Tropical and Sub-tropical Fruits (five-day conference) Tropical Products 
Institute, Ministry of Overseas Development, at London, 


Tuesday, September 16 


Emulsion Polymers (two-day symposium) Society of Chemical Industry; 
and UMIST, at Owens Park, University of Manchester. 


Motions in Molecular Crystals (three-day discussion meeting) Faraday 
Society, at the University of Oxford. 


Wednesday, September 17 


Errors in Radiochemical Analysis (6.30 pan. discussion meeting) Society 
for Analytical Chemistry, Radiochemical Methods Group, at the 
Leicester Lounge, 44 Glasshouse Street, London W1. 


Mana gement, Men and Money (6.30 p.m.) Mr J. E. Pooley, Oil and Colour 
Chemists’ Association, at University College London, Gower Street, 
London WCL. 


Thursday, September 18 


Clean Surfaces (one-day conference) Thin Films Committee, Institute of 
Physies and the Physical Society, at the University of Southampton. 


Geochemical Dispersion of Copper and other Elements at the Bukusu 
Carbonatite Complex, Uganda, Dr J. W. Baldock; Determination 
of Optimum Ore Reserves and Plant Size by Incremental 
Financial Analysis, Mr J. L, Halls, Mr D. P. Bellum and Mr 
C. K. Lewis (at 6 p.m.) Institution of Mining and Metallurgy, at the 
Geological Society, London W1. 


Interaction between Lubricants and Metals (6 p.m.) Institution of Mechani- 
cal Engineers, Tribology Group, at 1 Birdcage Walk, London SW1, 





Friday, September 19 


The Application of Microchemical Techniques in the Petrochemical 
and Allied Industries (two-day meeting) Society of Analytical 
Chemistry; and the Royal Institute of Chemistry, at Portsmouth 
College of Technology. 


The Flora of a Changing Britain (three-day conference) Botanical Society 
of the British Isles, at Imperial College, London SW7. 





Monday, September 22 


Fifth International Cystic Fibrosis Research Asseciation Conference 
(five days) at Churchill College, Cambridge, 


The Problem of Rolling Stock Cleaning in Works or Depots; and 
Evaluation of Cleaning Processes in B.R. Vehicle Repair Activi- 
ties (6 p.m.) Institution of Mechanical Engineers, at 1 Birdcage Walk, 
London W1. 

Tribology in Iron and Steel Works {live-day conference) Institution of 
Mechanical Engineers, Tribology Group; and the Iron and Steel 
Institute, at the Royal Lancaster Hotel, London W2. 


Reports and Publications 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


The Zoological Record, 1966, Vol. 103, Section 15: Pisces. Compiled by 
G. Palmer and H. A, Toombs. Pp. 107. (London: The Geological Society 
of London, 1969.) UK and Eire, 40s.; Overseas 47s. ($US 5.70.) {138 

Development and Utilization of Water Supplies in the East Riding of 
Yorkshire. By E. Aylwin and R, C. Ward. (Occasional Papers in Geog- 
raphy No. 10.) Pp. 98. (Hull: The University, 1969.) 25s, net. {188 

Symposium on Techniques Used in the Study of Microcirculation, Edited 
by D. R. Chambers and P, A. G. Monro. Pp. iv +71. (Cambridge: British 
Miorocirculation Society, c/o P, A. G. Monro, Anatomy School, The Uni- 


versity, 1969.) 21s. ; [188 
Our Young Children. Pp, 32. (London: HM Stationery Office, 1969.) 
3s, 6d. net. [138 


HOW TO BUY NATURE 


Volumes start in January, April, July and October, but subscriptions 
may begin with any issue, 
The direct postal price per subscription for one copy of NATURE 
each week is: 

*42 MONTHS (52 issues and 4 indexes) 


Great Britain and Eire 
(by air freight) 
(by air freight) 
Elsewhere overseas by surface mail 
(Charge for delivery by air mail on application) 
*Shorter periods pro rata, (Minimum three months,) 





$52 each 
£14.0.0 each 
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_ Bulletin of the British Museum (Natural History). Geology. Vol. 18, 
No. 2: Lhe Polyzoa of Some British Jurassic € ys. By Leslie John Pitt 
and the late Henry Dighton Thomas. Pp, 29-38 + 4 plates, lis. Vol. 18, 
No. 3: The Ordovician Trilobite Faunas of the Builth-Liandrindod Tatier, 
Central Wales, Part 1, By Christopher Paul Hughes. Pp. 38-103+14 
plates. 72s, Zoology. Vol. 18, No. 4: A Review of the Family Holo- 
thuriidae (Holothurioidea: Aspidochirotida) By F. W. B. Rowe. Pp. 
117-170. 26s. Vol, 18, No. 5: Frontal Calcification and Its Function in 
some Cretaceous and Recent Cribrimorph and other Cheilostome Bryozoa. 
By G. P, Larwood, Pp, 171-182. 68. (London: British Museum (Natural 
History), 1969.) (148 

Scottish Plant Breeding Station. Report to the Annual General Meeting 
of the Scottish Society for Research in Plant Breeding, 24th July, 1969, by 
the Board of Directors. Pp. 64. (Pentlandfield, Roslin, Midlothian: 
Scottish Plant Breeding Station, 1969.) 5s. [158 

Home-Grown Cereals Authority. Progress Reports on Research and 
ier 1968/69, Pp, 32. (London: Home-Grown Cereals meee 
Department of Education and Science and the British Council. Scientific 
Research in British Universities and Colleges, 1968-69. Val. 3: Social 
Sciences (including Government Departments and other Institutions). 














Pp. xxx+446. (London: HM Stationery Office, 1969.) 608, net, ` [158 
Other Countries 
International Atomie Energy Agency, Technical Reports Series No. 60 





Laboratory Training Manual on the Use of Isotopes and Radia 





Research, Second edition, Pp, 193. (Vienna: International Atomic 
Energy Agency; London: HM Stationery Office, 1960.) 130 sechillings; 
41s, &d.; 85. fle 


Council of Europe. European Committee for the Conservation of Nature 
and Natural Resources 7: Sarek and Padjelanta National Parks, Sweden. 
Pp. 16. (Strasbourg: Council of Europe, 1968.) {118 

Geological Survey of Western Australia. 












Pp, 48. 
(128 
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Annals of the South African Museum, Vol. 52, Part 9; Pleistocene Molluscs 
from the Namaqualand Coast. By A. J. Carrington and B. Kensley. 
Pp. 189-223 + plates 19-29, (Cape Town: South African Musenm. 1969.) 
R.3. [148 

Housing Requirement in South Africa, By J. K. Evenwel and T. J. de Vos. 
Pp. 20+58 tables. (Report of a Study commissioned by the National 
Development Fund for the Building Industry, and undertaken by the 
National Building Research Institute of the Council for Scientific and 
Industrial Research.) (Pretoria: National Development Fund, 1969.) [148 

Australia: Commonwealth Scientific and Industrial Re 2 Organization. 
Lands of the Queanbeyan-Shoalhaven Area, ACT., and N.S W, Comprising 
papers by R. H, Gunn, R. Story, R. W. Galloway, P. J. B, Duffy, G. A. Yapp 
and J. R, McAlpine. (Land Research Series, No. 24.) Pp, 164 +12 plates. 
(Melbourne; Commonwealth Scientifie and Industrial Research Organization, 












1969.) o p48 
Ontario Research Foundation, 1988 Annual Report. Pp. 44. (Sheridan 
Park: Ontario Research Foundation, 1969.) (158 


Bulletin of the American Museum of Natural History. Vol, 141 Article 4: 
Gill Arches and the Phylogeny of Fishes, with Notes on the Classi teation of 
Vertebrates. By Gareth J. Nelson. Pp. 475 ; (New 
York: American Museum of Natural History, 1969.) 82, {188 

Mitteilungen aus der Blologischen Bundesanstalt fir Land- und Forst- 
wirtschaft, Berlin-Dahlem. Heft 133: Chemosterilantien. Von Dre M. 
Stitben. Pp. 84. (Berlin-Dahlem: Biologisch Bundesanstalt für Land- und 
Forstwirtschaft, 1969.) 20 DM. & 

République Démocratique du Congo—Office National de la Recherche et du 
Développement. Publications de l'Institut National pour I"Etude Agrono- 
mique du Congo. Carte des Sols et de la Vegetation du Bongo, dn Ruanda 
et du Burundi. Zone de la Haute Lulua. A.-Sols. Notice Explicative 
de la Carte des Sols. Par P, Gilson et P, Francois. Pp. 22. 24, Mahagi. 
A.-Sols. Notice Explicative de la Carte des Sols. Par C. Syset P Hubert. 
Pp. 50, (Bruxelles: Institut National pour l'Etude Agronorique du Congo, 
1969.) {188 

University of the West Indies, Faculty of Agriculture, Bibliography of 
Soil Science and Fertilizer Agronomy for the Commonwealth Caribbean. 
By L S. Cornforth. Pp. 97. (St. Augustine: University of the West Indies, 
1969.) {188 
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The Luckham FREEZFILE— 
made of anodised aluminium 
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and safely stacked. The 
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space. Edge contact run- 
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located in seconds. 
Write for leaflet: 
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Scientific Thought 1900-1960 


A Selective Survey 
Edited by R. Harré 


H. W, Bent, H, Blaschko, J. N. Crossley, E. B. Ford, 
R. O. Gandy, G. H. Haggis, C, W. Kilmister, 

G. Kreisel, D. Noble, N. W. Pirie, R, Stoneley, 

Sir George Thomson, N. Tinbergen, and 5. G. Waley 
describe the key ideas that have come into their 
scientific fields since the beginning of the century. 

8 plates text figures throughout 65/- net 

paper covers 35/- net 
































Elementary Differential 
Equations 

T. W. CHAUNDY 

Edited by 3. B. MCLEOD 


This book contains material for more than one 
course on ordinary differential equations. The first 
five or six chapters cover what would normally be 
regarded as the material for a first course separating 
the variables, the first-order linear equation, the 
operator D=d/dx. Chapters 7 to 9 discuss solutions 
in series and by definite integrals, effective use being 
made of the operator ô==x d/dx. The later 

chapters introduce the student to the hypergeometric 
and allied functions, and the last chapter is on 
singular solutions. 75/-net paper covers 40/- net 















































The Virial Coefficients of Gases 
A Critical Compilation 
J. H. DYMOND and E. B. SMITH 


This collection of tables, many recalculated from 
the extant literature, will be indispensable as a work 
of reference to chemists and physicists. The 
contents are based on a survey of materia! available 
to the beginning of 1968. paper covers 45/- net 
Oxford Science Research Papers 





























Reflexes and Motor Integration: 
Sherrington’s Concept of 


Integrative Action 
JUDITH P. SWAZEY 


Sir Charles Scott Sherrington’s early research into 
the integrative action of the nervous system was 
instrumental in developing the field of neuro- 
physiology. Judith P. Swazey discusses the nature 
and the significance of his work. Frontispiece, 

15 text figures 63/- net Harvard Monographs in the 
History af Science (Harvard University Press) 



































Introduction to Differential 
Geometry and Riemannian 


Geometry 
ERWIN KREYSZIG 


This book provides an introduction to the 
differential geometry of curves and surfaces in 
three-dimensional Euclidean space and to *n’-dimen- 
sional Riemannian geometry. It is based on the 
author’s earlier book, Differential Geometry, 
Numerous text figures £3/5/- net 

(University of Toronto Press) 



































OXFORD UNIVERSITY PRESS 





AUSTRALIA 


NEW SOUTH WALES 
DEPARTMENT OF AGRICULTURE 


SENIOR RESEARCH 
OFF ICER (Animal Husbandry) 


Agricultural Research Institute, 
Wagga Wagga 


Salary: $46,360 range $A6.800 per annum, with progression to $A7,350 per 
annum, subject to conditions. 


Qualifications: Degree in Agricultural Science, Rural Science or equivalent. 
Several years of postgraduate experience in animal husbandry research 


essential. 


Duties: To formulate and supervise animal husbandry research programmes in 
the southern wheat belt and southern tablelands of New South Wales. 


Subject to certain conditions, the successful applicant will be eligible for: 


* Payment of fares to Sydney. 
%* Financial Assistance towards cost of removal expenses. 
%* Financial assistance towards cost of initial accommodation expenses. 


General: Single accommodation available at $A7.20 per week. 


For application form and further information, write to the Recruitment Section, 
New South Wales Government Offices, 56 Strand, London, W.C.2, where appli- 
cations close on SEPTEMBER 30, 1969. When writing, please quote reference 
44/407 (N). 


Hon. A. Landa, 
Agent General, 


UNIVERSITY OF STRATHCLYDE 
SCHOOL OF PHARMACEUTICAL SCIENCES 


DEPARTMENT OF PHARMACEUTICAL CHEMISTRY 


LECTURESHIP 
IN PHARMACOGNOSY 


Applications are invited for the above post in the Department of 
Pharmaceutical Chemistry. Candidates should be Honours Graduates 
in Pharmacy and hold a higher degree, The successful candidate should 
have a special interest in Phytochemistry and will be required to assist 
in the organization and running of undergraduate courses in Pharma- 
cognosy, and to take part in the research programme of the Department. 


Salary Scale : Lecturers £1,240-£2,850 per annum with F.S.S.U. placing 
on scale according to qualifications and experience. 


Application forms and further particulars (quoting 37/69) may be 
obtained from the Registrar, University of Strathclyde, George Street, 
Glasgow C.1, with whom applications should be lodged by September 29, 
1969. (927) 





For further Classified advertisements see page iiia 
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NEW ZEALAND 


UNIVERSITY OF 
CANTERBURY 
Christchurch 


Applications are invited for the following 
positions ; 

SENIOR LECTURERS OR LECTURERS 
IN MECHANICAL ENGINEERING 
Applicants must hold a degree in 

Mechanical Engineering or the equivalent, 

preferably at Honours level, with proven 

research ability and teaching experience at 
university level or suitable industrial experi- 
ence, The appointee will undertake teach- 
ing and research in one of the fields of 
either Dynamics and Control or Fluid 

Mechanics and Thermodynamics. 
Applications close on October 31, 1969, 
The Head of Department will be in 

England and available to discuss the posi- 

tion during the week commencing Septem- 

ber 29. Applicants should contact the 

Secretary-General, Association of Common- 

wealth Universities, during the week com- 

mencing September 22 to arrange an ap- 
pointment. 

Applications close on October 18, 1969. 

Salaries are under review, Existing 
salaries for Lecturers are $NZ3,100 by 
$NZ200 to SNZ4,700, SNZ4,800 pmr 
annum ; for Senior Lecturers $NZ4.700 by 
$NZ200 to SNZ5,560 (bar) and thereafter 
a range to §NZ6,600. 

Particulars, including information on 
travel and removal allowances study icave, 
housing and superannuation may be ob- 
tained from the Association of Common- 
wealth Universities (Appts), 36 Gordon 
Square, London, W.C. (909) 





AHMADU BELLO UNIVERSITY 
ZARIA, NIGERIA 


Applications are invited for the follewing ap- 
polntments in the DEPARTMENT OF CHEM- 
ISTRY: 

fa) Professor of Organic Chemistry. This is a 

second chair in the Department. 

(>) Senior Lecturer or (©) Lecturer in Physical 

Chen siry. 

Salary scales: (a) £N3,000 per annum, (b) 
£N2,275 to £N2,4575 per annum, (©) £91,200 to 
EN2,175 per annum GNis£l 3s. 4d, sterling). 
Salary supplemented in range £450 to £925 per 
annum (sterling) and education allowances and 
children’s holiday visit passages payable in appro- 
priate case under British Expatriates Supplemen- 
tation Scheme, Family passages; superannua- 
uon scheme; various allowances; regular ower- 
seas leave. 

Detailed applications (six copies), naming three 
referees, by October 24, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London 
WLP ODT, from whom particulars are avea Die 

930) 


MEDICAL RESEARCH 
COUNCIL 


NATIONAL INSTITUTE FOR 
MEDICAL RESEARCH 


Applications are invited for the post of 
Head of the Engineering Department in 
the National Institute. The first responsi- 
bility of the Department is to provide a 
mechanical and electronic instrumeniation 
service to the Institute, including compute 
ing facilities on line to other experimental 
equipment. Full workshop facilities and 
a Honeywell DPP 516 computer system 
are available, In deciding on scientific 
priorities and matters to do with establish- 
ment, the Head will be expected to con- 
sult a small Advisory Committee chosen 
from senior members of the Institute's 
scientific staff. The staff of the Depart- 
ment will probably not exceed four seien- 
tists and about 20 technical officers and 
technicians, The salary will be in the Pro- 
fessorial range and enjoys FS. SAU. berefits. 

Applications should reach the Director 
{from whom further details may be ob- 
tained), National Institute for Medical 
Research, London, N.W.7, by December 
1, 1969, (960) 
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AGRICULTURE| 
FORESTRY 


The provision of skilled manpower is a vital element in Britain's 
aid to the developing countries. The Ministry has vacancies in 
nearly all professions and in many lands, It also handles numerous 
posts in developing countries which are filled by the United 
Nations and Specialised Agencies. Candidates should be citizens 
of, and normally resident in, the United Kingdom, Here are some 
current vacancies. 


EAST AFRICAN COMMUNITY 
Soil Chemist 


To carry out research and investigation into problems of soil fercilicyfand 
plant nutrition relevant to the problems of crop production increases in 
East Africa, He must have a good honours degree in agricultural chemistry 
(soil science and/or plant nutrition) or a degree in agriculture and two 
years’ postgraduate training in soil plant nutrition chemistry or an M.Sc. 
or Ph.D. in these fields. A knowledge of routine sail and plant sample 
analysis methods is essential. 

Salary; LEA, 798-2,121 (€Sterling 931-2,474) p.a. plus an inducement 
allowance, normally tax free, of £Stg. 700-1025 p.a. Terminal gratuity 
25%. Contract 2 years. 


MALAWI 


Agricultural Research Officer 


To act as personal assistant to the Chief Agricultural Research Officer on 
the professional administrative side of the Agricultural Division Research 
Branch with duties including collection and correlation of experimental 
records and reports, initial editing and compiling of che Agricultural 
Research Annual Report, preparation of special subject matter reports 
and handling of routine correspondence. He must have a degree in agri- 
culture or allied subject, with practical experience in field experimentation; 
experience in the writing of reports for publication Is desirable, 

Salary: £1,475-2,600 p.a. Terminal gratuity 25°, on complerion of tour 
of not fess than 30 months. A supplement of £216-276 p.a, is also payable. 
Both gratuity and supplement are normally tax free. Contract 2-3 years. 


CAYMAN ISLANDS 
Deputy Director, Mosquito Research and Control Unit 


To assist in all aspects of research and control of biting fies, in the running 
-of a small multi-disciplined unit with special responsibility for insecticide 
testing and field trials using ground and aerial methods. Also for insec- 
ticide formulation and the execusion of abatement measures, He must 
be 25-40 and have a degree in entomology with practical experience in 
aerial applications and insecticide testing. The ability to handle labour and 
undertake administrative duties is desirable, 

Salary: £2,500-3,000 p.a, plus an inducement allowance, subject to re- 
vision, of £600-750 p.a. Terminal gratuity 20%. No income tax. Contract 
2 years. 








LESOTHO 


Pasture Research Officer 


For basic research into veld and pasture management including the @stab-~ 
lishment, fertilization and management of planted pastures and for exper)« 
mental techniques involving travelling within the country. Me mwar 
have an honours degree in agriculture or botany with experience in 
pasture research work especially in Afriza. 

Salary: Rand 2,172-4,800 (£1,267~2,900) p.a. plus an inducement allowance, 
normally tax free, of £288-528 pa, Terminal gratwiry 25%. Contract 

years. 


BOLIVIA 


Agronomist 


Required in the British Tropical Agricultural Mission to plan field trials de- 
signed to translate soit survey and soil analysis information Ineo crap 
responses to existing and applied nutrients, He must have a dagred in 
agriculture or natural sciance with experience in che design, execution and 
evaluation of field trials in the tropics. 

Salary: £1,600-3,000 p.a. subject to British income tax, plus a variable 
tax frag overseas allowance of £730-1,270 pa. Contract two tours of 18 
months. 


UGANDA 


Entomologist 


To carry out surveys and conduct research into the pests of crops and stored 
produce and on cotton, coffee and cocoa crops in particular; to advise 
on control measures. He must have good honours degree or equivalant in 
natural science and at lease two years’ postgraduate training in agricultural 
entomology. 

Salary: £Ugandan 798-1,791 (£Sterling 931~2.089) pa, plus an inducement 
allowance, normally tax free, of Sterling 700-958 p.a. Terminal gratuity 
25%;,. Contract 21-27 months. 


BRUNEI 


Agricultural Officers 


To be in charge of sub-districts which will include one or more agricul- 
tural stations, to lay out and supervise experimental and/or demonstration 
plots and advise and give lectures to groups of farmers, He must have s 
degree in agriculture with tropical experience. 

Salary £1,992-3,526 p.a. Tax free gracuiry of 125° of salary. No focal 
income tax, Contract 3 years. 


BOTSWANA 


Senior Agricultural Officer 


To take charge of the extension service. He must have a degree in agri- 
culture with considerable practical experience in running a large extension 
section in an African country, 

Salary: Rand 4,980 (£2,906) pa. Terminal gratuity 25%). An inducement 
allowance, normally tax free, of £660 p.a. is also payable. Contract 2-9 
years. 


ZAMBIA 


Assistant Conservators of Forests 


For general district duties or forest surveys and the preparation of working 
plans or silvicultural research. They must have a degree in Forestry, 
Salary: Kwacha 1,944~4,464 (£1,134-2,604) p.s. plus an inducement allow-~ 
ance of £243-499 p.a, Terminal gratuity 25%. In addition a supplement of 
£233-350 p.a, is payable, Both gratuity and supplement are normally tax 
free. Contract 3 years. 


FIJI 


Silvicuituralist 


To take charge of and develop the silvicultural research division, He must 
have a recognised degree in forestry with 5 years’ postgraduate expert- 


ence, 

Salary $F. 2,700-4,362 (¢£1,292~2,087) p.a. plusan inducement allowance, 

pamon tax free, of £596-829 p.a. Terminal gratuity 25%. Cantract 
j3 years. 


Salaries within the ranges quoted are assessed on quatificntions 
and experience, There are substantial extra benefits, paid leave 
ete, and in most cases educational grants and free or subsidiaed 
accommodation, A contributory pension scheme is available in 
certain cireumatances, 


If you wish to apply for any of these appointments please write, 
giving your full name, age and brief particulars af your projen~ 
sional qualifications and experience, to the 

Appointments Officer, Room 330/N/27, Ministry of Overseas 
Development, Eland House, Stag Place, London, 5.91. 


MINISTRY OF OVERSEAS 
DEVELOPMENT o» 

















Today we call him a 
CHEMICAL ENGINEER 


At the Research Centre we have never tried to make 
gold by cooking sulphur, salt and mercury, and we don't 
wait for the phases of the moon, but we have developed 
several commercially interesting chemical ideas that we 
now want transmuted from the bench to the full scale 
industrial trial stage. For this we need a CHEMICAL 
ENGINEER to engineer processes for (a) continuous 
deposition of metal strip; (b) electrochemical methods 
of effluent disposal; (c) methods of direct polymer coat- 
ing by glow discharge techniques, 

The appointment will be made in one of a series of 
salary bands having an overall maximum of £3,285. 


Applications ta: 

David Page, Head of Personne! Services, 
Electricity Council Research Centre, 
Capenhurst, Chester 


ELECTRICITY COUNCIL RESEARCH CENTRE 


Ref. N/205 
eee sep 

foe sare ee 
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Biochemical Industry 


in the Netherlands 
with 500 employees in R & D division, seeks for one of the 


enzyme-laboratories a research biochemist. 


The main activities of this laboratory intend to discover new 
applications of enzymes in the field of detergents and food, 
and to develop production processes for these enzymes. 


The applicant is expected to contribute to planning a 
research programme and to cooperate in its elaboration. 


research Biochemists in the age of 25 - 35, interested in industrial 

research, are invited to write for further details as to the 

bi h 5 t position and to provide their curriculum vitae confidentially 
IOC emis under number 546 to 


Psychologisch Adviesbureau L. Deen 
Westersingel 41 - Rotterdam - Netherlands 


1915) 
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HEAD OR SENIOR 
TECHNICIAN 


Applicant must have wide experience in 
Pharmacological Techniques. Position offers 


good opportunities with excellent condi- 
tions. 

Apply in writing to: Research Director, 
Biorex Laboratories Ltd, Biorex House, 
Canonbury Villas, London, N.1. (922) 


UNIVERSITY OF 


THE WEST INDIES 
TRINIDAD 


Applications are invited for the following 
appolnuments : 

(a) Research Fellowship or Junior Research 
Fellowship in the SEISMIC RESEARCH 
UNIT. Applicants should be graduates in 
Physics or Geophysics and have research 
experience in electronics and/or geo- 
physics. 

(b) Research Fellowship or Junior Research 
Fellowship in PLANT VIROLOGY in 
Department of Crop Science. Applicants 
should hold a degree in Plant Pathology, 
preferably with specialisation in plant 
viruses; experience with tropical crops 
desirable but not essential, 

te) Research Fellowship or Junior Research 
Fellowship (PLANT PHYSIOLOGIST) in 
the Cocoa Research Unit of the Regional 
Research Centre. Appointee required to 
work on one or more problems associated 
with the response of the crop to its 
environment, nutrient uptake and water 
relations; research experience in these 
fields is important, experience of the crop 
less so. 

(d) Lectureship or Assistant Lectureship in 
ZOOLOGY in Department of Biological 
Sciences. Preference given to candidates 
qualified in entomology, agricultural ento- 
mology or in soil zoology, bur other 
applicants will be considered. Appointee, 
if qualified, will be expected to participate 
in a study of leaf-cutting ants. 

{e) Lectureship or Assistant Lectureship in 
PHYSIOLOGY in Deparmment of Bio- 
logical Sciences. Preference given to can- 
didates with research interests in botanical 
physiology. 

Salary scales: Lecturer/Research Fellow 
£1,550 to £2.630 per annum Assistant Lecturer/ 
Junior Research Fellow £1,250 to £1,410 per 
annum. Child allowance FSS.U. Family 
passages ; triennial study leave, 

Detailed applications (6 copies) naming 3 
referees, by October 9, 1969, by persons Hving 
in the Americas and Caribbean area to Secre- 
rary, University of the West Indies, St. Angus- 
tine, Trinidad, and by ali others, to Inter- 
University Council, 90/91 Tottenham Court 
Road, London WIP ODT. Further particulars 
obtainable similarly, €945) 


UNIVERSITY 


RESEARCH SCHOOL OF BIOLOGICAL 
SCIENCES 


TECHNICAL OFFICER 


The Research School of Biological Sciences 
was established in 1967 and is in the process of 
building up the facilities for research. 

A vacancy exists for a technician who will be 
required to operate the latest type Beckman 
Model E Analytical Ultra-centrifuge which will 
be used in a wide range of studies. 

A person with previous experience in the op- 
eration of the instrument and with some experi- 
ence of analysis and interpretation of the results 
is preferred, but consideration will be given to 
an inexperienced person having a strong interest 
in physical chemistry. 

Appointment will be made at one of the 
following grades, depending upon qualifications 
and experience; Technical Officer Grade I, 
$A3,475/$A4,285 per annum; Technical Officer 
Grade II, $A4,283/$A4,553 per annum, 

In addition a salary loading at the rate of 
$A200 per annum is payable to Technical Officers 
for an approved university degree or $A100 per 
annum for certain recognised Technical College 
diplomas or membership of a professional body 
recognised by the University. 

Assistance with passages and accommodation 
will be provided. 

The successful applicant will be required to 
undergo a medical examination, Written appli- 
cations, quoting reference number 69289 should 
be forwarded to the Registrar, Australian 
National University, Box 4, P.O. Canberra, 
A.C.T. 2600, Australia, with whom applications 
close on October 13, 1969. (861) 





CSIRO 


RESEARCH SCIENTIST 
(MOLECULAR BIOLOGY) 


AUSTRALIA 
DIVISION OF PLANT INDUSTRY 


GENERAL The Division of Plant Industry of the Commonwealth Scientific and 
industrial Research Organization, with headquarters situated in Canberra, ACT. 
comprises some 180 scientists, conducting pure and applied research in geneties, 
plant breeding, biochemistry, physiology microbiology, inorganic nutrition, ecology. 
agricultural physics, agronomy and plant introduction. It is well equipped with instru» 
ments for the characterization of macromolecules. 


The Molecular Biology Unit at present consists of three scientists. The work in progress 
includes the study of chromosome behaviour and replication, the evolution of enzymes 
and the genetic mapping of enzyme structure, molecular mechanisms of adaptation 
and the genetics of regulatory processes. The Unit is seeking to appoint è further 
member with interests in the above or related fields together with a knowledge of 
protein chemistry, for which the unit is very well equipped. 


QUALIFICATIONS Applicants should have a Ph.D, degree in an appropriate field 
or postgraduate research experience of equivalent standard and duration, supported 
by satisfactory evidence of research ability. 


SALARY Depending upon qualifications and experience, the appointment will be 
made within the salary range of Research Scientist, $A5.321~$A6,693 p.a., oF Senior 
Research Scientist, $A6,963-$A8,045 p.a. In the case of an applicant having out- 
standing qualities of leadership in research and eminence in the broad field of study 
appointment at a higher salary would be considered. Salary rates for women are gA428 
p.a. less than the corresponding rates for men. Promotion within CSIRG fo a higher 
classification is determined by merit. 


CONDITIONS The duration of the appointment will be determined in consultation 
with the successful candidate; some applicants may prefer a fixed term appointment tor 
three years. The appointment will be conditional upon passing a medical examination 
and an initial probationary period of twelve months may be specified. An indefinite 
appointment carries with it Commonwealth Superannuation Fund or Provident Account 
privileges. Fares paid for the appointee and his dependent family, Further details 
supplied on application. 


Applications, (quoting Appointment No, 130/1029), and stating full name, place, 
date and year of birth. nationality, marital status, present employment, details of 
qualifications and experience, together with the names of not more than four persons 
acquainted with the applicant's academic and professional standing, should reach: 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 

Australian Scientific Liaison Office, 

64 Kingsway, LONDON, W.C.2, by the 10th October, 71989, 


Applications in U.S.A. and Canada should be sent to The Scientific Attaché, Australian 
Embassy, 1601 Massachusetts Ave. NW, WASHINGTON DC 20036. 


€967} 


SCIENCE EDITOR 


required by Heinemann Educational Books 

to handle its distinguished and expanding list of new books in 
science, mathematics and technical subjects, from school texts 
to advanced monographs. In addition to excellent editorial 
(although not necessarily academic) qualifications, familiarity 
with book production is desirable. 

Applications to Hamish MacGibbon, Science Director, 
Heinemann Educational Books Ltd., 48 Charles Street, 

London WIX 8AH. 
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CSIRO 


RESEARCH SCIENTIST 
(LEGUME MICROBIOLOGY) 


AUSTRALIA 
DIVISION OF PLANT INDUSTRY 


GENERAL The Division of Plant Industry of the Commonwealth Scientific and 
Industrial Research Organization engages in research into a wide range of plant sciences 
on problems fundamental to agricultural production, 


The regional laboratory in Western Australia is concerned with investigations of the 
biological basis of agricultural systems. A staff of 20 professional officers, with a 
supporting staff of approximately 60 is working in various soil, plant and animal disciplines. 
The main Laboratory is in Perth while the principal experiment station is in the 24 in. 
Mediterranean rainfall area. 


Good facilities including control environment plant growth chambers, atomic absorp- 
tion spectrophotometer, ete. exist. 


DUTIES The appointee will be required to develop a research programme in legume 
microbiology, to include investigations of limitations to production due to ineffective 
and inefficient symbiosis, and actively collaborate with other workers in soil and plant 
sciences in both Perth and the headquarters in Canberra in studies of the role of legumes 
in production systems. 


QUALIFICATIONS Applicants should have a Ph.D, degree in a relevant field or 
postgraduate research experience of equivalent standard and duration, supported 
by satisfactory evidence of research ability. 


SALARY Depending upon qualifications and experience, the appointment will be 
made within the salary range of Research Scientist, $A5,321~ $A6,693 pa. or Senior 
Research Scientist, $A6,963--$A8,045 p.a. in the case of a candidate with an excep- 
tional research record consideration would be given to appointment within the range 
of Principal Research Scientist, $A8,313~$A9,561 p.a. Salary rates for women are 
$A428 p.a. less than the corresponding rates for men. Promotion within CSIRO to a 
higher classification is determined by merit. 


CONDITIONS The duration of the appointment will be determined in consultation 
with the successful candidate: some applicants may prefer a fixed term appointment 
for three years. The appointment will be conditional upon passing a medical examination 
and an initial probationary period of twelve months may be specified. An indefinite 
appointment carries with it Commonwealth Superannuation Fund or Provident Account 
privileges. Fares paid for the appointee and his dependent family. Further details 
supplied on application, 


Applications, (quoting Appointment No. 135/79) and stating full name, place, date 
and year of birth, nationality, marital status, present employment, details of qualifica- 
tlons and experience, together with the names of not more than four persons acquainted 
with the applicant's academic and professional standing,should reach: 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 

Australian Scientific Liaison Office, 

64 Kingsway, LONDON, W.C.2, by the 10th October, 1969, 


Applications in U.S.A. and Canada should be sent to The Scientific Attaché, Austratian 
Embassy, 1601 Massachusetts Ave. NW, WASHINGTON DC 20036, 


(966) 


Please mention this journal 


when answering advertisements 





AGRICULTURAL RESEARCH 
COUNCIL 


INSTITUTE OF ANIMAL PHYSIOLOGY 
BABRAHAM, CAMBRIDGE 


TECHNICIAN to be personal assistant to, and 
co-worker with, Departmental Head in full-time 
research on aspects of fibrosis, connective tissue 
tumours and leukaemias. Some experience in 
tissue culture essential although special training 
will be provided. Some knowledge of micro- 
biology desirable, Minimum qualifications: 
G.C.E. in five subjects, including two scientific 
subjects at A level (or equivalent). Candidates 
at age 22 (or over) should have H.N.C., 
F.LM.LL.T. (or equivalent, Salary according to 
age. qualifications and experience in scale: 
Assistant Experimental Officer £809 at 20 to 
£1,208 (at 26 or over) to £1,454 or Experimental 
Officer Gninimum age 28) £1,590 to £2,006. 

Applications, with full details and names of 
two referees to the Secretary of the Institute by 
September 30, 1969, quoting reference EEIE 

843 


AHMADU BELLO UNIVERSITY 
ZARIA, NIGERIA 


Applications are invited for (a) SENIOR LEC- 
TURESHIPS, (b) LECTURESHIPS, and (9 
ASSISTANT LECTURESHIPS IN PHARMA- 
COLOGY, PHARMACEUTICAL CHEMISTRY, 
PHARMACEUTICS, and PHARMACOGNOSY 
in the School of Pharmacy. Appointments to 
commence September 1970. Salary scales: (a) 
£N2,275 to £N2.575 per annum, (b) €N1,200 to 
£N2,175 per annum, (c) £N950 to £N1,150 pr 
annum (£Ni=:£1 3s. 4d. sterling). Salaries swp- 
plemented in range £350 to £725 per annum 
(sterling) and education allowances and children’s 
holidays visit passages payable in appropriate 
cases under British Expatriate Supplementation 
Scheme. Family passages; superannuation 
scheme; various allowances; regular overseas 
leave. 

Detailed applications (six copies), naming three 
referees, by October 31, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London 
WIP ODT, from whom particulars are available, 

16) 





UNIVERSITY OF DURHAM 
DEPARTMENT OF GEOLOGY 


MARINE GEOPHYSICAL RESEARCH 
IN THE CARIBBEAN 


Applications are invited for the post of RE- 
SEARCH ASSISTANT to take part in a pro- 
gramme of marine geophysical investigations in 
the Caribbean region: The project forms part 
of the Brhish contribution to the international 
programme “ Co-operative Investigations of the 
Caribbean and Adjacent Regions * and will be 
carried out in co-operation with the Hydrographic 
Department of the Royal Navy, Applicants 
should preferably have some geophysical back- 
ground, The appointment may be made at post- 
doctoral level if suitable candidates present them- 
selves, 

The appointment will be for two years in the 
first instance with possible renewal for a third 
year and will date from as soon after the closing 
date as possible, 

Placement will be at an appropriate olace, not 
necessarily near the base within the salary range 
£950 by £50 to £1,200 by £85 to £1,459 per 
annum plus F.S.8.U, 

Applications (3 copies), with curriculum vitae 
and the names of three referees, should be sent 
by October 1, 1969, to the Registrar and Secre- 
tary, Old Shire Hall, Durham, from whom fur- 
ther particulars may be obtained, (968) 





UNIVERSITY OF BIRMINGHAM 


CENTRE FOR MATERIALS SOLENOE 


Applications are invited for a RESEARCH 
ASSOCIATE to work in connection with the 
preparation of high-purity rare-earth elements. 
Preference will be given to candidates with a 
first degree in metallurgy, physics, or chemistry. 
Higher degree with experience in crystal-growth 
and/or materials-preparation techniques advan- 
tageous, 

Salary scale : £1,000 to £1,470 pins F.S.S.U, 

Applications (three), naming three referees, by 
Seprember 29, 1969, to Assistant Registrar 
NLAJ), P.O, Box 363, Birmingham 13. (69> 
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UNIVERSITY OF MELBOURNE 


CHAIR OF MICROBIOLOGY 


Applications are invited for the above-men- 
toned Chair which has become vacant as a 
result of the recent death of Professor $. D. 
Rubbo who was also Head of the Department. 

The staff of the Department is 2 Professors 
Gincluding the Chair now being advertised), 2 
Readers, 5 Senior Lecturers, 4 Lecturers and 2 
Senior Demonstrators, One of the Lectureships 
is at present vacant and one of the Senior 
Lectureships will become vacant through retire- 
ment in 1970, Part-time external demonstrators 
assist with some of the practical classes, There 
is a permanent technical staff of about 30. The 
Deparument has at present 3 postdoctoral 
Fellows, 6 Ph.D. students, § M.Sc, students, and 
10 BSc, CHons,) students, all engaged in fuh- 
time research, 

A Microbiological Diagnostic Unit is housed 
in the building and is under the formal direction 
of the Head of the Department. 

The Department is responsible for teaching 
Microbiology in the Faculties of Medicine, 
Science, Dental Science and Agriculrural Science. 

The research interests of the academic staff 
are concentrated mainly in the flelds of virology, 
bacterial genetics and metabolism, industrial 
microbiology, immunology and epidemiology. 

Salary: At present $A12,000 per annum. 

Further information, including details of super- 
annuation, travel and removal expenses, housing 
assistance and conditions of appointment, is 
available from the Secretary-General, Association 
of Commonwealth Universities, 36 Gordon 
Square, London WCL 

Applications close on October 15, 1969. 

91D 





NEW ZEALAND — 


Department of Scientific and 
Industrial Research 


invited for the 


Applications are undermen- 


tioned vacancies : 
VACANCIES 3237 AND 3238 
SCIENTISTS (3) 


Soil Bureau, Taia, Wellington 


(A) Vacancy 3237—Pedologists (2) 
(B) Vacancy 3238—Agriculuiral Engineer 


Salary up to NZ36,060 according to qualifica- 
tions and experience. Further progress on merit. 

Qualifications desired: Honours degree in (A) 
Science of Agriculture; (B) Agricultural Engin- 
eering with background in Soll Physics, Research 
experience an advantage. 

Duties : 

(A) The field description, mapping and classifi- 
cation of soils and research into pedological 
problems. Close co-operation is encouraged with 
the agricuhurist, forester, town planner and 
engineer in interpreting the results of findings to 
land use. 

(B) Investigation into water infiltration, perco- 
lation and permeability of soil horizons and pro- 
files. Evaluation of techniques. Examination of 
the factors affecting variability and its relation- 
ship to experimental conditions, 

Passages: Fares for appointee and his wife and 
family, if married, will be paid. 

Incidental expenses: Up to £35 for a single 
man and £100 for a married man can be claimed 
to cover the cosi of taking personal effects to 
New Zealand. 

Application forms and general information are 
available from the High Commissioner for New 
Zealand, New Zealand House, Haymarket, Lon- 
don, S.W.1, with whom applications will close 
on October 6, 1969. 





APPOINTMENT OF SENIOR RESEARCH 
OFFICER IN THE NUFFIELD LABORATORY 
OF OPHTHALMOLOGY 
The University proposes to appoint a Senior 


Research Officer in the Nuffield Laboratory of 
Ophthalmology. Salary according to age on the 
scale £1,240 to £3,120 per annum, with F.S.S8.U. 

Topics currently being studied in the Labora- 
tory include the enzymes and proteins of the 
normal and cataractous lens and the experimen- 
tal production of lens opacities, but candidates 
should not feel restricted to these aspects of the 
scientific study of the eye. 

Applications (5 copies, or one from overseas 
candidates), stating age, qualifications and cx- 
perience, with list of publications and names and 
addresses of two referees, should reach the 
Administrator, Nuffield Laboratory of Ophthal- 
mology, Walton Street. Oxford OX2 6AW (from 
whom further particulars may be obtained). by 
October 18, 1969. (841) 


RESEARCH CENTRE 


RESEARCH 
ASSISTANT 


We wish to appoint a Field Research Assistant to work with senior 
staff in the supervision of field trials in the animal health areas. 


The man, preferably aged 25-35, would participate in all aspects of field 
trials, including selection of locality, basic design, supervision and 
collection of data. In addition, a certain amount of clinical and laboratory 


examination would be involved. 


The applicant should be educated to H.N.C. level or equivalent with 
specific training, if possible, in parasitology and bacteriology, and should 
have some experience in animal husbandry. The job would necessitate 
a varied amount of travelling in the United Kingdom and possibly in 
Europe and the applicant must be able to drive a car. 


The Company is part of the Eli Lilly International Corporation and 
operates a first class non-contributory pension scheme, B.U.P.A., and, 
where applicable, financial aid in home removal. Salary will be based 


on age and experience. 


Applications with brief details should be sent to: 


The Personnel Manager, 


LILLY RESEARCH CENTRE LIMITED, 
Erl Wood Manor, Windlesham, Surrey. 


Glaxo Laboratories Limited, Ulverston 


require a 


Senior Instrument Technician 


Antibiotics such as Penicillin and Stremomycin are produced 
our modern factory close to the Lake District. 
In is desirable 10 measure the progress of many 


complex biochemical reactions, 


antities at 
The fermentatie involves 


these inside the pressurized sterile fermenters, 


We are looking for a competent, practi 


ledge of chemistry, phys 


The post offers a good salary 
ability and contributory pens 
Apply in writing to: The Personnel 
Utverston, Lancs. 


UNIVERSITY OF IBADAN 
NIGERIA 


Applications are invited for (a) SENIOR LEC- 
TURESHIP or (b) LECTURESHIP IN 


ECOLOGY IN DEPARTMENT OF AGRI- 
CULTURAL BIOLOGY. Appointee will be 
expected to teach plant (with some animal) 


ecology at all levels as part of the degree in 
Agricultural Biology and as a second-year course 
in Forest Biology for the B.Sc, (Forestry) degree. 
The initiation of postgraduate studies will also 


be an important aspect of the post, Salary 
scales (a) £N2.275 to £N2,875 per annum, 
(b) £N1,200 ta £N2,175 per annum (LN = 


£1 3s. 4d, 
range £450 


sterling). Salary supplemented in 
>ò £725 per annum (sterling) and 
education allowances and children’s holiday visit 
passages payi in appropriate cases nder 
British Expatriates Supplementation Scheme. 
Family passages; various allowances; F.S.S.U_; 
regular overseas leave. 
Detailed application (six copies), naming three 
referees, by October 1, 1969, to Imer-University 
Council, 90/91 Touenham Court Road, London, 
WIP ODT, from whom particulars are available. 
(887) 
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UNIVERSITY OF SYDNEY 
LECTURER IN AGRICULTURAL 
CHEMISTRY 


Applications are invited for the 
mentioned position. 

Applicants should have majored fa blochern- 
istry with chemistry as subsidiary subject. The 
University will be especially Interested m candi- 
dates with experience in plant biochemisiry. The 
successful applicant will be a member of the 
Department of Agricultural Chemistry aod will 
be expected t participate in teaching, to under- 
take research and to supervise graduate research 
students. The Department of  Agricultursl 
Chemistry is responsible for courses ju both the 
Faculty of Science and the Faculty of Agricul- 
ture, 

Salary within the range $45,400 by SA270 to 
SA7,300 per anmum. 

Information concerning superannuation, bouse 
ing scheme, sabbatical leave, eton and method 
of application is obtainable from the Secretary- 
General, Association of Coramonwealth Unittersi- 
ties (Appts.), 36 Gordon Square, London, WC-t 

Applications close in Australa and London on 
October 7, 1969. (S68) 


above- 








REPUBLIC OF SOUTH AFRICA 


Provincial Administration of the Cape of Good Hope: 
Hospitals Department 


Applications are invited from suitably qualified persons for appointment 
to the vacancy of 


PRINGIPAL 
SPECIALIST 


in the Department of 
BIO-ENGINEERING AND MEDICAL PHYSICS 
on the joint staff of the 


GROOTE SCHUUR HOSPITAL, OBSERVATORY 
AND THE UNIVERSITY OF CAPE TOWN 


Salary: Medical R9,600 (fixed) or Non-Medica!l R7,200 x 302—8,400 
(£l Sterling equals R1.71). In addition to the salary indicated a vacation 
savings bonus is payable subject to certain conditions. 


The incumbent of the post will be the Head of the Department of Bio- 
Engineering and Medical Physics. This is a new department which will 
initially have a graduate staff of 6 or 7 with well-staffed and equipped 
mechanical and electronics workshops. There is also a protection service 
and dosimetry section. The department will be expected to provide routine 
physics and engineering services for the Diagnostic Isotope and Radio- 
therapy Departments, both of which are large and undergoing further 
major expansion, and to take part in investigational and development pro- 
jects with these and other departments, It is envisaged that patient 
monitoring, studies in haemodynamics, gasflow, etc. can become part of 
this department's sphere. 


Computer facilities are available. There is opportunity for teaching at 
technical undergraduate and postgraduate levels. The successful applicant 
will also have to serve as a Senior Lecturer in the Faculty of Medicine at 
the University of Cape Town, and be a member of the Board of Faculty. 


Candidates must have had considerable experience in Radiation Physics and 
a B.Sc. in Physics at the Honours level (or equivalent) is essential. Experience 
in Bio-Engineering or a medical degree would be an advantage. 


The Provincial Administration will be prepared to assist with the passage 
of the applicant should he be appointed on contract for a period of not less 
than three years. 


The conditions of service are as prescribed in the Hospital Service Ordin- 
ance No. 23 of 1958 and the regulations framed thereunder. 


Candidates are required to furnish academic achievements, professional 
experience, and names of three persons from whom references may be 
obtained. 


Applications must be made, in duplicate, on the prescribed form, Staff 23, which 
is obtainable from the Chief Migration Oficer, South Africa House, Trafalgar 
Square, London W.C.2 and should be directed to the Medical Superintendent of 
the hospital concerned, to reach him not later than 30th September 1969. 


(988) 





Applications are invited for the post of 


PLANT BREEDING INSTITUTE 
MARIS LANE 
TRUMPINGTON, CAMBRIDGE 


Applications are invited for the post of Ex- 
perimental or Agsistant Experimental Officer in 
the Pathology Section, The Officer will be con- 
cerned with the analysis and development of 
physiologic races of cereal powdery mildew. 
Preference will be given 10 those with experience 
or qualifications in pathology, mycology, genetics 
or applied botany, Salary: Experimental Officer 
£1,500 per annum rising to £2,006 per annum, 
Assistant Experimental Officer £872 at age 21, 
£1,208 at age 26 and over, rising to £1,454. 

Applications quoting reference P.2/69, naming 
wo referees and stating age, qualifications and 
experience, should be sent to the Secretary by 
September 29, 1969, (948) 


RESEARCH ASSISTANT 
in the 
DEPARTMENT OF SURGERY 
UNIVERSITY OF BIRMINGHAM 


from graduates in biological science. The 
successful applicant will work under Mr, A, D. 
Barnes, BSc, ChM., FRCS, who is the 
head of the tissue transplantation laboratory, 
The post, which is for two years in the first in- 
stance, offers excellent opportunities for working 
for a higher degree, Salary will be in range 
£700-£900, 

Applications should be made to Mr. A, D. 
Barnes, Department of Surgery, Queén Elizabeth 
Hospital, Edgbaston, Birmingham 15, by Sep- 
tember 20, (905) 
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UNIVERSITY OF QUEENSLAND 
AUSTRALIA 
READER IN ANATOMY 


The University invites applications for the 
position of Reader in the Department of 
Anatomy. Applicants must be medically qualified 
and should have a sound academie record and 
considerable postgraduate experience in the teach- 
ing of Anatomy at University level. They should 
hold a higher degree and/or have made signifi- 
cant original contributions to some branch or 
branches of Anatomy or to related subjects such 
as neurophysiology, histopathology, cytogenetics, 
etc. Some administrative experience will be an 
advantage bat is not essential Although a 
rapidly expanding undergraduate body means 
that undergraduate teaching will form a sub- 
stantial part of the duties of a Reader, the re- 
search interests of the successful applicant are 
adequately catered for in terms of time, material 
and equipment, It is intended to develop further 
postgraduate work already undertaken by the 
Department, It would be expected that a Reader 
would take charge of the teaching work in one 
or more branches of the subject, but he would 
have a considerable degree of freedom in the 
choice of his research fields. 

Salary will be within the range $A9,180 to 
$A9,900 per annum. 

The University provides Superannuation similar 
to F.S.S.U., housing assistance, study leave and 
travel grants for permanent appointees of Lec- 
turer status and above. 

Additional information and application forms 
will be supplied upon request to the Secretary. 
General, Association of Commonwealth Univer- 
sie i {(Apps.) 36 Gordon Square, London, 
Applications close in London and Brisbane on 
October 31, 1969. (856) 


UNIVERSITY OF QUEENSLAND 
AUSTRALIA 
LECTURER IN VETERINARY SURGERY 


The University invites applications for the posi- 
tion of Lecturer in Veterinary Surgery in the 
Department of Veterinary Clinical Studies. Ap- 
picants should hold a degree in Veterinary 
Science registrable by the Veterinary Surgeons 
Board of Queensland, have a qualification or 
special knowledge in the field of veterinary 
radiology and have had postgraduate clinical ex- 
perience. An interest in equine surgery would 
be an advantage. Higher degrees, publications 
and teaching experience will be taken into ac- 
count. The successful applicant will be respon- 
sible for the training in veterinary radiology and 
participate in the surgery teaching programme, 
The appointee will be encouraged to undertake 
postgraduate research studies with a view to 
gaining higher qualfications in radiology. 

The salary for a Lecturer will be within the 
range $A5,400 to $A7,300 per annum. 

The University provides Superannuation similar 
to F.S.S.U., housing assistance, study leave and 
travel grants for permanent appointees of Lec- 
turer status and above. 

Additional information and application forms 
will be supplied upon request to the Secretary- 
General, Association of Commonwealth Universi- 
ties (Appts.), 36 Gordon Square, London, W.C.L. 
Applications close in London and Brisbane on 
October 3, 1969. {859) 


THE UNIVERSITY OF 
MANCHESTER 


RESEARCH ASSOCIATE IN 
BIOLOGICAL CHEMISTRY 


Applications invited from post-doctoral bio- 
chemists, or those currently completing PhD. 
for a three-year appointment under the MLR.C. 
for work on DNA in relation to genetle trans 
formation, Previous experience in the bio- 
chemistry of nucleic acids an advantage but not 
essential, Salary range pa, £1,240 to £1,470, 
FSS.U, 

Applications by letter as soon as possible to the 
Registrar, The University, Manchester M13 9PL, 
giving names of three referees, Quote ref: 
194 /69/Na, (900) 


CAMBRIDGE UNIVERSITY 
DEPARTMENT OF INORGANIC 
CHEMISTRY 


Applications are invited for a S.R.C. supported 
postdoctoral Research Assistantship to work on 
the Chemistry and Spectroscopic Properties of 
Tron Complexes and, in particular, on com- 
plexes containing molecular nitrogen as a 
ligand. Starting date October 1969, or as soon 
as possible thereafter for up to three years. 
Salary: dependent on age and experience. 
Inquiries to Dr. M, J. Mays, University Chemical 
Laboratory, Lensfieh! Road, Cambridge. (906) 








UNIVERSITY OF RIYADH 


tin association with the University of London) 


Applications are invited from male honours 
graduates with teaching experience for the fol- 
lowing post tenable from January 1, 1970, at the 
new Medical School, University of Riyadh, Saudi 
Arabia ; 

SENIOR LECTURER OR LECTURER 
IN BIOCHEMISTRY 


Salary scales: Senior Lecturer 3,000 by 150 to 
3,750 Riyals per month. Lecturer 2,500 by 100 
to 3,000 Riyals per month. (10.80 Riyals=£1 
sterling), Appointments for one year initially, 
renewable. Other benefits include : annual leave 
passages, family allowances, outfit allowance, 
gratuity in leu of superannuation payments and 
the option of free housing, electricity and water 
or a housing allowance. 

Detailed applications (six copies), naming three 
referees, by October 15, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
WIP ODT, from whom particulars are ia 

) 


UNIVERSITY OF OTAGO 
DUNEDIN, NEW ZEALAND 
HOME SCIENCE FACULTY 


LECTURER OR SENIOR 
LECTURER IN NUTRITION 


Applications are invited for the position of 
Lecturer or Senior Lecturer in the Department 
of Nutrition in the Faculty of Home Science of 
the University of Otago. Salary : Scales under 
review. Interim scales for 1969 are as follows: 
Lecturer, $NZ3,100 by §$NZ200 to $NZ4,700 by 
$NZ100 to $NZ4,800 per annum; Senior Lec- 
turer, §NZ4,700 by $NZ200 to $NZ5,500; there- 
after a range of salaries up to $NZ6.600 per 
annum. (Note: $NZI00 equals £46 13s, 4d. 
sterling, $U.S.112, $A100.) Applicants should 
be graduates in Science with specialisation in 
biochemistry, physiology, nutrition or chemistry ; 
Food Science; or in Home Science. 

Further particulars are available from the 
Secretary-General, Association of Commonwealth 
Universities (Appointments), 36 Gordon Square, 
London, W.C.1, or from the Registrar of the 
University. Applications close in New Zealand 
and London on November 15, 1969, (956) 


UNIVERSITY COLLEGE 
CARDIFF 


Applications are invited for the post of Lec- 
turer in Mechanical Engineering Design. Appli- 
cants should possess a good Honours or higher 
degree and should have had design experience 
in industry for some years. The appointment 
will commence on November 1, 1969, or as 
soon after as possible. Salary: £1,240 by £115 
to £2,045 Bar by £115 to £2,850. 

Further particulars may be obtained from the 
Registrar, University College, Cathays Park, Car- 
diff, to whom two applications, with the names 
of three referees, should be submitted by Octo- 
ber 4, 1969, 

E. R. EVANS, 
Registrar. 
(957) 


UNIVERSITY OF EXETER 
DEPARTMENT OF BIOLOGICAL SCIENCES 

Applications are invited for the post of 
Assistant Lecturer in the Department of Bio- 
logical Sciences, tenable from January 1, 1970, 
or such later date as may be arranged. 

Preference will be given to candidates who 
have research experience in some biochemical 
aspect of Plant Physiology, 

Salary scale: £1,240 to £1,470 per annum, 
The initial salary will depend on the qualifica- 
tions and experience of the successful candidate. 

Further particulars may be obtained from the 
Secretary of the University, Northcote House, 
The Queen's Drive, Exeter. Closing date for 
applications (eight copies ; one copy from candi- 
dates overseas) September 30, 1969. (952) 

APPLICATIONS ARE INVITED FROM 
bonours graduates to join team doing research 
on mammalian fertility and congenital malforma- 
tions. Commencing salary £1,000 per annum. 
Applicants will be expected to study for a Ph.D. 
~—Apply to Mr. F. M. Sullivan, Pharmacology 
Department, Guy's Hospital Medical School, 





quired io work on extraction and measurement 
of parathyroid hormone in biological fluids. Ex- 
perience with rats an advantage, but not essen- 
tial. Salary according to age and experience, 
Applications to: Dr. G. A. Rose, St. Paul's 
Hospital, Endel Street, W.C.2. (884) 


THE UNIVERSITY OF LEEDS 


Applications are invited for posts in the following Departments: 


INDUSTRIAL UNIT OF TRIBOLOGY 


MECHANICAL ENGINEERING 

ENGINEER 

a chartered engineer and a graduate with several years experience in the field of 
lubrication, friction or wear. Closing date 30th September 1969, 


SALARY SCALE: £1,240-£2,850 
Ref. No. 32/6/D 


INFORMATION OFFICER 


a graduate with experience of information retrieval systems in a technical 
organisation. An ability to scan journals in one or two foreign languages would 
be an asset. Closing date 30th September 1969. 

SALARY SCALE: £1,240-£2,850 

Ref. No, 32/7/D 


HOFFMAN RESEARCH FELLOW 

graduate required to join a small team to work in gas bearing technology 
concerned with problems associated with silicon vitride and gas bearings 
operating at high temperatures. Closing date 30th September 1969. 
SALARY SCALE: £1,400-£1,850 

Ref. No, 32/8/D 


DESIGN ENGINEER 


a wide experience in design and erection of experimental equipment for the 
purpose of testing materials, lubricants, bearings and other mechanical systems. 
Closing date 30th September 1969. 


SALARY SCALE: £1,460-£2,500 
Ref. No. 32/9/D 


SCHOOL OF AGRICULTURAL SCIENCES 


TEMPORARY LECTURER 


(two posts) (a) in the field of animal production with some experience of Genetics 
and animal breeding for a period of four years (b) in Agronomy for three 
years. Closing date 20th September 1969. 


SALARY SCALE: £1,240-£2,850 (efficiency bar £2,340) 
Ref. No. (a) 41/9/D (b) 41/6/D 


Applications (three copies) naming three referees should be sent to The Registrar 
and Secretary, The University, Leeds, LS2 9JT (from whom further particulars 
may be obtained) not later than dates shown and quoting reference numbers, 


RESEARCH ASSISTANT 


to study the physiology of clostridial spores. Honours graduates with knowledge 
of bacteriology, and research experience is desirable but not essential. The 
appointment will be for one year in the first instance with renewal for a further 
two years. Commencing salary will be not fess than £1,200 a year for a candidate 
with a Ph.D., or according to qualifications and experience. 

Applications stating age, qualifications and experience, and naming two referees, 
should be sent to Dr. J. G. Shoesmith, Department of Bacteriology, Schoo} of 
Medicine, University of Leeds, Leeds L52 S/T, as soon as possible. 37) 





MOREDUN RESEARCH 
INSTITUTE 


HISTOLOGY 
TECHNICIAN 


COMPARATIVE 
NEUROPATHOLOGIST 


Applications are invited from veteri- 
narians for the above vacancy in the de- 
partment of Experimental Pathology. The 
department is the neuropathological refer- 
ence laboratory to the Veterinary Investiga- 
tion Service in Scotland. Facilities are 
available for histochemistry, clectron and 
fluorescence microscopy and there is good 
experimental animal accommodation. 

Previous experience is not essential. 
Appointment will be to within the Scien- 
tific Officer/Senior Scientific Officer grades. 
Salary scales from £1,071 to £2,491 with 
entry according to age and qualifications. 
FS.S.U. superannuation. 

Further particulars from the Seeretary, 
Animal Diseases Research Association, 404 
Gilmerton Road, Edinburgh EH17 73H. 

: (912) 





Assistant Experimental Officer re- 
quired to participate in work on 
genetical aspects of pathology of 
laboratory animals with particular 
reference to neuropathology. Histo- 
logical experience essential. Appli- 
cants should have a pass degree, 
H.N.C. or equivalent qualification. 
Salary scale £940 per annum at age 
22, £1,208 at age 26 (Maximum 
starting salary) to £1,454. Voluntary 
contributory superannuation scheme, 
Applications, Stating experience and 
giving names of two referees, by 
September 27, 1969, to: The Secre- 
tary, ARC. Animal Breeding Re 
search Organisation, King’s Buildings, 
West Mains Road, Edinburgh EHS 


3JQ. 
(940) 





The Governing Body invites immediate apnlica~ 
tions for the post of LECTURER GRADE H in and day to day microscope maintenance. 
ORGANIC CHEMISTRY. Candidates will be 


AUSTRALIAN ATOMIC 
ENERGY COMMISSION 
RESEARCH 
ESTABLISHMENT 


Lucas Heights, near Sydney 


CHIEF OF CHEMICAL 
TECHNOLOGY DIVISION 


Applications are invited for the position of Chief of the Chemical Tech- 
nology Division, to be established at the Research Establishment, to carry 
out chemical and chemical engineering research and development related 
to the development of nuclear technology in Australia. The Division will 
include most of the staff of the existing Chemisty Division and Chemical 
Engineering Section. 


The Division Chief will be responsible to the Director of the Research 
Establishment for the development of an active research programme. 
Within the framework of Commission objectives and the approved budget, 
the Division Chief will be expected to take a major responsibility for 
choice of research topics, planning and conduct of research, recruitment 
of staff, allocation of resources, and setting out new requirements for 
equipment, buildings and services. 


The applied aspects of this programme will include studies of processing 
and production of nuclear materials from indigenous resources, chemical 
and chemical engineering problems associated with power reactors, fuel 
reprocessing and recycling. In addition, the Division will undertake more 
basic research in areas which are related to the above studies. Current 
work within this category includes research in actinide and co-ordination 
chemistry, high temperature aqueous chemistry, chemical isotope effects, 
structural chemistry, ion exchange and solvent extraction technology, and 
fluidisation techniques. The Division will also be responsible for analytical 
chemistry services and research, 


The Division Chief should have a suitable background with a record of 
personal achievement in research and research leadership. He must be 
able to co-ordinate effectively the activities of chemists and chemical 
engineers to achieve the objectives of applied projects on an inter- 
disciplinary basis. At the same time, he must encourage individual contri- 
butions where it is appropriate to support more fundamental chemical 
or chemical engineering research, 


The existing staff of the Division is 60 of whom half have professional 
qualifications. The number will increase in the near future. Well equipped, 
modern chemical and chemical engineering laboratories are already 
available for the new Division and access is available to computing, irradi- 
ation and radioactive handling cell facilities. 


The salary to be applied to this position will be negotiated; it will depend 
on the experience and achievement of the successful applicant, but will 
not be less than $11,858 (Aus.) p.a. The position carries with it Super- 
annuation privileges, subject to a satisfactory medical report. 


Application forms may be obtained from the Atomic Energy Adviser, 
Office of the High Commissioner for Australia, Canberra House, 
10-16 Maltravers Street, Strand, LONDON, W.C.2.—-Please quote 
Position L. 19, applications close on Nov. 30, 1969, ne 
97) 





NORTHERN POLYTECHNIC 
HOLLOWAY, LONDON, N.7 
DEPARTMENT OF CHEMISTRY 


TECHNICIAN (A) OR SENIOR TECHNICIAN 
1(B) OR SENIOR TECHNICIAN H (C) required 
for Rheumatism Research Unit. Salary on scales 
(a) £935-£1,195 (b) £1,125-£1,450 {c) £1,350- 
£1,912. Experience in electron microscope teche 
niques used in biology particularly section cutting 


session of ALM.L.T. or FILM.L.T. is desirable 


expected to teach to Honours Degree level and 
te undertake research in some aspect of organic 
chemistry. Salary scale (under review)—£1,725- 
£2,280, plus £85 London allowance, 

Apply for further particulars and form of 
application.-R. H. Currell, Clerk. (896) 


(or equivatent qualifications offered by City and 
Guilds Institute or Institute of Science Tech- 
nology), Applications, with names of two 
referees, to Director, Medical Research Council 
Rheumatism Unit, Canadian Red Cross Memorial 
Hospital, Taplow, Maidenhead. : (898) 


NATURE. SEPTEMBER 13, 1969 


UNIVERSITY OF QUEENSLAND 
AUSTRALIA 


SENIOR LECTURER IN 
ELECTRICAL ENGINEERING 


The University invites applications for the 
position of Senior Lecturer in the Department 
of Electrical Engineering. The appointee will 
be expected to initiate and maintain postgraduate 
research programmes and to undertake post- 
graduate and undergraduate teaching in the 
electronics/communications area, The arcas of 
electronic devices and circuits, and circuit 
theory are of special interest, 

The salary for a Senior Lecturer will be with- 
in the range $A7,500-48,750 per annum. 

The University provides Superannuation similar 
to F.S.S.U., housing assistance, study leave and 
travel grants for permanent appointees of 
Lecturer status and above, 

Additional information and application forms 
will be supplied upon request to the Secretary- 
General, Association of Commonwealth Univer- 
sities (Apps), 36 Gordon Square, London 
WoC, 

Applications close in London and Brisbane on 
October 31, 1969. (O10) 








The Hatfield Polytechnic 


RESEARCH ASSISTANT 
IN ASTRONOMY 


Applications for an appointment as a 
Research Assistant are invited from 
Graduates in Astronomy, Physics, or 
Electronic Engineering having a special 
interest in any of the following topics, 

(D Infra-red instrumentation, 

(2) Data recovery. 

G) Photo-electric photometry. 
Further details from the Agademic 
Registrar, The Hatlieht Polytechnic, 
Hatfield, Herts. Quote Ref. 232/N. 

(938) 





UNIVERSITY COLLEGE OF 
NORTH WALES 
BANGOR 
MARINE SCLENCE LABORATORIES 


SCIENTIFIC OFFICERS 


Applications are invited from candidates for 
two posis at Scientific Officer level on a research 
team which is shorty to be set up in these 
laboratories to investigate the biodegradation of 
oil in the sea and on beaches, 

The successful applicants should sold a good 
honours degree and preferably have had some 
post graduate research experience in ane of the 
following disciplines : 

(D Organic chemistry. 

(2) Biochemistry. 

(3) Bacteriology. 

i4) Protozoology. 

The appoinuments are expected tc be for five 
years in the first instance with a possibility of 
extension, The Salary scale will be £1,071 to 
£1,827 per annum. 

Applications (two copies), giving fall details of 
age, qualifications and experie! together with 








the names and addresses of three reverces should 
be sent to the Secretary and Registra University 
College of North Wales, Bangor, to reach him 


not later than September 30, 1969, (953) 


UNIVERSITY OF EAST AFRICA 
MAKERERE UNIVERSITY 


COLLEGE 
UGANDA 


are invited for two posts of (a) 
SENIOR LECTURER or (b) LECTURER in 
DEPARTMENT OF AGRICULTURAL ENGIN- 
BERING AND LAND PLANN One post 
is vacant now and the other will be available 
from July 1970. Salary scales (a) £EA1.950 to 
£BA2Z.615 per annum, (b) £EA1,350 to £EA2,230 
per annum (ERA =£1 3s, dd. stering), Salary 
supplemented in range £345 to £ per annum 
(sterling) and education allowan and children’s 
holiday visit passages payable in appropriate 
eases under British Expatriates Supplementation 
Scheme. F.8.8.0. Family passages; biennial 
overseas leave, 

Detailed applications (six copies), naming three 
referees, by October 20, 1969, to Inter-University 
Council, 90/91 Tottenham Court Read, London 
WIP ODT, from whom particulars are aea Janie; 





Applications 
























NATURE, SEPTEMBER 13. 1969 


GRADUATE, YOUNG, REQUIRED 
fer library and technical information. Must 
have degree in Science subject and an 
interest in abstracting and classifying litera- 


ture--Please write for Application Form 
to The Secretary, Biorex Laboratories Ltd., 
Biorex House, Canonbury Villas, London, 
N.L (961) 





MEDICAL RESEARCH COUNCIL 
BIOPHYSICS UNIT 


UNIVERSITY OF LONDON KING’S 
COLLEGE 


Biochemist, preferably post-doctoral, age 24-30, 
with experience in the use of physical methods, 
to investigate properties of subunits of flagellar 
proteins and their interactions with other mole- 
cules, Salary according to age and experience. 

Apply Director, 26-29 Drury Lane, London, 
W.C.2, not later than September 30. (959) 


NATURAL ENVIRONMENT RESEARCH 
COUNCIL 


INSTITUTE OF HYDROLOGY 


SOIL PHYSICS 


Applications are invited for the post of 
Assistant Experimental Officer / Experimental 
Officer in the Soil Physics Section at the Institute 
of Hydrology, Wallingford, Berkshire. 

Duties will consist mainly of laboratory and 
field work on Soil Physics, including mainten- 
ance and calibration of instruments and the 
supervision of a small team concerned with 
routine measurements by the Neutron method 
of the storage of soil water in experimental 
catchment areas. The person appointed will also 
assist in research into the unsaturated flow of 
soll water and its spatial and temporal distribu- 
tion im catchment areas. Knowledge of mapping, 
simple electronics, statistics, or soil science would 
be an advantage. Encouragement would be given 
to acquire some knowledge of computer pro- 
gramming systems, 

Qualifications: General Certificate of Education 
in five subjecs, two of which would be mathe- 
matical scientific subjects at YA” level. At age 
22 candidates should have a pass degree, HNC. 
(or equivalent) wih mathematics and physics to 
at least “A” level, 

Salary: 

Assistant Experimental Officer (18 and under 
28 years at December 31, 1969}: £683 (aged 18) 
—~~£1,208 (aged 26) to £1454 per annum. 

Experimental Officer (at least 26 and under 
31 years at December 31, 1969): £1,590 to £2,006 
per annum. 

Initial appointment will be non-pznsionable, 
but there are prospects of a permanent and 
pensionable post. 

Application forms available from the Natural 
Environment Research Council (E), Alhambra 
House, 27-33 Charing Cross Road, London 
W.C.2, quoting reference E2/5/21. 

Closing date: October 14, 1969, (965) 












UNIVERSITY COLLEGE LONDON 
DEPARTMENT OF CHEMISTRY 
Applications are invited for a Postdoctoral 
Research Assistantship to work on the deter- 
mination of the structure of a large pharmaco. 
logically active peptide. Applicants should pre- 
ferably have a Ph.D. in organic chemistry. 
Salary in the range £1,240 by £115 to £1,470. 
Applications should be made to Professor 
C. A. Vernon, Chemistry Department, University 
College London, 20 Gordon Street, London 
W.E.A (964) 





TECHNICIAN REQUIRED TO WORK 
part-time in the Department of Obstetrics and 
Gynaecology to assist on project involving radio- 
isotopic measurement of blood volume. Appli- 
cants should hold A.I.M.L.T. or equivalent quali- 
fication, Applications, in writing, should be 
made to the Secretary, University College Hos- 
pital Medical School, University Street, London, 
W.CA, quoting reference OBS4. (933) 


UNIVERSITY OF BRISTOL. DEPART- 
ment of Zoology. Technician required for bio- 
logical research project on the electron micro- 
scopic structure of invertebrate nervous systems, 
Commencing salary according to age, qualifica- 
tions and experience.~-Applications, giving age, 
qualifications, experience to date, and the names 
of two referees, to Professor G, M, Hughes, De- 
partment of Zoology, Woodland Road, Bristol 
BSR IUG, by September 16, 1969, (962) 





IMPERIAL CHEMICAL INDUSTRIES LIMITED 
AGRICULTURAL DIVISION > 


Jealott’s Hill Research Station, near Bracknell, Berkshire. 


Agricultural Chemist 


As a result of a recent re-organisation necessitated 
by an overall increase in research activities at I.C.1. s 
Jealott’s Hill Research Station, a vacancy has 
occurred in the Crop Production section. 


A young graduate with a degree in Agricultural 
Chemistry and an interest in soil chemistry Is 
required to carry out important work on the analysis 
of soils to determine fertilizer application 
recommendations, and the analysis of herbage to 


advise sales staff in situations where micro-nutrient 
deficiencies are suspected. The range of work 
envisaged may at a later date be extended to cover 
pot culture work and lysimeter studies related to 
fertilizer usage on different soils and crops. 


Jealott's Hill is the location of much of 1.C.1.'s 
agricultural research and it is situated in pleasant 
countryside 35 miles from London, within easy 
reach of varied and attractive residential areas. 


The Company operates House Purchase, Profit 
sharing and Contributory Pension Schemes and offers 
financial assistance towards Removal Expenses for 
married men, 


Write, giving brief details of age, qualifications and 
experience, tc: 


Mr. M.A.J. W. Pegg, Personnel Department, 
Imperial Chemical industries Limited, 
Agricultural Division, 

BILLINGHAM, Teesside 





FISHERIES RESEARCH LABORATORIES 


Ministry of Agriculture, Fisheries and Food, 
Lowestoft, Suffolk. 


MATHEMATICAL 
p H Y S i Cc i $ T (graded Experimental Officer / Assiste 


ant Experimental Officer) required in the Hydrographic Section to 
supervise the initial stages of the analysis by computer of data 
obtained from networks of anchored recording current meters. The 
successful candidate will need to familiarise himself with existing 
computer programmes and will have ample opportunity to widen their 
scope. Additional duties include work on the detailed testing and 
preparation in the laboratory of all items of equipment prior to their 
use at sea, and will also involve cruises in Ministry research vessels, in 
particular those concerned with the installation and recovery of 
current meter equipment. This post, therefore, offers an opportunity 
of gaining experience in all aspects of a most important new develop- 
ment in physical oceanography. 


Salary: A.E.O. £683 (at 18) to £940 (at 22) to £1,208 (at 26 or over) 
to £1,454, E.O. £1,590 to £2,006. 


Qualifications : Degree, H.N.C., or equivalent in Mathematics/Physics. 
Under 22, minimum qualification is G.C.E. in five subjects, including 
two Scientific/Mathematical subjects at “A” level or equivalent. 
Previous experience of computer programming and data processing 
would be an advantage. Age: 18-27; E.O. normally 26-30, 
Prospects of permanent pensionable appointment. 

APPLICATION FORMS from R. W. Taplin, Ministry of Agriculture, 


Fisheries and Food, Room 619, Great Westminster House, Horse~ 
ferry Road, London, $.W.1. Closing date : October 3, 1969. (SIT) 














SCIENCE 
GRADUATE 


with good degree required to assist the 
Director and train for responsible work 
in microbiology (no previous experience 
in mycobacteria necessary). Permanent 
career, assuming satisfactory probation. 
N.H.S. scales. 

Apply to Tuberculosis Reference Labora- 
tory (Public Health Laboratory Service), 
The Parade, Cardiff. (882) 


THE UNIVERSITY OF SHEFFIELD 


DEPARTMENT OF APPLIED 
MATHEMATICS AND 
COMPUTING SCIENCE 


Applications are invited for a post of 
LECTURER in APPLIED MATHEMATICS 
duties to begin as soon as possible. Salary in 
the range £1,240 to £2,850 with F.S.S.U. pro- 
vision. 

Further particulars from the Registrar, to 
whom applications (4 copies) should be sent by 
October 1, 1969, Quote Ref, R.48/G. (943) 


UNIVERSITY OF READING 
PROFESSORSHIP OF PURE MATHEMATICS 


Applications are invited for an additional 
Professorship of Pure Mathematics. 

Further particulars may be obtained from the 
Registrar (Room 208, Whiteknights House), The 
University, Whiteknights, Reading RG6 2AH, 
by whom applications should be received not 
later than October 11, 1969, (913) 


THE UNIVERSITY OF SHEFFIELD 


DEPARTMENT OF APPLIED 
MATHEMATICS AND 
COMPUTING SCIENCE 


Applications are invited for a post of 
LECTURER in COMPUTING SCIENCE duties 
to begin as soon as possible. Salary in the 
range £1,240 to £2,850 with F.S.S.U, provision. 

Further particulars from the Registrar to whom 
applications (4 copies) should be sent by Ocio- 

49 (941) 
; j GRADE 
in the Biochemistry Department, 
with salary according to National scales. The 
Department serves 1,000 beds, of which 600 are 
acute, at the District Hospital Centres at Wind- 
sor and Ascot, together with Maidenhead Hos- 
pitals, and a large volume of work is undertaken 
for General Practitioners, It has recently been 
extended and is well equipped, Opportunities 
exist for research. Applications to Senior 
Pathologist, Area Laboratory, King Edward VII 
Hospital, Windsor. (899) 


EXPERIMENTAL OFFICER OR ASSISTANT 
EXPERIMENTAL OFFICER required for glass- 
house operations at the Horticultural Research 
Laboratories, Shinfield, Reading. Appropriate 
experience and basic university or college quali- 
fications required. Salary £1,590 to £2,006 per 
annum (E.0.) or £872 to £1,454 per annum 
{A.E.0.).—-Applications, with two references and 
quoting M.6l, to Assistant Bursar (Personnel), 
University of Reading, Reading, Berks. (925) 















AME. 





FELLOWSHIPS AND 
STUDENTSHIPS 





AHMADU BELLO UNIVERSITY 
ZARIA, NIGERIA 
Applications are invited for RESEARCH 
WSHIP IN AGRICULTURAL ECO- 
NOMICS in Institute for Agricultural Research. 
Salary scale £N1,200 to £N2,175 per annum 
(EN1=£1 3s. 4d, sterling). Salary supplemented 
in range £450 to £625 per annum (sterling) and 
education allowances and children’s holiday visit 
passages payable in appropriate cases under 
British Expatriates Supplementation Scheme. 
Family passages: superannuation scheme ; 
various allowances; regular overseas leave. 
Detailed applications (6 copies) naming 3 
referees by October 17, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
WIP ODT, from whom particulars are avail- 
able, (944) 





eee ee Ce Seas cae 
University of Salford 


Department of chemistry 
and applied chemistry += 


RESEARCH FELLOWSHIPS 


Applications are invited for two Fellowships at 
the post-doctoral level on the salary scale £1,240 
to £1,470 per annum. One grant is sponsored 
by S.R.C, to carry out investigations on the struc- 
ture and synthesis of extractives from plants of 
the Guttiferae family. The other grant is spon- 
sored by industry for work on compounds rela- 
ted to the prostaglandins, Previous experience in 
natural products chemistry, although an advan- 
tage, is not essential. 

Prospective candidates should send details of 
qualifications and experience as soon as possible 
to Dr. H. D. Locksley and Dr. F, Scheinmann 
Jointly, Department of Chemistry and Applied 
Chemistry, University of Salford, Salford MS 
4WT, Lancashire, (936) 


PAPAT ESETET Ta OTTERRETE 


UNIVERSITY OF 
LANCASTER 


Research Studentship in 


ANIMAL NUTRITION 


Applications are invited for the 
above position in the Department 
of Biological Sciences, to work on 
the metabolism of molasses and 
molassed meal, with particular 
reference to ruminants. Applica- 
tions will be considered from recent 
graduates for a period of three 
years. 


Further particulars may be ob- 
tained from E. H. Croft, St. 
Leonard’s House, St. Leonardgate, 
Lancaster, to whom applications 
should be sent by September 22, 
1969. (942) 





DEPARTMENT OF CHEMISTRY 

Applications are invited for an S.R.C. sup- 
ported Post-Doctoral Fellowship available for one 
year for work on cyclopentadienylides in col- 
laboration with Douglas Lloyd. Salary will be 
£1,400. It is hoped that the appointment will 
take effect as soon as possible and in any case by 
January 1, 1970, 

Applications, naming at least two referees, 
should reach the Departmental Administrator, 
Department of Chemistry, The Purdie Building, 
The Universitly, St. Andrews, Fife, by October 
31, 1969, (924) 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF GEOLOGY 


Applications are invited for a post-doctoral 
RESEARCH FELLOW. No Specific field of re- 
search is defined but preference will be given to 
candidates with interests in petrology, geochem- 
istry, structural geology, stratigraphy or palacon- 
tology. Salary scale: £1,240 to £1,470 plus 
F.S.S.U. 

Applications (three), naming three referees, by 
September 29, 1969, to Assistant Registrar (S) 
P.O. Box 363, Birmingham 15. Please quote 
N.A.X, (920) 








DEPARTMENT OF MINERALS 
ENGINEERING 


Applications are invited for a RESEARCH 
STUDENTSHIP, value £530 per annum plus 
fees, for work on solvent extraction of metal ions. 
Candidates should have a good honours degree 
in chemistry or equivalent and would be expec- 
ted to work towards a higher degree. 

Applications (two), naming two referees, by 
September 20 to Head of Department of Minerals 
Engineering, University of Birmingham, P.O. Box 
363, Birmingham 15. ae (92D 
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NATURAL ENVIRONMENT ..... 
RESEARCH COUNCIL 


NATURE CONSERVANCY 


Scientific Officer Class Vacancies 


The Natural Environment Research Council 
has two Scientific Officer/Senior Scientific Officer 
vacancies in the Nature Conservancy. 

Post 1.—-Conservation Branch, Deputy Regional 
Officer, Midland Region, based at Nottingham, 
with responsibility for the East Midlands in- 
cluding Nottinghamshire, Leicestershire, and 
Rutland. 

Post 2.~-Conservation Branch, Deputy Regional 
Officer, South Wales Region, based in Cardiff, 
with responsibility for regional affairs in South- 
East Wales, 

Duties; Under the general direction of the 
Conservation Officer, England (Wales in the case 
of Post 2), Regional Officers and their Deputies 
are responsible for the scientific administration 
of their regions, Their duties include manage- 
ment of Nature Reserves; planning and execut- 
ing biological surveys; liaison with Government 
Departments, local authorities, universities, land 
owners, farmers, naturalists’ organizations and 
other bodies. They are expected te acquire an 
intimate knowledge of the flora and fauna. topo» 
graphy and Jand use history of the region, 

Qualifications and Experience: Applicants 
should have an honours degree in the biological 
sciences with relevant postgraduate experience. 

Salary Seales: Scientific Officer (ander 29 on 
December 31, 1969) £1,071 to £1,827, Senior 
Scientific Officer (normally at least 26 years and 
under 32 years at December 31, 19€9) £2,021 to 
£2,491, 

Initial appointment will be non-pensionable 
but there are prospects of a permanent and pen- 
slonable post, 

FSS.U. arrangements already existing may be 
continued, 

Application forms and further particulars may 
be obtained from Establishments (Scientific), The 
Nature Conservancy, 19 Belgrave Square, Lon- 
don, S.W,1. Closing date for the receipt of 
completed application forms October 3, 1969, 
Please state clearly the post for which you are 
applying. (932) 





DEPARTMENT OF BIOCHEMISTRY 
RESEARCH ASSISTANTSHIP 


Applications are invited for the above post 


which is offered in connection with a steroid 
biochemistry project, financed by Schering A. G, 
Berlin. The post will initially be at Battersea 
but the Department will be moving to the new 
University buildings at Guildford during Easter 
1970. People travelling to Battersea from the 
Guildford area pending the move will be entitled 
to travelling expenses. Some assistance with 
removal expenses to Guildford may be possible 
for others. 

Applicants should have an appropriate quali- 
fication (e.g. H.N.C.) and preferably some 
experience of tissue biochemistry, autoradio- 
graphy or liquid scintillation counting. 

Attractive conditions and holidays. Salary for 
those over 20 years of age will be in the Tech- 
nician range £773 to £1,077 per annum, plus 
F.S.S.U. benefits, London Allowance of £125 
will be payable (reverting to £6@ on moving to 
Guildford) and various qualification allowances 
are also applicable, 

Applications (no forms issued) giving details 
of age, qualifications and experience should be 
sent to Dr. J. Brotherton, Department of Bio- 
chemistry, University of Surrey, Falcon Road, 
London, S.W.11, (951) 


THE UNIVERSITY OF 
MANCHESTER INSTITUTE OF 
SCIENCE AND TECHNOLOGY 


RESEARCH STUDENTSHIPS 


Applications are invited for graduates in an 
appropriate field for Research Studentships avail- 
able in the Thermodynamics and Fluid Mechan- 
ics Division of the Department of Mechanical 
Engineering. The research work will be con- 
cerned with heat release in diesel engines and 
two-stage turbocharging. The successful appli- 
cants will be able to work for the Degrees of 
M.Sc. or Ph.D. The Studentships will carry the 
same value as S.R.C. Studentships. 

Inquiries should be addressed to Professor 
R. S. Benson, University of Manchester Institute 
of Science and Technology, P.O. Box 88, Man- 
chester M60 10D, from whom application forms 
can be obtained. (926) 








“UNIVERSITY OF ABERDEEN 
RESEARCH ASSISTANT IN 
BIOCHEMISTRY 


Applications are invited for the post of RE- 


“SEARCH ASSISTANT for work with Dr. W. A. 


Hamilton on oxidative phosphorylation in 
bacterial membrane systems. Salary on scale 
£940 by £60 to £1,060. Superannuation (F.S.S.U.). 

Further particulars from the Secretary, The 

University, Aberdeen, with whom applications 
(2 copies) should be lodged by October 17, 1969, 
(X947) 





FOR SALE AND WANTED 


VACUUM 
EQUIPMENT 


Leading manufacturer offers 
quantity of new, but discontinued, 
high vacuum equipment at greatly 
reduced prices. 


The apparatus offered includes 
rotary pump sets complete with 
motors and other accessories, 
large diffusion and booster pumps 
and various types and sizes of 
valves, 


Detailed list on application to 
Box No. 517, Nature, 1 Clements 
Inn, Strand, W.C.2. 


(904) 








LECTURES AND COURSES 





UNIVERSITY OF NOTTINGHAM 
MEDICAL SCHOOL 

The University will accept its first medical 
Students in October, 1970. The curriculum will 
consist of a three-year course in the Medical 
Sciences, at the end of which the degree of 
Bachelor of Medical Sciences (B, Med. Sci.) will 
be, awarded, A further two years of clinical 
practice will lead to the award of medical degrees 
at the end of the fifth year (Bachelor of Medi- 
cine and Bachelor of Surgery—B.M., B.S). 

Application for entrance in 1970 should be 
made through the Universities Central Council 
on Admissions between September 15 and Decem- 
ber 15, 1969, 

Copies of the prospectus are available—price 
3/~ post paid—from the Assistant Registrar, 
Medical School, (901) 


LIVERPOOL REGIONAL 


COLLEGE OF TECHNOLOGY 
(POLYTECHNIC DESIGNATE) 


CHEMICAL LITERATURE 
COURSE 8 


OCTOBER 22-24 1969 


The course consists of lectures given by 
librarians and practising chemists, together 
with directed library work. It is organized 
in association with the Liverpool Public 
Libraries and LADSIRLAC. The course 
is designed to show all newly qualified 
chemists in research and industry what in- 
formation is contained in the literature of 
chemistry, and how to retrieve it. 

Further details and application forms 
may be obtained from the Head of Depart- 
ment, Department of Chemistry and Bio- 
logy, Liverpool Regional College of Tech- 
nology, Byrom Street, Liverpool L3 3AF. 
Tel: 051-207 3581. (949) 














NORTH LONDON POSTGRADUATE MEDICAL CENTRE 


"A Study Day for Registrars on 


GASTROENTEROLOGY 


will be held on MONDAY, 3rd NOVEMBER, 1969 


at ST. ANN‘S GENERAL HOSPITAL (BLOCK 6), St. Ann's Road, 
Tottenham, London, N.15. 


CHAIRMAN-—DR. D. M. KRIKLER—Clinical Tutor 


Guest speakers:- | 

DR. R. HERMON DOWLING, DR. J. E. LENNARD-JONES 

DR. BASIL MORSON, DR. GRAHAM NEALE, 
DR. MARGOT SHINER 


Applications to: The Postgraduate Secretary, Block 6, St. Ann's General Hospital, 
St. Ann's Road, London, N.15. 

FEE: £2 7s. 6d. (This includes all refreshments). 

This Study Day has been approved by The British Postgraduate Medical Federation for 
Study Leave for Registrars in the Metropolitan Regions. (If Study Leave is approved for 
the applicant, the fee will be re-imbursed by the Employing Authority, in the Metropolitan 
Regions). (907) 








NORTHERN POLYTECHNIC, Holloway, London, N.7 
DEPARTMENT OF CHEMISTRY 


M.Sc. in 
Inorganic Polymers 


This College offers a two- or three-year course of lectures and practi- 
cal work held in the evenings only, leading to the degree of Master of 
Science of the Council for National Academic Awards. 

Inorganic and semi-inorganic macromolecules will be studied in the 
context of inorganic and polymer chemistry. The course is intended for 
students possessing an Honours Degree in chemistry or an equivalent 
qualification. 

Further information from the Head of Department. ay 

894 


Woolwich 
Polytechnic 
SPECIAL LECTURE COURSES 1969/70 


A wide programme of special lecture courses in general and specialist 
topics from the fields of biology, chemistry, physics, mathematics, statistics 
computing, electrical and electronic engineering. 


The courses are offered in the afternoons or evenings and range from 
series of 5 lectures up to 36 lectures. 


A leaflet giving particulars of all courses will be sent on request: The 


Secretary, Woolwich Polytechnic, Woolwich, S.E.18. oai 
g 
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Rapist. 


Merely touch the keys. That'salithere's 
to it: Everything is right there. Even 
the log and trig functions. Plus hyper- 
bolic and exponential functions. The 
63 keys tell the story. 

The story’s moral: solving even tran- 
Scendental equations now becomes as 
simple as typing your name. 

And you obtain the answer over a range 
from 10-98 to 1099, with up to ten 
significant digits. That's two or three 
times better than most computers. 
Record your own programme. Solving 
any problem. the second time around 
canbe even easier.Just record yourown 
programme (up to 196 keystrokes) on a 
small magnetic card. 


Hewlett-Packard Ltd. 

224 Bath Road á 

Song Bucks, Great Britain 
1,33 341 


Printed in n Great ‘Britain by FISH 


, 
at 4 Little Es 


European headquarters: 
Hewlett-Packard S.A. 
Rue du Bois-du-Lan 7 
1217 Meyrin-Geneva 
Tel. (022) 4154 00 











Programme changes can be made to 
individual steps, no need to re-enter 
the entire programme. 

A paying proposition. The HP 9100A 
can raise your productivity to the nth 
power, and thereby pay for itself rather 
rapidly, Think of the time you spend 
queuing up for the big computer (and 
translating your problems into com- 
puter language)... or the tedium of 
doing complex calculations by sliderule. 
Ademonstration will show you how the 
9100A can add hours of creative work 
to your daily schedule. Do phone us 
today. 

HP 91004 calculator, £2122 





C 
x Street, London, W.C.2~ 


LTD., St. Albans, a and published by “MAcMiL 
Saturday, September 13, 1969. 





















Just a few examples from the 
repertoire of the 9100A 


Fourier analysis 
SING integrals 

real and complex polynomial evaluations.) 
regression analysis 

analysis of variance 

coordinate geometry 

numerical integration 

transcendental equations 

2nd-order differential equations 

roots of Sth-order polynomials 


All of these are written up for you. 
in the extensive programme library 
you. receive with the instrument. 


(JOURNALS) LIMITED, 


1969 
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PRECISION OPTICAL CELLS 
IN VITREOSIL 
AND SPECTROSIL 


Transmission constant down to wavelengths less than 200 n.m. 
For Spectrophotometers and Fluorimeters an extensive range 

of cells is available to B.S.3875. They are of completely 

fused construction. Standard cells with SPECTROSIL 


windows, for use in the far U.V., meet the requirements of 


matched sets within B.S. limits 


We also supply a complete range of cells for 


use in the infra-red and visible regions 


Technical leaflet LS7 on request 





acmillan (Journals) Limited 





ERMAL SYNDICATE LIMITED Seman seine 
BOR N >. H EMPER 


SILICA INDUSTRIAL WARE è LA 


RATORY WARE e« 





September 20, 1969 
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australopithecines 


Allelende meteorite: 


Soft cosmic 
X-rays 


Pre-Cambrian 
fossils 


Free radicals in 
animal tissues 


Lambda phage 


Artificial protein 
synthesis 


Index to 
volume 222 


Vol 223 No 5212 
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Cell study 


= seen in a new light 


NBCo. presents a highly sen- 
sitive substrate group of Fluorescein 
Esters including Fluorescein Diace- 
tate, a unique substrate for the 
study of living mammalian cells, 
which was recently introduced. 

The investigators suggested 
that the cell membrane was per- 
meable to Fluorescein Diacetate 
since it is non-polar. After the 
Fluorescein Diacetate enters the 
cell, it is hydrolyzed by Esterase 
aetion to Fluorescein, which is non- 
polar and accumulates in the cell. 
(1). This property of Fluorescein 
accumulation (Ebuorochromasia) is 
easily visualized under a miero- 
scope and ean be correlated with 
cell viability. 

Also in the new substrate group is Fluorescein 
Dibutyrate, reported for the analytical assay of 
Lipase. (2) 


FLUORESCEIN DIACETATE 
M.W.: 416.4 M.P.: 206-208° C. 


25 Em.. a BM $.55 
Wem. 2 BT 60 
5 gm.. . m, = .65 


FLUORESCEIN DIBUTYRATE 
M.W.:472.5 M.P.: 117-118° C. 


WOem. 2... eee ee ee OTM. $.27 
25gm eB 29 
Wem... . ee. < gm. BL 


aN 





FLUORESCEIN DICAPROATE 
M.W.: 528.7 M.P.: 85-86° C. 
FLUORESCEIN DICAPRYLATE 
IY M.W.: 582.7 M.P.: 58-55° C. 
FLUORESCEIN DILAURATE 
M.W.: 696.9 M.P.: 66-68° C. 
FLUORESCEIN 
DIPROPIONATE 
M.W.: 444.5 M.P.: 160-161° C. 


10 gm.. . am. $1.90 
5 gm.. . zm. 2.25 
1em.. gm. 2:50 


FLUORESCEIN ESTER 
KIT NO.6 

Aconvenient kit containingall 6 
Fluorescein Esters, l gram each.$9.90 

To order, phone 216 662-0212 
collect (USA only). Tf desired, 24- 
hour delivery anywhere in continental USA; 80-hour 
delivery anywhere in the world. Send for our free 
catalog containing more than 3500 items. 

(1) B. Rotman and B. W. Papermaster, Proc. 
Natl. Acad. Sci, 55, 184 (1966). 

(2) B. G. Guilbault and D. N. Kramer, Anal. 
Biochem. 14, 28 (1966). 

The literature references should not be interpret- 
ed as either endorsement or disapproval of the bio- 
chemicals by the investigator. 


CAUTION: Those of our products which are or may be drugs 
or food additives, as defined in the Federal Food, Drugs, and 
Cosmetic Act, will be shipped, and may be used or sold, for 
investigational use only in laboratory research animals, or for 
tests in vitro, and are not for use in or for humans. Investiga- 
tional animals and their edible products may not be used for food. 


Nutritional 
Biochemicals 
Corporation 


26201 Miles Road « Cleveland, Ohio 44128 


Phone 216 662-0212 
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asimple tube 
: is alla Watson-Marlow drive unit 
needs to pump, dose and meter acids, 
alkalis, powders, pastes, gases, 

_ Solvents and slurries at 
>? precisely controlled 

flow rates 


ped to scientific precision 


e clipped to a. curved track is squeezed: 


bree rotating rollers... basically that's all. 
this decéptive. simplicity fies “ten years 


ment and experience in peristaltic pumps. The. 


sent day Watson-Marlow range offers industry, 


dicing and research a.wide choice of precise metere 
ing flow inducérs, with facilities for manual, automatic 
and remote control. Flow rate ranges extend to several’ 


thousands to one, 


Tubing is available in a range of materials to-handle 
“even highly corrosive solutions. 
© To’pump a different solution merely tequires'a change 
-ot.tubes contamination hazards are thus virtually re- 
“Moved and time wasting cleaning is eliminated, 


Send for our catalogue, Watson-Marlow will willingly 
advise without obligation on the most suitable unit for 
any application. 


The world’s largest range of peristaltic pumps 


WATSON-MARLOW LIMITED 


MARLOW, BUCKS. MARLOW 2233 
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TLC. RADIO $ 


FEATURING 


WINDOWLESS GASFLOW HIGH RESOLUTION 
DETECTOR 4 c.p.m. BACKGROUND. 

EXACT SYNCHRONISM OF 20x20 cm. PLATE 
AND CHART TRACE. 

AUTOMATIC MULTIPLE LANE SCANNING. 

TWO DIMENSIONAL SCANNING FACILITIES. 

POTENTIOMETRIC RECORDER FOR FAST 


RESPONSE AND ACCURACY IN LOW ACTIVITY 
REGIONS. 


PAPER SCANNING ATTACHMENT. 
INTEGRATOR WITH PRINT-OUT OPTIONAL. 
SCINTILLATION HEAD FOR GAMMA SCANNING. 







t 
| TRAE CONETANT 300 


ie ae ae ee ee 
{ RANGE 10 x74 l B 
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The scanner accommodates a single 20x 20 cm. radiochromato- 
gram plate or several plates up to the same area, and uses a 
standard recorder providing perfect synchronism of the radio- 
active spot and chart trace. The very low gas consumption 
detector can be programmed to completely scan in sequence 
as many different sections of the plate as required. At the 
end of each scan the detector automatically moves to the next 
pre-determined position on the T.L.C. plate, 


APPLICATIONS FOR OVERSEAS 


Wl AGENCIES INVITED 


FURTHER DETAILS: 


PANAX EQUIPMENT LIMITED 


Holmethorpe Industrial Estate, Redhill, Surrey. 
Tel: Redhill 63511 
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From BDH-two biochemicals 
of major importance 





t-ASPARAGINASE from Erwinia carotovora 


For investigational use with laboratory research animals or for tests in vitro, L-asparaginase 
from E.carotovora, manufactured by the Microbiological Research Establishment, Porton, 
Salisbury, England under contract to the Ministry of Health, is now commercially available 
through BDH Chemicals Ltd. 

The enzyme from E.carotovora, which has been shown to inhibit tumour formation in mice, has 
a higher specific activity than that from other bacterial sources. It is supplied as a lyophilised 
powder with a specific activity >500 I.U. per mg protein. 

A Product Information Sheet giving a full specification of the enzyme is available on request. 


Wade,H.E. etal, Lancet,1961,11,776 Minimum of 1000 IU per ampoule 600/- 


TRANSFER RIBONUCLEIC ACID from E.coli. 


Development quantities of transfer ribonucleic acid fram E.coli K.12 CA 265 are manufactured 
by the Microbiological Research Establishment, Porton Down, Salisbury, England? and are 
now available commercially through BDH Chemicals Ltd. 

This material has been used as the starting point for the separation and purification of 
formylatable methionine tRNA and non-formylatable methionine tRNA? in amounts sufficient 
for chemical and structural characterisation. Attempts have been made to crystallize the 
formylatable methionine tRNA and unit cell dimensions of the micro-crystalline form have been 
determined’. 

BDH tRNA is supplied as a lyophilised salt free powder of which the following is a typical 
analysis :— 
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RNA 90% 1% 

DNA 13% El em 260 nm 222 
Volatile matter 44% Appo Ano 209 
t-Amino acid acceptor capacities in pumols/ Agso unit: 

Alanine 65 Lysine 45-0 
Asparagine 42-0 Methionine 32:0 
Aspartic acid 32-0 Phenylalanine 80 
Glutamic acid 60 Proline 23-0 
Glutamine 30:0 Serine 65-0 
Glycine 30:0 Threonine 6-0 
iso-Leucine 470 Tryptophan 16:0 
Leucine 113-0 Tyrosine 15:0 


The batch analysis is supplied with each package. This material is stable indefinitely at —20°C 
and for at least six months at 4°C. 
50 mg 150/- 


ig £75 


BDH tRNA is available in quantities up to 100g, for which special prices will be quoted on 
request. 


4, Elsworth R, etal, J. apni. Chern., 1968, 17, 157. 
2. British Patent Prov, Spec. 33693/66. 
3, Doctor, B.P., Wayman, B.J., Cory, S., Rudland, P.S. and Clark, B.F.C., European J. Biochem., 1989, 8, 93. 


4. Clark, B.F.C., et al, Nature, 1968, 219, 1222. 


By arrangement with the Microbiological Research Establishment, BDH are joint distributors 
of these two products in the U.K. and exclusive distributors outside Europe. 


BDH Chemicals Ltd Poole England 
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Subscription Rates 


DIRECT POSTAL SUBSCRIPTION RATES 
*12 MONTHS (52 issues, 4 indexes) 


AIRFREIGHT 
United States 


SURFACE MAIL 
Elsewhere overseas, U.K. and Eire 


* Shorter Periods Pro-rata. 


ORDER FORM 


Please send me copy/copies of NATURE each week for........ months 


starting with the issue dated 


ZIP OR POSTAL CODE 
ZIP essential for U.S.A, 


The publisher would appreciate this additional information 


BRANCH OF SCIENCE 
OR TECHNOLOGY 


ORGANIZATION 


NATURE OF WORK 
(RESEARCH, DEVELOPMENT, TEACHING, ETC.) 








Classified Advertisements 


All capy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch. 
Minimum £3, each additional 1/12th of an inch 
lOs. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T.G. Scott and Son, Limited, | Clement’s 
inn, Strand, London, W.C.2, Telephone: 
wea Telegrams: Textualist, London, 





APPOINTMENTS VACANT 


HISTOLOGY 
TECHNICIAN 


Assistant Experimental Officer re- 
quired to participate in work on 
genetical aspects of pathology of 
laboratory animals with particular 
reference to neuropathology. Histo- 
logical experience essential. Appli- 
cants should have a pass degree, 
HLN.C. or equivalent qualification. 
Salary scale £940 per annum at age 
22, £1,208 at age 26 (Maximum 
starting salary) to £1,454. Voluntary 
contributory superannuation scheme. 
Applications, stating experience and 
giving names of two referees, by 
September 27, 1969, to: The Secre- 
tary, A.R.C. Animal Breeding Re- 
search Organisation, King’s Buildings, 
West Mains Road, Edinburgh EH9 
35Q. 

(940) 





UNIVERSITY OF GUELPH 
ONTARIO, CANADA 
SCHOOL OF AGRICULTURAL 
ENGINEERING 
ASSISTANT PROFESSORSHIPS 


Applications are invited for combined teaching 
and research positions in two major areas. Suc- 
cessful applicants will have a major opportunity 
creatively to assist in the expansion of research 
and postgraduate studies on engineering prob- 
lms in plam and animal production. 

The areas of professional activity are: 

L ANIMAL HOUSING, ENVIRONMENT 
AND WASTE MANAGEMENT: Two posi- 
tions, one fulltime, and the other 75 per cent, 
on research related to management and health 
of livestock under intensive animal housing con- 
ditions. 

2% FIELD MECHANIZATION 
Two positions, one $0 per cent, one 25 per cent 
on operations research and systems analysis for 
optimizing mechanization for cereal and forage 
production enterprises. Balance of time on 
teaching graduate and undergraduate courses. 

Applicants should possess an honours degree 
in Engineering with appropriate postgraduate 
education, preferably to the Ph.D. level. 

The School has a fulltime faculty of 30 with 
responsibilities for undergraduate, associate 
diploma in agriculture, and postgraduate educa- 
tion, in addition to research for the Ontario 
Department of Agriculture and Food. 

Appointments will be effective January 1, 1970, 
or as soon as possible thereafter, 

The salary ig dependent upon qualifications 
and experience with a minimum of $10,400 for a 
J2-month appointment. 

Further particulars may be obtained from the 
Secretary-General, ion of Commonwealth 
Universities (Appts), Gordon Square, Lon- 
dan, WERL Appi ions close October 31, 
1969. (1023) 

RESEARCH ASSISTANT WITH B.SC, DE- 
gree in chemistry or a general B.Sc, degree with 
chemistry as one subject required for the Medical 
Professorial Unit. Salary on the scale £950 to 
£1,240.-—~Applications, in writing, to the Seere- 
tary, The Medical College of St. Bartholomew’s 
Hospital, West Smithfield, E.C.1, quoting Ref. 
196, (1014) 


SYSTEMS: 
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AUSTRALIA 


on application. 


standing, should reach :— 


Attache, Australian Embassy, 
WASHINGTON DC 20036. 


COUNTY BOROUGH OF 
STOCKPORT 
STOCKPORT COLLEGE OF TECHNOLOGY 
REQUIRED for January 1, 1970, LECTURER 


GRADE I to teach MATERIA MEDICA, 


PHARMACOLOGY AND PHARMACY, 
PHYSIOLOGY to Pharmacy Technicians or 
Assistants, ANATOMY, PHYSIOLOGY and 
HYGIENE to Cadet Nurses, together with 
BIOLOGY to GCE “O” Jevel, An oppor. 
tunity for some more advanced work would 


probably be available in future sessions for a 
suitably qualified applicant. 

Scales of Salaries for Teachers in Establish- 
ments for further Education, 1969: Lecturer 
Grade 1, £1,110 to £1,985 (with additions for 
recognized qualifications). Agreed conditions of 
tenure. 

Forms of application and further particulars 
from the Principal, Stockport College of Tech- 
nology, Welington Road South, Stockport, 
Cheshire, SK1 3UQ, quoting reference 173, Ap 
plications to be received by October 7, ies 

1020) 


PHYSIOLOGIST 
(Studies of Dingoes) 


DIVISION OF WILD-LIFE RESEARCH 


GENERAL The Division of Wildlife Research of the Commonwealth 
Scientific and Industrial Research Organization, located at Canberra, A.C.T., 
is undertaking a wide range of studies seeking to provide knowledge of the 
status and basic biology of mammals and birds in Australia. 


DUTIES The appointee will be required to join a small group of workers 
engaged in an integrated study of the ecology, behaviour and physiology 
of the dingo. The appointee will be responsible specifically to initiate and 
develop physiological studies with particular emphasis on water metabolism, 
reproduction and role of smell in the behaviour of dingoes. 


LOCATION The appointee will be based at the Division’s headquarters 
in Canberra, which will provide full laboratory facilities including contro‘led 
environment rooms in support of the work. 


QUALIFICATIONS Applicants should have a Ph.D. degree in an appro- 
priate field or postgraduate research experience of equivalent standard and 
duration, supported by satisfactory evidence of research ability. 


SALARY Depending upon qualifications and experience, the appointment 
will be made within the salary range of Research Scientist, $45,321—$A6,693 
p.a., or Senior Research Scientist, $A6,963~-$A8,046 p.a. Salary rates for 
women are $4428 p.a. less than the corresponding rates for men. Promotion 
within CSIRO to a higher classification is determined by merit. 


CONDITIONS The duration of the appointment will be determined in 
consultation with the successful candidate; some applicants may prefer a 
fixed term appointment for three years. The appointment will be conditional 
upon passing a medical examination and an initial probationary period of 
twelve months may be specified. An indefinite appointment carries with it 
Commonwealth Superannuation Fund or Provident Account privileges. 
Fares paid for the appointee and his dependent family. Further details supplied 


Applications, (quoting Appointment No. 560/262), and stating full name, 
place, date and year of birth, nationality, marital status, present employment, 
details of qualifications and experience, together with the names of not more 
than four persons acquainted with the applicant's academic and professional 


Mr. R. F. Turnbull, Chief Scientific Liaison Officer, Australian 
Scientific Liaison Office, 64 Kingsway, LONDON, W.C.2. 
by the 37st October, 1969. 


Applications in U.S.A. and Canada should be sent to The Scientific 
1601 Massachusetts Ave., 


Fee. 1969" 


MW, 


+1007) 


UNIVERSITY OF QUEENSLAND 
AUSTRALIA 
SENIOR DEMONSTRATOR IN BOTANY 


The University invites applications for the posi. 
tion of Senior Demonstrator in the Depariment 
of Botany. Candidates should hold an honours 
or higher degree in science, agricu!tural science, 
or forestry with specialization in botany. The 
successful applicant will be required to super- 
vise and develop practical classes in plant and 
community physiology, The successful applicant 
will be expected to engage in research leading to 
a higher degree. 

The salary for a Senior Demonstrator will be 
within the range $A4,275 to $A4,840 per annum, 

The University provides superannuation simi- 
lar to ESSU. housing assistance, and travel 
allowances for a Senior Demonstrator. 

Additional information and application forms 
will be supplied upon request to the Secretary- 
General, Association of Commonwealth Univers 
sities App). 36 Gordon Square, London, 
WC.. Applications close in London and Bris- 
bane on October 17, 1969. (1609) 
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a man to 


Engineering or 


of service 


ELECTRICITY COUNCIL RESEARCH CENTRE 


The 





Ref. N/207 


UNIVERSITY OF SYDNEY 
LECTURESHIP IN PHYSICAL CHEMISTRY 
Applications are invited for the above-men- 
toned post, Applicants should be experienced 
in the general field of high polymers. Salary: 
$A5,400 by $4270 to $A7,300 per annum. 
Information about superannuation, housing 
scheme, sabbatical leave, etc. and method of 
application from the Secretary-General, Associa- 
tion of Commonwealth Universities (Appts.), 36 
Gordon Square, London, W.C.. Applications 
close on October 10, 1969. (997) 








The Lemegeton—or Lesser Key of Soloman-— 
went out of practical use with Dr. Dee (1527 
at our 
(1965-1969 and onwards) we are already 
making real practical contributions to the 
Electricity Supply Industry-—without a wand 
or censor in the house !! 

Major practical contributions are coming out 
of our DISTRIBUTION RESEARCH PROG- 
RAMME, which has a team of high quality 
Engineers and Physicists. We are looking for 
lead this team-- preferred age 
group 30-40, with an Honours Degree in 
Physics, and 65-10 years 
relevant Research experience. 


Salary £3,045- £4,500 NJM conditions 


Applications and enquiries please, to 
David Page, Head of Personnel Services, 
Electricity 
Centre, Capenhurst, Near Chester. 





Research Centre 


Council Research 


(992) 


BIOCHEMISTRY DEPARTMENT 
ROYAL DENTAL HOSPITAL SCHOOL 
LEICESTER SQUARE, LONDON, W.C.2 


BIOCHEMISTRY TECHNICIAN required to 
assist in full-time research. Experience in Auto- 
Analyser work. chromatography, fluorimetry or 
procein chemistry techniques an advantage. Ap- 
pointment on Technician/Senior Technician scale 
according to age. experience and qualifications. 

Apply to Head of Biochemistry Department. 

(983) 














POLYMERIC 
DENTAL 
MATERIALS 


A Research Assistant is required for tne 
Materials Laboratory of the Dental School 
of The London Hospital Medical College 
for work on polymeric dental materials. 
A suitably qualified candidate may regis- 
ter for a higher degree. Applications are 
invited from graduates in physics and/or 
chemistry or related subjects, Further de- 
tails of the appointment may be obtained 
from Dr. M. Braden, Reader in Materiais 
Science in Dentistry, The London Hospital 
Medical College (University of London, 
Turner Street, E.L Appointment is for 
one year in the first instance at a salary of 
up to £1,100 per annum. 






Applications should be addressed to the 
House Governor, The London Hospital, 
Ef: (987) 









CITY 


OF LEICESTER POLYTECHNIC 
(SCHOOL OF 
RESEARCH ASSISTANTS 


PHARMACY? 


Applications invited from Honours 
Graduates. 

Research topics available in Pharmaco- 
logy. Pharmaceutics, Microbiology. 


Pharmacognosy and Medicinal Chemistry. 

Successful candidates will be required to 
work for a higher degree for which there 
are excellent facilities. 

Duties to commence on October 1, 1909 
or as soon as possible thereafter. 

Salary (under review): £1,020 to £1,720. 
commencing point dependent on gqualifica- 
lions and experience. 

Apply to Registrar, City of Leicester 
Polytechnic (Dept. EST), P.O. Bos 143, 
Leicester, LEL SBH. C985) 





THE CITY UNIVERSITY 
DEPARTMENT OF CHEMISTRY 


ELECTRONIC CONDUCTION IN 
PROTECTIVE METAL OXIDE FILMS 


Applications are invited for the post of 
postdoctoral 


RESEARCH ASSISTANT 





to work on the above SR ponsored 
project. Preference will be given to cane 
didates with experience in Chemical Metal- 
lurgy, Corrosion Science and Electrochem- 
istry. Salary up to £1,600 per angum 
plus ESSU. benefits, 


Applications giving details of age, quali- 
fications and experience, should be sent to 
Dr A. C. ©. Tseung, Department of 
Chemistry, The City University, St. Johns 
Street, E.C.1. C021) 


UNIVERSITY OF IBADAN 
NIGERIA 

Applicadons are invited for the CHAIR OF 
BOTANY. Candidates should be familar with 
the organization and supervision of postaraduare 
research with particular reference to tropical 
plants and the use of modern laboratory equip- 
ment. Candidates should be prepared to take 
charge of the University Botanical Gardens and 
Herbarium, Appointment to retiring age, nor- 
mally 60 years. Salary £N3,000 per annum 
(ENI 3s. 4d. sterling), Salary supplemented by 
£925 per annum (sterling) and education allow. 














ances and children’s holiday v Passages p 
able in appropriate cases under British 
patriates Supplementadon Scheme, FSS 
Family passages, warious allowances: regular 
overseas leave. 

Detaikad application (6 copies) naming 4 





referees, by October 30, 1969, to Inter~ 

Council, 90/9 Tottenham Court Road, 

WIP ODT, from whom particulars are available. 
aD 
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Land Evaluation 


Papers of a CSIRO Symposium in cooperation 
with Unesco, Canberra, 26-31 August 1968 


Edited by G. A. Stewart, 
Chief of the CSIRO Division of Land Research 


The most comprehensive and up-to-date assessment of recent advances in the 
science and technology of land evaluation. At the Symposium, 7 commissioned 
papers and 25 voluntary contributions were presented. This book contains these 
32 papers which represent the work of scientists from the USSR, Canada, Great 
Britain, the United States and Australia. 


350 pages £10 


Metabolism of Amines in the Brain 


Proceedings of a British and Scandinavian 
Pharmacological Societies Symposium, Edinburgh, 
July 1968 

Edited by G. Hooper, 

Department of Pharmacology, Edinburgh University 


This book consists of the papers presented at the Edinburgh Symposium on the 
distribution, release and turnover of amines in the central nervous system. A report 
of the discussion which followed the lectures is included, and the whole has been 
prepared for publication by a number of the participants. 


50s. 


Polymer Systems: Deformation and Flow 


Edited by R. A. Wetton, Loughborough University 
and R. W. Whorlow, University of Surrey 


The Proceedings of the 1966 Conference of the British Society of Rheology in- 
cluding 29 papers by some 40 contributors. It provides a comprehensive survey of 
current views on the mechanisms of flow in liquid polymers and of deformation 
in solid polymers. Particular emphasis in the solid section is placed on the poorly 
understood deformation mechanisms in partially crystalline solid polymers. 

‘The book is very well produced and the reviewer found the individual articles inter- 
esting and on the whole well presented.’—The Philosophical Magazine. 


336 pages 70s 


Macmillan Little Essex Street London WC2 





A funny thing happened on the way to Berkeliu | 


The smallest of the modern Van de Graaft 
accelerators won't get you to Berkelium. (It produces 
particles up to 400 KeV, and that’s not enough.) 
What it will do, though, is start you and your 
physics department on the way. And funny things 
begin to happen, 

A lot of graduate students become nuclear 
physicists, for example. 

The way to Berkelium is paved with Helium, Lithium, 
Fluorine, Phosphorous, Sulphur, and Iron, as well as 
Gold. And to get started, the smallest Van de Graaff 
is a rich and fruitful source of controlled-by-you 
protons, deuterons, alpha particles, electrons, 
neutrons, and photons, at a variety of energies. 


But that describes the new Van de Graafs as 
teaching machines — and they are more than that. 
Actually, they are the least expensive accelerators 
a physics department can buy and stilt do dunda- 
mental research, (The smallest costs léss tha : 
$25,000.) Many a Ph.D. thesis is based on original 
work performed with one. s 
Modern Van de Graaffs come big, too. Up to: 

32 MeV for the giant tandems. Thoge take you: 

all the way up to Berkelium. 


Hy HIGH VOLTAGE ENGINEERING E 


The complete line of Van de Graaff accelerators is described in our General Catalog. 


Write High Voltage Engineering Corporation, Aurii Hn 


he Net herlands. 
X 





Even for centrifuging in a small way... 


CHOOSE THE BIG NAME - MISE. 


The first MSE centrifuge ever made was a Minor. Thousands are now in use through- 
out the world. You can’t make a better choice for small general purpose work — 
only a different choice, a Super Minor or Multex, if you need more speed or capacity. 
























MINOR SUPER MINOR MULTEX 





Meets the majority of small capacity A general purpose laboratory centrifuge Designed for general purpose laboratory 
centrifuging requirements. One of the Offers unusually high speeds and ‘g’ use where 200 mi is the maximum sized 
most widely used in the world, both for values for this type of machine. Built-in tube required. Six swing-out and angle 
day-to day laboratory work and teaching. speed indicator. heads give a wide choice of loadings. 


Maximum Tube Size 50m! Maximum Tube Size 100ml Maximum Tube Size 200ml 
Maximum Total Capacity 400m Maximum Total Capacity 900mi Maximum Total Capacity 4,200mi 
Maximum Speed 3,800 rpm. Maximum Speed 5,000 t.p.m. Maximum Speed’ 600 rpm 
Maximum RCF 2.100 xg Maximum RCF 4,000 xg Maximum RCF 5,000 xg 
MSE Publication No. 203/C MSE Publication No. 201 /C MSE Publication No. 200/C 


MICRO-HAEMATOCRIT 
Centrifuge 


Completely re-designed. this centrifuge 
offers the busy technician many ad- 
vantages. It is a single purpose model, 
designed specially for the clinical labora- 
tory where there is a constant demand 
for blood tests and where the use of a 
general purpose centrifuge would be 
inconvenient or uneconomic. The cen- 
trifuge is supplied complete with a 24- 
place head and a reader for assessing 
results. The speed of 12,600 rpm. 
(15 000 x g) ensures complete sedi- THE NEW MSE MICRO-HAEMATO- 
mentation within 6 minutes: CRIT KIT IS ALSO AVAILABLE FOR 
MSE Publication No. 463/A. USE ON THE MSE MINOR AND 
SUPER MINOR CENTRIFUGES. 





MEASURING & SCIENTIFIC EQUIPMENT LTD. 
25-28 BUCKINGHAM GATE, LONDON S.W.1. ENGLAND 
Telephone: 01-834 7373 Telex: 22666 Cables: Emesetool, Sowest, London 








In USA: MSE INCORPORATED, 811 SHARON DRIVE, WESTLAKE, OHIO 44145 A IMBUIA Y O 
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When every trace costs you money 


There is one very good reason for 
choosing Unicam infrared 
spectrophotometers. Value-for-money. 
That means getting the right trace with 
the minimum of timewasting or 
re-running. To achieve this we provide 
all the really essential “extras” that 
every good infrared spectroscopist 
needs. Like a choice of automatic 
grating change for uninterrupted 
coverage of the whole wavelength 
when coupled to an external recorder, 


or manual operation of one grating ata 
time. Like a choice of manual or 
automatic scale expansion with 
completely variable back-off. Like the 
ability to operate with a variety of 
advanced analytical equipment. 
These are just a few of the waysin 
which Unicam intrared 
spectrophotometers give you value- 
for-money. The others you can learn 
about by writing or telephoning Pye 
Unicam Ltd. You cannot afford notto. 








PYE UNICAM k: 





Precision Instruments 


Pye Unicam Ltd 

York Street Cambridge, 

CB1 2PX, England 

Telephone (0223) 58866 Telex 81215 


LETTERS 


PHYSICAL SCIENCES 


Pulsars—Highly dispersed pulsar and others— 


LARGE, V AUGH AN and WIELEBINSKI (Sydney) 
Neutron stars -—- Model for X-ray emission —~ 
TUCKER (Rice) : ' : 


Quasars~—-Relation between linear polarization and 
spectral index—GILBERT, CONWAY (Manchester) 
and KRONBERG (Toronto) A š 


Earth atmosphere—Does muon capture affect iso- 
topic composition of rare gases?— JEFFERY (C pee) 
and HAGAN (Oxford) š i i z 


Sun and meteorites—lron abundance revised— 
GARZ, KOCK, RICHTER, BASCHEK, HOL- 
WEGER and U NSOLD (Kiel) 3 F 


Planetary magnetism-—Effects of magnetic moments 
near zero-—-McCORMAC and EVANS (Lockheed Palo 
Alto Research Laboratory) 


Oceanography-——Records obtained from trials of a 
long range side-scan sonar—-RUSBY, DOBSON, 
EDGE, PIERCE and SOMERS (National Institute 
of Oceanography) k 5 y z 


E T reactions in petro- 
leum genesis and maturation-—-GALWEY (Queen's 
University of Belfast) 3 


Electron diffraction—Carbonaceous and sulphur- 
containing structures on Ni(il1}—-McCARROLL, 
EDMONDS and PITKETHLY (BP Research Centre} 


X-ray detection—Variable geometry proportional 
counter has considerable selectivity—-CAIRNS, HOL- 
LOWAY and DESBOROUGH (AERE) A 


Nuclear cross-section-—-Production rate of "Be 
from oxygen spallation—GOEL (Indian Institute of 
Technology, Kanpur) ; 


General relativ ity- -Some possible tests—-KESWANI 
(Poona) P i r 


BIOLOGICAL SCIENCES 


Ribosomes—Base sequences of 800 tandem ribo- 
somal cistrons closely related--BIRNSTIEL, GRUN- 
STEIN, SPEIRS and HENNIG (Edinburgh) 


Nucleic acids—-Denaturation of DNA at pH 7 
by acid and alkali--UHLENHOPP and KRASNA 
(Columbia) ‘ a 











RNA polymerase--Lasiocarpine and transcription in 
liver cells—-FRAYSSINET and MOULÉ (Institut de 
Recherches Scientifiques sur le Cancer, Villejuif) 


Haemoglobin-—Allelic variants in amino-acid se- 
quence of rabbit a chains--HUNTER and MUNRO 
(Cambridge) ; š 


Blood-group substances-—Enzymatic transfer of 
amino-sugars alters red cell group specificity — 
SCHENKEL-BRUNNER and TUPPY (Vienna) 


Nature, September 2, 


TO THE EDITOR 
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Cell walls—Galactosamine content increased when 
virus infects Penicillium — BUCK, CHAIN and 
DARBYSHIRE (London} P š 


Virology—Moloney leukaemia virus and retrieval of 
Friend virus from a reticulum cell sarcoma- FIELD- 
STEEL, KURAHARA (Stanford Research Etenee) 
and DAWSON (Oregon) 


Lysosomes—Present in human full term placenta—-— 
CONTRACTOR (London) s ; ; é 


Reproduction—-Activation of ATPase in hen's eggs 
after ovulation — HAALAND and ROSENBERG 
(Minnesota) 


Bile formation-—Effect of inhibitors of sodium trans- 
port-——-ERLINGER, DHUMEAUX and BENHAMOTU 
{Hôpital Beaujon, Clichy) ; i 


Experimental psychology—Lack of tolerance to 
an amphetamine-barbiturate mixture — PORSOLT, 
JOYCE and SUMMERFIELD (London) 


Hunger—Evidence for noradrenaline release mech- 
anism from studies with desmethylimipramine — 
MONTGOMERY, SINGER, PURCELL (Macquarie), 

NARBETH and BOLT (Riker Laboratories, NSW) 


Membranes-—-Surface area per lipid molecule in 
human red cell membrane-——ENGELMAN (London) 


Vision—Increment thresholds of hooded rats in 
photopic conditions—MUN me NORTHMORE and 
PRAGNELL {Sussex} i k 


Mental disorder—-Mothers of children with Down's 
syndrome have high titres of antistreptolysin O=- 
ZSAKO (Euclid Clinic Foundation) and KAPLAN 
(Cleveland Psychiatric Institute) A . ‘ 


Neurophysiology—-Reaction between hemisphe 
cortex of cat--EHRENBERGER and FELIX (Zi 






B-Receptors—Different for respiratory stimulation 
and bronchodilatation--COLLIER and DORNHORST 
(London) i È . 


Synapse——Transmitter action in giant synapse of 
squid—MILEDI (London and Naples} : : 


Electrophysiology—‘Halothane’ uncoupling of pre- 
gastrulation ic ies css E ALMER and SLACK 
(London) i 


Entomology---Glandular secretion for testing mated 
status of male blowflies——-POLLOCK (London) . k 


Herbicides-—Molecular structure and sorption by 
soils--BRIGGS (Rothamsted Experimental Station) 
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Data for 
Biochemical Research 








Edited by 
R. M. C. Dawson, Daphne C. Elliott, W. H. Elliott 
and K. M. Jones 


This book is designed to supply research workers in biochemistry and 

related fields with factual information about the compounds, reagents, and 
techniques that they use most frequently in the laboratory. The range of 
material has been widened in this new edition to cover newly developing aspects 
of the subject. The original material has been extensively revised and brought 
up to date. The subject-matter, arranged in an easily consulted tabular form, 
includes data on buffers, manometry, ion-exchange materials, chromatography, 
reagents, etc. Second edition numerous examples and text figures 
£6/6/~net plastic covers 70/— net 


OXFORD UNIVERSITY PRESS 














Immersion 
Refractometer 


This narrow range, high accuracy refractometer is 
available in many forms to suit particular require- 
ments. lt is illustrated mounted on a TECHNE 
thermostatic bath with a special cover accommodat- 
ing 5 samples in the position ready for testing, with 
a further 5 being brought to temperature. The 
instrument is also available with water jacketed 
prisms or fitted with a flow through cell. 


We now have capacity for aluminising certain 


types of mirrors, at short notice. 





SOLE DISTRIBUTORS IN U.K, OF SCHOTT INTERFERENCE FILTERS 


Onn ETT aaa 
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Playing Post Office 


THanks to the Comptroller and Auditor General, the 
Post Office’s Report and Accounts for 1968-69 (HMSO, 
16s 6d) is worth reading, Not until page 93 of this 
glossy booklet is there any really interesting news. 
What the Comptroller has to say, in effect, is that 
the Post Office has been incompetent in handling at 
least £445,000 of public money, and possibly millions 
more. In its defence, the Post Office replied that some 
unfortunate occurrences were “due to the non- 
compliance with established procedure by individual 
officers” and that in its new guise, that of a public 
corporation, the Post Office would be able to be a 
better manager of its development contracts. Consi- 
dering that it will have more or less the same staff 
then as it has had as a branch of government, the 
Post Office on vesting day (October 1) will have to 
undergo less of a metamorphosis than a miracle. 

Here is some of what the Comptroller found. The 
Post Office took seven years after a new submarine 
cable was ordered (and four years after it was delivered) 
to agree on a price with the supplier. Under the agree- 
ment, a refund of £285,000 was found to be owed to 
the Post Office. The sum was not recovered until 
May of this year. A final price for five contracts for 
submarine repeaters was not agreed on until 1965, 
four years after they were completed. Again a refund 
was due-—£159,583—but it was not collected until 
early this summer. 

It seems to be in the denen field of tele- 
phone exchange equipment that the Post Office has 
really shown its incompetence to do the most important 
job for which it is entrusted with a monopoly: to 
decide on what new equipment to go for and to decide 
how the costs of development should be paid for. 
Since April 1968, the Post Office has had the freedom 
to buy 25 per cent of its telephone exchange equip- 
ment by competitive tender, for it was then laid down 
by the Government that the Post Office would buy 


from companies other than members of the ring of 


suppliers, now reduced to three (GEC-AEI, Plessey 
and Standard Telephone and Cables) which have 
supplied it at commonly agreed prices for about 40 
years. 

In practice the Post Office has bought all of its 
exchange equipment at the higher commonly agreed 
price. For extra equipment, it has bought only 15 
per cent, instead of 25 per cent, at competitive prices. 
And the Post Office has not leapt at the freedom it 
has also been saddled with to buy as much equipment 
as it needed at competitive prices if the equipment 
were to be delivered after September 30, 1969. The 
Post Office has exercised this option in only 25 per 
cent of the cases where it might have. Among examples 
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given by the Comptroller was that of the private 
automatic branch exchange equipment worth £1-578 
million which was ordered at commonly agreed ring 
prices when it might have been put out to tender. 
(In one ease, the Post Office rejected a competitive 
tender from a member of the ring and later ordered 
the same equipment at the commonly agreed price, 
at an extra cost of about £4,000.) 

In answer to the Comptroller’s questions, the Post 
Office replied that there has only been a limited 
number of experts to deal with the problems in buying 
exchange equipment competitively and that the 
few which are available have had their minds directed 
to the more important contracts which involve instal- 
ling as well as supplying equipment. To this, the 
Comptroller observes that while it might have been 
more difficult to buy more cheaply, the caleulations 
involved were no more than arithmetical and might 
have been done. 

It is in the tale of the TXE-3 that the Comptroller's 
story is most interesting—and sad-—for it implies 
that the whole TXE series of exchanges may tarn out 
to be the kind of expensive disaster that the Post 
Office suffered in the late fifties with its programme 
to develop all-electronic exchanges. In retrospect, 
indeed, the TXE programme works more and more like 
a face-saver for the earlier electronic disaster. Of the 
several trial exchanges being sponsored by the Post 
Office under this label (which stands for Telephone 
Exchange Electronic), only the TXE-2, developed by 
Plessey, is in production and has turned out to be hard 
to get down to the Post Office’s target price of 125 
per cent of the price of other competitive systems. 
But the TXE-2 is small, with up to 2,000 lines, and 
not the vehicle for the rapid expansion of utban 
exchanges needed by the Post Office. 

The TXE-3 system, much larger, was taken on both 
by AEI (before its merger with GEC) and by STC. 
Both companies were promised that a first order 
would be followed by six or seven others. After a time, 
STC dropped out, switching its efforts to the TXE-4, 
which it still expects (although somewhat wanly) 
will be cheaper. AKI plugged on, warning the Post 
Office in April 1967 that the equipment was costing 
much more than expected. In July 1967, the Post 
Office let it be known that the TXE-3 was not 
going to be produced in large quantities and that, 
in fact, the Post Office would buy only one-—for the 
Royal exchange in London. In August 1967, ATT 
(by then taken over by GEC and the shrewd eye of 
Mr Weinstock) sought a formal contract for its on-off 
TXE-3, noting that it would cost about twice as 
much as previously expected. In February 1968, 
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the Post Office decided that it did not want even one. 
So far, apparently £1-25 million has been paid towards 
the cancelling of the unwanted contract. And now 
even the TXE-4 is proving stubbornly expensive, and 
the Post-Office is murmuring that it will not want 
it to go into production unless it meets the target 
of being only 125 per cent of the cost of existing 
equipment. 

Again the Comptroller—at times he sounds like 
Candide—asked* the Post Office what steps had been 
taken to ensure adequate control of the costs of 
developing these electronic exchanges. The Post 
Office answered that under the new arrangements, 
they would be able to keep the lid on non-competitive 
contracts and that in any case most of their contracts 
in future would be put out to tender and the competi- 
tive spur would keep prices down. 

The Comptroller's report also reveals information 
which might have appeared in the Post Office’s own 
report—that the Post Office is still heavily committed 
to placing new orders for the outmoded step-by-step 
switching system known as Strowger and that it is 
also quietly hedging its bet on its TXE exchanges by 
placing orders for the crossbar systems, favoured by 
the Americans, Swedes and Continentals for about 
fifteen years. Since September 1965, the Post Office 
has ordered Strowger equipment worth £225 million 
(which includes £36-5 million for installation), crossbar 
equipment worth £44 million and electronic equipment 
worth £12-5 million. On the face of things, at least, 
the Post Office seems bent on providing its British 
suppliers with the worst of all possible worlds—a 
cosy protection from the hard truth of competition 
and a faltering set of marching orders for the develop- 
ment of new equipment. 

Elsewhere, the Post Office has fortunately managed 
to make some progress with the recommendations of 
the Prices and Incomes Board (in March 1968) that 
there should be a svstematic examination of the prin- 
ciples on which the charges for postal and telecom- 
munications services are based. The mystery remains, 
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of course, that it should have had to be for an inde- 
pendent organization under the wing of Mr Aubrey 
Jones to spell out principles of economic management 
which should have grown up naturally within a 
monopoly with a turnover of £946 million (in the 
financial year ending in March). The board’s complaint 
was that the Post Office had made too little use of 
marginal costing in making decisions about tariffs. 
The objective here is somehow to relate the charge 
made for a service to the cost of providing it. The 
benefit is not merely a fuller use of resources but a 
company of consumers more fully satisfied with the 
facilities available. Luckily, the Post Office seems to 
have swallowed gracefully the bitter pill dispensed by 
the Prices and Incomes Board—that there should be a 
systematic investigation of the problems, and indeed 
it seems that two teams have been set up. Unhappily, 
the old complacent Adam comes to the surface yet 
again——“the practical task is formidable . . . and will 
take a long time”. 

Where will all this lead ’ This time next year, the 
Post Office will have lost its excuse that its freedom to 
act sensibly——or quickly-—has been eroded by its status 
as a government department. It is to be hoped that 
the Post Office will not interpret its new terms of 
reference as an opportunity to say even less about. the 
skeletons in its cupboard than in the document now 
available, adorned as it is with a trendy photograph 
of a satellite communications ground station. What, 
for example, is happening to the National Data Pro- 
cessing Service ? Will it really be able to do more than 
take in the washing from other government depart- 
ments and from the Post Office itself? And is the 
Datel Service, operating at 2,400 bits a second, likely 
to satisfy the needs of computer users in the years 
ahead? These and other questions need much fuller 
answers than they have been given so far. Because of 
the way in which they will determine the efficiency and 
usefulness of what will be the largest public service in 
Britain in the seventies, they are questions of great 
social importance. 





Immunization against Cancer? 


Tue letter from Sir Oliver Scott on page 1294 raises 
several interesting issues, the most immediate of which 
is the freedom with which it is possible, in a journal 
like Nature, to represent the contents of articles which 


appear in the body of the journal by necessarily brief 


The occasion complained of is that two weeks ago 
the important article by Dra J. F. Watkins and 
L. Chen was referred to on the cover by the short 
title “Immunization against cancer”, sandwiched, it is 
true, between the somewhat less arresting legends 
“Phage RNA sequence” and “RNA polymerase fac- 
tors”. There seem to be two causes of anxiety—that 
the short headline does not accurately represent the 
contents of the article concerned, and that the headline 


could be actively misleading, especially for those who 
may not be professional scient Where does the 
balance lie ? 

To begin with, it is only fair to Nature (not to 
mention Drs Watkins and Chen) to say that Dr Scott 
seems not to have been as moved by the potential 
importance of this work as have a great many other 
people. To be sure, these are circumstances in which 
objective assessments are exceedingly difficult. Honest 
differences of opinion are entirely possible and permis- 
sible, and Dr Scott no doubt writes with the experience 
of one who has seen a host of supposed cancer cures 
come and go and who lives with the need to keep the 
comparatively humdrum work alive. But when all 
the cautious reservations have been made, it is hard 
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not to confess the great interest of the technique of 
hybridizing cells which has been pioneered at Oxford 
by Professor Henry Harris and his associates, Dr 
Watkins among them. Moreover, it would be an 
unfortunate neglect of the potentialities of this tech- 
nique in medicine if there is not some speedy attempt 
to explore the promise of what has now been done for 
the treatment of some kinds of cancer, in animals for 
sure, but eventually in people. 

What are the grounds for cautious enthusiasm ? 
Watkins and Chen ‘described a series of experiments in 
which hybrid cells were made from hamster cells trans- 
formed by polyoma virus and cells of the Ehrlich ascites 
tumour—a line of cells which have been cultured for so 
long in the abdomens of so many strains of mice that 
they can be transplanted into more or less any mouse 
without immunological impediment. This does not 
mean that the cells have no antigenic character of their 
own but, rather, that it is somehow concealed. With 
earlier work on hybrid cells to guide them, what 
Watkins and Chen may have found is a way of bringing 
out the antigenic character of the tumour cells-——earlier 
work had suggested that the hybrid cells should carry 
the antigenic properties of both components. It is 
something of a leap in the dark to hope that pre- 
treatment with such hybrid cells could give a mouse 
some degree of immunity against Ehrlich ascites tumour 
cells, but this is what Watkins and Chen have shown. 

But Ehrlich ascites cells are special kinds of cancer 
cells, so unspecific that they can be transplanted every- 
where. This is one of the points which Dr Scott quite 
properly makes. But is the qualification really neces- 
sary? Is not the interest of what Watkins and Chen 
have done the demonstration that the hidden antigenic 
character of the cells can be unmasked? And does 
not the promise of the experiments lie in the way the 
authors were able to anticipate their results? To be 
sure, it does not follow that the technique can be 
applied elsewhere, and certainly it would be a breath- 
taking piece of luck if anything like a vaccine were 
somehow to be developed on the basis simply of the 
work which has been done. On the other hand, the 
prospects are bright that it will now be possible to 
make much more detailed studies of the antigenic 
properties of various kinds of cancer cess than has been 
easy in the past. To be sure, with experiments actually 
waiting to be done, it is a somewhat arid exercise to 
speculate about the details of what will emerge. A 
great many honest scientists will, however, be surprised 
and disappointed if the technique of hybridization 
does not eventually bring great benefits, in cell biology 
as a whole and in cancer research in particular. 

So is it fair to use the legend “Immunization against 
cancer” ? It is not, of course, a full summary of the 
article by Drs Watkins and Chen, but it would be 
hard to find a group of three words which would do that. 
The chances are, then, that the reader whose interest 
may have been caught by the legend would have found 
himself searching through the copy of Nature and 
quickly embarked on the first sentence of the article, 
which is a list of previous attempts to mobilize natural 
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immunological defences in the control of ascites 
tumour cells. In other words, it is hard to think that a 
professional reader of Nature two weeks ago will have 
been any more misled than would be the reader of a 
daily newspaper by the legend “Reform of Govern- 
ment” or “European Unity”. “Immunization against 
cancer” is a concept not yet attained and perhaps even 
unattainable, but nevertheless a part of the common 
currency of concepts in science. As with newspapers 
so with Nature, readers must not expect that every 
headline should independently of the context be 
unambiguous. 


But does not the mere mention of the potential 
treatments for cancer raise false hopes and thus 
haunting disappointment, possibly among people who 
are not professional scientists and who may even 
suffer from some form of the disease ¢ This is a fearful 
question, but those who say that reticence is always 
the best policy enormously underestimate the profound 
changes which have taken place, in the past few 
decades, in the general understanding of cancer as a 
mechanism of death. A good deal of the mystery and 
thus of the horror has ‘fallen away, partly because 
causation is less of a puzzle, partly because the varia- 
tion from one form of cancer to another has been well 
categorized and partly because successful treatments 
are common even if prognosis is almost always uncer- 
tain. It is true that this change does not provide 
journals with a licence to mislead, but it is striking that 
such comment as there has been in the newspapers 
about the work which Drs Watkins and Chen described 
has been careful to point out that there is a great 
difference between a laboratory result and a method 
of treatment. Do ordinary people have more sense than 
professionals ordinarily allow ? 

At the risk of making a mountain of a molehill, 
there may be some merit in a list of the lessons ta be 
drawn from Dr Scott’s complaint. To begin with, 
readers of journals—and especially those who read only 
the headlines—must not look for too much meaning in 
any group of three words. Second, it ig important to 
develop means by which those who work in cell biology 
can express optimism about the potential consequences 
of what they do without being accused of pied-piper- 
ism. For the hard core of workers in cancer research, 
the time may have come for yet another reaffirmation 
of the doctrine that in the long run the cause will best 
be served by a broadly based programme of biological 
research in parallel with almost technological develop- 
ment of those treatments which promise some measure 
of immediate success, however fitful. And finally, it is 
important that there should be cultivated a further 
growth of the new robust attitude towards cancer in 
society at large. Whatever may come of the several 
hopeful lines of research now being pursued, the fancy 
of a cancer cure is as unreal as the Philosopher's Stone, 
but there is plenty of room for better methods of 
medical treatment, some of which will no doubt always 
be palliative. It is disrespectful of the intellectual 
climate of the past few years to scorn the public 
understanding of these problems which is growing up. 
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EUROPEAN TECHNOLOGY 


Hanging Together or Separately 


A FULL-SCALE systems analysis for Europe was called 
for by Dr J. Defay of the Belgian Office for Science 
Policy Programming when he gave the opening address 
to a two-day conference on European Technologi- 
cal Collaboration in London last week. Piecemeal 
approaches to European collaboration had failed, he 
said, and the time had come to accept that Europe 
could only progress by creating a single customs union, 
single institutions for the technologies like aircraft, 
nuclear power and computers and, finally, a monetary 
union. Surprising as it is, he said, the successes of 
American technology were a direct result of central 
planning, with public debate almost totally bypassed. 
But there are still ten to fifteen years in which to set 
up an independent Europe that will not be merely a 
second-hand export market for American solutions, 
American hardware and American vocabulary. 

Dr J. B. Adams, director of the CERN 300 GeV 
proton accelerator project, took the opportunity to 
chide the British Government for its decision to keep 
Britain out of the new accelerator project. “Lf we 
don’t build this machine now,” he said, “we shall be 
virtually opting out of this most basic field of research 
in which we have made so much progress in the sixties. 
What we shall loge will not be the research results— 
these will be published in the United States and the 
Soviet Union—it will be the adverse affect on teaching 
and education that will be most serious.” He added 
that the spirit of collaboration in CERN has already 
been shaken by the British decision. The real nub of 
the problem was whether each government would select 
projects solely according to its own interests. 

Profescor B. Flowers, chairman of the Science Re- 
search Council, pointed out that it was still not too late 
to go ahead with the project, which now hangs deli- 
cately poised for a decision by the CERN council at 
the end of this vear. Professor Flowers conceded, how- 
ever, that some ‘of the advocates of the 300 GeV machine 
may have played their hands rather untidily early on. 
They now realized that the pyramid of high energy 
research could contain a smaller angle than had 
originally been suggested. 

Dr Raymond Applevard, executive secretary of the 
European Molecular Biology Organization, was keen 
that the plans for a large EMBO laboratory did not 
also fall on the scrap heap. It was important, he said, 

that the training and group advantages of a large 
European laboratory should not be sacrificed for the 
more politically inviting solution of several small 
laboratories situated in different countries. At present, 
many European laboratories had closer associations 
with American than with European laboratories, and 
he thought a large EMBO laboratory would act as a 
focus in Europe. He saw no point in trying to compete 
with the United States in the hardware field, but in 
software there was a great opportunity. Looking to 
the future, he thought “that the present preoccupation 
with basic molecular biology would soon give way to 
more technologically oriented research. The study of 
the mammalian cell was the next step, he said, and 
from there research would gain an increasingly techno- 
logical slant. He cited some likely fruits of present 
research as the production of highly specific drug 
types, control of malignant: cells and a solution of the 
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substitution therapies. 


CANADIAN SCIENCE 


Towards a Science Policy 


SOMETHING of a hornet’s nest has been stirred up by the 
Canadian Senate Committee on Science Policy which 
is nearing the end of a marathon investigation begun 
in March last year. Roughly equivalent, if there were 
such a thing, to a British Select Committee on Science 
and Technology appointed by the House of Lords, the 
Senate Committee is peli to report before the end 
of the year. By then it will have sifted through 9,000 
pages of evidence and the chairman, Senator Maurice 
Lamontagne, believes that there has never before been 
such a detailed review of any country’s science effort. 
Last week members of the committee and Senator 
Lamontagne were in London for the final phase of the 
investigation of how other countries manage their 
scientific and technological resources. During the 
previous three weeks, the committee had visited seven 
European countries, meeting representatives from 
ninety-five organizations. 

Hearings in Canada ended in June, and the indica- 
tions are that the committee has found the control of 
Canadian science to be in as many hands as it is else- 
where. The committee received fifty-five briefs from 
Canadian government agencies, and Senator Lamon- 
tagne said that this indicated how diffuse the Canadian 
science effort is. It is no secret that the senator would 
like to see a streamlining of management of Canadian 
science, and one idea which has been put forward 
is for a Ministry of Science in overall control, But 
Canadian industry is also likely to come in for a good 
deal of criticism in the forthcoming report as the 
weakest sector of the Canadian scientific community. 
In the effort to increase Canadian expenditure on 
research and development from its current level of 
about 1-5 per cent of the GNP up to a target 2 per cent 
by 1972, it is industrial research and development 
which is hoped to show the greatest expansion (see 
Nature, 2388, 766; 1969). To this end, the federal 
government has initiated seven major projects as a 
means of increasing the amount of research and develop- 
ment, and much discussion has centred around what 
kind of incentives would best stimulate industry, One 
problem is that much of Canadian industry is financed 
from the United States, and the crucial research tends 
to be kept in American laboratories. And Canada also 
has a unique problem in the need to develop the natural 
resources of its northern regions. It will be interesting 
to see what recommendations Senator Lamontagne’s 
committee has to make. 


ENGLISH CHANNEL 


End of Tunnel in Sight ? 


TUNNEL, bridge. or even dam? The debate continues 
over the best way of building a link across the English 
Channel, even though the Ministry of Transport says 
that any link consisting in whole or in part of a bridge 
has been ruled out. Later this year, the British and 
French Governments are expected to decide between 
the three international groups of companies competing 
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for the job to make yet another detailed two-year 
study of technical, commercial and economic factors 
affecting the Channel Tunnel. It is intended that the 
study will then form the basis for final decisions on 
the proposed rail tunnel, which would be built by 
private enterprise and run by a public organization 
whose financial undertakings would include the re- 
muneration of the companies concerned. 

Locations for the rail terminals at the English end 
of the tunnel have already been discussed, after an 
examination in 1968 by a group based on the Ministry 
of Transport. Ashford in Kent was first marked out as 
a possible site, but now it seems that locations nearer 
the coast are more favoured. Three kinds of terminal 
would be required, the largest of which would be a 
ferry terminal for transferring vehicles to the trains 
that would take them through the 35 miles of tunnel. 
The other installations would be a railway passenger 
station and a freight yard. No decisions have been 
made about the final siting of any of these, but there 
are half a dozen sites in Kent which look promising. 

The tunnel itself, which could be open in 1976 if 
all went well, would run from near Folkestone to a 
point in France near Calais and use 25 kV overhead 
electrification. Ferry trains would carry up to 300 
road vehicles, and would run a frequent shuttle service; 
other traffic would include through freight and pas- 
senger trains from centres in Britain to many con- 
tinental destinations. 

Alternatives to the tunnel are not likely to meet 
with much success now, in view of the official commit- 
ment to a rail link under the Channel, although there 
is always Stansted Airport to be borne in mind as an 
example of a last-minute change. All would depend on 
how far a rival suggestion could win popular support 
on a large scale. Devoted readers of Nature may re- 
member a competition at the end of last year to 
design a dam for the Channel: another approach, 
advocated by a number of academies including at 
least one engineering professor, involves a combined 
bridge and tunnel, and the success of a project of this 
kind in Chesapeake Bay in the United States has 
prompted the Institution of Civil Engineers to invite 
General L. J. Sverdrup (chairman of the firm of con- 
sultants that designed the scheme) to give a lecture in 
London on September 29 about the project. 

The interesting point here is the use of four artificial 
islands as points of interchange between sections of 
bridge and tunnel. Two tunnels, each over a mile 
long, run beneath important shipping channels and 
the remaining gaps are crossed by bridges. Because 
one of the main objections to a Channel bridge is that 
it would take too long to negotiate suitable agreements 
among the eighty or so nations whose maritime activi- 
ties would be affected, this design looks at first sight 
attractive. It falls down, however, on cost. A study 
group in 1962 reported that a bridge-tunnel combina- 
tion might be more than three times as expensive as 
the rail tunnel. 

What is rather more relevant, if less exciting, is the 
method that the American engineers have used to 
build the tunnels. Concrete tubing is lowered into a 
trench across the sea floor which is then filled to a 
depth of at least five metres. This is one of the two 
techniques considered for the English Channel, the 
second being the traditional boring of holes from each 
end to meet in the middle. According to the Ministry 
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of Transport, the immersed-tube idea has not been 
rejected, and the final decision may therefore, it seems, 
rest on fairly fine points. 


INTERNATIONAL MEETINGS 


More Food Not Enough 


from our Botany Correspondent 


DeLEGatTEs to the eleventh International Botanical 
Congress in Washington earlier this month joined the 
ranks of those who feel that the solution to world food 
problems can come only through population control. 
When the botanists’ contribution to increasing food 
supplies was discussed, a minority of delegates felt 
strongly that no amount of effort would be adequate. 
This group left its mark on the final wording of the 
first resolution passed by the plenary session of the 
congress on September 2, to the effect that members of 
the congress, conscious of their responsibilities as 
biologists, considered that there can be no solution 
to the food problem unless population control is 
achieved. The resolution went on to urge governments 
to adopt appropriate policies, at the same time en- 
suring an adequate standard of living for their people, 
particularly by encouraging the increased food produe- 
tion which goes with proper land use. 

Further mindful of their responsibilities as biologists, 
the delegates passed an all embracing resolution urging 
individuals and organizations interested in conser- 
vation to do all in their power to preserve the Earth’s 
biosphere from the destructive influence of men. 
The resolution also urged governments and other 
organizations to support the conservation projects of 
the International Biological Programme and those 
that are within the ambit of the International Council 
of Scientific Unions and the International Union for 
Conservation of Nature and Natural Resources. 
The delegates evidently had no difficulty in reaching 
unanimous agreement on this topic. But the obvious 
problem with such a resolution is that it will be 
extremely difficult to put into effect. 

A practical step may be the setting up of an environ- 
mental biology section within the International 
Botanical Congress. A third resolution passed on 
September 2 urged the planning committee for the 
next congress, to be held in Leningrad in 1975, to 
make provision for sessions devoted to the problem of 
the deterioration of the environment. Whether or 
not the new section is set up remains to be seen. 
The general feeling was that the organizers of the 
next congress should not be restricted by any resolu- 
tion passed now, and so environmental biology may 
or may not form an official part of the proceedings in 
Leningrad. 


SCIENCE EDUCATION 


Soviet Prizes and Problems 


from a Correspondent 
THE opening of the new academic year has, as is 
customary, been hailed by the Soviet Press with reviews 
of the current achievements in Soviet education and 
plans for the immediate future. Much of the discussion 
has been concerned with the relationship of current 


1194 


educational policy to the directives of the most recent 
(Twenty-Third) Party Congress, which stressed. the 
need for a considerable increase in the economic level 
and prosperity of the peoples of the Soviet Union and 
for a speeding up of the industrialization of Siberia, 
the Soviet Far East and other less developed regions. 

Among the rash of newly opened and projected 
educational and scientific institutions, the emphasis 
seems to lie largely on the applied sciences. The new 
developments of the Donets scientific centre of the 
Ukrainian Academy of Sciences include, alongside a 
new Institute of Applied Mathematics, the somewhat 
specialized Institute of Industrial Economics. At the 
other end of the Union, at Irkutsk, the new “science 
village” of the East Siberian Branch of the Siberian 
Division of the Academy of Sciences of the USSR 
specializes in geology, biology, chemistry and power 
engineering—all of which have specific applications to 
the development of the region. Vilnyus (Lithuania) 
has a new Institute of Building Engineering, Vitebstk 
(Byelorussia) a new trade training Technikum, while 
there is also interest in the new State University at 
Yaroslavl (due to receive its first students in 1971). 

It would seem, however, that this scheme of educa- 
tion for industry and technology is not entirely bearing 
the hoped-for fruits. A brief and somewhat vague 
note in Pravda (August 8), reporting the meeting of 
the Commission on National Education, Science and 
Culture, urges, in general terms, “improvement in the 
training of specialists in the field of economics in 
Higher and Secondary colleges”. In a leader of Septem- 
ber 3, Pravda becomes even more explicit. Speaking 
of the “science centres” scattered throughout the 
Union and related, according to current policy, to the 
local industrial and natural resources, it states: “Tt is 
no secret, for example, that a number of the branches 
still have an insufficient experimental basis, and are 
suffering from lack of living accommodation for the 
scientific personnel, in laboratory and auxiliary build- 
ings”. Similarly, at the same time as the importance 
of primary and secondary education as the basis for 
the technology of the future is being reiterated in the 
Press throughout the whole Soviet Union, and new 
education schemes are being inaugurated such as the 
new schools television project in the Byelorussian SSR, 
designed to give instruction in the “methods of the 
scientific disciplines and the latest achievements of 
science’, many schools—the regional boarding schools 
particularly —are suffering acute shortages of educa- 
tional equipment and living facilities. In the words of 
the Pravda leader-writer, “a good material basis is the 
most important condition for increasing the effective- 
ness of scientific work”. It would appear, therefore, 
that, before science training can come to the aid of 
Soviet economic development, the Soviet economy must 
come to the aid of at least certain educational estab- 
lishments. 


MANPOWER 


Brain Drain Office Repatriated 


Reverse the brain drain is a tough proposition. It 
is certainly a bigger proposition than the Ministry of 
Technology foresaw when in 1967 it awarded a contract 
for £85,000 to Management Selection, Ltd (MSL), for 
a recruitment campaign to lure back to Britain some 
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of the qualified people who had left for America, It 
is probably a greater task than MSL itself realized, 
because last month it shut down its New York recruit- 
ing office. 

The office was opened in September 1967. It seems 
to have been a mixed success. MSL claims to have 
been instrumental in placing in British companies 
about 500 people from American firms and universities 
with HNC or higher qualifications. This figure has 
been estimated from follow-up records of about three 
hundred people from a total list of 900. These show 
that 70 per cent accepted appointments in Britain, 
and 27 per cent took up fresh appointments abroad. 
An average of 250 people recruited a year is substan- 
tially better than any similar scheme has achieved, 
but, when compared with the figure of 3,100 scientists 
and technologists who left Britain for America in 
1966, it does not exactly reverse the flow. However, 
MSL claims that the contacts and expertise built up 
during this period in New York will be invaluable if 
British industry is ever going to make a significant 
impact in luring back its departed scientists and tech- 
nologists. The contract is due to expire in March 
1970, and discussions are now going on about possible 
extensions of the work. 

MSL says that shutting down the New York office 
does not indicate that the project has failed, and that 
it will be more efficient if all the work is done in London. 
Jiven a free choice, more than 80 per cent of applicants 
wrote to London and not New York. All the advertising 
is run from a London agency: while a London base 
will enable MSL to concentrate more on the recipient 
companies. 

The method which MSL has been using is to provide 
a link between British firms and people working in 
America through advertisements, direct contact by 
letter and through the Transatlantic Newsletter, a bul- 
letin of job opportunities which has a readership of 
about four thousand. These methods are similar to 
those employed by the North American Joint Selection 
Board, which has been operating for about ten years 
and recruits specifically for the Scientific Civil Service, 
the Atomie Energy Authority and the Central Elec- 
tricity Generating Board, but the standard of the 
people accepted in the NAJSB scheme and the rigour 
of the interview probably account for the fact that 
only about five hundred. people have been recruited 
since the scheme started (see Nature, 220, 645; 1968). 
Both schemes seem to share the property of recruiting 
people who have already decided that they want to 
return to Britain and who need some sort of push. 

The reason. given for returning is usually intangible, 
stemming from a difficulty in identifying with a foreign 
community. The average salary change of the people 
who were handled by MSL was from £5,750 to £2,900, 
which shows that salary considerations took second 


place. 


INTERNATIONAL ORGANIZATIONS 


European Geophysical Union 


from our Geomagnetism Correspondent 
Durme the recent general assemblies of IAGA and 
LASPEI (see page 1207) in Madrid (September 1-12), 
two meetings were convened by Professor 8, K. Runcorn 
(University of Newcastle upon Tyne) to discuss the 
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desirability and feasibility of a European geophysical 
union. By the end of the meeting the union had 
become a society, but the original wording left the 
participants in no doubt as to the source of the inspira- 
tion. The proportion of Europeans who attend the 
annual meeting of the American Geophysical Union 
(AGU) may be fairly small; but it is clear that many 
Europeans hold these meetings in high regard. Indeed, 
the most commonly mentioned justification for a 
European geophysical society (EGS) was that the 
proposed annual meetings would give the younger 
scientists in Europe greater opportunity to present 
their ideas in public and to benefit from contact with 
more experienced scientists from all the Earth and 
planetary sciences. This is just the function that the 
annual meetings of the AGU fulfil so well. 

Both of the EGS gatherings in Madrid comprised 
free ranging discussions, although ultimately several 
important policy statements emerged. First, although 
national geophysical societies should be consulted, it 
was generally agreed that only a new organization 
with individual membership would enable the right 
emphasis to be placed on contributions from the less 
established geophysicists. Second, the most important 


funetion of the EGS would be the organization of 


annual meetings, probably in a different European 
city each year. The possibility of a new journal was 
thus ruled out, alt hough the EGS must clearly produce 
some sort of bulletin or news letter to keep its members 
informed of its activities. The date for the first 
meeting was set at January 1971. 

One of several problems which clearly worried some 
participants was the proliferation of meetings, which is 
beginning to be regarded with the same distaste as the 
proliferation of journals. Even now, it is possible for a 
geophysicist to spend about half of each year at con- 
ferences. As the EGS meetings develop, however, 
they could serve as a focus for meetings of other 
European associations in Earth sciences and thus 
reduce rather than increase the time devoted to con- 
ferences. A second source of discontent for some was 
the ure of the word geophysical in the title of the 
proposed organization. Fortunately, Dr E. Waldo 
Smith, executive director of the American Geophysical 
Union, was on hand to explain how that organization 
has dealt with such criticisms. Geophysics must be 
defined to include the study of the Earth from its core to 
the outermost limits of its environment. It is clearly 
necessary, however, to limit the field in some way: 
and in practice the AGU has found that the use of the 
term geophysical ensures the inclusion of subjects 
peripheral to what is commonly understood as geo- 
physics, but at the same time discourages the inclusion 
of every Earth science-—for example, the bulk of what 
is generally regarded as pure geology. 

The participants left the organizers of the two 
meetings in no doubt as to the degree of enthusiasm for 
an EGS. The next step will thus be to organize a 
meeting of national representatives to hammer out the 
scientific, financial and administrative structure of the 
proposed society. In the meantime, Mr C. R, Argent 
(Royal Society, London) and Dr Peter J. Smith 
(Department of Geophysics, University of Liverpool) 
are acting as interim secretaries. They are building up 
a mailing list of individuals in Europe and elsewhere 
who are interested in, and wish to be kept informed of, 
the progress of the EGS. 


POPULATION 


Signs of Change 


from our Demography Correspondent 

DEMOGRAPHERS from more than 60 countries left 
the London School of Economics at the end of the 
conference of the International Union for the Scien- 
tific Study of Population with a confidence stemming 
from the rapid development of the subject in recent 
years, and the belief that they have an important 
contribution to make to the formulation of general 
social and economic policies. 

Projections of world population no longer startle, 
but they are significant enough to demand a reappraisal 
of the policies of governments in both the developed 
and developing worlds with regard to level of popu- 
lation and growth rates. The session on population 
policies divided naturally into two sections focused 
on the problems of policy in developed and developing 
countries. In the short term these will be different, 
In the developed world the old pro-natalist policies 
based on prohibition of contraception and abortion 
are rapidly becoming untenable and reliance on fiscal 
methods is at present the only method open to govern. 
ments to influence the trend of population growth. 

In the developing countries the signs of a decline 
in fertility are beginning to be seen. M. Boserup (In- 
stitute of Economics, Copenhagen University) attri- 
buted this to a generation effect of the decline in 
mortality which has oecurred since the Second World 
War. on persons who have grown up in large families 
and do not wish their children to have the same 
experience. Government policies in the developing 
world are polarized into the “Indian” model where the 
emphasis is on the need to reduce births to aid economic 
development, and the “Latin American” model, 
which places economic motives second to the health and 
family welfare aspects of birth control. Current experi- 
ence in western countries, however, shows that measures 
with a social context may directly contradict popu- 
lation policies formulated in purely economie terms. 
Rescinding family allowances is a method whieh has 
been advocated as a depressant on the birth rate, 
but its political implications are obvious, 

In the long term, a world wide policy to reduce the 
rate of growth to zero will be necessary. The moot 
point is whether this can be achieved by fiseal means 
alone, albeit harsh, or whether direct interference will 
be necessary, perhaps in the form of child licences. 
Conference participants were, unfortunately, remark- 
ably reluctant to discuss this. This dilemma of demo. 
graphers stems from their treatment of the population 
as an aggregate, whereas policies affect individuals. Tf 
demographers hold that a current rate of growth is 
undesirable, whom do they expect to take action Ts 
it to be only persons who would prefer large families, or 
must all couples be prepared to accept one child, or 
more, less ? 

Questions such as these cannot be answered in a 
purely statistical manner, and if one theme should be 
extracted from the conference, it is that demographers 
are paying increasing attention to the social, economie 
and political ramifications of population growth and 
attempting to incorporate these into projections. 
So far they have tended to keep out of political contro- 
versy over population, but this should become a thing 
of the past, 
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BIOCHEMICAL MEETING 


All Change 


THe unruly students, of Italy's universities and the 
University of Rome in particular will no doubt be 
more than a little amused by the latest outcome of 
their frequent rebellions, Their activities will oblige 
many of the world’s most eminent biochemists to 
spend a week next year hopping on and off commuter 
transport between Lucerne, Interlaken and Montreux. 
By all accounts, because of the proclivity of Rome’s 
students to sit-down strikes, seizure of their university 
buildings and tear gas and water cannon tussles with 
the local police, the city of Rome and its police force 
told the organizers of the Eighth International Congress 
of Biochemistry that the personal safety of all the 
many thousands of biochemists likely to turn up for 
an international junket could not be guaranteed. 
As a result the meeting’s organizers, after touting 
around, have decided to hold their meeting at the 
three Swiss centres from September 3-9 next year. 
Once the demand for places at the ten different 
symposia has been assessed, the organizers will appa- 
rently decide the venue for each. Anyone wanting to 
go to symposia in different towns will simply have to 
commute. 

To lay all this at the door of Italy’s university 
students may, however, be to credit them with too 
much influence It is alleged that Rome was not 
in any case proving to be the ideal place for the 
meeting anyway for a whole series of organizational 
reasons. 

Moreover, some biochemists are saying that the 
Italian Government had had second thoughts about 
underwriting the cost of the conference, and that it 
wishes to devote all its energies and funds to putting 
the Italian universities in order. To act as host to an 
international meeting on the scale of the International 
Biochemical Congresses would be nothing but an un- 
wanted distraction. But whatever the real reasons for 
the change in venue, and there are probably elements 
of truth in all those that are currently being gossiped 
about, the show will go on even if it does come to 
resemble a three ringed circus. 


ROYAL ASTRONOMICAL SOCIETY 


Room to Breathe 


from our Astronomy Correspondent 

Tue restoration of the premises of the Royal Astro- 
nomical Society in the corner of Burlington House 
which was promised once the Royal Society had moved 
out to more fashionable Carlton House Terrace is at 
last taking place. Afficionados of the RAS meetings 
will no longer have to endure the narrow wooden 
benches of the society’s lecture room, more appropriate 
to Dotheboy’s Hall than a learned society with a 
Royal Charter, and the piercing draughts which seem 
to afflict the room on all but the hottest days. But one 
also hopes that the portraits of ciliated past presidents 
and other astronomical worthies which glower dis- 
concertingly from the walls at near eye-level-—at least 
for members of the audience on the rearmost benches 
of the stepped lecture room—will have an honourable 
place in the reconstruction. — 

The opportunity for expansion came after the move 
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of the Royal Society in 1967, which allowed more room 
for the plethora of societies which still inhabit Burling- 
ton House, a nineteenth century building encircling 
a courtyard off Piccadilly, and looking rather the 
worse for the sort of atmosphere which used to afflict 
Londoners until only quite recently. As if was, the 
need for more space has been pressing the Royal 
Astronomical Society for years. Although it must be 
gratifying for speakers to have a full house, even though 
a shifty, fidgety, uncomfortable one, there have often 
been members of the audience sitting on chairs brought 
into the aisles and blocking the doors to the extent of 
becoming almost a fire risk. Closed-cireuit television 
with a monitor in the library upstairs has been tried— 
for the first time at a crowded meeting on pulsars in 
April last year-—but could never be more than an 
emergency solution. What the society has been up 
against, it has been recognized, is what is called 
MecNally’s law, after one of the secretaries of the 
society, Dr D. McNally of the University of London 
Observatory. According to this, the attendance N 
follows the linear law N =2-3(f— 1957) +88, with prob- 
ably a second order term of positive coefficient. Within 
a year or two, the lecture room would have been too 
small to accommodate even the average minimum 
attendance. 

Asa result of the redistribution of space in Burlington 
House, the old lecture room will be split into three to 
make a fellows’ room and the extra office aecommoda- 
tion which the society badly needs. In future, the 
society will meet in a room across the courtyard by 
invitation of the British Academy, and a larger meeting 
room will be made available by the Ministry of Public 
Building and Works in nearby Savile Row. Space left 
in Burlington House by the Royal Society has been 
taken over by the Chemical Society, and in turn the 
Royal Astronomical Society has been allocated what 
used to be the library of the Chemical Society on the 
top floor of Burlington House overlooking Piccadilly. 
This is to be converted into a small lecture room to 
accommodate meetings of fewer than fifty people or 
so. The refurnishing also extends to a facelift for the 
council room, which ought to be finished by the end of 
the month. The society hopes that the rest of the 
alterations will be completed in time for its sesqui- 
centenary next year. 


EUROPEAN SPACE 


French Cutback 


Auruover the expected large cut in the French con- 
tribution to ESRO brought about by the new wave of 
financial stringency in France will be a setback, the 
organization is probably in better shape to weather the 
storm than ever before in its eight year history. 
France, nevertheless, pays 20 per cent of the ESRO 
budget, and the expected cut of 30 million francs in a 
contribution of 50 million frances which is foreshadowed 
in the present proposals will be a serious blow. A 
reduced level of expenditure on the French national 
programme of space research also seems likely. What 
ESRO officials must be hoping is that by the time the 
contribution has to be paid, the financial situation in 
France will have eased. The second instalment is not 
due for almost a year, in August 1970, leaving plenty 
of time for a wait-and-see policy, and France should 
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have no difficulty in paying the first instalment due 
early next year. 

The first opportunity for the affair to come to a head 
is late in November at the next ESRO council meeting 
when next year’s budget will be on the agenda. The 
organization’s level of resources for the three-year 
period 1969-71 has, however, already been approved 
by a unanimous decision at last November’s council, 
and approval of the 1970 budget requires only a major- 
ity decision by seven out of ten states to make it 
legally binding on all members. Thus, barring the 
unlikely event of a wholesale retrenchment by the other 
members, the optimistic view is that France may be 
persuaded to reconsider the cut. 

It must be upsetting for ESRO that this threat to 
its finances comes so soon after the doubts of last year 
when even the existence of the organization was being 
questioned. Nevertheless the calm which has settled 
over the affairs of the organization since the European 
Space Conference last November means that this is 
as good a time as any for ESRO to face a challenge. 
To some extent critics of the organization have been 
mollified by the success of the three satellites orbited 


so far, and a fourth—the spare flight model of ESRO 1. 


—is to be launched on October 1. Even so, ESRO 
finances are only just enough to keep the organization 
in its role of carrying out space research which is 
beyond the reach of individual members. But it will 
be 1972 and the launching of the TD-1 satellite before 
ESRO can truly be said to have produced a satellite 
in this category—the satellites so far have hardly been 
beyond the capabilities of individual states except 
in the rate at which they have been launched. There- 
fore any threat to the organization’s resources at the 
moment is likely to be serious. 


SPACE 


from our Astronomy Correspondent 


AFTER a mercifully uneventful seven weeks in the 
Lunar Receiving Laboratory in Houston, the 60 
pounds of material collected by Apollo 11 was released 
from quarantine on September 12 and is being pack- 
aged and distributed to the scientific investigators. 
According to NASA, the distribution process is ex- 
pected to last several weeks. During the stay in the 
laboratory, traces of Moon dust were given to mice, 
squirrels, insects, fish, oysters and shrimps, and fed to 
a variety of plants without any apparent effect. But, 
as the distribution begins, the 142 principal investiga- 
tors who are to receive samples have surprisingly little 
to go on, at least as far as public announcements from 
the Lunar Receiving Laboratory go. In the long run 
the news that the surface of the Sea of Tranquillity is 
between 3,100 and 4,500 million years old is likely to 
be the most valuable piece of information to have 
come out of the first phase of investigations. 

The second important discovery is that as much as 
fifty per cent of the lunar dust is made up of tiny 
glass spheres and rods. This is interpreted by Dr 
Guy E. Rindone of Pennsylvania State University as 
evidence for wide-scale volcanic activity on the Moon 
at one time. His argument is that the tiny glass 
spheres can only be formed if there is an atmosphere 
present-—otherwise the glass spheres show a pheno- 
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menon known as “seizure” and stick to each other so 
strongly that they cannot be separated without damage. 
Dr Rindone suggests that the volcanic eruptions which 
produced drops of molten gas will also have released 
enough gas to form an atmosphere while the drops 
cooled. Meteorite bombardment cannot explain the 
glass beads, he says, because without an atmosphere 
they would tend to be irregularly shaped and fractured. 

The third surprising piece of news is that the investi- 
gators responsible for the lunar seismometer have 
retracted their initial statements that the Moon is 
layered and has a hot core, and now favour the view 
that the Moon is made up of highly fractured material 
which muffles seismic vibrations. This is to explain 
the peculiar nature of the signals picked up by the 
seismometer, which, according to one of the principal 
investigators, Dr Gary Latham, are like no signals 
picked up on Earth. They are, it seems, far more 
scattered and of low efficiency. One view, supported 
by Dr Latham, is that the cracks were caused by 
meteoritic impacts, and that the Moon is made up of 
heterogeneous material which was never fully molten. 
The seismometer is now reported to be out of action 
following a fault which allows overheating during the 
lunar day, but during its 21 days of activity more than 
100 events were recorded. 

Analysis of the two hundred photographs of Mars 
by Mariners 6 and 7 is at a similar early stage. Despite 
the superficial similarity, Mars seems to have a number 
of surface features different from anything found on 
the Moon. Dr Robert Barth of the California Institute 
of Technology reports what seems to be an extensive 
region of “collapsed and jumbled land”, of area 469,000 
square miles, which he compares in appearance but 
not in extent to a slumped area which appeared around 
Anchorage, Alaska, after the 1964 earthquake. There 
is also a large flat region which seems to be featureless 
except for the occasional scarp or rille. 

Not surprisingly, Dr George Pimentel of the Univer- 
sity of California at Berkeley has had to retract his 
statement about the existence of gaseous methane and 
ammonia over the southern polar cap, and any chance 
of finding life on Mars now seems thin indeed. What 
was being detected, it seems, was the infrared signature 
of carbon dioxide. There is no evidence of the legendary 
canals, and it looks as if what astronomers have been 
reporting is the involuntary joining up of surface 
features by eye. There may be, however, underlying 
structures of fault lines or chains of craters which would 
have stimulated the effect. 

It also seems certain that the material of the pole 
cap is basically carbon dioxide, although possibly with 
some water ice included. This view is supported by 
Dr Guido Munch of Caltech, even though the tempera- 
ture at the south pole seems to be a few degrees above 
the temperature of carbon dioxide ice. But the projects 
chief television experimenter, Dr Robert Leighton, 
feels that a water ice cap cannot be ruled out, although 
he also favours a layer of carbon dioxide ice a few 
inches thick. 

Carbon dioxide also makes up at least 98 per cent of 
the atmosphere, and the small amount of water vapour 
present is not enough to make liquid water, according 
to Dr Norman Horowitz of Caltech. The atmosphere 
also seems to contain a slight haze, between five and 
ten miles deep and starting ten miles above the surface, 
but which is too insubstantial to cause any shadowing. 
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New Look for Israel 


A RADICAL reorganization of the machinery for sup- 
porting research and development in Israel has been 

proposed by a government committee set up in 1966 
© and which Teported to the Prime Minister earlier this 
year. Among other things, the committee suggests 
that there should be a central body with power to 
suggest the forward strategy for scientific research 
and to help the government to coordinate the claims 
of different agencies on the science budget. The pro- 
posed Research and Development Authority would 
take over the functions of the National Council for 
Research and Development which is now part of the 
Prime Minister’s office in Tel Aviv. The committee 
also proposes that a good deal of the public interest. in 
research and development should be channelled 
through existing ministries and that there should be 
set up three research agencies responsible for agri- 
cultural, environmental and industrial research respec- 
tively. The committee’s work was indeed restricted 
to the natural sciences and engineering, medicine and 
the social sciences. The report, available from the 
National Council of Research and Development in Jeru- 
sajlem and Tel Aviv, skates around the perennial prob- 
lem in Israel of whether the long-term national interest 
is best served by fundamental or applied research. 

Apart from its possible influence on the development 
of science policy in Israel, the report does provide an 
up to date survey of the distribution of effort in re- 
search and dev elopment. In 1966-67, expenditure on 
research and development worked out at [£125 million 
($1=1£3). In the past few years, the rate of spending 
has increased quite rapidly by an average of 15 per cent 
compound. Given the rapid increase of the Israeli 
population, the per capita rate of increase seems to 
have been 6-8 per cent per year at current prices. The 
report points out that the total research and develop- 
ment cost has been a slowly growing proportion of the 
GNP and amounted to 1-10 per cent in 1966. 

Israel differs from many other countries by the way in 
which a large part of the research carried out is financed 
by grants from abroad. In 1966-67, roughly one third 
of the total cost was met in this way, chiefly i in the form 
of grants to the Weizmann Institute and elsewhere. 
The government provided 48 per cent of the total cost 
of research and development, roughly half of it (1£31 
million) in universities and similar institutions and all 
but a small part of the rest in government laboratories 
of various kinds. Universities provided [£12 million 
out of their own resources, while the spending by 
industry on research and development was surpcisingly 
small--[£10-4 or 8-4 per cent of all expenditure on 
research and development. The report points to the 
dominating role of universities in the pattern of research 
and development. Altogether, the universities were 
responsible for 63 per cent of expenditure in 1966-67— 
a higher proportion than is likely to be found in any 
other country with a substantial and growing pro- 
gramme of scientific research. The contribution of 
government funds to the total lies, however, well within 
the range found elsewhere—in 1963 government. con- 
tribution ranged from 27 per cent in Japan to nearly 
64 per cent in the United States and France. 

The committee has a cheerful tale to tell about the 
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growth of trained manpower. The number of people 
employed on research in the natural sciences and 
technology increased from less than 2,000 in 1962 to 
2.800 in 1966, with the universities and related institu- 
tions employing 60 per cent of the total. The rate of 
expenditure in government establishments seems, 
however, to be increasing more rapidly than in the 
economy as a whole—the total expenditure by govern- 
ment research institutions increased from [£13 million 
in 1962 to [£32 million in 1966-67 

The thread running through the committee’s argu- 
ment is that the dominant role of government finance 
among internal sources of support for research and 
development should be reflected in a stronger central 
machine for formulating research policy. The com- 
mittee has been particularly concerned with the re- 
search institutes under the aegis of the National 
Council for Research and Development, itself an out- 
growth of the Scientific Council set up at the foundation 
of Israel. The council manages a variety of institutes 
ranging from the Fibres and Forest Products Institute 
to the Negev Research Institute. Units like the 
National Physical Laboratory are managed directly 
by the council, but others have links with outside 
bodies, universities and hospitals. Some of the insti- 
tutes, the Negev Research Institute. for example. 
claim credit for having stimulated the growth of 
universities. The committee is alarmed at the extent 
to which the success of many institutes is limited 
by the willingness of those for whom advice would 
be of value to listen to what the institutes have to say. 
It also complains at the way in which government 
procedure delays the process of agreeing on the research 
programme and at the way in w hich. matters of status 
and promotion have hampered the effective employ- 
ment of the country’s scientific staff. 

The proposal for the Research and Development 
Authority springs from this analysis. The authority 
would consist of seven people, four of them independent 
of the government but chosen by the Prime Minister. 
The chairman would be one of the inde o members 
and not an official. The day to day work of the author- 
ity would þe carried out by a full-time staff with a 
director also appointed by the Prime Minister. The 
notion is that the authority should have power and 
funds to stimulate research in those fields that are not 
directly the r responsibility of government ministers. 

In the ministries, the committee would like to see 
the appointment of chief scientists to provide advice 
and full-time staffs to help in formulating forward 
programmes. Under the proposed scheme, the manage- 
ment of the public research institutes would be trans- 
ferred to the three research administrations which 
would thus exist independently of particular ministries 
and be enabled to act as independent critics of minister- 
ial policy. This has the novelty that it decreases the 
influence of ministries on research programmes. On 
policy for research in universities and similar institu- 
tions, however, the committee has comparatively little 
to suggest It wants to see closer links between the 
universities and government laboratories, but the 
universities are so well able to look after themselves 
that the committee prefers to leave well alone. 
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History and the Omo Valley 


Tue Omo Valley in Ethiopia is fast becoming as impor- 
tant a site for palaeoanthropologists as Olduvai Gorge. 
On page 1234 of this issue Professor F. Clark Howell, 
of the Chicago University contingent with the inter- 
national research expedition in 1967 and 1968 to the 
Omo Valley, describes teeth and mandibles of australo- 
pithecines which range in age from about 2 million to 
about 4 million years. In other words, these australo- 
pithecine remains, which were found at twelve localities 
in the lower Omo Valley, extend the history of the 
genus and the fossil record of these Hominidae in East 
Africa beyond the earlier Pleistocene into the terminal 
stages of the Pliocene. 

Since 1925, when Raymond Dart, in the face of 
extreme scepticism of the European anthropological 
establishment, sought to establish Australopithecus as 
a new type of early Pleistocene hominid, the antiquity 
of the genus has slowly but steadily come to light. 
Until the finds at Omo it was thought that the oldest 
australopithecine remains were those unearthed at 
Olduvai, dating from about 1-75 million years ago, 
and those found in the Kanapoi area of Kenya in 
1965, which Patterson of Harvard put at about 2-5 
million years old. According to Clark Howell, the 
latest Omo finds range between 2 and 4 million years 
old, and, by pushing the history of the genus back 
into the terminal Pliocene, the Omo specimens go 
some way towards closing the most conspicuous gap 
in the fossil record of the evolution of man. Several 
million years still remain to be accounted for, however. 
The earliest: higher primates which can be classified 
with a fair degree of certainty as true hominids are 
species of Ramapithecus. These primates had teeth 
which bear some resemblance to the teeth of the much 
more recent definite hominids even though they 
flourished in the late Miocene and early Pliocene, 
between 10 to 15 million vears ago. Unfortunately, 
no hominid fossils from the intervening millenia 
between the early Pliocene and the very end of the 
Pliocene have been found, but the latest Omo Valley 
finds almost double the history of the australopithecines 
and at least push it back to the very end of the Pliocene 
period. In the light of recent discoveries which have 
progressively revealed older and older australopithecine 
remains, it would be rash to assert that no older austral- 
opithecine remains will turn up. 

What types of australopithecines has Clark Howell 
discovered ? The classic work of Dart and those who 
have followed him led to the recognition of at least two 
chief types of australopithecines which many palaeo- 
anthropologists are content to classify as two species 
of the genus Australopithecus—namely, A. africanus 
and A. robustus. Some prefer to split the robust types 
into two species, A. robustus and A. boisei, or to split 
them off into a separate genus Paranthropus. 





The first fossil skull of A. africanus, whieh Dart 
described in the twenties, was found at Tuang in what” 
is now Botswana, and subsequently specimens have 
been unearthed at Makapansgat and Sterkfontein in 
South Africa, As Clark Howell has now shown, many 
of the Omo Valley teeth closely resemble these South 
African specimens and it seems fairly certain that A. 
africanus occupied the Omo Valley region throughout: 
the Pliocene—Pleistocene boundary period. Construct- 
ing a picture of A. africanus from fragmentary remains 
of the skull and dentition is a hazardous business, but 
it seems that the hominid was a lightly built small- 
brained and agile creature which probably walked on 
two feet and may well have used primitive weapons 
for hunting and preparing animal food. 

The second chief type of australopithecine, first 
identified from fossils found at Swartkrans and Krom- 
draai in South Africa, was a larger, more robust. 
hominid than A. africanus, whence its specific name. 
Until the Omo discoveries the best australopitheeine 
site outside South Africa was Olduvai Gorge where 
Mrs Mary Leakey discovered a fossil skull of a robust 
australopithecine about 1-75 million years old. Whether 
or not this specimen is of the same species as the South 
African robust types is still a matter of often heated 
debate. Currently, the Olduvai specimen is called 
A. boisei; formerly it was called Zinjanthropus, to 
distinguish it from the South African specimens of 
A. robustus. But with such scanty material to work 
with, Clark Howell is not prepared to commit himself 
to saying that the definitely robust australopithecine 
teeth discovered in the Omo Valley are A. robustus 
or A. boisei. What is abundantly clear, however, 
is that one or more species of robust australopithecines 
co-existed with 4. africanus in the Omo Valley through- 
out most of the Pliocene—Pleistocene boundary period. 
No doubt the two species occupied different ecological 
niches which have yet to be defined with certainty, 
but thé robust australopithecines were probably forest 
dwelling vegetarians. 

The 1967-68 international expedition did not have 
time, of course, to do more than scratch the surface of 
the Omo Valley sites. Even so, apart from providing 
Clark Howell’s australopithecine collection and other 
similar material collected by the French contingent, 
the Kenya group led by Richard Leakey found three 
very early fossils of Homo sapiens which throw light 
on the relationship between Homo sapiens and Homo 
erectus (Nature, 222, 1117; 1969). Until the Emperor 
of Ethiopia invited Professor Louis Leakey to organize 
the international expedition, the Omo Valley had been 
closed to palaeoanthropologists since the thirties, 
partly because the Ethiopian Government was not 
prepared to guarantee the safety of expeditions to an 
area where trigger-happy cattle rustlers and bandits 
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still abound. Indeed, the 1967-68 expedition had to 
be provided with a commando of Ethiopian troops 
for protection. But now the crucial importance of the 
site has been revealed, palacoanthropologists are 
hopeful that further expeditions will be mounted. 

The Omo River was probably once the source of the 
Nile. Lake Rudolf abounds with Nilotic fish not 
found in comparable lakes, and the big bend in the 
Omo River where the fossils were discovered may well 
have been the site at which the Nile formerly joined 
the Omo. And the series of raised beaches which mark 
the various former levels of Lake Rudolf and the 
Omo during the ice age may well contain the fossil 
evidence that will fill many gaps in the hominid evolu- 
tionary record during most of the Pliocene. 


ANTHROPOLOGY 


Ales Hrdlicka Centenary 


from a Correspondent 


Ts Czechoslovakia, the study of man past and present 
has a strong tradition. This is due very largely to the 
influence of one man, Aleš Hrdlička, the centenary of 
whose birth fell this year. It was celebrated by the 
Czechoslovak Anthropological Society of the Czecho- 
slovak Academy of Sciences with a congress held from 
August 30 to September 5 in Humpolec, the town of his 
birth, and at this the civil authorities also paid full 
homage, with the unveiling of a memorial statue, the 
issue of a commemorative postage stamp and the 
opening of a new museum devoted to his work. 

Hrdlička as a young man left Czechoslovakia for 
the United States where, after many years of study 
and research, he was appointed curator of the division 
of physical anthropology at the Smithsonian Institu- 
tion, Washington, a post created for him and which he 
held for forty years. He travelled widely, working 
much among American Indian peoples, in whose 
biology and origins he was particularly interested. He 
established the Hrdlička collection at the Smithsonian, 
founded the American Association of Physical Anthro- 
pologists and established its journal, both of which 
still flourish. During this time he lived frugally and, 
by no means a rich man, built up out of his savings 
the Hrdlička fund at the Smithsonian, to which many 
young scientists have reason to be grateful for the 
support granted from it for their researches. But he 
also sent considerable sums of money to Czechoslo- 
vakia, which made possible the founding and equipping 
of the Anthropological Institute of Charles University, 
Prague, and its Museum of Man. A bust of him now 
stands in the Smithsonian, and Czechs in Washington 
have recently on occasion decorated this with flowers, 
a place of national remembrance and pilgrimage. 

To the celebrating congress came Czechs from almost 
all universities and institutes in the country, and, 
although representatives from a few countries were 
conspicuously absent, many came from other nations. 
The papers therefore covered a wide range of subjects, 
though all were pertinent to one of the four principal 
themes—normal human growth and development, 
adult morphology and its relation to sports training, 
growth and body form in disease and genetic and 
phenotypic differences among populations. J. L. 
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Angel (Smithsonian, Washington, DC) showed that 
thalassaemia probably existed in the Mediterranean 
area in the eighth millennium sc, as indicated by the 
occurrence of the pathological changes typical of this 
disease in skeletal material from the Frankehthi cave 
in Argolis. D. F. Roberts (University of Newcastle 
upon Tyne) showed that in Britain the secular trend 
to earlier development of children as measured by 
menarchal age in girls may have come to an end, 
whereas in Czechoslovakia the trend to greater stature 
at a given age in children is continuing (J. Suchy, 
Prague). E. Strouhal and F. H. Hussein (Prague and. 
Bratislava) reported that inbreeding in Nubia exerts a 
depressant effect on the size of body characters such as 
stature and limb girth, and J. Patiskova (Prague) 
described the appreciable effect of athletic training on 
body composition. 

In retrospect, what emerged from most of the papers, 
no matter to what theme they contributed, was the 
demonstration of the plasticity of the human form in 
development. With this it was impossible to reconcile 
those few contributions, chiefly of a typological nature, 
which persisted in the assumption that human morpho- 
logical features are constant no matter what the 
environment in which development occurs. 











BIOMETEOROLOGY 


Climate and the Body 


from a Correspondent 
Tue fifth congress of the International Society for 
Biometeorology, held in Montreux between August 30 
and September 1, illustrated the value of this society 
in allowing ideas to grow. It has long been clear that 
there is more to the biological effects of atmospheric 
ionization than the smelling of eleetricity by cranks. 
There is now much experimental evidence. and a lively 
new scientific discipline has emerged. 

Some of the earliest evidence that habituation (a 
central nervous mechanism which inhibits sensations 
and responses) plays a part in acclimatization was 
presented twelve vears ago. This is now generally 
accepted, and much additional evidence about it was 
presented at the congress this year, especially in the 
session dealing with the effects of cold on animals and 
man. A. J. F. Webster (University of Alberta) was 
able to separate aspects of cold adaptation that are, 
and are not, due to habituation. 

Elsewhere at the congress, E. Sohar reported a plan 
by the Israel Institute of Technology for a fully air- 
conditioned underground city with an open air upper 
level, giving inhabitants the choice of moving about 
in a controlled environment (presumably on walkways 
or in electric cars) or of driving in the open (presumably 
in air-conditioned transport). During his presidential 
address, however, D. H. K. Lee (National Envirow- 
mental Health Science Center, North Carolina) referred 
to the possibly adverse social effects due to environ- 
ment, for example, excitement and rioting seem to be 
more common during long hot summers. But E. M. 
Glaser (Riker Laboratories, Welwyn Garden City) 
suggested that too much protection from variations of 
temperature might reduce the ability to cope with 
environmental extremes, which in turn could have 
adverse effects. 

One of the advantages of this society is that it allows 
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a dispassionate look at such problems as the thera- 
peutic effects of mountain climates. A session 
devoted to this topic showed that it is easier to clear 
fogs from minds than from mountains. Evidence was 
provided, especially by J. Hensel and his team (Insti- 
tute of Physical Medicine, Bratislava), that patients 
suffering from chronic bronchitis and bronchospasm 
who move from an altitude of 200-300 metres to 1,350 
metres show benefits in lung function tests and serum 
enzymes which are not attributable to rest or to clean 
air. The session was summed up by its chairman, 
E. M. Glaser, who said that the case for or against 
climatotherapy remains open until all those involved 
are ready to do as strict trials as is usual in treatment 
by drugs. 

Even odder than climatotherapy are the fluctuating 
phenomena originated by G. Piccardi (University of 
Florence), who was supported by several disciples, 
especially Carmen Capel-Boute (University of Brussels) 
and E. Wedler (Free University, Berlin). Piccardi 
found that chemical tests, such as differential precipita- 
tion of bismuth oxychloride by hydrolysis and the 
precipitation of calcium carbonate, show fluctuations 
which seem to be reproducible only with diurnal cycles 
and with eleven-year solar cycles. Similar fluctuations 
were also observed in the freezing of water and in 
biological processes, for example, in gas exchanges of 
yeasts and the haemoglobin levels of blood. Shielding 
by metal, or, in the case of blood samples, taking people 
to the catacombs of Florence, abolished these fluctua- 
tions. In a different context. S. W. Tromp (Bio- 
meteorological Research Centre, Leiden) reported 
variations of the blood sedimentation, rate in the same 
people in the same conditions over several years, corre- 
lated only with solar cyeles. 

W. V. Macfarlane (University of Adelaide) reported 
fluctuations of conception rates in women, studied in 
many countries from birth records. In temperate 
regions the highest conception rate was during the 
warmest part of the year, in hot areas during the cool 
season. Areas with similar climates and social condi- 
tions, such as the United Kingdom and New Zealand, 
had similar patterns. Conception only seems to 
fluctuate because sexual activity is fairly constant, 
although it is interesting that conception becomes more 
frequent around Christmas where Christmas is observed. 
Taken together, all these findings mean that there could 
be important and as yet not wholly identified influences 
arising from the rotation of the Earth around its own 
axis and around the Sun, as well as from the cyclic 
activities of the Sun itself. 





PRIMATES 


Treatment and Disease 


from a Correspondent 


THe six day conference on experimental medicine and 
surgery in primates, held at the New York Medical 
Center, began on Sunday, September 7, to suit the 
surgeons, and the first day was devoted to their 
interests. David M. Hume (Medical College of Rich- 
mond, Virginia) described how cross-circulation may 
become a practical technique for patients in hepatic 
failure or coma, whose liver is not functioning properly, 
as long as there is a chance that hepatic cells will re- 
generate. This would be especially applicable to young 
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people, some of whom might be waiting for liver 
transplants. Baboons, chimpanzees or rhesus monk 
can be used as donors, although size is a limiting factor. 
Their blood is exchanged for matching human blood 
in conditions of hypothermia, during which the heart is 
stopped and the circulation maintained by cardiac and 
respiratory pumps. During cross-cireulation through 
the femoral veins, the donor’s liver can successful 
deputize for that of the patient for five to six hout 
Coma is reduced, electroencephalogram records show 
improvement, ascites is cleared and anuria is termin- 
ated. The donors suffer no permanent ill effects, but 
for the patient to survive, a succession of donors will 
probably be needed, for so far no patients have made a 
permanent recovery. 

When central nervous systems were discussed, 
D. F. Buxton (University of Arkansas) showed that 
those of the rhesus monkey, chimpanzee and man are 
essentially similar, but with some important gross and 
microscopic differences related to different motor skills. 
H. O. Hofer (Tulane University Delta Regional 
Primate Research Centre} showed that, although the 
evolution of the brain follows phylogenetic principles, 
it lags behind that of other systems, thus being servant 
rather than master. Jaques Bert (University of Dakar, 
Senegal) has found considerable differences in sleep 
patterns among primates, related to habits rather than 
phylogeny. l 

On the day devoted to virology, L. V. Melendez and 
M. D. Daniel (New England Regional Primate Re- 
search Center) showed how the herpes-saimiri virus, 
which they described recently, produces malignant 
lymphomatous type lesions in owl monkeys and 
marmosets. It is thus the first virus of a primate found 
to be oncogenic in another primate. 

A note of warning was sounded about infectious 
diseases by J. D. Douglas (G571st Aeromedical Re- 
search Laboratory, New Mexico), R. J. Cronin (Univer- 
sity of New Mexico) and A. F. Kaufmann (Nationa! 
Communicable Diseases Center, Atlanta). Thev 
described spontaneous melioidosis in two stump tall 
macaques from Thailand. The disease developed a 
year after importation, reaffirming the hazard to man 
from this very dangerous disease, and emphasizing the 
care needed in handling primates even after usually 
accepted periods of quarantine. 

In a technical and otherwise well organized pro- 
gramme, it is difficult to see why the organizers in- 
cluded a series of random pape ting of reports 




















rs consist 
from various primate laboratories which are interes 
ing in themselves but outside the theme of the 
conference, 





WHO 


immunodiplomacy 


THERE are obvious reasons why the World Health 
Organization should foster an interest in immunology. 
In publications such as its technical reports on immon- 
ology and parasitology, immunology and malaria, and 
so on, the WHO has an eye to clinical applications, 
Other documents, like the memorandum on immuno- 
globulin nomenclature (Bull. WHO, 30, 447; 1964) and, 
more recently on IgE, indicate a more liberal patronage 
of the subject-—there is little here for the field clinician. 
The same is true of the latest publication on cell- 
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mediated immune responses (WHO Tech. Rep. Ser., 
423: 1969). It is a summary of the present state of 
a topic which is still at the academic research stage, 
one which is at the core of current studies on the 
immune mechanisms of transplant rejection, defence 
against cancer, autoimmune disease and various infec- 
-tions ranging from athlete's foot to mumps. This branch 
‘of immunology stemmed from the finding of a particular 
type of allergic response, “delayed” hypersensitivity, 
in certain bacterial and mycotic infections, the classical 
example being the skin reaction elicited in tuberculous 
patients by intradermal injection of tuberculin. 
Delayed hypersensitivity is now in the mainstream of 
immunology, and it is becoming increasingly clear that 
it represents one principal branch of immune pheno- 
mena, the other being the “humoral” response charac- 
terized by circulating immunospecific antibody, But 
whereas the latter has been analysed in great detail-— 
down to the level of amino-acid sequences in the 
immunoglobulin molecules—this is far from being the 
case for the cellular response. 

The WHO report contains much that has been 
reviewed before. In 1967, a survey was published on 
delayed hypersensitivity: specific cell-mediated im- 
munity (Brit. Med. Bull.,28, No. 19; 1967) and a book, 
Delayed Hypersensitivity by J. L. Turk, was published 
in the same year, Significantly the WHO has ex- 
plicitly dropped the term “delayed hypersensitivity” in 
view of its restricted allergic connotation and the 
wider context in which cell-mediated processes are now 
invoked. 

What is new in the 1969 review is a discussion of 
the finding that the cellular response does, after all, 
involve soluble factors but the distinction between 
the humoral and cellular responses is neverthe- 
less preserved, for the newly discovered factors 
lack the immunological specificity of classical anti- 
bodies. The release of a soluble protein from 
immune lymphocytes after stimulation with anti- 
gen was the discovery of B. R. Bloom and B. 
Bennett (Science, 158, 80; 1966) and J. R. David 
(Proc. US Nat. Acad. Sci., 56, 72; 1966). The sub- 
stance, a protein in the a-globulin class, has the specific 
property of inhibiting the migration of normal non- 
immune macrophages (another cell line which is 
implicated in immune processes). This discovery was 
confirmed for human systems by D. E. Thor et al. 
(Nature, 219, 755: 1968). Such a reaction offers at last 
a means of testing cell-mediated immune responses in 
vitro which correlates with the intradermal skin test 
used to detect delayed hypersensitivity im vivo. The 
WHO report goes on to describe the direct cytotoxic 
action of lymphocytes on several target cells, which is 
dependent on the capability of host lymphocytes to 
recognize cells which have foreign surface antigens. 
The immune reactions in transplantation and tumour 
immunity and the associated tissue destruction can be 
understood on the basis of this recognition reaction. 
Again, however, cell to cell contact is not necessary and 
mediators similar to migration inhibitory factor have 
been discovered by G. A. Granger and T. W. Williams 
(Nature, 218, 1253; 1968). 

The history of biochemistry has been marked by the 
innumerable “factors” which have been discovered and 
subsequently characterized. It is to be hoped that those 
concerned in cellular immunity will go the same way 
and that very soon the WHO can pronounce definitively 
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on their nomenclature: already there is evidence of a 
multiplicity of terms for the same thing. 


CELL BIOLOGY 


Chromosomes have a Structure 


from a Correspondent 

AFTER many years in the wilderness of contradiction 
and confusion, workers on the structure and function 
of the eukaryotie chromosome are now beginning to 
glimpse the light. The meeting of the British Society 
of Cell Biology in Glasgow on September 11 covered 
all important aspects—genetical, cytological, ultra- 
structural and molecular. Certainly there are large 
gaps in knowledge of matters such as chromosome 
coiling and replication, but the many new data created 
an optimistic sense of real progress. 

Dealing with structure, Hans Ris (University of 
Wisconsin) presented electron microscope evidence 
from the complementary techniques of Kleinschmit 
(spreading of macromolecular components on water 
surfaces bearing a monolayer of cytochrome c). He 
convincingly demonstrated the widespread finding of a 
unit thread of 250 A diameter as the basic building 
block of the chromosome. High resolution pictures 
of spread threads, negatively stained and tungsten- 
shadowed, demonstrated an ordered surface structure 
of projections 35-40 A apart which might be regions 
of histones projecting away from the DNA duplex. 
Equally convincing were the 170 A threads in thin 
sections, sometimes delimited by a membrane, high- 
lighted by section tilting shown by Howard Davies 
(King’s College, London). The discrepancy in diameter 
of the unit thread shown by the two techniques 
probably arises from technical differences in prepara- 
tion. Ris showed how the 250 A thread is made up of 
two 100 A threads (visualized after treatment with 
EDTA) each of which appears to contain one DNA 
duplex after treatment with pronase. 

Brian Richards and John Pardon (Searle Laboratories, 
High Wycombe) described, studies, principally by X-ray 
diffraction on fibres of isolated nucleohistone (DNH) 
treated with EDTA, which supported Wilkins’s hypo- 
thesis that DNH exists in a supercoil configuration 
of 120 A pitch and 100 A cross-sectional diameter (the 
diameter is greater if it includes that of the DNA 
duplex and attached histones which may project from 
the surface). Gradual removal of histones destroys the 
structure; after replacement. of histones it reappears. 
Packing into groups of individual DNH molecules 
occurs at high concentration in fibre X-ray speci- 
mens, but is unlikely in the living nucleus. There 
seemed to be general agreement on the existence of one 
DNH supercoil per 100 A (dry) thread, and the impor- 
tance of the different state of specimens examined in 
the electron microscope (dry) and by X-ray diffraction 
(wet) was emphasized. Space-filling atomic models 
based on published amino-acid sequences for one 
type of histone are beginning to shed light on the 
interaction between histone and DNA which produces 
supercoiling. 

Robin Holliday (National Institute for Medical 
Research, London) dealt. with problems of chromosome 
mechanics in mutation, showing how a model system 
based on that of Jehle could be applied to a laterally 
multiple model for the chromosome, and emphasized 
difficulties in this and the alternative possible chromo- 
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some structure, longitudinal] multiplicity of the master- 
slave kind. John Evans (University of Aberdeen) 
dealt with problems of chromosome replication, 
decrying the facile use of the term “replicon” for 
the unit of replication in eukaryotic chromosomes. 

Claus Pelling (Max Planck Institute, Tiibingen) 
gave an account of the current view on puffing in 
chromosomes of dipteran salivary glands. Sucrose 
gradients have been used to demonstrate that the 
range of size of the RNA molecules transcribed in these 
cells extends to 508. A rather sharp cut-off demon- 
strated an upper limit to the polycistronic transcribed 
RNA. Organ specific transcription was the theme of 
Brian McCarthy (University of Washington) and John 
Paul (Beatson Institute for Cancer Research, Glasgow). 
Reiterating current ideas on the frequency of repeated 
base sequences of mammalian DNA, which range from 
about 10,000 copies of very similar short sequences, 
through a few to 100 copies of sequences of intermediate 
complexity, to single copies of long unique sequences, 
McCarthy described attempts to fractionate DNA 
into such size groups. Shearing for various times 
followed by separation on sucrose gradients showed 
that the region of crab DNA which is rich in vitamins 
and thymine occurs in the least easily solubilized 
portion of the chromatin, while the intermediate and 
unique sequences are found uniformly distributed 
throughout the gradient of solubility after shearing. 
Claiming that the best estimates for the amount of 
DNA in the eukaryotic nucleus that is transeribed are 
about 1 per cent, McCarthy demonstrated how this 
varies quantitatively and qualitatively between chrom- 
atin isolated from different organs. 

The specificity of molecular hybridization techniques 
used for such discrimination was mentioned by John 
Paul. He emphasized that the differences found 
between different organs in saturation hybridization 
were self sufficient. Dealing with the molecular 
gymnastics at the site of transcription, Paul suggested 
a model in which histone is displaced from the DNA 
by the action of non-histone (acidic) proteins associated 
with the transcribable regions. 


LAMBDA PHAGE 


What W Does 


from our Cell Biology Correspondent 


SPECULATING about the function of the N gene of the 
lysogenic phage À has long been a favourite pastime of 
established molecular biologists and more than one 
graduate student has hopefully set out to isolate the 
N gene product and define its function only to find 
genes O, P, Q and the rest of the À alphabet more fruitful 
thesis topics. It is known that N is a regulatory gene 
which exerts positive control over a whole series of 
A genes effecting DNA replication, recombination and 
the expression of A late proteins. Moreover, N is itself 
under the control of the A phage repressor which 
Ptashne has isolated and which prevents the expression 
of the entire A genome. But so far the function of N 
has escaped elucidation. 

When the sigma factor which determines RNA 
polymerase specificity in E. coli was discovered at 
the end of last year by Burgess, Travers, Bautz and 
Dunn, it seemed attractive to speculate that the N 
gene specifies a factor analogous to sigma which may 


1203 


regulate the transcription of various A genes. But the 
work of Hallick, Boyce and Echols, reported on page 
1239 of this issue, suggests a totally different function 
for the product of the N gene. Echols’s group believes 
that it has a role in associating the phage DNA with 
the membrane of its Æ. coli host and that this asso- 
ciation may be crucial for DNA replication as well as 
for transcription. 

By superinfecting a cell lysogenized with a A phage 
that has a temperature sensitive mutation in the 
repressor gene, Hallick ef al. were able to show that 
as soon as the repressor is inactivated by altering the 
temperature, the superinfecting DNA of the à phage 
becomes associated with the Æ. coli cell membrane. 
This association does not seem to involve a change in 
the covalently bonded circular form of the % DNA. 
Such membrane association is an early step in the 
lytic replication cycle of A phage occurring within 


two minutes of inactivation of the repressor. But 
does the step involve gene N directly? DNA of 


mutants which lack gene N function failed to asso- 
ciate with the host membrane whereas mutants with a 
functional N gene, but defective in genes controlled 
by N, associated with the membrane normally. 

The product of the N gene may therefore well be 
a protein essential for the correct attachment of the 
A phage DNA to the host cell wall. Once this has 
been achieved, transcription, DNA replication and 
recombination can begin. Moreover, Echols’s group 
finds that in the presence of repressor protein aetive 
N gene product cannot funetion; they suggest that 
the repressor blocks the membrane aasociating acti- 
vities of the N gene protein. Further experiments 
are needed to substantiate the notion that the N gene 
regulates phage replication by controlling membrane 
association, but if that proves to be the case there will 
be an interesting parallel between regulation of repli- 
cation and expression of A phage DNA and the chromo- 
some of its host F. coli. 






BIOCHEMISTRY 


Less Familiar Enzymes 


from a Correspondent 


THE Biochemical Society held a colloquium on recent 
advances in the study of some less familiar proteolytic 
enzymes in Belfast on September 5, D., J. Elmore 
(Queen’s University, Belfast), who organized the col- 
loquium, thought biochemists should be made aware 
of the existence of proteolytic enzymes other than 
trypsin or chymotrypsin. 

Many of these enzymes, like the two well known 
proteases, have a reactive serine at the active centre 
but are very much more specific in respect of their 
substrates. In some instances these lesser known 
enzymes form part of a complex sequence of zymogen 
activations, as is found in blood coagulation. M. P. 
Esnouf (Radcliffe Infirmary, Oxford) reviewed the 
present state of knowledge of the sequence of these 
reactions. Since the proposal of the “cascade” hypo- 
thesis by R. G. Macfarlane (Nature, 202, 498; 1964), in 
which it was suggested that all the inactive coagulation 
factors were zymogens and that coagulation was the 
end result of the sequential activation of these factors, 
considerable efforts have been made to validate this 
hypothesis from the results of biochemical investiga- 
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tions. These experiments have shown that at least 
one factor (Factor V) is not a zymogen, and that it 
behaves as an accelerator for the enzymatic conversion 
of prothrombin by activated Factor X. The chemistry 
of the conversion was described in detail by S. Magnus- 
son (University of Cambridge). He showed that pro- 
thrombin, which is a protein composed of a single 
chain, was converted into a smaller molecule, thrombin, 
which possesses two chains of unequal length. These 
two chains were joined through a disulphide bridge. 
Hence the conversion of this zymogen to its activated 
form required the fission of two peptide bonds. In 
blood coagulation, there is apparently no shortage of 
activators for the various zymogens. 

The prorennin-rennin transformation takes place, 
however, in the absence of an enzyme. B. Foltmann 
(University of Copenhagen), describing this transforma- 
tion, made a plea for reverting to the old name of 
chymosin, rather than rennin, since this would avoid 
confusing rennin with renin. Dr Foltmann showed that 
prochymosin is stable under weakly alkaline conditions, 
and that under more acid conditions at pH 5 it is 
converted into chymosin. This is accompanied by the 
release of a peptide. The kinetics of the conversion at 
this pH show that the reaction was partially auto- 
catalytic. Under more acid conditions of pH 3 the 
conversion is very rapid and there is no suggestion of 
autocatalysis. To explain this it is suggested that 
zymogen is stabilized in its inactive form by electro- 
static interactions. Under acidic conditions when the 
acidie side chains are discharged, the zymogen re- 
arranges into an active configuration, which sub- 
sequently undergoes irreversible activation on the loss 
of the peptides. 

The milk clotting activity of chymosin was shown 
to be due to a limited proteolysis of the « fraction of 
casein, during which a Phe~Met bond is hydrolysed. 
This results in the release of the hydrophobic moiety 
of «-casein, which then aggregates. 

The fourth speaker, Professor Werle (Munich), 
sounded a note of caution when he described the 
diverse results obtained on the specificity of the kalli- 
kreins prepared from different sources. The kallikreins 
form a part of sequences of enzymes similar to the 
coagulation system and both the sequences have a 
common starting point, namely Factor XI. The 
kallikreins are responsible for the enzyme cleavage 
of kininogen to give the pharmacologically active 
kinins. 

The kallikreins, like trypsin, are serine proteases, 
which are readily inhibited by heavy metals. Kinetic 
studies with synthetic substrates, such as the arginine 
esters of different alcohols, showed that the rate limit- 
ing step in these reactions was the acylation reaction 
rather than the deacylation reaction. Professor Werle 
proposed that the kallikrein catalysis commences wit h 
a nucleophilic attack of the substrate. 


PHOTO-OXIDATION 


Photons, Protons and Proteins 


from our Molecular Biology Correspondent 


REAGENTS specific for particular groups in proteins 
have all too often proved a mirage. Dye-sensitized 
photo-oxidation with the aim of destroying particular 
residues in enzymes has been attempted in many 
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laboratories, but has always seemed a blunt instrument 
which might be expected to annihilate various side 
chains in a fairly indiscriminate manner. This has 
now been shown to be by no means inevitable, and 
two papers have appeared which show that in the 
right conditions a remarkable precision of aim can be 
achieved. 

Jori, Galiazzo and Scoffone (Biochemistry, 8, 2868: 
1969) have followed up their earlier work, which showed 
that photo-oxidative attack, sensitized by dyes, 
could be essentially confined to methionine if the 
reaction was carried out in an acetic acid solvent. 
The necessity for such denaturing conditions is clearly 
a drawback, but this has now been overcome. Por- 
phyrins are well known sensitizers, which are thought 
to act through their triplet states. Under the action of 
chlorophyll, Jori et al. find that tryptophan, tyrosine, 
histidine and methionine are all rapidly oxidized at: 
pH 6. With other porphyrins the reaction is slower 
and more selective: in the presence of haematopor- 
phyrin photo-oxidation is limited to tryptophan and 
methionine. The reaction will proceed at a pH of up 
to 6-5 or in solutions containing acetic acid. Moreover, 
the reaction of the tryptophan side chain seems to 
depend on the presence of the a-amino group, for 
tryptophan peptides are completely resistant. It 
thus seems that photo-oxidation in these conditions 
displays a high selectivity for methionine, and this is 
borne out in the reaction of native lysozyme. Irradiation 
in the presence of haematoporphyrin leads to a first- 
order loss of some 50 per cent of the activity, after 
which there is no further reaction. Amino-acid analysis 
shows that one of the two methionine residues has 
been converted to the sulphoxide. By cleavage of the 
chain and identification of the fragments, the reactive 
residue was identified as met-12, which occurs at the 
surface of the protein. Met-105, on the other hand, is 
inaccessible, but when the reaction is carried out in 
80 per cent acetic acid, the protein unfolds, and both 
methionines react, with irreversible loss of activity. 

A second example of a specific photo-oxidation 
involves the novel strategy of using a protein-bound 
sensitizer as a means of directing the reaction towards 
the required target. Rippa and Pontremoli (Arch. 
Biochem., 108, 112: 1969) have studied the enzyme 
6-phosphogluconate dehydrogenase, using the echromo- 
phore of pyridoxal phosphate as sensitizer. ‘This 
molecule, which contains an aldehyde function, binds 
to some amino groups of proteins, and three molecules 
in all will attach themselves to the enzyme in question. 
Two of them bind to essential lysine residues of the 
active site (or sites, for there is evidence that there may 
be two subunits), with complete loss of activity. 
If the substrate is present these two lysines are pro- 
tected, and do not react. When the pyridoxal phos- 
phate is attached to the active site, irradiation leads 
to loss of activity, which is revealed on removal of 
the pyridoxal. The only amino-acids to be oxidized 
are two histidines and three cysteines, but the latter 
are invulnerable to attack if they are first blocked with 
a thiol reagent. When the pyridoxal chromophore 
is added to the solution, but not bound to the active 
site, there is no photochemical reaction. It thus seems 
that excitation of the pyridoxal group leads to photo- 
oxidation of the histidine in its immediate vicinity in 
the active site, and it therefore functions as a kind 
of molecular lightning rod. 
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INFORMATION 


Easing the Search 


from a Correspondent 


THE principal theme of the second international 
conference on mechanized information storage and 
retrieval systems, held on September 2-5, was the 
problem of estimating the cost-effectiveness of informa- 
tion systems, especially of computerized systems. But 
recent developments in the United Kingdom, the 
United States and Europe were also described. 

In his opening review of progress, Lord Ironside 
stressed the need for a wider awareness of the advan- 
tages that efficient information systems could bring 
to the user and the growing demand for information 
specialists well trained in computer techniques. 

H. F. Dammers (Shell Research Ltd) reviewed the 
economics of the information services now operating, 
but with continuous development, at Woodstock 
Agricultural Research Centre. He demonstrated how 
cost estimates of the user-time search could shift the 
cost appraisal of the system in favour of computeriza- 
tion. His emphasis on the need to establish well defined 
long term objectives and to keep them clearly in view at 
all stages of development was reiterated by all other 
speakers planning large scale systems. A. Merta (Central 
Office of Scientific, Technical and Economic Informa- 
tion, Prague) and his colleague K. Cigler gave a compre- 
hensive but realistic account of the detailed analysis 
and planning of the computerized national information 
system being developed for Czechoslovakia. And W. 
Holst (Norwegian Industries Development Association), 
discussing the planning and economics of a cooperative 
information system for the industries of Scandinavia, 
concluded that “the information problem is not 
solved by hurriedly spending a million pounds”. 

Several speakers described techniques of measuring 
the costs of various operations in information systems, 
or of comparing the costs of alternative operations. 
R. H. Orr and C. K. Schultz (Institute for Advancement 
of Medical Communication, Philadelphia) and D. W. 
King (Westat Research, Inc.) favoured computer 
simulation or tests on experimental sets of documents 
and the detailed micro-analysis that can be accurately 
performed when all elements are known and all vari- 
ables can be controlled. But others, especially those 
concerned with systems already operating, looked for 
macro, or large scale, measures. ©. W. Cleverdon 
(Cranfield Aeronautical College) proposed a measure of 
cost-effectiveness which allows for the cost to the user 
of getting non-relevant citations and provided tables 
based on typical retrieval performance curves. B. C. 
Brookes (University College, London), questioning 
whether user cost can be accounted for by micro- 
accounting techniques, provided a model of a three- 
stage hierarchical library system in which cost-effective- 
ness was derived from the overall statistical behaviour 
of its rational users. It became evident that micro- 
analysis was helpful in developing new systems but 
that systems already operating would have to depend 
chiefly on macro-measures. 

The conference was sharply divided by the issue of 
whether searching was more economical and effective 
when based on controlled vocabulary or on free-text 
search. A proponent of the free- text searching, A. K. 
Kent (University of Nottingham), who outlined the 
planning and proposed developments of the UK 
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Chemica] Information System, was followed by A. 
Rolling (European Community, Luxembourg), a pro- 
ponent of the controlled vocabulary, who described 
the compilation of thesauri for Euratom and other 
proposed European Community systems. Other 
papers demonstrated that a whole range of degrees of 
control of vocabulary have been adopted for opera- 
tional systems and that the choice was independent of 
subject matter (systems concerned with subjects 
ranging from chemistry to law were described) but 
dependent on the number of natural languages involved 
in the system. When English was the language of both 
users and of the principal sources, free-text searching 
seemed more practicable than when a multiplicity of 
languages demanded exact translation of the search 
terms. 

Other papers indicated a continuing concern, as 
intense as ever, with the development and testing of 
computer techniques for improving the efficieney of 
information systems, and for bringing the user more 
directly into interaction with the system. G. Salton 
(Cornell University), H. Borko (University of Cali- 
fornia) and B. M. Fry (University of Indiana) provoked 
lively discussions on these matters. However, the chief 
issue, that of cost-effectiveness, remained unsolved. 
With timely reservations about the risk of “saturating” 
users with information expressed by D. G. Rowlands 
(Unilever Research Laboratory, Sharnbrook), the most 
efficient dissemination of information was accepted 
to be highly desirable. But no means of qaant nE 
the assumed advantage of having the additional infor- 
mation was established. 


CHEMISTRY 


High Polymers 
from a Correspondent 


WHEN the fifteenth Canadian High Polymer Foram 
was held at Queen’s University, Kingston, Ontario, on 
September 3-5, A. Chapiro (CNRS, Bellvue, France), 
speaking about recent developments in radiation 
polymerization, reviewed the elementary processes 
that occur when ionizing radiation interacts with 
matter. He pointed out that free radical polymeriza- 
tions usually result when monomers are irradiated, but 
that ionic polymerizations can occur in very dry systems 
at low temperatures. Very rapid polymerizations are 
obtained when monomer-solvent glasses are irradiated. 
This effect is not understood completely, but the heat 
of polymerization seems to soften the glass in the 
vicinity of the growing chain, thereby providing 
adequate mobility to the system. 

Chapiro also reported studies on solid state copoly- 
merizations. He obtains mixtures of homopolymers 
and block type copolymers by irradiating crystallized 
monomer mixtures. The copolymers are derived from 
the eutectic portion of the mixtures, which is believed 
to be a mixture of microcrystals of the two monomers. 
Apparently a polymer chain initiated in one miero- 
crystal can propagate across an intererystal boundary 
and then continue to grow in the second microerystal, 
the result being a block copolymer. Chapiro also 
reported that irradiation of concentrated (more than 
40 per cent by weight) acrylic acid solutions leads to a 
highly syndiotactic polymer at temperatures up to 
70° C. He suggested that the presence of acid dimers 
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in the reaction mixture is necessary for this result. 

R. Y. M. Huang and J. F. Westlake (University of 
Waterloo, Ontario) presented kinetic and molecular 
weight distribution evidence to demonstrate that 
cationic and free radical polymerizations of styrene 
occur simultaneously during polymerizations initiated 
by X-rays at low temperature. Bimodal molecular 
weight distribution curves were obtained. The relative 
importance of the free radical and cationic processes 
depended on the dose rate and on the water content 
of the system. L. E. St Pierre, F. M. Costaschuk and 
D. F. R. Gilson (McGill University, Montreal) reported 
that the rate of solid state polymerization of hydrated 
calcium acrylate was maximum when the salt had 
the composition of a hemihydrate. Inhibition of the 
polymerization by oxygen was also maximum at this 
composition. Because X-ray studies show the hemi- 
hydrate to be less ordered than other compositions, 
chain growth in amorphous regions of the salt seems 
to be more favourable than growth in the crystalline 
phase. 

A new feature of the forum this year was a half-day 
symposium on methods of polymer characterization. 
J. E. Guillet, A. Lavoie and O. Smidsrod (University 
of Toronto) reported the use of gas chromatography to 
characterize polymers. Columns containing the poly- 
mer are prepared and their ability to retain inert 
“probe” molecules is determined at various tempera- 
tures. The results obtained can provide information 
about the melting point, glass transition temperature 
and crystalline content of a polymer. By analysing 
the results in terms of chromatography theory it is 
possible to evaluate thermodynamic quantities, diffu- 
sion constants and so on. This new technique, called 
“molecular probe chromatography” by Guillet, seems 
to be a very promising new tool for the polymer chemist. 

A. Rudin, G. W. Bennett and J. R. Laren (University 
of Waterloo, Ontario) reported an extrapolation pro- 
cedure for determining weight average molecular 
weights (M,) from viscosity average molecular weights 
determined for a polymer in a series of solvents. The 
extrapolated values agree well with My values determ- 
ined by other procedures, but no theoretical justifica- 
tion for the procedure was given. 


INSULATORS 


Structure from Positrons 


from our Solid State Physics Correspondent 


Direct information on the electronic lattice structure 
of insulators is hard to obtain, and it is therefore 
encouraging that positron annihilation has proved to 
be useful for this purpose. W. Brandt, G. Coussot 
and R. Paulin (Phys. Rev. Lett., 28, 522; 1969) have 
analysed the angular correlation curves of gamma rays 
emitted when positrons are annihilated by electrons 
inside a quartz crystal and find measurable kinks on 
the curves corresponding to the bounds of the first 
Jones zone. 

The angular correlation function for the two gamma 
rays produced in positron—electron annihilation con- 
tains a term which has the periodicity of the electronic 
structure, and corresponding features are known to 
show up on the measured curves for rare-earth metals. 
Brandt et al. have now shown. that the periodic function 
can be made to stand out sufficiently well in both 
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hexagonal quartz and face-centred cubie calcium 
fluoride, to give recognizable fluctuations of slope on the 
correlation curves. 

The measurements are still at a rather early stage. 
Not all the specimens examined produced kinks, and 
in one case the curves showed extra structure other 
than that due to the Jones zone. The relevant zone 
points for both quartz and calcium fluoride were 
nevertheless clearly definable. 

Brandt et al. mention that the shape of the narrow 
parts of the curves indicates that it is the electrons of 
small binding energy——around 0-2 eV-—that annihilate 
with the positrons. They also suggest that defects 
play a part in the positron—electron annihilation process. 
The haphazard existence of “extra” kinks at multiples 
of the zone boundary positions is something of a puzzle, 
as is also the lack of the expected periodic features 
in some specimens. It is possible that point defects at 
lattice sites can accentuate the kinks on the curve to 
make them more readily observable than in a perfect 
crystal, and Brandt et al. surmise that there may be 
some optimum conditions for real crystals to exhibit 
the periodicity of the electronic structure on angular 
correlation curves. 


THIN FILMS 


When is Epitaxy Possible ? 


from our Materials Science Correspondent 

Errraxtan deposition—the growth of a film of a crystal- 
line species in parallel orientation on a monocrystalline 
substrate of another species—is a well established 
technique which has become of major technological 
importance with the growth of the solid state electronics 
industry. Attempts to interpret the phenomenon, and 
in particular to define necessary and sufficient condi- 
tions for it, go back to the pioneering work of Frank 
and van der Merwe twenty years ago, and have con- 
centrated on the lattice parameter misfit between film 
and substrate and its implications. More recent experi- 
mental work has established many cases of a distinct 
phenomenon, pseudomorphous deposition of thin films 
on monocrystalline substrates so as to mimic the 
substrate structure. Thus iron deposited on a copper 
substrate will, in appropriate conditions, deposit 
epitaxially as a metastable face-centred cubic film; 
this is pseudomorphous, for it mimics the copper 
structure whereas iron in equilibrium at the deposition 
temperature is body-centred cubic. 

W. A. Jesser, who was responsible for several experi- 
mental studies of thin-film pseudomorphism, has now 
worked out a detailed theory of the phenomenon 
(Materials Sci. and Eng., 4, 279; 1969). Such a theory 
has to interpret not only the limiting conditions which 
permit pseudomorphism at all but also has to account 
for the limiting thickness beyond which an epitaxial 
film is apt to return to the stable bulk structure. The 
theory works up through a series of approximations 
to an analysis of a pseudomorphous epitaxial film 
on a substrate which contains a small hemispherical 
embryo of the thermodynamically stable form, in 
contact with the substrate along its flat surface and 
(at least for a small embryo radius) coherent with 
the substrate. The problem is to calculate, first, 
for what limiting pseudomorphous film thickness it is 
energetically favourable for the film to be coherent 
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with the substrate. (For greater thickness, interface 
dislocations begin to appear.) Second, it is necessary 
to decide what is the critical growth radius of the 
hemispherical embryo of the normal structure, taking 
into account the change in the elastic strain energy of 
the film that results from the growth of the embryo. 
(If I have correctly understood the theory, this thick- 
ness would have to be less than the limiting thickness 
just mentioned.) It is the detailed calculation of this 
elastic energy component in the energy balance which 
is the chief contribution of this paper. 

The theoretical equations are applied to Jesser’s own 
observations on pseudomorphous iron films on copper. 
(He does not quote the film thickness and this para- 
meter seems to receive rather cavalier treatment in the 
theory.) At room temperature, the pseudomorphous 
iron films are partly transformed into spherical regions 
of body-centred cubic iron: the smallest of these regions 
are 25 A in radius, and this should thus match the 
calculated critical radius for body-centred cubic 
embryos to turn into viable nuclei. The value obtained 
from the theor y is 30 A, which represents very good 
agreement. 

The next step would now be to establish a convincing 
theoretical criterion for the formation of an epitaxial 
deposit at all—-whether normal or pseudomorphous. 
The naive idea of twenty years ago, following on Frank 
and van der Merwe’s original ideas, that a misfit of 
about 14 per cent, with identity of 'erystal structure, 
is a necessary and sufficient ‘condition for normal 
epitaxy, has long since been left behind. Tt is still not 
properly understood just why some parts of substrate 
and deposit allow epitaxy (given appropriate tempera- 
ture and supersaturation), while others give a random 
or partially oriented polycrystalline deposit. Mean- 
while, Jesser’s new theory is an important step forward. 


MAGNETIC FIELDS 


Persistent Field Features 


from our Geomagnetism Correspondent 


Tue 1969 General Assembly of the International 
Association of Geomagnetism and Aeronomy (LAGA) 
took place in Madrid between September 1 and 12. 
As usual at such conferences, many papers were con- 
cerned with more or less routine geomagnetic observa- 
tions and analyses or palaeomagnetic studies. Far 
too many were merely rehashes of those given at other 
recent conferences or, worse, of material already in 
print. Nevertheless, at least one important theme 
developed—the apparent permanence of at least part 
of the non-dipole geomagnetic field. 

It has been customary to regard the non-dipole 
part of the Earth’s field as a series of randomly distri- 
buted centres which grow and decay in strength with 
periods usually in the range 10 to 1,000 years and which 
drift westwards at the rate of about 0-2 degrees of 
longitude a year. But in 1963 Yukutake (Bull. Earth- 
quake Res. Inst., 47, 65) showed that it is just as 
valid to regard the non-dipole field as the resultant of 
a drifting and a standing component. But, as F. J. 
Lowes (University of Newcastle) pointed out, this does 
not necessarily mean that the standing part is physically 
significant. 

The implication that some permanence of the non- 
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dipole field is physically real came in five oe First, 
R. Hide (Meteorolc ogical Office, UK) and 8. R. ©. Malin 
(Institute of Geological Sciences, UK) showed, by an 
a of spherical harmonic components of degree 
less than five, that the Earth's magnetic field and its 
rate of change correlate significa. ntly with broad scale 
features of the gravitational field. They suggested 
that such a correlation might arise from ‘undulations 
a few kilometres in height at the interface, between, 
the core and mantle. The correlation stands, however, 
even if the explanation offered be incorrect. 

R. Lomax (University of Liverpool) showed that the 
pattern of the non-dipole magnetic ridges is remarkably 
similar to the distribution of the principal seismic 
belts. Although the analysis was car ried out only for 
a single point in time (the present), the fact that the 
mean separation of seismic belts and magnetic ridges 
is only about 30° suggests that the correlation arises 
not merely by chance. The time dimension was pro- 
vided by J. A. As (Roy al Netherlands Meteorological 
Institute), who, using “dipole vectors” to represent the 
field, showed that the magnetic field 7 ag seven 
“geomagnetic belts” within which deviations in direc- 
tion produced by non-dipole irregularities are extreme. 
The most important properties of these belts are that 
they have remained stationary since 1885 even, though 
the deviation of the Earth’s field from a pure dipole 
has increased markedly sinee that time, and that at 
least five of them coincide with belts of high tectonic 
activity, As also invoked irregularities at the boundary 
of core and mantle as the basic cause of these correla- 
tions. 

Moving to the larger time seale, R. L. Wilson (Univer- 
sity of Liverpool) showed that Quaternary and Upper 
Tertiary palaeomagnetic pole positions almost invari- 
ably lie on the far side of the geographic pole from the 
rock collection localities, even though the overall 
mean pole almost coincides with the geographic pole. 
In other words, for rocks from the northern hemi- 
sphere, palaeomagnetic inclinations are shallower than 
those of a centred axial dipole, while inclinations in 
the southern hemisphere are too steep. The simplest 
explanation seems to be that throughout the Quater- 
nary and Upper Tertiary, the axial dipole was not 
centred but displaced several hundred kilometres to 
the north (191438 km for the Quaternary), An 
alternative representation would be that of an axial 
dipole together with higher axial terms which were 
permanent during the period considered. Finally, 
R. R. Doell (US Geological Survey) produced further 
support for his conclusion that the non-dipole field 
in the Pacific area was almost non-existent 
during the Brunhes epoch and probably has been for 
the past five million years at least. The non-dipole 
field low in the Pacific is the oldest known example of 
a long-term feature of the non-dipole field. 

New developments were also reported in the study 
of field variations. V. Bucha (Geophysical Institute, 
Prague) showed that determinations of archaeo- 
magnetic field intensity are now sufficiently dense that 
some of the non-dipole secular variations superimposed 
on the principal dipole fluctuations may be discerned. 
If field intensity measurements are ultimately: to be 
used to date archaeological materials accurately, it 
is important that short term variations be defined 
properly in advance. Bucha assumed throughout 
that dipole moment fluctuations are real, although 
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there is still some doubt about this, chiefly because the 
bulk of the archaecomagnetic data used to define these 
fluctuations during the past 10,000 years have come 
from material within the relatively confined area of 
Europe and Western Asia. However, P. J. Smith and 
Doell (US Geological Survey) presented archaco- 
magnetic field intensities from lava flows from Hawaii 
(an area far from Europe where the non-dipole field 
was small) which demonstrated the reality of dipole 
moment fluctuations. The other possibility-—that 
dipole moment variations merely reflect changes in 
dipole orientation—-was ruled out by M. J. Aitken and 
H. W. Hawley (Research Laboratory for Archaeology 
and the History of Art, Oxford), who used archaeo- 
magnetic direction measurements to show that although 
there is evidence for movement of the dipole during 
the past 2,000 years, such movement is not large enough 
to account for the observed intensity variations. 

A realistic assessment of the assembly (which was 
held simultaneously with the general assembly of the 
International Association of Seismology and Physics 
of the Earth's Interior—IASPEI[) would be that it 
was worthwhile but that two weeks exceeds the average 
human tolerance level. Conference organizers should 
really be more ruthless in rejecting unoriginal, and 
perhaps even many of the routine, papers. And it is 
a sad comment on the scientific community that so 
few participants are capable of sustaining a lively and 
coherent lecture for the short period of fifteen minutes. 


MATERIALS SCIENCE 


Conducting Ceramics 


from our Materials Science Correspondent 

ALTHOUGH ceramics are apt to be thought of as insula- 
tors, some of them conduct electricity moderately well, 
especially at high temperatures. Some ceramics behave 
in an anomalous manner, and for these it has been 
found necessary to postulate an inhomogeneous struc- 
ture. Thus polycrystalline ferrites have long been 
described in terms of a model due to Koops: according 
to him, well conducting bulk material is separated into 
compartments by poorly conducting layers, which 
presumably coincide with grain boundaries. A recent 
paper from the Institute for Electrotechnical Materials 
at Aachen (F. Haberey, J. Appl. Physics, 40, 2835; 
1969) combines measurements of resistivity and of 
ferromagnetic relaxation of a barium ferrite as a func- 
tion of both temperature and frequency, to derive 
separate activation energies for electron transfer 
between Fe? and Fe?*, (a) We in the bulk and (b) W, 
in the intergranular regions. Thus the electrical 
conduction at megacycle frequencies is attributable to 
the bulk (bypassing the boundary barriers), while at 
low frequencies the barriers determine the electrical 
behaviour. W,~+0:14 eV and W,~0-:30-0-35 eV. 
J. Krausse of the same institute (Z. Angew. Physik, 27, 
251; 1969), by means of an elaborate analysis of the 
frequency and voltage dependence of ferrite resistivity, 
has reached the firm conclusion that the barrier layers 
coincide with given boundaries, although their nature 
remains to be identified, 

This work includes nothing that would help identify 
the nature of the boundary barriers. Rather more is 
known about the corresponding barriers in certain ferro- 
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electric ceramics, especially those obtained by doping 
barium titanate. It has been known for some years 
that small dopant additions of rare earths can increase 
resistivity by many orders of magnitude, provided the 
ceramic has been sintered in an oxidizing atmosphere. 
The matter is further complicated by the fact that in 
doped, oxidized barium titanate the resistivity becomes 
very high only above the Curie points, which has led 
to proposals to use such PTC (positive temperature 
coefficient) materials as surge-suppressors and for other 
circuit functions (for example, W. Heywang, J. Amer, 
Ceram. Soc., 47, 484; 1964). Apart from that, doped 
barium titanates of high resistivity have also been 
widely used to form “barrier capacitors’. In a recent 
study, Vojnovich and McGee (J. Amer. Ceram. Soc.. 
52. 386; 1969) have examined in detail the formation 
of the high resistivity variant in gadolinium-doped 
barium titanate, by varying the state of oxidation of 
the material and also by measuring the resistivity pro- 
file of the oxidized surface region of a previously reduced 
slab. The role of the dopant is still not entirely clear, 
but it seems that one of its functions is to prevent grain 
growth of the titanate by concentrating at grain- 
boundaries in the form of a separate phase. Because 
the oxygen-rich resistive barriers are concentrated 
at grain boundaries, a fine grain-size evidently favours 
the establishment of a high resistivity in the oxidized 
material. The present study included capacitance as 
well as resistance measurements and the two sets of 
measurements were used to deduce carrier concentra- 
tions as a function of depth below the oxidized surface; 
the two plots agreed remarkably well. 

Another recent paper is devoted to a conducting 
ceramic which depends on ionic rather than electronic 
conduction. Beta-alumina, a polymorph of the normal 
hexagonal alpha-alumina structure, is formed only 
when some sodium oxide (or certain other alkali, 
alkaline earth or some other oxides) is added to 
alumina. Its technical importance arises from its use 
as a solid electrolyte in Ford’s high-temperature sodium- 
sulphur battery, which has been the subject of a great 
deal of development effort. De Vries and Roth (J. 
Amer. Ceram. Soc., 52, 364; 1969) have now published 
a critical evaluation of the extensive published literature 
on beta-alumina, with special attention to the Al,O,- 
Na,O system, and have concluded that there are two 
“8. A1,Og-like” phases, one at about Na,O : 11 Al,O,. 
and another in the 1:5 to 1:7 range. One contains 
two spinel blocks per unit cell, the other three; both 
variants have a fairly wide homogeneity range; just 
how wide is not known. The equilibrium relations 
between the two forms also remain to be established. 

Apart from the equilibrium relations of the p-alumina 
phases in the Al,O,-Na,0 system, interest is also 
growing in the exact crystal structure of these phases, 
in the hope of interpreting the remarkably high con- 
ductivity for the Na* ions. One recent approach has 
been through the computer-aided calculation of the 
Madelung constant for one of the @-alumina forms 
(W. van Gool and A. G. Piken, J. Materiais Sci., 4, 
95, 105: 1969); it was established that Na* lattice 
sites and interstitial sites have almost identical energies, 
and this in turn led van Gool et al. to the postulate that 
Nat ions may occur with a certain degree of disorder, 
akin to the stacking-fault, disorder in ZnS and SiC. 
There is some evidence that the highly mobile Na* ions 
migrate between normal lattice and interstitial sites. 
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The LKB UV Analyzer, 
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The Uvicord detector unit is here shown incorporated, 
with the UltroRac, in a separation system. 
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NATURE, SEPTEMBER 20, 1969 


edited by JAMES E. GUNCKEL, 


Rutgers University, New Brunswick, New Jersey. 

Presents an overview of research programmes of a number of 
institutions and individuals associated with the Torrey Botanical 
Club. Topics covered include the control of growth and morpho- 
genesis, processes of disease induction in plants and insects 
and the activities of fungi—all treated as problems of molecular 
or cell physiology; normal and abnormal plant growth, and 
various aspects of morphogenesis. A section on taxonomy 
treats: the family Cyperaceae, the genus Eriogonum, and the 
North-American Flora. Each chapter represents material 
presented at a scheduled symposium; hence the papers are 
related and afford a broad coverage of the topic. The individual 
papers include an introduction and statement of the problem, 
a materials and methods section, results and discussion, and 
pertinent bibliography. 

November, 1969, about 453 pp. 182s. ($19.50) 


by W. R. KLEMM, 


Department of Biology, Institute of Life Science, Texas A & M University, College Station, Texas. 
The scope of this work encompasses all aspects of brain elec- 
trical activity, ranging from DC to the very rapid transient 
potentials. While stress is laid on potentials derived from scalp 
electrodes, attention is also paid to potentials recorded from 
electrodes planted within the brain. The objective is the con- 
solidation into a compact single-source reference work the 
especially relevant and vital information concerning the essen- 
tials of animal electroencephalography. 

1969, 292 pp., over 100 illustrations, 135s. ($14.50) 


edited by JOHN M. LOWENSTEIN, 


Graduate Department of Biochemistry, Brandeis University, Waltham, Massachusetts. 

Volume 14 of METHODS IN ENZYMOLOGY, Series edited by 
SYDNEY P. COLOWICK and NATHAN O. KAPLAN. 

“.. . (of) great value . . . an essential laboratory manual for all 
engaged in biochemical work.” —SCIENCE PROGRESS 

“".. of great utility in any biochemical laboratory.” —SCIENCE 
Describing the preparation of enzymes and substrates in the 
general area of lipid metabolism, this work includes the newer 
analytical methods particularly suited to the biochemist. Mol- 
ecular biologists, biophysicists, microbiologists, and medical 
researchers also will find this comprehensive laboratory ref- 
erence work timely and valuable. SECTIONS: Fatty Acid 
Synthesis. Activating Enzymes. Fatty Acid Oxidation. Synthesis 
of Neutral and Phospholipids. Phospholipases. Miscellaneous 
Methods. General Analytical Methods. Special Methods. 
Preparation of Substrates. 

1969, 766 pp., $29.50 


edited by BERNARD L. HORECKER, 


Department of Molecular Biology, Albert Einstein College of Medicine, New York, 

Recent years have witnessed rapid advances in our knowledge 
of basic mechanisms involved in the regulation of such as inter- 
mediary metabolism, transfer of genetic information, membrane 
permeability, cellular differentiation and other organ functions. 
Results derived from recent investigations of physiological 
processes in vivo constitute a formidable body of knowledge 
from which generalized concepts and basic principles are be- 
ginning to emerge. Because of the diversity of the disciplines 
involved, even an expert is unable to keep abreast with the new 
developments. It is the intent of the editors of the series to 
bridge this gap. The series will serve as a forum for the enun- 
ciation of general principles, formulation of novel theories and 
concurrently summarise progress in specialized areas of study. 


January, 1970, about 284 pp. 


111 Fifth Avenue, New York 10003 
Berkeley Square House, London, W.1 
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The New Look of Climatology 


by 
H. H. LAMB 
Meteorological Office, 


Bracknell, 
Berkshire 


CLIMATOLOGY is facing problems that were not dreamt 
of a generation ago: no less than a demand—natural 
enough in an age of long-range forward planning in agri- 
culture, industry, trade and government-—for forecasts of 
the probable climatic trend over the next few years or 
even decades ahead. The demand began to be felt as 
soon as it became widely known that significant climatic 
shifts had been taking place within the present century 
and, particularly, in the 1960s. Tables of climatic statistics 
could no longer be used with confidence as a guide to the 
future—or at least, not without asking which past years’ 
data they comprised and what reason there was for 
supposing that these were the best guide to the planning 
period. Contrary to the former idea that thirty years data 
were enough to secure a reliable table, it is now appreciated 
that the figures for different thirty year periods differ; 
indeed, Craddock and Grimmer’, as well as Court? and 
others, have shown that better estimates of ternperature 
and rainfall during the years immediately ahead may 
actually be obtained by taking the average of just the 
last ten to fifteen years than for the longer period. When 
it comes to estimating for longer periods ahead, until we 
have more knowledge of the facts of past climatic be- 
haviour and the processes that bring about changes, no 
scientific basis for forecasting (in the sense in which the 
word is ordinarily understood) exists. 

Fortunately, recognition as early as the 1940s?4 of the 
disturbing magnitude of the climatie changes of the past 
seventy years (at first general warming and latterly 
cooling) stimulated re-examination of the older observa- 
tions in a good many countries*-7. During the Second 
World War years and since, there has been much collecting 
and scrutiny of valuable long observation records from 
Europe, North America, Japan and some other places; 
these records have been carefully homogenized and pub- 
lished. This has made it possible for climatic variability 
to be examined. By now, observations from the past 250 
to 300 years have been submitted for the first time to 
meteorological analysis®’, and ways have been found of 
applying this even to the data produced by historical, 
palaeobotanical and other fields of research on the climates 
of the past 1,000 to 100,000 years'®-"3, A beginning has 
also been made with theoretical approaches to the problem 
of climatic change, using electronic computers to predict 
the behaviour of the atmosphere, particularly its flow 
patterns which govern the world distribution of climates, 
in different assumed environmental conditions!®15, Be- 
cause none of these approaches had been possible before, a 
good deal of new understanding has come rather easily. 
Although efforts so far have been on a very small scale in 
relation to the potential economic value of advances in 


Knowledge of the great climatic changes of the past can help in the 
development of a system of long range weather forecasting. But 
the work of collecting, and putting into order, sufficient data on a 
worldwide scale is only just beginning. 


this field, the position today is both stimulating and 
encouraging. It is important that no premature confide 
should be engendered as regards plans for large seale 
attacks on the deliberate modification of world climate, 
but already better advice can be given than ever before 
in assessing the current behaviour of the natural climate 
and the possibilities of man’s activities affecting it, either 
inadvertently or intentionally. 

Only thirty years ago climatology was generally re- 
garded as the mere dry-as-dust bookkeeping end of 
meteorology. But the subject had undergone several 
changes of fashion and fortune before that. The great 
descriptive climatologies of Pierre Cotte in the 1780s, 
von Humboldt in the middle of the last century and, 
later, Hann, Köppen and Voeikof, as well as the works of 
Kendrew and Brooks in Britain, displayed an insight into 
many important physical processes and their effects on 
the environment. For many people they made the subject 
a fascinating environmental study, but for the physical 
scientist it has seldom had a depth of interest to rival 
dynamical meteorology and the great strides forward in 
the development of numerical forecasting. 





The Past 2,500 Years 

At the beginning of this century it was widely held 
that, though there had been drastic climatic changes in 
the geological past (including ice ages and eras of tropical 
climate in England), climate had been essentially constant 
for at least the past 2,500 years. This seemed proved by, 
inter alia, the ancient Roman and Greek deseriptions of 
the climates of Britain, central Europe and Boussia, 
though these descriptions related to little more than one 
point in time and had more to do with the quasi-permanent 
differences between these countries and the Mediterranean 
than with absolute climatic values for that time or any 
other. Nevertheless, this view of the constancy of climate 
coloured the teaching not only of climatology but of other 
subjects, notably history, until quite recently. The more 
recent recognition of significant climatic shifts both before 
and since classical times has given climatology new life, 
and means that much re-thinking is required m the other 
subjects affected. It indicates that an understanding of 
climatic development and a good knowledge of climatic 
history must be central to our understanding of human 
history and the history of the environment, just as much 
as to forward planning and the assessment of risks in 
present-day undertakings. 

Definitions of climate and of climatology have varied. 
That (still widely current) definition of climate as “average 
weather” must surely be regarded as quite inade- 
quate. Climate comprises the totality of weather ex- 
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perienced at a given place. As long ago as 1845, Alexander 
von Humboldt! defined climatology as a division of 
meteorology taken in its broadest meaning as the physics 
of the atmosphere and the causes and relationships of 
atmospheric phenomena, It could be called long range 
meteorology, for which Franz Baur“ coined the con- 
venient name Grosswetterkunde. There is no strict equiva- 
lent in English: physical and dynamical climatology are 
the terms that will probably be used as the subject 
develops, but they must not hide for English speaking 
countries the fact that the subject is bound to develop 
somewhat differently from dynamical meteorology and 
beyond its usual bounds. Advances of knowledge have 
already shown that the path that leads ahead is as a 
branch of the earth sciences, most specifically of geo- 
physics, which on the one hand owes much to modern 
dynamical meteorology and oceanography, but which 
must also draw on the other earth sciences as well as 
studies of the solar system and solar physics. Moreover, 
to gain an adequate bank of data about past climatic 
behaviour, climatology needs links with many other 
branches of learning, from palaeobotany to human history. 
In return, it can stimulate these subjects by interpreting 
their data. It is therefore valuable as a unifying discipline 
and a stimulating field of research of exceptionally wide 
interest touching most aspects of the human environment. 





Air Temperatures 


The longest run of thermometer observations of air 
temperature anywhere in the world which have been 
reduced to a homogencous series relates to lowland sites in 
central England, and extends back to 1680. It can be 
surveyed in Fig. 1 in terms of the successive decade 
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Fig. 1. Air temperatures prevailing in central England. Dots, decade 
values from 1680-89 to 1960-65 (after Manley). Curves, 100-year 
running means (values before 1680 derived by myself). 
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Fig. 2. Temperatures in central England and variations in the amount 


of radioactive carbon in the Earth's atmosphere. 


average values for July and August, for the whole year and 
for the three winter months December to February. The 
basic figures were derived by Manley from overlapping 
records for several places, at none of which were observa- 
tions kept up for the entire period, Numerous tests and 
comparisons have shown the resulting series to be trust- 
worthy; even in the earliest years quoted any errors in 
the individual months’ averages seem to be well under 
1° C, and the decade averages are probably eorrect to 
about 0-1° C. The series is represented today by the 
average of observations at Cambridge, Ross-on-Wye and 
Stonyhurst or Nelson, Lancashire. Interestingly, both the 
course and the magnitude of the changes of overall 
annual mean temperature shown during the past 100 years 
agree closely with those computed by Mitchell’ for the 
whole world. The diagram (Fig. 1) includes curves 
showing the run of the 100-year averages, which by means 
described elsewhere?! have here been extended back to 
the year 1500. Points to note in this diagram are the 
general coldness of the seventeenth century, particularly 
the 1690s (when eight years of harvest failure and dire 
famine in Scotland may have made the union with England 
inevitable), the brief warmth of the 1730s, the more 
sustained warmth of the first half of the present century 
and the decline over the past twenty to thirty years. The 
trend of the summers has been unlike that of the rest of 
the year at times, but the 1960s have been a time of 
colder summers as well as colder winters, (The pleasant 
summer of 1969 produced a mean temperature value for 
June to August just equal to the 1931-60 average.) 

The accumulated effect of the warm decades brought 
Atlantic sea temperatures generally to their maximum as 
late as 1940-54 and may have been the reason why 
Britain’s spring and autumn temperatures did not begin 
to turn down until after that. In the 1960s October is the 
only month of the year in Britain that has maintained, 
and even improved on, the warmth of 1920-55. If, 
as seems (on the face of these facts) likely, the downturn 
comes to affect October also, the effect im shortening the 
growing season may be important. The overall change of 
level of prevailing temperatures in this country since 1680 
is only of the order of 1° C, though individual decade 
averages of winter temperature have ranged ever rather 
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more than 2° C. These differences may seem trivial. They 
are, however, enough to have shortened the average 
growing season since 1950 by about two weeks in com- 
parison with the warmest decades and to have doubled the 
frequency of snow on the ground in most inland districts 
of England since the years between the two world wars 
(five to seven days being typical figures for the 1920s and 
30s, ten to fifteen days for the 1950s and 60s). The fall of 
temperature in the present decade below the “normal” 
values of the previous thirty to forty years appears 
statistically significant (P< 0-03) in summer and winter 
and during the year as a whole. 

In the upper curve in Fig. 2 the sequence of prevailing 
temperatures in England is carried back, in terms of 
successive fifty year averages, for more than a thousand 
years. This has been done™ by regression equations 
connecting the average temperatures with the relative 
frequencies with which months of one or other extreme 
character (mild or cold, floods or parched ground and so 
on) are unambiguously recorded in available accounts 
and chronicles of various kinds. The result seems to 
verify the warmth of the early middle ages, particularly 
between 1150 and 1300, when vineyards were maintained 
for long periods in England, when grain was grown in 
Teeland and wheat as far north as Trondheim. And, just 
as the decline that followed eliminated all these practices, 
it is surely reasonable to suppose that it caused serious 
difficulty in many upland and exposed places in Britain!*-**. 
Dates and available figures suggest that, through inducing 
starvation and retraction of the cultivation limits, climate 
may have had more to do with the Highland troubles in 
Scotland and deserted villages in England than did the 
Black Death. 
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The lower curve in Fig. 2, which has been inverted to. 
show its strong correlation (r= —0-80+ 0-09) with the 
values indicated by the temperature curve about 150 
years later, registers variations in the amount of radio- 
active carbon (1C) in the Earth’s atmosphere®. This 
element is continually produced by bombardment of the 
atmosphere by cosmic rays from the galaxy, and the 
variations seem to be due to this cosmic ray flux being 
inhibited by the magnetic fields in space associated with 
the solar wind at times of solar disturbance. ‘Times of 
deficient “C are therefore believed to occur as a result of 
a long-continued high level of solar activity, and an 
excess of “C should arise through abnormal quiescence of 
the Sun (as is known to have occurred in the seventeenth 
century)?!~4,, Superposed on the main undulation of both. 


curves in Fig. 2 during the last thousand years, there isa | 


tendency for a repeating oscillation with an approximately ; 
200-year period, which is particularly noticeable in the 
uC curve, but may also be registered in the temperature 
curve by the maxima around 1300, 1500-1550, 1700-1730 
and 1900-1950. 


Solar Beam 


Budyko®* has drawa attention to the fact that the 
strength of the direct solar beam, as measured by observa- 
tories at the Earth's surface, has been declining sinee the 
1940s. It seems to have fallen by about 4 per cent to a 
level similar to that observed near the beginning of the 
record over runs of years in the 1880s and early 1900s 
affected by much voleanie dust in the stratosphere, 
Budyko tentatively attributes the new decline to a great 
increase of man-made dust in the atmosphere (resulting 
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Fig. 3. Baur's solar index. eu and prevalence of the middle latitudes westerlies (after Mironovitch””). Baurs solar 





index (SI) expressed by ===- where F is the area of faculae in millionth parts of that half of the Sun’s surface seen 
from the Earth and # is its aotig value 1874-1952, D is the area of the Sun's face dimmed by spots and fì the overall 
average value of D. (The measurements of F are due to Baur from the daily Sun photographs of the Royal Greenwich 
Observatory.) ~ Atlantic zonal circulation Index (AI): annual average values of the Azores Iveland pressure 
difference expressed in percentage of its overall average 1894-1952 (16-1 mbar). «-~«-, Yearly frequency of the 
general westerly (W) zonal type over the northern page 3 aie in terms of 500 mbar flow by Girs {for exampls, 
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from industrial and agricultural practices). That there 
has been an increase in the turbidity and dust burden of 
the atmosphere is verified by actual measurements, but it 
is far less clear that this can be blamed for all the world 
cooling and declining energy of the atrnospheric circulation 
since the 1940s; the case is unlike that of volcanic par- 
ticles in that the dust is maintained in the lower atmo- 
sphere. Any radiation the dust intercepts can therefore 
heat the lower atmosphere much as if it had penetrated 
to the Earth’s surface, though not quite at the same level: 
any dustiness of the atmosphere presumably, however, 
increases the Earth’s albedo and so causes some loss of 
energy received. 

Some years ago, Baur?’ devised a solar index to express 
the probable net effect on the Sun’s output of radiation 
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currents of the world's wind circulation (differences of monthly mean 
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due to the measured areas of brightening (faculae) and 
darkening (sunspots) of the Sun’s face at times of solar 
disturbance. Fig. 3 shows this index (bold curve) plotted 
by Mironovitch?’ against two measures of the strength of 
the zonal west wind circulation over the middle latitudes 
of the northern hemisphere. (The solar index curve is in 
terms of cumulative anomalies.) The parallelism is 
striking and suggests, as Fig. 2 suggests, that the observed 
climatie variation is chiefly attributable to a variation of 
the Sun’s energy output at source, though changes in the 
amounts of carbon dioxide and dust undoubtedly have 
some effect. 

Measures of the strength of the chief currents of the 
world’s wind circulation, using the differences of monthly 
mean barometric pressure across the windstrearn, in the 
months of January and July (Fig. 4) for which series of 
maps going back for many years are now available", 
indicate a prolonged build-up of strength from the 
earliest: years around 1800 to 1850, or perhaps earlier, to a 
maximum around 1900 to 1950 and a decline sinee. Thus 
the trends shown by the northern hemisphere westerles 
in Fig. 3 are seen to be representative of a world-wide 
phenomenon, and have a long history. 


Changing Winds 


The changing frequency of westerly weather situations 
over Britain (Fig. 5), that is situations of progressive zonal- 
flow type (with high pressure to the south, low pressure 
to the north, prevailing south-west to west winds at the 
surface, and changeable weather, as sequences of depres- 
sions travel east across the Atlantic and bring their frontal 
rainbelts across the country}, shows that the same trends 
affect the year as a whole as those already seen in January 
and July. This may have been the most frequent type of 
weather in the British Isles at most times since the ice age, 
but it undergoes much greater variations of frequency than 
were suspected until recently. Fig. 5 shows the record for 
the years since 1861 for which daily weather maps are 
available. The trend is broadly the same as for the 
measures of the strength of the North Atlantic westerlies 
and trade winds shown in Fig. 4, but the implications for 
our climate become clearer. The ten-year mean frequency 
in the 1920s was substantially greater than in recent years. 
It gave more reliable winds from the ocean in winter, main- 
taming a prevalence of mild weather that was taken for 
granted at the time but in retrospect seems remarkable. 
The recent change has meant not only more winds from 
other quarters, and particularly from northerly points, 
but a tendency for slower-moving weather systems: this 
has brought more variability of rainfall and accounts for 
some heavy falls and flooding, as in 1968, when a rain. 
system lingered over this or that district. The timeliness 
of these studies is stressed by the current decline of the 
westerlies and the fact that the total of sixty-three 
westerly days in 1968 was the lowest of the 108-year 
record. The first eight months of 1969 (with 29 days) 
have shown a still more markedly low rate. 

To find precedents for our present situation, we can use 
the yearly frequencies of observations of south-west 
wind (at the surface), which can be obtained from daily 
observations in the London area back to 1669. The curve 
in Fig. 6 shows the ten-year mean frequencies for this 
period and a tentative extension back to 1340 from very 
various indirect and occasional evidence, which, however, 
includes some weather diaries. There are several points to 
note about this curve. First, the correlation with the 
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frequency of the general westerly type over Britain since 
1860 (Fig. 5) is close. Second, and much more surprising, 
the successive decade values from 1760 to the 1950s show 
a strong correlation (r= +075, P< 0-001) with the depth 
of snow accumulation at the South Pole, as determined by 
recent glaciological measurements**, The suggested 
interpretation is that both variables respond to the 
general strength of the global wind circulation. Third, the 
history of the south-west wind seems to show three to four 
repeats of a roughly 200-year fluctuation which maintains 
a constant phase relationship to the ‘C-solar variation 
already noticed. The characteristics of this fluctuation 
are great predominance of the south-west wind in the 
early 1300s, 1500s, 1700s, and 1900s, followed sooner or 
later by a sharp fall to frequencies only about half as 
great. There were sharp falls in the 1560s and 1760s very 
similar to the experience of the 1960s. (The time of 
sharpest fall from the high frequency of the south-west 
wind around 1340 cannot be pin-pointed. The strongest 
evidence is for an impressive minimum in the 1420s and 
1430s, which may or may not have set in suddenly.) We 
can, in this way, identify at least two precedents for the 
present situation, and these are just 200 and 400 years 
ago. On those occasions man-made dust could hardly be 
invoked as an explanation; nor is the timing of the 
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greatest voleanic events suitable. Before 1969 some 
doubt was entertained about the very low annual totals 
of south-west wind inesome years between 1770 and 
1845 and, apparently, also in the 1680s and 1690s: it is 
now clear that the most recent figures are comparable with 
the experience of those times (and presumably with the 
earlier minima shown in Fig. 6). 


Shift towards Equator 

The world climatic pattern that accompanies these 
changes in the 1960s shows an equatorward shift of the 
limits of the arid zones and of the subpolar cyclonic 
activity in both hemispheres, shorter wavelength than 
before in the upper westerlies over middle latitudes (which 
has shifted the longitudes of most rain and snow-fall), 
and greater amplitude of the waves (meridionality) which 
has carried invasions of polar air to lower latitudes? +, 
Weakened flow of the upper westerlies also implies less 
moisture transport across the continents in middle lati- 
tudes and into the polar regions. The counterpart of this, 
the previously increasing downput of rain and snow in the 
belt of westerlies and over the polar regions during the 100 
to 150-year period of strengthening wind circulation 
before 1900-1950, can be traced in the rainfall figures 
typical of these regions (Fig. 7). Rainfall at the eastern 
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Fig. 6. Frequency of south-west surface winds in south-eastern England since ap 1340. 


(Composite record: 


i 1669 to date from daily observations near London, partly worked u 
by Manley and partly in the Meteorological Office: na ie k 


before 1660 derived from indirect 


evidence, including weather diaries kept in other places in England or western Europe.) 
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margins of the continents in extra-tropical latitudes 
showed an opposite deviation (lee effect) in the decades of 
strongest westerlies. Those decades were also generally 
the driest in latitudes between about 35 to 40° north and 
south, including the equatorial zone, affected by the 
strengthened and expanded subtropical anticyclones of 
that time. The subsequent changes, in the 1950s and 
1960s, have seen, inter alia, substantially decreased rainfall 
in central Asia (which may have been crucial for 
Kruschev’s grain-growing experiment in the virgin lands) 
and an inereased rainfall in the equatorial zone which has 
raised the levels of the great lakes in East Africa by 
several metres. In England in the 1960s an 8 per cent 
_inerease of the average rainfall in the summer months has 
been offset by lower rainfall at other times of the year, 
particularly drier winters: at the same time year-to-year 
variability has increased. 

Clearly the rainfall changes which aecompany shifts of 
the general atmospheric circulation are in many connex- 
ions and in many parts of the world even more important 
than the temperature changes. That climatic changes 
have affected man, his environment, his way of life and 
his art, many times during the past few thousand years, 
and even within recent times, can be substantiated by 
many examples')#*~94 and has begun to attract the atten- 
tion of historians and archacologists®. That climatic 
changes may still be critical is emphasized by the concern 
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in Iceland over the regrowth of the Arctic pack-ice in the 
1960s (ref. 36) and the anxiety in New York, as well as in 
Rhodesia and the Transvaal, about the droughts of this 
decade and in East Africa over the rising lakes. Many 
more examples could be cited. In England there have been 
debates about how much money should be spent by high- 
way authorities on snow-clearing equipment and road 
salt, whilst the Scottish skiing centres have been developed 
in a run of years far more favourable to the enterprise 
than for long before. 

It is not surprising that inquiries are received about. the 
possibility of climatic forecasting. Indeed, it behoves us 
to consider in what ways modern civilization may be 
vulnerable to the shocks of climatic change, for example, 
(1) through the increasing, scientifically worked out 
exploitation of natural resources (such as water) to the 
limit of their supposed availability; (2) through the inter- 
dependence of the economies of nations, geared to 
delicately balanced trade agreements and quotas. 

Fletcher?” has recently argued that, with the world’s 
increasing population, man cannot leave these things to 
chance and will be forced to intervene with a view to 
managing climate and preventing the worst extremes. 
Such proposals must, however, be viewed with alarm at 
present because of doubts as to whether the consequences 
of human action could be adequately predicted or even 
whether any manipulation that was tried would neces- 
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sarily be with this aim of the maximum benefit to all. No 
climatic shift that could be devised would be beneficial 
everywhere. 


Research for Forecasting 


For the present, research must clearly continue (and the 
effort could with advantage be stepped up) to create the 
knowledge on which any satisfactory forecasting or 
advisory system must be built. Institutions devoted to 
this aim have begun to appear in recent years: for 
example, the Center for Climatic Research, founded by 
Professor R. A. Bryson, at Madison, University of 
Wisconsin, and the work directed by Girs and Maksimov 
in Leningrad and by Dzerdzeevski in Moscow, which has 
already produced forecasts (which may or may not be 
premature) covering the next twenty years. Valuable 
studies have also been carried out by J, M. Mitchell in the 
US Environmental Science Services Administration. 
The needs first and foremost are: (i) To collect and 
arrange the faets of past climatic behaviour over as 
much of the world as possible, year by year and epoch by 
epoch, as far back as the data permit, and to produce these 
in convenient, mapped form and in other forms suitable 
for further processing. (ii) To use these data to discover 
the mechanisms of change in the wind and ocean circula- 
tions; and to monitor these processes year by year from 
now on. (ili) By cooperating with other branches of 
learning to extend our knowledge of the facts of the past 
and of the external environment today; to monitor 
changes of atmospheric turbidity and pollution at various 
levels, carbon dioxide, voleanic and other dust, and the 
intensity of the solar beam. (Measurements from satel- 
lites and high-flying aircraft®* in 1966-1967 indicate a 2-5 
per cent lower intensity of the solar constant than the 
best assessments from mountain observatories in the 
years prior to 1952.) (iv) To use these records to improve 
our knowledge of the responses of the atmosphere to 
changes in the amounts of solar disturbance, volcanic 
and other dust, changes of ocean temperature and in the 
amount of sea ice as well as to the variations of cloud- 
cover and their influence. 

There are many dangers, but also some hopeful! points, 
in the present situation. The concepts of causes and 
mechanisms of climatic variation I have indicated are 
more closely related to observation than the theories of 
earlier generations could be, but they amount to little 
more than an outline sketch based on a first reconnaissance 
carried out in the Meteorological Office during the last 
ten years. The more obvious pitfalls of planning for the 
future either on the assumption of climate remaining 
constant (that is, subject to only random year by year 
fluctuations) or on blind extrapolation of some recent 
trend should be overcome by increasing knowledge and 
making the public more widely aware of it. For the 
present, the best solutions to planning problems can 
presumably be found by applying statistical methods to 
assess risks and required safety margins in relation to a 
knowledge of climatic events over a much longer period 
of the past than was formerly taken into account. The 
dangers are that climatic forecasting may be rashly under- 
taken and prematurely combined with attempts to modify 
or control the climatic trend. The computer models of 
atmospherie behaviour in other climatic eras may be 
unrealistic, and may therefore proceed too far and too 
fast on faulty basic assumptions. Such developments 
should be preceded by acquiring fuller and firmer factual 
knowledge. There is need for a long maintained obser- 
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vational programme to monitor not only atmospherie and 
meteorological parameters (as will be done by World 
Weather Watch) but also variations in the Sun’s radiation 
and the other quantities mentioned in points (iii) and (iv). 
There is even greater need for a concerted effort to adi to 
our observational knowledge of the wind and ocean 
circulation, and climatic regimes, of past years, centuries 
and millennia, This task might be passed over through 
inadequate support, because it seems unexciting to 
theoreticians; but, in reality, it is a fascinating and 
absorbing quest that draws together diverse branches of 
learning and throws new light in many fields. 

It may be a long time before we can give a formal 
forecast of climate, if that ever comes, But this research 
already makes possible a reasoned consideration of the 
probabilities today of different climatic trends. We also 
have a clearer knowledge of the margins of error that must 
be imposed on any forecast assessment, for example, by 
the possible occurrence of great voleanic eruptions, The 
chance of serious effects, and even alteration of the 
climatic trend, by man-made pollution must be the object 
of continuing study: the apparent rate of increase of 
carbon dioxide and of atmospheric turbidity, and the 
possible implications of aircraft and rocket condensation 
trails, are sufficiently dfsquieting. 
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Taer radiation hazard to man arising from the ingestion 
of fission nuclides has received considerable attention 
during the past twenty years. Considerable effort and 
publicity have been focused on factors such as the deposi- 
tion of Sr and !7Cs in bone, the occurrence of 1 in 
thyroid tissue, and the inhalation dose from short lived 
nuclides such as Sr, Zr, Ru, Ba, 1Ce, and so on. 
The potentially hazardous character of YC, although out- 
lined early by Pauling’, Totter et af.*, and Leipunsky*, has 
not attracted as much attention. 

Numerous data have been reported on the distribution 
of “bomb 4C” in the atmosphere and oceans which permits 
theoretical estimates to be made of human “C levels in 
the past, present and future. The volume of published 
data on measured concentrations of “C in human tissue 
for comparison with such estimated values is, however, 
extremely limited. We have therefore reviewed some 
of the limitations in the estimates of human 1C levels 
and compared the theoretical results with measured data 
from blood protein carbon. 

Before the mid-nineteenth century there was a “steady 
state” distribution of eosmie ray produced MC within the 
carbon cycle, During the past century, however, 
two of man’s activities have upset this situation. First, 
the combustion of fossil fuels has released large quantities 
of ’C-free carbon dioxide to the atrnosphere, resulting in 
a decrease of “C specific activity (Suess effect). Second, 
the testing of nuclear devices has added MC to the atmo- 
sphere resulting in a corresponding rise in the HC specific 
activity (bomb effect}. The relative magnitude of these 
effects was such that by the mid-twentieth century the 
Suess effect had decreased the atmospheric “C activity by 
approximately 3 per cent, whereas the bomb "C produced 
during the period 1945 until 1962 was sufficient to increase 
the tropospherie “C level of the northern hemisphere to 
100 per cent above natural concentrations in 1963. Thus 
it is possible to construct mathematical models of the 
rnass transfer within the dynamic earhon cycle based on 
the changes in MC specifie activity measured in the 
various reservoirs, and arising from either the Suess or the 
bomb effects. The construction and evaluation of such 
models have been discussed in detail by Plesset and Latter’. 


Estimating Human "C 

Many mathematical models of varying complexity have 
been applied to the dynamics of carbon transfer. Any 
estimate of 1C in mankind must be related to these 
models. The question arises as to how representative a 
particular model is for this purpose, bearing in mind the 
quality of the experimental data available for its construc- 
tion. Possible limitations on the use of any theoretical 


reaching human bodies from the environment as a result of nuclear 
fission and fusion. Comparisons with measurements of carbon-14 in 
blood samples show that these calculations can be wrong, particu- 
larly during the first ten years after a sharp increase in environ- 
mental radiation. 


treatment include the following. (1) Uncertainties in the 
values of the parameters which govern the tramsport of 
carbon dioxide within the carbon evele, particularly with 
respect to the biosphere. (2) The basic assumption, made 
in any mathematical treatment, that the internal mixing 
time for carbon in a given reservoir is negligible in relation 
to the exchange time between adjacent reservoirs. (This 
is clearly not the ease.) (3) The concept that the mass 
transfer flux across reservoir boundaries is uniform in 
location and time. (4) Concentrations of YC in man are 
likely to be quite different from those in the terrestrial 
biosphere for two reasons: (a) the nature of the human 
diet favours the assimilation of young terrestrial bio- 
spheric carbon, and (b) the diet usually includes carbon 
of marine origin with a lower concentration of MC, 

Errors in estimates of human “C levels arise from the 
uncertainties in calculations of biospheric concentrations 
of MC at various times after a stratospheric injection of 
artificial “C, To illustrate this problem we have compared 
the predicted terrestrial biospherie MC levels from a 
simple two box model (Fig. 1) with those from a more 
complex six box model (Fig. 2) for all estimated bomb 
uC produced so far. The rates of production of “C (Table 
1) are based on published fission and/or fusion energy 
yields and are calculated from the relationship, 2 x 10% 
MC atoms per Mton for an air burst, and Ix 10% uÇ 
atoms per Mton for a surface burst. All MC is considered 
as being injected directly into the stratosphere. The 
experimental parameters used in the construction of each 
model (Tables 2 and 3) are calculated from recent: measure- 
ments in this laboratory®. 

Comparisons of the predicted biospheric levels derived 
from each model are shown in Fig, 3. It is clear that the 
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Fig. 1. Two box model for dynamic carbon cycle. 
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Six box model for dynamic carbon cycle. 


simple treatment (two box model) is adequate for times 
12 years after a major stratospheric injection of MC. 
Further, the error involved in assessments of human "C 
levels after this period is negligible, for the general limita- 
tions discussed previously will be inapplicable because of 
the virtual homogeneity of excess “C throughout ter- 
restrial carbon reservoirs. 

The major problem arises, however, in the computation 
of human “C levels during the decade immediately after 
a period of “C production. Probably the largest source 
of error in this period arises from uncertainties regarding 
the biosphere. To investigate this aspect further we have 
measured the variation in “C concentrations in human 
blood protein obtained from plasma colleetions from 
southern Scotland during the period 1952 until the present 
and compared the results with the predicted concentra- 
tions, 


4C in Blood 


We obtained samples of dried human plasma contained 
in sealed flasks. Each sample represented the combined 
plasma separated from the whole blood of ten donors 
resident in southern Scotland (approximately 20 g of 
protein). In all cases the plasma separation date was 
known, and this corresponded to a blood collection date 
30+5 days previously. Small, but known, quantities of 
dextrose and sodium hydrogen citrate had been added to 
each sample during its preparation for storage, and this 
constituted carbon contamination so that pretreatment 
was carried out to recover the protein fraction. The 
plasma was reconstituted by the addition of water and 
the protein was precipitated using trichloroacetic acid. 
The protein was recovered by filtration, and washed free 
from dextrose, citrate and acetate, using dilute hydro- 
chloric acid followed by water. This pretreatment resulted 


Table 1. ESTIMATED “BOMB MC” PRODUCTION SÙ FAR 

k Mean annual 
Period NC yield production 

(10% atoms) (10% atoms) 

1945-51 O1 0-015 
1952-54 6-0 2-0 
1955-56 39 1-95 
1957-58 14-2 7-10 
1959-60 Nil Nil 
1961 24-0 24-0 
1962 43-4 43-4 
1963 Nil Nil 
1964~66 0-02 0-005 
1967 10 10 
1968 20 20 


igs 


Table 2. DISTRIBUTION OF CARBON IN THE DYNAMIC OYCLE 


Carbon mass 


Reservoir (1007 g} 
Stratosphere 1h 
Troposphere S52 
Biosphere 1-24 
Humus 7-10 
Mixed ocean layer 816 
Deep ocean layer BTL 


Table 3. EXCHANGE RATE CONSTANTS 








Exchange k value 

between reservoirs (years) Application 
Terrestrial to oceanic 0-09 Two box 
Oceanic to terrestrial O-0016 model 
Stratosphere to troposphere 0-25 
Troposphere to stratosphere 0-05 
Troposphere to biosphere O12 atta 
Biosphere to humus Ob Six box i 
Humus to troposphere O10 Fe ee 
Troposphere to mixed ocean OIL ER 
Mixed ocean to troposphere OOF 
Mixed ocean to deep ocean 0-09 
Deep ocean to mixed ocean 0-0020 


* Reciprocal of the mean residence time for carbon in a given reservoir 
prior to transfer. 


in better than 90 per cent recovery of pure protein. The 
protein carbon was converted to carbon dioxide by 
combustion in a stream of oxygen and the gas was purified 
for later “MC measurement in a carbon dioxide anti- 
coincidence proportional counting system, We used a 
2-6 litre counter filled to one atmosphere pressure. In 
these conditions the background counting rate is 5 o ptis 
and the net rate for standard gas prepared from National 
Bureau of Standards oxalic acid is 15 ¢.p.m. The activity 
of each sample was measured for at least two independent 
counter fills, and a minimum total of 60,000 counts was 
recorded. The isotopic fractionation for “C in each sample: 
gas was measured relative to the Peedee Belemrite 
Chicago Limestone Standard, and the measured C en- i 
richment was corrected accordingly, Results are quoted. 
in Table 4, as percentage enrichment over the standard 
using the method described by Broecker and Olson™, 
The measured values (Table 4) can be compared. with 
the predicted. biospheric levels from the box modeéls.(Fig, 
3). The discrepancies shown are a measure of the combined 
error from the general limitations imposed by a box model 
treatment as discussed previously and that involved im 
relating YC production to published nuclear energy ‘yields, 
Measurement of “C in ground level air collected froma 
worldwide sampling network® shows that uniformity of 
bomb MC concentration (to within +5 per eent) was 








nerease over nineteenth century 


NC per € 
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Fig. 3. Terrestrial biospheric “C levels estimated from energy yield 


data, ——~, Two box model: -~ ==, six box motek 
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Table 4. C/C RATIOS MEASURED IN HUMAN BLOOD PROTEIN 
Blood collection 
date: SHC t le 60% Jog 1% tlo 
26.10.52 ~3 6120-5 ~2-9440-6 
~ 160406 ~1:3146-5 
~ TR £ OG 702407 
~ 804407 ~ 3-94 40-8 
16-42 + 0-9 1692+10 
985 + 0-8 10-81 £09 
BLOT + 10 33-89+11 
4436200 45-63 41-0 
GOOG + 0-8 61-51 40-8 
6544+ 08 66-16 + 0-8 
isles 63-07 = 0-7 65-62 + 0-8 
30.12.66 6447 2 O07 6541 +07 
8.4.67 64192 0-6 65:32 +07 
27.10.67 62-64 + OT 65-31 +08 
10.7.68 6323 + 0-9 ~ 26:33 63-40 + 1-0 


obtained throughout the troposphere only during late 
Because the human "C concentration is primarily 
: governed by the photosynthetic fixation of tropospheric 

HO. a corresponding worldwide variation in human “C 
levels will be evident before this date. This fact is not 
accounted for in either box model treatment. 

To minimize the limitations of the box model approach 
due to the finite time required for atmospheric mixing 
and the error involved in calculation of the "C production 
inventory, we have compared the measured blood protein 
“uC data with the well documgnted tropospheric MC 
activities in the latitude band 50°-60° N. We have also 
predicted the corresponding terrestrial biospheric “C levels 
using these values (Fig. 4). Thus in effect we have 
investigated the relationship between YC concentrations 
in man and those in his contemporary local environment. 





Estimating the Biospheric '4C 

The calculation of a representative value for YC en- 
richment in the terrestrial biospheric reservoir must be 
speculative because of its diverse physical composition 
and uncertainty regarding the masses of carbon involved. 
In this treatment we have chosen the basic data and the 
approaches of Lieth™ and of Junge and Czeplak'?, Because 
the mass of biospheric carbon is 124x 10" g, and the 
annual fixation of biospherie carbon is 0-384 x 10" g, a 
mean turnover time for biospheric carbon is approximately 
three years. On this assumption the biospheric enrichment 
value (AB per cent) at the beginning of any year n was 
calculated using the relationship 


AB = =D (1) 
where Ar is the measured tropospheric value in year n, 
(n~1),..., and so on. Because the biospheric #C levels 
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Fig. 4. C variations in the latitude band 50°-60° N, ~~~ . Measured 
tropospheric CO, (July and August); +--+, estimated terrestrial 
biosphere; OO, measured blood protein carbon. 
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at northern latitudes are enhanced by the coincidence of 
the maxima for stratospheric/tropospheric mixing and 
carbon fixation through photosynthesis, the tropospheric 
(Ar) values used in calculation (1) were those measured 
for July to August of each year (Fig. 4). 

From the data presented in Fig. 4 it is evident that 
during the decade after a major injection of YC to the 
atmosphere the correlation between the specifie activity 
of 4C in man and that in his immediate environment is 
complex, Apart from the uncertainty in computation of 
the mean biospheric “C enrichment it seems from the 
nature of the divergence, particularly during the past 
five years, that other factors are significant in determining 
the 4C level in body protein. The apparent lag shown in 
human "C relative to the calculated biospheric levels is 
probably a function of (i) the percentage of dietary protein 
derived from marine sources, (ii) the assimilation of protein 
imported from other latitudes of lower “C specifie activity, 
and (ili) the mean residence time for carbon m human 
tissues, 


Likelihood of Errors 

The possible error involved in estimates of human “C 
levels based on present theoretical techniques is significant 
only during the decade after a period of artificial “C 
production. In considerations of this first decade, however, 
it should be realized that significant errors may be 
incurred by acceptance of human UC levels estimated 
from “model” approaches. The principal source of un- 
certainty arises from the ill-defined function of the bio- 
spheric carbon reservoir in relation to the dynamic carbon 
cycle. Other significant factors include the finite time 
necessary for gaseous mixing within the atmospheric 
reservoirs and the selective nature of the human diet. 

With regard to the small fraction of the total radiation 
dose delivered by all bomb “C produced so far, the sources 
and magnitude of the errors discussed may be regarded. 
by many as negligible. This is probably so from the 
genetic aspect, for it appears that less than a few per cent 
of the total burden is delivered during the first ten years 
after MC production. The magnitude of the error, how- 
ever, has significance in assessments of possible ee 
effects caused by “C in the generation coinciding with 
period of HC production’. 

The subject most susceptible to the discrepancies dis- 
cussed involves the assessment. of carbon transfer within 
the biosphere, for example, food chain or human tissue 
exchange studies. 

Finally, should sporadic production of artificial “C 
continue, the possibility of compounding such errors should 
be borne in mind. 

This work was supported by the Medical Research 
Council. We thank Dr J. Wallace, Director of the Glasgow 
and West of Scotland Blood Transfusion Service. for 
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ALLENDE meteorite, which fell in Chihuahua, Mexico, on 
February 8, 1969, is the largest carbonaceous chondrite 
ever to have been recovered. According to Clarke et al., 
who were among the first investigators, at least 1,000 kg 
of material has been recovered, and estimates of its mass 
at entry into the atmosphere vary from several tons to > 20 
tons (R. 8. Clarke, jun., E. Jarosewich and B. Mason, 
unpublished results; R. E. MeCrosky, A. Posen, G. 
Schwartz and A. Tougas, unpublished results; both 
presented at the fiftieth annual meeting of the American 
Geophysical Union, 1969). Carbonaceous chondrites, 
rare as they are among meteorites, are of great importance 
on account of their organic compounds and peculiar 
composition. Allende has been classified, as a result of 
detailed chemical analysis made by Clarke et al., as a 
type II carbonaceous chondrite as defined by Wiik'. 
Dr Roy 8. Clarke, jun., of the Smithsonian Institution, 
Washington, DC, gave three pieces of this meteorite to 
one of us (8S. A. D.) early in May 1969, and this article 
reports the work done on the largest of these specimens 
(Smithsonian catalogue, NMN H 3529; weight 34 g). The 
pieces had been so selected as to contain a fusion crust as 
well as regions up to a few centimetres away from exposed 
surfaces. To preserve as much as possible of the thermo- 
luminescence (TL)--both natural and that induced by 
artificial irradiation by us—the specimens have been kept 
under refrigeration (~5° C) since receipt. 

A prominent feature of the Allende meteorite is the 
inhomogeneity of its composition. Embedded in the fine 
grained black matrix (~60 volume per cent) are a sub- 
stantial number of irregularly shaped whitish aggregates 
(~ 10 per cent) varying in size from ~l mm to several 
mm in diameter, apart from a steady distribution of grey 
chondrules (~ 30 per cent) mostly around 1 mm in dia- 
meter. Because the TL response of these inclusions may 
be expected? to be quite distinct from that of the matrix, 
separate investigations were carried out on (i) the aggre- 
gates, (1i) the matrix and (iii) homogenized bulk material. 
The aggregates were mechanically removed from the 
matrix using a sharp needle and microscopic viewing. The 
fusion crust was also scraped off the top section by similar 
means. 

The specimen under investigation has been subdivided 
(Fig. 1) into a number of regions at varying distances from 
the top surface (fusion crust) in order to observe the varia- 
tion of natural TL surviving the passage through the 
atmosphere at these depths. One of the regions immedi- 
ately below the top has been further subdivided into 
successive layers B,, B, and B,, a few mm apart, using a 
diamond wheel. The material is ground and passed 
through a sieve to yield a maximum grain diameter of 
53 um (except in the case of separated aggregates and 
matrix, which were already fine enough and of which, 
especially the former, only limited amounts were avail- 
able). Powdered samples of 10 mg are used for each TL 
readout. 

The apparatus and the general procedure we used have 
been described elsewhere? and will not be repeated. In 
essence, the powder is heated at a uniform rate of 20° O s+ 


An attempt is made to measure the age of Allende meteorite, which 
fell in Mexico on February 8, 1969, by the thermoluminescence 








in an inert atmosphere and the TL glow, of 
photomultiplier, is plotted on an X- Y recorder ai 
of temperature. For calibration purposes, control sa 
from the same region of the sample are subjected to know: 
doses of y-rays from a large “Co source and the TL 
observed in the same way. Areas under the glow eurves 
(in units of A mg“) are then measured between two 
ranges, 200° to 250° C and 250° to 400° ©. If the radiation 
dose rate in nature before the fall is known, it is then 
possible by extrapolating the calibration dose-response 
curve backward to determine. in principle, the (radiation) 
age of the meteorite. The dose rate from internal radio- 
activity (x, 8 and y) is measured separately, while the 
cosmic ray dose rate is computed from theoretical con- 
siderations. 

Fig. 2 shows a typical TL glow curve from the homo- 
genized bulk material from the meteorite: both the 
natural glow and the enhancement resulting from an 
artificial y-ray dose of 440+ 25 krad superimposed on the 
natural dose are displayed. Glow curves were also 
obtained from the aggregates alone and from the matrix 
alone, but are not shown. Separate glow curves were not 
obtained from chondrules. The glow area resulting from 
the fusion crust (to a depth of ~ 1 mm) was found to be 
negligible (~ 2x 10° A °C mg}, that is, down by at least 
two orders of magnitude in comparison with natural 
glow from elsewhere, compare Fig. 3), thus confirming 
the expectation that neacly all TL had been drained from 
the crust by the heat developed during the fall. 

Fig. 3 shows the dose response curve for the homogen- 
ized bulk material from two different: regions, C and D. 
The glow areas were measured between 200° to 250° C aa 
well as 250° to 400° C, but because the results were very 
similar the areas have been combined in the figure. The 
intercept on the ordinate represents the natural TL. By 
extrapolating the two curves backwards. an inherent dose 
of 300+ 100 krad is found to be present in the meteorite. 

It was decided to investigate the reasons for the differ- 
ence in the glow areas from regions Č and D, respectively, 















Fig. 1. A sketch of Allende meteorite specimen (NMNH 3829, welght 
344). Sections have been cut with a diamond wheel at varying distances 
(shown roughly to scale) from the top surface which has a fusion crish 
to a depth of ~1 mm. The cut on the extreme right was made by the 
Smithsonian Institution, while that on the left is a natural break, 
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Fig. 2, Typical glow curves from the homogenized bulk material from 
the meteorite, The lower curve shows the natural glow while the upper 
curve results from superimposing an artificial y-ray dose of 440 + 25 krad 
on the natural dose. Note the new glow peaks appearing at lower tem- 
peratures as a result of irradiation and preserved by refrigerating the 
sample at 0° to 5° C until the readout. Glow curves were also obtained 
from separated aggregates and the matrix. TL glow from the fusion 
crust was negligible. 


for they are clearly too far from the fusion crust—-being 
~ 1-5 em and 3-5 em respectively—to be affected by heat; 
moreover, the farthest region shotvs the least TL. Aggre- 
gates in the meteorite appeared to be prime suspects. 
To study their behaviour, sections B,, B, and B, were 
irradiated with y-ray doses of 300, 540 and 800 krad, 
respectively. The aggregates were then removed from 
these sections using a sharp needle under a microscope, 
and their glow curves obtained. The results showed clearly 
that the aggregates are responsible for most of the glow 
from the meteorite. As a further test. the glow from 
matrix material alone was also studied and found to be, 
on average, one or two orders of magnitude lower than 
that from the aggregates. Finally, on examining the 
results of both irradiated and unirradiated aggregates, 
evidence was found for a wide variation in the amount 
of glow obtained from different samples. It would there- 
fore seem that only a small percentage of what are collec- 
tively called “aggregates” is ultimately responsible for 
most of the TL glow. Such random inclusions may 
therefore affect the total glow area obtained from a given 
section, for example, C or D. The fact, however, that the 
dose response from the homogenized material is linear 
in each of the two sections, and extrapolates back to 
roughly the same inherent dose, makes it possible to draw 
valid conclusions on age despite the differences in the 
absolute magnitudes of the observed glow. These wide 
variations in the absolute magnitude do, however, make a 
study of the depth gradient of TL very difficult unless 
complete homogenization can be achieved. 


Age Determination 

In order to deduce the age of the meteorite from its 
observed natural TL, it is necessary to know the time 
rate at which it has accumulated its dose before the fall. 
Among the factors to consider in this context are the 
following: (i) its internal natural radioactivity, (ii) the 
cosmic ray dose and (iii) decay of TL since fall, We 
shall discuss these separately. 

(i) In considering the natural radioactivity, the ques- 
tion of the relative efficiency of the as, ps and ys in produ- 
cing TL arises. There is divergence of opinion whether 
or not they are all equally effective (in terms of equal 
amounts of deposited energy in rads). According to 
Aitken et al., «s are only 0:3 to 0-05 times as effective in 
producing TL as 8s and ys. The a-activity of the Allende 
meteorite (homogenized bulk material) has been measured 
by us. Assuming a Th/U ratio of 3 (the average Th and 
U contents in most chondrites® being 0-04 p.p.m. and 0-014 
ppm, respectively). and both series taken to be in 
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equilibrium, our measurements lead to the following dose 
rates from these elements 
as: 66423; Bs: 2740-9; ys: 441-4 (all in mrad yr) 

Taking the maximum and minimum « efficiencies for TL 
production quoted by Aitken et al.*, and combining the 
three radiations, we obtain total effective dose rates of 
27+9 mrad yr and 10+ 3 mrad yr-!, respectively. The 
contribution of ®K. decay to the B and y dose rate is cal- 
culated (using the K content of Allende computed from 
Clarke et al. as 0-024 per cent) to be 2-6 mrad yr. (Note 
added in proof. The dose rate resulting from 4K has since 
been measured by Mrs J. Huxtable as 3-9 mrad yr“. 
This value does not significantly affect our conclusions.) 
Hence the total effective dose rate from natural radio- 
activity of Allende meteorite varies between ~29 and 
13 mrad yr. A mean effective rate of 21 +8 mrad yr“ 
resulting from internal radioactivity may therefore be 
assumed for working purposes. 

Using the internal radioactivity as the only contributor 
to TL and assuming no loss of TL during or after the fall, 
an upper limit can be placed on the age of the meteorite. 
This is Typ = (14-3 + 7-3) x 10% yr, 

(ii) Several factors must be considered in calculating 
the contribution of cosmic rays to the TL observed in a 
meteorite. The spectrum of primary cosmic rays in inter- 
planetary space extends from ~ 10° eV to ~ 10% eV (and 
spills over on either side). Large local variations are 
known to occur, over short periods of time, in both the 
intensity and the spectrum of cosmie rays. It would 
therefore not be valid to use the data obtained on the 
dose received by TL powders and so on, flown by rockets 
and satellites in recent years. As pointed out by DeFelice 
et al.*, the satellite data often reflect the properties and 
interactions of solar flare and Van Allen particles rather 
than those of time averaged cosmic rays in interplanetary 
space. Moreover, the mechanism of energy deposition in 
thin layers of powder is quite different in character from 
that in a massive body. 

Recent figures on cosmic rays in interplanetary space 
are quoted by Ginzburg et al.’ as follows: total particle 
density, mp~1-6x 10-7" particles em; kinetic energy 
density, wp~ 0-6 eV cem. Local and short term condi- 
tions may vary by a factor of 4 to 5, but constaney of 
average values over millions of years is well established. 
These values are equivalent (by assuming relativistic 
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Fig. 3. Doge response curve for the homogenized bulk material from two 
different regions, C and D (compare Fig. 1). The TL glow areas resulting 
from each dose have been measured between 200 and 400° C and normal- 
ized per mg of sample. The difference between C and D stems from 
inhomogeneities in the TL response of aggregates (see text). The inter- 
cept on the ordinate represents the natural TL on which all the artificial 
doses have been superimposed. Linear extrapolation of the curves back- 
wards gives estimates of the natural dose in the meteorite. 
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protons to be the only primary particles) to an average 
flux of 4-8 particles cm~ s-t, each carrying an energy of 
3-7 GeV; that is, to an incident energy of 18 GeV em-? s-t, 

The interaction length of protons of this energy is 
variously estimated between 100 and 150 g em-?; say, 
125 g emè. In Allende meteorite (density = 3-65 g cm-t) 
this represents an interaction length ~ 35 cm. If all this 
energy were lost over three interaction lengths (375 g of 
material), this would represent an average dose of ~ 23 
rad yri, 

It is, however, important to consider the pre-atmo- 
spheric size of Allende. According to Clarke et al. the 
total mass of the meteorite on entry into the atmosphere 
“was evidently several tons”. MeCrosky et al., on the 
other hand, basing their estimate on the computed 
velocity, v, of entry into atmosphere (1l<v<20 km s7), 
find the pre-atmospheric mass m,2=2x 107 g. Anders’ 
tabulates ablation losses of seven iron meteorites between 
27 and 99 per cent (with a mean loss ~65 per cent). 
Assuming this figure for a stone meteorite (a questionable 
assumption), the pre-atmospherie mass of ~ 20 tons may, 
in fact, not be unreasonable. This corresponds to a radius 
of ~76 em. If uniform ablation is assumed, so that the 
post-ablation mass (~7 tons) is assumed to have been 
situated at the core of the pre-atmospheric mass, the 
overall radius of the core would be ~53 em and the 
midpoint radius would be ~27 em. Thus the region of 
interest (containing the material studied by us) must, 
while in interplanetary space, have been shielded by a 
median thickness of ~ 50 em of material (or more, if a 
smaller post-ablation mass is taken). An approximate 
calculation shows that, on average, the primary proton of 
3-7 GeV would lose ~ 10 per cent of its energy in the core. 
This yields a figure of ~2 rad yr. Incidentally, if the 
data on the erosion rate of stones by interplanetary dust 
(quoted as 200 g em? m.y. for spherical chondrites) 
are taken into account, the core of Allende meteorite would 
have been completely shielded from cosmic rays except 
in the past two or three million years. 

This calculation for the cosmic ray dose is, of course, an 
extreme, and highly simplified, picture. In fact, much 
of the primary particle energy goes into such things as 
spallation products and generation of secondary particles. 
The expenditure of energy needed to disintegrate nuclei, 
create bosons and antibosons and so forth, would greatly 
reduce the energy left for producing ionization and eventu- 
ally the electrons and holes responsible for thermo- 
luminescence. It is known from the work of Houter- 
mans®? and his school", who use cosmic radiation dose 
values of ~1 to ~10 rad yr-', that this leads to cosmic 
ray ages of meteorites which are too low by one to two 
orders of magnitude compared with those obtained from 
other methods, for example. *He/?H ratios. The reason 
for this discrepancy must be that to assume that all 
cosmic ray energy goes into producing TL is to over- 
estimate the efficiency of the mechanism. Indeed, arguing 
backwards, one may conclude that the efficiency of cosmic 
rays to produce TL is only 10 to 1 per cent relative to 
Bs and ys of a few MeV. Assuming all primary energy 
to be absorbed in the meteorite, our median value of 
cosmic ray dose (2 rad yr-') must therefore be reduced 
by a factor of 10 to 100 if the TL-effective portion of 
the dose alone is to be considered. This yields a TL 
effective dose of between 200 and 20 mrad yr. If 
this dose is added to that from internal radioactivity 
(21+8 mrad yr), the age estimate would vary all the 
way from T= 14x 105 yr to 7x 10° yr. This compares 
with Fireman's estimates for Allende meteorite of 5-9 x 10° 
yr @He/*H exposure age) and 4-9 x 10° yr (*!Ne/(22N + Al) 
exposure age) (E. L. Fireman, unpublished results, pre- 
sented at the fiftieth annual general meeting of the 
American Geophysical Union, 1969), 

(iii) Because the meteorite is a very recent fall (February 
8, 1969) and has been kept at 5° to 10° C for most of its 
life {since May 2, 1969), no serious loss of TL is expected 
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in the readout temperature range used by us (200° to 250° 
C and 250° to 400° €C). This conclusion is based on our 
systematic TL annealing work on tektites’, Assuming 
Randall-Wilkins parameters similar to those for tektites, 
we would obtain the value of half life at 10° C for a glow 
peak at 200° C to be > 16 yr. 

A final question that must be considered in determining 
the TL age of a meteorite by measuring its activity is why 
the internal radioactivity age should be a few times 10° yr 
rather than a few times 10° yr. It is commonly assumed 
that the primordial body or bodies from which the 
meteorites originate broke up some millions of years (for 
stony meteorites) to some hundreds of millions of years 
ago (for iron meteorites), so that the cosmic ray exposure 
of the interior (now fragmented into meteorites) began 
only at that time. This suggests that the cataclasm 
which broke up the parent body must have produced such 
a high degree of shock throughout the interior (apart from 
any melting) that it could easily have eliminated any 
radioactivity-generated TL then in existence. This effect 
of shock has been experimentally tested by Liener. and 
Geiss? and by Houtermans and Liener'*. The shock at 
the time of disruption of the parent body must have been 
colossal in comparison with the laboratory conditions 
reported by these authors (500 to 800 kbar to eliminate 
all TL). Thus both the cosmic ray exposure and the radio- 
activity start building up the TL store from the time of 
the catastrophic break-up of the parent body a few million 
or a few tens of millions of years ago. It may be worth 
mentioning that we have ignored so far any possible loss 
of TL in the meteorite caused by shock (as distinct from 
heat) on its entry into the atmosphere. It would thus be 
interesting to test these effects on, for example, suitable 
meteorite sized bodies in a space vehicle re-entry experi- 
ment. 

This article shows that the measurement of thermo- 
luminescence as well as the internal radioactivity of a 
meteorite can yield an upper limit on its age. This seems 
to accord with the time that the meteorite parent body 
broke up {in the case of Allende <14+7 my. ago): 
a catastrophic event which apparently eliminated all 
previous TL. It has also been shown that pre-ablation 
shielding, and the loss of cosmic ray energy in processes 
other than those leading to thermoluminescence, are most 
important factors in determining the contribution that 
cosmic rays can make to TL observed in meteorites. Study 
of spallation products in a given meteorite as a function 
of depth would throw light on the shielding effect. while 
experiments aimed at determining TL efficiency of particles 
accelerated by high energy machines should yield results 
which could then be applied to the age-determination of 
meteorites. 

We thank Dr Roy S. Clarke, jun., and the Smithsonian 
Institution for kindly providing us with specimens of 
Allende meteorite; and Miss Joan Thompson and D. W. 
Zimmerman, University of Oxford, for carrying out the 
radioactivity measurements for us. 
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Recent observations of very soft cosmic X-rays)” have 
been in serious disagreement about absolute intensity and 
interpretation. We now report the results of a rocket 
observation which seem to elarify the problem. The 
detectors, deseribed below, were carried in an Aerobee 
150 rocket launched at 0345 GMT on September 21, 1968, 
from White Sands, New Mexico. 

Two proportional counters of 250 em? area covered 
opposite directions perpendicular to the rocket spin axis. 
Each detector was surrounded on three sides by veto 
proportional counters separated from the X-ray counters 
by grids of 0-005 inch ground wires. Mechanical collima- 
tion limited the solid angle viewed to 0-019 steradians 
(2-6° x 23° fiw.hem.). One counter was equipped with 
a ‘Mylar’ window (the material used by the Berkeley’, 
Naval Research Laboratories? and Calgary? groups) while 
the other was equipped with a 2-4 micron polycarbonate 
‘Kimfol’ window. The soft X-ray transmission of ‘Kimfol’ 
film is markedly better than that of the ‘Mylar’ (Fig. 1). 
Both the ‘Mylar’ and “Kimfol’ films were coated on their 
inside surfaces with about 20 yg/em? of colloidal carbon. 
The carbon coating provided a conducting surface for 
reliable counter operation and also eliminated the sensiti- 
vity of the counters to ambient light. Light sensitivity is 
particularly serious with aluminium-coated thin films, 
presumably because the photoelectron work function of 
aluminium is small. Comparisons in flight with the 
response of ultraviolet photometers mounted on the same 
rocket by the Space Astronomy Laboratory of the Univer- 
sity of Wisconsin verified that there was no significant 
ultraviolet contribution to the X-ray observations. 

The open area of Fig. 2 shows the region of the sky 
scanned. The portion used for the analysis of the soft X-ray 
background radiation was between bH = — 20°, M 340° 
and DH = 40°, lita 160°, including the south galactic pole 
and the galactic equator near Cassiopeia, No discrete 
X-ray sources are known in this part of the sky. The 
primary data telemetered to the ground were the number 
of detected counts in each of six differential pulse height 
channels. Expressed in terms of nominal X-ray energy, 
the pulse height channels corresponded to 0-15 to 0-48, 
048 to 0°96, 0-96 to 1-6, 1-6 to 2:65, 2-65 to 6-5, and 6-5 to 
8-4 keV. An on-board "Fe X-ray source was pushed 
into an exposed position once a minute throughout the 
flight and this verified that the gas flow system, counter 
gain and high voltage were operating stably to within 
5 per cent in measured X-ray energy. Only data taken 
above 140 km were used. 

Our analysis is similar to that described by Goren- 
stein et al. An assumed X-ray energy spectrum 
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Measurements of the soft X-ray background flux show good qualita- 
tive correlation with 21 cm measurements of columnar hydrogen 
density but too little apparent absorption. A portion of the flux 
may originate in unresolved population Il objects or may be extra- 


incident on the counter window is multiplied by the 
counter efficiency. Counter gas escape peak transfer 
effects, deterrmined in laboratory tests, are taken into 
account and the result folded with the counter resolution. 
This folded distribution is integrated over the pulse 
height channel windows, and the predictions are compared. 
with the observed response in the various channels. 
Data from the four higher energy channels should not and 
do not exhibit any significant variation with galactic 
latitude near the south galactic pole region, and both the 
‘Mylar’ and ‘Kimfol’ counter data fit best an X-ray energy 
spectrum of the form dZ/E£**. The fit to a 1-7 power law 
spectrum, appropriate at higher X-ray energies, is worse. 
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Fig. 1. Counter efficiencies versus X-ray energy. ‘Kimfol’ is CHO, 
while ‘Mylar’ ig CHO.. Both counters were filled to a pressure of 705 
torr of the standard 90 per cent argon-10 per cent methane mixture, 


The unguided but spinning rocket. precessed very slowly 
and data from successive scans about the longitudinal or 
spin axis were combined. Fig. 3 shows these combined 
data for the first two pulse height channels of the ‘Kimfol’ 
window counter plotted against scan path in galactic 
latitude. (Data from the ‘Mylar’ window counter are 
similar, but the counting rates and statistical accuracy 
are smaller.) The data of the lowest energy channel show 
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clearly the effects of interstellar absorption. The highest 
counting rate occurred near bI = — 60°, J1 = 10°, coincident 
with the region of lowest columnar hydrogen density 
derived from 21 em line surveys in the southern galactic 
hemisphere. 

The power law diffused X-ray flux observed above 
2keV is now known to be isotropic and presumably 
extragalactic in origin. A simple extrapolation of this 
flux, however, seems incapable of explaining our soft X-ray 
data. If, in spite of the clear observational evidence for 
interstellar absorption, we ignore such effects entirely and 
compute the expected counting rates in the first and second 
channels on the basis of an extrapolation of the E-™é 
power law, we predict rates of 9-9 counts per second and 
6-6 counts per second respectively. If instead we extra- 
polate an E-'? power law, the corresponding rates are 
14-6 per second and 7-7 per second. As is clear from 
Fig. 3, the predictions fall significantly below the 
observations. When interstellar absorption effects are 
included, we find that the expected rates vary with scan 
path in galactic latitude as shown by the dotted lines in 
Fig. 3. 

In making these and other model predictions to be 
described later, we have used the interstellar X-ray 
absorption cross-sections of Bell and Kingston? and the 
columnar hydrogen density (Nu) contours given by Kerr 
and Westerhout". Values of Ny and of the energy- 
dependent optical depth were calculated at each of nine 
points along the X-ray collimators. Given an assumed 
X-ray spectrum incident on the galactic hydrogen, 
we then computed the X-ray energy spectrum incident on 
the counter windows. This entire process was repeated 
at 0-5 s intervals throughout the flight, and the curves 
shown include the effects of superposed scans whieh were 
actually over slightly different parts of the sky. 

The predicted rates are now even farther below those 
observed. Further, in the lowest energy channel the 
observed decrease with decreasing galactic latitude is 
much weaker than that predicted. On this point we 
agree with Bowyer, Field and Mack? that there is appar- 
ently too little interstellar absorption. In disagreement 
with these authors but in agreement with Henry et al.*, 
we find that the apparent intensity of X-rays near 0-270 
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keV cannot easily be accounted for with a simple extras 
polation of the high energy power law spectrum. 

It is very unlikely that our soft X-ray measurements 
are significantly contaminated with a charged partiele 
background. The background determined in flight was 
small (29 counts per second in the 0-15 to 0-48 keV 
channel, 1-8 counts per second in the 0-48 to 0-96 keV 
channel) and was the same for the ‘Mylar’ and ‘Kimfol’ 
counters. This background was evaluated from observa- 
tions low in the atmosphere (80 km) while the rocket was 
on its way up; low in the atmosphere (80 km) while the 
rocket was on its way down; low in the atmosphere while 
the protective doors were still on; and throughout the 
flight when only the Earth was being viewed, All are in 
agreement within statistical uncertainties. There was ne 
indication of an enhanced counting rate when the colli- 
mators passed through the plane perpendicular to the 
local terrestrial magnetic field. 

The counting rate in the 0-15 keV to 0-48 keV channel. of 
the ‘Kimfol’ counter divided by the corresponding rate of 
‘Mylar’ counter was (after background subtractions) con 
sistently 2-7+ 0-3. The measured ratio of the transmission 
of the two materials (flat, unstretched samples) at the ear- 
bon edge (0-284 keV) is 2-74.02. The predicted ratio for 
most of our assumed spectra, which of course includes 
the effect of the larger energy window of the “Kimfol’, is 
near 5. A significant portion of this apparent discrepancy 
has its origin in the bulging of, particularly, the ‘Mylar’ 
film into the 3/16 inch slots of the film support frames. 
Laboratory attempts to evaluate this effect have proved 
unexpectedly difficult. but result in lowering the predicted 
ratio to 3-6+ 0-6. 

From all these arguments we conclude that our counters 
respond primarily to soft X-rays. We cannot, howe ee, 
exclude the possibility that some fraction of the response 
is due to soft X-rays of local (terrestrial or solar} origin. 
There was no evidence of enbanced response when the 
collimators crossed the ecliptic plane or the Earth's 
horizons at any point, including the region nearest the 
Sun. Nevertheless, we proceed to interpret our observa- 
tions with three assumptions, one of which includes the 
possible existence of apparently isotropic soft X-rays of 
terrestrial or solar origin. 
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Three Assumptions for Interpretation 


la) The soft X-rays are all of extragalactic origin. 
This forces us to assume a soft X-ray source as well as the 
extrapolated #4 spectrum. As is clear from Fig. 3, the 
problem of too little absorption with decreasing galactic 
latitude remains. This problem cannot be relieved by 
supposing less interstellar gas than is implied by the 
21 em measurement, or by supposing the helium to 
hydrogen relative abundance to be small, because the 
dependence on galactic latitude of the 0-45 to 0-96 keV 
channel agrees, approximately, with the predicted absorp- 
‘tion. We have therefore been led to consider the effect 
of interstellar HI clouds. Let Ny be the average columnar 
hydrogen density in a given direction, and assume that 
the gas is clumped into randomly distributed clouds, 
each of columnar density Ne. Then the apparent X-ray 
optical depth is 


Nu 

l 

Te = g (Leen) (1) 
Noe 

where o is the atomic X-ray absorption cross-section. If 


Neo is much less than 1, te is just oNy. Otherwise te is 
always less thanoNy. A choice of Ne near 12 x 10% atoms 
em~ results in a tolerable fit to the galactic latitude 
dependence in the low energy channel and does not 
disturb the satisfactory fit of the 6-48 to 0-96 keV channel. 
The existence of some clouds as thick as 12 x 10% atoms 
em? has apparently been demonstrated by Heiles’, but 
there is little direct evidence to support the idea that all 
interstellar hydrogen is structured in this way, in spite of 
Makova? and Grahl’. 

This analysis, requiring values of Ne near 10" atoms 
em, may be inconsistent. Clouds of this thickness, 
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particularly if the gas is cool, would themselves have 
optical depths of one or more at 21 em. In this ease cloud 
structure should be taken into account in deducing the 
values of Nw from the 21 em emission surveys. We feel, 
however, that the entire subject of cloud structure is in too 
speculative a state for such refinement to be attempted 
here. 

Finally, we consider the further soft X-ray flax needed 
to account for the large counting rate difference in the 
0-15 to 0-45 keV channel and the smaller difference in 
the 0-48 to 0:96 keV channel. Obviously no definitive 
functional form can be determined. We choose arbitrarily 
a free—free spectrum of the form E exp(—H/kT) and find 
that kT =0-30 keV fits satisfactorily. Values of kT as 
small as 0-15 keV or as large as 0-45 keV seem to be ex- 
cluded. If therefore we assume all soft X-rays are of 
extragalactic origin, our data are consistent with an 
extragalactic intensity. 

I=11 #354100 E exp(—£/0-30) photons 
em~“s"'sterad“tkeV~! (E in keV) (2) 
provided that all or at least a large portion of the inter- 
stellar gas is contained within clouds of ~ 10% H atoms 
em~ thickness. 

(b) A background of solar or terrestrial soft X-rays. As 
one alternative we may assume that some undetermined 
solar or terrestrial source of soft X-rays contributes 
isotropically to our measured X-ray intensities but that 
the remainder are extragalactic. In this case, we regard 
the approximately 7 counts per second detected near 
bri=0 as a measure of the locally produced intensity and 
subtract it from all observations. The effect is to produce 
a steeper galactic latitude dependence of the cata; but 
the dependence is still not in agreement with that pre- 
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dicted for cloudless interstellar absorption, and clouds of 
N.ew4 x 10 atoms em are required. Again our data 
imply a further extragalactic soft X-ray component. 
Somewhat accidentally, this additional component turns 
out to be the same as that required under (a) above. 
The subtracted background is just compensated by the 
larger offective interstellar absorption which results 
from distributing the hydrogen in thinner clouds. 

(c) An apparent background from unresolved population 
II objects. As a final alternative, we consider the possi- 
bility that the excess soft X-ray intensity unexplained by 
the extrapolated power law spectrum arises from un- 
resolved population II objects, possibly convective stars 
with coronas emitting X-rays. Because such objects are, 
on the average, farther from the galactic plane than the 
gas is, a weak dependence on galactic latitude is to be 
expected. To investigate this possibility we have com- 
puted a number of integrals of the form 





w 
k A Ne 7 
I= 5, f exp — Gi 5 tet dr (3) 
0 
where 
r 
f ro oy 
Te oN 2. a ea aaa am ir’ 
Sy | exp a R j dr 
0 


zg characterizes the height dependence of the gas dis- 
tribution above the galactic plane, zs characterizes the 
height dependence of whatever may be emitting the soft. 
X-rays, o is the energy dependent absorption cross- 
section® and ny is the number density of gas atoms in the 
galactic plane. Acceptable fits to the latitude dependence 
of our observations in the lowest energy channel can be 
obtained with n= 1 em, zg= 94 pe (160 pe between half- 
density points) and z,=400 pe. The gas distribution we 
are forced to assume is significantly narrower than that 
deduced by Schmidt, whose value for the distance 
between half-density points was 220 pe, although Kerr and 
Westerhout® state that observations with the Australian 
210 foot paraboloid (1/4° beam) indicate a lower value near 
160 pe. If we allow the spectrum of these hypothetical 
soft X-ray sources to spill over into our 0-48 to 0-96 keV 
channel in an attempt to account for the extra intensity 
needed there, we find a large unexpected bump near 
b=6° which we do not observe. The model is highly 
idealized, of course, particularly because distances of the 
order of only a hundred parsecs are involved, and the 
bump is the result of delicately competing effects of the 
two assumed Gaussian distributors. 

The required source strength (8) is about 4x 10-19 
photons em-*s~'steradkeV™ at 0-26 keV. Expressed in 
terms of the luminosity of the Sun (quiet Sun at solar 
maximum) at 0-26 keV, this source strength implies 13 
equivalent Suns per pe’. Alternatively, if only F and G 
stars contribute, their soft X-ray luminosity would have 
to average some 1,500 times that of the Sun. 

The maximum soft X-ray intensity we observe is in the 
direction bn = — 60°, M= 10°, and has the value 


f= 195 + 20 photons em-*s~'sterad'keV— or 

J= (34+ 0-4) x 10-25 ergs em-*ssteradtHz-1 
at ~ 0:26 keV, and is 

L=20+3 photons em-'s-!sterad-'keV- 

J = (34+ 0-5) x 10° ergs em~?s~!sterad~'Hz-1 
at 0-9 keV. These values are weakly dependent on the 
assumed energy spectrum of incident X-rays. The 
corresponding values near the galactic plane (m 155°) 
are 

T =57 +8 photons em-*s~sterad~'keV-! 
at 0-26 keV and 

I=64+ 1-5 photons em~*s-!sterad“keV- 
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at 0-9 keV. The quoted uncertainties include counting 
statistics and estimated systematic errors such as urn- 
certainties in window thickness or background subtraction. 

If we ignore for the moment the distinct possibility that 
galactic objects contribute to the soft X-rays observed, 
our data imply an extragalactic component with an 
intensity given by expression (2). It should be emphasized 
that we have by no means established the analytic form 
of this expression. The first term is merely the power law 
spectrum extrapolated to low energies, the second term 
a convenient computational device. As pointed out 
before, expression (2) is appropriate whether or not the 
residual intensity near bI1=0 is regarded as a locally 
produced background, provided that the apparently 
anomalous variation of the soft X-ray intensity with bi 
is attributed to structure in the HI distribution (elouds). 

The second term of expression (2) when evaluated at 
9-280 keV and 0-900 keV gives 140 and 5-5 photons. 
em~*s~'steradkeV~ or equivalently 26x10- and 33 
x 10-46 ergs em~s-sterad Hz- respectively. Ef inter- 
preted as free-free radiation from a hot intergalactic 
plasma, these two values for the soft X-ray intensi 
consistent with a temperature of about 3x 10° K for ¢ 
steady state model (density = 1-1 x 10-8 em-*) discussed by 
Field and Henry", The measured values do not match 
the intensities predicted for any of the evolving models 
discussed by these authérs. For example, a fair fit can be 
obtained to their model with T= 10% K, qy= 1/2, w= (1, 
but only if the predicted intensity is reduced by a 
factor of about 30. A decrease in the adopted density 
(2-2 x 10-5 gg em“) by 4/30 would, of course, reduce the 
intensity by the required amount. But if the cosmological 
density, qo, T and w (related to the required red-shift 
cut-off) are all regarded as free parameters, it ig difficult to 
see how an intergalactic hot plasma could be involved, 
Our conclusions here differ from those of Henry ef al." and 
Bowyer, Field and Mack! because we have measurements 
in two different soft X-ray energy regions. This provides 
some spectral information on the supposed extragalactic 
radiation and so permits an independent (but cosmology 
dependent) estimate of the temperature. The other 
workers assumed cosmological densities, and so were 
forced to attribute the radiation to a lower temperature 
plasma. The higher temperature assignment is im itself 
sufficient to reduce the level of predicted intergalactic 
ultraviolet radiation below 10-2 erg ems tsterad Hg, 
R. A. Sunyaev (personal communication) concludes that 
this is the critical level above which neutral hydrogen in 
the peripheries of galaxies should not exist, 

It is difficult, in view of the meagre observational 
material that is available, to assess the plausibility of our 
suggestion that an appreciable fraction of the observed 
soft X-ray intensity has its origin in unresolved, population 
TI objects; but it is easy to show that if a total of N 
discrete sources of uniform luminosity are distributed at 
random within a sphere of radius R (R in our ease corre- 
sponds to unit optical depth), the total number of observ- 
able discrete sources brighter than F is 


s 3/2 

n(>P) = —! ane 
VN 3 F 

where I is the apparent diffuse intensity from unresolved 
discrete sources. Henry ef al.? report one apparent soft 
X-ray source at a 3o level; Bowyer, Field and Mack? report 
none. From our own survey, which covered about 1/12 
of the sky, we estimate that any eharacteristically soft 
X-ray discrete source with a flux greater than 1-3 photons 
em~*skeV~! would have been noticed. The portion, of 
the diffuse intensity we are attempting to explain amounts 
to about 60 photons em~“s~'sterad-ikeV-! (the value in 
the galactic plane) and so a rough estimate of the number 
of contributing sources (with n=12) ig N= Sx 10%, or 
10? (pe). These estimates can vary greatly as the results 
of new surveys with higher sensitivity become available. 
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For the present, because the required source number 
density is smaller than the density of known objects, 
we feel that this suggested soft X-ray origin cannot be 
ruled out. 
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financial support provided by NASA, 
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the Oldest Fossils on Earth? 
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Tue presence of “eup-shaped’’ and spherical microstruc- 
tures in the early Pre-Cambrian (> 3x 10" yr old) sedimen- 
tary rocks of the Onverwacht Series of South Africa was 
first described in 1967 (unpublished report by B. N. 
L. ALN. C. G. Engel, A. E. J. Engel. G. O. W. Kremp 


and C. M. Drew), and then in 1968 (refs. 1 and 2). Later 
additional information was presented on these “organized 
elements” and also on the geology of the Onverwacht 
Series, (The term “organized element” was first proposed‘ 
in order to designate microstructures of unknown origin 
in carbonaceous meteorites, Both the crystal lattices of 
minerals and the structures of fossils are organized and the 
term “element” means entity.) Following these initial 
reports, further studies in our laboratory led to additional 
and detailed information regarding the Onverwacht 
microstructures, These new data emphasize the fact that, 
contrary to popular opinion, these particles cannot 
definitely be called microfossils on the basis of currently 
available information. 

The argillaceous cherts and carbonates in the Onver- 
wacht constitute, at present, the oldest known sedimentary 
rocks on Earth. The Onverwacht is part of the Swaziland 
System which is well exposed in the Barberton-Badplaas 
region of the Eastern Transvaal, South Africa. The 
Swaziland System consists of three rock series: the young- 
t is the Moodies Series; the median is the Fig Tree 
Series and the oldest member is the Onverwacht Series. 
The oldest sedimentary rocks in the Onverwacht, con- 
taining microstructures, lie approximately 35,000 feet. 
stratigraphically below the younger Fig Tree sediments, 
from which sunilar microstructures have been described 
in the past few years as fossil algae and flagellates**. 

The Onverwacht rocks are > 3x 10° yr old, and consist 








morphism (personal communication from A. E. J. Engel). 
Yet it is possible that the degree of metamorphism of 
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Pre-Cambrian Onverwacht Microstructures: Possibly 


The microstructures show some resemblance to very simple organ- 
isms, but their morphology is poor and their size range is very great. 


these sediments is higher than estimated. Recent studies 
by local investigators seem to indicate that the apparently 
non-metamorphosed appearance of the Onverwacht sedi 
mentary rocks may be deceptive (D. A. Pretorius, personal 
communication). A more detailed description of the 
geology of the Onverwacht is given in refs. 3, 7 and 8. 





The Onverwacht Microstructures 

Microstructures were studied both in petrographic 
thin sections and in powdered preparations from eleven 
sedimentary zones along the Onverwacht stratigraphic 
column. The rock samples included the oldest known 
sediments on Earth as well as younger ones from through- 
out the Onverwacht. 

The microstructures do not seem to be uniformly dis- 
tributed in the roek samples; they appear in small 
“pockets”. Often great patience is necessary to locate 
them on slides and in thin sections and/or to find sufficient: 
numbers of them for meaningful studies of size distribu- 
tions. The petrographic thin sections and the powdered 
preparations both revealed the same microstructures. 
This indicates that those in powdered preparations are 
indigenous particles and not recent contaminations, 
We exercised great care in making the powdered prepara- 
tions. The surfaces of each rock sample were first drilled 
off with a portable drill, then ultrasonically cleaned. 
Samples were ground in acid-cleaned mortars in a room 
ventilated by filtered air. The powdered rock was gravity 
separated in triple distilled water and a slow-settling 
fraction was mounted on microscope slides with Canada 
balsam. Some powdered rock samples were treated for 2 h 
with boiling 6 N HCl; this was followed by treatment 
for 2 h with boiling 48 per cent HF. Another rock sample 
was first extracted in a Soxhlet apparatus with benzene 
and methanol and then suspended in 4 per cent aqueous 
KOH and treated with ~ 2-8 per cent ozone in a stream of 
oxygen for 18 h, followed by treatment in 10 per cent 
KOH with 30 per cent H,O}, The microstructures seemed 
to be unaffected by these chemical treatments and were, 
in fact, indistinguishable from those particles found in 
untreated samples. The resistance of the microstructures 
to these chemicals provides indirect evidence of their 
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gross chemical nature. They do not seem to be silica, 
silicates, the more common oxide minerals or the common 
extractable and large organic moieties found in sedimen- 
tary rocks. 

Fig. 1 shows photomicrographs of the Onverwacht 
organized elements. The particles in petrographic thin 
dons (Fig. 14, B, C and F) have basically the same 
morphology as those photographed m pow dered prepara- 
tions (Fig. 1D, E and G). The morphology of all these 
microstructures is quite poor, with the possible exception 
of the particle shown in Fig. LZ. This latter microstruc- 


BE 











ture is characteristic of those found in a narrow band of 


siderite in the upper Onverwacht. On careful microscopic 
examination, these particles appear as well developed 
spheres and are usually between 6 and 20 microns in 
size, although larger ones have been found in thin sections. 
In contrast, the microstructures in the argillaceous cherts 
are usually cup-shaped or appear as heavily mineralized 
spheres with openings or tear marks on them. By raising 
and lowering the microscope objective lens one can focus 
at various levels through the particles. This revealed 
that the particles shown in Fig. LO were securely attached. 
The photomicrograph of the microstructure shown in Fig. 
LF reveals an opening and an irregular shaped attachment. 
These openings oceur frequently in the larger m 
tures. Fig. 1G shows another typical. heavily mineralized 
structure with an opening and a rounded attachment at 
one end; this type of structure has also been frequently 
observed. 

The size distribution of 590 microstructures has beer 
determined. Figs, 2 and 3 show part of these data for 
microstructures found in two sedimentary layers in the 
upper Onverwacht. It is interesting to note the large 
spread in size distribution, which varies between 6 and 
193 microns, This large variation in size, together with a 
lack of any really dominating peaks on the histogram 
shown in Fig. 3. seems to suggest that these particles are 
either non-biclogieal organized elements or perhaps de- 
formed members of several species of simple microfossils. 


























Photomicrographs of Onverwacht microstructures taken with 


Fig. L 

transmitted light, under oil immersion. dA, B, C and F show these 

particles in petrographic thin sections and 2, E and @ in powdered 

preparations. Note the openings or tear marks, best visible on the 
microstructures shown in D and G. 
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The size distribution of two hundrad microstructures from a 
sedimentary zone in the upper Onverwacht. 
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The sige distribution of two hundred microstruc 
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Microstructures in the younger Big ‘Tree sedumenie 
have been described as mierof 56t, Both Pilg and 
Barghoorn made important Sains by them exten- 
sive studies of middle Pre-Carnbrian life in the Belt S 
of rocks (L4 x 10° + yr old}? and in the Gunflint 
(1-9 1084+ yr old). respectively. Cloud and Licari" 
pomted out that criteria strong sting biological 
origin are in abundance of microstructures which fall in a 
narrow size range, morphological coraplexity equivalent 
to hving organismes, and little resemblance to purely 
inorganic structures. Features showing oduetive 
and other specialized structures of living o E i 
addition to the previous criteria, provide e 
biological origin. The microstructures in the Gunflint 

















































strata, the Bitter Springs Formation (1-« 10° ) of 
Central Australiat®?*, the Biwabik Tron Formati 


(1-7 10% yr) of Minnesota, and a few other roc 
similar age, meet these criteria and are regarded as micro 
f Older Pre-Cambrian microstructures are not yet 

i ssils. The Onverwacht 

















organized elements are much simpler in morphol do 
not fall in a narrow size range, and do not possess complex 


features resembling specialized structures of living taxa; 
consequently, the particles discovered to date do not meet 
the accepted criteria for biological origin. 


The Carbonaceous Matter in Onverwacht Sedimentary 
Rocks 
There is probably a relationship between the origin of 
the microstructures and the origin of the carbonaceous 





material in the Onverwacht sediments and for this reason 
we studied the nature of the organic matter in the 





and 





Onverwacht s mass 
spectrometry., 
A grey-black coloured argillaceous chert sample a 
the upper Onverwacht was prepared for analysis, first } 
drilling off its surfaces with a portable drill to remove 
surface contaminations, and then by further cleaning it 


ultrasonically in water. Great caution was exercised 


sediments by chromatography 
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Fig. 4. Gas chromatogram of methyl esters prepared from the ozonolysis 
and H,O, oxidation products of polymeric organic matter in an Onver- 
wacht sedimentary rock, A Perkin-Elmer Model 226 gas chromatograph 
equipped with an H, flame detector and utilizing a 50 feet x 0-02 inch 
ünner diameter) support coated open tubular ‘Carbowax’ column was 
used, Temperature programmed (2° C/min) between 80° and 200° © 
and run isothermally after reaching 200° C. The gas chromatograph 
effluents were introduced directly into a Hitachi RM U-6E mass spectro- 
meter through a heated transfer line and a Watson- Biemann molecul: 
separator. Individual mass spectra were obtained from the numbe 

gas chromatographic peaks; these spectra are discussed in the text. 








in order to exclude laboratory contaminations. Al 
glassware was acid cleaned in a hot solution of concen- 
trated H,SO, and HNO, (85:15 v/v); all solvents were 
freshly distilled and no rubber or plastic implements 
came in contact with the sample or solution during analy- 
sis. Stopeock grease was not used in the laboratory and 
frequent blank-procedure runs showed no contaminations 
at all. Next the rock was pulverized in an acid-cleaned, 
eeramic ball mill and then extracted with 6 : 4 v/v benzene- 
methanol in a Soxhlet apparatus until no further organic 
matter was recovered. The benzene-methanol soluble 
organic substances in the Onverwacht sediments consti- 
tute only a small fraction of the total organic content. 
The soluble matter was not analysed in the present study 
because the microscopic examination of petrographic thin 
sections of the sample indicated some porosity, and 
therefore it is quite possible that the soluble organic 
substances were not indigenous but were brought in later 
by solutions which are known to percolate through sedi- 
mentary rocks during geological time. Furthermore, 
Visser? noted the abundance of springs, mostly seepage 
springs, in the early Pre-Cambrian rocks of the Barberton 
area. He suggested that many rocks in both the Onver- 
wacht and the Fig Tree Series are good aquifers. Thus the 
danger of recent organic contaminations being brought 
into the sedimentary rocks by seepage waters appears 
to be real. The danger of mistaking recent soluble organic 
contaminants for indigenous organic matter has been noted 
repeatedly (refs. 1 and 19, for example), and recently 
Abelson and Hare” demonstrated that most amino-acids 
in the Gunflint chert (1-9« 108+yr old) were recent 
contaminations that penetrated the chert. In contrast, 
the insoluble, polymer-type organic matter in rocks 
(kerogen), which forms the great majority of carbonaceous 
matter, is generally considered to be mainly indigenous. 

The Soxhlet-extracted rock sample containing the poly- 
mer-type organic substance (and mineral matter) was 
ozonized®))22, The utility of ozonolysis for the oxidative 
degradation of such polymeric substances as bituminous 
coal, carbon black, lamp black and humic acids obtained 
from coal oxidation has been amply demonstrated**."4, 
Ozone preferentially attacks double bonds and is therefore 
useful for the degradation (and thereby solubilization) of 
aromatic polymers. Oxidation with chromic acid in 
sulphurie acid has been used by some investigators’? 
to degrade the organic polymer in rocks. 

This relatively mild ozonolysis procedure removed 
only a part of the polymer. The fairly small yield may 
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bə accounted for by the fact that ozonolysis of solids con- 
stitutes heterogeneous degradative oxidation: each treat- 
ment with ozone and H,O, ‘peels off” consecutive layers 
from the polymeric surface. It may also be accounted 
for by the apparently highly condensed nature of the 
Onverwacht polymeric material. Fig. 4 shows a gas 
chromatogram of the ozonized Onverwacht polymeric 
matter. The numbers on the chromatogram designate 
peaks from which mass spectra were obtained and studied. 
The mass spectra of the most abundant gas chromato- 
graphic fractions, peaks 2, 4 and 8, show fragmentations 
which are usually obtained from aromatic compounds; 
peak 8 was identified as dimethyl phthalate. Peak 1 is 
the methyl ester of a dicarboxylic acid; it is dimethyl 
succinate. Similarly, peak 3 is dimethyl adipate, but 
peak 7 is methyl palmitate, a monocarboxylic acid methyl 
ester. Dimethyl phthalate may be obtained by ozonoly- 
sis from condensed aromatic systems where the C atoms 
in the two carbomethoxy groups come from an adjacent, 
fused aromatic ring that was split open by Os and the 
O atoms and methoxy groups are the results of oxidation 
and methylation. The methyl esters of dicarboxylic 
acids may be the result of the terminal oxidation (and 
esterification) of aliphatic chains that once connected 
aromatic moieties and were split off by O,. It seems, 
because of the prominence of what appear to be aromatic 
components, that the Onverwacht polymer is basically 
aromatic in nature, consisting of condensed aromatic 
nuclei which are connected by relatively short aliphatic 
chains. 

The aromatic composition is interesting beeause the 
polymer in a younger Fig Tree sample analysed im this 
laboratory was of basically aliphatic composition. 
Aromatic polymeric substances in rocks such as coal and 
aromatic kerogen are usually considered to be derived 
from lignin. Yet lignin is believed to have developed 
much later in geological time. It is difficult to envisage 
other biochemicals which could be present in sufficient 
quantities to account for such a large accumulation of 
aromatic matter. If the Onverwacht sediment sample 
has indeed been subjected to only relatively mild thermal 
metamorphism, as Engel (personal communication) has 
claimed, then it is diffieult to explain the origin of a 
basically aromatic, polymeric matter by biological pro- 
cesses. A more severe metamorphic overprint, as sug- 
gested by investigators in South Africa, could lead to 
aromatization of non-aromatic, perhaps biological, pre- 
cursors. These organic geochemical studies illustrate 
how difficult it is to interpret correctly at this time the 
origin of the oldest known carbonaceous matter on Earth. 
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Transitory Free Radicals in Irradiated Animal Tissues 


by 
PETER KENNY* 
BARRY COMMONER 


Department of Botany, 
Washington University, 
St Louis, Missouri 


A NUMBER of considerations suggest that free radicals are 
involved in the mechanisms which mediate biological 
radiation damage. Some relevant evidence is derived 
from electron spin resonance (ESR) studies of separate 
constituents of biological systems. The hydrated electron 
has been detected in liquid water during irradiation}. 
ESR studies of aqueous solutions of various organic 
materials (usually in the frozen condition) show that their 
molecular structures are altered by radiation-induced 
processes in which free radicals are intermediates. ESR 
studies of irradiated dry samples of amino-acids, nucleo- 
tides, proteins and nucleic acids have led to the descrip- 
tion of a series of characteristic, relatively stable, free 
radical products?. 

ESR studies of free radicals in intact cells and tissues 
have so far been limited to relatively dry systems such as 
bacterial spores and seeds or to frozen tissues. A series 
of ESR studies of frozen bacterial spores*-4 shows that free 
radicals occur in such samples after irradiation, and that 
some of these decay when the material is warmed to 
about 125 K. ESR studies of seeds show that the concen- 
trations of radiation-induced free radicals are related to 
the biological sensitivity of the material’, Because a 
number of biological parameters (for example, species, 
age of tissue and degree of differentiation) strongly 
influence radiation sensitivity, critical experiments on 
the roles of free radicals in mediating biological radiation 
effects call for ESR observations of surviving tissues and 
cells. This requires direct ESR observations of living 
tissues and cells at physiological temperatures during and 
immediately after irradiation. Such experiments neces- 
sitate the admittance of an intense beam of radiation into 
the cavity of an ESR spectrometer. They also require 
that the spectrometer itself be sufficiently sensitive to 
detect the rather low steady state concentrations of 
transient free radicals that are expected in such functional 
systems, in which decay processes are active. Along with 
several other laboratories, we have been engaged in the 
development of the instrumentation needed for such 
studies. We now report initial success in our efforts to 
detect: transient free radicals in surviving animal tissues 
at physiological temperatures during and immediately 
after radiation. 


* Present address: Research School of Biological Sciences, Australian 
National University, Canberra, 


Transient free radicals are observed in association with biological. 
radiation damage. Organs vary in their sensitivity to radiation. 


We have employed an ESR spectrometer in whieh the 
beam from a high intensity X-ray tube is directed into the 
spectrometer cavity. The spectrometer is a solid-state 
instrument, designed in this laboratory and constructed, 
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in part, from electronic components kindly provided 
by the Emerson Electrice Company. It operates at a 
microwave frequency of 9,000 MHz and employs magnetic 
field modulation at a frequency of 100 kHz. An automatic 
frequency control circuit operating at 70 kHz locks the 
frequency of the klystron microwave source to the resonant, 
frequency of the cavity. The cavity is two half-wave- 
lengths long and is fabricated from an aluminium mag- 
nesium silicate (“Lava’, 3M Company) in two longitudinal 
halves, which are cemented together with silver ceramic 
paint (which also is plated on the inside of the cavity to 
provide the necessary conductive layer). The cavity is 
operated as a reflexion device and is joined to the spectro- 
meter waveguide system through a special coupling 
device. The latter includes, in effect, a variable iris which 
ean be used to provide appropriate electrical coupling 
between the waveguide and the cavity when the dielectric 
load of the latter is changed by the sample. A thin 
beryllium window X-ray tube is mounted two inches 
from the open end of the cavity, just outside the range of 
the magnet coils. The X-ray tube contains a tungsten 
anode target and is capable of passing 50 mA at 75 kV, 
supplied by a General Electric XRD-6 power supply. 
The radiation intensity at the tube window is about 105 
rad/s, and at the tissue sample the maximum intensity 
is about 3,000 rad/s, The X-ray tube is magnetically 
shielded by slabs of soft iron to atoid magnetic deflexion 
of the electron beam. 

Tissue samples weighing about 100 mg (wet weight) 
were placed in sample cells specially designed to avoid 
radiation-induced free radicals in the cell material itself. 
ESR cells are ordinarily fabricated of glass or quartz, but 
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both materials generate intense ESR signals when exposed. 
to radiation and to avoid such artefacts we have developed 
a special ESR sample cell. This consists of a silver slab 
0-043 inch thick, 0-375 inch wide, and 4 inches long, with 
a slot (0-25 x 1 inch) cut in one end. The silver frame is 
gold plated to provide an inert surface. A thin poly- 
pyrene film (0-0005 inch thick) is cemented over the slot, 
using ordinary polystyrene cement. The slot is then 
filed with thin tissue slices and a second polystyrene film 
cemented on the second side of the frame, thus enclosing 
the tissue. Polystyrene exhibits relatively little radiation 
damage. As shown in Fig. 1, irradiation of a water-filled 
sample cell prepared by the method described does 
not produce a detectable ESR signal. 

Tissue samples were prepared from organs freshly 
removed from mature male rats (Holtzman) and stored 
(no more than a few hours) at 0° ©. The sample cell was 
then placed in the spectrometer and brought to 15° ©. 
Temperature was maintained by a thermoregulated system 
which delivered nitrogen gas at a controlled temperature 
into the cavity. (During irradiation pure nitrogen is 
readily ionized; interference is avoided by adding a trace 
of oxygen to the nitrogen stream-—-the oxygen apparently 
acts as a scavenger.) The cavity and the surrounding 
magnet were enclosed in a lead-lined box provided with 
radiation-proof entry points for the microwave wave- 
guide, various cables, and the gas line. In this way it is 
possible to operate the spectrometer while the X-ray 
source is active. 

In most of the experiments described here, we were 
interested in recording the ESR spectrurn of the tissue 
before radiation, during exposure to radiation, and for a 
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Fig, 2. ESR signals from rat liver, kidney and heart muscle tissue (100 mg wet weight) before, during and after irradiation (60 mA). Field 


sweep 159 G in 100 s; modulation amplitude 8 G; 


instrumental time constant 1 s; temperature 14° C, 


For each tissue, the uppermost 


signal represents a series of spectra obtained from the original unirradiated tissue over the indicated period of time, and superimposed by 


tracing. 


Below this are shown some of the individual ESR spectra obtained, at the times indicated, during and. after irradiation. 
tudes of all the individual ESR spectra obtained in these experiments are shown in Fig. 3. 


The ampli- 
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period after radiation exposure. Accordingly, once the 
tissue reached temperature equilibrium, a series of succes- 
sive ESR signals were obtained from the unirradiated 
tissues; the spectrometer swept a suitable 150 G range 
over a period of 100 s (using an instrumental time con- 
stant of 1 s). After six to eight ESR spectra had been 
recorded, the X-ray tube was turned on and additional 
successive signals were recorded. Finally, when the 
intensity of the radiation-induced signal appeared to 
level off, the X-ray tube was turned off and a continuous 
series of signals was recorded during a suitable decay 
period. The results of experiments of this type, using a 
series of different rat tissue samples, are shown in Figs. 2-5. 
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Fig. 3. The amplitudes of the individual successive ESR signals 
Obtained from liver, kidney and heart musele tissue before, during and 
after irradiation (50 mA). The points represent the scale distance 
between the points of maximum deflexion of the ESR signals, The 
arrows indicate the times at which the X-ray tube was turned on and 
off. Individual ESR spectra from these experiments are shown in Fig. 2. 


It is evident from these figures that in each of the 
tissues studied, exposure to radiation generates a readily 
detectable transitory ESR signal. The results obtained 
with liver and testis exemplify two contrasting types of 
response to irradiation which are apparent in the overall 
data. 


Various Tissues 


Unirradiated liver tissue exhibits a well defined ESR 
signal at g=2-005 with a line width of about 15 G 
(Fig. 2). This is the signal which we have previously 
observed in liver tissue from several laboratory animals 
and man’; it seems to arise in the enzymatic redox- 
enzyme systems of the mitochondria®*. Fig. 2 shows that 
this normal signal is quite constant in intensity and line 
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shape during the period preceding irradiation; but the 
first signal recorded after onset of radiation (0-8 min 
after) shows a significant intensification of the signal, 
which thereafter increases at a gradually diminishing rate 
as long as radiation continues. This is also evident in 
Fig. 3, which shows the change with time of the amplitude 
of the signal for each of the ESR spectra recorded during 
the experiment. The intensity of the ESR signal rises 
from a value of 27 units in the normal tissue to about 
70 units after 20 min of irradiation. The X-ray tube was 
then turned off and there is an immediate reduction in 
the signal intensity at a rate which diminishes with time, 
reaching an almost constant value of about 50 units after 
10 min (Fig. 3). Fig. 2 shows, moreover, that the ESR 
signal generated by irradiation exhibits approximately 
the same g-value and line shape as the normal signal in 
unirradiated tissue. 

The response of testis to irradiation is strikingly different 
from that observed with liver (Figs. 4 and 5). The initial 
signal is quite weak (about 5 intensity units) with a com: 
plex line shape that includes a resonance at g= 2-005 
about 15 G wide. The first spectrum obtained after 
the onset of radiation shows the presence of an intense 


period required to record it. 

Heart musele and kidney tissue exhibit responses which 
are, in general, similar to that of liver (Figs. 2 and 3), In 
heart musele the broad initial signal at g= 2-005 becomes 
gradually intensified during a 20-min period of irradiation. 
It declines at about the same rate during the first 10 min 
after irradiation, and thereafter decays relatively slowly. 
The intensified signal observed during irradiation corre- 
sponds in width and line shape to that observed in the 
original unirradiated tissue. The response of kidney 
tissue similarly involves the intensification of the normal 
broad signal at g = 2-005, but exhibits a somewhat slower 
rate of rise and decay than is observed in liver and musele. 
The response of skeletal muscle is similar to the results 
shown in Figs. 2 and 3, except that the rise during irradia- 
tion is somewhat more rapid than in heart muscle and 
that a steady state intensity is reached after 20 min of 
irradiation. The initial decay after cessation of irradiation 
is also more rapid than it is in heart muscle. 

Thymus tissue and lung tissue exhibit responses quite 
similar to that of testis (Figs. 4 and 5), except that radia- 
tion not only induces the rapidly rising and narrow signal, 
but also affects the intensity of the broad signal observed 
in the unirradiated tissue. The intensification of the 
broad signal during irradiation, and its decay after irradia- 
tion ceases, are relatively slow processes comparable in 
rate with the changes observed in the signals of liver, 
kidney and muscle. Cerebral tissue exhibits radiation 
responses which are quite similar to that of thymus tissue. 
Spleen tissue shows a radiation response which is inter- 
mediate between that of thymus and the group exemplified 
by liver. The narrow signal is evident immediately after 
the onset of irradiation, but the radiation-induced intensi- 
fication of the original broad signal is somewhat more 
pronounced than it is in the case of thymus, lung or 
cerebrum. 


Two Types of Sensitivity 

The biological differences among the tissues studied, 
and their relative sensitivity to radiation damage, are of 
obvious interest in connexion with the foregoing results, 
The group of tissues comprising liver, kidney and musele 
~-which exhibit quite similar responses to irradiation-—- 
are also similar with respect to biological status and 
radiation sensitivity, All these tissues comprise mature, 
fully differentiated cells and are rather resistant to 
radiation damage, as judged by the effects of radiation, on 
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cell structure or on physiological function’, This 
suggests a possible functional connexion between resist- 
ance to radiation damage and the capability of a tissue to 
accumulate radiation-induced free radicals which yield 
ESR signals that correspond in g value and line shape to 
those due to the normal free radicals (originating in the 
mitochondrial electron transport system) that exhibit a 
relatively broad ESR signal at g= 2-005. 

In contrast, testis contains a considerable proportion 
of rapidly dividing and differentiating cells. Such cells 
are generally found to be relatively sensitive to radiation 
damage and, indeed, such sensitivity is characteristic of 
the testis!’ ", In this tissue we find that radiation induces 
the appearance of a new free radical characterized by a 
rather narrow ESR signal at g= 2-005 which reaches a 
steady state concentration within a few seconds after the 
onset of radiation and which decays at a corresponding 
rate when radiation ceases. Further evidence on the 
kinetie behaviour of this free radical is presented in 
Figs. 6 and 7. These results show that the free radical is 
not present in the absence of radiation, and that its con- 
centration reaches a steady state which is proportional to 
radiation intensity in the range studied. These observa- 
tions and the fact that the intensity of the signal corre- 
sponds to a free radical concentration in the tissue of 
10- to 104 M suggest that the free radical is produced 
by the action of radiation on a constituent which represents 
a relatively small proportion of the total cell substance. 

The contrast between the free radical response of a 
tissue which is known to be very sensitive to biological 
radiation damage (testis) and the response exhibited by a 
group of tissues that are relatively resistant to radiation 
(liver, kidney, muscle) suggests a functional relationship 
between the biological sensitivity of a tissue to radiation 
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and the radiation-induced free radicals it is found to 
contain. 

Tissues which are relatively resistant to radiation 
damage appear to be capable of accumulating radiation- 
induced free radicals in the mitochondrial electron trans- 
port system, where they add to the ESR signal normally 
associated with that system. In a radiation-sensitive 
tissue such as testis, this process does not occur; instead, 
a short-lived free radical associated with a relatively 
narrow ESR signal is observed. Preliminary results 
suggest that this narrow ESR signal may also oceur-— 
at a relatively low intensity-—~in radiation-resistant tissues 
such as liver, kidney and muscle, where it is enveloped 
by the much larger, broad signal that is intensified by 
irradiation. 

Our observations of the radiation-induced free radicals 
in thymus, spleen, lung and cerebrum are consistent with 
this relationship, In these tissues, the radiation-induced 
increase in the concentration of the free radicals which 
give rise to the normal, broad ESR signal at g= 2-005 is 
relatively slight as compared with the effeets observed in 
radiation-resistant tissues. Hence, on these grounds one 
would expect thymus, spleen, lung and cerebrum to 
contain cells which are relatively sensitive to radiation 
(and give rise to the narrow signal observed in these tissues 
on irradiation) as well as other cells which are relatively 
resistant to radiation (and give rise to the intensification 
of the broad signal on irradiation). 

These expectations are consistent with what is known 
about the composition of these organs and the biological 
response of their tissues to radiation’, Thymus contains 
thymocytes, which are known to be relatively sensitive 
to radiation damage, as well as relatively resistant sup- 
porting tissue. A similar situation exists in spleen, 
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Fig. 4. 
conditions are deseribed in the legend to Fig. 2, 


ESR signals from rat testis, thymus and lung tissue (100 mg wet weight) before, during and after irradiation at 15° C. 
The amplitades of all the individual ESR spectra obtained in these experiments are shown 
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in Fig. 6. 
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where the cells involved in haematopoiesis are relatively 
sensitive to radiation. In addition to relatively resistant 
tissues, the lung contains several cell types which are 
relatively radiation sensitive: the epithelial cells of 
bronchioles, capillaries, alveoli and atria. The situation in 
cerebral tissue is less clear: the cells of brain tissue are 
relatively resistant to radiation damage, as judged by 
morphological effects. It has recently become evident, 
however, that certain functional properties of the central 
nervous system are remarkably sensitive to radiation, so 
that some rather sensitive cells must be present, as judged 
by this criterion. 
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Fig. 5. The amplitudes of the successive ESR. signals obtained from 


testis, thymus and lung tissue before, during and after irradiation, 
presented in accordance with procedures described in the legend to Fig. 3. 
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We conclude that ionizing radiation induces transitory 
free radicals in a number of surviving animal tissues. 
The kinetic properties of the free radicals observed in 
different tissues suggest a significant correlation with their 
relative sensitivities to biological radiation damage. 
Further investigations—now in progress—-may elucidate 
the ways in which free radicals mediate radiation damage 
in living cells. 
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Fig. 6. Kinetic response of the ESR signal of testis tissue: to various 
intensities of irradiation at 15°C. The magnetic field was kept constant 
at a value corresponding to the low-field point of maximum deflexion. 
of the narrow signal exhibited by irradiated tissue, and the intensity of 
the ESR signal, at that field, monitored by means of the strip-chirt 
recorder, The X-ray tube was turned on and off at the imis indicated 
by the open and closed arrows, respectively. This procedure was 
repeated at the various indicated X-ray intensities, beginning with the 
lowest radiation intensity, Radiation intensities are caleulated in 
terms of the current produced by an ionization chamber, of the cone 
figuration of the sample cell and placed in a corresponding ‘position. in 
the spectrometer cavity, at a series of different X-ray tube carenta up 
to a maximum of 50 mA. Rafliation intensity at 33 mA corresponds’ to 
approximately 3,000 rad/s. 
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Fig. 7. Relationship between ESR signal amplitude and radiation in- 

tensity, for testis tissue, at 15° C. The paints represent average ampli- 

tudes obtained from three to five successive traces, of the type illastra ted 
in Fig. 6, at each of the Indicated radiation intensities, 
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Remains of Hominidae from Pliocene/Pleistocene Formations 
in the Lower Omo Basin, Ethiopia 


by Discoveries by the Chicago contingent of the 1967 and 1968 Inter- 


F. CLARK HOWELL 


Department of Anthropology, 


University of Chicago years ago. 


Dvurine two seasons of geological and palaeontological 
study in the lower Omo Basin, Ethiopia, a series of 
remains of Hominidae were recovered from deposits of 
Pliocene/Pleistocene age. These deposits are the Omo 
Beds (including the Shungura formation and the Usno 
formation) which are now knows to range in age from 
>40 my. to <20 my. These discoveries have been 
made by an international expedition with a contingent 
from the University of Chicago under my leadership, and 
a contingent from the Museum National d'Histoire 
Naturel, Paria, under the leadership of C. Arambourg and 
Y. Coppens. The hominids are from a series of horizons 
rich in fossil vertebrates, especially mammals, and are of 
particular interest as they antedate those recovered from 
Olduvai Gorge, Tanzania. Hence the fossil record of 
Hominidae in eastern Africa is extended farther back 
through the earlier Pleistocene into the terminal Phocene. 
This preliminary article records the specimens recovered 
by the Chicago contingent of the expedition. 














Table 1, TEMPORAL RELATIONS OF THE PLIOCENE/PLEISTOCENE HOMINIDAB 


RECOVERED FROM THE LOWER OMO BASIN 
Tuffs of main Omo Beds succession 
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Secondary Primary 
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L | K/Ar age = 181-187 my. Ua 

g "i Hominid localities = Locality 7; Locality T4 
we 

T r | Hominid locality = Locality 23 

5 a | Hominid locality = Locality 26 

R | Hominid localities = Locality 9; Locality 64 

ü D | K/Ar age = 237-256 m.y. 

P | Horninid localities = Loealilies 2, 45, 51, 54 
0l Whi 


Sands and Brown Sands 
K/Ar age Siimy, 





| localities: 
B | KjAr age «3-75 m.y. (By) 

ji Yellow Sands locality: K/Ar age 
A| = > 4-0 my. 

Hominid remains have now been recovered from twelve 
localities in the lower Omo Valley. The temporal relation- 
ships of the hominid localities are set out in Table 1 and 
their positions keyed to a succession of voleanie tuffs 
which are useful and important marker horizons within 
the > 500 m thick Omo Beds series. Radiometric (K/Ar} 
age determinations are available for: (a) three tuffs (B, 
D, I) in the main area of Omo Beds exposures'; (b) from 
a basalt underlying the fossiliferous sediments at two 
localities (Brown Sands and White Sands) north-east of 
that area (F. H. Brown, personal communication); and 
(c) from a basalt overlying fossiliferous sediments (seem- 
ingly without Hominidae) at the Yellow Sands locality 
situated at the south-western foot of Nkalabong Mountain 
at the northern end of the basin (F. H. Brown; and R. E. 
Leakey, K. W. Butzer, F. J. Fitch and J. A. Miller, 
personal communications). 


national Research Expedition to the Omo Valley extend the fossil 
records of australopithecines back to between 3 and 4 million 


Brown Sands and White Sands Localities 

Eight hominid teeth or parts thereof were recovered 
from the White Sands locality (Fig. 1). These represent 
a minimum of two, probably three, individuals. The 
series comprises the following (length and breadth in 
mm, and length/breadth or shape index in per cent, are 
given successively where appropriate in parentheses) 


White Sands. W-23. Left P, (11-8 x 10-5; 112) 
W-508. Right M, (13-25 x 12-2; 108) 
W-749. Right M? (13-2 x 14-6; 90-4) 
W-752. Right M, (14-1 « 13-0; 108-4) 
W-578. Mesial quadrant of crown of left M, 


W-750. 
W-751. 
W.753. 


Fragment of P* 

Disto-lngual quadrant of P, crown 
Right dm? (11-35 x 12-0; 94-5) 
Eleven teeth or parts thereof were recovered from the 


Brown Sands locality (Fig. 2). These seem to represent 
a minimum of six individuals. The series comprises 


Right P 






Brown Sands. B-27. 


B-lda, Left Pt (985x 1280; 75-4) 
B-14b. Left Pt (9-2 x 12-5; 73-6) 

B-4. Left Pt (90x 12-5; 72-0) 

B-23a. Left Pt (8-15 x 12:35; 65-9) 
B.236. Left M (11-5 13-2; 87-1) 

B-39a. Left P* (8:35 x 12-6; 66-2) 

B-39b. Left P* (9-3 x 13-4; 60-9) 

B-39e.  Disto-bueeal quadrant of M! crown 
B-20. Lingual half of dm? crown 

B-28. Distal half of dm, crown 


Except for several milk teeth and an upper incisor 
(from Brown Sands) the teeth from these two localities 
represent exclusively the permanent premolar and molar 
dentition. The complete dm? (W-753) is larger than the 
few known (and reported) specimens referred to either 
Australopithecus africanus (four specimens from two 
individuals) or to A. robustus (a single worn specimen). 
Its overall morphology and that of the incomplete dm? 
(B-20) resemble the australopithecines, while the in- 
complete dm, (B-28) has some morphological resemblance 
to samples from Swartkrans referred to A. robustus, as 
opposed to samples from Sterkfontein and Makapan 
Limeworks referred to A. africanus. The single upper 
incisor (B-27) has a mesiodistal length (92 mm) within 
the known australopithecine range. 

The single P? (B-39a) is within the known size range of 
samples referred to A. africanus, but smaller than known 





NATURE. VOL. 223, SEPTEMBER 20, 1969 


homologues referred to Av robustus (or to A. boisei), Its 
shape index is within the lower range of samples from 
Sterkfontein and from Swartkrans. Two of the five 
complete Pts from Brown Sands were associated with 
other teeth (see list earlier). All of these teeth fall within 
the known size range (based on eleven teeth) of samples 
referred to A. africanus, but are narrower than the known 
P's of samples referred to A. robustus (or to A. boisei). 
They are as short as, or shorter than, the smallest known 
specimens (of a sample of twenty teeth) of homologues 
referred to A. robustus. In the two associated specimens 
from Brown Sands, P* is smaller than P,, not markedly 
so as in robust australopithecines, but more like the 
condition often found in 4. africanus. The overall mor- 
phology of these teeth, particularly in the pattern of the 
primary fissure system and the lack of talon development, 
agrees most closely with specimens from Sterkfontein 
referred to A. africanus, 

Only two complete upper molars are known, an M+ 
(B-23b) from Brown Sands and an M? (W-749) from White 
Sands. The Mt is within the known size range of homo- 
logues referred to A. africanus; it is shorter than known 
homologues referred to A. robustus (or to A. boisei), though 
barely within the known lower range in breadth and shape 
index. The M? is closer to the known size range of homo- 
logues referred to A. africanus than to those referred to 
A. robustus (or to A. boisei); its shape index falls within 
the ranges of both. The morphology of both teeth, and 
the incomplete M' (B-39c) as well, is broadly similar to 
that met within the Sterkfontein sample referred to A. 
africanus. 

In the lower dentition only P, and M, are known. The 
White Sands P, (W-23) is unusually narrow. Its length 
and breadth dimensions and shape index diverge markedly 
from homologues referred to A. robustus, and also fall 
outside the known range of A. africanus {in which, 
however, only five specimens of P, are known). Its shape 
index even exceeds that of Olduvai hominid 7 (the type 
of “Homo habilis”). Both M,s from White Sands (W-508, 
W-752) are within the range of variation of homologues 
referred to A. africanus for all dimensions. The former is 
smaller than the smallest known M, in the Swartkrans 
sample of A. robustus, while the latter is the same size as 
the smallest M, of that sample. The morphology of P, 
and of M, diverges from their homologues in the Swartkrans 
sample of A. robustus and approaches more closely the 
Sterkfontein sample of 4. africanus. 

In general, the teeth from these two localities suggest 
the presence of one hominid species which resembles the 
Sterkfontein sample referred to A. africanus. Most of the 











Fig. 1. 
(W-753), right M* (W-749); below, left P, (V-23), right My (W’-752), 
right M, (IF-508), 


Hominid teeth from White Sands locality. Above, right dm? 
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Hominid teeth from Brown Sands locality. 
left Pa, inc. MD (B-39a, b, c), middle, left P*, left M, (8-288, bh; below, 
left P* (B-4); left P4 (8-146); left PH py (8-148). 


Fig. 2. Above, kit Pa, 


sample is therefore assigned to A. ef. africanus. An 
incomplete dm, (8-28) from Brown Sands and a complete 
dm! (W-753) from White Sands suggest that a second 
hominid, with resemblances in the deciduous dentition to 
known robust australopithecines, may also be represented. 


Localities below Omo Beds Tuff D and Tuff € 

Arambourg and Coppens?* have already reported a 
hominid mandible, without tooth crowns preserved, from 
a locality (their Omo 18) below Tuff D. Two K/Ar 
determinations on this tuff indicate an age of 237-256 
m.y. (ref. 1). This fossiliferous zone thus seems to post- 
date the White Sands and Brown Sands lovalities, and it 
is certainly no older (this is also suggested by the faunal 
assemblages). A dozen isolated teeth have now been 
recovered by my contingent from one locality (2) below 
Tuff C and three localities below Tuff D (Fig. 3). These 
represent at least six or seven individuals. The s 
comprises 











Omo Beds Locality 2. Incomplete Maj, (--; 13-8; 


9, Left M, (13-7 11-5; 119-0) 

. Right M, (129x 12-0; 
108-0) 

Incomplete right dim, 


Left M, (140x 12-6; 111-0) 


2-8 
Omo Beds Locality 45, 45-2 





Omo Beds Locality 54. 54-20, 
Omo Beds Locality 51. 451-1. 


"51-2. Left M (131x 14-7; 89-0) 

T51-3. Left Mt (131x139; 94-2) 

t51-4. Left M? (or M11) (13-3 x 
13-2; 100-7) 

"51-5. Right I} (9«—; =) 

+51-6. Incomplete right M? 

*51-7, Lingual half of right M 


UEO x=; —) 

* Younger individual, 

t Older individual. 

t Another younger individual, if S51—4 is an Mi 

Only the trigonid area is preserved in the single deei- 
duous lower molar (Lõ4-20) and it seems to have australo- 
pithecine affinities. The anterior dentition is represented 
only by the upper medial incisor (151-5). The size of 
this tooth is similar to both robust or gracile austrato- 
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Fig. 8. Hominid teeth from localities (51, 45, 2) below Tuff D, main 
Ome Beds, Above, left (7) M° (51-4); left M? (51-3): left M* (41-2); 
below, left M, (61-1); right M, (45-2); left M; (2-89). 





Fig. 4. Hominid teeth from localities (9, 64) below Tuf E, main Omo 
Beds, Above, left M? (9-12); right M, (9-11); below, left dm, (64-2). 


pithecines; the morphology of its lingual surface, however, 
differs somewhat from both, and the morphology of the 
buceal surface is rather more like homologues referred to 
A. africanus. 

The remaining teeth of this series represent upper 
molars (four) and lower molars (five). The first lower 
molars from Locality 2 (42-89) and Locality 45 (45-2) 
agree in size with homologues referred to A. africanus, 
and are as small as or smaller than the Swartkrans 
homologues referred to A. robustus. The second lower 
molar from Locality 51 (£51-1) is substantially smaller 
than its homologue in the Swartkrans sample of <A. 
robustus, and slightly smaller than its homologue in the 
Sterkfontein and Makapan Limeworks samples referred 
to A. africanus. In respect to shape and particularly 
details of their fissure pattern and occlusal surface mor- 
phology these lower molars, and the incomplete specimens 
from Locality 2 (L2-79) and Locality 51 (L51-7) as well, 
have resemblances to lower molars from South African 
sites referred to A. africanus. 

The first upper molars from Locality 51 are within the 
known size range of both A. africanus and A. robustus. 
The second upper molar (151-4) from that locality is 
smaller than known homologues referred to A. robustus; 
its length falls within the known A. africanus range, 
though it is rather narrower. The morphology of these 
upper molars is clearly australopithecine, and there are 
some specific resemblances to the 4. africanus sample 
from Sterkfontein. The sample from this horizon is 
therefore assigned to A. cf. africanus. 
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Localities below Omo Beds Tuff E 

Hominid remains have been recovered from only two 
localities between Tuffs D and E. These represent only 
three isolated teeth (Fig. 4). They are 


Omo Beds Locality 64. 64-2. Left dm, (13-8 x 12-4; 111-2) 
Omo Beds Locality 9. 9-11, Incomplete right M, (> 15-7 


x > 14-0; > 1124) 
9-12, Left M? (134x176; 761) 


The dm, is exceptionally large, whether comparison is 
made with other deciduous teeth from the Omo Beds 
series or with known australopithecines. It is as large as 
the largest dms from the Swartkrans sample (thirteen 
teeth) referred to A. robustus, and larger than two 
specimens from Kromdraai, It is quite outside the known 
range of variation of samples referred to A. africanus 
(six teeth, two each from Sterkfontein, Makapan Lime- 
works, and Taungs, the last from a single individual). The 
tooth shows australopithecine affinities, with its general 
form like that of the Taungs child and most of its mor- 
phological details comparable with those described for 
the Swartkrans sample referred to A. robustus, 

The upper and lower third molars from Locality 9 
probably represent only one individual. Both teeth are 
large. The M® is in the range of samples referred to either 
A. africanus or A. robustus, though it is smaller than 
Olduvai hominid 5 referred to A. boisei. Its shape index 
and occlusal morphology agree best with specimens 
referred to A. robustus or A. boisei. The M,, which lacks 
some enamel on its lingual and mesial margins, was also 
quite large. Its estimated dimensions are within the 
range for homologues referred to A. robustus and in the 
upper part of the range of specimens referred to A. 
africanus. Most of its morphological features can he seen 
in specimens of robust australopithecines from Swartkrans 
and from Peninj (Natron basin), The size of the deciduous 
molar and its morphology and the shape indices and 
morphological details of the two molars are similar to 
homologues which have been referred to the robust 
australopithecines A. robustus and A. boisei, but specific 
assignment of these specimens must wait pending results 
of studies by P. V. Tobias and others on the taxonomy 
of known robust australopithecines. 


Locality below Omo Beds Tuff F 


Two permanent teeth have been recovered from a 
locality (Locality 26) between Tuff F and Tuff # 
(Fig. 5), probably representing two different individuals. 















Fig. 5. Hominid teeth from localities below Tuff # (26) and below 





Tull G (28), main Omo Beds. Above, right M? (28-58); left M! (26 
below, right M, (26-1); right M, (28-31); right Ms (28-30), 


ay 
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The specimens are 

Omo Beds Locality 26. 26-1. Right M, (15-5 x 13-0; 
116-5) 

26-59. Incomplete left M? (14:5 x 


The complete M, crown is elongate, its length falling 
within the range of homologues referred to both A. 
africanus and A. robustus. It is slightly narrower, how- 
ever, than homologues of either; its shape index is at the 
upper end of the A. robustus range, and is comparable with 
that of Olduvai hominid 7 (type of “H. habilis”). The 
morphology of this tooth resembles some specimens from 
the Sterkfontein sample referred to A. africanus. The 
incomplete M1, which lacks small parts of the mesio-buccal 
and disto-lingual margins of the crown, is clearly australo- 
pithecine in its morphology. Both specimens are reason- 
ably assigned to A. ef. africanus. 


Locality below Omo Beds Tuff G 

Three hominid teeth have been recovered from one 
locality (Locality 28) between Tuff F and Tuff G (Fig. 5), 
These seem to represent two individuals, one represented 
by an upper molar and the other by two lower molars. 
They are 
Ome Beds Locality 28. 





28-30. Right M, (16-7 x 12-4; 

135-0) 

Right M, (ca. 15-0 13-0; 

ea. 115-0) 

28-58. Worn right M? {155x 14-0; 
110-7} 

The upper molar (028-58), although very worn, is 
clearly australopithecine. This tooth has a very high 
length/breadth index, substantially above the range of 
teeth referred to A. robustus and even somewhat above 
the range of teeth referred to A. africanus. The M, 
(£28-31) has a shape index comparable with its home- 
logue from Locality 26 (£26-1) and with Olduvai 
hominid 7. Its dimensions also accord well with the lower 
part of the known range of specimens referred to A. 
africanus. The M, (L28-30) is a long tooth, within the 
range of variation of specimens referred to both A. 
africanus and A. robustus. This tooth is very narrow, 
however, so that its shape (length/breadth) index is 
unusually high and outside the known range of specimens 
referred to either A. africanus or A. robustus, Olduvai 
hominid 7 (type of “A. habilis“) lacks an My, but this 
tooth is preserved in a paratype specimen, Olduvai 
hominid 4 from site MKT. Tt is interesting to note that 
M, is shorter and slightly wider than the Locality 28 


28-31, 





Fig. 6. Superior (left) and inferior (right) views of hominid mandible 
(L74~21) from Locality 74, above Tuf G, main Omo Beds, 
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Cm 


0 j 2 3 4 5 
Lovato of 2 bednet 


Lateral (above) and lingual (below) views of hominkd mandible 


Fig. 7, 
(74-21) from Loeality 74, above Taff G, main Omo Beds. 


homologue, and its shape index is nearly twenty points 
lower. The morphology of both these lower molars from 
Locality 28 is similar to homologues from Sterkfontein 
referred to A. africanus. The specimens are therefore 
assigned to A. ef. africanus. 


Localities above Omo Beds Tuff G 


Hominid mandibles of australopithecine type have been 
recovered from two localities above Tuff G (and below Tuff 
H, although this tuff is hardly exposed in the northern 
sector of the main Omo Beds}. Locality 7 (specimen ‘No. 
L7-125) has yielded a complete mandibular corpus, lack- 
ing both ascending rami, with all permanent teeth except 
for three incisors. Loeality 74 (specimen No. D74-215 
has yielded a right mandibular corpus, without ascending 
ramus, preserving C, P, and the roots of P, and M, The 
second lower molar was evidently largely, or wholly, 
erupted to judge from the anterior part of its preserved. 
socket. 

The hemimandible (174-21) has a very deep, robust 
body (Figs. 6. and 7). The height of the body exceeds that 
of all previously known robust australopithecines, except 
for one value for the big adult SK12 specimen from 
Swartkrans. The thickness of the body is only exceeded 
in one dimension by that specimen and the Penin) (Natron 
basin) specimen. The symphysial height is great, at the 
upper end (or in excess of) the known robust australopith 
range, and this is equally true for the thickness values of 
this region. Both C and P, are large-crowned teeth. ‘The 
length (8-8 mm) and breadth (9-7 mm) of C exe known 
values for the Swartkrans sample referred to A. robustus 
but is within the range of the Sterkfontein and Makapan 
Limeworks samples referred to A. africanus. The mor 
phology of this tooth resembles fairly closely, however, 
that of the robust australopithecines. Only the roots of 
P, are preserved, but its length (approx. 12-8 mm) can 
be estimated from the contact facets on C and P, This 
value is greater than the known range of the Swartkrans 
sample referred to A. robustus, and that of the Peninj 
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Pig, 8 


Right lateral viewlof hominid mandible (17-125) from Locality 
7, above Tuff G, main Omo Beds. 





Fig. 9. Left lateral view of hominid mandible (7-125) from Locality 


7, above Tuff G, main Omo Beds. 


specimen, and also outside the 95 per cent confidence 
liamits of the former sample. This extreme elongation 
and apparent molarization of P, are themost distinctive and 
hitherto unknown features in such carly hominids. The 
size of P, is within the upper part of the known range of 
homologues referred to A. robustus. Its length (13-0 mm) 
exceeds that of specimens referred to A. africanus, and its 
breadth (13-75 mm) is barely within that range. It has a 
higher shape index (94-4) than the range recorded for 
such homologues. The crown is strongly molarized, with 
expanded talonid, its overall morphology being similar 
to that of the Peninj individual or some specirnens (for 
example, SK9) from Swartkrans. 

The Locality 7 mandible (Figs. 8, 9 and 10) clearly 
represents a very robust australopithecine. Compared 
with seven specimens from Swartkrans and that from 
Peninj, the Locality 7 individual exceeds all in most 
dimensions of the mandibular body, including height, 
thickness and overall robusticity, and in the [size and 
robusticity of the symphysial region. The body is excep- 
tionally deep and the roots of the canines, premolars and 
molars are very long and robust. The incisors, however, 
appear to have been shorter-rooted and less robust. The 
superior and inferior transverse symphysial tori are very 
robust, the latter exceptionally so, and the genioglossal 
fossa is extensive and deep. Mental spines are preserved 
on the postero-inferior surface of the mferior transverse 
torus. The alveolar planum exceeds far back to the mid- 
level of the last premolar. The digastric fossac are exten- 
sive and situated on the inner surfaces (rather than the 
inferior margin) of the body, The dental arcade is shghtly 
parabolic with the premolar-molar series diverging slightly 
posteriorly from the nearly transversely aligned incisors 
and canines. The lingual surfaces of the mandibular bodies 
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converge anteriorly to produce a A-shape to the imner 
mandibular contour, a consequence of the excessive 
thickening of their upper portion (comparable with the 
alveolar prominence) beginning just distal of the level of 
the second molar and continuous anteriorly as the alveolar 
planum. 

The incisors are diminutive, the canines small, and the 
premolars and molars extremely large. The preserved 
right T, is smaller than that of any robust australopithecine 
yet known. The length (7-8 mm) of the left C is within 
the known robust australopithecine range, while its 
breadth (9-6 mm) is slightly above that range. The 
lengths of P, (10-4 and 11-2 mm) and of P, (11-7 mm) 
are within the known robust australopithecine range, but 
both teeth are exceptionally wide (P;= approximately 
17-5 mm, P,== 18-9 mm) and outside the known range of 
such samples. Hence these teeth have low shape indices, 
a condition also found in Olduvai hominid 4, referred to 
A. boisei. M, is both wider (18-7 mm) and longer (approxi- 
mately 168 mm) than known homologues of robust 
australopithecines, and hence has a lower shape (length/ 
breadth) index (approximately 89-8). The length (approxi- 
mately 16-2 mm) of M, is within the range of robust 
australopithecine homologues, but the width (18-0 mm) 
exceeds that range, and the shape index (approximately 
90-0) is correspondingly lower. The length (approximately 
18-2 mm), breadth (14:8 mm) and shape index (approxi- 








Fig. 10. Superior (above) and inferior (below) views of hominid 
mandible (L7-125) from Locality 7, above Tuf G, main Ome Beds, 
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mately 123-6) of M, fall within the known range of robust 
australopithecine homologues. The details of the pattern 
of the ocelusal surface of M, are sufficiently well preserved 
to indicate a close resemblance to homologues referred to 
robust australopithecines. 

The crowns of the premolar and molar teeth are sub- 
stantially worn. Dentine is exposed across the full width 
of Pa, and on the buccal side of P,. The occlusal surfaces 
of M, and of M, have extensive dentine exposure except 
for the marginal rims of enamel. The surface of M, is 
worn deeply concave, even more so than that of M,. 
The wear tends to be greatest on the lingual portion of 
the occlusal surface, as is frequently (but not invariably) 
so in individuals considered to represent robust australo- 
piths, The mandible and dentition of this individual 
indicate that it represents a very robust variety of 
australopith in many respects comparable with hominid 
5 recovered from Olduvai Bed I, site FLK I, and referred 
to A. boisei. 

The Omo Beds of the lower Omo basin are now known 
to span a substantial range of Pliocene/Pleistocene time. 
Remains of Hominidae from a range of time hitherto 
largely unknown have now been recovered from a succes- 
sion of fossiliferous horizons within this series of beds. 
Hominids known reasonably certainly from this general 
range of late Cenozoic time have included up to now a 
distal left humerus from Kanapoi, south-east Turkana’, 
and a right temporal bone from the Upper Fish Beds of 
the Cherneron Beds series, Baringo basin’, In each case, 
the faunal evidence suggests broad equivalence with the 
earliest range of time represented in the oldest sediments 
of the Omo Beds Series, that is, probably between 3 and 
4 million years. 

A robust form of australopithecine, tentatively referred 
to A. ef. boisei, is known from the massive mandible 
from Locality 7 with a geological age of approximately 
2-0 my. Another hemimandible from this same time 
range also has robust australopithecine affinities; but it 
is evidently unique in the extreme enlargement and pre- 
sumably attendant molarization of the anterior premolar. 
For the moment, it is best treated as Australopithecus 
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sp. Some teeth from earlier horizons, including specimens 
from Loealities 9 and 64, as well as other localities worked 
by the French contingent of the expedition (Y. Coppens, 
personal communication), also have robust australo- 
pithecine resemblances. This suggests that antecer 
of robust australopithecines extend back at least another 
half million, and probably more, years. ries of 
isolated teeth from nine other localities, ranging in age 
between about 3 and 2 million years, generally diverge 
dimensionally and/or morphologically from their homo- 
logues usually attributed to robust australopithecines. 
Their strongest resemblances are with specimens cus- 
tomarily referred to the small australopithecine, ÆA. 
africanus. On the basis of present evidence it is not 
unreasonable to refer these specimens to A. ef. africanus, 
If these attributions are confirmed, then the hominid 
samples from the Omo Beds would indicate the co- 










existence of (at least) two australopithecine taxa through : 


much of the range of Pliocene/Pleistocene time, And this 


would have been the case not only in the Omo area, bato 


even in broadly similar habitats, to judge from available 
palaeo-environmental data. The respective ecological 
niches of these creatures, however, remain essentially 
unknown. 
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Membrane Association by Bacteriophage A DNA: 
Possible Direct Role of Regulator Gene N 


by After release of repression, A DNA quickly becomes associated with 
L. HALLICK a membrane fraction. This membrane association requires the 
R. P. BOYCE product of the A regulator gene N, but not the product of any known 
H. ECHOLS genes subject to N activation. Gene N may carry out its positive 


Department of Biochemistry, 
University of Wisconsin 


A VARIETY of experiments have implicated membrane 
association as an essential part of the DNA replication 
process in bacteria'~* and phage’. Evidence for the 
genetic specificity of such DNA-membrane association 
has, however, been lacking. The temperate phage > 
provides a useful system for studying the role of membrane 
association for two reasons: intracellular à DNA can be 
readily shifted from a repressed state in which neither 
DNA replication nor RNA transcription of lytic genes is 
oceurring to an active state in which both processes are 
proceeding; and the wealth of available genetic and 
physiological data on i allows the possibility for an 
identification of gene with function. 






regulation of DNA replication and RNA transcription through 
direct control of membrane association. 


Here we report evidence that association of } DNA 
with membrane requires derepression of the 4 genome, can 
occur without observable alteration in the circular strue. 
ture of the 2 DNA, and may play a critical part in the 
regulation of both replication and transeription of the viral 
DNA. 





Membrane Association requires Derepression 

We used a repressed 4 DNA molecule, obtained by 
superinfection of a lysogenic cell, and the repression 
system was rendered thermolabile by the presence of a 
temperature sensitive repressor; thus repression could be 
released quickly through a temperature elevation from 
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30° © to 42° C and repressed and derepressed systems 
compared. The association of radioactive 4 DNA with a 
cellular structure which sedimented very rapidly after 
gentle lysis was taken as evidence of membrane associa- 
tion. 

Fig. 1 shows that effective membrane association 
requires derepression of the DNA; most of the 4 DNA 
is free in repressed conditions at 30° C, and virtually all 
of the 4 DNA is membrane-associated after release of 
repression by 5 min at 42° C. These data suggest that a 
specific 4 function subject to repressor control is involved 
in membrane association. A similar effect of cellular 
repression on membrane association has been found by 
Kolber and Sly (personal communication). 


Membrane Association does not involve Observable 
Changes in DNA Topology 


2 DNA molecules extracted from repressed cells are 
mainly in the covalently closed, circular form™*. To 
determine whether membrane association was accompan- 
ied by a change in this circular form, extract from repressed 
and derepressed cells was subjected to alkaline sucrose- 
gradient sedimentation. In these conditions, 2 DNA no 
longer associates with a rapidly sedimenting cellular 
fraction. Closed, circular DNA molecules, however, 
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Fig. 1. Sedimentation analysis of 4 DNA after gentle lysis of super- 


infected lysogenic cells. Both prophage and superinfecting phage carry 
the ¢1857 mutation”, which renders the phage repression system thermo- 
labile at 42° ©, The superinfecting 4 DNA carries a *H label and is 
located by radioactivity measurement. The 5-30 per cent sucrose 
gradient ends with a dense underlayer of 40 per cent sucrose in 1-7 g/cm 
CsCl; rapidly sedimenting cell fragments accumulate at this underlaver, 
whereas free 2 DNA will sediment less than half the distance to the 
underlayer in the conditions used. °H label found at the under- 
layer is defined operationally as ‘‘membrane-associated’ A DNA. 
Infection, lysis and sedimentation were performed as follows. Bacterial 
growth was carried ont in malfose-cagamino-acids medium'*. Approx- 
imately 4x10" lysogenic cells (strain AB259 (4¢1857)) were infected 
with approximately 8 x 10° 261857 phage, containing *H-labelled DNA, 
in adsorption medium—0-01 M Gris-HC1, pH 7-4, and 0-01 M MgSO. 
After a 30 min adsorption period at room temperature, unadsorbed 
phage was removed by low speed centrifugation and washing in 
adsorption medium. The infected bacteria were then incubated at 30° € 
in maltoge-casamino-acids medium for 30 min, followed by 6 min at 42° C 
or 30° C to provide comparable repressed and derepressed cell popula- 
tions; after this, the cells were washed by centrifugation in 0-01 M 
tris HCL, pH 8-1, and. eer ee in O-7 ml. of 125 per cent sucrose 
(w/w) in OOF M tris HCI pH 8&1. Lysozyme and EDTA were added to 
concentrations of 80 «g/ml. and 1-2 « 10°" M respectively, After ineuba- 
tion at 0° C for 5 min, Brij 69 and MgSO, were added to give final 
concentrations of 0-68 per cent and 0-012 M respectively. After incuba- 
tion at 0° C for an additional 10 min, 0-1 mi. of the clear lysate was 
layered on a 4 ml, 5-30 per cent (w/w) sucrose gradient containing a 
1 ml, underlayer of 1-7 glom CsCl and 40 per cent sucrose. Sucrose 
solutions were made up in 0-05 M tris-HCl, pH 7-4, containing EDTA 
and NaCl at concentrations of 0-005 M and 0-15 M respectively. Centri- 
fugation was for 60 min at 35,000 r.p.m. in an SIV89 rotor at 4° C. The 
underlayer was collected from the bottom of the tube in the first four 
fractions and the remaining gradient in 15 drop (approximately 0-8 ml.) 
fractions. The samples were counted with ‘Triton-X'-toluene scintilla- 
tion solution’. Overall recoveries of "H were greater than 85 per cent. 
Counter background has been subtracted. 
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sediment much more rapidly than either linear or “nicked” 
(one strand broken) circular molecules*. As Fig. 2 shows, 
most of the 4 DNA is found in the covalently closed, 
cireular form in conditions where virtually all the DNA 
is membrane-associated. Thus membrane association of 
2 DNA can occur without an observable, obligatory change 
in the closed, circular structure. It is, of course, possible 
that association involves opening and reclosing of the 
ciredlar 2 DNA molecule, 
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Fig. 2. Sedimentation analysis of 4 DNA in alkaline sucrose gradients. 


Lysates were prepared from superinfected lysogenic cells as for Fig. 1 
except that MgSO, was omitted from the lysis medium to try to avoid 
nuclease damage during extraction. Covalently closed, circular DNA 
molecules sediment much more rapidly than either linear molecules or 
nicked circular molecules under alkaline denaturation conditiens; there- 
fore alkaline sedimentation provides a convenient way of identifying the 
closed, circular form of 4 DNA. To provide additional evidence that the 
rapidly sedimenting form was actually free DNA and not a cellular 
aggregate, alkaline sedimentation was also carried out after phenol 
extraction. The rapidly sedimenting form of 2 DNA was again found to 
be present. The alkaline gradients were from 5 to 20 per cent sucrose in 
0-01 M tris-HCl, pH 7-4, 10°? M EDTA, 0-15 M NaCl, and 0-3 N NaQH. 
Before layering 0-2 ml, of lysate on the gradient, the extract was made 
0-02 Min EDTA and 0-1 N in NaQH, and was subjected to 1 min of 
vortex mixing. 


Membrane Association requires the Gene N Product 


Membrane association is an early event in lytic develop- 
ment of phage 4; experiments similar to those of Fig. 1 
have shown that association is complete within 2 min 
after release of repression. Our procedure for attempting 
to identify the carly 4 gene involved in this proc 
based on the following. 

There are four known essential genes which must 
funetion early during ù development-—N, O, P and Q of 
Fig. 3. The products of genes O and P are probably 
directly involved in DNA replication; gene Q is a regu- 
lator gene involved in activation (positive regulation) of 
the late ìà genes, governing head and tail proteins and 
lysis; gene N is a regulator gene required for normal 
activation of three classes of 4 functions: recombination, 
DNA replication and late proteins-—corresponding to 
three separate portions of the 4 genome (Fig. 3)!° N 
probably carries out its positive regulation of late proteins 
through activation of gene Q. 

Because of the general regulatory role of gene N in 
activation of other early functions, we first tested mutants 
in gene N for membrane association. Fig. 4a shows that 
an N- mutant is defeetive in membrane association; 
similar results were found with a different N~ mutant. 
These data indicated that either the N product itself or a 
product of N activation was required. The obvious 
candidates of the latter group were the DNA synthesis 
proteins (O and P gene products) and the integrative 
recombination proteins (which might insert the 1 DNA 
into the host DNA). To try to distinguish between the 
two general possibilities for gene N action (N itself or 
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Fig. 3. Order of genes in the linear 4 DNA molecule extracted from phage, Individual 
genes have not been noted on the map, except for the essential early genes N, 0, P, Q and 
the ef repressor gene, There are twenty known genes involved in the late functions head 
and tail formation and lysis; in addition there are four known genes involved in integra- 
tion, excision, and general recombination, and two (in the “regulation region”) which 
play a subsidiary part in the establishment of cellular repression after infection of non- 
lysogenic cells. The linear 4 DNA ate an, join ends to form the intracellular circular 
molecule, 


N activation), we used a % mutant defective in genes O 
and P (through nonsense mutation) and in the entire 
integration and general recombination region (through 
deletion), Fig. 4b shows that membrane association by 
the O-P- recombination- phage is essentially complete. 
A separate experiment showed that a Q- mutation does 
not block association. 

We therefore conclude that the gene N product itself 
is likely to direct in some way the membrane ‘association 
event. A simple mechanism would be for the N protein 
to attach 4 DNA to the cell membrane. If this model is 
correct, it follows that the positive control of regulation 
replication, recombination and gene Q by gene N is a 
consequence of proper specification of the cellular site for 
the 4 DNA. Because at least N regulation of the recom- 
bination region of à DNA is manifested at the level of 
RNA synthesis!!1?, it is possible that membrane binding 
may influence proper initiation of RNA transcription. 

Two alternative interpretations can be made of the 

“results presented above: (1) that membrane association 
may follow from the general augmentation of transerip- 
tion and/or translation after the gene N product has 
acted, rather than from the direct action of the N protein 
itself; that is, association may be coupled to expression 
of all or part of the à genome and not involve specific 
A proteins; (2) that some undiscovered N-activated 
protein may specify membrane association. Although we 
think that these alternative explanations are less likely, 
they are difficult to rule out. The augmentation model 
rests on the argument that the transcription and trans- 
lation in N- conditions (the N gene and at least to some 
extent the OP region) are not sufficient for effective 
membrane association, but that the increased transcrip- 
tion after the N protein has acted is sufficient for com- 
plete association (even by 2 min). The undiscovered 
protein hypothesis appears unlikely, granted the reason- 
able assumption that membrane association is an essential 
function, for there are at least five independently isolated 
conditional-lethal or absolute defective mutations in each 
of N, O, P and Q. Further experiments, however, are 
clearly necessary before we can delineate with any 
certainty the role of gene N in membrane association. 


Repressed à DNA does not associate with Membrane 


One puzzling property of à regulation is that a repressed 
à DNA molecule cannot be effectively replicated! or 
activated for normal synthesis of recombination proteins! 
even if the 4 N, O and P gene products are supplied by 
another phage insensitive to the à repressor (for example, 
phage 214—all } except for the repression system of 
phage). In terms of the membrane association model, 
one might imagine this to occur because the 4 repressor 
blocks membrane association. 

To test this possibility, we used a mixed infection of 
AN- lysogenic cells with 2144 and AN-, the tritiated 
AN- superinfecting phage. Fig. 5 compares membrane 
association at 30° C and at 42° C; at both tempera- 
tures the gene N product is supplied by Ai*4, but only at 
the high temperature is the AN- DNA freed from repres- 
sion. These data show that 2 DNA is blocked from 
membrane association by the presence of the repressor 


even if an active gene N product is present. This is cons 
sistent with the postulated role of membrane association 
in À regulation and possibly provides an explanation for 
the inability of à proteins to work on a repressed viral 
DNA. Dove et al. have previously suggested that 
cellular organization may be involved in the inhibition of 
a DNA replication and its release; their data suggesh a 
role of DNA region transcription which must be explained 
in any detailed model of replication inhibition. 

We thank Kerry Brookman for assistance and Allan 
Campbell, Kenneth Manley and William Sly for phage 
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Fig. 4, Sedimentation analysis of A DNA from A mutants, Experimental 
conditions were those of Fig. 1, The infection syatems were: (a) 
AN-01857 +strain AB259 (AN-c1857); (b) AO-P- recombination 
61857 + AB259 (20-P- recombination --c1857). The N- mutation was 
the nonsense mutation V7"; the O- and P- mutations were the nonsense 
mutations 629 and P80"; the deletion of the integrative and general 
recombination genes was that contained in the biotin transducing phage 
AbiolO (unpublished results of E. Signer et al.), All infections involving 
nonsense mutations used a suppressor negative host. ‘The N- infection 
was also carried out with the nonsense mutation N53 in superinfecting 
phage and prophage, using an absolute defective in the si Tinfecting 
eI gene (c190): AN~c190+ strain 3800 (AN-e1867). Essentially the same 
result was found. Evidence that repression was indeed released for the 
N- mutants by 42° © treatment was provided by experiments sinitlar 
to those presented in Fig. 1 using an N- prophage (and either Ac186? of 
20190 superinfecting phage); eae coeneet to those of Fig. 1 were 
obtained, 
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Fig. 5, Sedimentation analysis of 4 DNA from mixed infection of a 
AN~ lysogen by *H AN- and 4i N+. The Ai phage are insensitive to 
the 4 repressor, Esperimenta conditions were those of Fig. 1 except 
that a multiplicity of infection of ten was used, The Ai“ phage carried 
the i010 deletion (to try to reduce recombination with the AN~) and a 
oF mutation to prevent its repression. ‘The N~ mutation was the nonsense 
mutation N53"; the superinfecting AN- phage carried the e190 mutation 
and the AN- prophage 61857. 
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Here we present our observations that (a) “native” 308 
and 505 ribosomal subunits but not the 70S ribosomes are 
involved in the initiation of MS2 RNA-directed protein 
synthesis; (b) on completion of peptide synthesis, com- 
pleted protein is released from the ribosome and the 
ribosome dissociates; (c) the resulting ribosomal subunits 
are capable of reinitiating MS2 RNA-direeted protein 
synthesis; and (d) exchange of ribosomal subunits occurs 
coupled with the reinitiation of MS2 RNA-directed protein 
synthesis, 

The existence of “native” 305 and 508 ribosomal 
subunits besides 708 ribosomes in Escherichia coli cells 
has been known for some time. A few years ago, we 
reported that “native” 30S and 505 ribosomal subunits are 
capable of forming polysomes and carrying out poly-U- 
dependent polyphenylalanine synthesis!. Mangiarotti 
and Schlessinger? observed that all the ribosomes in Ẹ. 
coli. exist as either free (native) 30S and 50S subunits or as 
a part of polysomes. These observations prompted us to 
reconsider functional roles of native ribosomal subunits. 

Since then, studies on the initiation of protein synthesis 
provided evidence in support of the notion that ribosomal 
subunits are essential participants for the initiation of 
protein synthesis. Many diverse but related observations 
made in several laboratories are all consistent with the 
“308 subunit model’ proposed by Nomura and his 
group?. The model pictures the initiation of protein 


In a cell-free system programmed with MS2 phage RNA, native 50S 
and 30S ribosomes are involved in initiation. After completion of a 
round of synthesis the ribosomes 
subunits capable of reinitiation. 
with subunit exchange. 


dissociate to yield 30S and 505 
Reinitiation in vitro is associated 


synthesis in Æ. coli as follows. The 308 subunit but not 
the 705 ribosome recognizes the initiation codon AUG in 
mRNA (either RNA coliphage RNA or AUG copolymer) 
and interacts specifically with f-met-(RNA, but not with 
other aminoacyl-(RNAs. This initiation complex forma- 
tion requires GTP and initiation protein factor(s}. The 
50S subunit joins the initiation complex and forms 705 
ribosome. Confirming experiments have come from 
several laboratories® "1. 

According ‘to this model, the formation of the 305- 
mRNA-f-met-LRNA, initiation complex is an obligatory 
intermediate for the initiation of protein synthesis. 
Continuous protein synthesis therefore requires a con- 
tinuous supply of free ribosomal subunits. A recent 
demonstration of exchange between mbosomal subunits 
accompanying protein synthesis both in vivo and in 
vitro is consistent with this model and suggests that 
ribosome cycling, thus, continuous protein synthesis is 
coupled with dissociation and reassociation of the ribo- 
somal subunits. 

We have been studying the in vitre synthesis of MS2 
phage proteins directed by MS2 RNA. Our in vitro 
protein-synthesizing system uses @ cell-free extract of 
E. coli containing 708 ribosomes and native 305 and 508 
ribosomal subunits, and so we studied the roles of native 
308 and 508 ribosomal subunits in the synthesis of MS2 
phage-specifie proteins in the presence of 708 ribosomes. 
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Some new and recent PHYSICS titles from Elsevier ... 


ELECTROMAGNETIC 
SCATTERING ON SPHERICAL 
POLYDISPERSION 


D. Deirmendjian, The RAND Corporation, Santa Monica, 
California, U.S.A. 


CONTENTS: Preface; Part [: Polydisperse scattering and 
its applications; introduction; scattering on single particles; 
single scattering on many particles; discussion and applica- 
tions of the results; Part Il: Numerical tables; subject index. 


1969 290 pages 31 illus. £6 10 0 


INTERFACE CONVERSION FOR 
POLYMER COATINGS 


Edited by P. Weiss and G. Dale Cheever, Polymers Depart- 
ment, General Motors Research Laboratories, Warren, Michi- 
gan, USA. 


CONTENTS: Preface: molecular structure and electrostatic 
interactions at polymer-solid interfaces; diffusion and reaction 
of polymers in a capillary matrix; interfacial turbulence; 
spontaneous emulsification and evaporative convection: 
epitaxy and corrosion resistance of inorganic protective 
layers on metals; surface finishes of metals from the electro- 
chemical point of view; the kinetics of the formation of 
phosphate coatings; wetting of phosphate interfaces by 
polymer liquids; the role of oxide films in the zinc phosphat- 
ing of steel surfaces; a collective viewpoint of surfaces; the 
physical chemistry of surfaces and surface heterogeneities: 
localized oxidation processes on iron; interface conversion 
of polymers by excited gases; dynamics of lonic adsorption 
on polymers; polymer adsorption on substrates; adsorption 
of surfactants at polymer interfaces; factors in interface con- 
version for polymer coatings; author index; subject index. 


1969 389 pages 99 illus. £9 10 0 


DISPERSIONS OF POWDERS 
IN LIQUIDS 


With Special Reference to Pigments 


Edited by G. D. Parfitt, British Titan Products Company 
Limited, Billingham, Teeside 


CONTENTS: Introduction; the solid-liquid interface; elec- 
trical phenomena associated with the solid-liquid interface; 
fundamental aspects of dispersion; precipitation; assessment 
of dispersion; surface~active compounds; technical aspects 
of dispersion; inorganic pigments; organic pigments; index. 


1969 354 pages 99 illus. 23 tables £6 0 0 
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NUCLEAR DESALINATION 


Proceedings of a Symposium held by The International 
Atomic Energy Agency in Madrid, November 1968 


CONTENTS: Spacial addresses by invited speakers; national 
programs; experience in large desalination plant construc- 
tion, start-up and operation; completed studies: nuclear 
reactors; desalination and power-plant cycles; current and 
projected desalination techniques; economics of nuclear 
desalination; agro-industrial complexes; implementation of 
large desalination plant studies: research and development, 


1969 940 pages 13 6 0 


THE PHYSICAL PROPERTIES 
OF GRAPHITE 


W. N. Reynolds, Atomic Energy Research Establishment, 
Harwell, Berkshire 


CONTENTS: Structure; „ mechanical properties; thermal 
properties: electrical and optical properties; surface and 
physico-chemical effects; point defects; high flux neutron 
damage; index. 


1968 193 pages 3 6 0 


83 illus. 


REACTOR DYNAMICS AND 
CONTROL 


Lynn E. Weaver, Nuclear Engineering Department, University 
of Arizona, Tucson, Arizona, USA, 


CONTENTS: Preface; system representation in the state 
space; equations of reactor dynamics; stability in the state 
space; stability of nuclear systems; optimization in the state 
space; closed-loop optimal control, optimal control of 
nuclear systems; control-system design by State-variable 
feedback; state-variable-feedback design of reactor control 
systems: appendices; index, 


1968 307 pages £730 0 


PLASMA SPECTROSCOPY 


G. V. Marr, The J. J. Thomson Physical Laboratory, Reading, 
Great Britain 


CONTENTS: Introduction; plasma fundamentals; the 
absorption and emission of radiation; the spectra of atoms: 
the electronic spectra of diatomic molecules; bound-free 
transitions; spectral radiation in the presence of external 
fields; free-free transitions; oscillator strengths in spectro- 
scopic analysis; the shape and width of spectral lines; plagma 
diagnostic index. 
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High Temperature Technology—3 


International Union of Pure and Applied Chemistry 

This high level volume records the proceedings of the 3rd International Symposium organized and directed by Stanford Research Institute 
at Asilomar, Pacific Grove, California, 1967. It will be of particular interest to materials scientists, metallurgists, physicists and chemists. 
1969 768 pages illustrated £16 10s. 


Microwave Study of Chemical Structures and Reactions 


by P. HEDVIG, D.Phil and G. ZENTAI, BEng. English translation edited by E. D. MORGAN, BSc(Dal), MA, DPhil(Oxon), FRIC 

This book is a comprehensive guide to users and potential users of microwave spectroscopy, covering both theoretical and practical 
aspects, Microwave rotational-inversion, electron spin resonance, nuclear magnetic resonance, and nuclear quadrupole resonance 
are described together with dielectric spectroscopy and electrical conductivity in solids. The design and operating principles of spectro- 
meters of each type are described and many illustrations of spectra and diagrams of apparatus and explanatory figures included. 

1969 445 pages 188 illustrations 105s. 


Third International Wheat Genetics Symposium 


Edited by K. W. FINLAY and K. W. SHEPHERD 

This attractive volume records the proceedings of the symposium sponsored by the Australian Academy of Science held in Canberra, 
5-9 August, 1968. The text is illustrated with many photographs of the different wheat types, maps, diagrams and charts. 

1969 479 pages illustrated £10. 


Ninth European Congress on Molecular Spectroscopy 


International Union of Pure and Applied Chemistry 

The authoritative lectures presented at the Congress in Madrid, Spain, 10~15 September, 1967, include: Infrared Study of Transient 
Molecules in Chemical Lasers (Pimentel, U.S.A.); The Theory of Intensities in the Infrared Spectra of Polyatomic Molecules (Gribov, 
U.S.S.R.); Force Field of Large Molecules (Califano, Italy). 

1969 178 pages 65 illustrations 58s. 


Homogeneous Catalysis with Special Reference to Hydro- 
genation and Oxidation 


Faraday Society Discussion No. 46 

The record of a general discussion held at the University of Liverpool from the 17-19 September, 1968. The President, Professor 
C. E. H. Bawn, CBE, PhD, FRS, was in the Chair and 208 members from the UK and overseas were present. 

+969 290 pages illustrated £5 5s. 


Structure of Organic Solids 


International Union of Pure and Applied Chemistry in conjunction with the Czechoslovak Academy of Sciences and 
Czechoslovak Chemical Society. 

The main lectures presented at the Second Microsymposium held in Prague, Czechoslovakia, 18-19 September, 1968, include: The 
Structure of Amorphous Solids (Ruland, Belgium); Neutron Diffraction Studies of Organic Molecules (Bacon, U.K.); Optical Methods 
as an Aid in Structure Determination (Taylor, U.K). 

1969 92 pages 94 illustrations 58s. 


21st International Congress of Pure and Applied Chemistry 


in conjunction with the Czechoslovak Academy of Sciences and Czechoslovak Chemical Society 

This record of the Congress Lectures presented in Prague, Czechoslovakia 4-9 September, 1967, is divided into three sections as follows: 
Automation in Analytical Chemistry. Toxicological Chemistry. Chemistry of Nucleic Acid Components. 

1969 278 pages 148 illustrations £5 


The Use of Chemical Literature—(2nd Edition) 


Edited by R. T. BOTTLE, BSc, PhD, FRIC, MiinfSe. 

This new edition marks the formal start of literature guides entitled /nformation Sources for Research and Development, The information 
is designed to enable the new graduate to get the practice he needs in efficient use of the chemical literature before tackling his own 
literature problems. The range of contributors is very wide, including members of university chemistry departments, libraries, commerce 
and industry. Every effort has been made in selecting the material and its layout to make this a vital reference tool. 

1969 320 pages 65s, 
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Fig. 1. Effect of Mg++ concentration on the MS2 RNA-directed protein 


synthesis. In vitro protein-synthesizing system contained per mi.: 
0-2 ml ISa from E. coli Qis (1-3 mg protein); 50 pmoles tris HCI, 
pH 7-5; 30 wmoles KCl; 30 moles NH,Cl; 5 smoles mercaptoethanol, 
1 pmole ATP; 0-05 umole GTP; 5 ymoles phosphoenclpyruvate; 
20 wg pyruvate kinase; 200 vg stripped tRNA; 0-05 umole each of 
nineteen L-amino-acids other than phenylalanine; 2-4 Ci “0-1-phenyl- 
alanine (360 mCi/mmole) and a varying concentration of magnesium ace- 
tate as indicated. Protein synthesis was initiated by the addition of MS2 
RNA to the final concentration of 0-5 mg/ml., and the reaction mixture 
{total volume of 0-25 mL) was incubated at 35° C for 20 min. Duplicate 
samples of 0-02 ml. were removed and the radioactivity in hot TCA- 
insoluble material was counted by a Packard acintillation counter. 
@—@ and O—O, MS2 RNA-directed incorporation (two independent 
experiments); @-- @, endogenous incorporation. 
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Our in vitro protein-synthesizing system contained a 
cell-free extract (IS,,) from Æ. coli Qus (refs. 14, 15). Other 
components are listed in the legend to Fig. 1. The optimal 
concentration of Mgt+ for the MS2 RNA-directed protein 
synthesis was 10 mM (Fig. 1). With 10 mM Mg**, as 
previously reported, at least two identifiable phage 
proteins can be produced (coat protein and phage- 
specific RNA polymerase). As will be published else- 
where, either lower or higher concentration of Mg** in the 
system reduced the total incorporation of radioactive 
amino-acid and also prevented synthesis of RNA poly- 
merase. 

10 mM Mg*+ was therefore present in all experiments - 
reported here although the optimal concentration of Mg** 
for the formation of the initiation complex in the presence 
of initiation factors was about 5 mM. 

Binding of “C-f-met-tRNA; to ribosomal particles 
stimulated by MS2 RNA was examined using the IS, 
preparation. IS, alone (Fig. 2a) and IS, incubated with. 
MS2 RNA (Fig. 2b) were centrifuged in sucrose gradients 
and each gradient fraction was assayed for MC-f-met- 
tRNA, binding activity. Each fraction was meubated 





with MS2 RNA and ™C-f-met-tRNA; (Fig. 20) or with — 


1C.f-met-¢RNA, (Fig. 2b) in the presence of GTP. The: 
1C-radioactivity trapped in ‘Millipore’ filters was counted, 

The results (Fig. 2) show that the 30S subunit is the initial 

site for MS2 RNA binding (Fig. 2b) and that MS2 RNA 

directed binding of femet-tRNA, occurs with the 305 

subunit but not with the 705 ribosome. This is consistent 

with the “30S subunit model”. In accord with previous 

findings'*!’, the native 30S subunit in the IS contains 

initiation factors. 

When IS, was incubated together with MS2 RNA and 
NC.f-met-tRNA, and then analysed by sucrose gradient 
centrifugation, the membrane trapped radioactivity was 
found in a region sedimenting slightly faster than the 
705 ribosomes (Fig. 3). This suggests the formation -of 
MS2 RNA.-708 ribosome-“C-f-met-tRNA, complex. Be- 
cause 70S ribosomes as such did not directly interact with 
MS2 RNA and f-met-/RNA, (Fig. 2), formation of 768 
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Fig, 2. MS2 RNA-specific binding of “C-f-met-tRNA, to native 308 ribosomal subunits. 
a, 18s» from a cells (0-1 ml.) was layered on a 4-20 per cent sucrose gradient (46 ml, in 
0-05 M tris a, pH 7-1, 0-01 M magnesium acetate, 0-05 M NHC) and centrifuged at 
50,000 r.p.m. for 65 min at 4° C in an SW 50 rotor. 6-2 ml, fractions were collected. 
Fifty ql. of each fraction was used for the measurement of Assa, From each fraction, 50 yl, 
was incubated with MSZ RNA (10 ug) and “C-f-met-<RN Ar* (3,100 ¢.p.m.) in a total volume 
of 0-15 ml. in the presence of 0-05 M tris HCI, pH 7-1, 0-01 M magnesium acetate, O05 M 
NHC at 25° C for 20 min. The incubation mixture was filtered through a ‘Millipore’ 
filter (0-45 wm pore size) and the ‘Millipore’-retainable radioactivity was counted. Another 
50 ul of each fraction was incubated similarly with “O-f-met-tRNAr but without MS2 
RNA and the ‘Millipore’-retainable radioactivity was counted. The latter counts were 
subtracted from the counts obtained with MS2 RNA and the subtracted value was 
plotted. b, ISa (0-1 mi.) and MS2 RNA (100 ug) were mixed and kept at 35° € for 2 min. 
The mixture was subjected to sucrose gradient centrifugation as described in a and 0-2 ml. 
fractions were collected, Absorbance at 260 nm was measured by using a 50 al. portion of 
each fraction, Another 50 ul. portion of each fraction was incubated with 4C-P-met-i RNAs 
(3,100 ¢.p.m.) at 25° C for 20 min as in æ. The ‘Millipore’ filter-retainable radioactivity 
. was counted, 
* MC-f-mettRNAt unfractionated E, coli K12 stripped (RNA was charged with 
“C..-methionine (199 mCi/fmmole}) and formulated according to Adams and Capeechi*®. 


1244 
Table 1. MS2 RNA-specivic BINDING OF MC-f-MET-(RNA, TO RIBOSOMAL 
SUBUNITS 
epmoles C-f-met tRNA: bound 
Ribosomes or subunits -MS2 RNA +MS2 RNA ra 

Native 308 (52 ug) O24 0-74 O50 
Derived 808 (53 zg) 0:22 0-69 O47 
Native 505 (180 wg} 0-21 0-20 San 
Derived 505 (120 xg) 0-09 04i 00? 
Native 305 (52 ag)+nativo 50S 

(120 ug) O42 0-81 0-39 
Native 309 (62 ng)+derived 505 . i 

{120 ug) 0:29 0:38 0-09 
TOS (180 ug) 0-60 0-62 0-02 


The reaction mixture was incubated at 25° C for 20 min and ‘Millipore’ 
filter-retainable radioactivity was counted. The reaction mixture, in a total 
volume of 0-2 ml, contained: ribosomal material as indicated; “C-f-met- 
tRNA (3,100 cpm., 140 c.pam.=1 pumole); 20 umoles tris-HCl, pH 7-1; 
2 wmoles magnesium acetate; 10 umoles NEOIL MS2 RNA (40 ug) was 
added when indicated, Ribosomal particles were prepared as described 
previously’. 


complex presumably involved joining a free 508 subunit to 
theMS2 RNA-30S subunit-f-met-RNA, complex. Nomura 
et al., however, found that the 50S subunit inhibits the 
binding of f-met--RNA to 308 ribosomes programmed 
with f-2 RNA’, Their subunits were derived from 708 
ribosomes by dissociation at low Mgt+ concentrations. 
In the presence of a high (10 mM) concentration of Mg*+, 
these derived subunits tend to associate and form 708 
ribosomes. On the other hand, the 305 and 50S subunits 
in our IS,, preparation were the native subunits and in 
10 mM Mgt+ they did not associate. Coexistence in IS,, 
of native 508 subunits does not therefore appear to 
interfere with the formation of MS2 RNA-native 308 
subunit-f-met--RNA, complex. The difference between 
“derived” and “native” 50S subunits in this respect is 
shown in Table 1. That the association of native 309 and 
native 509 subunits is dependent on the presence of the 
AUG codon in mRNA and f-met-tRNA, has been re- 
ported!*, Our data (Fig. 4) also show the association of 
purified native 308 and 50S subunits in the presence of 
MS2 RNA and “C-f-met-(RNA,. 

These results, obtained in the abundant presence of 
70S ribosomes, are in good agreement with the “30S 
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Fig. 3. MS2 RN A-specifie binding of ’O-f-met-(RN As to ribosome in a 
cell-free extract. ISa (0-1 ml.) was incubated at 25° © for 20 min with 
MS2 RNA (100 ug) and C-f-met-(RN Ar (6,200 ¢.p.m.) in a total volume 
of 0-2 mil, in the presence of 0-05 M tris-HCl, pH 7-1, 0-01 M magnesium 
acetate, 0-05 M NH,Cl. The reaction mixture was layered on a 4:6 ml. 
of 4-20 per cent sucrose gradient in 0-05 M tris HCL pH 7-1, 0-01 M 
magpeslum acetate, 0-05 M NELCI and centrifuged at 50,000 r.p.m. 
(SW 50 rotor) for 65 min. 0-25 ml. fractions were collected. Fifty ul 
of each fraction was used for the measurement Of Ass, and 100 zl. was 
filtered through a ‘Millipore’ filter and pay bore retain le radioactivity 
was counted, 
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Fig. 4. Formation of MS2 RNA-“C-f-met-tBN At ribosome complex 
from native ribosomal subunits. *H-Uracil-labelled native 305 and 50S 
ribosomal subunits were prepared as described previously’, The reac- 
tion mixture contained in a total volume of 0-2 mL: 15 ug *H-305 
subunits; 32 pg 4H-50S subunits; 20 zmoles tris HCl, pH 7-1; 2 amoles 
magnesium acetate; 10 amoles NH.Cl; 0-1 #mole GTP, In addition, 
the reaction mixture (b) contained MS2 RNA (40 ug) and “C-fmet-tRNA: 
(3,100 c.p.m.), The reaction mixture (a) received neither, After an 
incubation at 25° © for 10 min, the reaction mixture was layered on top 
of a 4:6 ml. of 4-20 per cent sucrose gradient in 0-1 M tris HCI, pH 7-1, 
0-01 M magnesium acetate, 0-05 M NHC! and centrifuged at 50,000 
r.p.m. (SW 50 rotor) for 65 min. After fractionation of the gradient, 
0-1 mi. of each fraction was used for the measurement of ‘Millipore’ 
filter-retainable radioactivity, 


subunit model”. The 708 ribosomes in the IS, prepara- 
tion contribute only a small part for the protein-synthe- 
sizing activity of IS, when natural messenger such as 
MS2 RNA is used. 

We then tried to show that ribosomal subunits are 
supplied by the dissociation of polysomal ribosomes after 
completion of protein synthesis, so that the next cycle of 
protein synthesis can be initiated. To demonstrate the 
dissociation of polysomal ribosomes on completion of 
protein synthesis we assayed the in vitro synthesis of 
protein directed by MS2 RNA in IS, labelled with 
MC-uracil. *H-Phenylalanine was added to the incubation 
mixture together with the other nineteen non-radioactive 
amino-acids to label nascent peptides. After 10 min 
incubation, the reaction mixture was chilled and centri- 
fuged on sucrose gradients. Polysomal fractions, which 
contained “C-uracil-labelled ribosomes and *H-phenyl- 
alanine-labelled peptides, were pooled (Fig. 5a). The 
pooled polysomes were incubated at 35° C for 15 min with 
a large excess of Sap) (soluble protein fraction free of 
ribosomal particles, see legend to Fig. 5) and all other 
components for protein synthesis but no additional 
ribosomes or MS2 RNA. This incubation allowed the 
polysomes to complete the previously initiated protein 
synthesis but prevented another round of initiation of 
MS2 RNA translation because of the large dilution of the 
messenger and ribosomes by other components. Fig. 5b 
shows the sucrose gradient profile of the reaction mixture 
after incubation for 15 min. The “C-uracil label present 
in the polysome region before the incubation (Fig, 5a) 
shifted to the 308 and 50S ribosomal subunits region and 
the *H-labelled nascent peptides originally present in the 
polysome region (Fig. 5a) were released to the top of the 
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Fig. 5. Dissociation of MS2 RNA-specific polysomal ribosomes into ribosomal subunits. a, MS2 RNA-directed in vitro 


protein synthesis was carried out in a total volume of 1-2 ml, as described in the legend for Fig. 1 except that “C-uracil- 
labelled ISa, was used instead of non-radioactive 1549. 2H-Phenylalanine (2-8 Ci/mmole) was added at a final concentration of 
4C-Uracil-labelled ISa was prepared from the 


15 uCi/ml, to label nascent peptides. 
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ıs cells which had grown for three 


doublings in the presence of 0-05 #Ci/ml. of 2.4C-nracil(35-3mCi/mmole). The protein-synthesizing reaction mixture was chilled 
after an incubation at 35° C for 10 min; 0-4 ml. each of the mixture was layered on a 4-6 mail. sucrose gradient (4-20 per cent; 
in TMM- buffer which contained 0-01 M tris HC], pH 7-8, 0-01 M magnesium acetate, 0-06 M KCI, 0-006 M mercaptoethanol}, 


centrifuged at 50,000 r.p.m. (SIF 50 rotor) for 45 min and eight-drop fractions were collected, 


One drop of each fraction was 


used for the measurement of cold TCA-precipitable radioactivity of “uC-uracil and *H-phenylalanine. The fractions containing 
polysome material, indicated by a bracket in the figure, were pooled and used for the experiments of band e. One of the three 
sucrose gradients is shown. b, Pooled polysome fractions, 0-3 ml, were mixed with 1-2 ml. of a giixtare which contained other 
components for protein synthesis including *H-phenylalanine but no MS2 RNA and no ribosomes. Riboseme-free supernatant 
fraction of Qis (Sse, obtained by centrifugation of IS.) at 200,000g for 3-5 h) was used in this reaction mixture instead af TSs,. 
‘After an incubation at 35° C for 15 min, the whole reaction mixture was layered on 28 ml. of 10-30 per cent sucrose gradient in 
TMM-! buffer and centrifuged at 17,500 r.p.m. (SW 25-1 rotor) for 14 h. Processing of two identical reaction mixtures was 


paralleled. 


1 ml, fractions were collected from each gradient. 


Cold TCA-precipitable radioactivity of *C-uracil was counted 


by using 1 ml. of the fraction, and hot TCA-precipitable radioactivity of 3H-phenylalanine by 0-8 ml. Fractions 26 to 29 
(0-7 mi. each) were combined and used for electrophoretic analysis as shown in Fig. 6. e, Pooled polysome fractions were incuba- 
ted, centrifuged in sucrose gradient and processed the same as described in b except that the incubation was 0° C for 15 min. 
‘Almost identical sucrose gradient profiles were obtained when pooled polysome fractions (0-3 mi.) were incubated at 85° © 
for 15 min with 1-2 ml. of TMM buffer or with 1:2 ml. of a mixtare containing TMM-* buffer and 0-6 ml, of Sues. 


O-O, “C-Uracil-labelled ribosomal material; 


gradient. The 3H-phenylalanine-labelled material at 
the top of the gradient was analysed by polvacrylamide 
gel electrophoresis’. A large portion had the same 
electrophoretic mobility as MS2 coat protein (Fig. 6). 
The dissociation of ribosome is related to the completion 
and release of the protein chain. 

That required protein synthesis depends on dissociation 
of 70S ribosomes was shown as follows. When the 
complete incubation mixture (as before) was incubated at 
0° C for 15 min or when only Sa and buffer were added 
to the polysome fraction and incubated at 35° C for 15 min, 
no appreciable ribosome dissociation or release of peptide 
from the polysomal ribosomes occurred (Fig. 5c). Later 
experiments showed that the release of completed coat 
protein and the dissociation of ribosome proceeded con- 
comitantly and reached a maximum value after several 
minutes, 

The 30S and 50S ribosomal subunits derived from 
polysomal ribosomes after the completion of protein 
synthesis were capable of initiating another round of 
MS2 RNA translation. ™C-Uracil-labelled 30S and 50S 
ribosomal subunits derived from MS2 RNA-specific 
polysomes were obtained (Fig. 56). These uC -uracil- 
labelled ribosomal subunits were pooled from the gradient 
and incubated with the complete protein synthesizing 
system including MS2 RNA but no additional ribosomes 
for 5 min at 35°C. Sucrose gradient analysis of the 
incubation mixture showed the appearance. of “C-uracil- 
labelled ribosomal subunits and *H-phenylalanine-labelled 
peptides in the polysome and 70S ribosome region, 
indicating that ribosomal subunits are able to initiate 
more than one round of protein synthesis directed by 
MS2 RNA. 

A termination factor is required for the release of 4 
prematurely terminated peptide chain from the ribo- 
gome!?-21, In our system, at least complete coat protein 
was released from the ribosome, and we therefore believe 
that such a protein factor is involved in the release. 


@—@, H-phenvislanine-labelled peptide. 


This experiment, however, does not provide information 
about the sequence of events involved in the release of 
completed peptide chain and the dissociation of ribosomal 
subunits. But the release from the ribosome of completed 
peptide chain, the last (RNA, which carried the C-terminal 
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Fig. 6. Polyacrylamide gel electrophoresis of the protein released. froni 
the ribosomes. Pooled fractions from the top of sucrose gradient shown 
in Fig. 5b were treated with RNase and EDTA, mixed with standard 
4C-phenylalanine-labelled MS2 coat protein, dialysed and then anulysed 
by polyacrylamide gel electrophoresis following the procedure desnribed 
previously", Polyacrylamide gel (10 per cent) contained OL per vent 
SDS and 0-1 M sodium phosphate buffer, pH 7-2, containing I percent 
SDS was used. The gel was fractionated by a Savant gel divider aud the 
radioactivity of each fraction was counted. @-—@, °H-Phenylelanine- 
labelled released protein; O—O, “C-phenylalanine-labelled M82 cont 
protein added as a marker. 
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Isolation of MS2 RNA-specific polysomes. MS2 RNA-directed 
» protein synthesis was carried out in a total volume of 1-2 ml. at 
35° C as described in the legend to Fig. 1 except that 15 gCi/ml, of #H- 
phenylalanine was present in place of “C-phenylalanine. After 10 min, 
04 mil. each of the reaction mixture was layered on a 4-20 per cent 
sucrose gradient (4-6 ml. in TMM~* buffer which contained 0-01 M trig 
HCL, pH 7:8; 0-01 M magnesium acetate; 0-06 M KCl; 0-006 M morcap- 
toethanol) and centrifuged at 50,000 r.p.m. (SW 60 rotor) for 50 min. 
From three gradient tubes, eight drop fractions were collected. One drop 
of each fraction was used for the measurement of Ags and another drop 
for hot TCA-precipitable *H-phenylalanite radioactivity. Gradient 
profile of one tube is shown in the figure. The fractions containing poly- 
somes, indicated by a bracket in the figure, were combined and used for 
the experiments of Figs. 8 and 9. 





amino-acid, and the mRNA, should all be related with 
each other and with the dissociation of ribosomal subunits. 

Although our experiment showed that the ribosomes 
which have completed protein synthesis are usually 
dissociated into subunits, we cannot eliminate the possibil- 
ity that ribosomes are initially released as 70S particles 
which subsequently dissociate®-*!, A supernatant protein 
factor which dissociates Æ. coli 708 ribosomes into subunits 
has been reported, Such a protein factor may be 
involved in the dissociation of ribosomes observed in our 
system. But we emphasize the fact that the released 
ribosomes supply a pool of ribosomal subunits and these 
subunits are ready to initiate the next round of protein 
synthesis if provided with mRNA. 

We find that exchange of ribosomal subunits oceurs 
coupled with the completion and release of completed 
MS2 phage protein and the reinitiation of MS2 RNA 
translation. Polysomes programmed with MS2 RNA 
were formed in a standard MS2 protein-synthesizing 
system (Fig. 7). 9H-Phenylalanine was present to label 
nascent peptides associated with polysomes. The poly- 
somes were isolated by sucrose gradient centrifugation 
(Fig. 7) and added to a mixture consisting of the complete 
protein-synthesizing system except that IS,, was replaced 
by Sza and non-radioactive phenylalanine was used instead 
of radioisotope. MS2 RNA and C-uracil-labelled 
“native” 30S ribosomal subunits were added to this 
mixture and the mixture was incubated at 35°C for 10 
min. The sucrose gradient profile of this incubation 
mixture (Fig. 8a) shows that *H-phenylalanine-labelled 
nascent peptides were released from the ribosomes and 
that some MC-uracil-labelled 309 subunits were incor- 
porated into polysomes. The released radioactive peptides 
were analysed by polyacrylamide gel electrophoresis. 
About one-third of the total radioactivity was recovered 
in a component, the electrophoretic mobility of which 
was identical with MS2 coat protein. Thus the poly- 
somal ribosomes completed protein synthesis and dis- 
sociated into subunits, and added 308 subunits initiated 
protein synthesis and formed polysomal ribosomes with 
508 subunits just derived by the dissociation. 

“Native” 50S ribosomal subunit does not react with 
M82 RNA by itself; its participation in messenger- 
ribosome complex formation is strictly dependent on 
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the preceding formation of 30S-MS2 RNA-f-met-tRNA; 
initiation complex. Thus we also used #C-uracil-labelled 
“native” 508 ribosomal subunits and performed a similar 
experiment. The result (Fig. 8b) agreed with that 
obtained with “native” 305 subunits (Fig. 8a). It is clear 
from this experiment that ribosomal subunit exchange 
occurred following the release of completed protein and the 
dissociation of ribosomes into subunits. 

Requirement for the initiation of protein synthesis of 
exchange of ribosomal subunits was shown in an experi- 
ment similar to that already described in Fig. 5b. MS2 
RNA programmed polysomes were mixed with a large 
excess of Sa fraction and other components of the system 
but no additional MS, RNA. “C-Uracil-labelled “native” 
305 ribosomal subunits were added to this “diluted” 
mixture and incubated. The result (Fig. 9) shows that 
the protein synthesis was continued, judging from the 
release of *H-phenylalanine-labelled protein, but the 
incorporation of 'C-uracil-labelled 309 subunits into 
polysomes was prevented. 

Our results emphasize the part played by ribosomal 
subunits in continuous protein synthesis, Ribosomal 
subunits are provided by natural protein-chain termina- 
tion, and initiation of protein synthesis is dependent on 
the supply of ribosomal subunits; these observations 
explain the significance of the subunit. structure of the 
ribosome. 

This work was supported in part by the US Public 
Health Service and the American Cancer Society, We 
thank Mr R. Lynch and Mr R. Gehl for their assistance. 
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Fig. 8. Incorporation of “C-uracil-labelled 305 ribosomal subunits 


(@) or 508 ribosomal subunits (b) into polysomes. a, M52 RNA-specific 
polysome fractions (0-5 ml., shown in Fig. 1) were made to a total volume 
of 1-0 ml. by the addition of components for protein synthesis other than 
ISa. The final mixture contained the same concentration of all com- 
ponents as described in the legend to Fig. 1 except that ISs, was substi- 
tuted by polysomes and Soo, and non-radioactive phenylalanine was 
added instead of radioisotope, “C-Uracil-labelled “native” 808 ribo- 
. somal subunits (about 14,000 c.p.m., prepared from. Qr cells labelled for 
three doublings') and MS2 RNA (400 ug/ml) were added to the mixture 
and incubated at 35° C for 10 min. Total reaction mixture was layered 
on a 10-30 per cent sucrose gradient (29 ml. in TMM- buffer) and centri- 
fuged at 17,500 rpm. (SW 251 rotor) for 14 h. 1 ml. fractions were 
collected; one half of each fraction was used for the measurement of 
A zo and the other half for cold TCA-precipitable radioactivity. b, Same 
as a except “C-uracil-labelied “native” 50S ribosomal subunits (about 
15,000 ¢.p.m.) were used instead of “C-305 subunits, 


NATURE. VOL. 223, SEPTEMBER 20, 1969 





rT T? n 


>) 
2 
pa 


1,000 


Gar 





1,000 


fà 
= 
S 


0-05 


epm, MC Uracil (@— @) 





Absorbance at 260 nm ( 


cpn AHePhenylalanine (@ -- @) 





Bottom. 


Fig. 9. Requirement of initiation of protein synthesis for the exchange 
of ribosomal subunits. MS2 RN A-specific polysomes (05 ml, shown in 
Fig. 1) were made to a final volume of 3-0 ml. by the addition of com- 
ponents other than IS,,. The final mixture contained the same concen- 
tration of all components as described in the legend to Fig. 1 except that 
ISa was substituted by a limited amount of polysomes and an excess of 
Seos and that non-radioactive phenylalanine was used instead of radio- 
isotope. MS2 RNA was not added, but “C-uracil-labelled “native” 305 
ribosomal subunits (about 14,000 ¢.p.m.) were added to the mixture and 
incubated at 85° C for 10 min, Sucrose gradient profile of the reaction 
mixture was obtained as described in the legend to Fig. 8. 
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We also thank Dr T. Sugiyama, E. I. du Pont de Nemours 
and Co., for the highly purified MS2 RNA. 
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THE Gm antigens represent genetic markers for the heavy 
chains of yG-globulin and are distributed within three 
out of the four heavy chain subgroups (for review see 
ref. 1). They have proved extremely useful for gaining 
an understanding of the structural genes involved in 
immunoglobulin heavy chain synthesis. Recently they 
have furnished information on various types of homo- 
logous crossovers that have occurred in different popula- 
tion groups*?, Gene deletions have been detected which 
have been of special interest in parents of patients with 
hypogammaglobulinaemia? +. So far no genetic markers 
have been available for the yM and yA classes of immuno- 
globulins which would aid in similar studies for these 
important proteins. Considerable information has de- 
veloped on two major subgroups of yA globulin, termed 
yAl and yA2. The latter has been of special interest 
because of the absence of disulphide bonds linking the 
heavy and light chains’. Numerous studies with subgroup 
specific rabbit and monkey antisera have so far failed 
to bring out genetic variants. Recently, however, a 


A genetic marker for the yA2 immunoglobulin has been delineated 
by precipitating and haemagglutination inhibition techniques with a 
human antiserum. The marker varies widely in incidence in different 
population groups. 
gene complexes, a close linkage to the Gm system was found in 
family studies. 


Although associated with all the major Gm 


human serum has been encountered which contains pre- 
cipitating antibodies against yA2 proteins. In addition it 
distinguishes two genetic types with wide differences in 
distribution in various human populations. 

Precipitin reactions were obtained in agar plates between 
human serum De and the vast majority of caucasian sera. 
Sera from negroid populations, however, were negative in 
most instances. In these experiments it was not clear 
whether this difference was due to low levels of yA2 in 
negroids or whether it was due to a genetic variant. 
Evidence in favour of the latter was obtained when a 
yA2 myeloma protein was found which failed to pre- 
cipitate. Verification of this point was readily obtained 
by haemagglutination inhibition studies. Red blood cells 
were coated with yA2 myeloma proteins by the Cr pro- 
cedure of Gold and Fudenberg*. Such coated cells were 
specifically agglutinated by serum D Inhibition of 
agglutination was obtained only with yA2 myeloma pro- 
teins and not with yAl, yG or yM proteins. The sera from 
negroes which previously had failed to give preeipitin 
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Table 1, SPECIFIC INHIBITION BY CERTALN SERA AND MYELOMA PROTEINS 
OF AGGLUTINATION SYSTEM CONSISTING OF RED CELLS COATED WITH yA2 
MYELOMA PROTEIN Br AND ABSORBED AGGLUTINATING SERUM 


Inhibitor Inhibitor concentration 
1/5 1/710 1/20 1/40 1/80 1/160 1/320 1/6840t 
Ser, Ho 3 3 3 3 3 3 3 3 
Ser. 97 3 3 3 3 3 3 4 3 
Ser, 129 0 ü 0 0 0 2 3 3 
Ser. Pe 0 0 0 0 0 2 3 3 
Ser, 121 0 0 0 0 0 0 2 3 
Od O12 0-03 0-008 0002 0-0005 t 
Myel. vA1 3 3 3 3 3 3 
Myel, yA2 C1 0 0 0 ü 0 3 
Myel, yA2 Ha 0 0 0 0 0 3 
Myel. yA2Le* 3 3 é 3 3 3 
Hehaing yA2 Cl @ ü 0 0 1 3 


* Used for absorption, 
t Serum dilution. 
ł Protein mg/ml. 


reactions failed to inhibit this system while the positive 
sera all inhibited. In initial experiments some of the 
negative sera still gave weak inhibition. The system was 
improved considerably by first absorbing the agglutinating 
serum De with the yA2 myeloma protein Le, mentioned 
here as failing to show precipitin reactions. Some results 
with the improved system employed in the remainder of 
the study are shown in Table 1. Sera Ho and 97, which 
fail to inhibit the agglutination, were obtained from 
negroes. The yA2 myeloma protein Le also fails to inhibit; 
all other yA2 proteins inhibited this system and pre- 
cipitated with the antiserum in agar (twelve different 
yA2 proteins were tested). No PA1, yM or yG proteins 
showed any inhibition. The sera Ho and 97 which did 
not inhibit were shown to have significant yA2 levels by 
two different methods. First, a monkey antiserum specific 
for yA2 proteins’ reacted with these sera in a normal 
fashion both in precipitin and in haemagghitination in- 
hibition experiments. Second, measurement of yA levels 
could be carried out with serum De if the unique yA2 
protein Le was coated on cells; with this system sera Ho 
and 97 showed normal levels. This is an important point 
because a few sera were encountered with very low yA2 
levels and false negative reactions in the system of Table 
1. These were excluded from the study. 

The differentiation of myeloma proteins and sera into 
two yA2 types was readily shown to be on a genetic basis. 
This was most apparent in the fact that in families where 
both parents were negative all progeny were also negative. 
Thirteen progeny from six such families were found. This 
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Easter Islanders where a large proportion of the Ams, (— ) 
types were associated with the unusual Gmf gene found 
in these populations (Table 2). Family studies in the 
latter groups confirmed the close linkage. Table 3 gives 
data primarily from family studies of the Japanese and 
Easter Islander groups illustrating various backcrosses 
and intercrosses. Just the association with the allelic 
Gm (b) and GM (g) markers of the yG3 system is shown. 
No recombination was observed in these as well as in 
additional studies utilizing other Gm markers. In negroids 
evidence was obtained for a relative association of Am, (+) 
with the Gm (cê) marker. 


Table 2. THE Am, GENETIC ANTIGENS IN UNRELATED ADULT INDIVIDUALS 


HOMOZYGOUS FOR VARIOUS Gm GENE COMPLEXES 


Detected F 
gene complexes Caucasian Negro Easter Is. Chinese Japanese 

Gm Am, (177) (68) (59) (121) (163) 
Rag + 18 p 9 HL 47 
aay ae 0 iad 0 ü OF 

ib + 96 «=m Be a 

tb ~ oF ~ 0 == _ 
fab + me co 4 i5 0 
Jab = — oa 4 29 2 
a,b + — 21 =-= — 3 
24,5 - sih 47 aa =o 8 

Am, (+) gene freg. 099 Oy O46 O43 0:53 


* Two children were Gra fo, Am, (~). 
+ One child was Gm zag, Am, (~) 


Studies in the mouse7* have demonstrated a very close 
linkage between yA and yG markers similar to that between 
different yG subgroup antigens in the human. The best 
evidence for recombination has come from studies of 
different human populations where the same markers 
appear in different combinations!?. This is also true of 
the yA2 antigen described in the present study. Although 
no direct evidence of recombination was obtained, the 
association of Am, (+) with all the major Gm gene 
complexes, zag, zaag, zab, fbn, fbn% and probably fab, 
strongly suggests variations resulting from crossovers. 
Recently Vyas and Fudenberg have reported a yA genetic 
marker’. Initially this was thought to involve both yAl 
and yA2, but recent findings suggest that yA2 is primarily 
involved (H. H. Fudenberg, personal communication). 
Because they failed to find evidence of linkage to the Gm 
system, the exact relationships involved remain unclear. 

This work was supported by the US Publie Health 
Service. 


Table 3. EVIDENCE FOR LINKAGE BETWEEN THE Gm SYSTEM AND THE Am, MARKER USING THE yG3 MARKERS Gm (b)* and Gm (g) 


Matings No. No. of children of different phenotypes 
/A+12 VAt O 
lL @@+b+Ad) x @~btA~) 7 gbt gebti 
A- 0 NA- TT 
‘At 4 A+ 0 
2 O (g+b+A+)x(g-btA+) 1 gtbed a-bed 
sA- 0 Aon 1 
Ab A Pax 0 At 
8 (g++ b+A+) x (fe btA+) 5 gtb+¢ g-~ bec gtb—-¢ 
Am 0 NA- 6 NA ~= 0 


* Gm (b") was measured in these studies, 
A= Am, 


new genetic marker involving yA2 proteins was termed 
Am, to conform with the terminology used in the Gm 
system for yG globulins. Marked differences in incidence 
were observed for various population groups. Some of 
these data are shown in Table 2, which gives the results 
of gene frequency calculations. The figure 0-99 for 
caucasians is undoubtedly too high. Other data indicated 
clearly that Am, negatives occurred with both the zag 
and fb gene complexes. This was apparent from the 
data on children of the random adults which are not 
included in Table 2. In addition, a number of negroes 
heterozygous for these caucasian genes were Am, negative. 

Considerable evidence was obtained for close linkage 
of the Am, marker to the Gm system. This was particu- 
larly apparent in the studies on the Chinese and the 


Note added in proof. Additional human sera have been 
found with antibodies which distinguish the same marker. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Highly Dispersed Pulsar and Three 
Others 


Four further pulsars have been discovered at the Molonglo 
radio observatory during a pulsar search at 408 MHz. 
One of the four pulsars, M P 0254, a high galactic latitude 
pulsar, was discovered in November 1968, but failed to 
appear on any of some twenty subsequent transits. In a 
recent observing session this pulsar was observed twice, 
allowing measurement of the dispersion and pulse width. 
Two of the pulsars (MP 1706 and MP 1911) were among 
many suspected pulsars noted during a close re-examina- 
tion of the search records made since October 1968 using 
the two beam technique which led to the discovery of 
eighteen pulsars!-4. Recent observations have confirmed 
the existence of M P 1706 and MP 1911, and have enabled 
their properties to be measured. The fourth pulsar, MP 
1154, was discovered during a search for high dispersion 
pulsars along the galactic plane using a two channel 
dispersion remover which was described in connexion 
with the discovery of MP 1240 (ref. 3). 

Physical parameters of the four pulsars are given in 
Table 1, together with the details of the pulsar MP 1240 
for comparison with MP 1154. The pulsars MP 1706 
and MP 1911 are weak and erratic when observed with 
our 4 MHz bandwidth at 408 MHz. The pulsar MP 0254 
has been reasonably strong on the few occasions when 
we have been able to detect it at all. The measured 
physical parameters indicate that these three pulsars lie 
nearby, almost certainly within the irregular layer of 
ionized material along the galactic plane discussed by 
Mills’. The properties of the pulsars MP 0254, MP 1706 
and MP 1911 are well within the range of properties of 
known pulsars. The pulsar MP 0254 is at a high galactic 
latitude in a region where until now no pulsars have been 
discovered. Some further observations near the south 
celestial pole are still required to make the search 
complete. 

The pulsar .WP 1154 is weak and highly dispersed. It 
was discovered during a search along the galactic plane 
using a two channel dispersion remover’, Individual 
pulses can hardly be distinguished in the records obtained 
from the two 2 MHz bands which were previously used® 
to measure pulsar dispersion. By averaging pulses during 
the 10 s transit time the dispersion measure of 275+ 35 
em? pe was obtained. Confirmation of this high disper- 
sion has been obtained by simultaneous observations of 


Table 1. 


MP 0254 


MP 1154 
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the pulsar on three systems as follows: (1) using the 
normal 4 MHz bandwidth; (2) using the two channel 
dispersion remover with maximum sensitivity set at 
200 cm pe; (3) using a new twenty channel dispersion 
remover with maximum sensitivity set at 400 em-* pe. 
Fig. 1 is a typical record obtained in this way. It shows 
clear pulses on the 200 cm pe and 400 enr* po systems 
with nothing visible on the normal 4 MHz system. 
Measurement, of the relative pulse amplitudes on the three 
receiving systems and calibration with artifieally gener- 








ated pulses confirm that the dispersion measure forè 


MP 1154 is about 300 cm- pe, certainly greater than. that. 
of MP 1240. The pulsar M P 1154 is thus the most highly 
dispersed pulsar known. 
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Fig. 1. Pulses of MP 1154 recorded simultaneously on three receiver 
systems. Upper trace, dispersion removal set at 400 om? pe; midde 


trace, dispersion removal set at 200 cm“ pe; lower trace, normala ATT 
bandwidth. The relative amplitudes of the pulses on the three trat 
confirm that the pulsar dispersion measure is ~ 200 cm? pe. 
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The pulsars MP 1154 and MP 1240 (the latter is m- 
cluded in Table 1 with an improved value of positio 
are of great interest because of their high disper 
measures. Distance estimates based on dispersion 
measures assuming an average electron density 7 
em? place these pulsars at distances of 2-75 kpe and 2: 
kpe respectively. There are no visible H IT regions in 
the lines of sight that might affect the dispersion measure’. 
In recent studies of pulsar distances, Prentice aud ter 
Haar (ref. 8 and private communication) have listed 
all bright stars and clusters within 1 kpe of the Sun. 
The contribution to pulsar dispersion due to electrons 
in the Strömgren spheres of these objects was also caleu- 
lated. The line of sight to MP 1240 mtersects 
Strömgren sphere of the Lower Centaurus Crux el i 
apl Prentice and ter Haar calculate that the ionize- 
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tion in this region contributes a large fraction of the 
dispersion measure, placing MP 1240 at Li kpe, We 





believe that their method of analysis tends to overestamat 
the dispersion to be expected in the Strémgren sphere, 
and we therefore regard 1-1 kpe as an underestimate of 
distance. The Strömgren sphere of the Lower C ANAS 
Crux cluster is not a visible H TI region and it is reasonable 
to assume an electron density similar to the neutral 
hydrogen density in interstellar space, namely, about 
lem (ref. 9). On this assumption the contribution to the 
dispersion measure of MP 1240 is 80 cm- pe. The line 
of sight of MP 1154 intersects two Strömgren spheres at 
the same distance from the Sun (the Lower Centaurus: 
Crux and the 102602 clusters). Assuming the electron 
density fex 1 em- in these H IT regions the contribution 
to dispersion measure of MP 1154 is also ~ 80 em” pe. 
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PHYSICAL PROPERTIES OF NEW PULSARS 
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If we assume me= 0-1 em outside the Strömgren spheres 
the distances of MP 1154 and MP 1240 are 2 kpe and 1-4 
kpe respectively. Inspection of neutral hydrogen maps 
of the galactic ‘plane’ indicates that the lines of sight of 
these two pulsars pass between the local spiral arm and 
the Sagittarius spiral arm where the mean electron density 
may be much lower than assumed, also leading to an 
underestimate of pulsar distances. 

At distances 22 kpe the pulsars may lie either in the 
outer regions of the Sagittarius spiral arm or in the local 
arm seen at a distance of some 10 kpe (ref. 9). The corre- 
sponding z distances are quite reasonable for both cases. 
Furthermore, the mean electron density required for the 
em ~a) j isa plausible value i in view of the fact that the lise 
of sight passes mainly through the tenuous inter-arm 
region. If, however, these pulsars are at the distance of 
10 kpe they must be intrinsically powerful sources with 
pulse energies ~ 10? times greater than the pulse energy of 
PSR 0833-45. Despite the uncertainty in the distance, 
which at present is inevitable for all high dispersion 
sars, it is clear that M P 1154 and MP 1240 are among 
the: most distant pulsars known. 

There is no additional evidence available as to the 
origin of these two highly dispersed pulsars. Continuum 
maps of the galactic plane. particularly with high resolu- 
tion, show no particular features with which the pulsars 
could be associated. In fact, both WP 1240 and MP 1154 
are in the direction of lowest emission recorded along 
the southern Milky Way at 1,400 MHz (ref. 10). 
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Rotating Neutron Stars, Pulsars and 
Cosmic X-Ray Sources 


ĮI ptscuss in this article the relationship between rotating 
neutron stars, pulsars and cosmic X-ray sources. The 
latter may be divided into at least two classes: the sources 
with large angular diameters, such as the Crab nebula, 
and those with small angular diameter, such as Sco X-1. 
I submit that a basic model, consisting of a rotating 


neutron star losing mass in the presence of a large magnetic 






field, can account for both types of X-ray source. The 
tended sources represent the case where the energy in 
the ‘“neutron-star wind” is greater than the. magnetic 
energy. The streaming protons and electrons deposit 
their energy far out into the nebula in‘a shock transition 
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region. The relativistic electrons responsible for the 
extended sources of radio, optical and X-ray emission are 
produced in the transfer of energy between the protons 
and electrons in the shock wave, and by magnetic pumping 
in hydromagnetic waves which are generated by fluctua- 
tions in the mass loss rate. The compact sources, such as 
Sco X-1, represent the other extreme where the magnetic 
energy dominates, so that no mass loss occurs. The 
particles are then accelerated and radiate in radiation 
belts around the neutron star, resulting in a source with 
a small angular diameter. 

Consider first the X-ray source in the Crab nebula: I 
am referring only to the extended, steady source; the 
pulsed emission, amounting to 7 per cent of the total 
(unpublished work of R. Haymes, G. Fishman and R. 
Harnden), will not be discussed. Of fundamental impor- 
tance for the theory of the Crab nebula is the observation 
that the period of the pulsar located there is increasing 
at a rate of 1 part in 2,400 year (ref. 1). This slowing 
down has been Interpreted as being due to a torque on a 
rotating neutron star?’ and implies a rotational energy 
loss rate comparable with the luminosity of the entire 
nebula’, This agreement has led to the general view that 
two phenomena, the rotational energy loss rate of the 
neutron star and the luminosity of the Crab nebula, are 
related. For this to be so, energy must be transferred 
from the rotating neutron star to relativistic particles 
and then from relativistic particles to radiation. 

The second part of this chain is fairly well understood; 
relativistic electrons in a magnetic field can radiate very 
efficiently by means of the synchrotron mechanism, and 
the observations’! are consistent with this interpretation. 

If we accept the synchrotron mechanism, then the 
observed size of the X-ray source places severe restrictions 
on the way in which the relativistic electrons are produced, 
as stressed recently by Burbidge and Hoyle*. The 
observations of Oda et al. show that the projected dia- 
meter of the source of low energy X-rays is about 2 light 
years for an assumed distance of 5,000 light years. 

The maximum energy that an electron can have after 
traversing a distance from ry to r in a magnetic field 
varying as 





By, =By, (r/r) qd) 
is given approximately by 
Ymax = E max/me? = od 102 Zn 1} YBa mE L~ ~ (raf) fhe i] (2) 


(B, = component of magnetic field perpendicular to the 
electron velocity.) 
For the ease of a uniform field, ry= 0, and 





Ymax = 10° / Bi or (3) 

Forn 2 land r >ra 
Ymax = 2n x LOO BE Ary (4) 
which shows that the electron loses most of its energy 
in the region where the magnetic field is large. On the 


other hand, in order to generate X-rays with energies of 
4 keV, electron energies corresponding to 
y= 10/28)! (5) 
are required. Because the magnetic field is almost uniform 
(~5x10-* G over the region occupied by the X-ray 
source) energies corresponding to y=2x 10’ are needed. 
In addition, e (3) shows that the maximum radius 
for the soft X-ray source is ?max%2 x 10? em, just com- 
patible with the observations. This result is sensitive to 
the assumed magnetic field; for By=2* 10 G, rmax~ 
7x10-% em. If the electrons are produced in a high field 
region and injected into the nebula, equation (4) shows 
that the magnetic field By, and the size ry characterizing 
the accelerating ‘region Must satisfy Bisa < 10ln. 
Consider now some of the proposed mechanisms 
transferring angular momentum away from the neutron 
star in the light of this requirement. The basic model?-4 
consists. of.a rotating neutron star losing mass in a large 
magnétie field. The various theories differ on important 
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questions such as the strength of the magnetic field, the 
amount of mass loss and so on. 

Tn one class of model, the energy in the magnetic field 
is much greater than the energy of the mass flow away 
from the star, and the torque on the neutron star is pro- 
duced by the radiation of very low frequency magnetic 
dipole radiation? *. In this model the acceleration of 
charged particles occurs in a region having a size of the 
order of 108 em, and a magnetic field strength By~ 10° G, 
so that Bory) ~ 10% G? em. The electrons therefore lose 
almost all their energy before escaping the region, regard- 
less of the energies attained during acceleration. This 
model is an efficient generator of synchrotron radiation. 
but cannot inject energy into the nebula in the form of 
relativistic electrons at anything like the required rate. 

In the other type of model. the energy in the mass flow 
is much greater than the magnetic energy density, and the 
torque is produced by much the same process that slows 
down the Sun and other stars. In this case, the flow of 
the plasma carries out the magnetic field lines to form a 
predominantly radial magnetic field structure which takes 
the form of Archimedean spirals as a result of the rotation 
of the neutron star. The radial extension of the magnetic 
field transfers angular momentum to the outflowing plasma 
and thereby results in a significant angular momentum 
loss. The energy density of the flow, which resides almost 
entirely in the protons ; fixed by the observed torque at 
about 10°? erg s~! (ref. 5 and unpublished work of F. C. 
Michel). This energy will be deposited in the nebula as a 
whole when the energy density of the flow drops to a value 
equal to the energy density of the ambient medium. 
For the Crab nebula. the energy density of the ambient 
medium is of the order 10-* erg em™ (ref. 14), so that the 
energy deposition must occur at a distance r~ 107 em 
from the neutron star. At this pomt, we might expect 
that a standing shock wave or some kind of transition 
region would exist. Fluctuations in the mass loss rate 
would result in fluctuations of the shoek position and the 
generation of hydromagnetic waves. 

Using this general picture. we can interpret the features 
which are observed in the active region near the centre 
of the nebula. The most recent and exhaustive study of 
these features is given by Sca rgle's. He finds a permanent 
wisp which moves about but is confined to a definite 
region near the centre of the nebula, about 1017 em from 
the central star. It is proposed here that this wisp be 
identified with the transition region or shock wave. In 
fact, Seargle states that the structure of the central wisp 
“is just the configuration whieh might be produced by a 
small object emitting ionized gas in all directions in an 
initially uniform magnetic field’. A number of moving 
wisps that gradually damp out are also observed. These 
features may be interpreted as hydromagnetic waves 
generated by fluctuations in the mass loss rate. 

Melrose’® has shown that magnetic pumping in the 
moving wisps, considered to be hydromagnetic waves, 
can account for the large electron energies necessary to 
explain the observed X-ray emission. (Note that Birg~ 
3x 10! G em, so that synchrotron losses are not a prob- 
lem.) In this way the extended source of X-ray emission 
can be related to the observed rate of increase of the period 
of the pulsar. On the basis of this model there should be 
some correlation between a strong train of pulses and the 
appearance of a new wisp in the nebula, with an appro- 
priate time lag. 

The shock wave may also be a source of relativistic 
electrons. The rate at which relativistic particles are 
generated at the shock wave depends on the mass loss 
rate. For large mass loss rates (> 10! g s71) the flow 
velocities are non-relativistic, whereas for the minimum 
mass loss consistent with Maxwell’s equations (~ 2 10° g 
s71) energies of the order of 10? GeV are attained (unpub- 
lished work of F. C. Michel). Ifthe electrons and protons 
share the enérgy equally in the shocked plasma, then 
10° GeV electrons are produced. These electrons would 





















125? 


have a lifetime of the order of 100 years and would emit 
optical radiation. Because of their long lifetime, the 
would diffuse throughout the nebula before emitting most 
of their energy. The observed optical luminosity of the 
nebula is uncertain because of the effects of interstellar 
absorption. Estimates range from 10° erg s7 to a value 
somewhat greater than 10% erg s~ (unpublished work of 
S. Geisel). The electron energies might, however, be 
considerably lower and the radiation consequently shifted 
to lower a rene Observations in the far infrared 
should soon decide whether the Crab is anomalously bright 
there. 

Concerning the X-ray emission from other pulsars, I 
have listed in Table 1 the rotational ener, vy loss rate for 
the seven pulsars for which slowing down times have been. 
measured. The computations assume that the moment 
of inertia is the same for all pulsars (~ 10% g em?). Using 
the slowing down rates and distances given in the unpub- 
lished work of K. Rohlfs, M. Grewing and U. Mebold, and. 
of M. Grewing and W. Priester, the total energy flux at 
Earth is easily computed and is given in the fourth column. 
of Table 1. It would appear that only NP 0532 and PS 
0833 are capable of producing detectable X-ray fluxes at 
Earth. The recent observations of Gursky ef a&i. U s 
limit of 10-* erg em-? s! on the X-ray flux from Ve 
and rule out any identification of Vela XR-1 with PS 0833. 
The intensity of yu emission from Vela X is, however, 

~3x 10-8 erg em? s~ fref. 18), so possibly all the energy 
goes into the aR of line emission rather than the 
production of relativistic electrons. 


















Table 1, EXPECTED FLUXES FROM PULSARS 
(dE /dtims Estimated Flux at Barth 
Pulsar {erg s“) distance (kpe) (erg emot gt} 

NP 0532 Tx 107 2-000 2x10 

PS 0833 8x10 O468 z ( 

CP 0950 1x10” 0-048 

CP 1133 Lx ig! 6-026 

CP 0884 2x 10% 0-263 

CP 0808 <&« 10% 0-007 

CP 1919 3 x 10% 0-003 





The case in which the magnetic energy density is much 
greater than the particle energy density is considered 
briefly. I have shown that if relativistic electrons were 
produced around such an object, they would immedi- 
ately radiate all their energy by the synehrotron process, 
Such a model is not adequate to explain the X-ray source 
in the Crab nebula, but it is an attractive possibility for 
the compact X-ray sources such as Sco XA- 

A major difficulty for any model of Sco X-1 is the shape 
of the optical spectrum, which must turn over around 
10 Hz. The requirement that this be a result of syn- 
chrotron self-absorption fixes the angular diameter of the 
source in terms of the flux density, S, (W m- Hz), and 
the magnetic field By 


6% 4x 10%: st Bt yn (8) 
m? Hz- (ref. 








Setting y=10 Hz, and S,= 10% W 20), 


vields 
Rw~2x 106 Bt dyno em (7) 
where dkpe is the distance to the source in kpe. o 
In order for the synchrotron process to produce th 
required luminosity we must have, for a uniform spheriea 
source, 
Lyn = 2 x 1005 BLO NY rR = Lym 10% de ergs? (8) 








where N is the relativistic electron number density, Te 
must satisfy the inequality 
N < B/S8rmety (9) 


if the magnetic field energy is to be dominant. Equations 
(5)~(9) imply that we must have R>4x 10? dipe om, 
On the other hand, if we require that the surface field on 
the neutron star Bas < 10" G, then R< 7x 10? dype am. 
Thus Æ must be about 107 em. Choosing dipe= 0-2, we 
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arrive at a model for Seo X-1 described by 6 f 
the following parameters 45 
Ral em; B=5x 1 Q; Bys=5 x 10" G; BE ce ag 
y=5x 108; N=6x10%em3 (10) x 
This discussion relates only to the emis- a!l 
sion mechanism and is independent of the 3 | x 
assumed energy source. Note, however, that Š F ate or 3 37 
a rotating magnetic dipole’ can produce & * ["CTAIO x" 286 ‘ ‘ 
4x 10 erg s-t if the frequency of rotation 3 | 23 
Q= 10" rad s and the magnetic moment 2 2 a io À 
M=5x10 G em’. For this rotation fre- œ x “x i 336 
quency, the acceleration of electrons should 1 3091 a8 144 
occur around R=¢/Q~3 x10 em, in agree- `% * 16 S 
ment with the estimate for the size of the 147 8 ie y a 
emitting region. Pulsed emission, if it 0 a PRR e a 5 
occurs, should have a period of about 6 ms. 9 =o ea ae RS Sie 
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Fig. 1. The degree of polarization at 4 401 em plotted against radio spectral index at 
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Relation between the Linear 
Polarization and Spectral 
Index of Quasars 


Oxsservations have been made at Jodrell Bank of the 
linear polarization of ninety-one radio sources at a 
frequency of 610 MHz (4 49-1 em). The sources have flux 
densities greater than 5 flux units (with the exception of 
VRO 42.22.01), and have galactic latitudes greater than 
10°. In order to discriminate against the (partially 
polarized) background radiation of the Galaxy, the obser- 
vations were taken using two radio telescopes--the 250 
foot Mark I and the 125 foot Mark IIl-—-as an interfero- 
meter. The method has already been described!? and a 
fuller description of these observations is m preparation. 
Here we report a striking correlation between the degree 
of linear polarization at 4 49 em and the spectral index 
of the twenty-three quasars included in the observations. 

The median polarization of all ninety-one sources is 
1-2 per cent. The value for the twenty-three quasi-stellar 
sources is 1-5 per cent, and that for the forty-nine radio 
galaxies is 1-0 per cent. If the quasars are separated 


400 MHz for twenty-three quasars, 


according to their oe index eae m the sense 
z=d(log S)/d(log f)), above and below the median value 
of x= — 05, a marked divergence can be observed. The 
median polarization of the twelve “steep spectrum” 
quasars is 0-4 per cent, while that of the eleven “flat 
spectrum” quasars is 3-0 per cent. Application of the 
(2x 2) y? test, with divisions at x= 0-5, m= 2-0 per cent, 
shows that the probability of such a correlation occurring 
by chance is less than 0-001. A plot of percentage polariza- 
tion against spectral index is shown in Fig. 1. Tu this 
analysis we have used a spectral index corresponding to 
the spectral slope at 400 MHz; the values have been 
taken from Horton, Conway and Daintree’. 

Gardner and Whiteoak? find no relation between polar- 
ization at à 11 em and spectral index for quasars, showing 
that the correlation we have found is absent at short 
wavelengths. We therefore interpret the correlation as 
follows: quasars ean be divided into two sub-classes 
by spectral index, of which the sub-class with «< — 0-5 
is heavily depolarized at à 49 em, probably by the 
Faraday effect. On the other hand, the polarization of 
quasars with «> —0-5 is more nearly constant and may 
even increase with wavelength, up to 4 49 em. 

The second sub-class has already attracted attention in 
having small linear dimensions? and is the class to which 
the radio variables belong. The spectra of the sources in 
this sub-class suggest in many cases that they consist 
of two or more components’. Among our flat spectrum 
quasars are examples both of such multicomponent 
sources, 3C 279, for example, and of sources the spectra 
of which appear simple, 3C 286, for example. Our result. 
suggests that whether or not a flat spectrum quasar may 













be separated into spectral components, there is little 
Faraday depolarization of radiation from such a source, 
J. A, GILBERT 
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Negative Muons and the Isotopic 
Composition of the Rare Gases in the 
Earth’s Atmosphere 


We wish to draw attention to the possible influence 
negative muons may have had on the isotopic composition 
of the rare gases now present in the Earth’s atmosphere 
and crust and in meteorites. The specific reaction to be 
considered is of the form 
negative muon + target nuclide (4,Z)—rare gas nuclide 
(A,Z — 1)--rare gas nuclide (d— x, 42~1)+a neutrons + 
neutrino 


where x is the neutron multiplicity of the target nuclide. 
A detailed discussion of this muon capture reaction was 
first given by Fermi and Teller’. Suggestions that it 
might be possible to observe the reaction products resulting 
from the bombardment of the Earth's erust by cosmic-ray 
produced neutrons and negative muons have been made 
by several authors?~*, 

The present muon flux of 10-? em? s-t, if maintained 
over 4:5 x 10° years, is insufficient by a factor of ~ 10° to 
produce the isotopic differences observed betweea the rare 
gases in the terrestrial atmosphere and those found in 
primitive meteorites. There is no evidence to indicate 
that the muon flux was higher in the past; indeed, data 
from stable and radioactive cosmogenic nuclides suggest 
that the cosmic radiation has been constant over at least 
the past 2x 10° years (ref. 6). 

It is conceivable. however, that a higher muon flux 
prevailed at a still earlier stage in the primitive solar 
nebula. Bernas ef al.’ have proposed that Li, Be and B 
were synthesized in the solar nebula by charged particle 
irradiation. They suggest that high energy protons 
impinged on a low density solar nebula, thus producing 
the Li, Be and B. These conditions seem to be satisfactory 
for both initiating and propagating a high muon flux. 

It is not our intention, however, to suggest how this 
required muon flux was produced but rather to point out 
how its presence could have influenced the isotopic abun- 
dances of the rare gases. 

Negative muons, reacting with alkali element target 
nuclides, will produce rare gases the isotopic abundance 
patterns of which will depend critically on the neutron 
multiplicities of the individual isotopes of each target 
element. Significantly, some of the isotopes produced m 
greatest, yield are the very ones which seem necessary in 
order to explain the observed isotopic differences between 
the noble gases found in the terrestrial atmosphere and in 
meteorites. 








Table 1, TARGET ELEMENTS AND PRODUCTS AFTER MYON BOMBARDMENT 
Major target Rare gas clement 


element produced Comment 
Li He Low yield of ‘He 
Na Ne High yield of “Ne 
K Ar High yield of Ar 
Rb kr ir dominates the yield pattern 
Cs Xe Does not produce Xe or "Xe. Maxi- 


mum yield at Xe, 
contribution at Xe 


Possible small 


Table 1 indicates those target and product. nuclides 
which have a special significance in relation to rare gas 
studies, 

Target nuclides, other than those listed, may also have 
contributed to the production pattern by means of a two- 
stage process involving negative muon capture followed 
by positron decay or electron capture. 

The general isotopic pattern to be expected for some of 
the target elements listed has been described by Hagan}. 
We cannot discuss the many implications of this muon 
flux hypothesis in relation to all the rare gases in this 
communication and so neon is considered as a specific 
example. 

Atmospheric neon. with "Ne/##*Ne= 9-8, is generally 
regarded as a mixture of solar neon (?°Ne/? Ne= 12- 5) and 
planetary neon (*Ne/??Ne~8-2) (see ref. 8). In the 
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present picture. it seems possible that up to 30 per cent of 
the *Ne in the Earth's atmosphere has resulted from the 
capture of negative muons by “Na. 

An important number in this respect would be the 
experimentally observed value for the *'Ne/#*Ne ratio 
resulting from the bombardment of “Na by negative 
muons. Unfortunately, this ratio has not been measured. 
Hagan! gives an estimate for this figure of 0240-14, but 
he has been forced to extrapolate from the published data 
of MacDonald et al’, which add an additional error to his 
estimate. Atmospheric Ne would now be considered a 
mixture of solar type Ne with muon produced Ne in sait- 
able proportions. 

Although the other rare gases each present special’ 
problems, the muon contribution to their isotopic come 4 
position would still be significant in some cases. i 

A critical determining factor in producing an anomaly 
is the quantity of a target nuclide that was available for 
the muon capture process. Beeause the atom ratio of 
Na to Cs in the Earth's crust is moderately large, the 
addition of some 30 per cent to the "Ne atmospheric 
abundance implies only 1 per cent or so addition tothe 
Xe abundance. If 
for a chondritic Earth model are substituted rather than 
crustal values, the muon produced "Xe contribution for 
the same **Ne production will be smaller. Similar estim- 
ates may be made for K and Rb as long as the altered 
abundances of their padioactive nuclides are taken into 
account. 

In spite of the many obvious difficulties associated with 
this model, it seerns most significant that for a single value 
of time integrated negative muon flux, the muon capture 
reaction can simultaneously account for several of the 
isotopic anomalies observed in the atmospheric rare 
gases. 

In particular it provides the following rare gas compon-_ 
ents from alkali element targets. {a) Neon with a low 
21Ne/ e ratio. (b) Kr wik an #Kr/“Kr ratio that is 
much higher than that of atmospheric Kr. (c) Xenon 
with an isotopic pattern that is a maximum at Xe and 
decreases with mass. Whether the yield at "Xe relative 
to Xe is significant can only be surmised. The muon 
capture reaction does not produce Xe or Xe so that 
these isotopes are absent from muon produced xenon. 

Rare gas components with isotopic patterns very similar 
to these seer to be required if the atmospheric rare gases 
are to be derived from the primitive gases found in certain © 
meteorites. 

The low energy neutron flux produced im situ by the 
muon capture reaction may also have been significant 
in the case of nuclides with very low abundances. 

We thank Drs R. Ganapathy, J. W. Larimer, G. W. 
Reed, A. Turkevich and Professor E. Anders for discussion 
and critical comment. This work was supported by the 
Research Grants Committee of the University of Western 
Australia and an AEC contract. 
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Abundances of Iron and Some Other 
Elements in the Sun and in Meteorites 


RECENT measurements of the oscillator strengths (f-values) 
of Fel lines have led to an increase in the figure for the 
solar abundance of iron by a factor ~10 compared with 
that in the classical paper of Goldberg, Müller and Aller! 
This has far reaching consequences for astrophysics and 
for the interpretation of abundances in meteorites. 

Previous work on the abundance of iron in the photo- 
sphere of the Sun and in stellar atmospheres was based 
on several determinations of the absolute f-values for the 
resonance lines and the extensive set of relative f-values 
measured by King and King?. New measurements by 
T. G. and M. K.*, using an electric are burning in argon 
with a small adjustable admixture of iron, as well as inde- 
pendent shock tube measurements by Grasdalen, Huber 
and Parkinson* and Huber and Tobey*, and lifetime 
measurements with the beam-foil method by Martinez, 
King and Whaling’, show that the f-values of high excita- 
tion Fel lines (lower level up to 4:3 eV) are considerably 
smaller, when compared with low excitation lines, than 
had been indicated by the furnace work of King and King. 
In order to obtain agreement, the furnace temperatures 
{~ 2,500 K) adopted by the latter authors would have to 
be increased by ~ 400 K. This systematic error has been 
transferred into many later investigations on f-values 
and abundances of other elements.e 

Using relative f-values measured in a similar way for 
Til, King? determined for the solar atmosphere an 
average excitation temperature of 4,400 K while recent 
solar models require, for example, 5,260 K for an optical 
depth t,=0-10. This difference disappears if King’s 
furnace temperatures are again increased by ~ 300 K. 

Using the new f-values, T. G., H. H., M. K. and J. R.’ 
obtain for the solar photosphere an iron abundance log e 
(Fe)=7-60 compared with the original value of 6-57 
(ref. 1) referred as usual to log e (H) = 12-00 for hydrogen. 

Thus, finally agreement is reached between the photo- 
spheric iron abundance and that obtained for the solar 
corona from forbidden and permitted lines by Pottasch®-?!, 
Jordan! and others. 

We note that the transition probabilities and abund- 
ances for forbidden lines can be considered very reliable 
whereas the interpretation of permitted lines emitted by 
the corona or the transition layer is still beset with 
difficulties (compare Goldberg’). 

The problem of forbidden [FeIT] lines*:® in the Fraun- 
hofer spectrum of the Sun ought to be rediseussed. 

In the outer layers of the Sun and similar stars most of 
the free electrons come from the elements Mg, Si and Fe. 
As a result of the greater abundance of Fe the ratio of 
electron pressure to gas pressure and related quantities 
in model atmospheres must undergo slight alterations. 
Also earlier determinations of f-values for Fell lines and 
some results derived from the ionization ratio FelI/Fel 
in A-type stars probably require revision. 

In work on the abundances of the elements in meteorites 
there is now general agreement that the type I carbon- 
aceous chondrites are most closely akin to original solar 
or population I matter because they still contain many 
volatile substances. The abundances in carbonaceous 
chondrites I closely resemble those on the Sun. Hitherto 
there has been one important anomaly, which Urey" 
emphasized strongly, namely, the abundance of iron in 
these meteorites was considered to be 8 to 10 times greater 
than in the Sun. Urey therefore felt compelled to assume 
that the matter of carbonaceous chondrites I came from 
two different sources. Our new values for the solar iron 
abundance remove this discrepancy so that the hypothesis 
mentioned becomes unnecessary. 

There has been a long felt need in solar and meteorite 
research to compare the relative abundances of iron and 
nickel in these two sources. In order to avoid possible 
errors, especially in the absolute f-values, T. G. has 
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measured directly f-values of Ni relative to those of Fe 
in plasmas with known Ni/Fe ratio.” Her preliminary 
result forthe solar abundance ratio is log{e(Fe)/e(Ni) }= 1-1, 
in excellent agreement with determinations in the solar 
corona and with Urey’s value 1-26 for. the carbonaceous 
chondrites I. 

According to recent work of Lambert and Warner!7}8 
and unpublished data of H.H., the most probable 
solar abundances for two other important elements are: 
log e(Mg) = 7-5 and log ¢(Si) = 7-6, again in excellent agree- 
ment with meteoritic data. 

In connexion with a possible heterogeneous origin of 
the carbonaceous chondrites I, Urey!® discussed the 
hypothesis that in an early T Tauri like state of the solar 
system, part of its matter was exposed to intense cosmic 
radiation. This hypothesis has been proposed by Fowler, 
Greenstein and Hoyle”? and modified by Burnett, Fowler 
and Hoyle® in connexion with the abundances and isot opie 
ratios of the light elements. Concerning two rather vital 
points, we would like to remark, however, that (i) the iso- 
topic ratio "C/"C has been determined from the solar CH 
band*!2 in agreement with terrestrial and meteoritic 
values; (ii) the solar abundance of lithium has been 
determined more accurately by Peach®, Grevesse®! and 
Stellmacher and Wiehr®® to be log ¢(Li)=0-36, and its 
abundance in terrestrial minerals? and meteorites!* is 
about 10° times larger. This factor is considerably greater 
than earlier values because recent low noise spectroscopy 
of the faint solar lithium lines has resulted in a lower 
solar abundance. Because it is well known that there are 
many young stars*?-° in which the lithium abundance 
is also up to 10° times larger than in the solar photosphere, 
we must conclude that the original solar and population I 
matter had a large lithium abundance while in the Sun 
and other old stars lithium has been partially destroyed 
by proton bombardment in the deepest parts of the con- 
vection zone. Nowhere in meteorites®®, or in the Sun, 
have any conspicuous variations of the isotope ratio *Li/ 
"Li been found. Neither carbon nor lithium testifies to a 
partial irradiation of matter in an early state of the solar 
system. 
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Consequences of Very Small Planetary 
Magnetic Moments 


PALAEOMAGNETIC samples show a number of polarity 
transitions in the Earth’s dipole field, and there seem to 
have been marked evolutionary changes in flora and 
fauna near the time of several of the reversals!. Sugges- 
tions that when the magnetic dipole moment decayed 
during a reversal, there would be an increase in radiation 
producing a sudden increase in the rate of evolution? seem 
to have been discarded without considering whether the 
atmospheric mass would be reduced!:*, Mariner V observa- 
tions show that Venus now has a dipole moment of zero 
or very near to zero‘, so that the atmosphere of Venus 
may show features which can be explained by erosion and 
modification by the solar wind. For example, Jastrow® 
has stated that the expected dissociation of CO, and H,O 
in the atmosphere of Venus should have produced high 
altitude layers of electrons and atomic oxygen which 
were not found. 

Consideration of the erosion of a planetary atmosphere 
by the solar wind when the dipole moment is near zero 
suggests that little or no Ot should be observed for Venus 
or Mars above the ionosphere, that enhancement of the 
cosmic radiation on the Earth cannot be achieved easily 
and that the solar radiant energy might increase in certain 
regions of the Earth’s atmosphere. 

Interaction of the solar wind with a planet’s magneto- 
sphere results in a boundary called the magnetopause, 
inside which the atmosphere is protected from erosion by 
the solar wind. Outside the bow shock on the sunward 
side of the magnetopause, the solar wind will rapidly 
sweep away all ions formed. Ions formed in the disturbed 
region between the inner edge of the magnetopause and 
the bow shock will also be lost, although the loss rate may 
be slower than outside the bow shock. Inside the magneto- 
pause there will be no solar wind erosion. As the strength 
of a planet’s magnetic field decreases, the magnetopause 
moves towards the planet's surface. At present the 
magnetopause for the Earth is at about ten Earth radii 
in the subsolar direction, well outside the Earth’s atmo- 
sphere. The maximum value of the dipole moment of 
Venus measured so far is too small to keep the solar wind 
off the planet’s surface; however, the Mariner V observa- 
tions’ show that there is a daytime ionosphere at 130 km 
altitude with a thickness at half intensity of 20 km. The 
interplanetary field cannot penetrate a sufficiently con- 
ducting ionosphere and is compressed on top of the iono- 
sphere to form a magnetopause. The pressure on the 
ionosphere is transferred to the lower neutral atmosphere. 

During a reversal of the Earth’s magnetic field, the 
solar wind should compress the Earth’s ionosphere to the 
same atmospheric pressure as for Venus. Thus the Earth’s 
ionosphere would be at about 85 km altitude and the 
atmosphere above 100 to 120 km would be above the 
inner edge of the magnetopause. By the same argument 
the ionosphere of Mars should be compressed to about 
50 km altitude. According to the reversal curves of dipole 
moment shown by Cox! the dipole moment may be small 
enough for the solar wind to erode the Earth’s atmosphere 
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for about one solar cyele (11 yr). The great variability in 
solar activity from one solar cycle to another means that 
effects on the Earth’s atmosphere may be drastically 
different from one reversal to another. 

During a reversal, the solar wind should sweep away all 
ions produced in the Earth’s atmosphere ahove 100 to 
120 km altitude. Using an ion production rate of 5 x 10% 
ion pairs cm? s~ and allowing for effects such as recom- 
bination, night and obliquity by introducing a reduction 
by a factor of six, a loss of the order of 10“ g em during, 
the solar cycle is obtained. Because most of the Oris- 
produced at a level above the inner edge of the magnetos 
pause, O+ would be effectively eliminated from the Earth’s 
atmosphere. The loss of 10 g cm”? of ions in a solar cycle 
would only reduce the amount of atmosphere shielding 
from cosmic radiation by 10-7 and thus would not lead to 
any significant increase in cosmic radiation, 

There might be removal of some of the neutral atmo- 
sphere, and there are a number of possible mechanisms for 
coupling the solar wind to the neutral atmosphere. 
Between 1 and 10 per cent of the atmosphere (10 to 
10? g cm~?) would have to be removed during the few years 
at reversal significantly to increase cosmic radiation at 
the surface. Thus the removal rate must be a factor of 
10° to 10° larger than the ion removal, which seems 
difficult to achieve. If 10 to 10? g em? were removed 
during each reversal, an,adequate replenishment mechan- 
ism would be required. But the loss of 10+ g em of 
ions in a solar cycle may alter significantly the penetration 
and absorption of solar ultraviolet radiation, resulting in a 
modification of the constituents, chemistry, temperature, 
albedo, scale height and motion of the atmosphere. 

It may be easier to explain the structure of the atmo- 
sphere of Venus if the ions produced above 170 to 200 km 
altitude are removed by the solar wind. The loss of 
atomic oxygen below the Venus magnetopause is explained 
by McElroy*. Atomic oxygen above the magnetopause 
would be photoionized and lost to the solar wind. A 
similar argument can explain the failure to observe 
atomic oxygen in the atmosphere of Mars. In the case of 
Mars, the ionosphere, as interpreted from the Marmer TV 
data, would have to be readjusted; the structure of the 
ionosphere seems. however, to be in considerable doubt’. 

We thank Dr Martin Watt for helpful discussions. 
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Records obtained from the Trials of a 
Long Range Side-scan Sonar (GLORIA 
Project) 

In 1958 the National Institute of Oceanography developed 
a narrow beam sideways looking sonar for underwater 
geology and fish detection? based on earlier work first 
reported on by Chesterman, Clynick and Stride*. During 
the past 10 years it has proved to be a valuable tool in 
studying the materials and relief of the sea floor at 
continental shelf depths. For some years it has been 
supplied to research laboratories and geophysical prospec- 
tors by instrument manufacturers in Britain and elsewhere. 
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As a result of this success it was decided about 5 years 
ago to undertake a design study at this institute for a 
larger version of the sonar for use in the deep oesan. In 
order to overcome stability, propagation and noise prob- 
lems, and the need to radiate |: ge amounts of power 
without cavitation, it was necessary to place the sonar 
array in a vehicle which could be towed at a maximum 
depth of 200 m. It was hoped that this design would 
allow geological information to be obtained to a range of 
10 miles in ocean depths of 6,000 m. 

This sonar has been completed and has now undergone 
part of its trials from the RRS Discovery in the Mediter- 
ranean Sea, Fig. 1 shows the vehicle in the davits read ` 
for lowering. The centre section contains the sonar array 
which is mounted in bearings so that it can be remotely 
trained from the ship to give the correct sound launching 
angle. At full power about 60 kW can be transmitted 
through the glass fibre shell by the I44 trans 
mounted on the array beam. 

Some results have now been obtained from the initial 
trials of the device. It has been found possible to get 
recognizable returns from the deep ocean floor at a distance 
of 10 miles. Examples taken from some of the records ; 
far obtained are shown in Fig. 2. In each case the up is 
over a relatively flat deep floor on a course running parallel 
to the continental slope, so that the main beam of the 

7 array is pointing to the maximum required range near 
Fig. 1, The sonar vehicle prepared ready for lowering, the top of the slope. Each example contains two similar 
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records, the main difference being that the top one in 
each case is effectively undistorted while the bottom one 
is distorted along the direction of transmission by a 
factor of three. Fig. 2a is extracted from a run parallel 
to the North African coast about 50 miles east of Algiers. 
The sonar range used is 6 miles, and the depth varies 
from about 2,400 m under the ship to 730 m at the 
maximum range. Figs. 2b and ¢ are from runs made 
near the Balearic Islands. The first is off the south-east 
coast of Majorca using a range of 6 miles, with the depth 
varying from 1,600 m under the ship to about 300 m at 
the top of the record; the second is off the north-east 
coast of Minorca using the maximum horizontal range 
of 10 miles, with the depth varying from 1,500 m to 
550 m. ‘Typical sound launching angles of about 8° 
below the horizontal were used, with the vehicle travelling 
at a depth of 70 m and radiating 10 to 20 kW of acoustic 
power, The occasional white lines are due to a failure of 
the transmit relays to reset the receiver circuits after the 
power has been transmitted. 

We thank our colleagues here and in British industry 
who have contributed to the initial success of this project. 
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Heterogeneous Reactions in Petroleum 
Genesis and Maturation 


ALTHOUGH it seems to be agreed that petroleum deposits 
are formed from biological organic constituents of sedi- 
ments!~5, only a few of the molecular precursors of petrol- 
eum have been identified with any certainty’ and there 
has been very little progress in deciding between several 
possible mechanisms':?.*-! for the production of petroleum 
hydrocarbons. In particular, little attention has been 
directed to the study of decomposition reactions of organie 
species chemisorbed on mineral surfaces. Yet the fine 
clay particles in sediments adsorb strongly! some of the 
compounds which occur in the decay of biological material, 
and it is known that the reaction of organic substances 
with mineral surfaces can contribute to rock weathering". 
Moreover, the reactivity of organie compounds can be 
changed on adsorption by clay particles? and this may 
result in preferential retention of certain classes of organic 
substances at mineral surfaces. Such chemisorbed radicals 
may account for much of the small amount of carbon- 
aceous material in natural sediments'®. The question is 
whether the degradation of such chemisorbed radicals may 
be a source, even a dominant source, of petroleum deposits. 

Innumerable varieties of clay mineral-organie compound 
associations are possible in the biosphere. From these 
diverse potential petroleum precursor systems the reac- 
tions of aleohols!®7 chemisorbed on montmorillonite 
were selected for particular study because both this clay 
mineral’ and compounds containing the hydroxyl group 
are of wide occurrence in nature. Montmorillonite has a 
high surface area, it chemisorbs organic compounds" 
and it has been suggested as a possible catalyst in petrol- 
eum genesis and maturation processes!-#7-%18, Further- 
more, it was hoped that interpretation of the results would 
be faciMtated by comparison with previous studies of the 
dehydration of alcohols on alumina’®'7, The present 





work was necessarily restricted in scope, but the experi- 
mental approach is potentially of wide application. 

The experimental technique has been deseribed??*. 
A small amount- of the organie reactant was mixed with 
the crushed solid*mineral and samples were evacuated 
2-3 h at ~10°* torr (thus removing excess volatile 
reactant) and sealed in vacuum. Each sample was then 
heated for a measured time and the products evolved in 
this thermal desorption reaction were identified and 
measured by gas chromatography. Particular attention 
was directed to the C-C; hydrocarbon products, because 
examination in this range gave evidence for the occurrence 
of cracking, polymerization, isomerization and hydrogen 
transfer reactions, without the formation of product 
mixtures too complex for separation. Kinetic measure- 
ments were largely concerned with yields at low 
(<~15 per cent) fractional reaction, for which the zero 
order kinetic equation was approximately obeyed. 

Blank experiments showed that the hydrocarbon pro- 
duet yields from the clay minerals and the Newtownards 
sandstone were negligible in the absence of added organic 
reactant. 

20 g of crushed montmorillonite (No. 23, Chambers, 
Arizona, supplied by Ward’s Scientific Establishment, 
Inc.) was mixed with ~ 0-3 g of the organic reactant at 
20° C and the thermal desorption reactions studied with 
continual product condensation at — 195° C. 

The products of the thermal desorption reactions of 
n-hexanol, n-dodecanol and n-octadecanol from mont- 
morillonite each contained an equilibrium mixture of n 
hexene isomers. Reaction kinetics and yield data are 
summarized in Table 1. n-Hexanol underwent no signifi- 
cant cracking at < 200° C and no further products were de- 
tected. The reactions of n-dodecanol and »-octadeeanol at 
< 200° C were accompanied by extensive cracking to yield 
further n-alkenes; no significant yield of any alkane was 
detected. These results are diagrammatically represented 
in Fig. 1. An example of a typical set of kinetic measure- 
ments, that for trans hexene-2 production, is shown im 
Fig. 2. Total yields of the (probably equilibrium) mixtures 
of n-pentene and n-heptene isomers were each 2-4 x 1077 
mol gt; the n-octene yields from n-dedecanol and a- 
octadecanol were 3x 10! and 3x107 mol g> respec- 
tively. Both of the longer chain alcohols gave appreciable 
yields of products in the Cy-C, hydrocarbon boiling range. 

Products, and their relative yields, given by the com- 
pleted thermal desorption reaction of n-heptadecene-1 on 
montmorillonite (10-20 min at 200°-265° C) were almost 
identical to those found for the n-C,, and 7#-C,, alcohols. 
The reaction of n-octacosane was almost identical to that 
of the olefin, but yields were 30-50 per cent greater. 

The thermal desorption reaction of n-hexanol resulted 
in dehydration, accompanied by facile double-bond 
migration only, to yield the product equilibrium mixture 
of hexene isomers. This reaction therefore probably 
proceeds by the mechanism discussed for the catalytic 
dehydration of alcohols on aluminat, The surface 
reactions of n-dodecanol and n-octadecanol were more 
complex because, in addition to dehydration and double- 
bond migration, there was also cracking. The almost 
identical distribution of products obtained from desorption 



























Table 1. SUMMARY OF RESULTS FOR HEXENE* PRODUCTION IN THERMAL 


DESORPTION REACTIONS OF ALCOHOLS 








Total Activation Temper- 
hexene* energy for ature 
yiekt on hexene* range of 

Alcohol Solid reactant completion formation kipetie 
of reaction tkcalories meagure- 
(mol gv?) tab} ments 
n-Hexanol Montmorillonite? 400 x 104% 240 
n-Dodecanol Montmorillonite 40 ~ 10" 
n-Octadecanol Montmorillonite 40 x 1018 
n-Dodecanol Newtownards 
sandstone t 6x 105 22-8 140-2407 


* Products consisted of a mixture of straight-chain hexenes in thermo- 
dynamic equilibrium. 
+ Minerals are deseribed In the text. 
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Big. 1. Chromatographic response peak patterns observed in thermal 


desorption reactions of alcohols on montmorillonite. These yields corre- 
spond to completion of reaction, that is 10-30 min at 200°-250° C. a, 
n-Octadecanol, b and e, u-dodecanol; e and d, a-hexanol, a, b and e, 
a — 105° C trap was maintained throughout reaction: d and e, no trap 
during the greater part of reaction, a — 195° C trap was used for a short 
time at the end of the reaction. Results were obtained on a 3 m silicone 
oil column at room temperature, using a radioactive ionization detector, 





of n-heptadecene and n-octacosane shows that reaction. of 
the hydrocarbon chain with the active surface occurred at 
less than 200° C. It is therefore reasonable to suppose 
that long chain reactants may become bonded to the 
surface at more than a single point. Furthermore, the 
position of such bonds on the hydrocarbon chain must be 
mobile, if the location of the double bond in the product 
olefin is defined by the position of the hydrocarbon- 
surface bond in the precursor adsorbed radical. Approach 
of two such hydrocarbon-surface bonds in a single radical 
must result in considerable local strain and is a probable 
mechanism of chain rupture. This process may continue 
until chain fragment lengths are insufficient to permit. 
further two-point adsorption. Establishment of closely 
similar surface equilibria between chemisorbed radical 
through this mechanism, accounts for the comparable 
product distributions from the different long-chain 
reactants. 

The montmorillonite sample, unlike synthetic alumino- 
silicate catalysts?*.*4, was not heat-treated before reaction. 
The mineral may therefore be expected to undergo some 
surface dehydration at reaction temperature (> 90° C) 
with consequent formation of Lewis-acid sites** at which 
organic reactant chemisorption may occur. The main- 
tenance of dehydration conditions, with consequent 
reduction of surface hydrogen availability, minimized 
the probability of alkane formation. 

In investigating thermal desorption reactions in the 
absence of a — 195° C trap, we studied the effeet of water 

vapour and primary organie product readsorption on the 
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surface processes, Thermal desorption reactions at 200° C 
gave mixtures of iso-alkanes and small amounts of n- 
alkanes (Fig. 1) and, in contrast to reactions in which 
there was rapid primary product removal, olefin yields 
were negligible. 2-Methyl pentane was the most abundant 
product from the reaction of n-hexanol, but appreciable 
yields of pentanes, hexanes and heptanes were also found, 
consisting of predominantly 2 and 3-methyl isomers. 
n-Dodecanol gave the same products, but yields of the 
higher hydrocarbons were greater. 

The presence or absence of the cold trap during thermal 
desorption reactions resulted in the formation of hydro- 
carbon product mixtures, which we t exclusively 
either n-alkenes or alkanes, by reactions which proceeded 
at comparable rates at around 180% This difference in 
behaviour must result from variation in the availability 
of hydrogen and/or water at the mineral surface and the 
possibility of olefin readsorption. In the absence of the 
cold trap, iso alkanes were the most abundant hydro- 
carbon products and the chemisorbed radicals derived 
from both n-hexanol and n-dodecanol underwent poly- 
merization, cracking, isomerization and hydrogen transfer 
processes. Comparable hydrocarbon product distributions 
have previously been attributed to reactions which involve 
intermediate carbonium ion formation at Bronsted-acid 
sites?? During thermal desorption, in the absence of 
the cold trap, hy drogen i is available for alkane preduction ; 
this may be derived from chemisorbed water, or through 
progressive dehydrogenation of organie species held at 
Lewis-acid sites*. The availability of water may also be 
responsible for the relatively facile ‘production of Bronsted 
acid sites? at the mineral surface. It may also be men- 
tioned that the present reactions are not ne wily true 
catalytic processes, since pyrolysis of chemisorbed radicals 
may be accompanied by irreversible surface changes. 
The products given differ from those found with synthetic, 
heat-treated silica-alumina catalysts which yield22-25 
product mixtures which contain both alkenes and alkanes. 

Thermal desorption studies were also made using an 
ancient sediment. A sample of Triassic sandstone**, rich 
in lenses of shale, was obtained from a quarry near Scrabo 
Tower, Newtownards, County Down. This was crushed 
before measurements. The thermal desorption reaction 
of n-dedecanol on this mixture of minerals gave a pattern 
of produets which was almost identical, both qualitatively 
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Fig. 2 Typical plots of yields of frans hexe-2 against time for the 
reaction of n-dodecanol on montmorillonite, 195° C trap wae main- 
tained throughout each reaction, 
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and quantitatively, to that obtained on montmorillonite; 
absolute yields were, however, significantly smaller 
(~15 per cent) (see Table 1). Thus it seems probable 
that the surface activity of this 2 x 10% year old rock was 
not eliminated through ageing (though the effect of 
crushing should not be ignored). The present low carbon 
content of the sandstone (0-08 per cent C) would suggest 
that the original constituent organic matter of the sedi- 
ment had long since been converted to products (petrol- 
eum ?) which have not been retained in the porous rock, 

This thermal desorption reaction also yielded benzene, 
the only hydrocarbon identified which was not obtained 
from reactions on montmorillonite. Benzene production 
may occur through reactions of the alcohol on constituent, 
ferric oxide of the sediment by the mechanism described 
previously*. 

A sample of peat, rich in ferrie oxide (14-6 per cent acid- 
soluble iron), was collected from a site, remote from 
probable contamination, near Loch Lurgain, Ross and 
Cromarty, Scotland. Thermal desorption reactions (no 
added organic compound) yielded a product mixture which 
contained hexane, heptane, benzene (total yield at 400° 
was 4x 10!7 mol g?) and toluene. The activation energy 
for benzene formation was 23-4 kealories mole! (170°-300° 
C); the Arrhenius plot is shown in Fig. 3. 

The reaction of this mixture of diverse organic constitu- 
ents in contact with ferric oxide/hydroxide, which com- 
prised the peat, yielded benzene by a rate process having 
identical kinetic characteristies to that found for the 
thermal desorption reactions of organic compounds on 
ferric oxide®. Thus we conclude that the same rate- 
limiting atep controls benzene desorption in both systems. 

Reactions of n-dodecanol on pyrophyllite and on 
kaolinite give similar patterns of products to those found 
with montmorillonite, but total olefin yields were very 
much smaller (~ 1x 10'6 mol g). Preliminary measure- 
ments showed that thermal desorption reactions of 
weathered schist from Donegal, Ireland (no added organic 
compound), gave different product distributions from those 
found for any other reactant mixture. 

The present observations show that the decomposition 
of organic compounds chemisorbed on clay minerals vields 
hydrocarbons which are constituents of petroleum® 27:28, 
From the similarities in product compositions and in the 
kineties of olefin formation from thermal desorption of 
different organie compounds on montmorillonite (Table 1), 
we conclude that the hydrocarbon desorption step is rate- 
limiting. It is reasonable to suppose that comparable 
chemical processes occur in the biosphere, and we there- 
fore suggest that compounds formed during the decay of 
biological material in nature may be chemisorbed by clay 
minerals, ferric oxide and so on, which are subsequently 
deposited in sediments and buried. The chemisorbed 
organic radicals may participate in surface equilibria, of 
the type described for aleohols, with consequent loss of 
identity of the chemisorbed molecule. Thereafter, slow 
hydrocarbon desorption occurs in the sediment. By 
extrapolation of the present kinetic data for olefin produc- 
tion, and assuming a zero-order reaction, it was estimated 
that a 0-1 per cent yield of hexene would be evolved from 
montmorillonite at 20° © by the reactions of n-hexanol, 
n-dodecanol and n-octadecanol in 1,000, 27,000 and 33,000 
years respectively and the same benzene yield would be 
given by the Scottish peat in 2 x 10° years at 20° C. Thus 
the rate of hydrocarbon formation by the decomposition 
of chemisorbed organie radicals is sufficient to account 
for the production of petroleum deposits during geological 
periods of time. The hydrocarbons formed by reactions in 
the absence of a cold trap (that is, the conditions which 
would obtain in nature) included all the main classes of 
hydrocarbons present in natural petroleum®*7, The 
cyeloalkane yields from the reactions on montmorillonite 
were, however, relatively small, and this may result from 
retention of ring structures present in natural substrates". 
or preferred or perhaps successive reactions of molecules 
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Fig. 3. Arrhenius plot for benzene production for a sample of peat frorn 

NW Scotland. Measurements were largely concerned with the initial 

(~15 per cent) part of the reaction, aver which the zero order kinetic 
equation was obeyed. 





which do not contain a ring structure on minerals in nature. 
The observed low proportion of volatile aromatic constitu- 
ents in petroleum?’ may result from their low rate of 
formation through the mechanisms discussed here. 
Petroleum thus produced in sediments is subsequently 
accumulated in traps*. 

We therefore conclude that functional group removal, 
with subsequent skeletal rearrangements of organic 
radicals chemisorbed on natural minerals, after burial im 
sediments, probably represents an important contributory 
process in petroleum genesis. The rates of these reactions 
are sufficient to account for the occurrence of petroleum 
in nature. Such surfaces may retain activity for successive 
reactions, which occur during petroleum maturation”, 
or the activity may be irreversibly lost during changes 
which accompany chemisorbed organic radical decom- 
position. The course of these reactions may also be 
influenced, directly or indirectly, by temperature, pressure, 
bacterial action, radioactivity, the nature of both organic 
and mineral substrates and catalyst poisons. 
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Interpretation of a Complex Low 
Energy Electron Diffraction Pattern: 
Carbonaceous and Sulphur-containing 
Structures on Ni(II!) 


Tue complex low energy electron diffraction pattern 
shown in Fig. 1, previously described tentatively as Ni(111) 
(16473 x 164/3) R 30°-—C (ref. 1), has been observed during 
an investigation of the reactions of Ni(111) with various 
carbon or sulphur-containing gases, including ethylene, 
earbon monoxide’, benzene and hydrogen sulphide. The 
pattern is produced at a variety of surface temperatures, 
depending on the reactant, from 20° to 350° C and in 
exposure times from 10 to 1,000 Langmuirs (I= 10-6 
). The patterns are not identical in every case but 
are consistent geometrically and in the grouping of the 
diffraction beams into two distinct levels of intensity. The 
strong features predominate at 70 V and above; the weaker 
spots are more clearly seen at lower voltages (Fig. 2). The 
differences between the patterns obtained with different 
reactants are in the relative intensities of the diffraction 
spots within each category. Both Fig. 1 and Fig. 2 are the 
products of reaction with ethylene. The action of H,S 
produced a series of patterns, one of which was the 
complex pattern, but diffuse and complicated by the 
presence of traces of the succeeding patterns. The same 
strong characteristic features were undoubtedly present, 
however. 
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ïo it 
1, The NICI) complex pattern st 72 V displaying the strong 
pattern. ‘The first order NICHI) spots He at the edge of the screen at 
1,3.5, 7, Gand 11 o'clock, 
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Although a completely satisfactory detailed structure of 
the surface has not been deduced, we have examined the 
pattern and arrived at a description which accounts 
accurately for almost all the spots, strong and weak, 
visible at energies down to 30 V. In order to explain the 
close spacing of spots in this diffraction pattern in terms 
of a hexagonal superlattice, it is necessary to postulate a 
surface net with a very large unit mesh; for example, the 
appr 3 J 











oximate (but in fact erroneous) (1643 x 16/3) 
mesh?, If coincidence structures are assumed, however, 
much smaller and more acceptable unit meshes are 
required, although problems arise in explaining the 
detailed structure and bonding of the surface layer to the 
substrate, 




















Fig, 2, Complex pattern observed during 
NLL) at 58 V. The NiQ11) zero order spot i 
crystal holder. 


tion of CAEL, with 
to the righ: of the 


The solution was found by first considering the strong 
features whieh were evidently related to a real lattice 
spacing between 4-5 and 55 A. After numerous attempts 
to link them to a hexagonal structure failed, they were 
recognized as a slightly distorted square structure approx- 
imating to a Ni(100) (2x2). A tentative structure was 
then found by trial and error using a computer to draw 
the reciprocal lattices. Adjustments were made to the 
dimensions and angle of the unit mesh to improve the fit 
with the observed pattern and, in particular, to make the 
contributions from different dornains coincide at the spots 
marked A, A’ m Fig. 5a. The unit mesh din ions 
reached at this stage were a= 5-0 A r 
and the angle between the <01> directions of the surface 
and substrate meshes, 0 = 2-5°, 

In the next stage of refinement the computer was used to 
draw one domain of the surface structure having these di 
mensions over an Ni({LL1) p (1x 1) net extending to 20 x 20 
unit meshes. Some twenty-four possible coincidence nets 
were noticed and the reciprocal lattice of each was drawn. 
All but one could be immediately rejected by inspection 
and comparison with the photographs. Very close agree- 
ment with the experimental diffraction patterns was 
achieved with the remaining reciprocal lattice which came 
from a coincidence net having a unit mesh described by 

ro mij 


2,7) 


the matrix g i 






































that is with coincident lattice points at 
the 7,2 and 2,7 positions on the Ni(L11) net. In Woad’s 
notation it can be described as Ni(111) (1/39 R 16-1? x 
/39 R16-1°); F indicates rotation in the opposite sense 
to RB, 
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Fig. 3. ©, NICH) atomie position; x, surface structure net points in 


one of six possible domains. 


Having eliminated other possible coincidences and 
demonstrated a very satisfactory fit with the (1/39 x 1/39) 
mesh, the approximate parameters were checked by 
identifying the spots on the photographs and the domains 
to which they belonged. Measurements of the photo- 
graphs, however, are subject to errors due to diffuseness 
of the spots, to distortions caused by the crystal not 
being at the centre of curvature of the screen and distor- 
tion of the photographic image. The results calculated 
from direct measurements (a= 5-0 A, b=4-9 A, y= 91° 40’, 
Q= 2° 40’) are probably uncertain by +0-1 A and +15’ of 
angle, and were little better than the tentative data 
already obtained. By printing out complete reciprocal 
lattices (six domains) with the computer and comparing 
groups of spots, especially those shown in Fig. 5, it was 
possible to detect unsatisfactory parameters with con- 
siderably greater discrimination because comparison of 
the position of spots with nearby spots eliminated distor- 
tion errors which were apparent over the full width of the 





Fig. 4. 
mesh. 


Reciprocal net of six domains of Ni(111) 1/39 x 4/39 coincidence 
©, Unidentified, that is not seen in photographs; © (strong), 
x (weak), identified; V, NIQ1D p (1 « 1). 


screen. The final adjustments to the distorted square 
parameters gave a=4-98 A, b= 4-86 A, y=91-5", Qa 2-6" 


7 2 
and produced exact coincidence on the real net at | 27 
as shown in Fig. 3 and the reciprocal net shown in Fig. 4 
The intense spots corresponding to the distorted square 
net are marked and comparison with the photographs will 
reveal many matching features, such as the numerous 
triplets. : 

Perdereau has described an apparently similar structure 
in his account? of the interaction of H,S with Ni(111), and 
explained it in terms of a square two-dimensional nickel 
sulphide layer which has unit mesh dimensions: a= b= 
4-81 A, and an angle of 3-6° between the nickel sulphide 
<OL> and Ni(ll1) <01> directions, This explanation 
does not precisely account for the geometry of our intense 
spots (see Fig. 5), however, nor ean his thesis of a two. 
dimensional nickel sulphide be directly invoked -to 
account for the pattern produced by carbon compounds; 
he did not discuss and indeed may not have seen the: 
associated weaker features. 


Groupings dissimilar: 
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twelve-fold symmetry 


Non-linear, 
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Fig. 6. Comparison of descriptions of complex pattern. oa, Present 

description; b, Perdereau description, The Ni(111) zero order spot ie at 

the bottom of each diagram, the first order spot at the top, Both should 
be compared with Fig. 1. Points of difference are noted. 


So far the description of the surface structure has been 
geometrical. In the absence of data on the composition of 
the surface layer further deductions regarding the detailed 
structure contain an element of speculation but are not 
without interest. We have observed the pattern using 
carbon as well as sulphur compounds as reactants but, on 
the basis of spacings in known carbide and sulphide 
structures, find it difficult to accept that geometrically 
identical two-dimensional nickel sulphide and nickel 
carbide should be formed. 

As an alternative, since the mesh dimensions deduced 
are very close to those of an Ni(100}(2x 2) unit mesh 
(a=h=4-98 A, y=90°) which is one of the most commonly 
occurring structures observed during reactions of the (100) 
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face, one can postulate a structure based on a (100) layer 
of nickel supported on the (111) face but connected to it 
by an interlayer containing carbon or sulphur atoms. In 
this model the outer surface must carry adsorbed species 
which confer the (2x2) characterist) and the inter- 
layer may not be close-packed. Tn an inter-layer, carbon 
atoms with slike orbitals may be available to link the 
hexagonal to the square close-packed layer. The genera- 
tion of a surface structure of (100)-type as a result of the 
interaction of gases such as ethylene with Ni(111) removes 
certain difficulties in reconciling the molecular orbital 
iption of the (111) facet with observed activity for 
chemisorption and catalysi 



































atoms and distortions normal to the 
So far we have not succeeded in finding a 
tucture of this type. Further discussion of the 
difficulties in explaining the bonding and stability of 
these structures is reserved for another paper. We thank 
Palmer and K. J. Atkinson for the programming and 
computing work involved 
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Selectivity of X-Ray Detection by a 
Variable Geometry Proportional 
Counter 


THERE are two reasons for the growing interest in the 
generation of ebaracteristie X-rays by heavy partiele 
bombardment? as opposed to electron irradiation. The 
resultant X-rays are virtually free from white background 
radiation, so that even the lightest elements can be 
detected; and the technique can be allied to the pheno- 
f channelling to yield a tool for locating the 





menon of 
lattice positions of foreign atoms in crystalline systems". 
The gas-flow proportional counter is indispensable for 
detecting the resultant N-radiation because the solid 
state detector, whilst offering superior resolution, is 
currently incapable of detecting K-rays of energy lower 
than | keV; thus all elements of atomic number below 
sodium cannot be identified, Furthermore, even with 
heavy elements it is often more useful to detect the 
softer X-ray component, which is produced in greater 
abundance. 

The conventional side window gas-flow proportional 
counter has several disadvantages. For geometrical 
reasons there is usually some diffieulty in placing the 
counter close enough to specimens in a vacuum system 
to obtain the greatest collection efficiency. In, addition, 
the distance between the window and the anode is fixed, 
and in order to have the best effective gas path length for 
A-rays of low energy it is often necessary to operate the 
counter at reduced pr ire; consequently the gas pres- 
sure must be more strictly stabilized to prevent fluctua- 
tions in voltage output. 

The variable geometry proportional counter described 
here (patent applied for; details to be published later) 
is of the end window type, and may therefore be con- 
verontly positioned close to targets in a vacuum system. 
The window. which can be interchanged very simply, 
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is mounted in a gas-tight seal in an arrangement which 
provides both good support and complete electrical 
continuity over its surfaces. Electrical capacitance is 
reduced as much as possible by having the head amplifier 
built inside the body of the counter; thus. in the flaw 
mode, ultra-soft X-rays such as boron-K can, be readily 
monitored, The anode, which is of unique design, over- 
comes the mherent disadvantages of the point anode 
in having resolution and performance 
with that of a good side window counter. 
anode can be conveniently positioned at various 
Lances from the window (while the counter is operating) 
using a calibrated dial which is mounted on the end of 
the counter body. In this way the best g path length 
between the window and the anode can be obtained for 

articular eni .8o that the versatility and 
the counter are ineressed. Furthermore, the 
be conveniently replaced. 
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Fig. 1 shows X-ray spectra from a composite copper/ 
silicon target. for three anode settings. This illustrates 
how the variable geometry feature of the counter permits 
a considerable degree of X-ray selectivity. 

We thank Dr R. S. Nelson. who encouraged this 
development, B. Benneworth for design draughtsman- 
ship. and J. G. E. Paget and J. C. Woodmore for assistance 
with the engineering construction. 
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Production Rate of Be from Oxygen 
Spallation 


WHEN oxygen is spallated with high energy protons, one 
of the possible reaction products is the radionuclide “Be 
(half-life, 27 x 10° yr). Knowledge of the cross-section 
for this radeon is of considerable importance in cosmic 
ray physics! and nuclear astrophysics’, but the direct 
measurements that exist for this are in disagreement by a 
factor of about 8. Honda and Lal? measured "Be radio- 
chemically in a carbon target bombarded with 220 MeV 
protons and gave a value for its production cross-section 
as (1-8+0-6) mb. This becomes 2-2 mb after correction 
for the latest monitor cross-section. Honda and Lal also 
found a similar value in a CN,O target. The correctness 
of these measurements and their applicability to the spal- 
lation of atmospheric air nuclet have been demonstrated 
by the good agreement between the measured deposition 
rate of cosmogenic “Be from atmospheric fall-out with the 
ealeulated “global” production rate based on the cross- 
section data‘. 

There existed a pressing need for the determination of 
the production cross-sections of all the isotopes of Li, Be 
and B from the spallation of the CNO group nuclei under 
high energy proton bombardment, m order to give 
quantitative estimates for (i) the production of Li, Be and 
B by the spallation reactions of solar protons in the early 
history of the solar system’, (ii) the amount of interstellar 
matter traversed by the primary cosmic radiation from 
its source to the top of the Earth’s atmosphere’, and (iii) 
the “age” of cosmic radiation from the Be contents 
(Be/B ratio) of the primaries*. The Orsay group, under 
the leadership of Professor R. Bernas, undertook this 
work using sensitive mass spectrometric techniques’. 
They have measured these cross-sections at a number of 
energies and from a number of different targets. Sur- 
prisingly, for the isotopes *Be and Be the Orsay group 
reported cross-sections about an order of magnitude lower 
than those previously measured or assumed’. Because 
their work covered a larger number of reaction products 
and was done at several energies. it has been natural to 
use these data in the various applications and to question 
the validity of the conclusions drawn earlier? !. 

I wish to point out here that very reliable and indepen- 
dent evidence now exists, from the analysis of data on the 
measured concentration of cosmic ray produced Be in 
stone meteorites, that the production cross-section of this 
nuclide from oxygen by cosmic rays is close to the value 
reported by Honda and Lal. It is therefore not desirable 
to modify all the astrophysical conclusions in a hurry on 
the basis of the Orsay group measurements. 
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In stone meteorites, cosmogenic 1Be has been measured 
by a number of workers (ref. 11 and my unpublished work). 
Its concentration ranges from 17 to 26 dis min“ kg“ 
(d.p.m./kg). It seems reasonable to assume, for a typical 
chondrite, a Be concentration of (22 +4) d.pam./kg. The 
variations due to shielding effects are found to be well 
within this range. Similarly, it is known that the 
tritium content of a typical chondrite is (500 + 100) d P m./ 
kg. Because it is now well established that the cosmic ray 
intensity has remained fairly constant over the last 

~5x 10° yr", the relative concentrations of these nuclides 
can be assumed to give their relative production rates and 
thus enable us to calculate their relative production cross- 
sections. The cross-section for Be production, Gip 18 
calculated from the expression 











[Be] 
Si = PH] ` na Sy 
where 
[Be], concentration of Be in stone meteorite 
(22 + 4) d.p.m./kg; 
PH], concentration of ?H in stone mieteorites > 





(500 + 100) d.p.m./kg; 


ny effective number of target atoms, on the oxygen 
basis, for the production of *H; 


Ny, effective number pf target atoms, on the oxygen 
basis, for the production of Be. 


The effective number of target atoms is calculated from 
the relation™ 


N= Not Rasaf HNG) Go + Ret Neo): Bok raaa’ 


Here ns is the concentration of oxygen atoms and ga is 
the production cross-section of the nuclide under con- 
sideration from oxygen. 7,4. ny and so on, are the con- 
centrations of other target elements and Sa, os, and so on, 
are the corresponding cross-sections for that particular 
nuclide from these elements. 

I take the chemical composition for stone meteorites as 
the average of L-group chondrites’? because most of the 
meteorites studied for cosmogenic radionuclides fall 
this class. I assume that the 'Be/’Be production ratio 
will, for a particular target, not vary appreciably with 
energy and therefore use the "Be cross-section data’? to 
calculate ni For the calculation of n, the cross-section 
data are availablet®19, The values of n, and fho depend 
on the energy of the bombarding proton. Fortunately, 
however, their relative value remains almost constant. for 
the energy range from 0-4 GeV to 3 GeV as seen in Fig. 1 
I calculate n3/nyy= 1:32. T have taken o, as 34 mb, an 





1:50 
s 
E 1-25 
1-00. 
OTS 
03 O4 05 10 20 3p 
Proton energy (GeV) 
Fig. 1. The ratio nf, calculated from cross-section data. There is 


about a 10 to 20 per cent error on these points, mainly due to error in 
cross-sections. 
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experimental value that holds from 0-4 GeV to 3 GeV», 
The calculated o, is (2-0+0-5) mb for the energy range 
from 0-4 to 3 GeV. 

We can have some confidence in this method of arriving 
at the cross-section value, for the same method has been 
applied (in a reverse way) with success for calculating the 
relative and absolute nuclide production rates in iron?? 
and stone’ meteorites from the thick target cross- 
section data. Additional support for the 2 mb value 
comes from the measurements of 7Be and Be by Moeller 
and Wagner?! in a terrestrial rock exposed for a long 
time to cosmic rays on the Earth's surface. 

The evidence presented here re-establishes the cross- 
section for Be production from oxygen at about 2 mb. 
It helps to alleviate some of the difficulties that have 
arisen in cosmic ray work! as a result of the low cross- 
section found by the Orsay group. 

This work was supported by the Environmental 
Science Service Administration, Washington. 
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More Tests of General Relativity 


Tue development of portable atomic clocks should help 
in testing general relativity. But experiments in which 
atomie clocks have been flown over long distances and 
brought back for comparison after months have yielded 
relativistic corrections of about 0-2 us, the order of the 
random errors expected’. Here I suggest experiments 
to detect much larger cumulative first order effects due 
to gravity and the rotation of the Earth. 

So far only one test of general relativity depends on 
the (exterior) field of the Earth. Terrestrial experiments 
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are to be preferred—-they can be more easily repeated 
and controlled. The detection of relativistic effects in the 
orbital motion of Earth satellites is difficult, because of 
the swamping effects of various perturbations®. But 
experiments on the rotational effects on Earth satellites 
may soon be undertaken’. Preliminary measurements 
of the time of travel of radar pulses reflected from planets 
seem to indicate that the velocity of the pulses diminishes 
with the gravity field as required by general relativity’. 

Assuming a radially symmetric distribution for the 
mass of the Earth, the following metric’ of space-time 
exterior to the Earth is obtained from the vacuum field 
equation Ryy = 0 
ds? = (L~2mG@/e*r)de? — (1— 2mG jery dr?/e2 

-= r?(d0? + cos*) dp*)/c# 

The usual notation is used except that 0 is the latitude 
instead of the colatitude; ds is the element of (proper) 
time recorded by a clock with coordinates (7,0,¢.4). The 
time measure (s) in the reference system chosen varies 
during the orbital motion of the Earth in the gravity 
field of the Sun’. This variation is assumed to be the same 
for all terrestrial clocks and to be superimposed on the 
effects of the Earth considered here. 

The equation may be written in the form 





(ds? 


taz \dt 


dry 
= (1-2mG/e*r) — (1 — 2mG/e*r)-1(— ) Jo 


(1) 
rår, rase rdosxe 
af — N ea -~ 2e? — Peos26{ ~~ \ /et 2 
va oO? Cal aii Gal os) 
i 
that is - = (1— mG jer) — v?/2ce* (2a) 
dt 


where v is the instantaneous velocity of the clock relative 
to the coordinates in which the Earth has only the diurnal 
rotation d¢/dt=o@ (7:292 x 10° s=}. The last term in 
(2a) does not quite represent the special relativity time- 
dilatation effect, because a rotating clock does not con- 
stitute an inertial system*. Here, clocks stationary relative 
to the Earth are considered and for these clocks equation 
(2) becomes 


ds Li ; : A ai 
I= mG jer — rteteos?6/2¢7 (3) 


i 


Corrections for the short periods of transport of clocks 
can be estimated from equation (2), but these corrections 
are not required for the accuracy of the present case. 

On the surface of the Earth (r= = 6-371 x 10° em), 
the third term of equation (3) can vary from zero at the 
poles to 1-2 10°" at the equator, while for an altitude 
difference of, say, 3 km, the second term will vary by 
0:33 x 10%, The effects of variations in altitude and 
longitude are therefore comparable. These effeets are 
small, but over a period of, say, 3x 107 s (about 1 year) 
they will be substantial compared with random errors! 
in the clocks (<1 us). 

The analysis assumes that the Earth has a spherical 
shape. which is not the case. Non-sphericity, variations 
in density and other factors affect the gravity Held’, 
resulting in deviations from the simple formula for the 
gravitational acceleration g=mG/r*, The term m@@/r in 
equation (3), however, is the analogue of the Newtonian 
gravitational potential, ©, the increment in which is 
given by the equation A@= —gAr. Note that g stands for 
the pure gravitational acceleration. Gravimetric instru- 
ments also pick up the central acceleration due to the 
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rotation of the Earth. But small variations in g do not 
affect the estimation of A®. Both g and Ar are measurable 
physical quantities. 

Consider the world lines of two clocks, Ca and Cp. Ca 
remains stationary and Cp is transported to a suitable 
location with a different gravitational potential and/or 
latitude on the Earth and brought back for comparison 
with Ca after 8x 107s. In accordance with equation (3) 
the intervals sa and sp between their successive meetings 
are related sufficiently accurately by the following equation 


sB/sa— l= (Da — Dp)/c? + (7.42c08"6 4 — rg*cos0g)o?/2e 
that is 
8B = 8a = 8a glre—ra)/c? t+ (r ateos a — 7 B7C08"6 p)w?/2c? 
(4) 
The following two experiments then suggest themselves: 
(i) Clocks Ca and Cs remain at the same latitude. Ca 
is placed near the base of a mountain and Cp, after 
synchronization with Ca, is transported to an altitude, 
say, 3 km above Ca where Cp remains for 3x 107s. Cx 
is then brought back for comparison. Equation (4) 
predicts the following time difference. The contribution 
from the second (rotation) term of equation (4) Is neg- 
ligible. 
&p-Sa = 8a g(ra-ralic ~ 10 us 


(ii) Ca remains fixed in geocentric latitude, say, 30°, 
and Cy is transported to a place with the same gravita- 
tional potential but geocentric latitude of, say, 45°. 
Because @®,= Dy, equation (4) gives the following time- 
difference for a period of separation of 3x 107s 


83-84 = 84 R’? (cos? 30° — cos? 45°)/2e? ~ 9 us 


The sea level defines an equipotential surface on the Earth 
but this potential consists of two parts: the gravitational 
potential ® and the potential r*w*eos"6/2 due to the 
rotation of the Earth'®. The two places in different lati- 
tudes are to be selected at altitudes such that their 
gravitational potentials are equal (D,=@xs). Selection 
of such sites in the western USA, for example, will be 
possible. In principle a test of this kind is similar to the 
“turntable” experiments to measure frequency shifts due 
to rotation". Now the Earth itself becomes the experi- 
mental turntable. 

Experimental verification of the interior metric to 
terms of the first order is also possible, (This metric is 
essentially different from the exterior metric because it is 
derived from the field equation 82G 7',,/¢4= Ryy — 1/2 gu R, 
where R is the curvature invariant. Elsewhere R stands 
for the radius of the Earth.) For a perfect fluid the 
metric’? with the notation used earlier is 

ds? = (3/2 Vi-2mG/eR —1/2V1—ImGr7/eAR?): ae 

— (1 2mGr ER) drtje? — rd? + cos*6de?*)/e* 


It is easily verified that for r~ R the coefficient of the 
first term of the right-hand side of the equation becomes 
(1 — ®/c*), where © = 27G o(R? —r?/3), as in the Newtonian 
case, p being the constant density of the spherical mass. 
This leads to the approximate equation (4) for the time 
difference between two clocks for the interior as well. 
In this case also the clocks run slower as r diminishes. In 
fact we know from Newtonian theory that g is continuous 
at the boundary between the interior and the exterior. 

The Earth is by no means a perfect fluid. Also, because 
the density of the Earth is higher inside, g is very nearly 
constant in the outer layers of the Earth. The increased 
attraction due to the high density central mass compen- 
sates for the vanishing attraction of the outer layers!’. 
The relationship A® =g Ar still holds good, however, and 
the change in potential is almost linearly proportional to 
the change in r. It therefore seems reasonable to assume 
that the prediction for a sphere consisting of a perfect 
fluid applies in the present case. 

The effect. of the interior metric on clocks can be found 
by taking them into mines. Gold mines in southern India 
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and South Africa are 2 to 3 km deep and time differences 
of 6-5 to 10 us in 1 year are to be expected. The rotational 
effects on clocks placed inside and outside a mine are very 
nearly the same. The rotational effects for interior loca- 
tions at different latitudes can be tested as for exterior 
locations. 

Thus the exterior and interior Schwarzschild metrics 
of the general theory of relativity can be tested for the 
gravity and rotation field of the Earth, Such tests do not 
prove the theory, however. They only enhance its credi- 
bility. It is difficult to say if the proposed experimental 
verifications of equation (2) amount to tests of general 
relativity in depth, because the Riemann tensor does not 
play a part. This also applies to the terrestrial red- 
shift experiments! done earlier. 

I thank Professor J. L. Synge for some refinements and 
Professor V. V. Narlikar and Dr J. V. Narlikar for a 
discussion. 
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BIOLOGICAL SCIENCES 


Family of Ribosomal Genes 
of Xenopus laevis 


Ix all eukaryotic organisms so far investigated, the 
genomic DNA ineludes reiterated DNA sequences which 
are referred to as families of related base sequences’, 
and two molecular models of chromosome structure 
which have recently been put forward are consistent 
with these observations. Callan’s master~slave hypothesis* 
has it that certain regions of the chromosomal DNA, 
especially those of the lateral loops of lampbrush chromo- 
somes, are sequential reiterations of functionally equiva- 
lent gene sequences. Similarly, Beermann? has proposed 
that the chromomere of the chromosome is a repository 
for families of similar but not necessarily identical genes. 
These models account for many cytogenetic, genetic 
and ultrastructural phenomena. 

The ribosomal cistrons in Xenopus laevis, which may 
be easily characterized by hybridization of DNA and 
RNA, provide an opportunity for a direct biophysical 
study of gene reiteration and chromosome structure. 
The genes are known to be located at the nucleolar 
organizer*> and previous work? has shown that the 
Xenopus laevis genome contains some 1,600 copies of 
each of the 288 and 188 cistrons (or 800 for each organizer), 
and that these are intermingled’ in the nucleolar 
organizer with non-ribosomal DNA. Indeed, the 285 and 
185 cistrons are closely linked as tandem genes*.’, multiple 
copies of which are serially repeated’ in chromosomal 
DNA. In Xenopus laevis, nucleolar DNA can luckily 
be isolated? and freed from other genomic DNA with 
ease’, and the analytical techniques of DNA renaturation 
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which have led to the discovery of repeated sequences 
in DNA of eukaryotes can be direetly applied to the 
ribosomal polycistrons. 

Fig. 1 shows that-in sheared DNA (molecular weight < 
30x 10® daltons) the ribosomal cistrons of Xenopus 
laevis separate from non-ribosomal DNA on CsCl density 
gradients, and can be collected as rDNA’. Although 
there is 3-400 times more mainband DNA, at a density 
of 1-699 g em, than YDNA (1-724 g em-%)§, it does not 
hybridize with pulse-chase labelled rRNA‘*. Hybrid- 
ization occurs’ almost exclusively at the density of 
rDNA and so isolated rDNA is a representative sample 
of the ribosomal cistrons of X enopus laevis. 

The molecular weights of 285 and 18S Xenopus rRNA 
determined by gel electrophoresis are 1-5 and 07x 108 
daltons*, Thus 44x 10° daltons of double-stranded 
DNA are required to code for a 28S and 18S RNA 
molecule in tandem’. RNA/DNA hybridization experi- 
ments show that each of these tandem genes is accom- 
panied in the somatie rDNA by almost 6-6 x 10° daltons 
of non-ribosomal DNA?10.11, Adding these two amounts, 
we estimate each rDNA module or rDNA repeat length 
has a molecular weight of 11x 10° daltons and contains 
the 288 and 18S tandem genes and the non-ribosomal 
DNA. 

Each nucleolar organizer has about 800 ribosomal 
cistrons (ref. 5 and unpublished results of M. B.), so 
the amount of rDNA and intervening DNA in the 
nucleolar locus is about 8-8 x 10° daltons. This is 3-3 
times more than the entire E. coli genome, so there is 
ample scope for gene variation and base sequence hetero- 
geneity amongst the ribosomal modules. 

There are two extreme situations: (a) the base sequences 
along the entire nucleolar organizer are all unique and 
hon-repetitive; (b) the nucleolar organizer is made up 
from 800 basic units of 11 x 10° daltons, all very similar 
or even identical. 

Renaturation kineties of ribosomal cistronic DNA 
and rDNA should show which of these two alternatives 
applies because the rate of renaturation in standard 
conditions depends critically on the amount of non- 
repeating nucleotide sequences present) !213, 

In our hands, the entire E. coli genome (2-5x 10° 
daltons) renatures in SSC (70° C) at a single-stranded 
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Fig. 1. 20 ug Xenopus DNA was fractionated on CsCl density gradient 

B’ and challenged with 3 ug rRNA in 6x SSC at 70° for 4 h as described’, 

The specific activity of the rRNA was 37,000 ¢.p.m./ug. It may be seen 

that rDNA at 1-724 g cm is the only DNA capable of efficient hybrid- 

ization with rRNA. a, Ps, aeruginosa (1-726 g em), b, Xenopus rDNA 

(1-724 gem); e, Yenopus mainband DNA (1-698 gem). @, Hybridiz- 
ation; @, ultraviolet. 
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sample of the reneutralized DNA was set aside for determination of the 
single-stranded molecular weight in alkali according to Studier. The 
remainder was incubated at 60° C for the periods indicated and 1 mi, 
aliquots fractionated on hydroxyapatite at 70° C as described by Flamm, 
Walker and McCallum. At the molecular weight of DNA used, 0-3 x 10% 
daltons, single stranded, about 20 per cent of the Yenopus DNA appears 
in the 0-3 M PO, fraction which represents the reassociated DNA du- 
plexes, A, 012M PO; CI 0-30 MPO: ©, 015 M POL 





molecular weight of ©3x10° daltons with a caf} of 
5 moles*. For a non-reiterated nucleolar organizer 
(8°38 x 10° daltons), a cət}, of ~165 mol.s would be 
expected. For a fully reiterated organizer with a base 
sequence complexity equal to that of a single module 
of 11x 10% daltons, a cod, of 0-021 mols would be 
expected. 

The following experiments show that the r-cistronic 
DNA sequences are not all unique but part of the re- 
iterated gene fraction. Unfractionated nuclear DNA 
of Xenopus is first sonicated, denatured and allowed to 
renature for various periods of time. The DNA is then 
fractionated by the hydroxyapatite procedure into 
denatured and renatured DNA". As Fig. 2 shows, about 
20 per cent of the Xenopus DNA appears in the 0-3 M 
phosphate fraction, in other words, is renatured. This 
DNA represents the families of related base sequences 
of the Xenopus genome and challenge with ribosomal 
RNA shows that it contains much ribosormal DNA as 
well as reiterated DNA from other families of base 
sequences (Fig. 2). Assuming that ribosomal cistronic 
DNA is 0-2 per cent of the total genome’, its renataration 
constant, Coty, is approximately 0-006 mols. Because 
the DNA has been sonicated to free the cistronic DNA 
from the intervening non-ribosomal DNA, this value is 
for the cistronic DNA alone. 

The ¢o.ty for Æ. coli DNA obtained by identical hydroxy- 
apatite fractionation is 3-8 mol.s, somewhat smaller 
than that determined by optical techniques’. The co.ty 
for the renaturing ribosomal cistronic DNA thus agrees 
well with the value calculated (0-008 mol.s) for a 
DNA comprising one 2895+189 tandem gene (44x 10° 
daltons), but measurements of cet} by hydroxyapatite 
and subsequent RNA/DNA hybridization are obviously 
less precise than those utilizing optical properties of 
the isolated gene fraction(s). 








* The process of DNA renaturation follows second order kin iest, If 
¢o is the molar concentration of nucleotides of the denatured DNA at time 
=O, and ¢ the concentration at time f, the renaturation reaction. is 
lok, „t+ L where X, is the second order rate constant. The half-life (tx) 
e ta 
of the reaction is given by the time taken for 50 per cent of the DNA to have 
L, In standard 
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We have shown by analytical centrifugation that 
rDNA renatures very much faster than bacterial DNA‘. 
By following the decrease of the hyperchromicity of 
isolated Xenopus rDNA solutions as they reanneal 12.38, 
we have measured more precisely the co-t}, to 0-020-0-024 
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Fig. 3. Renaturation of the ribosomal cistronie DNA of Xenopus. 
An aliquot of each of the 0-3 M PO, **P-labelled DNA fractions was 
dialysed against 0-1 x SSC, denatured by alkali and challenged with 3 
ug/ml. ribosomal (288 and 18S) RNA ( x 10¢ ¢.p.ug) in 6 x SSC at 70° 
for 4 h according to the modified’ method of Gillespie and Spiegelman’, 
Retention of the =P-DNA was between 40 and 45 per cent for all time 
points. The 0-12 M PO, fraction at 24 h incubation contained less than 
20 per cent of the hybridization activity exhibited by the corresponding 
0-3 M PO, fraction: -cistronic DNA rapidly accumulates in the 0-3 M 
PO, fraction. Some 50 per cent of the ribosomal cistrons have renatured 
after about 2-5 h (2 =9 x 10's), Because unfractionated Lenopus DNA 
was used ata concentration of 100 ug/ml., and r-cistronic DNA represents 
@-2 per cent of the genomic DNA, it follows that the molar concentration 
of the nucleotides (co) invested in r-cistronic DNA was 6-6 x 10° {moles/i.). 
eo. 4} is therefore 0-006 mols. (0, Reiterated Xenopus DNA; ©, 
rcistronic DNA. 
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Fig. 4. Renaturation of isolated rDNA. rDNA was isolated’ and 
dialysed exhaustively against SSC. rDNA at 10-20 ug/ml. was denatured 
at 70° C in a stoppered cuvette by addition of 0-2 ml. 0:36 N NaOH 
and the solution was reneutralized by addition of 0-2 ml. 0-36 N HCI 
which was made up from 1 N HC} by dilution with 0-1 M tris, pH 8, The 
progress of renaturation at 70° © was followed in a Zeiss spectrophoto- 
meter by recording the change tn hyperchromicity with time. rDNA of 
molecular weight 0-8 x 10° (@); molecular weight 1-6 x 10° (O). The 
eo. t plot was calculated according to Britten and Kohne*. To facilitate 
comparison the ca, ¢ has been standardized’ to a single-stranded 
molecular weight. of 0-3 x 10° daltons, The co.th for rDNA is 0-0224 
mols. rDNA is therefore highly reiterated. 
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mols (Fig. 4). This value agrees very well with that 
predicted assuming the rDNA cistrons have similar 
compositions and sequences. The composition of the 
DNA influences the rate with which it renatures'?*, 
rDNA has a higher GC content than Æ. coli DNA (which 
we used as a standard) and can thus be expected to 
react faster by a factor of 15-18 on the basis of its 
base composition alone. The possibility exists therefore 
that the kinetic complexity of rDNA js slightly greater, 
but by not more than a factor of two, than that given 
by a single family of rDNA modules, 

The data presented here show that the ribosomal DNA 
of Xenopus, in which the ribosomal cistrons are arranged. 
in a sequentially repeating order, has a highly reiterated 
base sequence. The 800-fold reiterated rDNA modules 
possess a base sequence the complexity of which is close to 
that of a single family of genes. Thus the nucleolar 
organizer represents an example of a chromosomal locus 
in which functionally equivalent genes are serially re- 
peated and share closely related base sequences. 
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Denaturation of DNA at pH 7:0 by 
Acid and Alkali 


Tue reaction of a solution of DNA with an alkylating 
agent such as dimethyl sulphate results in the production 
of acid as the alkylating agent is hydrolysed by water. 
To maintain the solution at a constant pH, the liberated 
acid must be neutralized by the continuous addition of 
alkali or the reaction must be carried out in a concentrated 
buffer solution. Here we show that the continuous 
addition of acid or alkali to maintain a DNA solution at 
pH 7-0 results in the irreversible denaturation of DNA. 
Calf thymus DNA was prepared as described by Kay, 
Simmons and Dounce’, The pH was measured and/or 
controlled to + 0-02 pH units by the use of a radiometer 
automatic titrator equipped with a scale expander and 
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syringe buret, Viseosities were measured in a Couette- 
type viscometer described by Zimm and Crothers?. 
Reactions were carried out at 25° C in 0-08 M cacodylate 
buffer, pH 7-0, containing 0-128 M NaClO, and 0-001 M 
Na,EDTA and started by addition of 0-1 ml. dimethyl 
sulphate to 25 ml. of a solution of DNA (250 ug/ml.) in 
buffer which was stirred continuously. The pH was 
monitored and in some experiments maintained at 7-0 by 
the automatic addition of alkali. Samples (1 ml.) were 
removed at intervals and added to 5-0 ml. of buffer 
containing 0-1 mmole of Na,8,0, and the viscosity, optical 
density and T'm of the samples were then determined. 

When methylation of DNA was carried out in condi- 
tions where the pH was maintained at 7-0 by the continu- 
ous addition of 1 N NaOH, there was a rapid loss of 
viscosity (Fig. 1, curve B). The amount of alkali required 
to maintain the pH constant during the reaction is 
shown in curve B^. When the reaction was carried out 
without addition of alkali, the pH decreased from 7-0 to 
5-8 after 360 min and there was only a very small and slow 
decrease in viscosity (Fig. 1, curve A). The sample in 
B showed a 9 per cent hyperchromicity and gave a broad 
melting curve similar to that for denatured DNA, while 
the sample from A showed no hyperchromicity and exhib- 
ited a sharp melting curve with a Tm 7° C less than that 
for unmethylated DNA’. Because the only difference 
between the two experiments lay in the addition of alkali 
to maintain the pH at 7-0, it appears that the continuous 
slow addition of very small quantities of alkali caused 
denaturation of DNA even though the macroscopic pH 
did not vary from 7-0. 

To confirm this, similar experiments were carried out. 
in the absence of dimethyl sulphate. To simulate the 
acid release caused by dimethyl sulphate hydrolysis, 3 M 
acetic acid was continuously added manually at a very 
slow rate (1 ul. every 8 s) to DNA in buffer, pH 7-0; the 
pH decreased to 5-7 but caused very little decrease in 
viscosity (Fig. 2, curve 4). When, however, the pH was 
kept at 7-0 by the automatic addition of 1 N NaOH at the 
same time that the acetic acid was being added, there was a 
large decrease in viscosity (Fig. 2, curve D) similar to that 
observed during methylation in the same conditions. 
Because the viscosity changes can be duplicated in the 
complete absence of methylation, it is clear that the 
changes observed in Fig. 1 during methylation are caused 
by the addition of alkali at pH 7-0 and not by methylation. 

Slow continuous addition of 1 N NaOH alone to DNA 
in 0-08 M buffer, pH 5-7, raised the pH to 7-0 and produced 
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Fig. t. Change in viscosity of DNA on reaction with dimethyl sulphate. 
Methylation was carried out as described in the text. Curve A, Reaction 
conducted in 0-08 M cacodylate buffer with no addition of alkali; pH 
decreased from 7-0 at zero time to 5-8 after 360 min. Curves B and B’, 
Reaction conducted in 0-08 M cacodylate buffer, pH 7-0, with automatic 
addition of 0-094 N NaOH throughout the course of the reaction; by 
360 min, a total of 1-08 ml. NaOH had been added, Curve B represents 
viscosity and curve R’ represents quantity or alkali required to maintain 
the pH at 7-0. 
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a large decrease in viscosity (Fig. 2, curve C). Similarly, 
addition of 3 M HCl to DNA in 0-08 M cacodylate buffer, 
pH 7-0, lowered the pH to 5-7 and decreased the viscosity 
(Fig. 2, curve B). When alkali was concomitantly added 
to this sample to maintain the pH at 7-0, the viscosity 
decrease was greater (Fig. 2, curve Æ) than that caused 
by either acid or alkali alone. 

The denaturation of DNA by the addition of alkali or 
acid at pH 7-0 was unexpected, for at no time did the 
macroscopic pH vary from 7-0. The use of 0-1 N NaOH 
instead of 1 N NaOH also caused denaturation while 1 M 
Na,CO,, pH 11-0, effectively maintained the pH constant 
during methylation without causing denaturation. With 
NaOH, the local pH where the alkali enters the DNA solu- 
tion must be sufficiently high to denature the DNA despite 
the fact that the solution is rapidly stirred and no overall 
pH change is observed. Dove and Davidson! reported 
evidence for some denaturation of DNA at early stages 
in the alkaline titration. 

The results presented here may resolve the discrepancy 
in the reports by Laurence’, Leng et al.*, and Lett, Parkins 
and Alexander’? concerning the changes in the properties 
of DNA on alkylation. The first two reports*:> showing 
that alkylation produced no immediate change in the 
hydrodynamic properties of DNA were carried out in a 
concentrated buffer solution without addition of alkali. 
The experiments of Lett et al., reporting that alkylating 
agents caused an immediate decrease in the viscosity of 
DNA, were carried out with addition of alkali to maintain 
the pH constant and may have led to some denaturation 
of the DNA as reported here. 
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Effect of Lasiocarpine on 
Transcription in Liver Cells 


LASIOCARPINE, a pyrrolizidine alkaloid extracted from 
Heliotropium lasiocarpium and from Heliotropium euro- 
paeum, is well known for its hepatotoxicity!. Histological 
lesions induced by lasiocarpine are localized in the centri- 
lobular zone of the liver? as are those produced by other 
hepatotoxing such as dimethylnitrosamine’, eycasin* and 
carbon tetrachloride’. Aflatoxin, a very potent hepato- 
carcinogen synthesized by Aspergillus flavus, on the other 
hand, induced morphological alterations in the periportal 
region of the lobule. 

Changes in nuclear ultrastructure induced by lasio- 
carpine are observed in practically all cells, within 30-60 
min of its administration; the nucleoli segregate and 
there are alterations in the peri and imterchromatinin 
granules'*. It has also been shown that lasiocarpine 
inhibits protein and RNA synthesis in rat liver’. It 
must be pointed out, however, that inhibition of RNA 
synthesis is never total (Table 1) and it would be of 
interest to know what species of nuclear RNAs are made 
during the residual incorporation. We have also found 
that DNA synthesis is inhibited in poisoned rats (Table 2). 
A dose of approximately 1 LD,, of lasiocarpine admin- 
istered 1 to 3 h before injection of *H-thymidine leads to 
an inhibition, respectively of 70 and 90 per cent, of the 
incorporation of the labelled precursor in a 24 h regenerat- 
ing rat liver; it remains to be seen to what extent DNA 
synthesis is sensitive to lower doses of lasiocarpine. 


Table 1. EFFECT GF LASIOCARPINE ON LIVER NUCLEAR RNA CONTENT AND 


INCORPORATION in vico OF MC-OROTIC ACID 
ug RNA-P 


veg DNA-P dpan./eg RNA-P 
Treated Treated Per cent 
Control rats Control rats inhibition 
Injection of lasiocarpine 
1h before killing 0-18 0-185 4,711 2,100 B4 
3 b before killing 018 O14 4,711 2,280 52-6 
24 h regenerating liver 
Injection of lasiocarpine 
Th before killing 0:22 O27 12,350 5,900 52 
3 h before killing 023 (US 12,359 378 Q7 


The animals were injected with lasiocarpine in solution in propylene glycol 
(80 mg/kg body weight} for 1 h or 3 h; 30 min before killing, they received 
an intraperitoneal injection of 10 «Ci of “C-orotic acid. The livers were 
pooled for the isolation of the nuclei (three rats for normal liver and five rats 
for regencrating liver). 


Table 2, EFFECT OF LASIOCARPINE ON DNA BIOSYNTHESIS IN 24 H REGENER- 
ATING LIVER 


d.p.m./ug DNA-P 


Treated Per cent 
; Controls rats inhibition 
24 h regenerating liver 
Injection of lasiocarpine 
1 h before killing* 2,470 728 70 
3 h before killing + 2,470 182 92-5 


* 93 h after partial hepatectomy, three animals were injected with lasio- 
carpine (80 mg/kg body weight); 30 min before killing, they received an 
intraperitoneal injection of 50 Ci of *H-thymidine; the livers were pooled for 
the isolation of the nuclei, 

+ 21h after partial hepatectomy, five animals were injected with lasio- 
carpine (80 mg/kg): 30 min before death, they received an injection of 
50 aCi of *H-thymidine ; the livers were pooled for the isolation of the nuclei. 


The action of lasiocarpine (as well as other hepatotoxic 
drugs producing similar effects) on nucleic acid synthesis 
could be explained either by direct interaction of the drug 
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with specific polymerases or by a modification of the 
template activity of the DNA. We report here some 
results concerning the alteration of transcription by lasio- 
carpine in the liver cell in vitro by RNA polymerase. 

Lasiocarpine (CSIRO, Chemical Research Laboratories, 
Melbourne) dissolved in propylene glycol was inj i 
intraperitoneally into male Wistar rats (Commentary 
strain) weighing about 250 g. Nuclei were isolated from 
liver in 2:2 M sucrose!, The nuclei from 7 g of liver were 
resuspended in 4 ml. of 0-05 M ¢tris-phosphate buffer 
(pH 7-4) containing 6-01 M §-mereaptoethanol. The 
activity of the polymerase in these isolated nuclei was 
determined at high and low ionic strength by a modifica- 
tion of the technique of Busch et al., The effeet of 
lasiocarpine on transcription was assayed in a system 
containing a template [rat liver deoxyribonucleoprotein 
consisting of DNA and non histone protein], and a 
purified preparation of RNA polymerase from Micro- 
coccus lysodeikticus* (Miles Laboratories). 

At high ionic strength the activity of the DNA-depen- 
dent RNA polymerase from nuclei of lasiocarpine treated 
rats is always much lower than that of controls (Table 3}, 
which is in agreement. with the results of Reddy ef al". 
We have observed, however, that at low salt concentra- 
tion, the enzyme reaction is only slightly and not 
constantly decreased. The results are identical when Mg** 
is substituted for Mnt* (Table 3). 





° 
ACTIVITY GF DNA-DEPESDENT RNA POLYMERASE OF LIVER 
NUCLEI IN LASIOCARPISE-TREATED BRAT 


Table 3. 


pmoles CTP incorporated per me DNA 


Incubation Ammonium Treated Per cent 
conditions sulphate Controls rats inhibition 
Tn presence of Mn** 
P 202 Absent 31,900 26,600 16-5 
Present 52,000 23,600 Bb 
P 220 Absent 32,500 32,000 15 
Present 57,000 43,500 ag 
P 222 Absent 32,500 27,800 4 
Present 37,000 26,200 öt 
In presence of Mg** 
P 228 Absent 29,200 25,000 14 
Present 49,000 25,600 477 


The complete system contained in 0-25 ml; 45 moles of irie HC buffer, 
pH 70; 1 pmol of MnSO, or Meth; 0-25 umoles cach of wilabelled GTP, 
ATP, UTP; 0-25 gmoles of “CTP (corresponding to 0-1 pCi and a suspensión 
of nuclei (about 2 mg of protein). Incubations were for 10 min at 37°C. 

The animals received 80 mg/kg of laslocarpine 3 h before killing: each 
experiment corresponds to two rata. 


Table 4. ACTIVITY of DNA-pEPENDENST RNA POLYMERASE OF LIVER 


NUCLEI IN AFLATOXIN-TREATED RATS 


pmoles CTP incorporated 


per mg DNA Per vent 


Incubation of P 201 with Controls Treated rate inhibition 
Mnt 38,000 10,300 73 
Mn** and ammonium sulphate 62,000 12,900 To 
Mgh 33,700 5.950 ae 
Mgt and ammonium sulphate 41,000 7,860 81 


Experimental conditions were identical to those described in Table 3. 
Three animals received 1 mg/kg of crystalline aflatoxin 1 h before killing, and 
the livers were pooled for the isolation of the nuclei. In these conditions, we 
regularly observed ultrastructural alterations such as nucleolar segregation, 
but we were unable to observe any histological lesion. 


The preparation of aflatoxin used is a mixture of Ba By, Gu and G, crystal- 
line aflatoxins made in our laboratory, Identical results were obtained with 
crystalline aflatoxin B, from Unilever. 


By contrast aflatoxin. a very powerful toxic drug 
which leads to alterations very similar to that given by 
lasiocarpine®5-1°, strongly inhibits polymerase activitw 
whatever the ionic strength (Table 4). On the other hand, 
a-amanitin, the most toxic agent extracted from Amanita 
phalloides, also shows a selective inhibition for RNA 
polymerase activity when measured in high salt concen- 
tration? 

The explanation of these findings is related to the 
mechanism of action of ammonium sulphate on enzyme 
activity. According to Widnell and Tata, the stimula- 
tion of transeription in vitro by ammonium sulphate is 
caused by a latent and distinct RNA polymerase activity 
primarily activated by Mn++, whereas at low ionic strength, 
Mg** is a better activator of the system. Lasiocarpine 
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might inhibit specifically the latent polymerase activity 
unmasked by increasing ionie strength, but the poly- 
merase has the same divalent cation requirement what- 
ever the ionic strength (Table 3). Chambon et al? think 
that the “stimulatory effect of polymerase by ammonium 
sulphate is not related to a specific activation of the 
RNA polymerase itself” but to an increase of the tem- 
plate efficiency of DNA-—the result of the removal of 
some inhibitory histones”, But whatever the mechanism 
by which ionic strength exerts its action, the question 
which of the two levels of RNA polymerase activity 
actually corresponds to that of the enzyme system in vivo 
remains, Chambon (personal communication) thinks 
that activity in the presence of ammonium sulphate more 
closely resembles the reaction in vivo. The fact that 
lasiocarpine does not impair polymerase activity in 
nuclei at low ionic strength, although RNA synthesis is 
strongly inhibited in vivo, supports this conclusion. 

To see whether the inhibitory effect of lasiocarpine on 
transcription is related to the formation of a complex 
between DNA and the drug, we developed an in vitro 
system. Purified polymerase from Micrococcus Lysodeik- 
ticus, free of DNA, was used in the absence or presence of 
the toxin. Lasiocarpine fails completely to inhibit incor- 
poration of “CTP into an insoluble polynucleotide chain 
as actinomycin D does (Table 5). This finding suggests 
that the active agent is a metabolite of lasiocarpine rather 
than the drug itself. Recent, results concerning the 
metabolism of pyrrolizidine alkaloids'4, as well as those 
reported for aflatoxin B, (ref. 12), support this hypothesis. 











In vitro EFPECT OF LASIOCARPINE ON TEMPLATE IN TRANSCRIPTION 
BY RNA POLYMERASE OF Micrococcus lysodeikticus 


pmoles CLP Per cent 


Table 5. 


System incorporated inhibition 

Control 

Complete 225 

Omit spermidine 134 40 

Omit DNP 6 oF 
Control 516 

+40 ug actinomycin D 06 100 
Control 620 

+500 ug lasiocarpine 640 0 


The complete system contained in 0-35 ml. : 45 umoles of tris-HC] buffer, 
pH 7-8; 1 umole of Mn8O,; 0-7 umole of spermidine: 4 units of RNA poly- 
merase of M, lysodeikticus (12); liver DNA (about 40 ug of DNA) (3). 

Actinomycin D and Jasiocarpine were dissolved in 0-05 ml. of propylene 
glycol. the same quantity of the solvent was added to the corresponding 
control, 

Results are the means of three determinations. 
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Allelic Variants in the Amino-acid 
Sequence of the « Chain of Rabbit 
Haemoglobin 


THE x chain of rabbit haemoglobin from a single rabbit 
does not always have a unique primary structure. Von 
Ehrenstein? reported at least six positions in the æ chain 
where alternative amino-acids ean oceur (Fig. 1); he 
suggested this variance was caused by translational 
ambiguity, rather than polymorphic alleles or multiple 
non-allelic genes. Analyses of similar variance in the « 
chain of goat?, horse (ref. 3 and personal communication by 
J. B. Clegg) and mouse haemoglobins* and in the y chain 
of human foetal haemoglobin? indicate occurrence of 
non-allelic genes for these chains, but the variants in the 
B chain of adult human haemoglobin behave as true 
allelic genes*, We feel that the variants in the a chain of 
rabbits are linked to form two distinct linked sets which 
segregate in mendelian fashion, suggesting that the 
variance in rabbits is the result of polymorphic alleles of 
a single « chain gene. 











Val PheThr Val Leu Leu 
Leu Leuser Thr Val Ser 

I 29 48 49 70 76 80 14] 
aT4 als aT10 


The sequence of rabbit a chain showing positions at which varia- 
tions in the sequence have been found to occurri. 


Fig. 1, 

The variant val-leu at position 29 in the « chain (Fig. 1) 
yields two forms of the tryptic peptide «T4 after paper 
chromatography separation. Using a combination of 
electrophoresis at pH 4-5 followed by descending chroma- 
tography (Table 1) to separate the two forms of «T4 
unequivocally, we have studied the segregation of this 
variant in the progeny of one buck and five does. One of 
the parental does (lop ear Dutch) had equal amounts of 
the two forms of the «T4 peptide (aT4val; «'T4leu). The 
N-terminal amino-acid of both «T4 peptides was shown 
to be isoleucine by the Dansyl method’. The two forms of 
aT4 can therefore be assayed by eluting the peptides 
after staining with ninhydrin-cadmium and measuring 
the extinction coefficient. All the rabbit globins contain- 


INCORPORATION OF “C ARGININE INTO a'T4 PEPTIDES BY RETICULO- 
CYTES FROM APPARENTLY HOMOZYGOUS RABBITS 


Reticulocy tes Amino-acid Cpm. in 


Table 1, 


from rabbit at a” atayal ay glen 
1548 Leu 6 3,084 
1552 Val 1,428 40 


Rabbits 1548 and 1552 (Fig. 2) were bled on 6 consecutive days. On the 
fifth day the cells were washed and L5 ml. incubated with >C arginine 
(10 «Či; specific activity 300 2Ci/mmole) in a total volume of 5-0 ml. The 
globins were isolated and purified on a column of ‘Sephadex CM-50'. Tryptic 
digeation followed the addition of equal quantities of globin containing 
aT4’" and aT4ien, The digests were electrophoresed for 14 h at 20 V/om at 
pH 45. The relevant areae were cut out and subjected to descending 
chromatography in Waley and Watson’s’ buffer. (a'T4¥*! moves more slowly 
on chromatography than aT4'e+) After ninhydrin staining, the spots 
corresponding to aT4¥*! and aT 44 were cut out and eluted into scintillation 
vials and counted, 
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ing both «T4val and aT&eu contained approximately 
equal amounts of the two forms. Of sixteen offspring 
from four matings of does, each of which contained 
aT4val and «TAa markers, with bucks containing only 
#T4val, nine of the offspring had only «T4val while seven 
had both «T4val and xT4leu, The backcross of one of 
the progeny having both «T4val and «T4leu with its mother 
which also had «T4val and aT4leu gave six rabbits; one 
contained only «T4val, three contained both aTaval and 
¢T4let and two contained only #T4leu (Fig. 2). 


I O 








1949 X 2240 
5067 5068 5069 5070 5071 5072 X 2240 
1548 1549 1550 1551 1552 1553 


Fig. 2. Segregation of a7? vaiies marker. The cross between a male 

rabbit homozygous for valine at a” with a heterozygous doe (2240) and 

the backcross of one of progeny with his mother (2240), Squares repre- 

sent males and circles females. Open symbols (Ci, C) are rabbits which 

have only valine at a”, half closed symbols ((§, @) bave both leucine 

and valine at a"? while closed symbols have only leucine at e°, The 
rabbit number is shown under each symbol, 


In rabbits apparently homozygous for either valine or 
leucine no peptide of the other type was detectable by 
ninhydrin or the Sakaguchi stain. But it could be argued 
that there is a small undetected synthesis of the other 
form of x chain. To test this we induced reticulocytosis 
by repeated bleeding of two of the apparently homozygous 
rabbits obtained from the backcross shown in Fig. 2 and 
incubated the reticulocytes in standard conditions in the 
presence of MC arginine’. The globin from each batch of 
cells was mixed with globin from a rabbit having both 
aT4val and «T4leu and, after tryptic digestion, the two 
2T4 peptides were isolated. Table 1 shows the degree of 
incorporation. of labelled arginine into the two forms of the 
peptide in each case. The low level of radioactivity 
found in one form of the peptide is probably the result of 
background variation because no corresponding spot can 
be detected by autoradiography. It seems that there is 
only synthesis of « chains containing one form of «T4 and 
therefore these rabbits must be homozygous for either 
valine or leucine at position «2%. 


Table 2. AMING-ACID CONTENT OF a6 

Rabbit Amino-acid found Moles threonine „Moles phe 

No. at position a Moles serine Mole peptide 
1049 Val 18 2-9 
5068 Val 1:9 31 
5070 Val 19 3-0 
1547 Val 19 29 
1562 Val Lg 29 
1654 Val 20 2-9 
1556 Val 1:9 2-9 
1658 Val 19 3-0 
1550 Val t9 30 
2156 Val and len 10 25 
2240 Val and leu tal 6 
5067 Val and leu i1 : 
5069 Val and leu ra 
5071 Val and len 09 
5072 Val and leu 10 
1555 Val and len 10 
1557 Val and leu Yo 
1548 Leu 05 
1551 Leu Os 





Rabbits 1547 and 1554-1559 are the progeny of a cross between 5072 
and 5070. The cross between 1949 and 2156 produced 2240 (Fig. 2). 
Isoleucine was used to estimate the moles of peptide. It is impossible to 
estimate the values of leucine accurately because of contamination by 
aT10, which contains five leucines, 
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Family studies of these rabbits show simple mendelian 
segregation of the a? val-leu marker. The segregation. of 
the other variant positions which oceur in gTë and af 19 
has also been studied. In the case of ¢T4 the variant 
forms separate on paper chromatography, but with «T6 
and «T10 we have no evidence of a similar separation, 80 
the variants have to be detected by amino-acid analysis 
of the isolated peptides. Electrophoresis at pH 4:6 
followed by chromatography separated «T6 from TAO; 
although unfortunately the two peptides have very: 
similar mobilities in both dimensions. This two-dimen: 
sional separation was sufficient to reveal which of the: 
variant forms was present, but for accurate anplysis 
we found it necessary first to fractionate the tryptic | 
peptides by gel filtration on ‘Sephadex G-25° (fine)? 
(the aromatic residues in #T'6 caused it to be retarded with 
respect to aT10) and then separate the peptides byo 
electrophoresis and chromatography. 





AMINO-ACID COMPOSITION OF aT FROM RABBITS WITE ONLY 


Table 3. 
LEUCINE OR ONLY VALINE AT a" 


Rabbit 1648 Rabbit 1552 

aTh ATE 
Lys POL LOE 
Hig 215 210 
Asp POS rye 
Thr 097 LO 
Ser e VA H 
Glu T2 
Pro 102 
Gly tü 
Ala es 
Val = 
Tieu Lü 
Leu KS 
Tyr ad 
Phe 28 





‘The peptides were purified as described in the text. Pabbit 1548 has only 
leu at a while rabbit 1552 has only val at a? (see Fig. 2). 


Amino-acid analysis of «T10 from the rabbits used to 
study segregation of the q* valleu variant showed that — 
there was only one form of this peptide in these. rabbits. 
We have therefore been unable to study the segregation 
and.Jinkage of the variants in this peptide. On the other 
hand there were two forms of peptide «T6, one with the. 
sequence leu-ser and the other phe-thr at positions 48 
and 49. A similar linkage of the variants in positiona 48. 
and 49 has been reported by von Ehrenstein'. The two- 





forms of «T6 enabled us to test whether the varant ato ” 


position 22 is linked to the variants at positions 48 and 49, 
In every case rabbits heterozygous for the val-lou marker: 
at position 29 in «T4 were heterozygous for ¢T6 while all 
the homozygous rabbits with only valine at position 29 
showed a single form of «T6 with the sequence phe-thr, 
The homozygous rabbits with only leucine at position 29 
showed variants in «T6 with the sequence leu-ser. Table 2 
summarizes the amino-acid composition data and shows 
the relevant ratios of the crucial amino-acids, Amino» 
acid analysis of the purified peptides (Table 3) shows that 
there is no trace of other variant forms in homozygous 
rabbits. 





Set l -—-—-Val mm PheThr en Val a pey me Tat mem 7 
Set II —--—-Leu mma Lenger mee Va] me Lat eee LA errr 
29 48 49 70 76 BO 


Fig. 3. The linked sets of amino-acid variants of rabbit a chain observed 

in the family of rabbits studied in this work, Both set I and set IT 

showed a single unique sequence for aT10 and there was no evidence of) 
variability for this peptide in this family. 


Clearly the variants of the rabbit a-chain form two 
linked sets (Fig. 3) the segregation of which occurs in a 
mendelian fashion. This indicates the existence of two 
alleles for the « chain of haemoglobin in these rabbits. = 
There is no evidence for multiple non-allelic genes., 
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Translational ambiguity is an extremely unlikely ex- 
planation because the mechanisms evolved for each 
variant position would have to be linked. Moreover, 
Schapira, Dreyfus and Malekniat? have shown in a 
rabbit reticulocyte cell free system that the information 
which dictates whether there is a valine or a leucine at 
«29 resides in the polysome fraction of the cell or in an 
RNA fraction prepared from the polysomes. Recently 
Schapira (personal communication) has obtained similar 
segregational data for the val-leu variant at position 
at, 

We thank Dr P. J. Lachmann for allowing us access to 
‘his colony of rabbits, and Mrs S. O. Hall and Miss J. G. 
Arch for technical assistance. The work was supported 
by i grant from the British Ernpire Cancer Campaign 
fund. 
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Enzymatic Conversion of Human O 
into A Erythrocytes and of B into 


> AB Erythrocytes 


KyowLepnGe of the chemistry of the ABO blood-group 
antigens is based principally on investigations of water- 
soluble blood-group substances of glycoprotein nature, 
oecurring in body secretions. The serological determinants 
in blood-group A, B and H active glycoproteins have been 
found to be a-N-acetyl-p-galactosamine, «-p-galactose 
‘and «-L-fucose residues, respectively!. There is good 
evidence, however, that the blood-group antigens of 
erythrocytes, in contrast to the water soluble substances, 
are glycolipids. Their detailed structure has not yet been 
established?. 

According to a proposal mace in 1959 by Watkins and 
Morgan’, the blood-group genes code for specific glycosyl 
“transferases which attach the serologically determinant 
sugar residues to a glycoprotein precursor substance. The 
¡discovery of such enzymes has recently been reported. 
An enzyme isolated from the mucosa of hog stomachs 
with blood-group A activity was shown to transfer 
_a-N-acetylgalactosamine (GalNAc) residues from UDP-N- 
‘acetylgalactosamine (UDP-GalNAc) to blood-group H 
substance, thereby converting it to group A substancet:*, A 
similar «-N-acetylgalactosaminyl transferase was detected 
in tissues and in milk from human blood-group A indi- 
viduals®-*, whereas an «-galactosyl transferase was found 
to be present in group B individuals’, For genetic 
reasons, it is highly probable that the same enzymes are 
involved in conferring group specificity on blood-group 











NATURE. VOL. 223, SEPTEMBER 20, 1969 


substances of both the glycoprotein and the glycolipid 
type. We have now tested this assumption. When an 
«-N-acetylgalactosaminyl transferase, which had previ- 
ously been shown to form water-soluble A from H sub- 
stance, was allowed to act on O and B erythrocytes, an 
in vitro conversion into A and AB cells was found. 

A 12 per cent suspension of human erythrocytes with 
blood-group © specificity was incubated with UDP- 
GalNAc (ref. 5) (0:35 mM) and a-N-acetylgalactos- 
aminyl transferase’ (1 mu, 14m t/mg protein) in an isotonie 
solution (Ringer) containing human serum albumin (1 per 
cent) and Mn** (10 mM) as an enzyme activator, the total 
volume being 50 ul. For these experiments the transferase 
from hog gastric mucosa was used rather than that from 
human sources, because it is more readily available and 
better characterized’. After 7 h of incubation at 37° € 
the samples were diluted with 200 ul. of Ringer solution, 
transferred to a Salk plate and tested for agelutinability 
by human anti-A serum (Österreichisches Institut für 
Haemoderivate, Vienna) and by anti-H phytagglutinin 
from Laburnum alpinum (Behringwerke, Marburg/Lahn) 
by mixing with 50 ul. of the respective agglutinin. Agglu- 
tination was read after 1 h at room temperature. The O 
erythrocytes treated with UDP-GalNAc and «-N -acetyl- 
galactosaminyl transferase were found to have acquired a 
strong A character, while their H-activity had decreased. 
Incubation of O erythrocytes alone or with enzyme or 
substrate only did not change their blood-group specificity, 

An analogous treatment of B erythrocytes with «-N- 
acetylgalactosaminyl transferase and UDP-GalN Ae also 
rendered them susceptible to agglutination by anti-A 
serum. Because their B activity remained unaffected 
they had evidently been transformed into AB cells. 

The serological conversion of the erythrocytes is a time- 
dependent reaction. As early as 30 min after the start of 
the enzymatic reaction the O cells were slightly agglutin- 
ated by anti-A. They became susceptible to strong agglu- 
tination in the course of 2 h. 


Table 1. INCORPORATION OF LABELLED GalNAc INTO O AND B ERYTHRO- 
CYTES 
No. of 
SH-GalNAc GalN Ac 
Red celis used incorporated residues 
Donor Group No, Disint./ No. of sugar incorporated 
min residues per red cell 
1 oO 1-2 x 108 38,330 3-9 x 104 23 « 10° 
2 oO L1x 10° 36,580 3-7 x 10% 34x 108 
3 B tI x10 10,250 1-0 « 104 @-0 x 108 
4 B 11x 10° 12,380 1-3 x 10" 12x 10% 


12 per cent suspensions of fresh human O and B erythrocytes in Ringer 
solution, each containing (in 200 wl.) 2 mg human serum albumin, 2 «moles 
MnCl, 70 mumoles UDP-*H-GalNAc (labelled in the acetyl group, 26-5 
mCi/mmole) and 4 mU a-N-acetylgalactosaminy! transferase, were incubated 
for 10h at 37°, The erythrocytes were washed twice with 1 ml. Ringer solution 
and resuspended in 1 mi. Ringer. Their number was estimated by counting 
aliquots of the suspensions in a counting chamber. For the measurement of 
incorporated radioactivity the washed red cells were collected by centri- 
fugation, dissolved in 0-2 ml. ‘Hyamine 10-X', mixed with 10 ml. Bray solu- 
tion and assayed in a Packard ‘Tri-Carb’ liquid scintillation counter (model 
3380). Corrections were made for radioactivity incorporated in the absence 
of enzyme, 





When the time-course of the enzyme catalysed transfer 
of GalNAc to O erythrocytes was tested using UDP--*H- 
GalNAc as the glycosyl group donor, a linear increase in 
the radioactive label attached to the cells was obtained 
for at least 10 h. The number of GalNAc residues trans- 
ferred to O and B erythrocytes could be calculated from 
the known specific activity of the substrate and the num- 
ber of erythrocytes used in the experiments (Table 1). 
The incorporated radioactivity corresponded to an average 
of 34x 108 and 1-1 10° GalNAc residues per O and B 
erythrocyte, respectively. These values are two to three 
times higher than the numbers of A antigen sites on the 
red cell as estimated by Econormidou et al.. This would 
indicate that only part of the GalNAc molecules trans- 
ferred to O and B erythrocytes contribute to the newly 
acquired serological A specificity. In line with this is 
our observation that even on prolonged incubation (10 h) 


gge 


the uptake of radioactive GalNAc did not come to s stand. 
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still, The chemical nature of the acceptors of GalNAc 
groups in the red cell membrane is under investigation. 
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High Cell Wall Galactosamine Content 
and Virus Particles in Penicillium 
stoloniferum 


RECENTLY it has been shown! ? that the active component 
of Statolon, an antiviral agent isolated from 5 day old 
culture filtrates of Penicillium stoloniferum (strain Ameri- 
ean Type Culture Collection—ATCC 14586), is double 
stranded RNA of viral origin, and not a complex poly- 
saccharide as originally suggested*. During this investiga- 
tion it was discovered that Statolon contained three 
discrete polysaccharides, readily separable by high voltage 
paper electrophoresis: a heteroglycan, containing galact- 
uronic acid, galactose, xylose, arabinose and rhamnose; 
a glucan of the amylopectin-glycogen type (unpublished 
results of K. W. B., E. B. C. and J. M. Tyler) and 
a polymer of galactosamine, derived from lysis of the 
fungal cell wall. We now report that galactosamine is a 
major constituent of the cell wall of the virus-containing 
strain of P. stoloniferum (ATCC 14586); in contrast, cell 
walls of four naturally occurring virus-free* strains of 
P. stoloniferum (ATCC 10111, Commonwealth Mycological 
Institute 31200, 91960 and 92219) and a virus-free* 
isolate (ATCC 14586 B3/1) derived from the infected 
strain by heat treatment of spores' contained only very 
small amounts of galactosamine. (It is possible that this 
heat treatment procedure resulted in selection of either a 
heat resistant or a mutant strain of ATCC 14586.) 

Amino-sugars were liberated from cell walls, prepared 
from 2 day old mycelium, by hydrolysis with 5-7 N HCl 
at 100°C for 4 h. Two amino-sugars (A and B), which 
gave positive reactions with the ninhydrin‘, silver nitrate® 
and Elson-Morgan® sprays, were detected by paper 
chromatography (ethyl acetate : pyridine : water : acetic 
acid 5:5:1:3, by vol)”. On oxidative deamination 
with ninhydrin? they gave lyxose and arabinose, respec- 
tively, and were identified as galactosamine and glucos- 
amine by paper chromatography and gas chromatography® 
(Table 1). Talosamine and mannosamine, which also give 
lyxose and arabinose, respectively, on ninhydrin degrada- 
tion, are included for comparison. 

Maximal yields of both hexosamines were obtained 
after 4 h hydrolysis. The amounts of anhydrohexosamine 
in the cell walls of the strains examined were determined 
by gas chromatography as described here (Table 2). 

The cell walls of the virus-containing strain have 
between eighteen and forty-five times more galactosamine 


* No virus particles could be detected in extracts from these strains by 
electron microscopy, sucrose density gradient centrifugation and serology, 
but the possibility that particles were present below the level of detection 
or that the virus was present in the ‘‘prophage” state cannot be excluded. 
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IDENTIFICATION OF AMINO-8UGARS IN P. stoloniferum CELE WALLS 


Table 1. 
Paper tas chros 
Ninhydrin chromato-  matographie 
degradation graphie retention 
product mobility* timet 

Amino-sugar A Lyxose 1-00 sae 
Galactosamine Lyxose 1-00 O84 
Talosamine Lyxose 1:80 285 
Amino-sugar B Arabinose D18 287 
Glucosamine Arabinose Lis 285 
Mannosamine Arabinose 1-53 ais 


* Expressed as Rgalactosamine Values in ethyl acetate; pyridine : water 
(5:2:5, by vol). 

t Retention time of hexosaminitol hexa-acetate relative to sorbitol hexa 
acetate on a 5 foot column of 10 per cent neopenty ee sebacate popster 
aadd washed ‘Chromosorb W’ at 240° C, essentially as described by Perry 

ark ẹ . 


Table 2. AMINO-SUGAR COMPOSITION OF P. stoloniferum CELL WALLS 


ATCO ATCO ATCC CME CME OMT 
Culture 14586 14586 10111 31200 91960 p221% 
Bash 
Per cent anhydro- 
galactosamine 181 Oo? 0è O? 10 Ot 
Per cent anhydro- 
glucosamine 16:6 13-7 23-0 22-9 22-5 164 


than the virus-free strains; in contrast, the amounts of 
glucosamine do not vary widely. Galactosamine has been 
detected in the cell walls of a number of Ascomycetes’? 
and is a major component of the cell walls of the Tri- 
chomycete, Amoebidium parasiticum, Only small 
amounts of galactosamine were found, however, in the 
cell walls of P. notatum (0° "9-1-8 per cent)? and P. patulum 
(0-5 per cent)", and none was reported in the cell walls 
of P. chrysogenum, P. italicum and P. digitatum”. 
Our analyses of P. stoloniferum suggest that the large 
amount of galactosamine in the cell walls of strain ATCO 
14586 may be associated with the presence of virus 
particles. Although such an effect has not been described 
previously in fungi, alterations of cell wall structure as 
a result of phage infection in bacteria have been widely 
reported'*, The possibility that galactosamine forms part 
of a receptor site in the cell wall to which the virus binds 
in the initial stages of infection is being investigated, Tt 
has been suggested that galactosamine forms part of the 
phage receptor sites of group C Streptococcus’. 

oo thank Mr I. Blench for technical assistance, Mis 
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deoxy-p-talitol. 
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Moloney Leukaemia Virus as a Helper in 
retrieving Friend Virus from a 
Non-infectious Reticulum Cell Sarcoma 


A TRANSPLANTABLE reticulum cell sarcoma induced by 
Friend virus (FV) and subsequently grown in tissue cul- 
ture no longer contained detectable infectious F V, and 
was incapable of inducing either protective or viral 
neutralizing antibodies!?, This tumour (FVTCT) has 
been maintained in vitro for several years, and except for 
its apparent lack of virus it behaves in an identical way 
to the tumour from which it originated®. It is highly 
specific for syngeneic BALB/e mice and produces 
tumours morphologically indistinguishable from other 
reticulum cell sarcomas induced by FV. 

FV, however, in certain conditions, can also induce 
lymphatic leukaemia from which transplantable lympho- 
mas may be derived'3. This capability was shown not to 
be caused by FV itself but by a lymphatic leukaemia 
virus (LLV) which was invariably associated with it*, 
LLV could be readily separated from FV, inducing only 
lymphatic leukaemia. All efforts to obtain FV free of 
LLV failed, however. Further, the two agents could not 
be distinguished immunologically so it was concluded that 
FV was probably defective and required LLV as a helper 
virus.’ Preliminary experiments indicated that it was 
possible to retrieve infectious FV from the FVTCT with 
LLV (our unpublished results). e But, because of the close 
assoqiation between the two viruses, the possibility re- 
mained that the FV which was recovered could have arisen 
from residual contamination of the LLV with FV. 

Moloney leukaemia virus (MLV), which is closely related 
immunologically to FV (ref. 7), induces lymphatic leukae- 
mia which is grossly and morphologically indistinguishable 
from the disease induced by LLV. It was possible that 
the relationship between FV and MLV was mediated 
by LLV and that the latter and MLV were actually the 
_ Same or very similar viruses. Huebner et al.* had shown 

that Moloney sarcoma virus could be rescued by MLV 
and several other viruses including FV. It was therefore 
more than likely that if the FVTCT contained defective 
FV it could be rescued by MLV as well as LLV. 





Table 1, RECOVERY OF INFECTIOUS FRIEND VIRUS FROM NON-INFECTIOUS 
TUMOUR USENG MOLONEY LEUKAEMIA VIRUS AS HELPER 
No, of mice No. with No, with Jym- 

© Inoculum inoculated Friend disease  phatie leukaemia 
MLY* + EVTCT 30 30 l 
FVTCT (MLV) f 16 16 0 
PVECT £ H 0 0 
MLYS 34 9 34 


* Newborn mice inoculated with MLV followed 36 days later with FVECT 
cells. Resultant tumour extracts were inoculated into newborn mice, 


+ Tumours from mice inoculated with MLV and FVTCT transplanted into 
another group of mice. Extracts of tumours from the latter were inoculated 
into newborn mice. 

t Extracts of tumours from mice inoculated with FVTCT only inoculated 
into newborn mice. 

§ Extracts of MLV only inoculated into newborn mice. 


A group of newborn BALB/c mice was inoculated intra- 
peritoneally with MLV from a pool received from Dr J. B. 
Moloney. Thirty-six days later they received a sub- 
cutaneous injection between the seapulae of 10° viable 
tumour cells of the non-infeetious FVTCT. Controls 
received either MLV or tumour cells alone. Four mice 
which had received MLV and FVTCT were killed 43 to 
48 days later. A 20 per cent cell-free extract was prepared 
‘from each tumour and inoculated intraperitoneally into 
newborn BALB/e mice. By the fifteenth day after 
inoculation most of the mice had obviously enlarged 
spleens. Deaths started to occur by the twenty-fifth 
day and the remainder were killed between the twenty- 
sixth and thirty-fifth day when moribund, All thirty 
mice had enlarged, blood filled, sac-like spleens typical of 
Friend disease, which was confirmed histologically. One 
mouse also had microscopic evidence of early lymphatic 
leukaemia. In addition, the tumour from one mouse 
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which had received MLV plus FVTCT was transplanted 
intraperitoneally into another group of untreated weanling 
BALB/c mice. Ten per cent cell-free extracts were made 
from two of the resultant reticulum cell sarcomas and cach 
inoculated into a litter of ten and six newborn BALB/c 
mice, respectively; all developed typical Friend disease. 

Extracts of tumours from five mice which had received 
FVTCT only were inoculated into forty-one newborn 
BALB/c mice. When killed 193 days later, none of these 
mice had any signs of disease either grossly or histologic- 
ally. All of a group of thirty-four newborn BALB/c mice 
inoculated only with the pcol of MLV developed lymphatic 
leukaemia with a latent period of 10 to 12 weeks (Table 1). 

It is concluded that the Friend virus-induced reticulum 
cell sarcoma which has been maintained for several years 
in vitro contained defective, non-infectious Friend virus, 
which could be retrieved in vivo by the addition of Moloney 
leukaemia virus, The latter probably acted to supply 
the genetic information required by Friend viras for the 
synthesis of its protein coat, resulting in infectious virus. 

This work was supported by a US Publie Health Service 
grant from the National Cancer Institute. 
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Lysosomes in Human Placenta 


Since their discovery!, lysosomes have been described in 
many tissues. Here I report the presenee of lysosomes 
characterized by staining with acridine orange®* and 
assays of the concentration and latency of acid phos- 
phatase in the “lysosomal” pellet. in human term placenta. 

Compared with other tissues from which lysosomes have 
been obtained, the human placenta is an extremely 
fibrous organ and it is difficult to obtain preparations 
suitable for differential centrifugation using conventional 
methods of homogenization. The relatively new teeh- 
nique of pressure homogenization in a nitrogen bomb* has 
enabled me to obtain a placental homogenate which on 
differential centrifugation in a zonal rotor gives a clean 
preparation of lysosomes. 

A freshly delivered placenta was immersed in ice cold 
0-25 M sucrose solution buffered with wis to pH 7-4. The 
umbilical vessels were cannulated and the same solution 
(2 1.) was used for perfusing the foetal side of the placenta 
to remove the red blood cells. This took about 1 h. The 
maternal side of the placenta was examined and adhering 
blood and blood clots removed if necessary by further 
immersions in the solution. Areas free of calcium deposits 
and gross infarcts were nipped off in small pieces and 
about 20 g of tissue was forced through a steel mesh (1-3 mm 
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diameter) with a tissue mincer (Climpex Lid). The breis 
was suspended in ten times its weight by volume of the 
sucrose solution and homogenized in the nitrogen bomb 
at a pressure of 1,000 pounds/inch? for 15 min. The 
homogenate (40 ml. in 8-5 per cent sucrose) was centrifuged 
on the HS rotor (MSE) for 1-5 h at 13,000g in a linear 
sucrose gradient (10 to 38 per cent w/v). The total 
volume of the rotor was 700 ml.; 45 ml. of 40 per cent 
(w/v) sucrose was used as the cushion and 40 ml. of 
5 per cent (w/v) sucrose as the overlay. At the end of 
the run, 20 ml. fractions were collected and their 
optical densities read at 280 nm. Fractions between 320 
and 420 ml. were pooled and centrifuged at 12,500g for 
30min, The supernatant was removed and the lysosomal 














pellet was suspended in 0-25 M sucrose (1 mal.}. 0t ml. of 


this suspension was stained with acridine orange (final 
concentration=50 ug of dye/ml.)* and examined by a 





fluorescence microscope, which showed the presence of 





strongly fluorescent orange spherical particles (average 
diameter 4 microns) (Fig. 1). If the staining was done 
after treatment of the lysosomes with 0-1 per cent solution 
of “Triton X-100°, no orange fluorescence was seen. Acid 
phosphatase activity®® and protein content’ of a portion 
of the lysosomal suspension was estimated after treatment 
with 0-L per cent of ‘Triton X-100 and the specific activity 
of the lysosomal pellet was found to be 240 ug phosphorus 
released in 20 min/mg of protein, while that of the super- 











natant was 8-7 ug phosphorus released in 20 min/mg of 


protein. The difference in specific activities between 
supernatant and pellet obtained from the post-nuclear 
fraction centrifuged at 12,500g shows that most of the 
enzyme activity is concentrated in the pellet. This 
activity is released on treatment with “Triton X-100°. 








Fis. 1. Enlargement ( » 225) of a colour slide from a fluorescence photo- 

micrograph (x 180) of placental lysosomes after staining with acridine 

orange. The white spots represent dense orange fluorescence on a green 

background, The colour slide was made on a high speed artificial ight 
Ektachrome film. 
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Activation of Membrane associated 
ATPase in Hen’s Egg after Ovulation 




















plasma membranen?) from oocyte 
diameter and through all subsequent stages of ‘dev 
ment in the ovary and the oviduct, including the tre 
laid egg. Sixty-five membranes from ovarian 4 
forty-five from oviducal eggs and fifty-four me 
from laid have been examimed. Three 
isolation procedures are required depending on the 
mental stage. Ovarian oocytes and their supp 
follicles with diameters <8 mm are placed in 
water. An incision through half the follicle allows 
of the oocyte's contents and its surrounding r 
complex. This is freed from adhering yolk by 
Resulting fragments are washed in imidazole 
pH 7-4, before pooling for assay. Ovarian ooe) 
diameters > 8 mm do not eject outer membr 
release of the yolk, These are removed by mierodi 
following eversion of the ovarian follicle. In both: 
the oocyte outer membrane is obtained devoid of | 
cells. The outer membranes of ovulated « 
by incising the ovum in water, cleaning b) awit 

washing, and storage in 4° C buffer. Surface areas ot 
spr eces are measured with a< 
laci 
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the membranes of t 
‘parated into two layer 
membrane complex of post-ovulation ova can be 

; the outer lay č 


Protein, as assayed by Lowry's a 
tionately to the increase in surface area, ia conste 
unit oocyte surface and comparable between o 
different developmental stages. The met 
of protemn/ram? of surface are 2-14 LO (n= 30) 
oocytes, 24 + 8 (r= 6) for eggs in the oviduct befo 
chalazae are formed and 25409 (n= 25) for freshly J 
egg membranes. 

The assay for ATPase is performed by incubating the 
membrane fraction at 37° C for 30 min in a r i 
mixture containing 0-2 M imidazole buffer, pH 7-4, und 
one or more of the following salts in concentrations of 
90 mM NaCl, 20 mM KCI and 7 mM MgCl, togeth 
5 mM ATP. The reaction is stopped by trichio: 
acid at 4° C. The intact membranes are now re 
for protein assay (the ATPase reaction doe 
with this a )}. Inorganic phosphate is 
method of Fiske and SubbaRow?. 

The mean ATPase specifie activity (pinoles inorganic: 
phosphorus released per mg protein per h) of egg volk 
is 0-004 whereas that of egg white is 0047. By v 
the membranes thorough 5 
ATPase activity from egg white or yolk are re 
negligible values. ATPase activity was found to 
entirely in the innermost membrane layer, consisting 
a portion of the vitellme membrane and the plema 
membrane of the egg (identified by electron microscopy}. 

ATPase activity increases gradually until ovulation. 
Within 15 min after ovulation there is a statistically 
ignificant increase in this ATPase activity (ig. 1). 
or fertilized ova the increase in ATPase activity is greater 
than for non-fertilized ova (Fig. 1). This difference m 
be the result of the presence of sperm tails bees 
polyspermy has been reported in hens’*, The M 
dependent ATPase activity is enhanced by Nat plus 
(Fig. 2) and in the cleavage egg is ouabain sensitive (T 
1). The relative order of salt dependency remens C 
stant throughout early developmental stages. N 
dependent activity could be detected in the men 
of oocytes removed from the ovary. The Na 
dependent specific activity was less than 0-3, 
Nat—-K+-Mgt+-dependent activity was 0-00 + € 
in the membranes of oocytes immediately be 
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Fig. 1. Membrane associated Nat—-K+—Mg*+-dependent ATPase 
activity expressed as specific activity as a function of development time. 
The Very young ovarian oocytes (4 mm in diameter) consisted of pooled 


membrane layers containing approximately 230 ug of protein. ————~-, 
Unfertilized; ---, fertilized. 
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Fig. 2. Mean relative salt dependency of ATPase activity as a function 

* of development time, This figure summarizes 119 different membrane 

‘associated ATPase activities normalized to the mean maximum 

Na’—K*-—-Mg*+-dependent activity (3:7 umoles P/mg protein/h) 
observed for membranes of freshly laid fertilized eggs. 


' (~27 mm in diameter). If the Mg++ is replaced by equi- 
molar Ca*+ in the presence of Na* and K+, the ATPase 
specific activity is reduced by 50 per cent in ovarian 
oocytes and by 40 per cent in laid, unfertilized egg mem- 
branes. Membranes isolated by microdissection from 
regions directly over the animal pole of early cleavage 
egs have a specific ATPase activity of 3-5, while mem- 

branes taken from the opposite vegetal hemisphere of 
the egg have a specific activity of 2-2 (Table 1). These 
differences are not explicable on the basis of sperm tail 

ATPase because sperm penetrates the hen’s ova nearly 

“uniformly over the entire surface’. These Nat and Nat- 

K*-enhanced ATPase activities are suppressed by ouabain? 

(Table 1). 





Table 1, REGIONAL ATPASE ACTIVITY OF INTACT EGG MEMBRANES 





Na-Mg-ATPase Na-K-Mg-AT Pase 
J Without With Without With Overall 
‘Ege region ouabain ouabain ouabain ouabain means 
Animal pole 4-6 25 39 32 8-5 
Vegetal pole 1:2 13 4-0 21 2-2 
Overall means 29 1-9 4:0 27 


Values are expressed in «mole P/mg protein/h. 
*Regional ATPase apecifie activity of Intact egg membranes (umole P/me 
protein/h). The ouabain concentration in the reaction mixture was 1-59 mM. 
‘Each value is the mean of two observations. 
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Our procedures give sufficient material for en 
isolation experiments, and provide a developm 
system for the study of membrane transport in 
presence and absence of enhanced ATPase activity. 
results raise important questions concerning the en 
activation and its relationship to fertilization. 
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Effect on Bile Formation of Inhibitors 
of Sodium Transport 


THERE are two well documented mechanisms of 
formation: active secretion of bile acids by hepatoc 
and subsequent osmotic diffusion of water and ele 
lytes'?, and secretion of an electrolyte solution by 
biliary epithelium, chiefly in response to administratic 
secretin®.*, Several observations, however, suggest 
possibility of an additional mechanism, especiall 
rodents, which have a very high bile fow. For exan 
bile flow remains high after bile salt depletion follo 
bile duct cannulation in the rat‘; and bile flow is hig 
the isolated perfused rat liver, with no entero-hey 
circulation of bile salts’. To explain these observat 
inorganic ion secretion by the hepatocyte has been pi 
lated**, Previous studies here gave results consis 
with a large hepatocytic bile salt independent frac 
in the rabbit amounting to 60 ul./min/ke body we 
that is 60 per cent of the spontaneous bile flow in 
animal’ ®, To test the hypothesis that this fraction 
result from active inorganic ion transport, we studiec 
effects on bile formation of known inhibitors of ac 
sodium transport, 
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Fig. 1. Effett of ethacrynic acid on bile flow and bile acid concentrat 
Bile acids are infused throughout the experiment. 
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Fig. 2. Relationship between erythritol clearance and bile acid excre- 
tion, in the control animals (@) and in the animals receiving ethacrynic 


acid (©), In both groups, erythritol clearance is linearly related to bile 

salt exeretion rate; the slopes of the lines are not significantly different, 

bat extrapolation to a zero bile salt excretion is significantly lower after 
ethacrynic acid. 


In anaesthetized rabbits the bile duct was cannulated, 
bile flow measured, and bile salt concentration assessed by 
thin-layer chromatography. elution, and spectrophoto- 
metry’. Canalicular (that is hepatocytic) bile production 
was estimated by measuring biliary clearance of MC- 
labelled erythritol, an inert solute which is assumed to be 
transported into bile through simple passive processes 
across the canaliculi and not to move in either direction 
through the ductules or ducts?*. Administration of etha- 
erynie acid, a potent inhibitor of active sodium transport, 
to rabbits with ligated ureters markedly reduced bile 
flow and increased bile salt concentration (Fig. 1). The 
reduced bile flow and imereased bile salt concentration 
could theoretically be explained either by a decrease of 
the osmotic power of bile salts or by a decrease of the 
bile salt independent fraction. To evaluate these possi- 
bilities, canalicular flow and bile salt excretion were 
compared in control animals and in animals receiving 
ethacrynic acid. In both groups canalicular production 
was proportional to bile salt excretion rate, which indicates 
no significant modification of the osmotic power of bile 
salts. Whereas, however, in the controls extrapolation to 
a zero bile salt excretion gave a canalicular flow of 
approximately 60 ul./min/kg (representing the bile salt- 
independent fraction), in the animals receiving ethacrynic 
acid it showed suppression of the bile salt independent 
fraction (Fig. 2). The same effect was obtained with 
ouabain injected into the portal vein and with MK 870 
(amiloride), another inhibitor of sodium transport. 

In conclusion, these results support the validity of 
extrapolation to zero bile salt excretion as a means of 
demonstrating a bile salt independent fraction, because 
markedly different rates of bile flow can be observed with 
the same bile salt excretion rate (Fig. 2). They support 
the hypothesis that this hepatocyte fraction of bile formed 
independently of bile salt excretion may result from active 
electrolyte transport, a hitherto undescribed property of 
the hepatoeyte. 
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Lack of Tolerance to an i 
Amphetamine -Barbiturate Mixture 
and to its Components - 


Various mixtures of amphetamine and a barbiturate 
produce effeets on behaviour which are greater than, those 
produced by any dose of either constituent drug alone. In 
particular it has been shown that a mixture of 15 muzike 
amylobarbitone sodium and 0-75 mg/kg avophetiimine 
sulphate (ratio, 20: 1 by weight, and therefore contain 
a greater proportion of barbiturate than “Dring 
markedly increases the number of entries into the a 
Y-shaped runway by fem#le rats'. This dose of the z 
has also facilitated the learning of a bar-pre 
and of a T-maze (our unpublished results). 
peutic use of drugs as well as behavioural experi 
often require repeated administration of the sarme drugi 
for example, for the experiment with the T-maze (our 
unpublished results) the animals had to be drugged and 
tested daily for 45 days. It is therefore important “to 
know whether tolerance develops to the drugs -after 
repeated administration. 

Tolerance means either an increase in dose required to 
produce the same effect with successive administration, 
or, conversely, a decrease in the effect if the same dose is 
given repeatedly. The clinical literature mainly. deals 
with tolerance of the first kind, while most experimental 
work, including that described here, is concerned with 
second. A distinction has also been suggested betwee: 
behavioural and pharmacological tolerance*. Behavioural 
tolerance may occur with repeated testing under a diug 
in the same test situation; for example, a drug, although, 
exerting the same pharmacological effect, may show ë 
reduced effect on behaviour because the organism has 
learned to counteract the effects of the drug in the test 
situation. Pharmacological tolerance, on the other hand, 
refers to the reduction in the physiological effect of a drag 
after repeated administration. k 

An important factor when testing the effects of drt 
on behaviour is the organism’s past experience of 
test situation even without the drug. Rushton, Steinberg 
and Tingon! have shown that only one previous exposure 
to a behavioural test can markedly modify the behavioural 
reaction to the drug. Similar effects can occur even” 
within a single test’. In an experiment with repeated 
testing in the Y-maze over several weeks, Rushton and 
Steinberg found a steep decline in the number of entries, 
produced by the “mixture” after the first few tests, Their 
previous findings‘ suggested that this decline might be 
because of previous experience and not because of a decline 
in the drug effect per se. 

Thus to demonstrate pharmacological tolerance, the 
organism's experience of the test situation must þe: 
limited to a single exposure with the drug preceded by 
varying numbers of periodic injections. ‘This was the aira 
of the present experiment. 

Female hooded rats, bred by Animal Suppliers Lid, 
were housed five per cage and allowed free access to food 
(Wyatt’s GR/R/3 pellets) and water. They were 75-90 
days old at the start of the experiment and weighed 
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Fig. 1. Lack of tolerance to an amphetamine~barbiturate mixture and 
to its components. The figure shows the mean number of entries into 
the arms of a Y-maze by different groups of female rats which had been 
pre-treated with 0, 12 or 24 daily doses of the “mixture” or its com- 
ponents. They were tested under the drugs with which they had been 
pre-treated. Each point represents ten animals. x, Amphetamine 
(0:75 mg/kg); ©, arnylobarbitone (15 mg/kg); @, “mixture”. 





between 150 and 220 g. Ten groups of ten animals were 
pre-treated for 0, 12 or 24 days With a daily subcutaneous 
injection of either amylobarbitone sodium (15 mg/kg) or 
amphetamine sulphate (0-75 mg/kg) or a “mixture” of 
these. All animals received a total of twenty-four injec- 
tions, but saline was given for the required number of days 
(24, 12 or 0) until a drug injection was due. After injec- 
tion the rats were returned to their home cage. After 24 
days of this regime the animals were tested in the Y-maze 
under the drug with which they had been pre-treated; 
control animals received saline on the test day. There was 
one day without injections between the last of the pre-test 
injections and the test in the runway. The testing 
procedure followed that of Rushton and Steinbergi. A 
wooden Y-maze, with walls 13 inches high and arms 
15 inches long and 5 inches wide, stood on a wooden base 
on the floor of the experimental room. 35 min after 
being injected, each rat was placed in the centre of 
the Y and the number of arm entries during 5 min was 
counted. An entry was scored if the rat entered an arm 
with all four feet. 

Fig. 1 shows that pre-treatment with the “mixture”, for 
up to twenty-four daily doses at least, does not reduce its 
stimulant effect on exploratory behaviour. Similarly there 
is no change with either of the constituent drugs. An 
overall analysis of variance showed no systematic pre- 
treatment effect (F=0-93, df 2,81) and neither did 
analyses carried out on each drug separately (amphet- 
amine, F=115; amylobarbitone, F=0-29; mixture, 
F = 0-82, df 2,27). Differences between the drugs, however, 
were highly significant (F = 26-45, df 2,81, P < 0-001), and 
confirm the findings of Rushton and Steinberg! on the 

“mutual potentiation of amphetamine and amylobarbitone. 
A slight difference between their results and ours is that 
our amphetamine animals were no more active than the 
saline controls (¢=0-57, df 38), while amylobarbitone 
animals were considerably more active (t= 4-20, df 38, P 
<0-001). This difference perhaps arose because our rats 
came from different breeders; they were difficult to 
handle and were easily “frightened”. It is possible that 
amphetamine tended to accentuate this while amylo- 
barbitone’ had the opposite effect. 

In our conditions there was no decrease in the stimulant 
effect of an amphetamine—barbiturate mixture on explora- 
tory activity after twenty-four daily treatments with the 
drug and so no pharmacological tolerance was demon- 
strated. This was surprising in view of the common 
chnical assumption that some tolerance to both amphet- 
amines and barbiturates develops fairly rapidly®. 
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In other experiments with the “mixture” using a 
Skinner box? and a T-maze* (unpublished) it seemed to 
us that, after several doses, animals became less flaccid 
and ataxic, and their hyperactivity seemed less marked. 
The reduced drug effect observed? may perhaps be 
attributed to some form of behavioural tolerance’. 

The results of this study should provide reassurance for 
those studies in which it has been assumed that a given 
dose of the “mixture” produces the same pharmacological 
effect over several days. It also shows that pharmaco- 
logical tolerance cannot account for the decline in activity, 
observed by Rushton and Steinberg, after repeated 
testing with the “mixture” in the Y-maze. In a wider 
context, for instance in therapeutic situations, these results 
suggest that with chronic treatment the pharmacological 
effects of relatively moderate doses of these drugs might 
not decrease as rapidly as has often been supposed. Extra- 
polation from rats to man is, however, by no means 
simple. 

We thank Dr Hannah Steinberg for discussion and Miss 
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supported by a grant from the National Institute of Mental 
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Central Control of Hunger in the Rat 


Tr is generally considered that central regulation of food 
and water intake in the rat is, at least partly, under the 
control of two separate, if anatomically overlapping, 
neural circuits. The feeding cireuit is selectively sensitive 
to adrenergic stimulation and the drinking cireuit is 
activated by cholinergic stimulation? *. 

Eating can be elicited in food-satiated rats by injection 
of noradrenaline into certain sites in the lateral hypo- 
thalamus*:', The effect of noradrenaline and that of 
natural hunger on food intake can be blocked by local 
or systemic injections of adrenergic blocking agents*®, 
These studies suggest that food deprivation may cause 
release of endogenous noradrenaline in the lateral hypo- 
thalamus. 

Booth recently investigated the effects of intra- 
hypothalamic injection of desmethylimipramins hydro- 
chloride (DMT) on noradrenaline-elicited eating in food- 
satiated rats’. Administration of DMI 20 min before 
noradrenaline potentiated the eating response. 

The present experiment was designed to study the effect 
on food intake of DMI, injected directly into the lateral 
hypothalamus of food-satiated and of food-deprived rats. 

Injections (1 wl.) into the lateral hypothalamus of male 
Wistar rats (90-120 days old) were made through stereo- 
taxically implanted cannulae**. The correct placement. 
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Table 1. EFFECT OF DMI ON FOOD INTAKE 
Food deprivation (h) 0 16 
Water deprivation (h) 0 il 0 11 
DMI dosage 
(umoles x 10) 0 24 90 0 24 90 0 24 90 0 24 90 
Rat No, 
1 343319 3433 31 68 77 75 68 71 87 
2 43 18 24 21 35 19 71 95 93 69 8&8 OO 
3 05 12 27 21 18 15 #2 66 TO 56 44 5-7 
4 20 3:3 32 30 23 30 65 68 6&7 50 49 59 
5 14 22 29 08 29 D8 67 64 TH 46 555l 
6 O8 O8 14 L5 12 21 58 70 93 T2 85 BS 
7 30 27 09 21 32 17 63 T 62 57 63 68 
8 19090 14 I8 L2 7 66 75 66 66 54 7:7 
9 3-0 28 29 22 14 17 53 62 79 62 66 57 
16 26 35 24 33 26 36 60 94.95 76 86 71l 
Mean 23 22 22 22 23 22 62 76° 7-7* 62 66 6-8 


Results are expressed as food intake (g) in the hour after injection. 
* Difference from placebo significant at Ps 0-05. 


of cannulae was checked by testing for noradrenaline- 
induced eating. Food intake in the hour following injec- 
tion was measured. No water was available during the 
test period. 

Owing to interaction of the control of food and water 
intake, four conditions of food and water deprivation were 
considered. DMI was given at two doses, 24 and 90 x 10-4 
pmoles. The solutions of DMI were made isotonic to 
cerebrospinal fluid with sodium chloride; isotonic saline 
(0-9 per cent?) was used as a placebo. Table 1 shows the 
effect of the two dose levels of DMI on food intake of 
ten rats in four states of food and water deprivation. 

DMI at both dose levels (24 and 90x10 umoles) 
caused a significant increase in food mtake in water- 
satiated but food-deprived rats. No significant difference 
between the responses to the two dose levels of DMI was 
observed. The drug, in food-satiated rats or in food- 
deprived and water-deprived rats, had no significant 
effect on food intake. These results demonstrate that, 
in the food satiated rat, the lateral hypothalamus is 
unresponsive to a drug known to potentiate the effects of 
noradrenaline!!!, suggesting that there is little release 
of noradrenaline. It is not fully understood why DMI 
failed to potentiate food intake when both the cholinergic 
and adrenergic systems were activated, although it may 
have been due to an interaction similar to that demon- 
strated in the amygdala*. After a period of food- 
deprivation only, however, DMI effectively increased 
food intake. The present study provides additional 
evidence to support the concept of noradrenaline release 
in the lateral hypothalamus during natural hunger. 
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Surface Area per Lipid Molecule in the 
Intact Membrane of the Human Red 
Cell 


Mopets for the structure of the red cell membrane vary 
according to the assessment of the area occupied by the 
lipids in the cell surface. In 1925, Gorter and Grendel 
found the area of a monomolecular film of extracted lipids 
at an air-water interface to be twice that of the cell 
surface area and postulated a lipid bilayer in the mem- 
brane. Dervichian and Macheboeuf? used similar tech- 
niques and obtained a ratio of 1:1. Bar ef al? found that 
the ratio depends on the surface pressure used in compress- 
ing the film: higher pressures lead to a lower area per 
lipid molecule and hence to a lower ratio of lipid area to 
membrane area, and lower pressures lead to a higher 








ratio, There is, however, little basis for deciding which 
pressure best represents the situation of the lipids in the 





intact membrane. 

I believe that the surface area occupied by lipid mole- 
cules in the membrane can be calculated directly without 
the use of surface area measurements of extracted lipids. 
The most straightforward approach would be to determine 
the total number of lipid molecules per cell and then to 
obtain an area per molecule directly from the cell surface 
area; however, the different areas for cholesterol and 
phospholipid molecules would not be obtained. . My 
approach permits caleulation of equivalent surface areas 
for each component and also of a thickness for the hydro- 
carbon region. I start by determining the total volume 
oceupied by the hydrophobie portions of the lipids and, 
taking the volume of the hydrophobic part of a given 
lipid, caleulate its equivalent surface area from the total 
area of the membrane. One assumes that (a) all the 
lipid of the cell is in the membrane; (b) the area of the 
membrane is equal to the area of the cell surface as seen 
in the light microscope; (e) the cholesterol molecule is 
located in the hydrophobie portion of the lipid; (d) the 
amount of water in the hydrophobic portion of the lipid 
is negligible; (e) the volumes of the hydrocarbon chain 
groups are like those in liquid hydrocarbons; and (jf) the 
hydrophobic region is of uniform thickness over the whale 
cell surface. 

Excluding the first (hydrophilic) carbon, the volume 
of the average fatty acid or fatty aldehyde chain of n 
carbons and b double bonds is 


v= (n~2b—2) CH, + CH, + 26CH 


where CH,, CH, and CH, the volumes of the respective 
groups, are 54-0, 27-0 and 21-5 A® (based on liquid hydro- 
carbons)‘, The average chain has n= 17-5 carbons and 
b= 1-26 double bonds‘, so v = 459 A’, 

The total hydrophobic lipid volume can be calculated 
from the total mass of lipid per cell, m, knowing the 
composition of the lipid portion of the membrane and 
considering a mixture of phospholipids each having two 
chains of average length. Tt is 




















M, 


where Fp is the weight fraction of phospholipid, Mp the 
average molecular weight and N the Avogadro number, 

Similarly, for the non-cholesterol neutral lipids and 
glycolipids 


4 2w Fym N 
Vy = m - 





M, 


The volume of cholesterol (including cholesteryl esters 
in F,) is 


where pe is the density of cholesterol. 
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The total hydrophobic volume is then 
Vp + V; + Fe 


= 2umN (Ga. re =) + Fem 
M i Pe 

From a large body of data reviewed and summarized 
by van Deenen and de Gier> we obtain: Mp= 780; 
Fy=058; Fe=025; My=900; and F,=0-17; and, 
assuming that the crystalline density of cholesterol, p.= 
1-067, is appropriate, V,= 0-85 m em?. 

The area per phospholipid (or glycolipid) is given by 
the fractional volume occupied by the two hydrophobic 
chains times the cell area (see assumption f) 

Ay = 2rd = 1-22 x 10-214 em? 

Va m 

‘Errors due to compositional inaccuracies tend to cancel: 
for example, a 10 per cent error in estimating the average 
chain volume will only produce about 3 per cent error in 
the area per molecule.) 

Four recent values? for m together with one more 
recent value’ give n= (4-99 + 0-07) 10-™ g/cell. 

The cell area has been calculated as 145+8 microns? 
using the analysis of Ponder? with current measure- 
ments of human red cell dimensions’, so the equivalent 
area per phospholipid (or glycolipid) is dp= 35-5 + 2-0 A’. 

Similarly, the equivalent areasfor a cholesterol molecule 


Va = 


is 


A 
p = 23013 A 





The thickness of the hydrophobic layer, Tn, can also 
be calculated 


y 
Ta= 4 = 26 Å 


Inaceuracies in estimating the hydrophobie volumes of 
the lipids do not tend to cancel, however, and the value 
obtained is consequently less precise. 

The combined equivalent area occupied by one chole- 
sterol molecule and one phospholipid molecule would be 
58-5 A®, The area of such 1:1 combinations in mono- 
lavers at high compression is 90-105 A® for human red 
cell lecithin and cholesterol?” and, generally, 100-110 A? 
for combinations of cholesterol with a variety of phospho- 
lipids®, Furthermore, the area per phospholipid may be 
compared with the area of two closely packed hydrocarbon 
chains in the hexagonal phase of a liquid paraffin, which 
would exceed 40 Å? (ref. 11), and the cholesterol area 
with the minimum obtained for fully compressed chole- 
sterol films, 35 A? (ref. 12). Clearly, there is too much 
lipid to form a smooth monolayer over the surface of the 
red cell. 

If the possibility of a lipid bilayer is considered, the 
surface area available to the lipids is twice the cell area 
and we obtain: Apy=71+4 At; Ac=46+3 Å?; and 
Apo=li7+7 At. (If the straightforward calculation 
mentioned in the introduction is made, the surface area 
for two lipid molecules in a bilayer would be 






— = [2447 Å? 





Because both Apr and Arer are functions of A/m, they 
do not overlap in consequence of the standard deviations 
shown. The value of Azz is somewhat larger than Apre 
because less than half of the molecules are cholesterol.) 

The area per phospholipid in the case of the bilayer 
may be compared with areas obtained from X-ray diffrac- 
tion studies of mixtures of naturally occurring phospho- 
lipids. In the lamellar phase and at high water content 
the area per phospholipid has been found to be 60-72 Å? 
(ref. 15). Fora 1:1 combination of cholesterol and 
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phospholipid in extracted red cell lipids in the lamellar 
phase the combined area is about 86 Å? at 0° C (ref. 16); 
but the area at 37° C would be substantially larger (~ 10 
per cent based on the thermal behaviour of the K* 
soaps?®), Thus the equivalent surface areas for the lipid 
components of the red cell are roughly 10-20 per cent 
larger than those expected for a simple bilayer configura- 
tion. The larger areas could be explained in terms of a 
broadly conceived bilayer model in which proteins pene- 
trate the lipid headgroup layers to make hydrophobic 
contact with the hydrocarbon chains, thereby imereasing 
the area per molecule™, or in terms of a bilayer which is 
interrupted in places by non-lipid regions, for example, 
by protein structures extending through the membrane. 

I thank M. H. F. Wilkins, A. E. Blaurock, ©. W. F. 
McClare, N. G. Webb and Y. K. Levine for their helpful 
criticisms of these calculations and Sir John Randall 
for his support and sponsorship of my presence at King’s 
College. This work was supported by a postdoctoral 
fellowship from the US National Institute of Arthritis 
and Metabolic Diseases. 
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Increment Thresholds in Photopic 
Conditions in the Hooded Rat 


Ir is usually assumed that the rat retina contains few, if 
any, conest?, If this is the case, the rods might saturate 
in photopic conditions, as in man? and monkeys*t. The 
question is of considerable importance in view of the 
great amount of experimental work on vision that has been 
done with these animals, for if rod saturation occurs the 
level of illumination chosen in different experiments would 
be crucial. 

Increment thresholds were determined in the present 
experiment using ten hooded rats and a Lashley jumping 
stand. Stimuli consisted of 10 em diameter circles, pro- 
jected onto the backs of the 14 em square translucent 
doors of the jumping stand. Backgrounds were provided 
by a 1,000 W projector mounted behind the jumping 
platform. Both the background and the stimulus were of 
tungsten light. Their intensities were controlled hy neutral 
density filters and measured with an S.E.I. photometer. 
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Fig. 1. Increment thresholds for the hooded rat at different levels of 

background illumination. The vertical bars show the 95 per cent fiducial 

limits. The solid line shows a Weber fraction of 0-72. The circled 

figures beside each point show the order in which the different back- 
grounds were used. 


The stimulus was presented on one of the two doors of 
the jumping stand. Five rats were trained to jump to 
the stimulus circle, and five away from the cirele. The 
side on which the stimulus was presented was varied 
according to Gellerman sequences? between trials. Thres- 
hold determinations were made by giving four trials with 
the stimulus intensity well above threshold. followed by 
six trials with the intensity reduced a measured amount. 
This procedure was repeated daily, reducing the stimulus 
intensity by a greater amount each day, until the animals 
scored at chance. The procedure was then repeated with 
a different background intensity. 

At each level of background illumination every subject 
received six trials with a given stimulus intensity. If it 
scored five or six correct on these trials, it was considered 
to have made a positive response. Using probit methods', 
the stimulus intensity necessary for 50 per cent of the rats 
to make a positive response was then estimated: this will 
be referred to as the mean threshold. Ninety-five per 
cent fiducial limits? were also calculated for each mean 
threshold. 

The results are shown in Fig. 1. Although the fit is not 
perfect, the results do not differ significantly from Weber’s 
law over the range tested. The Weber fraction represented 
by the solid line is 0-72. This compares with values 
between 0-43 and 1-00 obtained in various experiments 
summarized by Mead’. 

The highest intensity of background used was 
215 ed/m*. This is equivalent to about 2,330 scotopic 
trolands®, which is well above the retinal illumination at 
which Aguilar and Stiles? found rod saturation in man. 
Tt is more useful, however, to compare the retinal illumina- 
tion in the two cases. In fact, at this background 
luminance, the retinal illumination will probably not differ 
greatly between rat and man. This arises because, 
although the rat’s eye has a higher refractive power than 
man’s, the pupil will be much smaller. If it is assumed 
that at 215 ed/m* the human pupil has an area of 6-24 mm? 
(ref. 10), and that the optic media transmit 50 per cent of 
the incident light, LeGrand’s formula gives an estimate of 
2-42 lumens/m!? for the retinal illumination. An equivalent 
calculation for the rat, assuming a pupil diameter of 
0-5 mm (ref. 11), and using Dodt and Echte’s (ref. 2) values 
for the refractive power and transmission of the optic 
media, gives an estimate of 2-55 himens/m?. 
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The results show that vision in the hooded rat is not 
significantly impaired at illumination levels well within 
the human photopic range. If the rat retina is truly a 
pure rod retina, the rods differ from primate rods in the 
range of illuminations over which they can operate. 

This work was supported by a grant from the US 
Public Health Service. 

W. R. A. Mowrz 
D. P. M. Norramore 
VALERIE PRAGNELL 
University of Sussex. 
Received May 7; revised July 18, 1969. 
t Munn, N. L., Handbook of Psychological Research on the Rat (The Riverside 
Press, Cambridge, Mass, 1950). 
? Dodt, E., and Echte, K., J. Neurophysiol., 24, 427 (1961). 
3 Aguilar, M., and Stiles, W. S., Optica Acta, 1, 50 (1954), 
* Gouras, P., J. Opt, Soc. Amer., 55, 86 (1965). 
$ Gellerman, L. W., J. Genet. Psychol., 42, 207 (1933). 
t Finney, D. J., Probit Analysis (Cambridge University Press, 1967). 
? Muntz, W. R. A., Vision Res., 7, 371 (1967). 
$ Mead, L. C., Amer. J. Psychol., 52, 465 (1939). 
* Wyszecki, G., and Stiles, W. S., Color Seience (Wiley, 1967}. 
0 LeGrand, Y., Light, Colour and Vision (Chapman and Hall, London, 1957), 
Lashley, K. S., J. Comp. Psychol., 18, 173 (1932). 


Titres of Antistreptolysin O in 
Mothers of Children affected with 
Down’s Syndrome 


We have found significantly higher titres of antistrepto- 
lysin O (ASO) in fifty mothers of G,-trisomic children 
than in fifty age-matched mothers who had borne no 
children known to be affected with chromosomal aneu- 
ploidy. These observations suggest that the mothers of 
G,-trisomics may be characterized by detectable immuno- 
logical differences. 

Streptolysin O is the homolysin liberated by group A 
streptococci. The lysin is antigenic, and infection with 
group A streptococci results in the production of specific 
neutralizing antibodies; that is, antistreptolysin O. The 
antibodies appear in the serum from 1 week to 1 month 
after the onset of a streptococcal infection. The anti- 
atreptolysin © titre, or ASO titre, is a measure of the 
concentration of the neutralizing antibodies present in a 
subject’s serum. Streptolysin O is capable of lysing human 
or rabbit erythrocytes, and can be neutralized by its 
specific antibody, antistreptolysin O. Determination of 
ASO titre involves mixing a series of dilutions of the 
subject’s serum with constant amounts of streptolysin O 
antigen and a 5 per cent suspension of washed rabbit 
erythrocytes'. After incubation, the end point is deter- 
mined by noting the tube with the highest dilution of 
serum showing no haemolysis. The titre is expressed in 
terms of the reciprocal of the serum dilution. “ASO titres 
are used as aids in diagnosis of haemolytic streptococcal 
infection, rheumatie fever and glomerulonephritis. The 
standard test? used in our studies involves a series of 
twelve tubes with unit scales of 10, 50, 150, 200, 250, 
333, 500, 625, 1,250 and 2,500. The presence of 50 units or 
less indicates absence of a recent infection with haemo- 
lytic streptococcus, and 500 units or more suggests the 
presence of an infection with haemolytic streptococcus’. 
ASO titres below 150 are generally considered “negative”, 
and those of 150 or more but less than 500 are considered 
“intermediate”, 

Table 1 shows the distributions of our data for fifty 
mothers of G -trisomie children and fifty age-rmatehed 
mothers who had no children affected with chrornosomal 
aneuploidy. The data are subdivided according to titre 
and age when tested. 

In each group of mothers, three titres were determined 
for forty-eight subjects and only two for each of the others. 
The different titres for each individual were determined 
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Table 1. MOTHERS OF CHILDREN AFFECTED WITH DOWN'S SYNDROME AND 
AGE-MATCHED MOTHERS DIVIDED ACCORDING TO AGE WHEN ASO TITRE WAS 


DETERMINED 
Mothers of G,-trisomics Other mothers 
Intere Inter- 

Age Low mediate High Total Age Low mediate High Total 
group ASO ASO ASO group ASO ASO ASO 

25-34 3 4 4 11 25-34 vi 1 3 il 
35-44 2 6 5 13 85-44 4 3 6 13 
45-54 4 10 12 26 45-54 9 14 3 26 
Total 9 20 21 50 Total 20 18 12 50 


for sera obtained at 1 month intervals. Each woman 
whose titres were all rated below 150 units was defined as 
being “low ASO titre’. Each woman who had one titre 
or more at 500 units or higher was designated as “high 
ASO titre”. The subjects who had at least one titre of 
150 units or higher, but none as high as 500 units, were 
designated the “intermediate” group. 

The mothers of @,-trisomies are characterized by having 
more high ASO titres compared with the other mothers. 
Chi-square analysis of the different distributions of the 
two groups of mothers, into the three subcategories of 
ASO titres (low, intermediate and high), indicates that the 
difference between the two groups of mothers is statistic- 
ally significant with a chance probability of less than 
5 per cent (%? is 6-89 at two degrees of freedom), in spite 
of the small size of the populations involved. A chi- 
square analysis comparing the distributions of ASO titres 
shown by the two groups of mothers was also determined 
for only two subcategories—tow subjects whose ASO 
titres were all below 150, and “elevated” subjects who had 
at least one ASO titre of 150 units or higher. The fifty 
mothers of G,-trisomics include nine classified as low and 
forty-one as elevated, whereas the other group of mothers 
included twenty classified as low and thirty as elevated. 
The chi-square value is 5-87 at one degree of freedom, 
showing a chance probability value of less than 5 per cent. 

The difference in ASO titres between the two groups of 
mothers does not necessarily incriminate the strepto- 








coccus in the aetiology of the G,-trisomy syndrome. The 
difference may reflect an immunological difference 


associated with a woman's predisposition for nondis- 
junction of the G, chromosome during gametogenic 
meiosis. This is consistent with the hypothesis? that 
mothers of G,-trisomic children can be characterized by 
immunological deviations which are relevant to aetiology 
of the chromosomal anomaly. The immunological differ- 
ences might conceivably be secondary effects of other 
factors which were aetiologically relevant to the chromo- 
somal anomaly, however, or possibly even effects of 
mothers having carried foetuses affected with G,-trisomy, 
STEVEN ZsaKo 
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Ifterhemispheric Interaction of 
Thalamocortical Recruiting Systems in 
the Cat 


STIMULATION of unspecific thalamus (with the exception of 
the nucleus reticularis and the dorsal portion of nucleus 
centralis lateralis) produces recruiting responses not only 
in the ipsilateral but also in the contralateral cortex!-’. 
The present investigations demonstrate that a conditioning 


NATURE. VOL. 223, SEPTEMBER 20, 1969 














C 
RR 1H: 
1004 es 
“ae f 
CONTRA BEFORE IPSI -$ ‘ 
ao 4 
_-# / 
we Li 
a ¢ / 
o- 7 
Pa y IPSI 
‘a 
we am BEFORE 
, y a’ CONTRA 
25 x “ 
“ p 
L E EE a = 
129 200 308 400 500 
T Gms} 


Fig. 1. A, Above: recruiting potentials superimposed at stimulation 
frequency RR=1 Hz, Below: averaged recruiting potential (100 
samples at RR =1 Hz). B, Suppression of E: depends on the time delay 
+ between the two stimuli (S, and §,). Stimulation sequence: ipsilateral 
before contralateral. C, Dependence of the amplitude of Ea (in per cent) 
on the time delay 7 between S; and $, (CAT 67-205), Note that ipsilateral 
conditioning (ipsi before contra) is more powerful than the contralateral. 

















stimulus in the unspecific thalamus on one side produces a 
suppression of the reeruiting potential triggered by test 
stimulation of the contralateral unspecific thalamus. 

In cats anaesthetized with a barbiturate. recruiting 
potentials are best elicited by stimulation of frequency 
8-10 Hz*, Under chloralose anaesthesia surface-nega- 
tive potentials with the characteristic instability of re- 
cruiting potentials appear even during slow frequency 
stimulation (1 Hz). With such slow frequency stimulation 
the time course of suppression can be observed up to 
500 ms after each conditioning potential. 

Experiments were carried out in twenty-seven cats 
anaesthetized with chloralose. Concentric bipolar stainless- 
steel electrodes (outside diameter 450 um; tip diameter 
140 um) were placed bilaterally to stimulate the basal 
portion of nucleus medialis dorsalis and the nucleus para- 
centralis (stimulation current: 100-500 uA; pulse dura- 
tion: I ms; stimulus frequency = RR: 1 Hz). Recruit- 
ing responses were recorded from the surface of the gyrus 
sigmoideus anterior with bipolar macroelectrodes identical 
to those described above. Because of the instability of 
response amplitude during repetitive stimulation, the 
amplitude is presented by means of average values 
(average of 100 single potentials with CAT 400/7 Mnemo- 
tron, Fig. LA). 

The experimental conditions are the following: Stimulus 
S, in the left thalamus (basal part of nucleus medialis 
dorsalis or nucleus paracentralis) produces recruiting 
potential E, in the ipsilateral cortex CL. “After a certain 
delay +, stimulus S, is delivered at an identical point in 
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the contralateral thalamus. 8, causes a second surface 
potential E, at CL. Note that the sequence of this 
alternating bithalamic stimulation is ipsilateral (eondi- 
tioning stimulus 8,) before contralateral (test stimulus 8.) 
with respect to CL. For the corresponding recording point 
CR in the right hemisphere, the sequence for the same 
stimulation is contralateral before ipsilateral. The 
stimulation sequence has only to be reversed to simulate 
on one hemisphere the experimental situation of the other 
hemisphere, on the assumption that both hemispheres of 
the cat’s cerebrum have the same functional organization. 
Fig. 1B shows for the stimulation sequence “ipsilateral 
before contralateral” the averaged cortical responses (E, 
E) to the stimuli 8, and 8,. The suppression of the 
recruiting potential E, which is dependent on the 
time delay between 8, and Sa, can be clearly observed. 
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Fig. 2. Dependence of the amplitude of E; (in per cent) on the ratio of 

stimulus intensities of S, and Sa Filled circles indicate 200 ms delay, 

open circles indicate 300 ms delay. Ipsilateral conditioning (stimulation 

sequence: ipsilateral before contralateral) is more powerful than 
contralateral. 


When ipsilaterally produced excitation precedes contra- 
laterally produced excitation, suppression is more clear- 
eut than when the sequence of excitation is reversed 
(Fig. 1C). The recruiting response E, elicited by con- 
tralateral thalamic stimulation exceeds the noise level 
only at values of + substantially greater than those 
sufficient for elicitation of E,-potentials by ipsilateral 
stimulation. Conditioning stimuli which are just above 
threshold produce a distinet suppressing effect. For all 
t-values observed during suppression, the amplitudes for 
E, in the experimental sequence “ipsilateral before con- 
tralateral’” are smaller than under reversed condition 
(Fi Wy. 10). 

The ratio between amplitudes of E, at two different 
time delays is dependent on the ratio between the 
amplitudes of independently produced E, and E, The 
amplitudes of potentials E, and E, are in turn functions 
of the intensities of the corresponding stimuli (8, and 8, 
respectively). As 8,/S, increases, suppression of E, 
increases, and as S8,/S, decreases, suppression decreases 
(Fig. 2 

If the amplitude of E, is considered at two different 
time delays (+,, Ta) it is seen that the ratio of these two 
values (E,/E,) (t,/t,) is directly proportional to the 
ratio 8,/S, (Fig. 2). 

While the functional interdependence of the bilateral 
unspecific thalamo-cortical projection systems is clearly 
demonstrated by these investigations, it is still too early 
to discuss its physiological meaning. 
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Evidence for Two Different Types of 
-Receptors in Man 


Tue diversity of actions of catecholamines at $-receptors 
led Lands! to suggest that there are two §-reeeptor 
populations; B “1” concérned with lipolysis and cardiac 
stimulation, and § “2” with bronchodilatation and 
vasodepression. We have investigated this in conscious 
man by comparing the effects of isoprenaline with iso- 
etharine (a 8- -receptor stimulant) on heart rate, diastolic 
blood pressure, peripheral blood flow and respiratory 
minute volume. Our results support Lands’s hypothesis 
and also suggest that the respiratory stimulation produced 
in man by §-receptor stimulants is a § I action and is not 
linked with bronchodilatation. 

Isoetharine (1 - (3.4 -dihydroxypheny]) - 2 - iso - propyl- 
amino-1-butanol) and isoprenaline were compared for their 
effects on heart rate, blood pres piratory 
volume and rate and peripheral blood flow im healthy 
conscious medical students. Twelve separate studies 
were performed: in six, forearm blood flows were measured 
following brachial artery infusions, and in the remaining 
six the cardiac and respiratory effects were compared after 
intravenous infusions. In each experiment both drugs 
were given at two doses, the second being double the first. 

All the subjects were told the nature of the experiment. 
Information included the names of the drugs, but not 
their order or dose, and a warning of their more alarming 
effects such as palpitations and respiratory stimulation. 
Arterial pressure and pulse rate were recorded through a 
needle introduced into the brachial artery. Respiratory 
rate and volume were recorded by a mercury-in-rubber 
strain gauge fixed around the chest and upper abdomen. 
Forearm blood flows were measured by strain-gauge 
plethysmography. 

Isoprenaline sulphate and isoetharine methanesul- 
phonate were infused in normal saline. Sodium 
metabisulphite (0-1 per cent) had been added to both 
drugs before dilution to prevent their oxidation. The 
relative activity of the drugs was estimated graphically 
from paired two-point dose-response curves plotted on 
semi-log paper. Each pair of curves came from a separate 
experiment. The relative activity was expressed as a 
ratio of equipotent weights of isoetharine base to iso- 
prenaline base. 

Both isoetharine and isoprenaline caused a dose de- 
pendent increase in peripheral blood flow, pulse rate 
and respiratory minute volume. The activity ratio of 
isoprenaline to isoetharine for blood flow was 5-0, that 
for pulse rate (which could be estimated im only five 
subjects) was 13-8, and that for respiratory minute 
volume (from four subjects) was 15-6. Diastolic pressure 
showed a dose dependent fall in five subjects, with a 
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ratio of 16-6, while in the sixth, neither drug produced a 
significant response. 

The four activity ratios fell into two natural groups 
(Table 1): one for the peripheral blood flow where the 
relative activity was 5-0, and the other for pulse rate, 
diastolic pressure and respiratory minute volume, where 
the relative activities were 13-8, 16-6 and 15-6 respectively 
Student’s ¢ test indicated that the difference between the 
ratios for blood flow and pulse rate was significant 
(P< 0-001), as was that between flow and diastolic 
pressure fall (P <001) and between flow and respiratory 
minute volume (P < 0-025), 

We did not compare the bronchodilator effect 
prenaline and CALE STING: but reported activity ratios in 
animals? vary from 2 (histamine asthma in guinea-pigs) 
or 2-2 (isolated perfused guinea-pig lung) to 9 (histamine 
bronchoconstriction in barbitufate anaesthetized dogs), 
and in man? between 2-5 and 5 (as caleulated from the 
published figures). These values fit well with our peri- 
pheral blood flow ratio. 

The existence of these two distinet groups of ratios 
suggests that there are two types of S-receptor, and, as 
grouping correlates with that suggested by Lands, 
we offer it as confirmation of his hypothesis. Further- 
more, as respiratory stimulation and bronchodilatation 
are m opposite groups, we suggest that these two responses 
are mediated by different. types of $-receptors. 

We eri Drs. A. Stephen of Bayer Products Company 
for a supply of isoetharme. 
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Transmitter Action in the Giant 
Synapse of the Squid 


A Basic step in the funetioning of chemically operating 
synapses is the effect of the transmitter substance on 
the postsynaptic membrane, Although in Bome synapses 
the transmitter acts on ion “pumping” mechanisms’, 
perhaps the me romon mode of action of a transmitter 
is the opening of additional ionic pathways in the post- 
synaptic membranet, The study of these changes in 
permeability is of importance because it can throw some 
hght on the nature of the transmitter. An important 
aspect of such a study is the measurement of the equili- 
brium potential of transmitter action; that is, the level 
of membrane potential which exactly balances the electro- 
motive forces of the ionic pathways opened by the trans- 
mitter, and at which the synaptic potential is zero. 
and this level the svnaptic potential is reversed i 
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Fig L Synaptic potentials in the giant synapse of fane aequa, 
and subsequent gures, tetrodotoxin (10°? g/ml 
ing fluid abolish nerve impulses, Top tre 








current apy intracellularly to the presyr 
B, after injection of tetraethylammonium (TE D into the postsynaptic 
axon. Voltage seale=4-8« 10° A. Temperature 9° c 








Finding the reversal potential of inhibitory transmitters 
is a comparatively easy problem because reversal usually 
occurs Close to the resting potential. On the other hand, 
only a few excitatory synaptic potentials have actually 




















been reversed (see Ginsborg* for a recent revi This 
is because the equilibrium potentials of exeitatery trans- 
mitters he far from the resting membrane potential, 






and to reach them the mernbrane must be appre 5 
depolarized; this introduces some technical difficulties. 
For example, bevond a certain depolarization action 





potentials are generated, and the membrane resistance 
is greatly reduced. Some of these difficulties have been 





overcome in the giant synapse of the squid in a way which 
might be helpful in the study of other synapses. 

Use was made of the previous finding that tetrodotoxin 
(TTX) impedes the generation of action potentials in 
the nerve fibres without preventing the release of trans- 
mitter or its action on the postsynaptic membranet, 
Even when action potentials were abolished by TTX, 
attempts to reverse the synaptic potential in the squid 
were unsuccessful because, as the membrane was 
depolarized, its resistance was greatly reduced because 
of a rise in potassium conductance (compare ref. 5, 
Fig. 16). This increase in K-conductance must therefore 
be prevented in order to obtain an adequate voltage 
control of the postsynaptic membrane. 

Intra-axonal application of tetraethylammeonium (TEA) 
ions is known to block the potassium channels and elinai- 
nate the delayed rectification’. TEA was therefore 
injected micro- ea into the post-axon in 
the stellate ganglion of the squid. As shown in Fig. 1, 
synaptic potentials could still be obtained even after 
TEA had markedly reduced the delayed ification. 
Action potentials in both pre and post-synaptic axons 
had been abolished by adding TTX (10-7 g/ml.) to the 
bathing fluid. To elicit synaptic potentials, depolarizing 
pulses were applied intracellularly to the presynaptic 
axon’, Fig. 1A illustrates a synaptic potential obtained 
before injecting TEA. Asa result of delayed rectification 
the synaptic potential falls rapidly, and is followed by 
an “undershoot”’ (not very noticeable at the amplification 
used in Fig. 1). After TEA injection (Fig. 18), the under- 
shoot disappears and the duration of the synaptic potential 
is increased. Apart from this, the input-output relation 
of the synapse? was not. greatly affected. An important 
corollary of this part of the experiments is that while 
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Vig. 2. Relation between membrane potential of the post-axon (abscissa) 
and amplitude of synaptic potential (ordinate) at the giant synapse. 
TEA was injected inte the post-axon to abolish “delayed rectification’, 
RP, Resting potential. The points corresponding to membrane by per- 
polarization (dots) were obtained approximately 30 min after the circles, 
Length of synapse about 0-05 mm. The recording and polarizing elec- 
trodes In the post-axon were located respectively at 0-3 mm and O° 5 mum 
from the start of the synapse. 





the potential-dependent Na and K channels were blocked, 
respectively by TTX and TEA, the ionic pathways 
regulated by the transmitter were not blocked, which is 

strong additional evidence for their mutual independence, 

Once the delayed rectification had been greatly reduced 
by injection of TEA, it became possible to set the mem- 
brane potential of the post-axon through a large range 
of levels and examine the synaptic potentials at each 
level. Fig. 2 shows the relation between amplitude 
of synaptic potential and membrane potential, when the 
latter is displaced, in either direction from the resting 
level (RP) with current pulses applied through a second 
intracellular electrode. The synaptic potential decreased 
in amplitude as the resting potential was reduced to 6 
and beyond, until a null-point was reached at +22 mV 
(range +13 to +40 in other experiments), after which 
the synaptic potential reversed in direction. 

The relation between membrane potential and ampli- 
tude of synaptic potential was almost linear when the 
membrane was hyperpolarized, and the null-point extra- 
polated from this part of the curve was at approximately 
+10 mV in the case of Fig. 1 (from 0 to +17 in other 
experiments), The difference between this null-point ob- 
tained by extrapolation and that actually observed is caused 
by a non-linearity in the relation between membrane 
and synaptic potentials. A similar non-linearity occurs 
when synaptic contacts are located far from the recording 
electrode’, in which case the membrane at the recording 
site must be depolarized beyond the transmitter equili- 
brium potential in order to reverse the synaptic potential 
generated at the more distant site. 

The giant synapse can be about 1 mm long. In addition, 
it has now been found (after injecting dyes into the 
presynaptic axon) that occasionally the pre-axon may 
establish small synaptic contacts central to the giant 
synapse. Distribution of synaptie contacts may therefore 
be a contributing factor in giving rise to the non-linearity 
in the squid synapse; but ‘this is probably not the only 
factor vole, beeause in one experiment synaptic 
activity was confined to the vicinity of the recording 

electrode by focal application of calcium ions in a ganglion 

kept in low-Ca solution (compare ref. 11). and the non- 
linearity was still observed. Thus other factors may need 
to be invoked to account for the non-linearity, possibly 
potential-dependent changes in the receptor, or trans- 
muitter-receptor interactions; or ionophoretic effects 
on the transmitter. 
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The ionic pathways opened by 
the squid still remain to be identified. 
almost certainly implicated, although 
for the transmitter equilibrium potential is 
the Na equilibrium potential, which is about 
K and/or other extracellular and ir Th: 
therefore presumably involved during t 

It has been shown® that the synaptic region of 
giant post-axon is sensitive to glutamate, 
the possibility that glutamate is the transmi 
from the nerve terminals. If that were so, one would 
expect the equilibrium potentials of the tr 
and of glutamate to be the same. Unfortunate 
the equilibrium potential for glutamate action is even 
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more difficult than determining the transmitter equi- 
librium potential. Nonetheless, some preliminary experi- 
ments, such as that illustrated in Figs. 3 and 4, suggest 
that the two do not coincide. 
_ Fig. 3 shows samples of potentials elicited by iono- 
phoretic application of glutamate to the post-axon (see 
diagram). Notice that the potential change evoked by 
the pulse of glutamate increased as the membrane was 
hyperpolarized. This is shown again in Fig. 4, which 
includes results obtained with depolarizing pulses. The 
amplitude of the glutamate potential decreased as the 
membrane potential was reduced, and a null-point was 
reached at about — 22 mV. By contrast, the transmitter 
equilibrium potential in the same synapse was approxi- 
mately +28 mV. Thus, although of a preliminary nature, 
these experiments render less attractive the idea that 
glutamate may be the transmitter in the giant synapse 
of the squid. 

I thank the members of the Zoological Station, Naples, 
for their help during the summers of 1967 and 1968, 
when these experiments were made. 
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Effect of ‘Halothane’ on Electrical 
Coupling in Pregastrulation Embryos 
of Xenopus laevis 


ELECTROPHYSIOLOGICAL experiments have shown the 
presence of electrical coupling between non-excitable 
cells in a number of embryonic systems and there is 
eurrently considerable interest in the significance of such 
coupling in relation to the control of growth and differ- 
entiation'. One approach described here which might 
prove useful in assessing the importance of low resistance 
junctions during development involves the treatment of 
such coupled cells with agents which will “uncouple” 
them, followed by careful observation of subsequent 
development. 

We used the early blastulae of Xenopus laevis; at this 
stage the cells are electrically coupled to each other 
(our unpublished results). Catt free solutions and chelat- 
ing agents are effective in uncoupling liver and salivary 
gland cells?, but these methods have not proved useful 
with Xenopus embryos because the embryonic surface 
membranes are affected by calcium depletion far more 
rapidly than the junctional membranes. This results in a 
rapjd fall of surface membrane resistance and potential, 
in which conditions junctional resistance measurements 
are meaningless. 

Hauswirth? suggested that the action of 2 per cent 
‘Halothane’ (fuothane: 2-bromo-2-chloro-1,1,1-trifluoro- 
ethane) on Purkinje fibres and myocardial cells of the 
sheep might involve an increase in the resistance of the 
interealated disks. We therefore decided to investigate 
the effect of ‘Halothane’ on electrical coupling in Xenopus 
embryos. 








8 


NATURE. VOL. 223, SEPTEMBER 20, 1969 


From pulse 
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To current 
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Experimental set-up to measure electrical coupling between 
blastula cells, F, and Va are the electrotonic voltages recorded by 
microelectrodes FE, and Ee (these electrodes are in adjacent cells) due to 
constant current. pulses from the polarizing electrode Ep (which is in the 
same cell as £,). The calibrator in series with the 100 KQ current 
measuring resistance provides simultaneous calibration on voltage and 
current channels. 


Fig. 1. 











Fig. 1 shows the experimental procedure. Two re- 
cording microelectrodes Æ, and Æ, (resistance range 
20-60 MQ) were inserted into neighbouring blastomeres 
and the resulting voltage changes recorded by cathode 
followers and conventional d.c. amplifying equipment. A 
polarizing electrode, Ep, was inserted into the same 
blastomere as Æ, and was connected by a 220 MQ re- 
sistance to a pulse generator. The electrical coupling was 
expressed as V/V, where V, and F, were the electro- 
tonic pulses recorded by E, and E, when a polarizing pulse 
was applied through the polarizing electrode. AU electri- 
cal measurements were made in a small ‘Perspex’ bath 
filled with 5 ml. of Steinberg’s solution which incorporated 
a large silver-silver chloride indifferent electrode con- 
nected to ground by a 100 KQ resistance and a decade 
calibrator. 1 mV recorded across this 100 KQO resistance 
was therefore the result of a current of | x 10-8 A flowing 
through the bath (from the polarizing electrode), while the 
calibrator provided simultaneous calibration pulses on 
both voltage and current channels. 

Embryos (stages 5-7 Niewwkoop) were freed from jelly 
and placed in paraffin wax depressions in the bath, with 
the vitelline membrane intact. The coupling ratio was 
determined in normal conditions and then a ‘Halothane’/ 
oxygen mixture was bubbled into the medium through 
a small hole in the side of the bath. A conventional 
anaesthetic machine (Boyle Apparatus, British Oxygen Co.) 
was used and the concentration of ‘Halothane’ (2-3 per 
cent) in the mixture checked periodically with a ‘Halo- 
thane’ meter (Heok and Tucker Ltd, London}. The 
concentration of ‘Halothane’ in the medium surrounding 
the embryo although unknown was presumably less than 
that in the gaseous phase. A slight rise in membrane 
potential and resistance usually occurred shortly after the 
start of the ‘Halothane’ administration and this invariably 
heralded the onset of electrical uncoupling. Fig. 2 shows 
the result of 10 min administration of ‘Halothane’ to a 
stage 64 embryo in these conditions. The value of the 
electrotonic pulse V, rose from 935 KQO to 23 MQ, 
while that of V, fell almost to zero. The coupling ratio 
V,/V, changed from 0-88 to 0-02, ‘Halothane’ therefore 
increases the junctional resistance between the two 
cells so that less of the current flows from cell to cell and 
more flows directly from the interior of cell 1 to the 
exterior. Other cells in the embryo lacked coupling. 

Fig. 3 shows a typical record from a stage 7 embryo 
before and after 10 min exposure to 2 per cent ‘Halothane’. 
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750 KQ to 7 MQ while 
the voltage recorded in the adjacent cell fell to less than a 
third of its original value. Cleavage was usually reversibly 
slowed or halted during administration of ‘Halothane’, an 
effect which has also been observed with other tissues*. 
The effect of 2-3 per cent ‘Halothane’ on subsequent 
development was variable. In some embryos gastrulation 
proceeded normally and tadpoles were produced; other 
embryos failed to gastrulate although cleavage pro- 
gressed to a limited extent. Tf an excess of ‘Halothane’ 
(10 per cent for 25 min) was given, complete and irrevers- 
ible cessation of cleavage resulted. 

Before any correlation can be made between the un- 
coupling of cells in these embryos and subsequent normal 
development, it is essential to know whether recoupling 
occurs, a problem we are currently investigating. There 
is no indication as to the mode of action of ‘Halothane’ in 
producing uncoupling, whether it is a primary effect of the 
anaesthetic itself on the junctional membrane or whether 
uncoupling occurs as a fess of its action at some other 
site within the cell or at the cell surface. But ‘Halothane’ 
may provide a powerful tool for investigation of inter- 
cellular communication and electrophysiological experi- 
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Fig. 2. Phe effect of 2-3 per cent ‘Halothane’ on the coupling between 
neighbouring - ‘calls in a stage G} embryo. The duration of ‘Halothane’ 
administration is shown by the horizontal bar (= 3-8 x 10-8 A. 
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res 3. Record from a stage 7 embryo before and after 10 min exposure 
‘Halothane’. a, Before ‘Halothane’. Coupling ratio= V/V, = 0-70, 
innat resistance Vaji = 750 KO, b, After ‘Halothane’, Coupling ratio = 
0-05, Input Tesistance = =7MQ, 1mV calibration steps at centre of record. 
(Note constant current pulse was reduced in amplitude after ‘Halothane’ 
administration to accommodate V, pulse on record.) 
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ments may also produce insight into its mode of aetion 
as an anaesthetic. 
This work was supported by a grant from the Nuffield 


Foundation. t 2a) 
i J. F, PALMER 


C, SLACK 
Departments of Physiology and 
Biology as Applied to Medicine, 
Middlesex Hospital Medical School, London W1. 


Received May 12, 1969. 

'Furshpan, E, J., Current Topics in Developmental Biotogy, 8 O08) 
* Loewenstein, W, Ra dan. NY Arad. Sei., 187, 441 (1906). 

3 Hauswirth, O., J. Physiol., 201, 42P (1960). 

+ Alison, A. C., and Nann, J. F., Lancet, ih, 1326 (1988), 





Test for the Mated Status of Male 
Sheep Blowflies 


MacLeod and Donnelly have discussed possible causes 
of the failure of a programme to eradicat 
blowfly Lucilia sericata from Holy Island, Northumberland, 
by releasing sterile malesi. They concluded that either 
sterilization had been inadequate or the sterile males 
used could not prevent native females from becoming 
inseminated by native males. 

Clearly, a method for deti termining whether a given male 
has mated or not woultl be useful in dealing with such 
problems. Marked sterile males could be released into 
the field, later recaptured and their mated status assessed. 
In this way competitiveness in field conditions could be 
measured. Such a technique should also be useful in 
laboratory studies, augmenting available methods for 
tracing the paternity of eggs laid by a fernale. 

Donnelly (in preparation) has shown that secretion from 
the accessory gland of the male of L. sericata is transferred 
to the female during copulation. I have found lateral dueta 
in the penis through which this secretion is channelled 
to its final destination in the female, A full description, 
of these ducts will be given elsewhere. At the s time 
I found that some of the secretion remains adhering to 
the lateral penis ducts after the mating partners have 
disengaged, and investigated the po sible use of this 
feature as an indicator of the mated status of the male. 

The strain of L. sericata 1 used was derived from a 
colony maintained at the Central Vetermary Laboratory, 
WwW eybridge. To obtain mated pairs, sexually mature 
virgin males and virgin females were placed together in 
cages. As pairs formed they were caught in glass tubes 
and put aside, After the partners had disengaged they 
were placed in segregated cages and the males were 
stored at 25° C until required for examination. Virgin 
control males were raised and kept in the same conditions 
as the test insects, except that they were not given access 
to females. The mated and control virgin flies were 
examined by dissecting out the penis, and looking for 
adhering secretion under the microscope at a magnificati ion 
of x100. This procedure takes less than 2 min per fy. 
The granular appearance of the accessory secretion makes 
it clearly distinguishable. Uncertain eases were rare. 
When they did occur they were counted as failures; 
that is, a doubtful case from a mated male was scored 
as having no secretion, and a doubtful case from a virgin 
male was scored as having secretion. 

Table 1 shows the results obtained from dissecti 
groups of test and control flies at various times afi 
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AL SEPARATION OF 
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Mated male sheep Timated males of the 
Days after blowtlies me age 
mating Positive Negative Positive Negative 
0-1 ğe 4 1 
ris) 93 7 3 
14 or more a4 1G 6 





One hundred males were examined in each group. 
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the test flies had mated. The mated status of a male 
should be detectable with better than 90 per cent accuracy 
up to a week after mating. I am still investigating the 
apparent decline in accuracy of the test for longer times 
after mating. 

The anatomy of the male terminalia in L. cuprina 
closely resembles that of L. sericata, and the test is likely 
to have equal validity in that insect. Phormia terrae novae, 
Calliphora vicina and C. vomitoria all have lateral penis 
ducts, and in fresh specimens of the last species I have 
observed male accessory gland secretion in the lateral 
penis ducts. It may well be that other more advanced 
flies, in addition to the calliphorines, will be found to 
have similar structures. 

I thank Dr C. T, Lewis for his advice and encourage- 
ment. The work was supported by a grant from the 
Agricultural Research Council. 

JOHN POLLOCK 
Imperial College Field Station, 
Ascot, Berkshire. 
Received June 9, 1989, 
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Molecular Structure of Herbicides and 
their Sorption by Soils, 


Parririon between soil and water of organic compounds 
that do not ionize in the pH range 4-8 is closely correlated 
with the soil’s content of organic matter. Lambert! and 
Furmidge and Osgerby® have expressed sorption in terms 
of partition coefficients between soil organic matter and 
water, neglecting mineral constituents. Some investi- 
gators have also reported inverse correlations between 
water solubility and sorption on soil whereas others have 
found no relationship?*. Little is known about the 
mechanisms of sorption on soil, but apparently only a 
small fraction of the surface is responsible for the sorption 
of certain herbieides*. I have attempted to learn more 
about sorption mechanisms by studying how changes in 
the chemical structure of related compounds affect 
sorption. 

' Sarption isotherms were determined by a wet slurry 
technique, for twenty-two substituted phenylureas and a 
homologous series of alkyl-N-phenyl carbamates on four 
neutral Rothamsted soils containing from 1 to 4 per cent 
organic matter. The partition coefficient, K, was deter- 


Table 1. PARTITION COBFFICIENTS OF SUBSTITUTED PHENYLUREAS 
u k, 
EN, tow 
\/ IN 
| Ri 
SY 
x Se 

X Ry, Re K 
4-Cl Me Me 29 
3,4-01 Me Me 94 
PEF, Me Me 22 
3-01, 4-OMe Me Me 32 
4-Cl Me OMe 40 
BCL Me OMe 154 
4-Br Me OMe 60 
3-Cl, 4-Br Me OMe 217 
3-Cl Me 49 
° 4,4-01 Me H 166 
3-Cl, 4-OMe Me H 53 
BCl si H 59 
B-C H H 178 
3-01, 4-OMe H H 58 
3-F H H B4 
4-F H H 19 
BOF, H H 53 
3-Br H H 66 
4-Br H H 76 
3-OW H H 21 
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Table 2, PARTITION COEFFICIENTS OF ALKYL-N-PHENYLCARBAMATES 

R K 
Methyl 31 
Ethyl 38 
Propy! 66 
Iso-propyl 61 
Butyl 104 
Penty! 236 


mined from the linear relationship w=Ke, where æ is 
compound sorbed per unit weight of organic matter in 
the soil and c is the equilibrium concentration. For each 
compound, K was approximately constant for the four 
soils and mean values were used. 

The substituted phenylureas (Table 1) gave a linear 
relationship between log K and c, the Hammett constant+ 
for meta and para substituents in the phenyl ring, and 
70-5 per cent of the variation in log K was accounted for 
by o. A significant improvement (755 per cent of 
variation) was obtained using a combination o and 
the Taft constants‘ for substituents on the side-chain 
nitrogen. Of the alternative relationships examined 
based on free energy contributions of substituent groups, 
none was better than o. Hansch’s 7 constant’, derived 
from partition between l-octanol and water, accounted for 
50-1 per cent of the variation. Parachor (7-5 per cent of 
variation), used by Lambert! as a measure of the energy 
required for a molecule to stay in solution, and parachor-45.N 
(24:6 per cent of variation), where N is the number of 
possible hydrogen bonding sites in the molecule", were 
poor predictors of sorption. Water solubility of the 
phenylureas used was not a factor in determining their 
sorption, 

In contrast to the results with the substituted phenyl- 
ureas, those (Table 2) with alkyl-N-phenylearbamates 
show a much better linear relationship between log K 
and m. Each additional methylene group increases 
parachor, so that the linear relationship between log K 
and parachor found by Lambert? for 2,6-dinitro-4- 
alkylsulphonyl-NN-dialkylanilines is also observed. A 
plot of log K against z of Lambert’s results is, however, 
also linear with a slope similar to that given by the 
phenylearbamates. Each additional methylene group 
decreases water solubility so that an inverse relationship 
with water solubility would also be expected for these 
compounds. 

For the phenylureas without long alkyl side-chains, 
ring de-activation by substituents in the ring, or by 
replacement of a methyl group on the side-chain nitrogen 
by hydrogen or methoxyl, seems the factor controlling 
sorption, possibly through charge-transfer bonding to 
activated sites on organic matter. Similar bonding by 
activated rings to de-activated sites on organic matter 
could occur. The Hammett and Taft constants are a 
measure of the de-activating effect of the substituents. 
The electron distribution in the ring is about the same in 
the various alkyl-N-phenylearbamates and changes in 
sorption are caused by increasing lipophilicity with 
inereasing length of the alkyl chain. Their sorption is 
probably an accumulation at hydrophobic sites at the 
organic matter/water interface in a way similar to surface- 
active agents. m is a measure of lipophilicity or hydro- 
philie-hydrophobie balance? and seems to express these 
properties better than parachor or water-solubility. 

The sorption behaviour of any group of non-ionic 
organic compounds in soils can probably best be aceounted 
for on the basis of their Hammett, Taft and r constants, 

G. G. Briaes 
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Book Reviews 


WHO IS RESPONSIBLE? 


Preventing the Spread of Nuclear Weapons 

Edited by C. F. Barnaby. (Pugwash Monographs 1.) 
Pp. xiv+374. (Souvenir Press: London, March 1969.) 
63s. 

NUCLEAR proliferation is one of the subjects which suffers 
for lack of a sponsor. It is a problem of international 
society as a whole; yet that society has no specialist 
institutions capable of generating the necessary knowledge 
and understanding. All advanced countries can make a 
contribution to the spread of nuclear weapons; and yet 
none has any effective machinery for exercising restraint 
in the critical areas. The one possible exception to this 
is the Joint US Congressional Committee on Atomie 
Energy, which still manages to feel a proprietary interest 
in atomic explosives. They traditionally exhibit a general 
sense that the Americans invented the thing and still 
basically hold the patent. But otherwise the forces 
working for proliferation have few organized enemies; and 
because these forces represent the most important com- 
mercial interests, it is not surprising that they have run 
free so successfully for so long. 

Like the drug traffic, the appropriate authority for 
handling this danger is the world as a whole, or at least 
the principal industrial countries. It is therefore of the 
first interest that the Pugwash movement has decided 
that proliferation should be examined in depth and has 
gathered together a series of papers from British, American, 
Russian, German (East and West), Swedish, Israeli, 
Danish and Norwegian hands. The Communist contribu- 
tion is admittedly confined to brief papers—respectively 
technical and propagandist--from V. 8. Emelyanov and 
H. Faulstich of the Soviet Union and East Germany; but 
they are there, and their implied consent flows through 
the rest of this encyclopaedic study. 

As a series of papers, the book does not represent a 
coherent attempt to study all the problems raised by the 
advance of technology, the changing economics, the com- 
plications of the Non-Proliferation Treaty or the changing 
realities of military life. The Pugwash interest is naturally 
primarily scientific; and it concentrates on the sort of 
problems which have given rise to the system of safe- 
guards on plutonium. That system is trenchantly and 
brilliantly analysed and criticized by Dr J. Prawitz, of the 
Swedish Defence Research Institute, in two excellent 
papers. Professor I. Th. Rosenquist, of Oslo University, 
briefly and tersely sets out to prove that conventional 
burner reactors will not be able to compete with other 
sources of energy over a period of time. In this, of course, 
he directly reverses the conventional wisdom on which 
large sums of money are at present being expended. The 
world’s atomic energy authorities owe him a rebuttal. 

There are a dozen other papers, divided into technical 
and political, most of which add to the sparse literature of 
proliferation. But the principal value of the book has been 
imparted by the editor, Dr C. F. Barnaby of the University 
of London, who is executive secretary of the Pugwash 
conferences on science and world affairs. He contributes 
a long introduction and then what he describes as a 
summary of the discussions which in about forty pages 
asks all the difficult political questions. This discussion is 
covered by the general statement that “the views ex- 
pressed. are considered to be the views of the majority 
of participants although at no time was a consensus ob- 
tained”, This is important because some extremely 
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important statements are made. In particular, this section 
of the scientific community has at last joined in some of the 
criticisms of the atoms for peace concept which outsiders 
have ventured to formulate and which articulate scientific 
opinion has been quick to reject. The conference (through 
Barnaby) says that the advice given to governments on 
atomic energy matters is biased, “mainly because their 
scientific advisers are often predominantly physical 
scientists”. He makes some central political points: 

“The source of power chosen by developing countries 
should take into account, firstly, the fact that small 
nuclear power reactors are uneconomical for electricity 
production and, secondly, that large reactors are not the 
optimum source of power if the electricity produced by 
them has to be transmitted over very long distances. In 
spite of these considerations, however, power reactors 
have been installed in several countries in situations in 
which they are not competitive with conventional sources 
of power and, at least in some cases, it must be concluded 
that reactors have been bought for reasons of prestige. 
It would have been better for these countries if the tech- 
nical assistance given to them for nuclear power develop- 
ment had been used for the development of scientific 
fields other than the nuclear one.” 

Some of us would go very much farther. In a number 
of cases it has been clear that nuclear power development 
has been directed towards acquiring what is needed for a 
future which might invelve nuclear weapons. Anybody 
who could not detect this in the atomic energy programmes 
of India, Pakistan, Japan, Israel, West Germany, and 
now Australia, is deliberately blinding himself to reality. 
Unfortunately, governments anxious to get export orders 
have been in need of faulty vision; and they have been 
given just the arguments they needed by their scientific 
communities. The Pugwash movement has now entered 
a significant, if moderately worded, dissent. 

It retains, however, the sense of the higher principles 
of scientists which may not always be justified. Barnaby 
writes: “Although the decision-making process on defence 
policy varies from one country to another it seems.that 
there are usually present small but powerful pressure 
groups within governments, exerting influence out of all 
proportion to their numbers. If such a pressure growp is 
in favour of retaining a nuclear option it is often based on 
members of the military forces backed by some senior 
civil servants and representatives of certain branches of 
industry.” The scientists are a surprising omission from 
this list. When France was acquiring a nuclear option, 
the scientists played a leading part. India is perhaps the 
classic case of a country buying such an option; and the 
man primarily responsible was Dr Homi J. Bhabha. 
Similarly in Israel, where scientific opinion has been 
notably more tantalized by the possibilities of nuclear 
weapons than military opinion, In government debates, 
the issue is usually money: and the simple fact is that a 
country either building nuclear weapons or buying an 
option on them will divert massive resources into a 
branch of scientific endeavour which it would not other- 
wise receive. Much of this money will probably come 
from other and. well-established military uses. For this 
reason the military are most reluctant and the govern- 
mental scientific community (generally speaking) are most 
interested. This has been most dramatically illustrated 
recently in Israel where the strong pro-nuclear sentiments 
of the more hawkish sector of political opinion have 
alienated them from their champion, General Moshe 
Dayan, who is most reluctant about such an undertakifig. 

Although the book provides a large amount of valuable 
technical information, it oecasionally makes doubtful 
assertions. It would be very surprising indeed if it turned 
out that China has successfully developed the gas centri- 
fuge method of enriching uranium. The more general 
belief is that preliminary enrichment is done in a Soviet- 
designed gaseous diffusion plant and the job is finished 
by an electromagnetic method. On the political side, 
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Professor David Vital of Bar-Ilan University, Israel, says 
that there is good reason to believe that none of the 
existing nuclear powers contemplates a policy founded on 
the use or threat of nuclear force. Is this true of the 
European seeurity policy of either the NATO powers or 
the Soviet Union ? 

Perhaps the most important thesis in the book comes 
right at the end. It is a proposed policy for reactor 
exporters-—-one which recognizes that a safeguard system 
based on inspection is inadequate to the load which non- 
proliferation will place on it. “The cause of preventing 
the proliferation of nuclear weapons would be best served,” 
Barnaby writes, “if the major reactor-exporting countries 
agreed between themselves to export reactors only if the 
receiving countries agree to a scheme by which the 
plutonium produced. is removed from their immediate 
possession.’ This is the urgent problem and it is one 
which governments are ignoring. They are taking refuge 
in the argument that if they do not export the reactors 
somebody else will. They are stimulating plutonium- 
producing facilities around the world (and now uranium 
enrichment facilities in the form of gas centrifuges may 
be following) by false economic argument and massive 
















subsidy. The results are already there in four or five 
countries, Pugwash has asked all the right questions. 


Whose 
LEONARD BEATON 


What is needed now is some follow through. 
responsibility is it? 


PROVOCATIVE PHYSICS 


Essays in the History of Mechanics 
By C. Truesdell. Pp. x+384. (Springer-Verlag: Berlin 
and New York, 1968.) 78 DM; $19.60. 
PROFESSOR TRUESDELL conceives rational mechanics as a 
science of very wide scope: it does not merely deal with 
the motions of mass-points, but with all mechanical and 
thermal properties of continuous media. Rational mech- 
anica, thus taken lato sensu, is, he contends, a part of 
mathematies, like geometry; by this he means that it 
is ripe for axiomatic treatment: and, indeed, he has 
founded a school of brilliant mathematicians actively 
pursuing an extensive programme of axiomatization of 
the whole domain, coupling logical rigour with a striving 
for utmost generalization of the basic concepts and 
laws. It is in the same spirit that he approaches the 
history of the subject, and it is therefore not surprising 
that he arrives at highly original conclusions. These 
would be unimpeachable if they were given for what they 
actually pertain to; the development of one important 
aspect of scientific thinking. The author, however, 
leaves us in no doubt that he regards this aspect as the only 
one worth considering, and this spoils to some extent the 
balance of his account. Thus he shares the fashion of the 
day in extolling the formal stammerings of the schoolmen 
(has he really read them ?) and shows no feeling for the 
fiery spirit of Galileo. He is obviously at his best when he 
deals with the period in which great effort was spent 
in formulating the fundamental principles and building 
up the methods of analysis of his science of predilection: 
the time of Newton and, above all, the following period, 
dominated by Euler’s impressive genius. There he has 
done pioneering work; his investigations on the growth 
of the theory of elasticity during the 18th century, 
exclusively based on the study of the sources, are of the 
highest standard and fill a large gap in our knowledge 
of the development of the basic mechanical conceptions. 
To do full justice to Truesdell’s contributions both ta 
history and to contemporary science, mention must be 




















gist-ridden time. Thus the book under review, in which 
he has collected eight of his most important papers 
both on the history and the method of rational mech- 
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anics, is not only exquisitely printed, but provided with 
beautiful, well chosen illustrations, which add their own 
charm to that of the text. Sound scholarship, depth and 
lucidity of argumentation would suffice to make these 
essays enjoyable as well as instructive and stimulating ; 
but they acquire a piquaney of their own from the pun- 
gent humour which pervades thern---a true mirror of 
the author's forceful personality. Impatient of anything 
that smacks of narrowmindedness, sham or intellectual 
cowardice, he lavishes sarcasm and wit in relentless 
exposure of the many shortcomings of past and present 
scientists in their attitude to the historical and logical 
aspects of the growth and foundation of science. Indeed, 
when we learn from notices appended to each of the 
essays that they formed the texts of lectures delivered 
at numerous places of learning all over the world, we 
cannot help picturing Truesdell as the knight errant of 
the true spirit of scientific humanism. Knights errant, 
as is well known, are liable to be ensnared by enchant- 
resses, who contrive to benumb their judgment; and 
physicists may feel that our author, succumbing to the 
spell of the queen of sciences, sometimes fails to appre- 
ciate their own mode of approach to the problems, 
Trenchant opinions, however, proffered with candour 
and directness, need not mislead the critical reader; 
they may sound provoking to physicists inclming to 
pormposity; those with an alert mind will find them 
provocative, L. Rose 




















PHILOSOPHY OR SCIENCE OF 
SPACE AND TIME 


Geometry and Chronometry in Philosophical Per- 
spective 

By Adolph Griinbaum, Pp. wiii+ 378, (University of 
Minnesota Press: Minneapolis; Oxford University Press: 
London, March 1969.) 100s boards; 27s 6d paper. 
CHAPTER one is a reprint of Griinbaum’s essay Geometry, 
Chronometry and Empiricism of 1962', which has mean- 
while been criticized m H. Putnam’s Examination of 
Griinbawm’s Philosophy of Geometry*. Chapter two is not 
a reprint of Putnam’s paper, but chapter three, also 
published elsewhere’, is Griinbaur’s reply to it. 

The second chapter is principally concerned with an 
old question revived by G. Schlesinger, whether it could be 
detected if “everything had been doubled in size over- 
night”. i 











all velocities doubled, for example, or all time intervals ? 
Are all masses halved or he ? Are dimensionless quantities 
like e*/he left unchanged? A consistent unambiguous 
definition, if possible at all, would at least require the 
clear context of a definite physical theory before and after 
the doubling and definite boundary conditions in between. 
The discussion in chapter two seems a game with such 
ill-defined rules that it could hardly be played in an 
intelligent way. It discloses a quasi-physical reasoning, 
which ms typical for the whole book and which in 
my opinion could hardly be accepted by modern physicists 
and does not lead anywhere. 

The nocturnal puzzle may be seen altogether as an 
illustration, although perhaps not the most illuminatmg 
one, of the general theme of the book. If the topology of 
physica] space or time or space-time is, say, Continuous, 
the metric cannot intrinsically be determined from it. 
The problem is roughly in how far the choice of the 
topological parametrization by coordinates s4 and of the 
metrie by the tensor gag(#) in every point æ is confined by 
topological or geometrical or physical conditions and in 
how far there remains freedom for conventions, which 
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might perhaps be further limited by methodological 
principles. 

In the first chapter, the author gives an erudite dis- 
cussion and sometimes a bold exegesis of opinions of 
distinguished pre-relativistic and relativistic writers. His 
arguments, are repeated and elaborated in chapter three 
in an emotional debate with H. Putnam. Those readers 
who happen to become interested in the personal scores 
in the Granbaum-Putnam competition may feel obliged 
to get hold also of Putnam’s complete paper’, although 
chapter three contains many quotations from it, just as 
from the complete first chapter. To my taste, the book 
would have been more readable if the collection of papers 
had entirely been rewritten in a more methodical and less 
rancorous manner. But above all, I should have preferred 
to see the concepts and problems more clearly formulated 
by all debaters in proper mathematical terms and in the 
context of rational physical theories. 

A key to relativity theory is the study of transformations 
of equations of observable phenomena under certain 
transformations of basic reference quantities such as the 
coordinates 2% and the metric tensor gag(#). Conventional 
theories impose the condition of local invariance of 
gala) dxe dxf, so that the transformations of gag(z) are 
determined by those of w*. gug{#) is considered to be 
determinable from a number of suitable observations with, 
for example, rods, clocks and light rays in every point v. 
That requires corrections for differential effects depending 
on the specific constitution of the instruments and perhaps 
explicit or implicit conventions on universal effects. 
The book is concerned with the fundamental problem of 
revealing such conventions and with the question how 
they might be changed. The disputations offer perhaps 
a challenging introduction to this programme. But I 
think, in order to carry it through, or to appreciate its 
interest, a precise analysis would be necessary in the 
context of some definite theory of gravitation and in 
mathematical terms, involving a.o. independent trans- 
formations of x? and gag(«) without the invariance condi- 
tion and perhaps with some compensating gauge fields. 
I expect that a precise formulation would hardly leave 
room for Grinbaum-Putnam controversies like that 
about “universal or differential’ “forces”. 

The answer to various fundamental problems of space 
and time depends on the specific relativistic theory or 
even cosmological model. Theories of special and general 
relativity make it, for example, possible to understand 
interweaving and curvature of space and time. The 
topology in the large of a spatially open or closed universe 
imposes restrictions on the metric gag(x). It must be 
granted that gravitation theories are highly hypothetic 
and cosmological models still more speculative. That 
implicates that our philosophical ideas about space and 
time are also bound to be hypothetic. They are radically 
changing under the development of physics and perhaps 
cosmology. 

Physical theories of space and time need philosophical 
clarification of their basic concepts. On the other hand, 
philosophy of space and time needs a concrete physical 
basis. There seems to me a gap between present day 
physics and the primitive physical reasonings in this 
philosophical book so that even the most brilliant argu- 
ments pro and con are not convincing. I do not think I 
could estimate in merito Griinbaum’s profound ideas 
about the fundamental state of the metric in the topology 
of physical space-time as long as they have not been 
expressed, with the help of a precise mathematical formal- 
ism, in the clear context of specific physical theories. 

H. J. GROENEWOLD 


1 Grünbaum, A., Seientifie Explanation, Space and Time (edit. by Feigl, H., 
and Maxwell, G.) (Minnesota Studies in the Philosophy of Science, 3), 
405 (University of Minnesota Press, Minneapolis, 1962). 

? Putnam, H., Philosophy of Science. The Delaware Seminar, 1962-1963 (edit. 
by Baumrin, B.), 2, 205 (Interscience (Wiley), New York, 1963). 

3 Griinbaum, A., Boston Studies in the Philosophy of Science (edit. by Cohen, 
R. S., and Wartofsky, M. W.), 5, 1 (Reidel, Dordrecht, 1968). 
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OBSERVING THE UNIVERSE 


Practical Work in Elementary Astronomy 
By M. G. J. Minnaert. Pp. xxii + 247. 
drecht, 1969.) 35 florins. 


Tuis is a unique and valuable collection of practical 
exercises developed over a period of 25 years of teaching 
to first year undergraduates at Utrecht Observatory. 
As would be expected, it is orientated towards an under- 
standing of astronomy as a whole rather than merely to 
specialized observing techniques. It is therefore suitable, 
not only for honours astronomy, but also for students 
taking the subject as a one year ancillary to physics or 
mathematics. 

There are obvious problems, peculiar to astronomy, 
in organizing practical work. These have been well 
recognized here. Fifty of the seventy-four exercises, 
involving only the reduction of data, can be carried out 
entirely indoors. This allows a laboratory to be conducted 
at regular times in the afternoons and evenings class 
being switched to the schedule of twenty-four sky exer- 
cises as the opportunities arise. Each exercise can be com- 
pleted by a pair of students in about three hours. Because 
an individual student can only complete some twenty- 
five exercises during the year, a list of seventy-four amply 
provides the flexibility essential for this kind of operation. 

Some duplication is ffecessary for sizable classes, and 
the equipment has therefore been kept as inexpensive 
as possible throughout. The small telescope used in the 
sky exercises, and even the simple microphotometer, 
for example, can be made in a small workshop. It is 
notable that the Doppler effect: is demonstrated by a 
spectrogram of Saturn instead of with a stellar spectro- 
gram, thereby avoiding the use of an expensive travelling 
microscope. 

While the course is intended for first year work, many 
of the exercises involving the reduction of data and compu- 
tation, such as the three-body problem, or the derivation 
of the elements of an eclipsing binary star, or the con- 
struction and application of a curve of growth, involve 
theoretical concepts somewhat advanced for first year 
students. 

Some of the laboratory simulations are novel. Students 
will particularly appreciate the Bénard cell experiment. 
On the other hand, some opportunities seem to have 
been missed. Having introduced the principle of using 
the observatory workshop, it is not too big a step to the 
construction of artificial double stars or star fields, 
together with a simple telescopic camera. Admittedly, 
some students find simulations of direct observational” 
procedures difficult to accept; it may be that these 
have been avoided at Utrecht for that reason. 

Although the material has been presented in sufficient 
detail for direct use by the student, the principal impact 
of the book will be on teaching staff developing practical 
courses. In this respect, the most important and valuable 
features of the work are the data cited for each exercise, 
in the form of references to the literature and to star 
charts and atlases. It must be remarked, however, 
that much of this material is readily available only in an 
observatory library. P.A. SWEET 


(Reidel: Dor- 
















PHYSICAL MASS SPECTROSCOPY, 


Mass Spectrometry and lon-molecule Reactions 

By P. F. Knewstubb. (Cambridge Chemistry Texts.) Pp. 
vii+ 136. (Cambridge University Press: London, June 
1969.) 40s, $7.00 cloth; 15s paper. 


THE rapid growth of mass spectroscopy during recent 
years has involved workers from a variety of disciplines. 
Consequently, there is a need for introductory texts, a 
need already satisfied to a large extent in the case of 
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organic mass spectrometry. This small book (five chapters) 
is a useful addition to the somewhat neglected area of 
physical mass spectrometry. Although based on an under- 
graduate, or first year postgraduate, course, it should 
prove of value beyond this limited sphere, in particular 
to the increasing number of organic mass spectroscopists 
searching for a deeper insight into ion reaction mech- 
anisms. The emphasis, as one might expect, is on a wide 
scope, stressing principles and conclusions, but involving 
minimal mathematical detail. 

The logical layout commences with a study of ion 
molecule reactions emphasizing theoretical treatments of 
collision processes. Then follows a very good account of 
ionization mechanisms, particularly those which occur 
in mass spectrometer sources or have been studied by 
mass spectrometry. The instrumentation chapter is 
open to criticism in that less familiar instruments, for 
example the quadrupole, receive too brief a coverage. 
This is unfortunate because magnet instruments, which 
are covered in greater detail, are adequately covered in 
every other text. The application section avoids the 
pitfall of duplicating familiar organie examples and 
concentrates on quantitative measurements. These 
include mixture analysis, with several inorganic examples, 
and the evaluation of thermochemical data from measured 
ionization and appearance potentials. Armed with these 
experimental data, the final chapter, largely concerned 
with the “Quasi Equilibrium Th&ory”’, illustrates clearly 
both the success, and the limitations, of the theory to 
date. 

Throughout the text diagrams are clearly drawn, and 
when coupled with the brief but pertinent bibliography 
they make this a most readable book. 

B. BLESSINGTON 


ONE MAN’S VIEW 


Vestiges of the Natural History of Creation 
By Robert Chambers. (The Victorian Library.) Pp. 390. 


(Leicester University Press: Leicester; Humanities 
Press: New York, May 1969. First published 1844.) 


50s. 


Tais reissue of the first edition of Robert Chambers’s 
Vestiges by the University of Leicester makes available 
to the student of Victorian times and of the history of the 
transmutation theory a document of paramount impor- 
tance. For its handsome production and durable Cam- 
bridge blue plastic binding the price asked is most reason- 
able. The original printer, T. C. Savile, of 107 St Martin's 
Lane, is, however, not allowed credit for good typesetting 
and handsome margins. His name and address are absent 
from the last page of text. An introduction of 20 pages 
outlining the position and significance of the Vestiges 
for the general reader has been contributed by Sir Gavin 
de Beer, the Charles Darwin Scholar. This reprint, alas, 
is like the first edition in having no index. 

Professor Owen Chadwick in his recent history, The 
Vietorian Church, remarks on the Vestiges of the Natural 
History of Creation; “Among books it was unique in 
being simultaneously discredited and powerful. Touch 
it with a little finger and it fell. And in falling it seemed 
the debris of a strange half-hidden magnetic synthesis of 
new knowledge.” Published with carefully guarded 
anonymity in October 1844, its British sales in eleven 
editfons were nearly 24,000, Darwin’s Origin had sold 
22,000 copies of the English edition by the time of his 
death in 1882. 

Chambers arguedthat all known species were derived 
by descent from lower forms to higher, the second highest 


giving birth to man, Creation was continuous. God 
“o o~ srdained the course of transmutation at the 


of ereation.had no further need to interfere in 
sity. A German critic and translator, Karl 
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Vogt, remarked that the God of the Vestiges is a very 
British constitutional monarch, who first lays down laws 
and then pledges himself not to interfere with their 
operation, All changes in the universe were preordained 
by laws fixed at the moment of creation. 

Chambers had a modest competence as a geologist, but 
in most topies his naive uncritical credulity stimulated 
pertinent and destructive criticism. The Cambridge 
professor of geology, Adam Sedgwick, thundered for nearly 
90 pages in the July 1845 number of the Edinburgh 
Review, which Darwin read “with fear and trembling, but 
was well pleased to find that I had not overlooked any 
of the arguments”. Sedgwick’s review drew a response 
from Chambers in Explanations in which he reviews and 
defends his argument, showing great technical skill and 
grasp of his wide-ranging source material, Tt is a pity the 
re-publication of Explanations has not been undertaken, 
because Chambers appears in it in a much more favourable 
light. Sedgwick’s obsession with Vestiges led to his famous 
fifth edition of his Discourse on the Studies of the University 
of Cambridge, preceded by a preliminary dissertation of 
342 pages and followed by an appendix of a further 227 
pages. (The discourse itself occupies a mere 94 pages, ) 
We know that Darwin read this extremely forceful eriti- 
cism of the idea of transmutation by August 12, 1850, 
He annotated his copy very fully and returned in 1856 
to make further annotations and extracts im preparing 
to write the Origin in its first lengthy version. There is 
no doubt that Darwin observed Sedgwick’s shrewd hits 
and sought to armourplate his own arguments at the weak 
spots revealed in Chambers. In short, the Vestiges proved 
invaluable to Darwin when planning his strategy. This 
reprinting of the first edition of Vestiges is accordingly a ` 
most welcome event. May we now have its sequel. the 
Explanations ? SYDNEY ŠMITH 
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FISH PHYSIOLOGY 


Olfaction in Fishes 

By Herman Kleerekoper. Pp. viii+ 222. (Indiana Univer- 
sity Press: Bloomington and London, June 1969.) 
$12.50. 

Mr KLEEREKOPER reviews comprehensively the literature 
of significance produced during the past hundred years on 
olfaction in fishes. The significance of olfaction in the 
behaviour has, as the author states in the preface, been 
documented in scattered papers over many years. Many 
have been overlooked or forgotten; the author has now 
made them readily available. He also summarizes 
expertly recent electrophysiological and electron micro- 
scope work which has given a new insight into the under- 
standing of the olfactory system. 

Chapter one is an account of the morphology and func- 
tion of the olfactory organ in fishes. The outline of the 
development of the olfactory organs in different fishes 
reminds us that there is still speculation whether mono- 
thiny was a primary or secondary development and 
that the single olfactory groove of cyclostomes is not 
homologous with Kollicker’s groove in Branchiostoma 
and does not constitute a phylogenetic link to the 
olfactory organ of higher vertebrates. This chapter is 
equally stimulating in its treatment of the origin of the 
olfactory epithelium, and olfactory cells. Mention is 
made of acute sensitivity of olfaction in fishes, not only 
in the pereeption of very minute concentration of odours 
at molecular level, but also in the discrimination of 
odours in mixtures of smells. It is distressing to learn 
that the chemical make-up of biologically important 
smells is largely unknown. It is thus not possible to 
determine thresholds in the physiological sense because 
to do this we would need to know the molecular identity 
of the smell and its concentration in the mixture. The 
amount of work that needs to be done is enormous, but 
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the benefit to our fisheries of the future would justify 
this. Though in the list of authors E. E. Jones is said to 
be referred to on page 105, he is unfortunately missing 
from the table (pages 104/105) and the text. 

A list of theories about the function of the olfactory 
sense in fishes is followed by the conclusion of the author 
that a combination of a number of mechanisms which he 
has outlined may form the basis of olfactory perception. 
In fact, as Sain-Hilaire said in 1825, “with respect to 
olfaction, physiology merely notes the phenomenon 
but does not explain it”? may still be true though we are 
now nearer to arriving at some explanations. 

The second chapter deals with behavioural responses 
of fish to olfactory stimulation, in particular in relation 
to feeding, social behaviour, defence, parental behaviour 
and orientation. The homing behaviour of salmon is 
discussed adequately, though regrettably no mention is 
made of Scottish work on this topic. It is said that 
eels taken from water and released in wet grassland are 
able to travel towards the nearest body of water without 
visual aid over considerable distances. I would like to 
see a repeat of these experiments. 

In the appendix there is a fascinating account of some 
of the ingenious methods used by the author for ob- 
serving and recording locomotor pattern in fishes. 

I thoroughly recommend this excellent book to all 
fishery biologists, as many of us pay too little attention 
to the physiology of fishes. In this book there may be 
answers to many of our management problems, especially 
those concerning salmonids. J. W. JONES 


BREEDING OF MAMMALS 


The Ecology of Reproduction in Wild and Domestic 
Mammals 

By R. M. F. 5. Sadleir. Pp. xii +321. (Methuen: London, 

April 1969.) 75s. 


Dr Saper has the commendable aim of bringing together 
the ecologist and physiologist in the hope that such an 
academic union would lead to greater understanding of 
the breeding of mammals. The first four parts of his book 
deal with the influence of nutrition and of the physical 
environment (ambient temperature, day length, altitude, 
precipitation) on four aspects of the reproductive life of 
mammals—puberty, breeding seasons, pregnancy, and the 
immediate post-natal period. A fifth part is concerned 
with the role of social factors in mammalian reproduction, 
and the sixth, comprising just two and a half pages, deals 
with “Human Interference”. 

Sadleir makes it clear that complex ecological problems 
are amenable to experimental investigation, and it is 
apparent that in future work greater attention should be 
given to R, A. Fisher's view that very often Nature will 
only answer clearly when several questions are asked 
simultaneously. The numerous graphs and tables empha- 
size the quantitative approach but do not always have 
adequate captions and are sometimes insufficiently 
discussed. There has been some sacrifice of analysis in 
depth for the less critical presentation of numerous 
examples. Naturally we are told a good deal about the 
significance of the various physical and biotic factors for 
reproduction in rats, mice, voles of one sort or another, 
lemmings, muskrats and ferrets, besides a host of other 
mammals. The taxonomie index is three pages long. But 
what I found particularly valuable was the presentation 
of the results of important, interesting, thorough work 
done in Australia on the physiological ecology of sheep, 
rabbits, and, especially satisfying, several species of 
kangaroo. It becomes clear that intensive study of the 
manner in which the physical environment in northern 
temperate regions influences, for example, seasonal 
breeding may have little relevance in general and in 
detailed terms to the biology of mammals (such as 





1283 


kangaroos) living in more arid zones closer to the equator. 
The book is written enthusiastically if somewhat 
inelegantly, and has a number of minor errors and ambi- 
guities which detract from the author’s admirable purpose. 
Thus we have gestinin for genistein; parameter for factor, 
effect or event; correlation confused with regression; 
“blood values” for I do not know what; Ba and 
Ranson conducting their important vole experiments at 
5° F rather than at 5° C. On page 96 the ferret is errone- 
ously bracketed with the sheep as a short day animal, im 
spite of extensive evidence quoted earlier that its sexual 
development is hastened by lengthening days. Sadleir 
is inclined to write involved sentences such as (page 227), 
“These two extremes are thus of a direct and indirect 
effect. of the nutritional regime on lactation effectiveness”, 
which I simply cannot understand. Yet the cverall aims 
and achievements of the book are important. The ecolo- 
gist and the physiologist will be reminded of the poasibility 
for an experimental approach to the complex problems of 
mammalian ecology, while at the same time having a 
convenient, comprehensive summary of the ecology of 
reproduction. JOHN CLARKE 








BREAKDOWN OF HERBICIDES 


Degradation of Herbicides 
Edited by P. C. Kearney and D. D. Kaufman. Pp. xi+ 
394. (Dekker: New York, April 1969.) $18.75; 178s. 


THE persistence of pesticides has occasioned widespread 
public concern and the appearance of this volume is 
therefore opportune. In twelve chapters, specialists have 
explored the contributions of the many factors responsible 
for the disappearance from the environment of all the 
principal types of herbicides. Careful editing has ensured. 
that the fates of chemical substances of different types in 
soil, plants and animals can be readily compared, for, with 
minor variations, each chapter is arranged in the form: 
introduction; chemical properties; degradation in vivo: 
conclusions. The final chapter is different, being devoted 
to the subject of photodecomposition. 

Several authors refer to the still fragmentary nature of 
information about the fate of herbicides and especially of 
data relating to the relative contribution, for individual 
compounds, of physico-chemical factors (volatilization, 
leaching, hydrolysis, photodecomposition) and of enzymatic 
degradation by soil organisms or by enzymes in higher 
plants. Many of the steps leading to biochemical degrada- 
tion and conjugation often, but not always, resemble the 
systems present in animals. The processes of N-dealkyla- 
tion and of aromatic ring hydroxylation, for example, are 
strikingly similar to those brought about by microsomal 
systems in animals, at least one of the dealkylation systems 
being NADPH-dependent. Whether the rate at which 
biochemical degradation of herbicides proceeds in tolerant 
plants is sufficient to provide significant short-term pro- 
tection is, however, doubted by more than one contributor. 

Information contained in this volume will also assist 
workers concerned with the causes of selective toxicity 
and, to a lesser extent, those interested in the mode of 
action of herbicides. For example, considerable evidence 
suggests that sensitive plants metabolize certain herbicides 
less rapidly than do tolerant species, but, as a comparison 
of the contents of the first eleven chapters demonstrates, 
this is by no means always the case. One author suggegts 
that selectivity, as well as depending on such obvious 
factors as uptake and distribution, may be more related 
to the time which elapses before significant metabolism 
begins than to the extent or route of the metabolism once 
it has commenced. For several herbicides, no well defined 
biochemical degradative route has yet beén discovered in 
higher plants. 

Degradation in soil is, for some herbicides, more impor- 
tant than their degradation within plants. In this con- 
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nexion, comparisons have frequently been made between 
the rates of breakdown in autoclaved and untreated soils. 
Several authors indicate the need for caution when inter- 
preting data so obtamed, for whereas re-inoculation of 
sterilized soil sometimes restores the rate to that in 
untreated soil, this is not always the case and, for several 
groups of compounds, there is some possibility that auto- 
claving may significantly alter the rate at which decom- 
position occurs by non-biological mechanisms. 

This volume should prove valuable not only to those 
directly concerned with environmental contamination. but 
also to many biochemists, microbiologists and soil scien- 
tists. It is, in general, well written and the subject matter 
clearly presented. Few typographical errors were noticed, 
but the price seems somewhat high for a book containing 
less than 400 pages. K. A. HASSALL 


Correspondence 


Immunity against Cancer 


Sizn,—-In your issue of September 6 you published an 
interesting and beautifully carried out piece of work by 
aus and Chen, headed “Immunization of Mice 
Shrlich Ascites Tumouryusing a Hamster/Ehrlich 
Accit Tumour Hybrid Cell Line” (223, 1018; 1969). 
The technique used was elegant in the extreme, but the 
conclusion, that mice can be immunized against an old 
homograft like the Ehrlich tumour, was reached by other 
workers many years ago. Half a century of painstaking 
research (Hauschka, T. S., Cancer Research, 12, 615; 1952) 
has shown that imrnunity to homografts cannot be equated 
with immunity to cancer. It is therefore most unfor- 
tunate that the perfectly correet title of Dr Watkins's 
paper was transmuted to “Immunization against cancer’ 
on the front cover of Nature. 

In the seventeen years since Hauschka’s review, 
chemically induced and virus induced tumours have been 
shown to be antigenic in inbred mice, but this more 
recent work in no way invalidates the earlier conclusions 
about the use of homografts in cancer research. 

While it is true that, if human tumours contain tumour 
specific antigens, Watkins and Chen’s technique could be 
used, it is difficult to see what advantage their complex 
approach would have over the use of heavily irradiated 
cells, which have been used in experimental systems since 
1910 and which were tried on patients a decade later. 

Yours faithfully, 
OLIVER SCOTT 












British Empire Cancer 
Campaign for Research, 
Research Unit in Radiobiology, 
Mount Vernon Hospital, 
Northwood, Middlesex. 





Sir,-I do not wish to comment on the first two para- 
graphs of Dr Seott’s letter which, as the grounds of a 
private quarrel between him and yourself, are none of 
my business. However, [ should like to reply to his last 
paragraph. 
1, Our approach is not. complex. 
and conceptually very simple. 
2. The logic behind the use of heavily irradiated cells in 
* the immunotherapy of tumours is not very sound. 
There is little evidence of an immunological oe 
to human malignant tumours (but see, for example, 
Lewis et al., ref. 1), so that it is not surprising that the 
injection of heavily irradiated cells from a tumour does 
not lead to an effective immune response. 
3. The advantages, if any, of using hybrid cells in therapy 
would derive from the following argument. Ifa human 
tumour has “weak” transplantation antigens, it may 


It is both technically 
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be possible to provoke an immune Sea to them by 
introducing into cultured tumour cells, by hybridiza- 
tion, new and highly foreign antigenic determinants, in 
the hope that the immune response to the new de- 
terminants may extend to the weak tumour antigens. 
The results of our experiments with Ehrlich ascites 
tumour cells, which have been known for seme time 
to contain weak transplantation antigens, provide 
some experimental justification for the idea. 


As Dr Scott points out, immunotherapy with heavily 
irradiated tumour cells has been tried since 1920. The 
chief argument against this form of therapy is that it 
does not work; the only argument in favour of trying 
immunotherapy with hybrid cells is that it may work. 
On the other hand, of course, it may not. If it was 
reasonable to try heavily irradiated ‘cells cinucaly. it 
must be equally reasonable to try hybrid cells—unless 
Dr Scott has some better suggestions to offer—as a Possible 
adjunct to radiotherapy, chemotherapy and surgery, 

Yours faithfully 


J.F. W ATKINS 
Sir Witham Dunn School of Pathology, 
Oxford. 
1 Lewis, M, G., Tkonokisov, R, L., Naira, R. €., Phillips, T. M., Fairley, G. AL, 





Bodonbam, D. ©., and Alexander, P., Brit. Med. J., 3, 547 (969). 


University News 


Dr J. A. Owen, Alfred Hospital, Melbourne, has been 
appointed to the chair of chemical pathology at St 
George’s Hospital Medical School, University of 
London. 

Dr H. M. Power, University College, Dublin, has been 
appointed first professor of control engineering in the 


department of electrical engineering, University of 
Salford, 
Announcements 


The Ramsay Memorial Fellowships trustees have 
made the following awards of new fellowships in chemistry 
for the year 1969-70: a general (British) fellowship to 
Dr D. B. Sheen (University of Leeds); a Glasgow fellow- 
ship to Dr E. W, Colvin (University of Glasgow): a 
Canadian fellowship to Dr M. F. Techir (the Royal 
Institution); a Japanese fellowship to Dr M. Koiwa 
(University of Oxford); a Spanish fellowship to Dr F. 
Hernandez Cano (University of Manchester Institute of 
Science and Technology); and a United States fellow ship 
to Dr P. R. Certain (University of Manchester). 


Dr J. S. Kirkaldy, professor of metallurgy and materials 
science at McMaster University, Canada, is to be pre- 
sented with the 1969 Henry Marion Howe Award of 
the American Society of Metals, for his paper published 
in ASM Transactions. 


Mr D. A. Oliver, CBE, 





director of research at the BSA 









Group Research Centre, Birmingham, has been selected 
to receive honorary membership in the American 


Society of Metals. 


Dr G. Curzon, Institute of Neurology, London, has been 
awarded a prize by the Anna-Monika- Stiftung of 
West Germany in recognition of his work on the relation- 
ship between brain serotonin and adrenocortical secretion. 
and its possible significance in depressive illness 


Erratum. In the article “Cytosine Derived Heteroadduct 
Formation in Ultraviolet-irracdiated DNA” by Varghese 
and Patrick (Nature, 223, 299; 1969), the second sentence 
of the acknowledgments should have read: ‘This work 
was supported by two US Publie Health Service grants 
from the National Tnstitutes of General Medical Sciences, 
and a grant from the Bureau of Radiological Health”, 
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Erratom. In the article “Non-Darwinian Evolution: 
Consequences for Neutral Allelie Variation” by N. 
Arnheim and C. E. Taylor (Nature, 223, 900; 1969) the 
function (3) should be 


1 
4Neu | (1 e)N = lerde 
aN 
On page 902, left-hand column, line 18 from below, read 
“Poisson distributions” instead of “Poisson distributors”; 
and in line 9 from below, read y?= 6-25; Idf, 0025> 
P> ool, 


International Meetings 


October 1, New Techniques in Materials Analysis, 
Teddington (Mr A. J. Eden, AEI Scientific Apparatus, 
Ltd, East Lane, Wembley, Middlesex, UK). 


October 7-9, Exhibition of Chemical Laboratory 
Equipment, Manchester (Dr M. R. Harris, Chemistry 
Department, Salford University, Salford, Lancashire, UK). 


November 11-14, Neutrons in Radiobiology, Oak 
Ridge (UT-AEC Agricultural Research Laboratory, 1299 
Bethel Valley Road, Oak Ridge, Tennessee 37832, USA). 


November 12-14, Accelerator Dosimetry and Ex- 
perience, Stanford (Dr R. ©. McCall, Stanford Linear 
Accelerator Center, Stanford, California 94305, USA). 


December 1-3, Image Storage and Transmission for 
Libraries, Gaithersburg, Maryland (Madeline M. Hender- 
son, Center for Computer Sciences and Technology, 
National Bureau of Standards, Room B226-Instr., Wash- 
ington DC 20234, USA). 

December 17-18, Structural Joints between Precast 
Concrete Elements, Cardiff (Andrew Stroud, The Con- 
crete Society, Limited, Terminal House, Grosvenor 
Gardens, London SW1). 


January 7-8, Calculation and Applications of Matrix 
Eigenvalues and Eigenvectors, Manchester (Secretary 
and Registrar, The Institute of Mathematics and its 
Applications, Maitland House, Warrior Square, Southend- 
on-Sea, SS1 2S Y, UK). 

January 12-16, Automotive Engineering Congress 
and Exposition, Detroit (W. I. Marble, Society of 
Automotive Engineers, 2 Pennsylvania Plaza, New York, 
NY 10001, USA). 

January 25-30, Winter Power Meeting, New York 
(Technical Conference Services, [EEE Headquarters, 345 
East 47th Street, New York, NY 10017, USA). 

January 26-29, Meeting of the American Physical 
Society, Chicago (Dr W. W. Havens, jun., American 
Physical Society, 335 East 45th Street, New York, NY 
10017, USA). 

January 27-29, 3rd Automatic Laboratory Techniques 
Exhibition, London (Maureen Duck, Pressaids, Ltd, 5 
New Bridge Street, London EC4). 

January 27-29, Reliability Symposium, Los Angeles 
(Mr W. R. Abbott, D-60-01/B104, Lockheed Missile and 
Space Company, POB 504, Sunnyvale, California 94022, 
USA). 

February 1-6, Winter Meeting of the American 
Society for Testing and Materials, Cincinnati (Ameri- 
can Society for Testing and Materials, 1916 Race Street, 
Philadelphia, Pa 19103, USA). 

February 1-14, Alcoholism and Drug Dependence, 
Sydney (P. Diehm, Foundation for Research and Treat- 
ment of Alcoholism, PO Box 3284, Sydney, Australia 
2001). 

February 3-7, Winter Construction, Alberta (Mr M. K. 
Ward, Secretary, Winter Construction Symposium, ejo 
National Research Council of Canada, Ottawa 7, Ontario, 
Canada), 
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February 16-21, Handling of Nuclear Science In- 
formation, Vienna (International Atomic Energy Agency, 
Kartner Ring 11, A-1010 Vienna, Austria). 


February 22~March 1, Animal and Plant Toxins, Tel- 
Aviv (Planning Committee, 2nd International Symposium 
on Animal and Plant Toxins, POB 16271, Tel-Aviv, 
Tsrael). 


March 1-6, 1970 Pittsburgh Conference on Analytical 
Chemistry and Applied Spectroscopy, Cleveland 
(Robert Manier, Koppers Company, Inc., 440 College 
Park Drive, Monroeville, Pa 15146, USA). 


March 2--5, Physics Exhibition, London (Exhibitions 
Officer, The Institute of Physies and the Physical Society, 
47 Belgrave Square, London SW1). 


March 2-14, Use of Epidemiological Techniques in 
Cancer Research, Lyon (Centre International de 
Recherche sur le Cancer, 16 Avenue Maréchal-Foch, 69 
Lyon 6eme, France). 


March 9-11, 10th International Scientific Meeting on 
Space, Rome (Secretariat, Rassegna Internazionale Elet- 
tronica Nucleare e Teleradiocinematogratfica, Via Crescen- 
zio 9, 00193 Rome, Italy). 


March 16-19, 17th International Scientific Congress 
on Electronics, Rome (Scientific Cormmittee, 17th Inter- 
national Congress on Electronics, Via Crescenzio 9, 00193 
Rome, Italy). 


March 17-19, Electrical Methods of Machining, Form- 
ing and Coating, London (Conference Department, The 
Institution of Electrical Engineers, Savoy Place, London 
WC2). 


March 17-20, Management and Economics in the 
Electronic Industry, Edinburgh (Conference Depart- 
ment, The Institution of Electrical Engineers, Savoy 
Place, London WC2)}. 


March 31-April 2, Submillimetre Waves, New York 
(J. Foxe, Executive Secretary, Polytechnic Institute of 
Brooklyn, MRI Symposium Committee, 333 Jay Street, 
Brooklyn, NY 11201, USA). 





Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of families about to 
take up periods of sabbatical leave. To begin with, 
no charge will be made for advertisements like this. 
It is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


Wanted: Furnished house or apartment in the 
area of St Albans, Hatfield, Welwyn Garden City, 
Harpenden, by university professor, wife and 3 
daughters for the period February I-July 31, 1970. 
Please contact Dr L. A, McFadden, Botany Depart- 
ment, University of New Hampshire, Durham, New 
Hampshire 03824, USA. 

Wanted: For scientist and wife, from January 
1970, for 1 vear, a furnished house within reach of 
the University of Neweastle upon Tyne. Please 
contact Dr J. T. Evans, 10 Troyes Street, Deep 
River, Ontario, Canada. 






+ 






Wanted: For Australian scientist and wife, fur 
nished accommodation with access to Royal College 


of Surgeons, Lineoln’s Inn Fields, from Janu 
December 1970. Please contact Dr ©. Bell 


Institute of Animal Physiology. Babraham, Cari- 
bridge. 
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British Diary i, 


Monday, September 22 


European Phage Meeting (three-days), University of Sussex, Brighton. 


Fifth International Cystic Fibrosis Research Association Conference 
(five-days) at Churchill College, Cambridge. 


Plasma Turbulence (two-day conference) Institute of Physics and the 
Physical Society, at the University of Manchester Institute of Science 
and Technology, 


The Problem of Rolling Stock Cleaning in Works or Depots; and 
Evaluation of Cleaning Processes in B.R. Vehicle Repair 
Activities (6 p.m.) Institution of Mechanical Engineers, at 1 Birdcage 
Walk, London W1, 


Tribology in Iron and Steel Works (five-day conference) Institution of 
Mechanical Engineers, Tribology Group; and the Iron and Steel 
Institute, at the Royal Lancaster Hotel, London W2. 


Use of Cyclotrons in Chemistry, Metallurgy and Biology (two-day 
conference) AERE Harwell, at St. Catherine's College, Oxford, 


Tuesday, September 23 


Autumn Meeting (three-days) Chemical Society, at the University of 
Southampton. 


Biosocial Aspects of Sex (two-day symposium) Eugenics Society, at the 
Zoological Society of London, London NW1. 


Industrial Ultrasonics (three-day conference) Institution of Electronic and 
Radio Engineers, at Loughborough University of Technology. 


The Solution Properties of Polyvinyl Pyrrolidone (6 p.m.) Prof W. Bur- 
chard, Society of Chemical Industry, Plastics and Polymer Group, at 
14 Belgrave Square, London SW1. 


Thermophiles (10 a.m. symposium) Society of Chemical Industry, Micro- 
biology Group, at University College London, Gower Street, WC1. 

Vertebrate Palaeontology and Compar&tive Anatomy (two-day sympo- 
sium) University of Newcastle upon Tyne. 

What is the Value of Data Sheets to the Mechanical Engineer ? (6 p.m. 


discussion) Institution of Mechanical Engineers, Applied Mechanics 
Group, at 1 Birdcage Walk, London, SWI. 


Wednesday, September 24 


Applications of Atomic Absorption Spectroscopy (11 a.m.}, Society for 
Analytical Chemistry; and the Royal Institute of Chemistry, at the 
University of Bristol. 


Flavour-Contributing Substances in Food: Formation, Composition 


and Assessment; Society of Chemical Industry, Food Group, at 
Imperial College, London SW7. 


Fluid Mechanics and Measurements in Twe-Phase Flow Systems 
(two-day symposium) Institution of Mechanical Engineers; and the 
Institution of Chemical Engineers, at the University of Leeds. 

insect Ultrastructure (two-day symposium) Royal Entomological Society of 
London, at Imperial College, London SW7. 


Nuclear and Elementary Particle Physics (three-day conference) Institute 
ef Physics and the Physical Society, at the University of Sussex. 

Pipes and Joints (6 p.m. discussion) Institution of Mechanical Engineers, Fluid 
Plant and Machinery Group, at 1 Birdcage Walk, London SWI. 


Recent Advances in Water-borne Coatings (two-day symposium) Oil and 
Colour Chemists’ Association, at the University of Manchester Institute 
of Science and Technology. 


Research Symposium (two days) Botanical Society of nburgh, at the 
West of Scotland Agricultural College, Auchincruive, Ayr. 








Thursday, September 25 


Applications of Silicas and Silicates in the Paint and Printing Ink 
Industry (7 p.m.) Mr L. Muller-Fokken and Mr B. Stett, Oil and 
Colour Chemists’ Association, at the Manor Hotel, Datchet, Bucks. 

Cytochrome p-450; Hormonal Action at Cellular Level; Lysosomes and 
Disease (two-day meeting) Biochemical Society, at University College, 
Cardiff. 


Engineering Geology and Regional Development (three-day mecting) 
Geological Society of London, at the University of Strathelyde. 
The Optimum Population for Britain (two-day symposium) Institute of 


Biology, at the Royal Geographical Society, Kensington Gore, London 
Sw, 


HOW TO BUY NATURE 


Volumes start in January, April, July and October, but subscriptions 

may begin with any issue. 

The direct postal price per subscription for one copy of NATURE 
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“12 MONTHS (52 issues and 4 indexes) 

Great Britain and Eire 
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£14.0.0 each 
(by air freight) $48 each 
(by air freight) 
Elsewhere overseas by surface mail 


(Charge for delivery by air mail on application) 


*Shorter periods pro rata. 


(Minimum three months.) 
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The United Nations and Its Peace-Keeping Operations (7.45 p.m.) 


MEWS J. Barnes, H. G, Wells Society, at Imperial College, London 
SW7. 


“X-ray Fluorescence and Emission Spectroscopy in Steelworks Analysis 


Competitive or Complementary? (4 p.m.) Mr K. M. Bills, 
Society for Analytical Chemistry, at Motherwell Technical College, 
Motherwell. 


Friday, September 26 


The Shapes of Small Molecules (11.15 a.m. informal discussion) Inorganic 
Chemistry Laboratory, South Parks Road, Oxford. 


Saturday, September 27 


Annual Exhibition (Amateur Entomologists’ Society) Holland Park School, 
London W8. 


The Structure and Function of Cell Walls and Cell Membranes (six-day 
conference) Biochemical Society, at Wye College, near Ashford, Kent. 


Reports and Publications 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Northern Ireland: Ministry of Agriculture. Leaflet No, 62: Tree Planting. 
Pp. 16. (Belfast: Ministry of Agriculture, 1969.) 188 

Department of Education and Science and the British Council. Scientific 
Research in British Universities and Colleges, 1968-69. Vol. 1: Physical 
Sclonces, Pp. xx +612. (London: HM Stationery Office, 1969.) 65s. 
net. 188 

Building Research Station. Current Paper 18/69: Dimensional Variations 
in Light Steel Frames. By R. M. Milner. Pp. 8. (Garston, Watford: 
Building Research Station, 1969.) Gratis. 198 

Building Research Station. Current Paper 16/69: Activity Sampling on 
Building Sites. By A. J. Stevens. (Reprinted from Work Study, 1969, Vol. 
18 (2), February.) Pp. & (Garston, Watford: Building Research Station, 
1969.) Gratis, 208 

Department of Education and Science and the British Council, Scientific 
Research in British Universities and Colleges 1968-1969. Vol. 2: Biological 
Sciences. Pp. xxi+ 543. (London: H.M. Stationery Office, 1968.) 62s. 6d. 
net. 208 

Forestry Commission. Kilmun Arboretum and Forest Plots, near Dunoon, 
Argyll. Pp. 8 2s, 6d. net. Leaflet No. 16: Larch Canker and Dieback, 
By ©, W. T. Young. Pp. 8 1s. 6d. net, Leaflet No. 51: Chemical Control 
of Weeds in the Forest. By J. R. Aldhous. Second edition. Pp, 49. 4s. net, 
Booklet No. 25: Forests of Central and Southern Seotland. By Herbert L. 
Edlin. Pp. vi+ S86 (46 plates) 12s. Gd. net. (London: HM Stationery 
Office, 1969.) 218 








The Grassland Research Institute. Annual Report 1968. Pp. 172, 
(Hurley, near Maidenhead: The Grassland Research Institute, 1 Thee 
15s. [25 


Other Countries 


Annals of the New York Academy of Sciences. 


Vol. 16, Article 1: High- 
Energy Radiation Therapy Dosimetry. 


By J. S. Laughlin and 56 other 





authors. Pp. 1-370. (New York Academy of Sciences, 1969.) S18. {188 
Annals of the Carnegie Museum, Vol. 40: The Tertiary Non-Marine 
Molusca of South America, By Juan J. Parodz. Pp. 242. (Pittsburgh: 


Carnegie Museum, 1969.) {188 

International Atomic Energy Agency. Annual Report of the Board of 
Governors to the General Conference, 1 July 1968-30 June 19690. Pp. 59. 
The Agency’s Budget for 1970. Pp. 71. (Vienna; International Atomie 
Energy Agency, 1969.) (188 

FAO-WHO-OITE. Animal Health Yearbook 1968. Pp. vis 330. (Rome: 
FAO; London: HM Stationery Office, 1969,) $5.50: 285, f188 

Republic of South Africa, Department of Industries. Division of Sea 
Fisheries Investigational Report No. 71: The Rock Lobster of the South 
African West Coast Jasus lalandii (H. Milne-Edwards). 2: Population 
Studies, Behaviour, Reproduction, Moulting, Growth and Migration. By 
A. E. F. Heydorn. Pp. 52. (Sea Point, Cape Town: Division of Sea 
Fisheries, 1969.) [208 

World Health Organization. Technical Report Series, No. 424; Develop- 
ments in Fertility Control-—-Report of a WHO Scientific Gromp. Pp. 36, 
3 Sw. francs; 68.5 $1, No, 427; Biochemistry of Mental Disorders— 
Report ofa WHO Scientific Group. Pp. 40. 3 Sw. f 6s,; S41, (Geneva: 





































World Health Organization; London: HM Stationer 1969.) {218 

New Zealand. Report of the National Research Advisory Coancil for the 
year ended 31 M 1 10690, (H. 41.) Pp. 26. (Wellington: Government 
Printer, 1969.) N 20. {218 
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“Mili CIHR QO MIE’ 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount, Lipid crimson, Matamount, 
May-Griinwaid, Leishman, Giemsa, Toluidine blue, Cresyl fast violet, 
Papanicolaou stains, Thioflavine S, Brilliant cresyl blue, Nile blue, 
Pyronin Y, Trifalgic acid, Rhodanile blue, Haplo, etc. 


CATALOGUE AVAILABLE ON REQUEST 


DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 


are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
testing processes you are invited to contact 


EDWARD GURR LIMITED 


for supplies. 
We hold stocks of an enormous variety of dyes, ready for immediate 
despatch, including: 


Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue, 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p-Ethoxy- 
chrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green, etc. 


INDUSTRIAL RESEARCH ESTABLISHMENTS 


are invited to make use of our professional services as 
consultants o7 the selection and use of dyes as research 
and production tools. 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, S.W.14 
Cables: Micramlabs London SW14. Telephone: 01-876 82289 
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` Just Published: September 1969 Volume 20 


ANNUAL REVIEW 
OF PHYSICAL 
CHEMISTRY 


.. . prepared by well-known investigators in each 
special field for those engaged in teaching and 
research. Each review endeavours to coffer a critical 
appraisal of current research on the subject. 
Editors: 
H. EYRING, C. J. CHRISTENSEN, H. 8. JOHNSTON 


Editorial Committee: 
H. EYRING, H. GUTOWSKY, W. KAUZMANN, 

V. W. LAURIE, S. A. RICE, G. W. ROBINSON, J. ROSS 
Contents: $20 pages 
Fifty Years of Physical Chemistry in Great Britain 

7 R. G. W. Norrish 
Topics in Méssbauer Spectroscopy...... D. A, Shirley 
Electrochemistry .............6.0004 Andrew Patterson, Jr, 


Solutions of Nonelectrolytes 
Robert L. Scott and David V. Fenby 


Microwave Spectroscopy 
Yonezo Morino and Fizi Hirata 


Elementary Gas Reactions... Frederick Kaufman 
Theories of Liquids...... G, A. Neece and B. Widom 


Isotope Effects.......0.0 cece Max Wolfsberg 
Intermolecular Forces............... Christoph Schlier 
Electron Spin Resonance............ M. C. R. Symons 


Optical Activity...... Craig Deutsche, David Lightner, 
R. W. Woody, and Albsrt Moscowitz 


Shock Tube Technique in Chemical Kinetics 
R. Linn Belford and Roger A. Strehiow 


Electronic Spectroscopy by Electron Spectroscopy 
R. Stephen Berry 


Vibrational Spectroscopy.......... Arthur G. Maki, Jr. 
Cosmochemistry i 
James R. Arnold and Mans E. Suess 
Quantum Theory of Structure and Dynamics 
Leland C, Allen 





Keep lenses and 





Clothbound, with subject, author, and cumulative 
indexes, All back volumes available, 


Price postpaid: $8.50 (U.S.A.); $9.00 (elsewhere) 


the problem with 


GREEN’S 
lens tissues 


optical systems 
immaculately 
clean and clear 
by employing 


Green’s Lens Tissue 








Effective Jan. 1, 1970 the prices will be increased 
to $10.00 and $10.50 respectively (inclusive of 


back volumes). All orders for Volume 26 and 
past editions postmarked prior to Jan. 1, 1970 
will be honored at the current price. « 


...a pure, 
top quality 
tissue especially made for the job. 
Publisher: 


ANNUAL REVIEWS, INC. 


4139 El Camino Way, Palo Alto, Calif. 94306, U S.A 


Write for free sample booklet N/105 to: 


J. Barcham Green Ltd 


Hayle Mill, Maidstone, Kent. 
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CSIRO 


CORROSION 
CIENTIST 


AUSTRALIA 


DIVISION OF MINERAL CHEMISTRY 


GENERAL The Division of Mineral Chemistry, a component Division of the Chemical 
Research Laboratories of the Commonwealth Scientific and Industrial Research 
Organization, comprises two major laboratories located at Port Melbourne, Victoria, 
and North Ryde, N.S.W. 


Research interests are in the fields of Fuel Chemistry, Geo-Chemistry, Inorganic 
Chemistry, Metallurgical Chemistry and Physical Chemistry. The appointment will 
be located at North Ryde, N.S.W. 


DUTIES The appointee will be required to study ferrous metal dissolution in the 
context of mineral beneficiation using the techniques of corrosion science or electro- 
chemical kinetics. The position would suit a physical chemist or metallurgist with 
postgraduate research experience and an aptitude for developing a fundamental 
approach to applied problems. 


QUALIFICATIONS Applicants should have a Ph.D. degree in an appropriate 
field or postgraduate research experience of an equivalent standard and duration, 
supported by satisfactory evidence of research ability. 


SALARY Depending upon qualifications and experience, the appointment will be 
made within the salary range of Research Scientist, £A5,321-£A6,693 pa. Salary 
rates for women are £A428 p.a. less than the corresponding rates for men, Promotion 
within CSIRO to a higher classification is determined by merit. 


CONDITIONS The duration of the appointment will be determined in consul- 
tation with the successful applicant, some applicants may prefer a fixed term appoint- 
ment for three years. The appointment will be conditional upon passing a medical 
examination and an initial probationary period of twelve months may be specified. 
An indefinite appointment carries with it Commonwealth Superannuation Fund 
or Provident Account privileges. Fares paid for the appointee and his dependent 
family. Further particulars supplied on application. 


Applications, (quoting Appointment No, 601/97), and stating full name, place, 
date, and year of birth, nationality, marital status, present employment, details of 
qualifications and experience, together with the names of not more than four persons 
acquainted with the applicant's academic and professional standing, should reach = 


Mr. R. F. Turnbull, 
Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64, Kingsway, LONDON, W.C.2. 
by the 77th October, 1969. 


Applications in U.S.A. and Canada should be sent to The Scientific Attaché, Australian 
Embassy, 1601 Massachusetts Ave. NW, WASHINGTON DC 20036. 


(1005) 





AGRICULTURAL RESEARCH INSTITUTE OF NORTHERN IRELAND 
HILLSBOROUGH, CO. DOWN 


ASSISTANT EXPERIMENTAL OFFIGER 


Applications are Invited for the Post of Assistant Experimental Officer to 
assist with experimental work with animals. Candidates should possess 
either a pass degree in agriculture or the N.D.A. Previous experience 
involving work with animals is desirable. 


Salary scale: £809 (at age 20) to £1,454, Further particulars and applica- 
tion forms may be obtained from the Secretary of the Institute to whom 
applications should be submitted by Monday, October 13, 1969, 

(i030) 
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UNIVERSITY OF EDINBURGH 


NEURGPHARMACOLCGICAL 
RESEARCH 


GRADUATE 


required to assist in research inte the 
pharmacology of single cells in the brain. 
Study for degree of M.Sc. or Ph.D. will 
be encouraged. 


Initial Salary: £1,050 per annum, 


Applications, with curriculum vitae, the 
names and addresses of two referees, a 
Statement of academic interests and any 
other relevant information should be sent 
as soon as possible to Dr M. H. T. 
Roberts, Neuropharmacology Laboratory, 
Department of Psychiatry (Royal Edin- 
burgh Hospital), Morningside Park, Edin- 
burgh, EH10 SHF. Please quote reference 
5027/53. (1032) 





HUNTING GEOLOGY AND 
GEOPHYSICS LIMITED 


GEOLOGISTS 


The continued expansion of the Com- 
pany has created vacancies for Geologists, 
for which applications are invited. 

Candidates should have a good honou-s 
degree in geology with some postgras‘uate 
experience, be aged 22 to 35, have 
experience in mapping in basement areas 
and have knowledge of one or more of 
regional and detailed mapping, mineral ex- 
ploration, photogeological techniques, geo- 
chemistry, hydrogeology or engineering 
geology. 

The work will entail periods overseas 
alternating with employment in U.K. and 
will be on a contract basis with possi- 
bilities for transfer to the permanent staff. 
Applications stating relevant details should 
be sent to: 


The Personnel Manager, 

HUNTING SURVEYS & 
CONSULTANTS LIMITED, 

6 Elstree Way, 

Boreham Wood, 


Hertfordshire. (1028) 


NATURAL ENVIRONMENT 
RESEARCH COUNCIL 
INSTITUTE OF COASTAL OCEANOGRAPHY 
AND TIDES 
SCIENTIFIC OFFICER /SENIOR SCIENTIFIC 
OFFICER VACANCIES 

Applications are invited for two Scientific 
Officer/Senior Scientific Officer vacancies at the 
Institute of Coastal Oceanography and Tides, 
Bidston Observatory, Birkenhead, Cheshire. 

DUTIES : To assist in research into tides and 
storm surges in estuari nd coastal waters, The 
posts involve the design and development af 
analytical and numerical models in marine dyna- 
mics, with special reference to conditions causing 
coastal flooding or hazards to navigation, 

QUALIFICATIONS: Applicants should be 
applied mathematicians, physicists, or oceano- 
graphers with a good honours degree, preferably 
with an interest in time series analysis. 

SALARY SCALES: Scientific Officer (under 
29 years at December 31, 1969), £1,071 to £1,827 ; 
Senior Scientific Officer (normally at jeast 26 
years and under 32 years at December 31, 1969), 
£2,021 to £2,491, Initial appointment wilt be 
non-pensionable but there are prospects of per- 
manent and pensionable post, ‘Existing F.S.S.U, 
arrangements may be continued, 

Application forms (and further particulars) 
from the Institute of Coastal Oceanography and 
Tides, Bidston Observatory, Birkenhead, Cheshire 
L43 7RA, quoting reference €26.54, Closing 
date for the receipt of completed apolication 
forms October 24, 1969, (995) 
“BIOCHEMIST OR BIOLOGIST (FIRST- OR 
second-class Honours degree) required te join a 
team studying replication of myxoviruses. -Apply 
as soon as possible, with names of two referees, 
to De R. D. Barry, Virus Laboratory, Departe 
ment of Pathology, University of Cambridge, 
Tennis Court Road, Cambridge. (OLS) 



























UNIVERSITY OF 
NEW SOUTH WALES 


Applications are invited for the following 

posts: 
SCHOOL OF BIOCHEMISTRY 

LECTURER: Applicants should preferably 
have experience in protein and nucleic acid re- 
search and in genetic aspects of molecular bio- 
logy. 

TUTOR: Applicants should hold a degree in 
science, majoring in biochemistry or other re- 
lated discipline. 


DEPARTMENT OF MEDICAL 
MICROBIOLOGY 
SCHOOL OF MICROBIOLOGY 

LECTURER: Applicants must have had post- 
graduate experience in the general field of medi- 
cal microbiology and preferably hold a Ph.D., 
or equivalent qualifications. 

SENIOR TUTOR: Applicants must hold an 
appropriate degree and be experienced in medi- 
cal microbiology. 

Salary: $A5,400 range $A7,300 per annum 
(lecturer), between $A4,725 and $A5,645 per 
annum (senior tutor), between $A3,150 and 
$A4,275 per annum (tutor). Commencing salary 
according to qualifications and experience, 
Initial appointment to positions of senior tutor 
and tutor is for one year with prospects of re- 
newal on an annual basis. The successful ap- 
plicants will be expected to enter on duty in 
February, 1970. 

Details of appointment, and for lecturers’ posi- 
tions, details of superannuation, study leave and 
housing scheme, etc.. may be obtained from the 
Secretary-General, Association of Commonwealth 
Universities (Appts), 36 Gordon Square, Lon- 
don, W.C.1. Applications close in Australia and 


London on November 3, 1969, 81) 
AUSTRALIAN NATIONAL 
UNIVERSITY 


Applications are invited for appointment to 
the following post in faculty of the University. 
Appointees will be required to take up duty by 
the dates specified. 


FACULTY OF SCIENCES 
SENIOR DEMONSTRATOR IN 
BIOCHEMISTRY 


Applicants must have a BSc., Honours degree 
or higher qualification; the appointee will assist 
with laboratory classes for groups of second- and 
third-year undergraduates in the Faculty of 
Science. The Department is able to offer appor- 
tunities for research training, leading to the 
M.Sc. or Ph.D. degrees in the field of metabolic 
regulation and development. The appointee will 
be required to take up duty as scon as possible 
in 1970. 

The Faculty of Science, comprising Depart- 
ments of Biochemistry, Botany, Chemistry. 
Forestry, Geology, Physics, Psychology, Theo- 
retical Physics, and Zoology, offers courses lead- 
ing to the pass and honours degrees of Bachelor 
of Science and supervises candidates for the 
degrees of Master of Science and Doctor of 
Philosophy. 

Salary on appointment will be in accordance 
with qualifications and experience within the 
range :$A4,725 by $AI35 to $A5,265 per annum, 
The University provides assistance with housing. 

For posts at the level of Lecturer and above 
the University provides reasonable removal ex- 
penses, Superannuation is on the F.S.S-U. pat- 
tern with supplementary benefits, and financial 
assistance towards study leave is available, 

Appointments to posts of Senior Demonstrator 
are for 12 months in the first instance with nor- 
mal expectation of renewal wp to three or five 
years. Travel expenses from overseas are not 
provided by the University for appointments at 
this jevel but assisted passage can be considered 
for a person offered appointment who intends to 
settle permanently in Australia, An appointee 
may elect to participate in the University Super- 
annuation Scheme. A suitably qualified appoin- 
tee will be encouraged to work towards a higher 
degree, 

Further information and the forms which 
should accompany an application may be ob- 
tained from the Secretary-General, Association 
of Commonwealth Universities (Appts, 36 
Gordon Square, London, W.C.1. Applications 

N be 1969 (1010) 


UNIVERSITY OF BRISTOL. DEPART- 
ment of Zoology. Technician required for bio- 
logical research project on the electron micro- 
scapic structure of invertebrate nervous systems. 
Commencing salary according to age, quali"ca- 
tions and experience.—-Applications, giving age. 
qualifications, experience to date, and the names 
of two referees, to Professor G. M. Hughes, De- 
partment of Zoology. Woodland Road, Bristol 
BSS TUG, by September 25, 1969. (962) 











Medical Specialist 
PESTICIDES TOXICOLOGY 


This is a new appointment at senior level offering the oppor- 
tunity to act as the company’s toxicological specialist. 


The main content of the job is to arrange and progress 
toxicological work vital to the development of both new 
and existing products. The company has international 
interests and the man appointed will be responsible for the 
preparation and submission of toxicological data for product 
registrations in countries where marketing opportunities are 
sought. Short visits overseas will be involved to liase with 
official bodies on product clearances. As a subsidiary of 
the Glaxo Group the company has ready access to excellent 
support services at the group's toxicological centre at Fulmer 
Hall. 


Applicants, preferably 30-35 years old, should have 
registrable medical qualifications with the ability and 
temperament to pursue a specialist career in toxicological 
research. Previous research experience in a field of medical 
toxicology would be an advantage, 

The appointment is based at Wheathampstead. Salary is 
negotiable and a car is provided, together with generous 
pension and life assurance schemes. 

Please write in confidence quoting ref. U/39 to the Research 
and Development Director, 


The Murphy Chemical Co Ltd 
Mur phy Wheathampstead, St. Albans, Herts 


(i029) 








| LABORATORY 
“€@ TECHNOLOGIST 


The Ball Clay Companies of English Clays Lovering Pochin 
& Co. Ltd., require a Laboratory Assistant for one of their small 
but well-equipped Laboratories in South-West England. 


The position will involve a certain amount of advisory work 
both inside the laboratory and on the works. 


The successful applicant, who will be under the age of 30, 
will have at least O.N.C. Science and/or equivalent qualifications 
in Ceramics, Knowledge of the chemical and physical testing of 
ceramic raw materials is also desirable. 


Pension and Life Assurance together with Profit Participa- 
tion and Long Service Award Schemes operate throughout the 


Group. 
* 
Applications, in writing, quoting Reference 106A to : 
The Company Secretary, 
John Key House, 
St. Austell. 
(1000) 








CSIRO 


ENDOCRINOLOGIST 


AUSTRALIA 
DIVISION OF ANIMAL GENETICS 


GENERAL The Division of Animal Genetics of the Commonwealth 
Scientific and Industrial Research Organization is located at North Ryde, 
Sydney, N.S.W., where drosophila, mice and poultry are maintained, and 
has field stations located in New South Wales and Queensland carrying 
sheep, beef and dairy cattle, Research in the Division covers basic research 
in genetics, and the application of genetics to animal production. 


DUTIES The appointee will be required to undertake research on the 
endocrinological aspects of growth and reproduction with special reference 
to increasing the efficiency of sheep production by genetic means. The 
breeding programme is designed to facilitate studies based on an inter- 
disciplinary approach. s 


QUALIFICATIONS Applicants should have a Ph.D. degree or post- 
graduate research experience of equivalent standard and duration, supported 
by satisfactory evidence of research ability. Considerable experience in 
assay methods for pituitary hormones is desirable. 


SALARY Depending upon qualifications and experience, the appoint- 
ment will be made within the salary range of Research Scientist, $45,321~ 
$A6,693 p.a., or Senior Research Scientist, $A6,963-$A8,045 p.a. Salary 
rates for women are $A428 p.a. less than the corresponding rates for men. 
Promotion within CSIRO to a higher classification is determined by merit. 


CONDITIONS The appointment, which carries with it Commonwealth 
Superannuation Fund or Provident Account privileges, will be conditional 
upon passing a medical examination. An initial probationary period of twelve 
months may be specified. Fares paid for the appointee and his dependent 
family. Further particulars supplied on application. 


Applications, (quoting Appointment No. 675/254), and stating full name, 
place, date and year of birth, nationality, marital status, present employment, 
details of qualifications and experience, together with the names of not 
more than four persons acquainted with the applicant's academic and 
professional standing, should reach = 


Mr. R. F. Turnbull, Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 64 Kingsway, LONDON, W.C.2. 
by the 77th October, 1969 


Applications in U.S.A. and Canada should be sent to The Scientific 
Attache, Australian Embassy, 1601 Massachusetts Ave. NW, 


WASHINGTON DC 20036. 
(1006) 





UNIVERSITY OF 
LONDON KING’S COLLEGE 
DEPARTMENT OF CHEMISTRY 


Applications are invited for two POST- 
GRADUATE awards (S.R.C. rates and fees) for 
research in the field of organophosphorus chem- 
isey. Candidates would be expected to register 
for the degree of Ph.D. (University of London) 
and should have First or Upper Second Class 
Honours Degrees or equivalent qualifications. 
The Department is fully equipped with modern 
instruments (including nmr. and e.s.r.)} and 
attendance at postgraduate summer courses 
would be supported and encouraged. 

Applications (including curriculum vitae and 
the names of two referees) should be sent as 
soon as possible to Dr. C. D. Hall (c/o Profes- 
sor D. H. Hey, F.R.S.), Department of Chem- 
istry, King’s College London, Strand, London, 
W.C.2. (1027) 


SOUTH WEST WALES RIVER 


AUTHORITY 
WATER QUALITY DEPARTMENT 
TEMPORARY TECHNICAL ASSISTANT 
LABORATORY 
(Male or Female) 
(£800 to £1,310) 

The above post is immediately available in the 
Authority's analytical laboratory at Llanelli for 
a period of 12 months only, Experience of the 
chemical analysis of river water, trade and 
sewage effluents is desirable. H.N.C, in Chem- 
istry or equivalent is preferred. Salary will be 
dependent upon qualifications and experience. 
Please apply to Dr. W. Roscoe Howells at the 
address below. Closing date September 27, 1969. 

E. A. GRIFFITHS. 
Clerk of the Authority. 

Penyfai House, Penyfai Lane, 

LLANELLI, Carms. (1038) 









FRESHWATER BIOLOGICAL 
ASSOCIATION 


VACANCIES ASSISTANT 
EXPERIMENTAL OFFICERS : 


(a) at Windermere Laboratory fer in- 
vertebrate physiology ; 

(W at River Laboratory (Dorset? for 
tam work on detritus as animal food, 

Scope for resource, ingenuity and initia- 
tive. 

Biological degree or H.N.C. Seale £683 
(age 18) to £1,208 (6) to £1,454, Con- 
tributory pension scheme. 

Forms from Director, The Ferry House, 
Far Sawry, Ambleside, Westmorland, re- 
turnable by October 15. (1039) 

























UNIVERSITY OF BRADFORD 


POSTGRADUATE SCHOOL OF 
STUDIES IN BIOLOGICAL 
SCIENCES 


RESEARCH ASSISTANT 


Applications are invited from graduates in 
ZOOLOGY and/or Chemistry, or graduates with 
similar Qualifications, for a Research Assistant- 
anmtship. The successful applicant will work on 
an Agricultural Research Council sponsored re- 
search project, concerned with the estimation of 
bait consumption of slugs and the effect of 
moluscicide concentration on this. The appoint- 
ment will be tenable for one year in the first 
instance and the salary of the successful appli- 
cant will be negotiable with the University and 
the Agricultural Research Council. 

Informal inquiries may be addressed to Pro- 
fessor E. Lees, Professor of Biology. 

Application forms and further particulars may 
be obtained from the Registrar, University of 
Bradford, Bradford 7. The closing date for 
applications is October 4, 1969. Please quote 
ref. B/RA(S)/2/Z. (1036) 


UNIVERSITY OF MELBOURNE 
SENIOR LECTURESHIP/LECTURESHIP IN 
GEOLOGY 
in the 
SCHOOL OF GEOLOGY 


Applications are invited for the position of 
Senior Lecturer/Lecturer in one of the follow- 
ing fields in the geological sciences : 

{D Mineralogy-Crystallography. 

(2) Ore Mineralogy. 

(3) Metamorphic Petrology. 

(4) Isotope Geochemistry or Activation 

Analysis Geochemistry. 

(5) Geomorphology and Surficial Geology. 

Applicants should have an honours or higher 
degree in geology with research and/or teaching 
experience in one of these fields. Preference 
will be given to applicants with interests and 
experience in analytical and experimental aspects 
of these fields, 

The successful applicant will be required to 
give lectures and seminars, conduct field excur- 
sions, and to carry our and supervise research, 
The School of Geology (Head of School: Pro- 
fessor J. F. Lovering) has X-ray fluorescence and 
diffraction laboratories and well-equipped analyti- 
cal laboratories, New developments include 
activation laboratories and fission track geo- 
chronological laboratories, while there is also 
access to electron microprobe and scanning elec- 
iron microscope facilities, 

Initial salary, determined by qualifications and 
experience, will be within the following ranges : 
Lecturer, $45,400 to $47,300 per annum ; Senior 
Lecturer, $47,500 to $A8,750 per annum, 

Further information, including details of 
superannuation, travel and removal expenses, 
housing assistance and conditions of appeintment, 
is available from the Secretary-General. Associa- 
tion of Commonwealth Universities (Appts), 36 
Gordon Syguare, London, W.C.1. Applications 
close on November 24, 1969. 1X999) 

UNUSUAL OPPORTUNITY FOR IMAGIN- 
ative medical scientist with broad interests (pre- 
ferably with M.B. or M.D.) to develop sew pro- 
gramme of learning in morphology for medical 
students. Access to unique system for computer- 
based education. Excellent research facilities. 
Position available immediately-—Contace; G. J, 
Schroepfer, 430 E, Chemistry, University of 
Hlinois, Urbana, Ulinois, (1034) 
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invites applications for the post of 


DIRECTOR-GENERAL 


to succeed the late Dr. Alastair Frazer, C.B.E., 
D.Sc, M.D., F.R.C.P., whose untimely death 
has caused the vacancy. 


The Foundation, which was established in 1967, 
is financed by the Food Industry. It is a com- 
pletely independent organisation and its main 
activities, not necessarily in order of importance, 
are research, education and information in the 
field of nutrition. It supports research projects in 
the Universities and appropriate research 
institutes. The Foundation also keeps abreast of 
all developments in the nutritional and related 
fields through the literature and by direct contact 
with the laboratories concerned and with the 
Government research bodies. 


The Foundation endeavours to keep the general 
public enlightened on the importance and pro- 
gress of nutritional science and how it affects their 


The British Nutrition Foundation 








The Director-General should not only be eminent 
in medicine or science, but should have that 
sound judgement and personality necessary to 
cope with the different functions of the Founda- 
tion; he will be encouraged to use his own 
initiative in developing the scope of the Founda- 
tion. Desirably, the upper age limit should be in 
the range 50-55. The salary will be negotiated at 
around £12,500 but this could be exceeded for an 
exceptionally well qualified candidate. 


Applications, which will be dealt with in strict 
confidence, should give full relevant details of 
career and qualifications, and be marked for the 
personal attention of: 


Mr. Joseph Rank, Chairman of the Council, 
The British Nutrition Foundation Limited, 
Alembic House, 93 Albert Entbankment, 















health and well being. 


MONASH UNIVERSITY 
MELBOURNE, AUSTRALIA 


DEPARTMENT OF PHYSIOLOGY 


Applications are invited for appointment to 
the positions of Senior Lecturer or Lecturer and 
Senior Teaching Fellow or Teaching Fellow in 
the Department of Physiology. The Lectureship/ 
Senior Lectureship is additional to the position 
al this level advertised recently, and applicants 
who responded to the earlier advertisement are 
advised that. they will be notified of the out- 
come. of their applications before the closing 
date for applications for this new position, 

‘The department teaches courses in Physiology 
and Pharmacology for the degrees of B.Sc. 
B.Sc.(Hons.) and M.B.. B.S., and accepts post- 
graduate students for the degrees of M.Sc, and 
Ph.D.. Principal research interests are: brain 
function: and ultrastructure, including learning 
mechanisms, the physiology of sense organs and 
their central pathways, spinal reflex mechanisms 
and: control of movement by the brain, the bio- 
physics and pharmacology of central and 
peripheral synapses and of smooth and cardiac 
mascle; endocrine and circulatory physiological 
control mechanisms. Increasing attention is 
being paid to the correlation of ultra-structure 
with physiological findings, and computer 
analysis of experimental data. 

Salary ranges: Senior Lecturer, $47,500 to 
$A8,750 per annum; Senior Lecturer (medically 
qualified), $A7,740 to $A9,430 per annum ; Lec. 
turer, $A5,400 to $A7,300 per annum, with 
superannuation on F.S.S.U. basis and disability 
cover. Senior Teaching Fellow, $A4,390 to 
$A5,290 per annum; Teaching Fellow, $A3,600 
to $A4,275 per annum. 

Benefits: Travelling expenses for appointee 
and family; removal allowance, repatriation 
after three years’ appointment if desired ; initial 
subsidised housing FOR LECTURERS AND 
ABOVE ONLY ; availability of loans for home 
purchase ; STUDY LEAVE is granted at the rate 
of one term's leave for six terms’ service, with 
provision for financial assistance. 

Further general information including details 
of application procedure is available from the 
Academic Registrar. Monash University, 
Wellington Road, Clayton, Victoria 3168, or the 
Secretary-General, Association of Commonwealth 
Universities (Appts.), 36 Gordon Square, Lon- 
don, W.C.1. Information concerning research 
and teaching programmes may be obtained from 
Professor A. K. McIntyre in the University. 

Closing date for applications: October 31, 


The University reserves the right to make no 
appointment, or to appoint by invitation. 
(978) 





London, S.E.1. 


ESSO RESEARCH CENTRE 


HEAD OF INFORMATION SERVICES 


Applications are invited from suitably qualified people to 
manage the Information section at Esso Research Centre, 
Abingdon, Berks. 


The section provides information and communication services 
in an organization employing 150 graduate scientists in applied 
research and development work on petroleum products. 


The primary function will be to manage the personnel and 
facilities so as to maintain and improve the service provided, 
and anticipate and plan for the information needs of the future 
in the light of advances in information techniques. 


The candidate selected will have qualified professionally as an 
information scientist or else will have qualified in an appro- 
priate science/technology and obtained working experience in 
modern information science techniques. He will also have 
demonstrated ability in the organization and management of 
significant numbers of people. 

We envisage an initial annual salary of the order of £2,800 at 
age 35. Salary will however be negotiable according to age 
and experience. We would prefer to receive applications from 
those suitably qualified in the age range 30 to 35. 

Please write, summarizing qualifications, experience and 
personal details to: Mr. E. C. G. Jelfs (ref. 913/0), Esso 
Research Centre, Abingdon, Berks. 


(973) 


KAKEK: 

















physicist 


Physicists with not less than two years post-graduate experience are 
invited to discuss an opportunity to join a team involved in investiga- 
tions into the physical properties of biologically active compounds. 
Current interest centres upon aerosol science, and experience in this 
field is of special interest, 


Whilst it is essential that candidates have a good general background 
in theoretical Physics, considerable emphasis will be placed upon 
evidence of a critical approach to experimental design and execution, 
The appointment is a new one in the rapidly expanding Research and 
Development department of a British Company. The objectives of 
the work are stimulating, and present opportunities for close liaison 
with scientists of biological discipline. Where necessary, training will 
be given in those fields, and where possible, contact with learned 
societies etc. in the candidates own field will be encouraged. 


We are a member of the Fisons Group providing a first class pension 
scheme, generous holidays, assistance with removal expenses and other 
welfare benefits which come from being part of a large internationally 
known British Group. 


Applications quoting job reference 618 should be addressed to the 


Research Personnel Assistant (10), 
Fisons Pharmaceuticals Limited, 
Bakewell Road, 

Loughborough, Leics. 





Searle Scientific Services 
A division of G. D. Searle & Co. Ltd. needs 


BIOCHEMISTS 


A senior biochemist is required for the Harley Street 
Laboratory. Ideally he should have wide experience in 
hospital biochemistry work and have reached Senior 
level. A salary of around £3,000 will be offered. 


A biochemist is needed to join the clinical chemistry team 
in the laboratories in High Wycombe, Bucks., for quality 
control work, Previous experience in hormone assays is 
essential. The salary for this position will be arranged 
according to qualifications and experience. 


These appointments carry excellent conditions of service 
and the company benefits are first class, 


Please reply in confidence, giving brief details of career to: 
The Personnel Manager, 
G. D. Searle & Co. Ltd., 


Lane End Road, 
High Wycombe, Bucks. 


SEARLE 


Research in the Service of Mankind 
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UNIVERSITY OF 
WESTERN AUSTRALIA 
VACANCIES IN MATHEMATICS 


Applications for appointmen to the siaff of 
the Department of Mathematics at the level of 
READER, SENIOR LECTURER or LEC- 
TURER are invited from persons who expect to 
be available to take up duty not later rhan 
January 197]. The salary for a Reader is 
$A9,900 per annum and the ranges for Senior 
Lecturer and Lecturer are $A7,500 to $A8,750 
and $45,400 to $47,300 per annum respectively 
phis superannuation. in all cases, 

Applications will be considered from persons 
interested in any area of pure or applied mathe- 
matics or mathematical statistics, It is hoped to 
make appointments in pure mathomatios at the 
fevel of Reader or Senior Lecmrer, and at the 
level of Lecturer; to appoint an applied mathe- 
matician at the level of Senior Lecturer; and to 
appoint a statistician at the level of Lecturer or 
Senior Lecturer, Information concerning the 
Department's courses, teaching and research 
arrangements may be obtained from the Ohair- 
man, Professor A, L. Blakers in the University. 

Intending applicants are requested to obtain 
details of the procedure to be followed in apply- 
ing for a post and a copy of the appropriate con- 
ditions of appointment before submitting their 
applications, This information is available from 
the Secretary-General, Association of Common- 
wealth Universities (Appts), 36 Gordom Square, 
London, W.C.. Applications close on Noveme 
ber 1, 1969, (998) 


THE 
UNIVERSITY OF 
LEEDS 


Applications are invited jor a post in 
the following Department : 


SCHOOL OF 
MATHEMATICS 


DEPARTMENT OF APPLIED 
MATHEMATICS 





CHAIR OF APPLIED 
MATHEMATICS 


that will become vacant on the retire- 
ment of Professor T. G, Cowling on 
September 30, 1970. The salary will 
be not less than £3,780 a year. 
Applications (ixnteen copies), stating 
age, qualifications and experience, and 
naming three referees, should reach the 
Registrar and Secretary, The Univer- 
sity, Leeds LS2 9JT, not iater than 
October 31, 1969; applicants from 
overseas may apply in the first instance 
by cable, naming three referees, pre- 
ferably in the United Kingdom, Piease 
quote reference number 21/12/D. 
(1002) 





NATURAL ENVIRONMENT 
RESEARCH COUNCIL 
INSTITUTE OF COASTAL OCEANOGRAPHY 


AND TIDES 
SCIENTIFIC OFFICER /SENIOR SCIENTIFIC 
OFFICER i 


Applications are invited for the post of 
Scientific Officer/Senior Scientific Officer at the 
Institute of Coastal Oceanography and Tides, . 
Bidston Observatory, Birkenhead, Cheshire. 

Duties. To join a research group working on 
analytical and numerical studies of long wave 
phenomena, 

Qualifications: Applicants should have a 
good honours degree in mathematics, physics or 
engineering science, and an aptitude for com- 
puter work. A knowledge of numerical analysis 
would also be desirable. 

Salary Scales: Scientific Officer (amder 29 
years at December 31, 1969), £1,071 to £1,827; 
Senior Scientific Officer (normally at least 26 
years and under 32 years at December 71, 1969), 
£2,021 to £2,491. 

Initial appointment will be non-pensionable, 
but there are prospects of a permanent and pen» 
sionable post. F.S.S.U. arrangements already 
existing can continue. Application forms (and 
further particulars) from the Institute of Coastal 
Oceanography and Tides, Bidston Observatory, 
Birkenhead, Cheshire L43 7RA, quoting refer- 
ence E2.6.58. 

Closing date for the receipt of completed ap- 
plication forms Qotober. 17, 1969. £989) 
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UNIVERSITY OF GUELPH 
ONTARIO, CANADA 
ASSISTANT PROFESSORSHIPS IN 
ENGINEERING MECHANICS AND HEAT 
TRANSFER 


Applications are invited for three positions. 
Successful applicants will have an opportunity 
creatively to assist in the development of a 
liberal engineering education for undegraduate 
and graduate students with emphasis on biologi- 
cal and environmental systems. An interest in 
undergraduate teaching of mechanics, materials 
or thermal science, and a desire actively to en- 
gage in research in biomechanics, biomaterials, 
or heat transfer relations for food or other bio- 
materials is essential. Development of poste 
graduate education in these areas is proposed. 

Applicants should possess an honours degree 
in engineering or science with appropriate post- 
graduate education preferably to the Ph.D. level. 

The School has a full-time faculty of 30 with 
responsibilities for associate diploma, under- 
graduate and postgraduate degree education in 
addition to the research in agricultural, biologi- 
cal and environmental engineering. 

Appointments will be effective July 1, 1970. 

The salary is dependent upon qualifications 
and experience, with a minimum of $10,400 for 
a 12-month appointment. 

Further particulars may be obtained from the 
Secretary-General, Association of Commonwealth 
Universities (Appts), 36 Gordon Square, Lon- 
don, W.C Applications close October 31, 
1969 (1625) 


RHODES UNIVERSITY 
GRAHAMSTOWN, SOUTH AFRICA 
SENIOR LECTURER/ LECTURER IN THE 
DEPARTMENT OF APPLIED MATHEMATICS 


Applications are invited for the above- 
mentioned post. Preference will be given to 
candidates who are qualified in the flekds of 
either computer science or quantum mechanics/ 
relativity. 

The salary scales are: Senior Lecturer, R4,350 
by RISO to R4.800 by R300 to R5.700 per 
annum; Lecturer, R3,300 by RISO to R4,800 
per annum. (Note: Rls-approximately Ms. 7d. 
stg.) A pensionable allowance of 10 per cent of 
basic salary (15 per cent from April 1, 1970), 
up to R4,350 in the case of Lecturers and 
R4,100 in the case of Senior Lecturers, and a 
vacation bonus are also payable. Previous ex- 
perience and qualifications may be taken into 
account in determining the initial salary and the 
person appointed will become a member of the 
University’s pension and medical aid schemes. 

Full particulars and application forms may be 
obtained from the Secretary-General, Association 
of Commonwealth Universities (Appts, 36 
Gordon Square, London, W.C.1. Applications 
close on October 31, 1969. (980) 


UNIVERSITY OF ADELAIDE 


LECTURER/SENIOR LECTURER IN 
MATHEMATICS 


Applications are invited for the above-men- 
tioned appointment. Teaching and research in 
pure mathematics and applied mathematics are 
carried out in a single Department of Mathe- 
matics, The professorial staff of the Department 
comprises E. S. Barnes and J. H, Michael (pure 
mathematics) and R. B. Potts (applied mathe- 
matics}. 

SALARY SCALES: Lecturer $A5,400 by 
$A280 (1) by $A270 (6) to $A7,300; Senior 
Lecturer, $A7,500 by $A250 (5) to $48,750; 














with superannuation on the F.S.S.U. basis. 


FURTHER INFORMATION including list of 
particulars required of applicants and the condi- 
tions of appointment will be supplied on request 
t the Secretary-General, Association of Com- 
monwealth Universities (Appts... 36 Gordon 


*»Sauare, London, W.C.1, or to the Registrar of 


the University, who will gladly supply any other 
information desired. 

APPLICATIONS giving the information listed 
in the Statement that will be supplied should 
reach the Registrar of the University at North 
Terrace, Adelaide, S.A. 5001, not later than 
October 27, 1969 (X1024) 


BIRKBECK COLLEGE. 








APPLICATIONS 
are invited for the post of RESEARCH OFFI- 
CER (Microbiology) in the Department of 
Botany to work on a novel project designed to 
make a significant contribution to the elevation 
of the world’s food problems. Applicants should 
hold a postgraduate degree, have a wide know- 
ledge of microbiology, and be fully conversant 
with experimental genetical techniques. Appoint- 
ment initially for period of up to three years. 
Salary within range £1,160 to £2,045 dependent 
upon qualifications and experience. London 
weighting  payable-—Applications must reach 
Deputy Secretary, Birkbeck College, Malet 
Street, W.C.1, not later than September 24, 
eet (1008) 





XXXI 


% ORGANIC CHEMIST 


1467 
THE GULES S AWARD 
TOIRDYSTBY 


A person is needed to work on the synthesis of novel compounds 
labelled with radioactive iodine and other radionuclides, and to 
collaborate with medical workers in the clinical evaluation of such 


compounds. 


It is intended that he should develop both synthetic 


routes suitable for routine preparative work and methods for the 
purification and analysis of the compounds, and that he should study 


their chemical and radiation stability. 


Applicants should normally have a Ph.D, or good honours B.Sc. together 
with a successful record in synthetic organic chemistry. Experience 
in preparing radioactive labelled compounds is not necessary but 
candidates should be familiar with modern chromatographic techniques 


for purification and analysis. 


Salary will be according to experience and qualifications in the range 


£1,150 to £2,670 a year, 


Apply to: The Personnel Officer 


THE RADIOCHEMICAL CENTRE 


Amersham 


Bucks 


(Quote ref: $.164) O 


MARINE LABORATORY 


Department of Agriculture and Fisheries 


for Scotland, Aberdeen 


MICROBIOLOGIST (graded Experimental Officer / Assistant Experimental 
Officer) to assist in the current research programme of the laboratory's 
microbiology unit, and especially to carry out bacteriological and toxin 
tests to determine the fitness of shellfish for human consumption. 


Qualifications: Degree or H.N.C., with Microbiology as the principal 
subject or with proven experience in Microbiological techniques. Age: 


A.E.O, under 28 ; E.O. normally 26-30. 


Salary: A.E.O, £940 (at 22) to £1,208 (at 26 or over) to £1,454. EO. 


£1,590 to £2,006, 


Prospects of permanent pensionable appointment. 


APPLICATION FORMS and further details from the Secretary, Depart- 
ment of Agriculture and Fisheries for Scotland, Room 172 (C), St. Andrew's 
House, Edinburgh, EH1 3DA. Closing date: October 3, 1969. 


TWYFORD SEEDS LIMITED 


who are continuing to expand their Plant 
Breeding operations, seek a 


BARLEY BREEDER 


for which post a vacancy occurs. Appli- 
tants must have outstanding knowledge. 
theoretical and practical, and considerable 
experience of cereal breeding, A salary 
commensurate with this important position 
(including rent of farmhouse flat) will be 
offered to the successful applicant. 





Applications in strict confidence direct 
10 : The General Manager, Twyford Seeds 
Limited, Adderbury, Banbury, Oxford- 
shire. (853) 


(9838) 


UNIVERSITY OF STIRLING 


SECOND CHAIR IN BIOLOGY 
(Plant Biology) 


Applications are invited for the above 
Chair, The appointment will date from 
August 1, 1970, but it is hoped to appoint 
earlier so that the holder may take part 
in planning. Applicants should be inter- 
ested in the biology of whole pianis, 
especially aspects of their ecology. 


Applications, together with the names 
of three referees, should be sem before 
October 31, 1969, to the Assistant Seere- 
tary (Nav, University of Stirling, Stirling, 
from whom further details may be obe 
tained. Ory 





AUSTRALIA 


THE AUSTRALIAN MUSEUM 
SYDNEY, NEW SOUTH WALES 


ASSISTANT CURATOR 


of Marine Invertebrates 


Applications are invited for the above position. 


Salary 

The salary range is Grade | $A3,615~$A5,440 with prospects of progression 
to Grade Il $A5,750-$A5,970 per annum. 

Qualifications 

Honours Degree in Zoology. Preference will be given to an applicant 
with a research degree or appropriate research experience. 

Duties 

Responsibility for curation of one or more marine invertebrate groups, 
assistance in answering inquiries. Independent research of good quality 
on taxonomy or ecology of marine animals expected. 

General 

Total staff is 90 with 12 Departments covering all systematic groups of 
animals plus Environmental Studies, Palaeontology, Mineralogy and 
Anthropology. The professional scientific staff is 20. Field research is 


emphasized and a wide range of field equipment is available. University 
affiliation possible. 


Subject to certain conditions, the successful applicant will be eligible for: 
* Payment of fares to Sydney. 

* Financial assistance towards cost of removal and establishment expenses. 
% Financial assistance towards cost of initial accommodation expenses. 


For further information and application form write to the Recruitment 
Section, New South Wales Government Offices, 56 Strand, London, W.C.2, 
where applications close on lOth OCTOBER, 1969. When writing, 
please quote reference 44/42] (N). 


Hon. A. Landa, Agent General. 


(993) 





Biologist 
Technical Sales 


Information Retrieval Limited publish seven specialized 


abstracting journals in the life sciences which are circulated 


in many countries. The company wish to appoint a technical 
sales manager to co-ordinate their sales programmes and to 
represent them at scientific meetings and exhibitions. Appli- 
cants should have an Honours Degree in a life science and have 
the ability to communicate and arouse enthusiasm for new 
ideas. A salary of well over £2,000 p.a. plus commission and 
motor car are envisaged. Reply in confidence with full details 
of career to date to Mr. A. G. Woolcott, Information Retrieval 
Limited, 38, Chancery Lane, London W.C.2. 


C018) 
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UWIST 
CARDIFF 


DEPARTMENT OF 
APPLIED PHYSICS 


THERMOELECTRIC 
SEMICONDUCTORS 


Research Assistant to work on the prepara- 
tion of semiconductor alloys by pressure sinter- 
ing and their assessment, using a variety of 
physical methods. If suitably qualified the 
person appointed may register for a higher de- 
gree. Appointment for one year, renewable for 
two further years. 

A Research Studentship is also available for 
work on the thermal and electrical preperties of 
thermoelectrics, semiconductors. Tenure four 
years in the first instance, with a possibiliry of 
extension, Applicants for both posts should have 
a good Honours degree in Physics or a related 
subject. 

Salary scale for Research Assistant in the 
range £800 to £1,100 according to age and ex- 
perience ; Studentship at Standard S.R.C. rates. 

Application forms and further particulars are 
obtainable from the Deputy Registrar (Aca~ 
demic), University of Wales Institute of Science 
and Technology, Cathays Park, Cardiff CFi 
3NU. (10373 


UNIVERSITY OF IBADAN 
NIGERIA 

Applications are invited for LECTURESHIP 
IN AGRICULTURAL BIOCHEMISTRY AND 
NUTRITION with particular reference to 
RUMINANT NUTRITION in Deparimen: of 
Animal Science. Appointee will be required to 
take part in the teaching of nutrition biochem- 
istry to the Special and General Honomrs degree 
B.Sc, (Agriculture) and to postgraduates working 
towards M.Sc. and Ph.D. degrees. In addition, 
the appointee will participate in the studies of 
farm livestock connected with the research pro- 
gramme of the Department. Experience of West 
African conditions advantageous. talary scale 
£N1,200 to £N2,175 per annum (ENI<£1 3s. dd. 
sterling), Salary supplemented in the range £450 
to £625 per annum (sterling) and education alow- 
ances and childrens’ holiday visit passages pay- 
able in appropriate cases under British Expatri- 
ates Supplementation Scheme. F.S.8.0. Family 
passages ; various allowances: regular overseas 
leave. 

Detailed applications (@ copies), naming 3 
referees, by October 21, 1969, to Inber-Univer- 
sity Council, 90/91 Tottenham Court Road, Lon- 
don WIP ODT, from wham particulars are avail- 
able, doi) 


UNIVERSITY OF YORK 
BIOLOGY DEPARTMENT 

Applications are invited for the post of Tech- 
nician in the Department of Biology for three 
years in the first instance to assist in a research 
project on the human blood fluke (Sehistosema), 
Salary will be paid on the lower end of the 
Technician Seale for University Technical Staff 
according to age and qualifications. 

Applications as soon as possible to the Bursar, 
University of York, together with the names 
and addresses of two referees, C990) 

UNIVERSITY COLLEGE 
OF NORTH WALES 
BANGOR 
LECTURER IN WOOD SCIENCE 

Applications are invited for the post of Lec- 
turer in Wood Science in the Denariment of 
Forestry and Wood Science. Universitiy College 
of North Wales, Bangor. 

The successful applicant will join a team of 
scientists of various disciplines in the initiation 
of a new degree scheme in wood science in the 
University of Wales, Desirable qualifications 
include a good Honours degree in physical or 
materials science followed by postgraduate or 
industrial experience in materials technology. 
The initial discipline and research experience to 
date are iess important than the c 
bring to bear the concepts of materi 
to timber. This is a challenging, ugh rela- 
ively untapped, area for scientific research of 
great potential. 

Salary scale: £1,240 by £118 to £2,735. This 
appoinument will be made in the lower part of 
the scale. 

Applications, with full details, should be sent 
before October 3, 1969, to the Registrar, Uni- 
versity College of North Wales. Bangor, from 
whom further particulars may be obiained, 

41013) 
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a British Scientist in North America 





CANADA (OTTAWA) 


interviews beginning in mid- 
January 1970. Last Day for the 
receipt of applications: 

5th December 1969. 


If you are in Canada 

please write to: 

Mr. H. G. Sturman, 

Senior UKAEA Representative 
in Canada, 

P.O. Box No. 1245, 

Deep River, Ontario. 


who wants to return to work in Britain? 


The Civil Service, the U.K. Atomic Energy Authority or the Central 
Electricity Generating Board may be able to help him, without his having to 
come home first. In addition his family fares back to a job may be paid. The 
work is mainly applied, in that it has a practical end in view, but fundamental 
research is frequently involved. There are likely to be openings in most 
branches of the physical and engineering sciences, especially in mathe- 
matics and computing. 


A Selection Board of Scientists will be visiting Centres as follows : 
U.S.A. (NEW YORK AND 


SAN FRANCISCO) 


interviews beginning in mid- 
March 1970. Last Day for the 
receipt of applications: 

9th January 1970. 


If you are in the U.S.A, 
please write to: 

Dr. J. M. Lock, Director, 
United Kingdom 
Scientific Mission, 
British Embassy, 
Washington D.C, 20008. 


Issued jointly by the Civil Service Commission, the U.K. Atomic Energy Authority 
and the Central Electricity Generating Board. 








UNIVERSITY OF BRADFORD 


ENGINEERING 
MATHEMATICS 


Applications are invited from applied mathe- 
maticians for the post of 


LECTURER IN 
MATHEMATICS 


Lecturer, £1,240 by £115 to 
f Sü per annum, with placing according to 
gualifications and experience. Superannuation 
under F.S.8.U. Grants towards the cost of re- 
moval expenses ate payable under certain cir- 
cumstances. 

Further particulars and application forms, to 
be returned by September 30, 1969, may be ob- 
tained from the Registrar, University of Brad- 
ford, Bradford 7. Please quote ref, EMITS 

91) 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(University of Reading) 


The Physics Department has a vacancy for an 
ant Experimental Officer to assist in the 
application of x-ray crystallography to bio- 
logical materials, including dairy producis. 
Minimum qualifications are ‘A’ level in 
Physics and/or Chemistry, with Mathematics or 
Biology; or HUN UC. in Physics. Previous ex- 
perience ig not essential. 

Starting salary up to £1,208 according to age, 
in scale to £1,454. 

Apply, on forms obtainable from the Secre- 
tary, NJUR.D., Shinfield, Reading RG2 SAT, 
quoting reference 69/138. (946) 


Salary on seale: 














UNIVERSITY OF 


WESTERN AUSTRALIA 
MATHEMATICS 


Applications for appointment as TUTOR OR 
SENIOR TUTOR in the Department of Mathe- 
matics are invited from persons interested in any 
area. of pure or applied mathematics, mathemati- 
cal statistics or mathematical aspects of computa- 
tion, and who expect to be available to take up 
duty before September, 1970, Candidates should 
possess an Honours degree or the equivalent, but 
applications will be considered from students 
who expect to complete an Honours degree be- 
fore taking up appointment. The salary range 
for a Tutor is $A3,480 to $A3,980 per annum 
and for a Senior Tutor $44,330 to SA5,080 per 
annum plus superannuation. 

Intending applicants are requested to obtain 
details of the procedure to be followed in apply- 
ing for the post and a copy of the conditions 
of appointment before submitting their applica- 


tions, This information is available from the 
Association of Commonwealth Universities 
36 Gordon Square, London, W,C.1. 





of Pathology. A vacancy arises for a Techni- 
cian for duties on an interesting research pro- 
ject involving basic cell biological investigations 
using a variety of techniques in which instruction 
will be given. Good working conditions, holiday 
allowance, and superannuation scheme, Com- 
mencing salary within the range £692 to £977 
per annum, with £30/£80 supplementation for 
recognised qualifications or Gf Part I Final 
(Associateship) IL.M.L.T. qualification is held) 
£890 to £1,130 per annum.—Applications, in 
writing, immediately, to Professor M. A. Epstein, 
Department of Pathology, The Medical School, 
The University, Bristol, 8. (84) 


AGRICULTURAL RESEARCH 
COUNCIL 

has a vacancy for an EXPERIMENTAL 
OFFICER in the Unit of Invertebrate Chemistry 
and Physiology which is being set wp at the 
University of $ x under the directorship of 
Professor A. W. Johnson, F.R.S. The successe 
ful candidate would be expected to undertake 
some of the duties of a laboratory superintendent. 
Some experience would be required in the 
setting up and operation of modern chemical 
and biochemical equipment and in the use of 
radioactive materials. 

Qualifications. Candidates would normally be 
expected to have either a pass degree, HMAC, 
or equivalent qualifications, Minimum age 27. 

Salary. £1,890 to £2,006 per annum, 

Applications should be sent to: Mr, & B 
Lewis, Unit of Invertebrate Chemistry and 
Physiology, Agricultural Research Council, Unie 
versity of Sussex, Brighton, BNI 9OJ. (026) 


WESTFIELD COLLEGE 
UNIVERSITY OF LONDON 
COMPUTER UNIT 
The Computer Unit, which has a Type 200 
Data Link to the University of London C, D€. 
6600 Computer, requires a PROGRAMMER to 
help provide an advisory service to commpater 
users in the College. The successful applicant 
will probably be a graduate in a physick) science 
or mathema preferably with experience of 
large scientific computer systems, and wii be 
encouraged io pursue research, The staring 
salary will be between £1,128 and £1,240 per 
annum. 

Write, giving experience and qualifications, to 
Professor $. J. Tavlor, Westfield ollege, 
Kidderpore Avenue, Hampsiead, M.W nH 
iater than September 29, 1964. } 
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UNIVERSITY OF OXFORD 


APPOINTMENT OF SENIOR RESEARCH 
OFFICER IN THE NUEFIELD LABORATORY 
OF OPHTHALMOLOGY 


The University proposes to appoint a Senior 
Research Officer in the Nuffield Laboratory of 
Ophthalmology. Salary according to age on the 
scale £1,240 to £3,120 per annum, with F.S.S.U. 

Topics currently being studied in the Labora. 
tory include the enzymes and proteins of the 
normal and cataractous jens and the experimen- 
tal production of lens opacities, but candidates 
Should not feel restricted to these aspects of the 
scientific study of the eye, 

Applications {5 copies, or one from overseas 
candidates), stating age, qualifications and exe 
perience, with list of publications and names and 
addresses of two referees, should reach the 
Administrator, Nuffield Laboratory of Ophthal- 
mology, Walton Street, Oxford OX2 6AW (from 
whom further particulars may be obtained), by 
October 18, 1969, 70) 








ELECTRONICS TECHNICIA REQUIRED 
to assist in the development, construction and 
installation of electronic instruments used in bio- 
chemistry. Applicants should possess O.N.C. or 
equivalent and be able to construct and test 
equipment from circuit diagrams. Salary ac- 
cording to age and experience in the range of 
£1,025 to £1,205 per annum. Supplementary 
payments for certain qualifications. Superannua- 
ton scheme, Good conditions of service Ap- 
plications in writing to Departmental Superin- 


tendent, Department of Biochemistry, M.R.C. 
Metabolic Reactions Unit, Imperial College, 
London, S.W. (1019) 


FELLOWSHIPS AND 
STUDENTSHIPS 





QUEEN ELIZABETH Ii 
FELLOWSHIPS 

IN THE PHYSICAL AND 

BIOLOGICAL SCIENCES 


Applications are invited for Oucen Elizabeth 
IH Fellowships, up to five of which may be 
awarded in December 1969. These postdoctoral 
awards, established by the Australian Govern- 
ment to commemorate the Royal Visi to 
Australia in 1963, are tenable in an Australian 
university or approved research institution norm- 
ally for two years, Under this scheme up to ten 
fellowships may be awarded each year for full- 
time research by young scientists of exceptional 
promise and proved capacity for original work. 
Tenure of a Fellowship will commence on a 
date which normally should be within nine 
months of the date of the award, 

QUALIFICATIONS, Queen Elizabeth H 
Fellows must be either Australian or United 
Kingdom citizens. They should have a Ph.D., 
or equivalent qualifications, in one of the physi- 
cal or biological sciences (which are deemed to 
include mathematics and the scientific aspects 
of statistics, engineering, metallurgy, agriculture 
and medicine), 

Awards will, in general, be restricted to ap. 
plicants who are not more than 30 years of age 
on the date when applications clase, 


STIPEND, $46,000 per annum—increased to 
3A6.500 per annum at age 28 years. 


ALLOWANCES are payable in respect of a 
Fellow’s wife ($A300 per annum), each depen- 
dent child ($A200), superannuation payments 
(up to 10 per cent of stipend), appropriate in- 
surance coverage and necessary travel expenses, 
Host institutions are paid an allowance towards 
the cost of setting up the fellow and his research 
work, 


APPLICATIONS, Persons interested in apply- 
ing for the above fellowship should obtain ap- 
plication forms and a statement of the condi- 
tidns of award from the Secretary, Queen Eliza- 
beth Fellowships Committee, Department of 
Education and Science, P.O. Box 826, Canberra 
City, ACT. 2601, Australia; The Official Sec- 
retary, Australia House, Strand, London, W.C.2, 
England; or The Consul General, Australian 
Consulate General, 636 Sth Avenue, New York 
20, N.Y.. 10020, U.S.A. Applications for the 
next round of awards, which will be announced 
in December, 1969, close at the Canberra ad= 
dress on October 10, 1969, (1022) 





POST-DOCTORAL RESEARCH ASSISTANT 
required for a period of up to three years to 
work on enzyme kinetics using radioactive iso- 
topes. Starting salary £1,530 per annum. Possi- 
bility of registration for higher degree. Further 
particulars from Dr. H. G. Britton, Physiology 
Department.—Apply Secretary, St. Mary's Hos- 
pital Medical School, Paddington, London, W.2. 

(994) 

RESEARCH LABORATORY TECHNICIAN 
required in the Department of Genetics, Leicester 
University. Experience in Microbiology an ade 
vantage. Appointment to commence from 


October, 1969. Salary £773 to £1,077 plus 
qualification allowances.~-Applications to the 
Secretary, Genetics Department, University of 


Leicester, Leicester LEL 7RH., (1035) 
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ANIMAL VIRUS RESEARCH 
INSTITUTE 
PIRBRIGHT, WOKING, SURREY 
The Institute invites applications from pe 
with experience in virological techniques f 
new post in the Department of Epidemic 
The duties will include assistance in the 
uon and detailed investigation of materi 
outbreaks of foot-and-mouth disease in 
and possibly abroad. The appointment will be 
in the Experimental Officer grade (£1,590 to 
£2,006), starting salary depending upor age and 
experience, Superannuation. 
Further details and application forms (io be 
returned by October 6) from the Scorezary, 
(1004) 
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Canaman 


UNIVERSITY OF BELFAST 


DEPARTMENTS OF MEDICINE AND 
BIOCHEMISTRY 


Applications are invited for a Post-doctoral 
Research Fellowshin tenable for a period ot np 
tö three years. Candidates should hold a first- 
or second-class honours degree in biochemistry 
or organic chemistry and preferably a Ph.D, 
Experience in the fleld of protein isolation would 
be an advantage, The project will involve the 
isolation of intestinal hormones, and will be 
under the direction of Dr. K. D. Buchanan of 
the Department of Medicine and Dr. D. T. 
Elmore of the Department of Biochemistry, The 
candidate will be expected to spend part of his 
lime in the Department of Medicine and part in 
the Department of Biochemistry. 

Salary will be £1,240 (by £115 to £1,470 per 
annum. Superannuation (F.$.8.U), 

Applications, with a full curriculum Vitae and 
the names of two referees, to Dr. K. D, 
Buchanan, Department of Medicine, Institute of 
Clinical Seience, Grosvenor Road. Belfast BYi2 
OBI, by October 17, 1964. (1003) 


ie ee 
FOR SALE AND WANTED 


Wanted and for Sale 
Scientific and Technicat Reviews 


SANTO VANASIA, 58 Via M, Macchi, 


20124 MILANO XD 


ALMOST ANY SCIENTIFIC AND LEARNED 
periodicals, Proceedings, Transactions, ete., wan- 
ted.—H. Pordes, 529B Finchiey Read, London, 
N.W.3, Tel: 01-435 9878. LELES] 





MISCELLANEOUS 


AGE DETERMINATION 


Dating by 
C, *°K/*°Ar, *’Rb/®’Sr, 
U/Pb and 


other methods. 


ISOTOPES 

A TELEDYNE COMPANY 
AO 50 van BUREN AVENUE 

WESTWOOD, N.J. 07675 

(201) 664-7070 


(974) 


SCIENCE & LANGUAGE LTD. LITERARY 
Agents of Scientific Literature. MSS a 
Marketing. Ghosting. A full profes 
vice, in any Janguage-—From SC 
LANGUAGE LTD, 30 BAKER 
London, W.1, Tel: London 486 5 






SCIENTIFIC AND TECHNICAL TYPE- 
writing Service. Confidential. -Julia Pran, B Sc. 
30 Craven Street, Strand. London, WiC 2. Teje 
phone 01-839 286} ix2) 





Post Graduate 
Studentships 


1. Organic Chemist to study reactions leading to 
development of food flavours. £1,000 p.a. 

Higher degree with University of Surrey, 

2. Science Graduate (discipline relatively 
unimportant) to study the ultra structure of meat. 


Usual S.R.C. conditions. 


Higher degree with University of Leeds. 
Modern well equipped laboratories in pleasant 


surroundings. 


Applications as soon as possible to the Director, 
British Food Manufacturing Industries Research Association 
Randalls Road, Leatherhead, Surrey 





41017) 


NATURE, SEPTEMBER 20. 1969 


MIGRATION AND DISPERSAL 
OFINSECTS BY FLIGHT — 


Here is the complete story on the significance of migration 
and dispersal in the life of insects. 


KARV 


This is the first such book. 


The author is Dr. Johnson from Rothamsted. 


As well as the usual prelims and indexes, there are 639 pages 
of text, 217 line drawings, and a reference list (up to April 
this year) with 1,420 citations. 


Need anything else be said on the subject ? 
The price is £7 10s. Od. 
The publisher is Methuen. 
Their address is: 11 New Fetter Lane, London E.C.4. 









NEW! 





Farbreaktionen in der Spektrophoto- 
metrischen Analyse organischer 
Verbindungen. 2 Bände 


Von Dipl.-Ing. ZDENEK J. VEJDELEK und RNDr. BOHUMIL KAKAG, Prag. 













Band 1: Organische Farbreagenzien 
Etwa 480 Seiten, 314 Tabellen, 16,7 cm*24 cm. Lederin etwa 64,50 Mark. (Voraussichtlich Dezember 1969). 


Das Ziel dieses Nachschlagewerkes ist es, eine Ubersicht über sämtliche organische Verbindungen zu bringen, 
die auf Grund ihrer Farbreaktionen spektrophotometrisch bestimmt wurden, also über organische Verbindunger: 
ohne Einschrankung durch die Herkunft, Herstellungsweise oder Anwendung. Dabei richtet sich die Stoffeinteilung 
nicht nach den zu analysierenden Verbindungen, sondern nach den Reagenzien. 

im ersten Band werden die organischen Farbreagenzien behandelt, in einem 2. folgenden Band die anorganischen, 
Jedes Kapitel zeigt den gleichen Aufbau: Reagensformel, Verwendung, Reaktionsmechanismen, Reaktions- 
bedingungen, Beispiel des Bestimmungsverfahrens, Tabellen, Literatur. 


Bestellungen an den Buchhandel oder direkt an den Verlag erbeten 


VEB GUSTAV FISCHER VERLAG JENA 


DDR-69 Jena, Villengang 2 Deutsche Demokratische Republik 
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Tubing for 
Peristaltic Pumps 


Silicone Rubber, over 30 standard sizes from 0.5mm i.d., elastic, excellent resistance 
to many chemicals, sterilizable either by steam at 120°C. or by dry heat at 180°C., 
will not deteriorate either in storage or in tropical climate. 


SILESCOL 
TRANSLUCENT 


Black fluorinated synthetic rubber, resistant to concentrated sulphuric acid 98% 
phosphoric acid 80%, petrol, crude oil, perchloroethylene, etc. Will withstand 
temperatures up to 200°C, 


VINESCOL 23 


Translucent plastic in various sizes 
with good resistance to many chemicals. 


ESCOPLASTIC MS 


+ 


Esco (Rubber) Ltd 


Walsingham House, 35 Seething Lane, London EC3 


CHEMTRIX 
polarographic systems 


featuring image 
storage, for the 
added dimension 
in organic and 
inorganic chemical 
analysis 


Precise chemical analysis to 
parts-per-billion made in less 
than a minute, with storage 
display for detailed waveform 
studies. Several models are 
available, with such features 
as digital readout of peak cur- 
rent (la) and three-electrode 
operation for dynamically con- 
trolled IR compensation. 


Polarographic Systems 
Model SSP.2 

3-Electrode System 

Model SSP-3 Digital 

Readout System 

Plug-in units available separ- 


ately. Tektronix oscilloscopes 
available locally worldwide. 


Other Chemtrix Instruments 
Type 800 

Waveform Source for 
Electrochemistry 

{Triangle and rectangular 
waveforms, variable slope with 
wide-range control) 


No. A-111 

Glassy Carbon 

Electrode 

(For voltammetry in anodic re- 
gion where DME operation is 
prohibited) 


For information on these and other polarographic instruments and 
systems, contact your local representative, or write directly to: 


All prices f.a.b. factory, 


CHEMTRIX, INC. 


Snitiumentation for Fcience 
P.O. Box 725 Beaverton, Oregon 97005 U.S.A. (503) 648-1434 


DILLON’S UNIVERSITY 
BOOKSHOP Ltd 


ALL CURRENT SCIENTIFIC AND TECHNICAL TEXTBOOKS 
WRITE NOW FOR OUR NEW GEOGRAPHY CATALOGUE 


1 MALET ST., LONDON, W.C.1. MUSeum 2128 


Published by 
John Wiley 
& Sons Ltd 

Baffins Lane 
Chichester 

Sussex 


HALIDES OF THE FIRST ROW 
TRANSITION METALS 

by R. Colton and J. H, Canterford, 
both at the Department of Inorganic 
Chemistry, University of Melbourne, Parke 
vilie, Victoria, 


September 1969 554 pages 180s. 


SCIENTIFIC CIRGULATIONS LTD. 


All Scientific andTechnical publications purchased 


Horton Road, Stanwell Moor, Staines, Middlesex 


Telephone: COLNBROOK (London Dial XM4) 2266 


WHELDON & WESLEY, LTD. 
Biological & Geological Books 


CATALOGUES ON REQUEST 


LYTTON LODGE, CODICOTE, HITCHIN, HERTS 


BOOKS BOUGHT 
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Olympus KHC 
_ is top choice for latest features 
and low budget 


4. 


inclined binocular head, 
angled at 45°, rotates through 360° 
and locks in any position. 

















1. 


Wide field or measuring 
eyepieces as in expensive 
research microscopes. 

Highest quality Achromat, 
Pian Achromat and 

Fluorite objectives: 

Achromat 4x, 10x, 40x and 
100x (oil) standard. 


Ep 


Square mechanical stage 

is coaxially-controlied and 
vernier calibrated to give exact 
_ positioning of slides, 


6. 


Abbe type condenser, 

N.A. 125, is focusable 
with rack and pinion. 
Continuously variable iris 
diaphragm allows 
adjustment of illumination. 


2. 


Fine and coarse 

focusing knob are coaxial 
and positioned low 

for ease of operation. 






3. 


Modern design improves 
handling ease. For example: 
vertical stage focusing prevents 
distracting head movements, 
and pre-set focus lock protects, 
slides and objectives. 


7. 


Built-in 20-watt iHuminator 
needs no centering, 
eliminates accessory 
iluminators and 
transformers. 


Olympus KHC is the latest improvement for every- have made KHC the most used and valued instrue 
day laboratory work, a microscope for the lowest ment for medical students and laboratory workers 
budget and still featuring eye-fatigue-free clearness all over the world, 

and high precision. Its seven outstanding features Total magnification: 40x ~1000x 


OLYMPUS | 


OLYMPUS OPTICAL. CO., LTD. 7, 3-chome, Kanda-Ogawamachi, Chiyoda-ku Tokyo, Japan 
OLYMPUS OPTICAL CO. (EUROPA) GmbH. 2, Hamburg 1, Steindamm 105, Germany 
OLYMPUS CORPORATION OF AMERICA 2 Nevada Drive, New Hyde Park, N.Y. 11040, U.S.A, 
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The Vickers M8 
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Thé M85 is a scanning microdensitometer for the measurement of the integrated optical 
density of transmitted light microscope preparations. The wavelength and band width of the flying 
photometer spot may be precisely controlled by a prismatic monochromator at all wavelengths 
between 400 and 700 nm. The flying spot, 1u in diameter when employing a 40X objective, 0.4u 
with a 100X objective, may be positioned manually in the field of view for background setting (to 
O density) or for spot density and transmission measurements. Excellent scanning resolution 
permits the measurement of specimens down to 0.7u in diameter. A unique indirect masking system 


simplifies specimen selection and eliminates the need for back-ground scanning after each change 
“of mask. 


Applications in every field where it is required to quantitize total absorption of 
unstained material, stain uptake, or coloured reaction by-products at localised 
positions in microscope preparations. 


ww VICKERS LTD : VICKERS INSTRUMENTS 
HAXBY ROAD YORK Y037SD PURLEY WAY CROYDON CR9 4HN 
Telephone : 09-04 24112 i 


"Printed in Great Britain by Fisner, KniGut & Co, LTD., St. Albans, and published by MACMILLAN ¢ 
at 4 Little Essex Street, London, W.C.2-—Saturday, September 20, 1969, 





RNALS) LIMITED, 


Telephone: 01-688 3845 
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lope td ahd 5-a new advance ~ 
in Scanning Microdensitometry 
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Science Aid 
` phenomenology 


Gamma star 
discovered 


Ocean movements 
by radio 


New transfer 
RNA model 


Histone messenger 


RNAs 
An abundance of 
labelled amino-acids New suppressor 





From S-Adenosyl-.-methionine (methyl-C14) to Compounds recently added to stock include tR NA 
-Valine-2, 3-T(n), The Radiochemical Centre's t-33, 4-Dihydroxyphenyl) alanine-3-C14 

range of labelled amino-acids covers more than L-Methionine-1-C14 

130 compounds labelled with six radioisotopes ~Proline-5-T 


It includes the important uniformly carbon-14 -iso Leucine-4, 5-T(n) | TO n-su | ph ur 
"labelled amino-acids at almost 100% isotopic Ñ s 
ethionine (methyl-C14) p roteins 


abundances. Also now offered are interesting 
collections and mixtures of carbon-14 or tritium A 5 
7 i m -Arginine (guanido-C14) 
labelled compounds for users with specific needs = a 
.-Asparagine-C14 (U) 
For further details, write to -Citrulline (carbamy!-C14) 


| The Radiochemical Centre Amersham England 
- 
we 
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is Geoff Smith using the 
NEW ° 


EDWARDS E12E 
COATING UNIT 


for 
Single layer lens blooming ? 


Making multi-layer 
interference filters ? 


Cone shadowing? 
Making a carbon replica? 


Shadow casting on a cooled 
specimen? 


Making a carbon support film? 
(Ask about the new flat top chamber 
specially designed for electron 
microscopists) 


Cathodic etching ? 


Putting down contacts for a 
microcircuit? 


Evaporating refractory metals 
by electron bombardment ? 


Sputtering gold fora 
resistance heated window ? 


A member of the BOC group 





Edwards High Vacuum (Plant) Limited 


Manor Royal, Crawley, Sussex, England 
Telephone Crawley 28844 Telex 87123 Edhivac Crawley 


Actually, he was simply helping our 
photographer. He could, however, have 
been carrying out any of these opera- 
tions, and a good many more there 


are 21 chamber fittings and more on 
the way. We know that users take the 
efficiency of the pumping system and 
instrumentation for granted — but they 
do look for maximum versatility in the 
chamber. Thats what they get in the 
E12E. It looks good too. 


Ask for details, 
we'll send 
publication 
41723 

by return mail. 
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worlds most 
complete line... 





... from the “original supplier” 
STANDARD METHODS MEDIA 


All Difco Standard Methods Media conform to published specifications for the examination of 
water, sewage, dairy products and foods. The world's most inclusive line — all your standard 
methods media available from one source, Difco Laboratories. 
According to specifications and standards of — 

USP United States Pharmacopoeia XVII 1965 

APHA Standard Methods for Examination of Dairy Products XII 1965 


Standard Methods for Examination of Water and Waste-water XII 1965 5 
AOAC Association of Official Agricultural Chemists X 1965 


BGT are the sole concessionaire 
for DIFCO products. A complete line of 


microbiological reagents and media. 


ES | Sc | "| Baird and Tatlock (London) Ltd., Postal Address: P.O. Box 1. Romford, 


RM1 1HA. Situated at: Freshwater Road, Chadwell Heath, Essex. 
Telephone: No: 01-590 7700 (25 lines). Telex: 24225 Bairhop. Cab/es: Burette Romford, 


TAS. DO. F 
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From BDH-two biochemicals 
of major importance 













L-ASPARAGINASE from Erwinia carotovora 


For investigational use with laboratory research animals or for tests in vitro, L-asparaginase 
from E.carotovora, manufactured by the Microbiological Research Establishment, Porton, 
Salisbury, England under contract to the Ministry of Health, is now commercially available 
through BDH Chemicals Ltd. 

The enzyme from E.carotovora, which has been shown to inhibit tumour formation in mice, has 
a higher specific activity than that from other bacterial sources. It is supplied as a lyophilised 
powder with a specific activity >500 L.U. per mg protein. 

A Product Information Sheet giving a full specification of the enzyme is available on request. 
Wade,}.E, et al. Lancet,1961,ii,776 Minimum of 1000 1U per ampoule 600/- 


TRANSFER RIBONUCLEIC ACID from E.coli. 


Development quantities of transfer ribonucleic acid from E.co/i K.12 CA 265 are manufactured 
by the Microbiological Research Establishment, Porton Down, Salisbury, England"? and are 
now available commercially through BDH Chemicals Ltd. 

This material has been used as the starting point for the separation and purification of 
formylatable methionine tRNA and non-formylatable methionine tRNA? in amounts sufficient 
for chemical and structural characterisation. Attempts have been made to crystallize the 
formylatable methionine tRNA and unit cell dimensions of the micro-crystalline form have been 
determined‘, 

BDH tRNA is supplied as a lyophilised salt free powder of which the following is a typical 
analysis :—~ 


RNA 90% 1% 

DNA 13% Ey cm 260 nm 222 
Volatile matter 41% Aago/ Agso 2-09 
t-Amino acid acceptor capacities in pumols/Adggo Unit: 

Alanine 65 Lysine 45-0 
Asparagine 42-0 Methionine 32:0 
Aspartic acid 32:0 Phenylalanine 80 
Glutamic acid 60 Proline 23:0 
Glutamine 30:0 Serine 65-0 
Glycine 30-0 Threonine 60 
iso-Leucine 417-0 Tryptophan 16-0 
Leucine 118-0 Tyrosine 15-0 


The batch analysis is supplied with each package. This material is stable indefinitely at —20°C 
and for at least six months at 4°C. 
50 mg 150/- 


1g £75 


BDH tRNA is available in quantities up to 100g, for which special prices will be quoted on 
request. 


1, Elsworth R, et al J. appl. Chem., 1968, 17, 157, 

2, British Patent Prov. Spec, 33693/66. 

3. Doctor, B.P., Wayman, B.J., Cory, S., Rudland, P.S. and Clark, B.F.C., European J. Biochem., 1969, 8, 93. 
4, Clark, B.F.C., et al, Nature, 1968, 219, 1222, 


By arrangement with the Microbiological Research Establishment, BDH are joint distributors 
of these two products in the U.K. and exclusive distributors outside Europe. 


BDH Chemicals Ltd Poole England 
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Subscription Rates 


DIRECT POSTAL SUBSCRIPTION RATES 
*12 MONTHS (52 issues, 4 indexes) 


AIRFREIGHT 
UIE Stao crcarscerecescuvios waeae san $48 
ConA eea icc ans Uo a $52 


SURFACE MAIL 
Elsewhere overseas, U.K. and Eire.......... £14.0.0 


* Shorter Periods Pro-rata. 


ORDER FORM 


Please send me........ copy/copies of NATURE each week for..... ....months 


for which | enclose remittance* value 


* Cheque, international Money Order or Bankers Draft on London. 


NAME Š y ~ TITLE 


ADDRESS 


ZIP OR POSTAL CODE 
ZIP essential for U.S.A 


The publisher would appreciate this additional information 


BRANCH OF SCIENCE 
OR TECHNOLOGY 


ORGANIZATION 


POSITION 


NATURE OF WORK 
(RESEARCH, DEVELOPMENT, TEACHING, ETC.) 


DATE SIGNATURE 


POST TO Subscription Department MACMILLAN (JOURNALS) LTD. 
Brunel Road, Basingstoke, Hampshire, England 


VA 











Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be Hable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept Hability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch. 
Minimum £3, each additional 1/12ch of an inch 
10s. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise 
ments with a box number, 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T.G, Scott and Son, Limited, | Clement's 
Inn, Strand, London, W.C.2. Telephone: 
wes 4743, Telegrams: Textualise, London, 





APPOINTMENTS VACANT 





NORTHWICK PARK HOSPITAL AND 
CLINICAL RESEARCH CENTRE 


SENIOR I TECHNICIANS 
TECHNICIANS 


Two SENIOR I TECHNICIANS and 
twa TECHNICIANS are required for the 
service subdivision of clinical chemistry. 
The laboratories, which are to be com- 
missioned towards the end of this year, 
are extensively automated {lst and 2nd 
generation equipment) and involve com- 
puterised data processing, The work will 
entail the provision of an analytical service 
to 800 beds in the hospital and clinical 
research centre where the emphasis is on 
the imensive investigation of disease and 
research. There will be close collaboration 
between the research and the service sece 
tions of the division of clinical chemistry. 
Experience in attomated techniques, 
although an advantage, is not essential, 
Applicants for the Senior | posts should 
be Fellows of the Institute of Medical 
Laboratory Technology or Associates with 
a minimum of two years post-qualfication 
experience, Applicants for the Technician 
posts should be Associates of the Institute 
of Medical Laboratory Technology, 





Application forms and further particu- 
lars from the Staffing Officer, Northwick 
Park Hospital and Clinical Research 
Ceatre, 164 Tottenham Court Road, LON- 
DON WIP 9LH. Closing date October 17. 


Bs f 


FLINDERS UNIVERSITY OF 
SOUTH AUSTRALIA 
CHAIRMAN OF SCHOOL OF MEDICINE 
Applications are invited from medical gradu- 
ates for appointment to the position of CHAIR- 
MAN OF THE SCHOOL OF MEDICINE, 

Approval has been given for the University to 
proceed with the establishment of a School of 
Medicine. It is envisaged that a building te 
house the School will be commenced in 1972 and 
that first year teaching will begin in 1973, A 
new teaching hospital to be associated with the 
School of Medicine will be built on the Univers 
sity site, and is expected to be completed in 
1975, 

The Chairman will advise the University Coun- 
cil on all matters associated with the develop- 
ment of the new School including planning of 
buildings, recruitment of staff, course structure 
and relationships betwee! the medical school 
and the teaching hospital. The Chairman will 
also be a member of advisory committees in- 
volved inthe planning of the hospital. 

The Chairman will be appointed as a profes- 
sor within the School, but he need not neces- 
sarily be the head of a department. 

SALARY: $A13,900 a year. Superannuation 
is on the F.S.8.U. basis. 

Further information about the position, includ- 
ing conditions of appointment and details re- 
quired of applicants, and further information 
about the development of the University may be 
obtained from the Secretary-General, Association 
of Commonwealth Universities (Appts), 36 
Gordon Square, London W.C.1, or from the 
Registrar, The Flinders University of South 
Australia, Bedford Park, South Australia, 5042 
with whom applications should be lodged by 
November 14, 1969, (1101) 








AUSTRALIAN ATOMIG 
ENERGY COMMISSION 


Research Establishment, 
Lucas Heights, near Sydney 


RADIATION 
STANDARDS 


The Australian Atomic Energy Commission is in the process of establishing 
a number of methods for the accurate and absolute measurements of dose 
from ionizing radiations. These will serve as working standards to satisfy 
both its internal requirements for accurate dosimetry and the needs of 
Australia for national standards in this field. Applications are invited from 
physicists with interest and experience in precise physical measurement 
to undertake research and development aimed at the realization of these 
standards. 


CS 


The successful applicant would be required to carry out research and 
development into precise and reproducible techniques for the measurement 
of exposure and absorbed dose for X- and gamma rays, and electrons 
(including beta particles) at dose rates extending into the high level region. 
Methods to be evaluated include free-air chambers, cavity and extrapolation 
ionization chambers, calorimetry and chemical and solid state systems of 
dosimetry. 


Applicants must have a Ph.D. (or post-graduate research experience of 
equivalent standard and duration) supported by satisfactory evidence of 
research ability, Depending upon qualifications and experience the appoint- 
ment will be made within the ranges of: 


RESEARCH SCIENTIST $Aus 5,321-$Aus 6,693 
SENIOR RESEARCH SCIENTIST $Aus 6,963-$Aus 8,045 


Application forms may be obtained by writing to the 


Atomic Energy Adviser, 

Office of the High Commissioner for Australia, 

Canberra House, 10-16 Maltravers Street, 

Strand, LONDON, W.C.72., 

not later than November 15, 1969. Please quote Position RI4 


(1044) 


MINISTRY OF AGRICULTURE, 
FISHERIES AND FOOD 


Food Standards, Science and Safety Division, London 


NUTRITIONIST /FOOD SCIENTIST (graded Experimental Officer / 
Assistant Experimental Officer) required for a temporary appointment for 
a period of up to five years to work in a Branch concerned with the 
acquisition and dissemination of scientific and technical information about 
food, human nutrition and food manufacturing industries. The successful 
candidate will be required to assist_in the preparation of reports on the 
nutritional aspects of the National Food Survey and compilation of data 
on the composition of foods. 
SALARY : A.E.O. £683 (at 18) to £940 (at 22) to £1,208 (at 26 or over) 
to £1,454; E.O. £1,590 to £2,006, 
QUALIFICATIONS : Degree, H.N.C.,. or equivalent in appropriate sub- 
ject. Under 22, minimum qualification is G.C.E. in five subjects, including 
two Scientific /Mathematical subjects at “A” level or equivalent level. 
Age: AEO. 18-27, E.O. over 26. 
APPLICATION FORMS from Miss A. S. McEwan, Ministry of Agricul- 
ture, Fisheries and Food, Room 619, Great Westminster House, Horseferry 
Road, London, §.W.1. Closing date: October 13, 1969. 

(1088) 
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FLOUR MILLING AND 
BAKING RESEARCH 
ASSOCIATION 


A CHEMIST or 
FOOD TECHNOLOGIST 


is required to work in the Biscuit and 
Flour Confectionary Department, The man 
appointed will be engaged primarily on 
research into processes used in the manu- 
facture of various types of biscuits and 
wafers, He will join an established team 
which has been working in this field for a 
number of years. The research will in- 
volve work both in industry and in the 
ee pilot bakeries at Chorley- 
wood, 


Applicants should be about 30-35 years 
of age and should have several years’ ex- 
perience of research or technical develop- 
ment in a branch of the food industry. 
Applicants should preferably have qualifi- 
cations in Chemistry, Food Technology or 
a related discipline. A postgraduate quali- 
fication would be an advantage. The level 
of seniority and salary at which the ap- 
polntment will be made will depend upon 
the experience and qualifications of the 
successful applicant. 


Contributory pension scheme—F.S SU. 
Pleasant working conditions. The Re- 
search Station is 20 miles from London on 
the Metropolitan Line in semi-rural sur- 
roundings. 


Applications, giving full details of edu- 
cation and experience, should be sent to: 


The Secretary, 
FMBRA, 
Chorleywood, 
Rickmansworth, 


Herts. (1076) 


NORTHWICK PARK HOSPITAL AND 
CLINICAL RESEARCH CENTRE 


HAEMATOLOGY 
TECHNICIAN CHIEF I 


A Chief Technician is required for the 
Routine Haematology Section of the Clini- 
cal Pathology Laboratory of the new Dis- 
trict General Hospital at Northwick Park, 
Harrow. The section will work closely 
with the Clinical Research Centre staff. 
Initially the appointment will be on the 
Chief I grade. A second Chief I Tech- 
nician may be appointed for the Blood 
Transfusion Section at a later date. The 
hospital will open for the first 250 patients 
in July 1970, 


The person appointed should have a 
wide experience of modern haematological 
practice. He should be able to take up his 
appointment during December 1969/January 
1970, so as to assist in organising the 
haematological service to the hospital. 


Application form and further particulars 
from the Staffing Officer, Northwick Park 
Hospital, 164 Tottenham Court Road, Lon- 
don WIP 9LH. Tel. No. 01 387 5381. 
Application forms should be returned by 
Friday, October 17, 1969. 


(1104) 








WALTHAM FOREST 
(LONDON BOROUGH) 
WALTHAM FOREST TECHNICAL COLLEGE 
AND SCHOOL OF ART 


(Constituent College of proposed N.E. London 
Polytechnic) 


FOREST ROAD, WALTHAMSTOW, £E.17 


Applications are invited for a vacant Research 
Assistant post in the Physical Biochemistry Re- 
search School. The anpointed person will work 
for a higher degree on problems concerned with 
insulin—antibody reaction in relation to diabetes, 
Candidates should be honours graduates or 
holders of Grad.R.IL.C, The work involves corre- 
lation of the results of several physico-chemical 
and other tools such as acrylamide gel electro- 
focusing and electrophoresis, spectrophotometry, 
spectropolarimetry and radiochemistry. Salary 
scale : £870 to £960. 

Further details may be obtained from the 
Principal. (1068) 


SOCIETY FOR GENERAL MICROBIOLOGY 


EDITORIAL 
ASSISTANT 


The Society for General Microbiology invite applications for the post of 
Editorial Assistant for the largest of the Society’s learned journals, The 
Journal of General Microbiology. The post is a career appointment and 
may in due course lead to the post of Managing Editor, responsible for 
the whole of the Society’s publications. 


The appointee should have a scientific background (preferably some know- 
ledge of microbiology) and should be interested in editing, indexing, in 
the preparation of manuscripts and proofs for publication. An ability to 
run an office routine is essential ; experience of technical editorial work 
would be an asset. Secretarial assistance will be available. 


The appointee will be expected to spend the first few months of 1970 at 
the Lister Institute, Elstree, Herts, learning the existing editorial routine. 
In due course the Editorial Office will join the Society’s administrative 
offices at a place yet to be decided in the Home Counties. 


Salary will be arranged according to qualifications and experience in the 
range £1,070 at age 21 x £80 to £1,470 then to £2,270 per annum. 
For further details apply to: the Executive Officer, Society for General 
Microbiology, 7 Warwick Court, Holborn, London, W.C.1. 


(1084) 


PLANT BREEDING 


Colman’s of Norwich, who are responsible for the food 
interests in the U.K. of the Reckitt & Colman Group, have an 
interesting appointment for a man in his mid-to-late 20's with 
a degree or good diploma in agriculture or horticulture, 
Experience of experimentation on arable or horticultural 
crops would be advantageous. 


A wide range of skills and abilities is called for in this 
ambitious programme of plant breeding of mustards and other 
crops. Responsible to the Plant Breeder, he will be 

involved with all aspects of breeding from field trials to 
collation and assessment of results; he will also be 

concerned in the production of pedigree sowing seed. 


He will assist in the organizing and supervision of staff, and in 
maintaining contact with farmers co-operating in the 
programme. At the same time he will keep abreast of new 
developments and ideas by searching the appropriate journals 
and literature. 


Based at Norwich, some travelling is involved, and some 
irregular hours are worked. 


Please write, quoting ref. U.32 and giving brief relevant 
details to Personnel Director, 


J.& J. COLMAN LTD., 


Carrow, Norwich. NOR, 75A. 
(1072) 





Ve 





Vi 


NATURE. SEPTEMBER 27, 1969 








AUSTRALIAN ATOMIC 
ENERGY COMMISSION 
RESEARCH ESTABLISHMENT 


LUCAS HEIGHTS 
NEAR SYDNEY 


RESEARCH LEADERS- 
ENGINEERING 


The Commission is seeking several senior scientists or engineers 
to plan, lead and participate in research and development 
related to heat removal from power reactors. 
areas in which a large expansion is required in both basic 


research and technology are: 


FLUID MECHANICS: 


Fluid flow in coolant circuits, single-phase and two-phase 
pressure drop, hydraulic forces? flow distribution to main 
channels and cross-flow between sub-channels, turbulence, 


etc. 


DYNAMICS: 


Acoustic and flow induced vibrations in fuel-elements, two- 
interaction with neutron 


phase flow circuit instabilities, 
processes, noise analysis. 


FRUIT AND VEGETABLE 
PRESERVATION RESEARCH 
ASSOCIATION 
CHIPPING CAMPDEN, GLOS. 

Vacancies exist for: 

1. An ASSISTANT HORTICULTURAL 
OFFICER with a degree in horticulture or aari- 
culture to assist with (a) general liaison work 
and (b) special research projects dealing with 
problems of production of fruits and vegetables 
for processing, Previous experience with pro- 
cessing crops would be an advantage but is not 


essential. Salary dependent on age and qualifi- 
cations but within the Scientific Officer range 
£985 to £1,680. 


2. A young, but enthusiastic person with quali- 
fications in domestic science or allied discipline 
is required to join a small team to help in work 
concerned with the organoleptic assessment of 
the effect of agricultural chemicals on processed 
foods. Commencing salary according to qualifi- 
cations and experience, but not less than £940 
per annum, 

Applicants should write to the Director at the 
above address. (1067) 





RHODESIA 


Applications are invited for (a) SENIOR LEC- 
TURESHIP or (b) LECTURESHIP IN @ ZOO- 
LOGY, GD PLAN PATHOLOGY AND 
MICROBIOLOGY, añd Gii) ENTOMOLOGY, 
IN DIVISION OF BIOLOGICAL SCIENCES. 
The appointments in Plant Pathology and Micro- 
biology and in Entomology are new posts avail- 
able from July, 1970, and have been established 
with special reference to the corresponding M.Sc. 
courses, which will be mounted from that year, 
kor the post in Plant Pathology and Microbio« 
fey special consideration will be given to appli- 
cants with qualifications or experience in viro- 
logy. Salary scales (Rhodesian currency: £6 
Rhodesian=:£7 sterling) (a) £2,808 to £3,768 per 
annum; (b) £1,812 to £2,916 per annum, Pas- 
sages and allowances for transport of effects on 
appointment. Sabbatical and triennial visits with 
wavel allowance. 

Detailed applications (six copies), naming three 
referees by October 31, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
WIP ODT, from whom particulars are ira 


behaviour; 
omena. 


ENGINEERING NEUTRONICS: 


Effect of heat removal 


processes on reactor neutronic 


nuclear methods of investigating coolant phen- 


The Engineering Research Division has large well equipped 
laboratories in modern buildings and access to two research 
reactors and large computers. Excellent service and workshop 
support is provided. In the long term the engineering labora- 


tories will have technological responsibilities in support of 
the Australian Nuclear Power Industry added to its research 


role. 


In the meantime, until this industry develops, unusual 
opportunities exist for research in the fields listed. 


These are senior positions and applicants should have a record 
of personal achievements in research and research leadership. 
Depending upon qualifications and experience the appointment 
will be within the grade of 


The principal 


PRINCIPAL RESEARCH SCIENTIST 


$Aus.8,313-—-$Aus.9,561 


and consideration would be given to appointment of out- 
standing applicants in the grade of 


SCIENTIST 


SENIOR PRINCIPAL RESEARCH 


$Aus.9,989-—$Aus.70,301 


Application forms may be obtained by writing to the Atomic 


UNIVERSITY OF LONDON 
KING’S COLLEGE 


DEPARTMENT OF ELECTRONIC AND 
ELECTRICAL ENGINEERING 


Applications are invited for the post of 
LECTURER in ELECTRONIC AND 
ELECTRICAL ENGINEERING tenable 
from January 1, 1970. Candidates should 
have teaching and/or industrial experience 


together with research interests preferably, 
but mot necessarily, in one of the follow- 
ing fields : Solid-state, Electronics ; Electro- 


magnetic Theory; Control. Salary scale: 
£1,240 to £2,275 and then subject to review 
to £2,850 per annum. Initial salary will be 
according to qualification and experience, 
F.S8.8.U, benefits will be payable. 


Application forms and conditions of 
appointment may be obtained from the 
Registrar, King’s College London, Strand, 
W.C.2, and should be returned to him by 
October 20, 1969. (1109) 





MALACOLOGIST 


EAST LONDON MUSEUM, EAST LONDON, 
SOUTH AFRICA 


University degree essential in zoology. The 
successful applicant will be expected to maintain 
the Conchological collection and carry out Malaco- 
logical research. Salary scale: R2,400 by R120 
to R3,600/R3,600 by R150 to R4,800 (£1,200 
by £60 to £1,800/£1,800 by £75 to £2,400), Com- 
mencing salary will be determined by qualifica- 
tions and experience. A holiday bonus is pay- 
able and membership of the Cape Provincial 
Officials’ Pension Fund and Government Widows" 
Fund is compulsory, Vacation leave: normal 
vacational and sick leave conditions apply as in 
the Civil Service. 

Applications, stating full name, date of birth, 
marital and bilingual status, qualifications and 
experience accompanied by testimonials and/or 
the names of three referees, must reach the 
Director on or before November 30. Applica- 
tions must state date when appointment can be 
assumed. (1081) 


For further Classified advertisements see page xxxiv 


Energy Advisor, Office of the High Commissioner for Australia, 
Canberra House, 10-76 Maltravers Street, Strand, LONDON. 
Please quote position no. L21, 


(1105) 





AIREDALE GENERAL HOSPITAL 


Applications are invited for the new post of 
BIOCHEMIST (Senior Grade) at the above 630- 
bedded district general hospital which is due to 
open in the Spring of 1970. The Department of 
Pathology will serve the whole group which 
covers a large area of North-West Yorkshire. 
it will be provided with new up-to-date equip- 
ment and full facilities will be available for de- 
veloping the clinical chemistry service which may 
include radio-isotope work. 

There are two Consultant Pathologists in post 
and the technical staff of the Biochemistry Sec- 
tion will be a Chief Technician, A Senior Tech- 
nician and six traince Technicians. 

The successful applicant will initially work in 
the Department of Pathology of Keighley Vic- 
toria Hospital and assist in the planning of the 
service to be provided at the new hospital. 

The salary for the post will be £2,040 to 
£2,515 according to experience (Whitley Council 
Scale). 

Dr, E. G. F. Tinsley, Consultant Pathologist, 
who may be contacted at Keighley Victoria 
Hospital (Tel: Keighley 5471) will be pleased to 
discuss this post with interested persons. 

Applications, giving full personal details, quali- 
fications, experience and the names and ad- 
dresses of two referees, should be forwarded to 
the Group Secretary, Airedale Hospital Manage- 
ment Committee, St. John’s Hospital, Fell Lane, 
Keighley, Yorkshire, (1047) 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


DEPARTMENT OF CHEMICAL 
ENGINEERING 


RESEARCH FELLOW 


Applications are invited for the above vacancy 
to work with a research group investigation prob- 
jems connected with the coalescence of liquid 
drops and the separation of liquid emulsions 
and mists. Facilities for pilot plant work are 
available, Applicants should have suitable quali- 
fications in chemical engineering, physics or 
physical chemistry. An interest in mathematical 
modelling would be an advantage. Salary with- 
in the range £1,470 to £1,600 per annum. 

Inquiries and letters of application should be 
addressed to Dr. G. A. Davies, Department of 
Chemical Engineering, UM.AS.T., Sackville 
Street, Manchester M60 10D. (1054) 
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How do you know that 
what you are working on now 
wasnt the subject of an article 
-in an Australian journal last week? 





By subscribing to 
Current Contents. 


Perhaps there's an article on your specialty in a Japanese 
or Russian or French journal? Or a Canadian or Israeli or Amer- 
ican publication you normally won't see? 

if there is, Current Contents® newest edition in Agricultural, 
Food and Veterinary Sciences will tell you about it as soon as 
it is published... and many times before it’s even printed. 
That's just how current we are. 

Many of you are familiar with other Current Contents edi- 
tions. (Other editions cover Physical Sciences; Life Sciences; 
Chemical Sciences; Education; Behavioral, Social and Manage- 
ment Sciences.) You may even subscribe to Current Contents— 
Life Sciences or Current Contents—Chemical Sciences and won- 
der how much overlap there is in coverage. The fact is, very 
little. 

For those of you who don't know Current Contents, here’s 
how it works. 

We have compiled a list of the most significant journals in 
your field. (Over 700 in the initial list for Agricultural, Food & 
Veterinary Sciences. And after subscribers tell us about other 
journals they want covered, the list could grow to over 1,000 
by the end of the year.) 

Then we publish the Table of Contents of each issue of these 
journals. Current Contents comes out weekly, 52 weeks a year, 
With an index of authors, and their addresses, so you can write 
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No Ticket to Mars 


Tue task force under Vice-President Agnew which has 
been worrying about the future course of the United 
States space programme has found a judicious com- 
promise—-between the owls and the eagles. For one 
` thing, the group avoids a commitment to those who 
would like to see a steadily reducing budget for space 
activities by pointing out that a substantial reduction 
in the NASA budget could only be achieved by a reduc- 
tion of the manned space flight programme to the point 
at which it would not be viable. By the same token, 
however, the group has implicitly rejected the view 
that there should be an American or two on Mars by 
1981. It recognizes the value of definite and even 
outrageous goals as ways of making technical efforts 
hang together, but it soberly points out that it is 
possible to set off for Mars more or less every other 
year, and that there would be no shame in postponing 
the flight to Mars until later in the century. On 
balance, it is a sensible course to follow. 

What the task foree—which included Dr Robert C. 
Seamans (secretary of the Air Force), Dr Thomas O. 
Paine (acting administrator of NASA) and Dr Lee 
DuBridge (the President’s science adviser )—has recom- 
mended is that the next few years should see a deliber- 
ate attempt to exploit the advantages which have been 
gained in the past decade, keeping more or less within 
the present NASA budget for the next four years or 
so. At this level, it seems that NASA would be able 
to carry out many of the plans on which it has recently 
set its heart. For one thing, there would be a steady 
stream of journeys to the Moon. Such a budget would 
permit an increase in the scale of expenditure on 
scientific work with unmanned satellites, as well as 
the refinement of some kinds of satellite applications— 
weather satellites, for example. (It is a pity that the 
Task Force seems also to have swallowed NASA’s 
bait on what are called earth resources satellites.) 
Then, in 1972 or thereabouts, it would be possible for 
NASA to embark simultaneously on a scheme for con- 
structing re-usable rockets for travelling between the 
Earth and satellite in orbit and the creation of a space 
station that would function as an outer terminal. On 
this plan, the NASA budget would rise (at present 
prices) to close on $6,000 million by 1976 (compared 
with less than $4,000 million now). A decision on the 
visit to Mars would be taken in 1978, and would increase 
the annual budget to $8,000 million in the early 1980s. 

Undoubtedly the Task Force is right in choosing 
this middle path, although the reasons for its strategy 
are much more open to complaint. The truth is that 
it would have been a waste of what has been accom- 
plished in the past few years to let the space programme 
run down, and in particular to give up the flights by 
people to the Moon. Nobody quite knows what will 
be accomplished, but it is a prudent insurance to 
keep the wheel turning slowly. But by the same test, 
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there is no case for a rapid expansion of the programme, 
and in particular no case for an expedition to Mars. 
It is true, of course, that somebody may hit on a good 
reason for such a journey next year or the year after, 
but until that happens, waiting and seeing is the best 
policy. All that makes sense. It is a pity that the 
Task Force has muddied the waters with high-sounding 
talk of how this “balanced programme” will “promote a 
sense of world community through a programme 
which provides opportunity for broad international 
participation and cooperation”. To the extent that this 
reflects Dr Paine’s determination to strengthen the 
external relations of NASA, fine and dandy, To the 
extent that it may become a mirage which diverts the 
NASA’s programme from realistic goals, it could be a 
danger. The people in Europe who planned ELDO 
and ESRO will have useful tales to tell on that. 

If the recommendations of the Task Force are sensible 
enough, however, there are some unfortunate gaps 
in the study of the space programme which has now 
been carried out. There is, for example, the question 
of how the internal structure of NASA should be 
reorganized, In the hectic years leading to Apollo, 
it was natural, if unfortunate, thet the landing on the 
Moon should have coloured many other branches of thé 
administration’s activity. One obvious defect has 
been in the planning of the purely scientific work based 
usually on unmanned satellites. Although NASA has 
done wonders in the short spell of its existence, there 
remains a nasty suspicion that the benefits would 
have been much greater if the funds available had 
been spent with more discretion. Are the results of 
the Biosatellite programme—the last satellite killed a 
monkey—worth the money spent on them, for 
example? And is it in the best interest of the scientific 
programme that NASA spending in the universities 
should have declined substantially in the past few 
years (at the same time as its own excellent rescarch 
institutes have grown)? The chances are that there 
would be a much more effective use of scientific satel- 
lites if there were a more intimate relationship between 
NASA and the scientific community, 

It is also important that NASA should devise ways 
of strengthening its links with similar organizations 
elsewhere. The Task Force woufd like to involve 
foreign scientists in the planning of the United States 
Space programme as well as a division of labour on 
particular projects such as the development of direct- 
broadcasting television satellites. The Task Fotce 
even goes so far as to spell out ways in which it would 
be possible for the United States to collaborate with 
the Soviet Union. Although much of what the Task 
Force has to say about international projects like these 
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How to Pick the Good Horses to Buck 


Presipent Nixon must have known for a long time 
that there would be a mixed reaction to his decision 
to spend $650 million on the further development of 
the Boeing supersonic transport, and he is unlikely to 
be disappointed. Even if the object is to keep the SST 
going for another year or so, until it will be possible 
to tell whether the Concorde will be a commercial 
success or merely a white elephant, the time will have 
come for the opponents of supersonic flight in all 
or nearly all its forms to take up the cudgels once 
again. This time, they will be able to win some 
courage from a report, “Technology Processes of 
Assessment and Choice”, just issued by what is called 
the Panel on Technology Assestment at the Nationa] 
Academy of Sciences in Washington, yet another 
offshoot of the indefatigible Committee on Science and 
Public Policy under Dr Harvey Brooks (US Govern- 
ment Printing Office, $0-75). For if the report has 
little to offer in the form of concrete suggestions about 
the decent regulation of technological development 
within the framework of a modern state, it does 
intelligently and forcefully urge that public protest 
through conventional channels of opinion should play 
a much firmer part in the development of a policy for 
new developments in technology. In a nutshell, the 
panel’s position on supersonic flight is that the SST 
is too important to be left to the Federal Aviation 
Administration. 

The panel owes its existence to the energy of Repre- 
sentative Emilio Q. Daddario, the chairman of the 
sub-committee on Science Research and Development 
within the House Committee on Science and Astro- 
nautics. For several years, Mr Daddario has been 
pleading and demanding that there should be better 
mechanisms for making sure that the directions on 
new developments in technology should be more 
accurately linked with the aspirations of society at 
large. Mr Daddario is the one who in 1967 in- 
troduced a Bill to Congress which would have 
set up a “Technology Assessment Board” with the 
responsibility to. “provide a method for iden- 
tifying, assessing, publicizing and dealing with the 
implications and effects of applied research and 
technology”. It has been largely at his prompting 
that the National Academy of Sciences has found itself 
saddled with the task of laying down some principles 
for the more effective regulation of the directions of 
modern technology, and it is probably not entirely a 
coincidence that one of the panel’s recommendations 
is for a version of Mr Daddario’s board which is distri- 
buted between the Office of Science and Technology 
at the White House, the National Science Foundation 
and Congress itself. 





What Congress has been asking for is some 
mechanism for making sure that the advance of 
technology brings desirable benefits and not disas- 
ters. The panel takes the view that the first step in 
striking a reasonable balance between the two is that 
there should be better methods of assessing the inter- 
action there is likely to be between particular kinds of 
technological developments and the larger world. 
The panel makes a sensible distinction between 
attempts -to predict the likely course of events 
which is bound to be uncertain and may even be 
positively misleading—and the much more valuable 
task of specifying the full range of the consequences 
of some new development. The panel is also at pains 
to emphasize that deploring the “undesirable side- 
effects of technological change is not tantamount to 
decrying technology itself”. Rather, the argument 
goes, “the purpose is not to conceive ways to curb or 
restrain technology but rather to conceive ways to 
discover and repair the deficiencies in the processes 
and institutions by which society puts the tools of 
science and technology to work”. This enlightened 
logic leads the panel to the general conclusion that 
the answer to the problem of technology is the improve- 
ment of democratic processes to the point at which 
the long-term needs of society at large can be distilled 
in such a way as to influence the course of technical 
development. 

The continuing failure to recognize the importance 
of this simple truth is no doubt a good part of the 
reason why those who beat their breasts about the 
gloomy prospects for technology make such heavy 
weather of suggesting what should actually be done to 
make sure that the side-effects of some new develop- 
ment do not more than cancel out the benefits. In the 
widest sense, however, it is not for technologists to 
decide how this balance should be struck. In the best 
sense of all, the decision about technological develop- 
ments are political decisions. The siting of a modern 
airport, for example (see page 1300), is not simply a 
technical matter but one in which the unwillingness 
of putative neighbours to have their eardrums threat- 
ened by too much noise must rightly play a part. 
In circumstances like these, it is entirely proper that 
communities which are threatened should be allowed 
—even enabled—to protest. To be sure, it is also a 
necessary part of this democratic process that the case 
for disputed technological developments should be 
made as clearly as possible. This is where the advocates 
of new developments must themselves descend to the 
hustings. To pretend that matters can be differently 
organized is to cherish an illusion. 

How does all this work in practice ? The panel is 
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entirely within its rights to emphasize the intellectual 
difficulty of balancing benefits and side-effects. The 
panel is also right to emphasize that many existing 
instruments of government-—-the regulatory agencies 
such as the Food and Drug Administration in the 
United States—serve to constrain the natural tenden- 
cies of technology to respond to the influences of the 
free market. The problem, however, is to devise ways 
of restraining the new technologies, for which regula- 
tions have not been devised, and the panel goes on to 
shake its head in sorrow over many of the troubles or 
near troubles of the past few years—the spread of DDT, 
the air pollution caused by automobiles and even the 
influence of television on the pattern of society. It is 
clever of the panel to have insisted that the real 
difficulty in predicting the effect of an innovation is not 
so much qualitative as quantitative. 

Here and there throughout the report are references 
to the way in which innovations have brougnt untoward 
effects. The report, for example, asks more in sorrow 
than in anger why the introduction of organo-chlorine 
pesticides a quarter of a century ago was not more 
gradual and deliberate, with an attempt to foresee that 
these materials would accumulate in some parts of some 
food chains. The panel goes on to say that there is a 
suspicion—it emphasizes that it can be no more—that 
accumulated pesticides in human livers may already 
be causing subtle kinds of damage. The moral which 
it draws is that there should have been some agency 
responsible for examining the likelihood that innova- 
tions like these would have harmful side-effects, and 
it is a short step from there to the recommendation 
that the Office of Science and Technology and the 
National Science Foundation should both have grafted 
to them departments for making forward assessments 
of the consequences of technology, the former in an 
executive role and the latter as a grant-giving body. 

The trouble, of course, is that nobody will be confi- 
dent that such organizations, however enlightened they 
may be, can effectively avoid any but the more obvious 
dangers. There is even a possibility that institutions 
like the Office of Science and Technology, concerned as 
they must be with the efficient implementation of 
government policy, will frequently find themselves 
internally in conflict in assessments of the conse- 
quences of innovation. In a curious way the Panel on 
Technology Assessment, having accurately proclaimed 
that the interesting problems are political in character, 
then goes on to advocate a scheme for curing political 
conflict in what would be a quasi-judicial arm of the 
technical civil service. The chances are that such a 
system would provide either the wrong advice or none 
at all. 

What, then, should be done? There is a need for 
much more research on some aspects of problems of 
technological innovation, as, for example, in the study 
of the long-term effects of the pill or the consequences 
of factory farming. The Panel of the Academy of 
Sciences is within its rights in asking that some body 
like the National Science Foundation should be more 
free than in the past to spend money on projects like 
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these. Within the technical community, there is a 
need for a much more outspoken discussion of the pros 
and cons of potential developments, and it is laughable 
that technical opinions should often be as one-sided 
as those of out and out propagandists. This is why, 
as in the conflict between technical opinions about the 
damage caused by sonic booms, itself the product of 
technical uncertainty, nobody can accurately know 
just who to trust. In the long run, however, the 
function of technical opinion is not so much to arbitrate 
between opposing views as to inform and even to 
stimulate discussion in a wider circle. The great 
merit of the report by the Panel on Technology Assess- 
ment is that it demonstrates as convincingly as the 
American Constitution itself that matters which con- 
cern the people at large can only properly be decided 
by the people. 


PARTY CONFERENCES 


European and Party Unity 


BRIGHTON is now poised between party conferences. 
The Liberal conference which took place last week 
afforded the now familiar sight of the Young Liberals 
adopting a more radical and militant approach than 
that of the parent body, and being subsequently 
chastised for it. . But the motion which had the greatest 
bearing on science and technology, on Šuropean unity, 
was largely their work. 

This motion commits the Liberal Party to press not 
only for entry into the EEC but also for a “United 
States of Europe” with common economie, techno- 
logical and foreign policies. The Liberals see this as 
the only effective way to combat the increasing Ameri- 
can dominance of European technology and consumer 
markets, but perhaps the most surprising aspect of 
the motion is that it calls for a common defence poliey 
based on conventional and not on nuclear weapons. 
This would require that both Britain and France 
should relinquish their nuclear armouries, and renders 
the Liberal policy on general nuclear disarmament 
rather unclear. The motion was carried by an over- 
whelming majority, and this makes the Liberal Party 
the foremost advocate of joining the Common Market 
among the political parties. 

On education, the Liberals carried a motion calling 
for sweeping changes in the whole spectrum from 
primary to higher education (see Nature, 228, 1088; 
1969). The principal changes called for were the 
provision of nursery schools for at deast one third of 
the ag> group: raising the age of transfer to secondary 
education to twelve or thirteen and that from secondary 
to tertiary education to seventeen; the provision of 
two or three year colleges for up to one third of that 
age group, for pre-university or pre-vocational trainirt ; 
the abolition of GCE O-level and the acceptance of 
a single national examination as a test of fitness for 
entry to university. The debate on the motion centred 
more on the methods for carrying out these plans than 
on the principles embodied in it. 

Apart from these two motions, there was little in 
the conference bearing on science and technology. 
Mr Erie Lubbock, the Liberal Chief Whip in the House 
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of Commons, said that these issues are unfortunately 
not likely to catch the imagination of the public, but 
that he hoped to submit a short motion to the next 
conference which would be based on recommendations 
from a recent meeting on the proper use of scientific 
manpower. But, like the Liberals, delegates to the 
Labour Party Conference will not find themselves 
overburdened with science and technology issues. 
The major debates will almost certainly be concerned 
with economic policy and trade union legislation, but 
the motions on education and the National Health 
Service will affect some areas of science indirectly. 

In contrast with the Liberal motion on cducation, 
those submitted to the Labour conference are surpris- 
ingly dull and are mainly concerned with speeding 
up the process of changing to comprehensive education. 
The Socialist Education Association is calling for a 
single public examination at sixteen, the abolition of 
all private education and the mandatory provision of 
nursery education by local education authorities. 
Other motions call for a review of the current concept 
of examinations as a means of assessment and four 
term years in higher and further education. Preserip- 
tion charges will doubtless come under attack if a 
composite motion on the health service is debated, 
but more sweeping changes are likely to be proposed 
in motions calling for the nationalization of the drug 
industry. 


TRADES UNIONS ` 


Science and the TUC 


PrepicraBLY, the Trades Union Congress held in 
Portsmouth earlier this month was dominated by 
debates on government policy in the industrial sphere, 
and little time was spent on matters having a direct 
bearing on science and technology. But many matters 
discussed could influence the conduct of research and 
development indirectly. Thus there was a call for a 
policy for mergers laying down a “code of action” 
for industrial takeovers; acceptance of that part of the 
report of the General Council of the TUC concerned. 
with Britain’s technological progress, drug industry 
profits and the National Health Service, and the 
European Economic Community. 

The TUC does concern itself quite extensively with 
matters bearing on science and technology, however: 
the report of the General Council to Congress included 
paragraphs on Britain’s technological progress, Euro- 
pean technological cooperation, pressure vessels, carbon 
fibres and the Social Sciences Research Council. The 
fact that these issues were not debated reflects popular 
indifference to science policy issues. But Mrs Muriel 
Turner of the Association of Scientific, Technological 
and Managerial Staffs drew attention during the 
congress to a paragraph in the report which was 
concerned with women in scientific careers. She 
pomted out that the number receiving scientific or 
technical training was negligible and urged that a 
campaign be started to help recruit more women 
into science. And this, after all, was the TUC which 
came out in favour of equal pay for men and women. 

Mr Clive Jenkins, general secretary of ASSETT, 
proposing an amendment which called for the abandon- 
ment of Britain’s efforts to join the EEC, did not 
concern himself with the paragraph in the General 
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Council’s report on European Technological Coopera- 
tion but voiced several doubts on agricultural grounds 
about the advisability of entering the EEC. He stated 
that the Treasury would have to find an extra £600 
million a year, and that the majority of people in 
Britain were not in any case in favour of entering the 
EEC on existing terms. Before the amendment was 
put to a vote which would have resulted in ignominious 
defeat, Mr Jenkins withdrew it. 

In a motion calling for the abolition of Health Service 
charges, Mr Bob Edwards of the chemical workers 
gave as the main reason for the financial plight of the 
NHS the vast profits being made by the drug industry. 
He suggested that if the Government carried out one 
recommendation of the Sainsbury Committee—the 
abolition of branded drugs—this would recover 
enough money from drug profits to pay for a free 
health service. This motion, which was passed over- 
whelmingly, also called for a new system for controlling 
hospitals and the health service, based on trade union, 
professional and local government representation. 


AIRPORTS 


Living without Stansted 


Tux British Airports Authority is still smarting from 
the decision of the British Government in February 
1968 to throw the question of where to build a third 
London airport on the shoulders of a commission under 
Mr Justice Roskill. In its annual report for the year 
ending in March, the authority is at great pains to 
point out how the postponement of the plan for a third 
airport at Stansted has interfered with its forward 
planning. Close readers of the report may well, however, 
be disappointed by the authority's scant acknowledg- 
ment that the opponents of the plan to build at Stan- 
sted may have had a ease. At one point, the authority 
suggests that this change of plan was “a result of 
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local objections after the public inquiry at Chelmsford 
and pressures in Parliament and the Press, backed 
by the Hertfordshire County Council’. The authority 
complains that Stansted should have been included 
in the list of Roskill srtes “if only as a yardstick 
against which the merits of other sites may be judged”. 
The authority finds some comfort in the way in which 
airport authorities in New York, Paris and Montreal 
have recently run into trouble in persuading local 
communities that they must make some sacrifice of 
amenity for the greater good, and says that “although 
there is a natural opposition by communities to the 
siting of a new major airport, many millions of people 
in the United Kingdom require the new London 
airport in the pursuit of their business and their future 
prosperity”. The report has nothing to say in defence 
against technical criticisms of the choice of Stansted, 
especially the complaint that access would have been 
needlessly difficult. 

According to a spokesman, the authority will now 
keep an open mind about the merits of the four Roskill 
sites at least until the commission has carried out its 
own detailed assessment of the alternatives, probably 
towards the end of 1970. The postponement of the 
authority’s plan for Stansted seems, however, to have 
soured the authority’s attitude towards the British 
Government on a number of other issues—it complains, 
for example, about continuing delay in providing a 
rail link between central London and Heathrow 
airport, a project on which progress has been “‘in- 
ordinately slow”. One telling proof of the need of the 
link is the way in which the total travel time between 
London and Paris has decreased only from 4-25 hours 
in 1928 to 3-0 hours in 1968. The authority also 
“continued to await a decision from the government” 
on the redevelopment of the airport at Edinburgh. 

With these complaints off its chest, the authority has 
a cheerful tale to tell about its commercial operations 
which goes a long way to justify the pre-Fulton 
decision that airports should be managed by an 
independent corporation and not by a part of the Board 
of Trade. The authority made an earned profit of 
£4-6 million during the year on a turnover of £235 
million. The effect of this buoyant tendency is, however, 
modified to some extent by the way in which the rate 
of growth of traffic through the four British airports 
controlled by the authority has been slackening in the 
past few years, At Heathrow, which now handles 
0-8 per cent by value of overseas trade from the United 
Kingdom (and which is the third largest trading port 
after London and Liverpool), aireraft movement and 
the flow of passengers increased by 4-6 per cent and 
57 per cent respectively, compared with 8-1 per cent 
and 12-4 per cent respectively for the growth of air- 
craft movements and passenger traffic in the world as 
a whole. Although the slackening of growth is less 
marked than at Kennedy Airport, New York, the 
authority shares all the alarm of the new entrepreneur 
who fears that his business may eventually climb to a 
plateau of prosperity. 






AQUATICS 


Outboard Motor for Humans 


THe power-assisted life-saver seems to be on the way. 
This, at least, is one potential use that has heen 
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suggested for the Aquazip, invented by Squadron 
Leader R. A. Harvey and described by the manufac- 
turers, Turbojet, Ltd, as “the latest revolutionary 
British invention”. Powered by petrol and weighing 
a total of 34 pounds including the propellor unit, it i 





is 
said to transport the wearer through the water at 
twice the speed of a champion swimmer. Other 
applications proposed include secret military m 
police patrols, fishing, and simply learning to m. 
It is not yet known whether any of the armed forces 
are interested, but one opinion proffered is that a 
final decision on its usefulness will have to await the 
establishment of an Olympic competition. 








CONTROL ENGINEERING 


Gravity Defied 


Two years ago, the engineering schools of the Univer- 
sities of Sussex and Warwick and of the University Col- 
lege of North Wales at Bangor set up an Inter-University 
Institute of Engineering Control, and the institute 
now feels that it is enough of a success to justify a 
mild form of celebration. Some of the work of the 
institute on show at the University of Sussex earlier 
this week included a 1967 Singer Vogue car instru- 
mented by the Warwick group to nfeasure the behaviour 
of the engine while the car is being driven under a 
variety of conditions. Factors such as the load on the 
engine, the manifold vacuum and the fuel flow are re- 
corded on seven-track magnetic tape ready for qom- 
puter processing. Surprisingly, the claim was made 
that this is the first time an engine has been tested in 
any detail under running conditions. 

The Bangor group brought some examples ¢ 
new techniques in instrumentation which it is develop 
ing, including a device for automatically measuring 
the surface area of irregularly shaped objects such as 
leaves. 
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The prime exhibit was a new methcd of magnetic 
levitation devised by a team led by Dr B. V. Jayawant 
of Sussex. For the demonstrations on show, the term 
might more properly have been magnetic suspension. 
They were objects weighing up to several pounds 
hanging a few millimetres below a.c. electromagnets. 
So far, the weight limit is 10 pounds, but Professor 
J. ©. West, the director of the institute, optimistically 
says “We can float anything anyone wants, from a 
pin up to fifty tons”. And heavy hints were dropped 
about levitated trains. The essence of this method of 
magnetic levitation is to include the electromagnet 
as part of a resonant circuit, and this arrangement 
overcomes the oscillations of the suspended object 
which arise with d.c. electromagnets. The profile of 
attractive force versus distance from the magnet can. 
be arranged so that the circuit departs from resonance 
if the suspended object comes too close, whereupon the 
attractive force decreases and the suspended object 
falls. But if it falls too far, the circuit, approaches 
resonance and the attractive force increases. At 
Sussex this week there was talk of using the principle 
as a magnetic bearing, in an ICI fibre plant and in an 
anemometer for the US Bureau of Mines. 

The Inter-University Institute of Engineering Con- 
trol meets with the approval of the SRC, and the 
director of the council’s University Science and Tech- 
nology Division, Mr C. Jolliffe, was at the celebrations 
to say that control engineering—like radio-astronomy— 
has been picked out by the council for generous support. 
He was unsure precisely how much the council spends 
each year on control engineering, but it is somewhere 
between £560,000 and £1 million, and the institute 
receives between £50,000 and £100,000. But it is still 
not clear how the institute fits in with the council's 
avowed intention to concentrate its resources at the 
control engineering group of Cambridge, Imperial 
College (London) and the University of Manchester 
Institute of Science and Technology. At Sussex this 
week it was jovially denied that the institute is just 
another way of persuading the SRC to part with its 
money. Apart from what sounds like an excellent. 
MSc course which involves students in eight weeks of 
lectures at each of the three universities before they 
settle down at the department of their choice, it is hard 
to detect any concrete examples of the benefits of 
cooperation. A glance at the annual report reveals no 
examples of multiple authorship of papers by members 
of the institute who come from different departments, 
and the SRC is said to be disappointed that there is no 
large project involving all three departments. Mr 
Jolliffe, nevertheless, commended the arrangement to 
other universities. The chief obstacle to effective 
cooperation must be the distances between Bangor, 
Brighton and Warwick, but there seems no reason why 
departments in, say, the closely-packed universities of 
Yorkshire and Lancashire should not pool their 
resources. 


SAUSAGES 


Chicken with Everything 


Tur US Department of Agriculture has decided that the 
all-American hot dog may contain as much as 15 per 
cent chicken without anyone being the wiser. But if the 
hot dog, or frankfurter, contains any greater amount, 
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its chicken content must be advertised in small print 
on the package, The National Broiler Council, which 
had been hoping for a 25 per cent limit on unlabelled 
chicken, believes that a label of “frankfurters with 
chicken” is unfairly discriminatory to the poultry 
industry. Presumably it feels the same way about 
“chickenfurters” and “chicken dogs’, names which 
advertisers have designed to combine honesty with 
sales appeal. 

There is also a category of sausage sold under the 
euphemism of “all meat”. that does not mean that the 
sausage is all meat (it contains fat, water and cereal), 
but rather that the meat is all meat. (Meat that. is not 
all meat is meat mixed with fat and skin.) Under the 
new American rules, to go into effect in November, 
chicken skin may not be used in all-meat sausages; 
in frankfurters, it may appear in proportions no greater 
than that which it appears in the chicken itself. There 
must be no poultry kidney or sex glands minced into 
cooked sausages (a definition which embraces a numb or 
of other delicacies such as bologna, Vienna sausage and 
knockwurst) and no more than one per cent of 
bone residue, but these last simply extend existing 
regulations. 

The real battle, one which President Nixon has 
joined, concerns the fat content of the frankfurter. 
He is allied with the anti-cholesterol faction who want 
to see no more than 30 per cent of fat in hot dogs. The 
Agriculture Department is plumping for 33 per cent 
and the industry 35 to 37 per cent. The final decision 
should be announced soon. The water content will 
probably remain stationary at 10 per cent. 

What goes in the favourite national sausage is never 
a dull subject. The battle over water content raged 
in Germany a few years ago and Britain’s own rules 
are spelled out fairly meticulously in the Sausage and 
Other Meat Product Regulations of 1967. Simply to 
read it, however, may put one off processed meat for 
life. Anything described, for example, as “meat curry 
with rice” need have a meat content of only 15 per cent 
and even the “meat” is given the broadest possible 
definition: the flesh, including fat, skin, rind, gristle, 
sinew and permitted offal. In Britain as in America, 
there is a superior category known as “lean meat” 
which means the total weight of lean meat free of 
visible fat. The interest in the new American rules is 
not only that they classify chicken as a second-class 
sort of meat but that they governs what must be 
printed on the packet. Rules laid down by govern- 
ments for the producer are one thing. Rules that insist 
that consumers (at least those willing to risk myopia 
in the supermarket) be allowed to know what exact 
proportions of fat, meat and water they are buying 
when they choose cheap, quickly cooked foods are 
something else again, and something better. 


ANIMALS 


Fewer Tortoises in Britain 


A sien that the craze for exotic pets in Britain may 
be on the decline can be found in the latest figures for 
the issue of import licences in 1968 published by the 
Department of Education and Science (HMSO, 4s). 
Tortoises are the chief beneficiaries. In previous years, 
the Advisory Committee set up by the Animals (Restric- 
tion of Importation) Act, 1964, has complained about 
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the “large and increasing number of licences to import 
tortoises”. In 1968, however, the number of applica- 
tions to bring tortoises to Britain decreased to 350,000 
from 600,000 in the previous year. Moreover, it seems 
that only two thirds of the licences granted in 1968 
were followed by the import of a living tortoise. What 
seems to happen is that importers overstate their 
requirements, presumably so as to be able to meet 
fluctuations of demand. 

The import of animals for serious purposes seems also 
to have eased during the year. Old world monkeys, 
which play a part in the development and testing of 
vaccines, are prominent in the list. The Advisory 
Committee says that the only significant increases in 
applications for licences have been for the importation 
of kangaroos, wallabies, giant tortoises and iguanas, 
and even here, it seems, only a proportion of the licences 
issued were eventually translated into living animals. 


PURPOSES FOR WHICH ANIMALS WERE IMPORTED IN 1968 
Animals Zoos and ——- Scientific Resale 
breeding research 
* Marsupials 
Macropodidae 
kangaroos and 
wallabies 17 6 3 
Phalangeridae 
opossums, koalas 
Primates 
* Lemuridae 2 — — 
* Pongidae 
anthropoid apes 23 l = 
Cebidae 
South American tree 
monkeys 22 
Callithricidae 
marmosets, tamarins 8 
Cereopithidae : 
old world monkeys 47 
* Ungulates 
Rhinocerotidae 2 ae 
Reptiles 
Testudinidae 
tortoises 
Iguanidae 10 2 


9 F 223,129 
462 


*Animals considered to be rarer than the rest. Some of the 


Testudinidae come into this category. 


PLANT ECOLOGY 


British Hora in Extinction 


from our Botany Correspondent 


Bors man and climate have influenced the distribution 
of British flora, although from the Neolithic period 
onwards it is generally difficult to distinguish between 
the effects of each. The shift from tundra to trees that 
oceurred some 15,000 to 13,000 years ago was chiefly 
the result of climatic change, which must still be taken 
into account in predicting the future of British flora. 
This was the upshot of a conference held in London 
from September 19 to 21 by the Botanical Society of the 
British Isles to consider the flora of a changing Britain. 

J. P. Savidge described studies of the influence of 
climate on the vegetation of Cader Idris, a hill in West 
Wales. He and his colleagues at the University College 
of Wales, Aberystwyth, are recording the abundance of 
the various species, together with details of the environ- 
ment in which they grow-—soil pH and concentrations of 
nutrients, for example-——with the intention of establish- 
ing an “environmental spectrum” for each species. 
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This will help to detect changes in the distribution of 
a species that are the result of climatic changes alone. 

Savidge pointed out that, as the climate alte a, 
species that can adapt to new conditions will survive, 
while those that cannot, because their breeding system 
does not encourage variation, will tend to die out. 
This category includes for example apomictic species 
which reproduce by seed without the intervention of 
fertilization. Furthermore, if summers continue to be- 
come cooler, the British flora may lose the continental 
species which grow chiefly in the south, and which need 
a fairly high temperature for germination and a fairly 
hot summer for fruiting. 

C. D. Pigott (University of Lancaster) is also in. 
vestigating the response of plants to climatic change, 
and has found that the small thistle Cirsium acaulon 
grows more densely and has a greater reproductive 
capacity in the south of England than in Derbyshire, 
near the limit of its distribution. In the south there 
seems to be a potential of about three hundred good 
seeds per flowering rosette, but in Derbyshire the 
number is only thirty to fifty in a good year. The 
temperature sensitivity of fruiting in C. acaulon is a 
sure sign that climate is a cause of the different behav- 
iour in the two partg of Britain. 

The ecological significance of such a phenomenon, 
Pigott explained, has to do with the ability to exploit 
new habitats, A species such as C. acaulon, growing 
in conditions which limit its sexual reproductive capacity 
and make it dependent on vegetative propagation, 
will be less able to adapt to changes in the environment 
than species which can produce abundant seed, some of 
which should be genetically equipped to cope with 
changed conditions. In the face of climatic changes 
C. acaulon may therefore die out in Derbyshire, but 
it is less likely to do so in the south of England where 
all the variation consequent on abundant sexual repro- 
duction would be available for adaptation. 

The speakers who went on to assess the changes that 
man has wrought on the British flora made it clear that 
his influence has not been wholly bad, in spite of 
pollution and wholesale destruction of habitats. J. E. 
Lousley (past president of BSBI) related how the 
coming of the railways created vast stretches of new 
habitats for foreign plants. As is well known, Oxford 
ragwort (Senecio squalidus) spread throughout the 
railway system after seeds had been dispersed from 
the Botanic Garden to Oxford station. Canals have 
had a similar effect on the aquatic flora. For example, 
Elodea canadensis, Canadian pondweed, arrived in 
Britain in the 1850s and has since infiltrated the whole 
canal system. With increasing cleanliness and container 
transport, there will be much less scope for the spread 
of plants by rail and canal, but motorway verges could 
prove interesting as sites for the spread of new species, 

A. J. Gray (Nature Conservancy, Merlewood), who 
has the task of assessing the botanical consequences 
of the Morecambe Bay barrage, predicts that new 
habitats will be created; it will be interesting to see 
what species move into them. Gray suggested, that 
even species such as Senecio palustris, extinct since 
1899, could return in such conditions. For botanists, 
barrages, like many of man’s activities, could have 
welcome results in spite of the initial destruction 
involved, Nonetheless, climatic change cannot be made 
to bear all the blame for the twenty-one species of plant 
that have become extinct in Britain since 1800, 
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italian Science Policy Condemned 


Traty’s economic miracle and the excellence of her 
nuclear physics are arresting witnesses to how well a 
country can do without a science policy. This at least 
is the inference from the latest of the series of reviews 
of national science policies prepared by the Organisation 
for European Cooperation and Development (Reviews 
of National Science Policy-—-Italy, OECD, Paris, £2). 
The report, a sharp departure from its generally bland 
and unprovocative predecessors, finds almost nothing 
right with Italianscience policy—-pitiable funds, confused 
organization, reactionary professors are only some of 
the failings of which Italy is indicted by her inquisitors. 

It is not surprising that the report has taken so long 
to see the light of day. The original draft, completed 
some two years ago, was sent to interested parties in 
Italy in preparation for the usual “confrontation” 
meeting between the OECD examiners and the authori- 
ties of the country concerned. It seems that the asperity 
of the examiners’ strictures made the Italian authori- 
ties reluctant to turn up for the meeting; certainly 
matters were made worse when shortly before the 
elections last year, copies of the draft report were 
handed out by dissident research workers conducting 
‘a sit-in at the headquarters of the National Research 
Council (CNR). 

It is hard to say how far the draft report has been 
adulterated in the published version. But apart from 
the account of the confrontation meeting, which reads 
as a vapid anticlimax to the drama that preceded it, 
the review presents an arsenal of ammunition for Italian 
research workers who feel themselves hard done by. 
What the review does not explain is how a patient, who 
by the doctors’ stock criteria should be dead, is in fact 
enjoying splendid economic health. Could it be that 
‘economic performance and scientific and technological 
progress are less intimately connected than is custom- 
arily supposed ? 

The two salient features of Italy's research budget 
are its size and its imbalance. Despite an economic 
growth rate that has been second only to that of Japan 
and Canada in recent years, Italy devoted only 0-6 
per cent of its GNP to scientific research in 196: 
(compared with more than 2 per cent for Britain and 
Germany) and by 1967 this had climbed only to 0-9 
per cent of which less than half was provided from 
public funds. The aggregate research expenditure in 
1967 in fact amounted to some 1.375,000 million 
(£250 million), but even this small cake was very un- 
evenly divided, one fifth being devoted to the National 
Council for Nuclear Energy “(CNEN) and an equally 
large slice going towards international agencies, prin- 
cipally Euratom, CERN, ELDO and ESRO. 

Granted the budgetary limitations on scientific 
research, the principal wrath of the OECD inquisitors 
descends on the way in which science policy is organized 
at a governmental level. There is, too, the stifling 
atmosphere which encompasses resear ch at the univer- 
sities, and which is chiefly to be ascribed to the in- 
ordinate power, and seemingly inordinate abuse of it, 


that is traditionally devolved on Italian professors. 
Balik basdan kokar, as the Turks say, “A fish rots from 
the head down”, might almost have been the mottoes 
to these sections of the report, although the inquisitors 
mince their words more finely. (Indeed, in parts of the 
report, which read as if they had been dragged rather 
than translated from the French, it is hard to be 
certain what message underlies the multiple wrappings 
of diplomatic verbiage). On the government level, the 
principal failing is the nebulous division of responsi- 
bility between the various organs concerned with the 
formulation of sci lence policy. Chief of these is the 
National Research Council (CNR) which is loaded with 
a multiplicity of functions including both the adminis- 
tration of certain types of research and advising the 
government on science policy. The president of the 
CNR submits an annual report to A which 
in effect forms the basis for its research poliev. The 
CNR, however, disposes of less than a fifth of the 
publie funds devoted to research. 

A slightly larger sum is at the disposal of the CNEN 
which in practice is a largely autonomous body (hence, 
perhaps, its excellence), whilst the remainder of the 
public research funds (excluding those made to inter- 
national agencies) are administered by the ministry of 
education and other ministries. Supervising the CNR 
is the Committee of Ministers for Economie Planning 
(CIPE), but neither the committee nor the Minister for 
the Coordination of Scientific and Technical Research 
is equipped to exert significant influence on the overall 


planning of scientifie and technical research. Indeed, 
the last minister, whose job seems generally to be 


regarded as a farce, declared—in joking vein-— More 
than ten ministers undertake scientific research: I 
administer none, I just go round poking my big nose 
into other people’s business” 

The problems of this structure cited in the OECD 
review include the dissatisfaction among scientists 
with the membership of the CNR, which includes too 
many professors and too few junior staff; the cumber- 
some machinery of the CNR and the delay in extracting 
a grant; and the handicaps on the CNR’s operation, 
notably’ that the president’s report to parliament is 
merely indicative and not legally binding, and the fact 
that many of the CNR’s resources have to be devoted 
to shoring up the universities. 

The dominant feature of industrial research in Italy 
which commands more than half the total research 
funds when the contribution of the state-aided enter- 
prises is included, is the excellence of the research 
carried out by the largest concerns and the serious 
neglect. or inability to “undertake research by almost 
all the others. This is reflected in the technological 
balance of payments which has grown from a deficit 
with the rest of the world of $l million in 1956 to 
$113 million in 1965. The deficit in 1965 represented 
more than half of the total industrial research in that 
year. At present, the examiners say, the government 
contributes little to industrial research and has no 
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effective means of orienting industrial research strategy 
in the foreseeable future. 

In the universities, the dearth of research funds is 
compounded by a shortage of research personnel at 
every level and an archaic structure which allows 
professors to behave as autocrats and offers no secure 
career to younger scientists. The examiners do not 
mention the notorious habit of a handful of Italian 
professors, who sell duplicated copies of their notes 
to students at exortionate fees, but they do mention 
the complaints that professors devote too much of 
their time to private money-making activities and 
too little to teaching. This abuse has reached such a 
pitch that a bill is now in preparation to set minimum 
teaching hours for professors who would be obliged to 
keep a record of their daily lectures and the reasons 
for any absence. Major weaknesses in the student 
side of the educational ladder are that students 
entering university are taught too much Latin and too 
little science, and that more than half the students 
come from upper class families representing less than 
10 per cent of the population. 

“Italian scientific and technical potential,” the 
OECD examiners conclude, “is not yet sufficient, 
whether in the light of the place occupied by the Italian 
economy in the world or in relation to the other indus- 
trialized countries of Europe. This insufficiency is 
manifest both in the number of researchers and, above 
all, in the facilities available to them for the conduct 
of their work.” As if to lay any dust they may have 
stirred, the examiners go on to affirm that the neces- 
sary reform measures are in hand and that no one is 
better aware of the problems or the means of tackling 
them than the Italians themselves. In the discussion 
of the background report the examiners, who include 
Professor Harvey Brooks of Harvard University, 
Professor Guy Ourisson of Strasbourg and Dr Jacques 
Spaey, secretary-general of the Belgian national 
council for science policy, remark particularly on the 
trials faced by young research staff at the universities. 
Their salaries are too low, both in relation to their 
colleagues in industry and their professors, and the 
professors take too much credit for the work done by 
their subordinates. University grants should be doubled 
immediately and subsequently trebled to bring them 
into line with European standards and the hierarchy of 


First Results Published 


Resvtts of the preliminary analysis by the Lunar 
Receiving Laboratory of the 22 kg of material returned 
from the Moon are reported in this week's Science 
(165, 1211; 1969), and the chief conclusion is that the 
surface at Tranquillity Base is unlike any known 
terrestrial rock or meteorite. This is chiefly because of 
comparatively high concentrations of the elements Ti, 
Zr, Y and Cr, and because of low amounts of Na, K 
and Rb. Titanium oxide, for example, makes up 
roughly 10 per cent by weight of the samples. The 
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university posts should be remoulded, notably by 
creating a new rank of associate professor. The uni- 
versities should also be streamlined and more closely 
integrated into the country’s economic and social life. 
If this is to happen, the examiners declare, it is “par- 
ticularly desirable that they should not be run solely 
by academics”. 

Turning to the non-academic science institutes, 
the three inquisitors say that administration of the 
public service institutes, attached haphazardly to 
various ministries, should be rationalized and simpli- 
fied. The level of industrial research is manifestly 
too low but the state has nothing to offer the large 
firms and has made little progress in assisting the 
smaller ones. At the government level, much is to be 
hoped from the reform project to create a Ministry for 
Scientific and Technical Research. Nonetheless, the 
present plan does not seem to establish a sufficiently 
clearly defined hierarchy of competences and respori- 
sibilities but rather to lead to the duplication of 
influences; in particular, responsibilities for program- 
ming and administration are not sufficiently clearly 
distinguished”. 

The examiners, whilst expressing their anxiety 
not to meddle with matters beyond their competence, 
recommend a discarding of the Italian practice 
whereby the same body, for instance the CNR, is 
charged both with doling out funds and setting the guide- 
lines for scientific policy. It is essential, they say, to 
separate the two functions, and for this reason the 
Prime Minister should be advised by a Science Poley 
Council, of which he would be chairman. Members 
of the council would be drawn from the universities. 
industry and public life. The council would advise 
on science budgets and guidelines for the national 
programme but would not be concerned with the 
distribution of funds. A Committee for Applied Re- 
search should take over from the CNR responsibility 
for this area of its activities and the CNR should con- 
centrate on the support of fundamental research, 

The examiners commend the Italian authorities for 
their excellent judgment in supporting nuclear re- 
search under the CNEN at a high level of funding, but 
they have no words of comfort for Ttaly’s techno- 
logical gap, which can only increase with time under 
the present arrangements. 














» 

staff of the laboratory say that the crystalline rocks 
are surface lavas or igneous rocks from near the 
surface, but refuse to be drawn into a discussion of 
whether there was a process like terrestrial voleanism, 
or whether the volcanism could have been trigefred 
by meteorite impacts. There seem to be two alternative 
ways of explaining the peculiar composition—either™ 
the original rock which produced the lava was different 
from anything found in the mantle of the Earth, or it 
has undergone different processes. 

The report also draws particular attention to the age 
of the samples determined by K/Ar dating, which 
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indicates that the rocks crystallized some time between 
3 x 10° and 4 x 10° years ago. Allowing for uncertainties 
in the determination, the report says, this means that 
some of the rocks may be older than the oldest rocks 
found on the Earth. Going by the presence of cosmic 
ray nuclides, the rocks have been no more than a 
metre beneath the surface for the past 20-160 x 10° 
years. 

The rocks can be classified into two categories: the 
fine and medium grained igneous rocks which were 
once probably lave flows and which have been broken 
up by impact, and what are called breecias which have 
a more complex history. The volcanic rocks contain 
typical gas cavities and recognizable minerals. One 
specimen is described as 53 per cent clinopyroxene, 
27 per cent plagioclase, 18 per cent opaque material 
chiefly ilmenite, 2 per cent of other translucent m aterial, 
and some olivine. The figures take no account of the 
15 per cent of the sample which is made up of vesicles 
between 1 and 3 millimetres across. Grains of olivine 
can be as Jong as 0-5 mm, but in general the grain size is 
between 0-05 and 0-2 mm and the report says that in 
many ways the rock is like some terrestrial olivine- 
bearing basalts. Other voleanig rocks in the sample 
are less fine grained, with grain sizes going up to 3 mm. 
Typical composition for these medium grained rocks 
is 46 per cent clinopyroxene, 31 per cent plagioclase, 
11 per cent opaque material (again chiefly ilmenite), 
5 per cent crystobalite, and 7 per cent of other material 
including an unidentified yellow mineral and a colour- 
less phase of high refractive index. These rocks do not 
contain olivine. The breccias are described as mixtures 
of different rock types with most fragments smaller 
than 0-5 em, and a large number of fragments show 
microfractures and vitrification. They seem to be 
consistent with impact ejecta. 

All the rock samples are characterized by small 
surface pits lined with glass, areas of splattered glass 
and whitish markings which are small areas of micro- 
fracturing. Each of these three factors points to erosion 
by the impact of small particles. What is more, many 
of the rocks have a rounded, eroded upper surface, 
but are flat or angular on the protected under side. 

Roughly half the returned material is classified as 
fine material—the lunar soil—consisting of glasses, 
plagioclase, clinopyroxene, ilmenite and olivine together 
with occasional spheres of nickel-iron. The glasses 
make up about half the fine material, and are divided 
into three types: (1) botryoidal, vesicular and globular 
dark grey fragments, (2) angular fragments with refrac- 
tive indices of about 1-5, which are pale, colourless, 
or occasionally brown, yellow or orange, (3) spheroidal, 
ellipsoidal, dumb-bell, and teardrop shaped fragments 
which can be red, brown, green or yellow and with 
refractive indices from 1-6 to 1-8. 

The fine material contained two core samples, one 
of 10 em and the other of 13-5 em. There was no 
obvious change of particle size with depth in either 
case, but one of the cores showed a 2 to 5 mm layer of 
lighter colour 6 cm from the surface. The upper 
boundary of the layer is sharp but the lower is less 
well defined. 

A rare-gas analysis of the soil indicates that they 
contain inert gases which probably come from the 
colar wind. Samples from within the breccias also 
contain the same gases and this indicates that the 
breccias must have been formed out of surface material. 
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Unfortunately for followers of Gilvarry, there are 
no secondary hydrated minerals in the material, and 
the report says this rules out the presence of surface 
water at the land’ng site since the rocks were exposed. 
And the authors of the report say they are being 
generous when they place an upper limit of one 
part per million on the amount of organic matter 
present. 

There is every reason to believe thet the surface at 
Tranquillity Base is as reasonable a sample of the 
Moon as one can get from a single landing. Although 
there are faint rays in the area from the craters 
Theophilus, Alfraganus and possibly Tycho, none of 
them crosses the landing site. Many of the fragments 
may have come from small craters in the neighbourhood 
—there was a 180 metre diameter crater 400 metres 
east of the landing site and the whole arca was pock- 
marked with craters from centimetres to tens of metres 
across. Craters Jess than 1 metre deep have floors 
of fine grained material, but a 4 metre deep crater 
which Armstrong visited had larger rocks on the floor 
and the suggestion is that the floor must have been 
close to the underlying bedrock. 


Apollo Down to Earth 


Tae Moon has finally come to Britain. Dr S. O. 
Agrell of the University of Cambridge and Dr P. E. 
Clegg of Queen Mary College, London, arrived at 
London Airport early on September 19 carrying the 
initial 105 g of dust in something like a shopping bag, 
variously reported to have been bought the day before 
for thirty shillings, and later that morning the white 
plastic containers holding the samples were formally 
unveiled at a press conference at the Science Research 
Council. After the festivities, conducted by Professor 
Sir Brian Flowers (chairman of the SRC) and Professor 
V. ©. Wynne-Edwards (chairman of the Natural 
Environment Research Council) and watched over 
by two shirt-sleeved policemen, the samples were 
rushed away to the fourteen groups concerned for work 
to begin. 

During the succeeding weekend, the Museum and 
Institute of Geological Sciences in London exhibited 
Dr S. H. U. Bowie’s allocation of lunar material, 
drawing what were apparently unprecedented numbers 
of visitors. Another display, at Queen Mary College, 
may have attracted less publicity but provided a 
videotape show explaining what the college was going 
to do with its dust as well as showing the substance ' 
itself. 

There is more to come yet from Apollo 11—the first 
batch, entirely dust, made up about a third of the total 
that is due to be sent to Britain, and the larger frag- 
ments, which include polished sections and chips of 
rock, will follow when they are ready. As for Apollo 12, 
Dr K. C. Dunham of the Institute of Geological 
Sciences said at the press conference that the list of 
proposals for the present samples were all the good 
ones that came to mind, but Professor S. Tolansky 
of the Royal Holloway College, London, has hopes of 
finding diamonds if the next visit brings back rocks 
from the edge of a crater. Should these turn up, they 
would help in clarifying the question of whether the 
craters are of meteoritic origin. 
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NEWS AND VIEWS 


One of the tragedies of molecular genetics is that 
elegant and simple ideas have often been encrusted 
with layers of jargon. To be sure, the jargon is often 
a splendidly convenient shorthand for the practitioner, 
but it is often so hard for outsiders to follow that it 
deters all but the most persevering from reading more 
than the first two or three words of many research 
reports. Up to a point, then, molecular biologists have 
only themselves to blame for the errors which some- 
times occur when their work is translated into plain 
English. After all, they do not even have the excuse 
that their work has to be described in mathematical 
language. The short article by L. Soll and P. Berg on 
page 1340 of this issue is a splendid illustration of an 
elegant experiment which should not be overlooked 
simply because, in the language of the trade, “they 
have shown the existence of a new amber suppressor 
which can only exist in Æ. coli cells that contain both 
the suppressor mutation and its wild type allele, and 
which inserts glutamine when UAG nonsense codons 
are encountered in an mRNA”. 

What does this mean? The genetic code consists 
of changes rung on the four nucleotides in the nucleic 
acid alphabet. A set of three adjacent nucleotides 
will ultimately specify an amino-acid in a protein 
molecule. Altogether, sixty-four triplet code words 
are possible, but three of these are not ways of specifying 
an amino-acid but are, rather, punctuation marks—for 
practical purposes, full stops--which indicate to the 
translation mechanism that a genetic message has 
come to.an end. Two of these nonsense codons, as they 
are called, have trivial names. The triplet of nucleotides 
UAG is called amber and the triplet UAA is called 
ochre. The third nonsense codon UGA has so far 
escaped a nickname. And why amber and ochre? It 
so happens that one of the team which discovered the 
nonsense codon UAG is called Bernstein, which is 
German for amber. It was of course only natural that 
UAA should be known as ochre. It remains still a 
mystery that these three nonsense codons occurring 
in a molecule of messénger RNA are not translated into 
an amino-acid but are instead recognized by protein 
factors, enzymes, which bring to an end synthesis of 
a protein molecule (Nature, 228, 136; 1969). 

As it happens, the discovery of the nonsense codons 
was closely followed by the discovery of a class of 
mutations of the bacterium Æ. coli which suppress 
the usual recognition of nonsense codons as full 
stops. What this means is that a strain of Æ. coli 
with such a mutation will not stop protein synthesis 
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when the synthesizing machinery reaches a nonsense 
codon in a molecule of messenger RNA but will instead 
insert an amino-acid and then continue translating 
codons beyond the full stop into amino-acids. In other 
words, if nucleotides are letters in an alphabet, if trip- 
lets of them are words, and if the genetic messages 
between nonsense codons are the equivalents of sen- 
tences, then cells with the suppressor mutation join 
together genetic sentences, usually to their own 
detriment. A whole series of suppressor mutations has 
now been characterized, all of them variations of the 
genes which specify „the molecules of transfer RNA 
which scavenge for amino-acid molecules, the raw 
material of protein synthesis. 

The modification of the protein synthesizing 
machinery which acts as a suppressor turns out to be 
quite simple. The molecules of transfer RNA each 
contain a characteristic set of three bases, called the 
anticodon, which pair with a codon in a molecule. of 
messenger RNA. In the suppressor modification, the 
anticodon of transfer RNA is modified so that it will 
be complementary to one of the three nonsense codons. 
The result is that the nonsense codon will be translated 
as the amino-acid which the transfer RNA molecule 
happens to be carrying. For example, the second of 
the suppressor mutations to be discovered, which is 
coyly called su2, functions by translating the UAG 
nonsense codon as the amino-acid glutamine. 

The suppressor mutation which Soll and Berg have 
worked with, called su7, resembles su? in that it reads 
the nonsense codon UAG as glutamine. There is an- 
other difference, however; su? is much more efficient 
than su? at translating UAG as glutamine—in. other 
words, it is a more efficient suppressor of the nonsense 
codon. In practice, the Æ. coli cells which contain the 
su? mutation manage to survive even though they grow 
less well than the wild type Æ. coli, but the cells which 
carry the su? mutation die unless it is arranged. that 
they are heterozygous, carrying both the mutated and 
the wild type copies of the gene ‘affected by the su? 
mutation. 

All this suggests an explanation of the way in which 
the suppressor genes function. Because cells with the 
su? mutation are able to survive, they must estill 
contain molecules of transfer RNA which are able to 
translate into glutamine the codon CAG which is 
normally a determinant of glutamine. But, as it hap- 
pens, the nonsense codon UAG is by mutation derived 
from the CAG codon for glutamine-—what seems to ‘be 
happening in the su? mutation is that molecules of 
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transfer RNA are responding to the nonsense codon 
UAG as they would normally respond to the glutamine 
codon CAG. Plainly, however, not all the molecules 
of transfer RNA which can recognize the usual codon 
for glutamine are deceived in this way, which implies 
that there are at least two species of transfer RNA 
molecules which can translate CAG codons, the usual 
determinants of glutamine. This, as it happens, is no 
surprise, for it is known that the biochemical machinery 
of E. coli contains multiple species of transfer RNA 
molecules. The two alternative transfer RNA molecules 
for translating CAG codons into glutamine are present 
in the living cell in different concentrations and are 
specified by different genes. 

Most probably, the non-lethal su? mutation affects 
the gene which specifies the less prolific species of 


First Gamma Ray Star? 


Tue article on page 1320 of this issue from Case Western 
Reserve University and the University of Melbourne 
does two things. First, it stakes a powerful claim to 
the discovery of a point source of gamma rays. Second, 
it casts doubt on last year’s announcement of a diffuse 
flux of gamma rays from the plane of the Galaxy. Both 
results are founded on data from a pair of balloon 
flights and, while the evidence from a single flight 
would not be conclusive, both flights taken together 
make a good case. The aim, of course, is to take the 
detectors above as much of the absorption of the 
atmosphere as possible: the balloons floated at a 
pressure level of 2-9 mbar, corresponding to an altitude 
of roughly 25,000 metres. Essentially, the detectors 
were spark chambers slung beneath the balloons, but 
with enough differences in design between the equip- 


ment of the Melbourne flight and of the Case flight, and . 


in the subsequent analysis, for the flights to be almost 
independent experiments. 

Of course the discovery of a point source of gamma 
rays has recently seemed almost inevitable. The 
successes of X-ray astronomy, with something like 
forty resolved sources now known as well as a contro- 
versial X- -ray background, make it natural to look for 
sources of gamma rays as well. But X-ray astronomy 
has also been invigorating because of the way a vast 
amount of information has been gathered from a not 
particularly large number of balloon and rocket 
flights. 

Gamma ray astronomy ought to have an advantage 
in that, oddly enough, part of the energy range is 
accessible from the ground through the Cerenkov light 
which will be generated when gamma rays of 10" eV 
or so strike the atmosphere. This is the approach 
being tried by Fazio of the Smithsonian Astrophysical 
Observatory, Jelley at Harwell, Porter at University 
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transfer RNA, which means that the cell can struggle 
along, translating CAG codons at a reduced rate but 
fast enough to survive. By contrast, the su? mutation, 
which is lethal to the cells which carry it, most probably 
affects the gene responsible for producing the pre- 
dominant. transfer-RNA for glutamine. What Soll 
and Berg have now been able to demonstrate 
is the full subtlety of the interaction between the 
two genes which are apparently involved in the sup- 
pression of the nonsense codon UAG. By itself, the 
experiment will not throw light on biochemical pro- 
cesses which are still outstanding puzzles in the 
machinery of cells, even those which have been worked 
over as thoroughly as Æ. coli. But the elegance of the 
brnenie Eerten which; have ee m opd out 3s 


College, Dublin, and their colleagues, as well as by a 
group in the Soviet Union. So far there has been no 
success, although the subject has had its share of false 
alarms. What happens is that, like cosmic rays, gamma 
rays produce air showers of electrons and positrons 
which generate Cerenkov light if the energy is great 
enough. Light from gamma rays is indistinguishable 
from that attributable to cosmic rays, but gamma 
rays travel in straight lines so that an excess of Cerenkov 
light over the cosmic ray background is expected in the 
direction of gamma sources. Searchlight mirrors make 
good light-collecting devices, and Fazio has built a 
10 metre mirror at Mount Hopkins made up of a 
honeycomb of 248 hexegonal reflectors reminiscent of 
the flux collectors which infrared astronomers are 
using. Fazio’s instrument records a background of 
about 300 air showers in a one degree field of view, 
and at present seems the most likely to find a discrete 
source not only because of its size but because of the 
clear skies of its Arizona site. 

The Case~Melbourne detectors, however, were sen- 
sitive to gamma energies from 50 MeV upward. So far 
there is only the most meagre information about the 
point source—its position 20 degrees south of the 
galactic equator has an inaccuracy measured in degrees, 
and the intensity is only roughly known. 

The failure to confirm the diffuse source of gamma 
rays reported by Clark, Garmire and Kraushaar 
(Astrophys. J. Lett., 158, 1203; 1968) will have re- 
percussions in other branches of astronomy. This is 
because the source has been linked with the anomalous 
far infrared background—-corresponding to a tempera- 
ture several degrees above the microwave background 
—-which Shivanandan, Houck and Harwit have dc- 
tected. Cowsik and Pal, and independently Shen, 
have remarked that the infrared background could 
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generate gamma radiation through inverse Compton 
scattering of the infrared by cosmic ray electrons. In 
a recent account of a verification of their first experi- 
ment, Houck and Harwit tend to use the gamma rays 
of Clark, Garmire and Kraushaar as support for their 
discovery (see Nature, 228, 779; 1969), but now it 
looks as if the carpet may have been swept from 
beneath their feet. Independent ways of checking the 
infrared measurement are proving negative. The same 
goes, to some extent, for a paper by O’Connell and 
Verma of Louisiana State University in Physical 
Review Letters (22, 1443; 1969). They argue that if the 
explanation of the diffuse gamma rays put forward by 
Cowsik, Pal and Shen is accepted, then a similar 
explanation must hold for the controversial X-ray 
background. This is because if the far infrared back- 
ground exists to the extent measured by Shivanandan 
et al. then it must produce a background of X-rays of 
roughly the right magnitude by inverse Compton 
scattering. 


SIMULTANEITY 


Relatively Conventional 


Tue latest probes into the foundations of relativity 
theory deal with the problem of how far the concept of 
simultaneity involves elements of convention. Two 
methods of synchronizing clocks within an inertial 
system seem to have started the debate. One of these, 
described by Einstein in The Principle of Relativity : 
a Collection of Original Memoirs (Dover, New York, 
1952), depends on sending light signals between the 
places—A and B, say—-where the clocks are located, 
and requires for the establishment of synchrony a 
stipulation that the time taken for the signal to travel 
from A to B is equal to the time it takes to return from 
Bto A. The conventional element is thus explicit, and 
basically equivalent to one of the postulates of the 
Special Theory. A second method was suggested by 
P. W. Bridgman in A Sophisticate’s Primer of Relativity 
(Wesleyan University Press, Middletown, 1962) and 
concerns itself with the limiting case of infinitely slow 
transport of clocks from A to B, the transported clocks 
being first synchronized with the clock at A. 

It is this method, presented in a modified version by 
B. Ellis and P. Bowman in Philosophy of Science (84, 
116; 1967), that has led to the difficulties. They 
contend that, because of the physical facts of clock 
behaviour it involves, the procedure demonstrates either 
the falsity or the triviality of the idea that simultaneity 
at a distance in the Special Theory has a basic con- 
ventional ingredient. Because the results of the two 
ways of synchronizing clocks are equivalent, there is 
clearly a difficulty somewhere, and Ellis and Bowman’s 
conclusion seems to be that it should be resolved by 
supposing that no conventional decision is necessary. 

A lengthy assault on this position has now appeared in 
Philosophy of Science (86, 1, 5, 44, 64, 74; 1969). The 
articles result from discussions between Adolf Grun- 
baum, Wesley Salmon, Bas C. van Fraassen and Allen 
I. Janis, and present attacks from various directions 
as well as an extension of the argument to a considera- 
tion of the slow-transport method in the context of the 
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Jeneral Theory. The general conclusion is that it is 
impossible to avoid bringing in at one stage or another 
a decision that is not determined by facts-—if it seems 
to have disappeared at one point it will only reappear 
somewhere else. What Ellis and Bowman have 
apparently not taken into account is that such con- 
ventions are likely to turn up in unexpected. places. 

One of these points relates again to an essential 
assumption of the Special Theory, namely that there 
is a finite upper limit to the speed of signal propagation 
(the speed of light). Although this seems at first sight 
to be irrelevant to slow-transport synchrony, the prin- 
cipal advantage of which was held to be that it avoided 
signalling procedures, it is—as Salmon notes-—~a crucial 
difference between the relativistic and the Newtonian 
worlds, and is tacitly involved whenever classical 
mechanics is dropped in favour of the Special Theory. 
In particular, it affects the distinction between the non- 
conventional simultaneity of classical physics, where 
there is no upper limit for signal speeds, and relativistic 
simultaneity. 

Salmon claims to trace much of the trouble to 
linguistic vagueness in Ellis and Bowman's paper. 
What “trivially conventional” might mean is not pre- 
cisely clear, and neither are the “good physical reasons” 
which they adduce in their support. Emerging un- 
shaken from the muddle, Salmon argues that they have 
misunderstood Reichenbach, an earlier apostle of con- 
ventions (see The Philosophy of Space and Time, Dover, 
New York, 1958), and so claimed his support where it 
was really lacking. 

Grunbaum’s contribution, the most detailed of the 
four articles, argues that, while the facts of slow- 
transport behaviour of clocks do not give factual truth 
to the corresponding simultaneity relations, it is the 
case that one may choose to adopt this kind of syn- 
chrony to stipulate simultaneity. In an investigation 
of the axiomatic foundations of the Special Theory, 
van Fraassen discovers that Ellis and Bowman's 
apparent error can be located in the tacit introduction 
of an extra definition which happens to be in agreement 
with Einstein’s definition of simultaneity in terms of 
light signals. 

Janis’s paper lies beyond the chief course of the 
argument, taking as its starting point the demonstra- 
tion that slow-transport synchrony can properly be 
used to define simultaneity in inertial frames of refer- 
ence, and considering whether it can also be used in 
the non-inertial frames of the General Theory. The 
result seems to be that there are some types of frame 
for which the technique is applicable, but that in many 
cases the question has to be looked at separately for 
each individual frame. 


ENZYMES 


Wood turned to Sugar 


from our Microbiology Correspondent e 


Aw industrial process for turning cellulose into sugar 
may be less remote a possibility than it seemed a year 
ago. It was then that Katz and Teese reported an 
enzymatic method of saccharifying finely milled, heat 
treated spruce pulp (Appl. Microbiol., 16, 419; 1969). 
But the process, which involved high concentrations of 
Trichoderma viride cellulase, §-glucosidase to reduce 
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inhibition by catabolites, and lengthy incubation times 
was economically unsuited to large scale operation. 

In an attempt to overcome some of the drawbacks, 
Ghose (Biotechnol. Bioeng., XI, 239; 1969) has studied 
continuous enzyme saccharification of cellulose. Spruce 
pulp was heat treated and milled so as to expose the 
inner surfaces of celhilose to the enzyme. In place of 
concentrated cellulase, Ghose has used clarified, four- 
fold concentrated culture filtrates from Trichoderma 
viride fermentations. Preliminary experiments with 
this source of enzyme indicated that only slight 
inactivation was caused by heating to 50° C and by 
adsorption, the net loss during one hour of exposure 
being about 13 per cent. Furthermore, enzyme 
stability and activity were optimum at pH values just 
above 5. Continuous saccharification was carried out 
in a 5 litre, agitated reactor at 50° C, and to maintain a 
constant rate of feed a premixed suspension of enzyme 
and substrate was pumped into the reactor. The feed 
reservoir was kept cool enough to prevent most hydro- 
lysis. 

In a typical continuous experiment using a 5 per 
cent concentration of substrate, the reactor was run 
as a batch system for 40 hours, after which the change 
was made to a continuous flow mode (dilution rate of 
0-025 h-t) for a further 210 hours. The feed and effluent 
streams maintained concentrations of reducing sugar 
of approximately 0-30 per cent and 3-5 per cent respec- 
tively, values that correspond to a substrate conversion 
equivalent to 64 per cent. A final return to 
batch operation increased the conversion value to 
92 per cent. Conversion rates approaching this latter 
value were possible too, in a four stage, continuous flow 
system with a total retention time of 40 hours, that is, 
similar to the retention time of the single stage reactor. 
The four stage reactors maintained steady state con- 
centrations of reducing sugar for nearly 100 hours and 
the system was terminated only by mechanical failures. 
Clearly refinements in the engineering promise much 
now that the possibility of maintaining a continuous 
steady state reaction of a solid substrate has been 
established. 


PATHOLOGY 


New Source of Information 


from a Correspondent 


ACCURATE pathological information about animals has 
been hard to come by, but the situation should be eased 
by the establishment of the Registry of Comparative 
Pathology at the Armed Forces Institute of Pathology, 
as part of the American Registry of Pathology in 
Washington. The registry is operated jointly by the 
Armed Forces Tastitate of Pathology and Universities 
Associated for Research and Education in Pathology. 
Robert Wissler, professor of pathology at the Univer- 
sity of Chicago, is principal investigator of the project, 
whigh is funded by the National Institutes of Health. 

The registry is to be a centre for consultation and 
an information exchange for scientists interested in 
animal models of human disease, as well as benefiting 
other branches of comparative pathology. Categories 
of animals about which information is to be gathered 
include primates, domestic animals such as horses and 
cattle, zoo animals, laboratory animals, fish, birds and to 
some extent invertebrates. The scope of activity in each 
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case is developing as the needs and desires of the 
scientific community become apparent. 

The AFIP has considerable experience of providing 
a similar service for human pathology. For many 
years its pathologists have acted as consultants, pre- 
pared study sets, written textbooks and prepared 
scientific exhibits for research and education. The 
Registry of Comparative Pathology, by joining with 
and benefiting from this background, has an oppor- 
tunity to establish a valuable central clearing house for 
information. The files of the registry have been 
programmed into a computer so that questions will 
receive answers based on all the information in the 
computer memory and will benefit from the background 
of all the files of the American Registry of Pathology. 

The first issue of a news bulletin will be published 
next month, describing the activities of the Registry 
of Comparative Pathology and serving as an informa- 
tion exchange for biomedical scientists. This will be 
available without charge to scientists throughout the 
world. Anyone interested can receive the bulletin 
from the Registrar, Registry of Comparative Pathology, 
Armed Forces Institute of Pathology, Washington, 
DC. 

An index of animal models of human disease is 
being prepared with information from many sources 
including published lists. As a part of this index, “in 
depth” descriptions of many diseases will be added to 
the files as the opportunity occurs. Some of these 
are likely to be published in the news bulletin. Scient- 
ists are encouraged to address relevant questions to 
the registry at any time. 


PHYTOCHROME 


Axis of Absorption Shifted 


from our Plant Physiology Correspondent 

Somes of the ways in which light influences plants may 
be explained if the active form of phytochrome can, 
in some way, alter the permeability of cell membranes. 
It is therefore of great interest to know whether 
phytochrome molecules are associated with cellular 
membranes and whether or not any discernible change 
occurs, either in the membrane or in the phytochrome 
molecule, after photoconversion. Evidence for both 
of these possibilities has been gained from studies of 
chloroplast movement in species of the alga Mougeotia. 

Chloroplasts commonly undergo two types of move- 
ment in response to light. The first is called the low 
intensity movement and allows the chloroplast to 
absorb maximum light under normal illumination. 
The second, or high intensity movement, protects 
the chloroplast from damage in direct sunlight. The 
green algae Mougeotia and Mesotaenium are unique 
in that quite separate photochemical processes seem 
to control the low intensity and the high intensity 
movement. In Mougeotia the low intensity movement 
seems to be mediated through the phytochrome system. 

Phytochrome is a blue-green chromoprotein which 
mediates most photomorphogenic responses in plants. 
It exists in two interconvertible forms, Pr and Pfr. 
Pr is thought to be inactive but is converted to the 
active Pfr form by irradiation with red light. Pfr can 
be converted back to Pr by irradiation with far-red. 
light. If a red light treatment is followed quickly 
by a far-red treatment and if the period between the 
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two irradiations is too short to allow intermediate 
biochemical reaction to go to completion, the far-red 
irradiation will “switch off?” photomorphogenic pro- 
cesses which had been “turned on” by the red irradia- 
tion. 

Filaments of Mougeotia are made up of cylindrical 
cells each of which contains a single large flat plate-like 
chloroplast. The light-induced movement of this 
chloroplast is a response to light absorbed by the 
cytoplasm and not by the chloroplast itself. Movement 
induced by red light can be cancelled by a subsequent 
treatment with far-red light, indicating that phyto- 
chrome is the photoreceptor. In 1961, Bock and 
Haupt demonstrated that the phytochrome molecules 
are situated in the outermost portion of the cytoplasm 
and are probably associated with the plasmalemma, the 
membrane which limits the protoplast (Planta, 57, 518). 
Haupt, working with G. Mortel and I. Winkelnkemper, 
has convincing evidence that phytochrome molecules 
in Mougeotia undergo a shift in the axis of absorption 
of light after conversion from Pr to Pfr—that is, a 
shift in the axis of dichroism (Planta, 88, 183; 1969). 
This is the first direct evidence for such a shift, 
although it had been suspected for some time on the 
basis of polarotropic and phototropic evidence (for 
example, Etzold, Planta, 64, 254; 1965, and Haupt, 
Z. Phlanzenphysiol., 58, 331; 1968). 

A Zeiss microspectrophotometer was used to irradiate 
small portions of the cell with microbeams of polarized 
light. The behaviour of the chloroplast was used as an 
indication of the form of the phytochrome. This is 
possible because the edge of the chloroplast moves so 
as to avoid that part of the cell where the concentration 
of Pfr molecules is greatest; only a small part of the 
chloroplast moves in response to irradiation of a small 
area of the cell. After all the phytochrome in the cell 
had been established as Pfr by an initial saturating 
irradiation with far-red light, a part of the edge of the 
cell was irradiated with a microbeam of polarized red 
light. Movement of the chloroplast occurred only 
when the plane of vibration of the light was parallel 
to the long axis of the cell, indicating that the Pr form 
of the molecule is oriented parallel to the surface of 
the cell. The orientation of the Pfr form was revealed 
by following an inducing red irradiation with polarized 
far-red light. Chloroplast movement was cancelled 
only when the plane of vibration of the light was at 
right angles to the long axis of the cell. This indicates 
that the dichroic axis of the Pfr form of phytochrome 
is perpendicular rather than parallel to the surface of 
the cell. 

Tt has been thought for some time that conversion of 
Pr to Pfr involves a conformational change in the mole- 
cule, but the significance of the shift of the axis of 
dichroism is not yet clear. The way in which phyto- 
chrome influences the movement of the chloroplast, 
or may play a part in the control of membrane permea- 
bility, similarly awaits further investigation and 
clarification. 


TROPICAL FRUIT 


For Exotic Tastes 


from our Botany Correspondent 


Lovers of oranges and grapefruit may soon be able 
to add to their delight by eating the Puerto Rican 
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chironja, which combines the best qualities of both. 
Since its discovery in 1956 the chironja—the name is 
a combination of the Puerto Rican words for grapefruit 
and orange—has proved successful in marketing trials 
and seems to have a good commercial future. 

Delegates to the conference on tropical and sub- 
tropical fruits, held in London from September 15 to 
19, learnt that C. G. Morosco (Agricultural Experiment 
Station, Rio Piedras) found chironja trees growing 
wild while searching for promising new oranges in the 
Puerto Rican mountains. Local farmers told him that 
the glossy yellow fruit of these trees was so delicious 
that they had kept it all for themselves. 

The new fruit is as easy to peel as a tangerine, 
although its rind is 5-8 mm thick. The easily separated. 
segments, seven to fifteen in all, contain as much juice 
as two medium sized Valencia oranges. But the juice 
has none of the acid qualities of the orange, nor the 
bitterness of the grapefruit. 

Ten years of field experiments have shown that the 
chironja can be propagated by seed, without reverting 
to the characters of orange or grapefruit. If it is a 
hybrid of these two, the chironja long ago became 
stabilized to breed true. Cytological investigations 
have not answered this question so far, and the origin 
of the new fruit remains a mystery, Fruit selected for 
marketing trials in 1957 and 1964 sold very quickly at 
high prices, and it has since been canned successfully. 
Perhaps it will not be long before Puerto Rican 
chironjas are arriving at Covent Garden market. 

After 4,000 years of cultivation, mangoes too can 
soon be expected to appear more extensively in Europe 
and the United States. G. S. Puri (Liverpool Regional 
College of Technology) said that this relative of 
cashew nuts, pepper and poison ivy could become as 
important to the developing countries of the British 
Commonwealth as tea, coffee and rubber. Mangoes 
have the useful quality of being usable when raw, for 
chutney and pickle, when half ripe, for jam and candy, 
or when ripe as a luxury fruit. There is no problem in 
transporting the raw and half-ripe fruits; they can be 
shipped in the cooler part of the hold. But ripe mangoes 
are perishable and will remain a rare commodity until 
packaging problems are solved. 

Airfreighted mangoes are now arriving safely in 
Europe from South Africa, where, according to L. 
Hobson (Letaba, North Transvaal), aggressive market- 
ing should be able to make mangoes dominant in the 
exotic fruit trade. Israel has also taken up mango 
growing, and $. Gazit (Hebrew University, Rehovot) 
described how the toxicity of calcareous soils has been 
overcome by applying chelates to remove the excess 
calcium. 


PHOTOSYNTHESIS 


Ferredoxin Reduced 


from our Plant Physiology Correspondent 
Last year, Yocum, Kyle and Gross reported that dis- 
rupted spinach chloroplasts prepared by sonication 
could be separated by sucrose density gradient centri- 
fugation into two fractions with activities corresponding 
to photosystem I or photosystem II of the photosyn- 
thetic light reaction (Proc. Intern. Cong. Photosynthesis, 
1968, in the press). A yellow substance was isolated 
which they called “lipoidal factor”. The substance was 
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without effect on photosystem IT, but markedly stimu- 
lated the photoreduction of pyridine nucleotides by 
photosystem I. A recent report by Yocum and San 
Pietro suggests that this substance is not only essential 
to the photoreduction of nicotinamide adenine dinuc- 
leotide phosphate (NADP) by chloroplasts but is the 
primary electron acceptor at the reducing terminus of 
photosystem I (Biochem. Biophys. Res. Commun., 36, 
614; 1969). This observation should satisfy anyone 
whose experiments have indicated the presence, if 
not the identity, of a chloroplast component with a 
considerably lower redox potential than ferredoxin. 
It seems that the “lipoidal factor” of Yocum and San 
Pietro is responsible for the reduction of ferredoxin 
and has thus been renamed “‘ferredoxin-reducing 
factor” (ERS). 

Photochemical reactions in photosynthesis are con- 
cerned with the conversion of light energy into bio- 
chemical energy, stored in the energy-rich phosphate 
bonds of ATP, and with the generation of a source of 
reducing power in the form of reduced pyridine nucleo- 
tides (NADPH). This is achieved by the cooperation 
of two light reactions, coupled by series of electron 
carriers. Light of wavelengths shorter than 680 nm is 
trapped by the pigments of photosystem IT and used 
to split water, providing a source of electrons, with 
the concomitant evolution of oxygen. Electrons 
from photosystem II are ferried to photosystem I 
by a series of intermediate electron carriers, and energy 
is conserved by the formation of ATP during this pro- 
cess. In experiments with chloroplast fragments photo- 
system I can be replaced as a source of electrons by 
an  ascorbate/DPIP (2,6-dichlorophenolindophenol) 
couple, and plastocyanin. In these conditions, the 
photoreduction of NADP by photosystem I alone 
can be observed in vitro. Light of wavelengths greater 
than 680 nm is trapped by the pigments of photosystem 
I resulting in the ejection of an electron. This electron 
is replaced from photosystem Tl in vivo, or from the 
ascorbate/DPIP couple in vitro. The ejected electron 
is captured by the primary acceptor; at one time this 
was thought to be ferredoxin (redox potential= 
—0-43 V at pH 7-5), Experiments in which artificial 
electron acceptors, such as the viologen dyes, were 
reduced by chloroplasts lacking in ferredoxin indicated 
that another substance with a redox potential perhaps 
as low as —0-55 V must be involved (for example, 
Kok et al., Biochim. Biophys. Acta, 109, 347; 1965). 
Yocum and San Pietro have demonstrated that their 
preparation of spinach chloroplast fragments will 
photoreduce NADP only if the reaction mixture 
contains an ascorbate/DPIP couple, plastocyanin, 
ferredoxin, ferredoxin-NADP reductase and ferre- 
doxin-reducing substance. The rate of pyridine 
nucleotide reductidn is much less if any of these require- 
ments are omitted. Yocum and San Pietro propose 
that electrons produced by the action of light on 
photosystem I are used to reduce FRS. This, in 
turn, can reduce several artificial electron acceptors, 
buf in vivo ferredoxin is the substrate. NADP is 
then reduced to NADPH by ferredoxin, the reaction 
being mediated by ferredoxin-NADP reductase. 

In 1967, Fujita and Myers isolated a substance which 
they called “eytochrome-reducing factor’ (CRS) 
(Arch. Biochem. Biophys., 119, 8; 1967). This sub- 
stance resembles FRS in several properties; it catalyses 
the photoreduction of viologen dyes, but not the 
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photoreduction of NADP. The nature, identity and 
possible inter-relationship of CRS and FRS are being 
investigated; consideration of the speed with which 
significant advances in the photochemistry of photo- 
synthesis have been made in recent years suggests 
that an early answer to the problem may be expected. 


INVERTEBRATES 


Two New Squids 


THESE two squids, found in the Atlantic Ocean, have 
been described for the first time in A Monograph of the 
Cephalopoda of the North Atlantic: The Family Cyclo- 
teuthidae, by Richard E. Young and Clyde F. E. Roper 
(Smithsonian, 40c). They belong to a new genus, 
Discoteuthis, and have been named D. discus (a) and 
D. laciniosa (b). Together with a related species, Cyclo- 
teuthis sirventi, they have been taken as the basis for a 







new family of cephalopods: the Cycloteuthidae. Their 
apparently frightening aspect is diminished by their 
small size; the conical mantle is 53 mm long in D. 
discus and 56 mm in D. laciniosa. 





TEMPERATURE STANDARDS 


Measurement above the Gold Point 


AN account of the recent work at the National Physical 
Laboratory on the establishment of temperature stand- 
ards above the gold point (1,064-43°C) has now 
appeared in the Proceedings of the Royal Society (A,812, 
31. 1969). What T. J. Quinn and M. ©. Ford have 
done is a valuable complement to the optical standard- 
ization of temperatures above the gold point reported, 
from the National Bureau of Standards in the United 
States by R. D. Lee (Metrologia, 2, 150; 1966). 
Although the sensitivities claimed for the two methods 
of temperature determination are substantially the 
same, that of Quinn and Ford may be more convenient 
because of its use of an especially stable secondary 
temperature standard—a black-body lamp consisting 
of a narrow tube of tungsten mounted in a glass 
envelope. 
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Above the gold point, the most convenient method of 
temperature measurement is dependent on some version 
of the radiation laws. Indeed, the measurement of the 
temperature of a body above the gold point consists 
for practical purposes of a comparison of the amount of 
energy radiated within some narrow spectral range 
with the amount of energy radiated in the same region. 
by a black-body the temperature of which is known. 
The high sensitivity of the work now carried out 
at the National Physical Laboratory, like that already 
reported from Washington, stems from the use of a 
photoelectric cell for the detection and measurement 
of radiant energy, in the visible region at 660 nm. The 
measuring equipment linked to the photomultiplier, 
consisting of an amplifier linear to one part in 10,000, 
and alternative methods of recording including a 
digital voltmeter and a voltage-frequency converter 
linked to an integrating counter, is reckoned to give 
1 mV of output for each 0-04° C variation of tempera- 
ture. The result is that the instrument as a whole is 
probably reproducible to within 0-1° C at the gold 
point and to within 1-0° C at 2,700° C. 

The starting point for the construction of a tempera- 
ture scale was the measurement of the electrical current 
needed to maintain the energy output from each of 
two black-body lamps equal to that from a black-body 
cavity at the melting point of gold. (Throughout the 
measurements, the wavelength sensitivity of the photo- 
electric pyrometer was restricted by means of optical 
filters to a narrow band of 12-5 nm centred on 660 nm.) 
This calibration completed, measurements of higher 
temperatures were made by adjusting the supply of 
current to the lamps so as to match the apparent 
radiant output from the two lamps even with the inter- 
position of a rotating sectored disk having a known 
transmission between the detector and one of them. 
By this means, it has been possible to construct 
calibration curves for the lamps used in the experiments 
in which the temperature is defined in terms of the 
input current, at least between the gold point and 
1,770° C. Above that temperature, the vacuum 
black-body lamps were replaced by gas-filled lamps, 
which were in turn calibrated at temperatures up to 
2,700° C. 

Quinn and Ford are evidently pleased with the 
reproducibility of their measurements—in one pair of 
experiments, measurements of a temperature of 1,555° C 
in two ways (by one and two steps respectively from 
the gold point) differed by only 0-03° C. A comparison 
with the previous temperature standards at the 
National Physical Laboratory, based in 1956 on the 
use of optical pyrometers, shows that the difference 
between the two scales amounts to close on one degree 
up the upper and lower ends of the range but is very 
much less at about 1,300°C. The authors of the 
temperature scale emphasize the advantages of a 
measuring system in which the secondary standard 
of radiation—the black-body Jamp—is not an integral 
part of the system (as in the equipment designed at 
the National Bureau of Standards). Their first use of 
the new equipment will be to re-determine the thermo- 
couple scales at temperatures above the gold point. 
The fact that the National Physical Laboratory, the 
National Bureau of Standards and the National 
Research Council in Ottawa are collaborating on this 
work is probably a sign that there will no longer be 
conflicting thermocouple scales in use. 
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THERMONUCLEAR POWER 


Optimism about Fusion 


from a Correspondent 


INTERNATIONAL conferences on controlled fusion re- 
search have been held almost annually since the 
subject was declassified in 1957. The conference held 
at Culham from September 17 to 19, under the auspices 
of the British Nuclear Energy Society, differed from 
its predecessors primarily in emphasizing the problems 
faced by the engineer in transforming the apparatus 
of the plasma physicist into a practical and economic 
reactor design. The timing of the conference was 
appropriate, for in the past few years there has been 
considerable progress towards the goal of the physicist 
in fusion research—the confinement of a high tempera- 
ture plasma in isolation from its surroundings for long 
enough for thermonuclear reactions to occur. It is 
natural that, as the remaining gap between present 
achievement and the reactor requirement narrows, 
technological and economic considerations should play 
an increasing part in determining the direction of 
research. x 

The common feature of the six reactor systems 
discussed at the conference is the use of a strong 
magnetic field to confine the plasma at a temperature 
in the range 100-5,000 million K. They differ in the 
magnitude and configuration of the magnetic field, in 
the manner of its production and in the time for which 
it must be maintained. Thus each system raises several 
distinctive technological problems, as well as those 
which are essentially common to all fusion reactors, 
such as the design of the surrounding neutron capture 
blanket. A striking feature of the conference was the 
wide range of technological expertise represented— 
neutron and heat transfer, radiation damage, chemical 
engineering, cryogenic magnet design, fast acting 
energy storage devices and health physics were all 
discussed. It seems clear that, in the fairly near fature, 
many countries will have to make a selection within 
the range of reactor systems now under investigation, 
and that these technological problems will play a large 
part in their choice. 

No clear consensus emerged on the relative merits 
of the various confinement systems. Each system has 
its advantages and disadvantages. The “mirror 
machine” has a geometrically simple core, but seems 
to require the development of a device (possibly along 
the lines described by R. F. Post of Livermore, USA) 
to recover the energy of several thousand amperes of 
ion current escaping from it with very high efficiency. 
“Theta pinches” have an enviably high density plasma 
but require a new (probably superconducting) energy 
storage system capable of supplying many megajoules 
at intervals measured in milliseconds. “Diffuse pinches” 
(the successors of the ultimately successful Zeta experi- 
ment) have good stability properties now, but may 
encounter difficulties as the plasma lifetime is, in- 
creased. “Tokamaks” (the most successful of the 
present generation of experiments) were described by 
I. M. Golovin (Kurchatov Institute, Moscow) as offering 
a clear route up to 10 million K but no certain prospect 
of bridging the gap between this and the 100 million K 
required in an economic reactor. “Stellarators”, which 
have recently emerged as promising devices to confine 
a low pressure plasma, have magnetic fields which, as 
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A. Gibson (Culham) showed, may prove excessively 
expensive, and may be subject to serious plasma 
pressure limitations, “Astrons,” described by M. 
Christofilos (Livermore, USA), which use a relativistic 
proton beam to heat the plasma and to maintain the 
magnetic field configuration, require the development 
of a smoke-ring accelerator to provide the necessary 
1,000 MW of protons at 4 GeV. 

All six systems raise broadly similar problems of 
nuclear engineering. There is a neutron flux out of the 
plasma comparable with that in a fast breeder reactor 
which (as discussed by B. Myers of Livermore, USA, 
and M. T. Robinson of Oak Ridge National Labora- 
tory) will displace every atom in the surrounding 
niobium wall 100 times per annum and will transmute 
10 per cent to zirconium over the twenty year life- 
time of the reactor. These neutrons must be used with 
high efficiency in a surrounding cooling blanket con- 
taining lithium to breed tritium (a process shown to 
be feasible by the calculations reported by F. Blow 
(Harwell) and D. Steiner (Oak Ridge), This somewhat 
hazardous substance must be extracted and recircu- 
lated into the plasma with negligible loss to the outside 
world. The helium-4 produced by the fusion reactions 
must be extracted from the plasta without burning up 
any wall which it encounters. It was clear that these 
and other technological problems are all broadly 
soluble, at a cost. Here again, further work is required 
to determine which solution is the most economic, 
and how they affect the choice of confinement system. 

Although most of the conference was devoted to 
severely practical engineering matters, some considera- 
tion was given to the long term implications of fusion 
power when J. L. Tuck (Los Alamos) and A. P. Fraas 
(Oak Ridge) discussed the “social” advantages of fusion 
as compared with fission—its relative safety, freedom 
from thermal pollution, and absence of radioactive 
wastes—-and the conditions in which it could carn a 
dominant place in a national power programme on 
economic merit alone. That these two points of view 
are not necessarily contradictory was emphasized by 
H. Kronberger, the Member for Reactors of the United 
Kingdom Atomic Energy Authority, who argued that 
the “social” advantages were unlikely to tip any scales 
in favour of fusion unless or until they acquired a 
quantifiable economic value. 


NUCLEAR TARGETS 


New Polarized Protons 


Tue new and efficient technique for lining up the 
spins of protons with butanol and water seems to be 
exceeding expectation. A. D. Hill and colleagues 
(Phys. Rev. Lett., 2B, 460; 1969) have cooled a sample 
of butanol and water to 0-5 K and have achieved an 
unprecedented 67 per cent proton polarization, which 
compares very favourably with the trend indicated by 
M. Borghini (Bull. Amer. Phys. Soc., 14, 189; 1969), 
whe found a polarization of about 40 per cent near 1 K. 

These results are of particular importance for nuclear 
scattering experiments. The traditional target for spin 
oriented scattering experiments, where the spin inter- 
action between a proton and some other particle such as 
a a-meson or another proton is under study, is lan- 
thanum magnesium nitrate. This substance has a great 
deal of water of crystallization—twenty-four mole- 
cules in all—and the procedure is to try to polarize as 
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many of the hydrogen atoms as possible. The great 
advantage of using alcohol mixtures, however, is that 
there are far more hydrogen atoms present and there 
is therefore more chance of coaxing a large number of 
protons into the required spin orientation. 

Hill et al. carried out their experiments with a 
sample containing about 95 per cent butanol, 5 per 
cent water and 0-75 per cent of the free radical por- 
phyrexide. The sample weighed 0-2 g. A practical 
target for a nuclear experiment would be about 10 g, 
and they estimate that the helium-3 refrigeration 
capacity at 0-5 K for a target of this size should be 
within the practical range of about 10 mW. The 
effects of having different amounts of porphyrexide 
present are largely unknown, and Hill et al. surmise 
that larger or smaller quantities may produce an even 
higher polarization. 

Although Hill et al. are still groping to find a satis- 
factory explanation for the rise in proton polarization 
as the temperature of the sample is lowered, they 
suggest that a model which includes electron spin-spin. 
effects should be able to predict the right sort of 
temperature variation. In particular they mention 
the “cross-relaxation’” model which would give just 
the required variation. But the theoretical basis for 
the models is still too insecure to predict much more 
than that the polarization of the sample will continue 
increasing—with diminishing returns-—as the tem- 
perature of the sample is lowered. 

The work was carried out at the Argonne National 
Laboratory, and investigations on a similar line are 
also in progress at Brookhaven and at CERN. The first 
scattering experiment actually to use a butanol and 
water target was reported at a recent conference in 
New York. 


CYCLOTRONS 


New Mileage from Accelerators 


from a Correspondent 


Tue development of the compact cyclotron, interest 
in computer control and the growing use of the instru- 
ments for experiments other than nuclear physies have 
marked a new phase in cyclotron development. This 
was the message of W. Marshall (Atomic Energy 
Research Establishment, Harwell) when he opened 
the fifth international cyclotron conference held in 
Oxford from September 17 to 19. 

Reviewing the innovations in isochronous cyclotrons, 
J. A. Martin (Oak Ridge National Laboratory) said 
that great flexibility would be given by the separated 
sector cyclotrons. Three major projects of this type 
have been approved, the 585 MeV cyclotron of the 
Swiss Institute for Nuclear Research to be built near 
Zurich, the 500 MeV H- cyclotron of the Tri-University 
Meson Facility at Vancouver and the 200 MeV variable 
energy, multiparticle cyclotron of Indiana University. 
The most important recent development has been a 
great upsurge in interest in accelerating very heavy 
ions for producing super heavy nuclei with atomic 
numbers near 114. Among the suggested reactions are 
the bombardment of uranium with uranium and lead 
with lead at energies up to 10 MeV/nucleon. 

Many new high energy, very heavy ion cyclotrons 
have been proposed for the United States. Most have 
an electrostatic accelerator as the injector and strip 
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before acceleration phenomena that 
Khoe described from September 7 to 12, In view of the Ri 
the Argonne National Laboratory proposal for a sec- contribution to the field, it was unfortunate the 

$ MeV protons and 10 200 participants included only a few deleg 
A tandem Soviet Union. 

When “channelling” (penetration down op 
tions in a erystal) or “anoma i 
ctrons in crystals was diset 
fined schools. 


the ions to a high charge state 
in a separated sector cyclotron. T. K. 
tored cyclotron giving up to 350 
Mey mucleon for the heaviest element. 
generator with 16 MV on the terminal is used as the 
injector. A small cyclotron is proposed for injection 
of light ions, allowing the tandem to be used separately. high energy ele 
In a review of heavy ion accelerators, R, 5. Living. delegates fell into two clearly de 
stone (ORNL) showed that considerable effort is going allegiance ¢ 
into the development of linear accelerators. Collective to electrons fro i G 
particle acceleration using an electron ring might interpretation of all ions as diserete, 
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QUANTUM THEORY 


Photons that didn’t 


from a Correspondent 
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intensifier tube, with which the 
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The Russian results raised the 
of a basic failure of quantum the 
G. T. Reynolds et al. to re 
procedure of Dontsov and Bay’ as closely as pc 
to re-check the results and look for effects at even 
intensities. They found that the apparent failt 
detect an interference pattern could be aecounte 
satisfactorily by signal-to-noise ratio arguments, 
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QUARKS 


The Defendant’s Exhibit 


For those who missed the recent tussle over 
existence of the quark, here is a chance to spot 
track that Professor ©., B. A, McCusker believe 
that of a quark. Professor McCusker and Dr Cs 
took about 6,000 cloud chamber photographs of 
ionization tracks from a shower of secondary cos 
ray particles (Nature, 2298, 1097- 1969) and found 
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Peptide 
synthesis: 


If you want to do it, we'll help you. 


If you want to avoid it, we'll help you. 





Peptide Synthesizer 


The Schwarz BioResearch Automated Peptide Synthesizer is 
the first commercially-available peptide synthesizer. Under li- 
cense from the Danish Institute of Protein Chemistry, the syn- 
thesizer makes use of Merrifield’s solid-phase chemistry. The 
heart of the unit is an automated control unit which dictates 
the sequence, volumes, and mixing times for reagents and 
solvents per the program determined by the operator. And be- 
cause the instrument can be programmed to run for a full 
24-hour day, the time required for peptide synthesis can now 
be significantly shortened. Please use the coupon to get details. 


Peptide “Starters” 


We supply virtually every starting material needed for peptide 
synthesis, 33 Boc-amino acids. 22 “C and 3H-labeled Boc- 
amino acids. 12 Boc-amino acid resin esters. Chioromethy- 
lated resin. DCC. And dozens upon dozens of unlabeled and 
“uC, 3H, 5N, and %S—labeled amino acids, derivatives, and re- 
lated compounds. Please complete the coupon below for de- 
tailed listings, specifications, and prices. 


Available Peptides 


We now can supply the following biologically active, chemically 
Pure (> 95%) synthetic peptides: [Asp', tle] Angiotensin | 
and Hl, Bradykinin, Lysy! bradykinin, Methiony! lysy! bradykinin 
Tetradecapeptide renin substrate. 

And these “C-labeled peptides are also available: 

[Leu'-C (UL)] [Asp!, He] Angiotensin | 

Het-"C (UL)] [Asp', Hes] Angiotensin It 

[Pro®MC (UL)] Bradykinin 

[Prot-MC (UL)] Lysyi bradykinin 

[Prot-C (UL) ] Methiony! lysy! bradykinin 

(VaP4C (UL)] Tetradecapeptide renin substrate 

Please use the coupon for details: 
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Peptide Custom Synthesis 


As is evident from this page, our commitment to peptide syre 
thesis is rather substantial. And supporting the endeavors de- 
scribed here is an unusually competent and innovative group 
of synthetic organic chemists. This puts us in the position to 
suggest that you query us about custorn synthesis of peptides 
you'd like io have. Drop us a line, or give us a call at 914. 
359-2700, or use the coupon for further information. 


CPK Atomic Models 


These inexpensive, space-filling models are most useful for the 
study of structure, function, and synthesis of polypeptides: 
Schwarz supplies CPK Atomic Models, kits, or pre-constriicted 
amino acids. Write for details by using the coupon. 


Schwarz BloResearch 

Division of Becton, Dickinson and Company 
Orangeburg, N.Y. 10962 

Please send data on: 

0 Peptide Synthesizer, D Custom Synthesis. 


i Peptide “Starters.” E] CPK Atomic Models, 
CJ Available Peptides. 
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The LKB Microcalorimetry System: 

A well-designed and compact instrument 
capable of a precision 

of 0.05% for large heat quantities 

and better than 1% if L103 cal. is evolved. 












LKE INSTRUMENTS LTD, @ LKE HOUSE #232 ADDINGTON ROAD #8, CROYDON, SURREY, CRZ BYD @TEL: 04 -697-0286 i 
SALES AND SERVICE THROUGHOUT THE WORLD; STOCKHOLM, WASHINGTON, THE HAGUE, COPENHAGEN, ROME, VIENNA 





Microcalorimetry for the Biochemist 


An Application that shows the unique possibilities 

that exist for physicists, biologists, physical chemists 

and biochemists to use biochemical calorimetry. 

Determination of ATP-ase activity in a tissue 

homogenate. Prepared from rat Kidney cortex, the 

homogenate, in suspension in an imidazole buffer 

containing excess ATP, was circulated through the 

calorimeter, Steady state values were obti ined and 

the plot of calorimetric response values, 4. versus BOTH BATCH AND FLOW _ 

amount of homogenate formed a linear relationship. You KNOW 

When Ouabain, an ATP-ase inhibitor, was added to 

A the buffer considerably lower activities were found, 

150 Curve “a” shows that | yl of homogenate releases 

2.8 umole P; per min if no inhibitor i is added. 

Curve “b” was obtained when the suspension 

contained 1.0 umole Ouabain per ml. a 

Amplification == 1/3 - 10° 
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INTERDISCIPLINARIANS 


Bright Future for Biophysics 


Even if nobody knows just what biophysics consists 
of, a meeting at Queen Elizabeth College earlier this 
week left most of the two hundred participants with 
the conviction that it has a bright future. The meeting 
(see Nature, 228, 1093; 1969) was organized by the 
British Biophysical Society and was attended by 
academic and industrial scientists and by the public 
patrons of biophysies and all its works—Dr John 
Gray, secretary of the Medical Research Council, Sir 
Brian Flowers, chairman of the Science Research 
Council, Professor Helen Porter of the Agricultural 
Research Council, and Professor D. Lewis, who is 
chairman of the University Grants Committee’s sub- 
committee on the biological sciences. The academics 
in the audience were to some extent preoccupied with 
the need to plan now for the next university quin- 
quennium, due to run from 1972 to 1977. Their object 
is to persuade the authorities that biophysics, whatever 
it is, should be getting a larger share of what funds 
there are available. (Many among them may also be 
anxious to prove that biophysics is a larger concept 
than molecular biology.) 

Sir Bernard Katz (University College, London) 
spelled out four problems—the need to prove that 
biophysies is being neglected, the need to identify 
those who are neglecting it, the need to show that it is 
suffering more than other subjects, and the need, 
ultimately, to define it. He asserted that Herman von 
Helmholtz was the world’s greatest biophysicist so 
far; clearly, for Sir Bernard Katz, biophysics is what 
others call electrophysiology. Unfortunately the ques- 
tions he had eloquently defined remained unanswered 
during the rest of the morning’s proceedings and 
nobody could have blamed Sir Brian Flowers for going 
away, as he was obliged to do after the morning 
session, thinking that biophysicists have only a sketchy 
idea of their corporate entity and thus only a modest 
claim on his council’s money. 

Professor A. K. Solomon (Harvard), who described 
the teaching of biophysics in the United States, em- 
phasized the importance of the postgraduate training 
programme ‘sponsored under the umbrella of the 
National Institutes of Health by the National Institute 
of General Medical Science. The number of post- 
graduates in the programme has increased from 205 
in 1962 to 438 in 1969 and the whole programme is 
now costing $15 million a year. Biophysics is a post- 
graduate subject except at Yale, Johns Hopkins and 
the University of Chicago, and Professor Solomon’s 
assertion that physicists prosper more easily than 
biologists was later confirmed by university teachers. 

By Professor E. Kellenberger’s account, Swiss bio- 
physics is beginning to prosper. There is a Swiss 
Committee for Molecular Biology which awards a 
Certificate of Molecular Biology after two years of 
postgraduate work, and successful candidates carry 
on for PhD courses. In Switzerland, as elsewhere, 
physicists are more easily converted than biologists 
into biophysicists. 

Dr Sydney Brenner (MRC, Cambridge) put the case 
for a laboratory within the European Molecular Biology 
Organization. He would get rid of labels such as 
biophysics, molecular biology and physical bio- 
chemistry. Modern biology is, in any case, the complete 
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reduction of biology to chemistry and physics, but 
people whose optimism runs away with them should 
ask whether an organism can be computed from its 
DNA sequences. At present, this is impossible, and 
there is a need to organize large postdoctoral labora- 
tories proposed by EMBO. The cost to Britain of the 
laboratory would be $1-5 million a year--a bargain 
at the price. In spite of his evident conviction, Brenner 
probably failed to carry the meeting with him. Reply- 
ing unbriefed to the common criticism that his own 
laboratory is a training ground for future American 
professors of molecular biology, he said that European 
candidates are usually not sufficiently qualified and 
that it is unwise of European laboratories to rely as 
much as they do on postgraduate students for research. 
The need, he said, in Europe as in Britain, is to produce 
trained postdoctoral scientists. 

The EMBO laboratory commended itself to Pro- 
fessor C. H. Waddington (Edinburgh) because of, as 
he put it, the inertia of the research councils and of 
British universities. But this was only one part of the 
diseussion. On the more prosaic issues of biophysics 
teaching in British universities, the spokesmen of the 
research councils all echoed the conventional wisdom 
that they would like to see more money going to 
interdisciplinary subjects such as biophysics. The lack 
of a definition is clearly almost an advantage. They 
also gave mildly encouraging forecasts for the future. 

If there was a scapegoat at the meeting, it was the 
University Grants Committee. Many in the audience 
argued that biophysicists would prosper if more money 
went to the universities through the research councils 
than through the UGC. The feeling seems to be that 
it is hard for the UGC to make sure that its money 
is distributed in the universities according to need and 
not according to custom. Professor P. J. Randle 
(Bristol) and Professor P. N. Campbell (Leeds) went 
so far as to argue that the UGC should became more 
of a pressure group, more concerned about the way in 
which its pensioners spend its money. 

The industrialists at the meeting claimed that they 
will need more biophysicists of all kinds. The academics 
supported the case for more undergraduate courses, 
four years long if necessary. Indeed, several speakers, 
including Professors M. H. F. Wilkins and E. J. Hanson 
(King’s College, London), argued that four year post- 
graduate grants should become the rule for bio- 
physicists. 

But should these courses be organized by separate 
departments or should they be alternatives within 
existing departments ? Professor D. Lewis, chairman 
of the UGC subcommittee on the biological sciences, 
said that the UGC has discovered that the more efficient 
university departments are those with at least [20 
and 150 students and that universities could not 
expect to get public money for smaller departments. 
Close links between physics and biophysics depart- 
ments were a popular cause, but Professor Martin 
Pollock (Edinburgh) argued for separate departments 
for the new interdisciplinary subjects. He echoed many 
people’s feelings when he said that the revolution in 
biology since the forties has made molecular biology 
and biophysics the least specialized part of biology. 
It needs to be recognized that systematics and much of 
traditional biology are now the specialist matter that 
rightly belongs to postgraduate education, not the 
reverse. 
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Science and Phenomenology 


by 
R. A. CROWSON 


Department of Zoology, 
University of Glasgow 


Tuar the intellectual attitudes characteristic of pheno- 
menology (and existentialism) and of natural science are 
mutually irrelevant and even incompatible is widely 
believed, among phenorenologists and philosophers of 
science alike. Leading phenomenologists regard natural 
scientists as committed to the belief that the most essential 
reality can and should be expressed in abstract mathe- 
matical formulae, and most scientific philosophers con- 
sider that the relevance (if there is any) of phenomeno- 
logical and existentialist modes of thought is limited to 
the fields of psychology, sociology and ethics. I wish to 
suggest that the assumed antagonism reflects misconcep- 
tion on both sides, and that scientific phenomenology, or 
phenomenological science, would be perfectly possible, 
and perhaps even useful, attitudes.” Some of the present 
misconceptions which prevent such a union seem to me 
to be rooted in different conceptions of contingency. 

The basic doctrine of phenomenology is the absolute 
primacy of the subject-object relation in perception—in 
contrast to both the Cartesians and idealists who assert 
the primacy of the subject, and to the materialists who 
assert the primacy of the object. According to Kockel- 
mans, “Phenomenal knowing . .. must be conceived as the 
origin of the road which natural consciousness takes in 
order to arrive at true and authentic knowledge.” Husserl 
similarly stated that “The phenomenologically particular 
object (the eidetic singularity) is then just this imagery 
of the thing in the whole wealth of its concreteness’. 
Thus it would seem that the starting point of phenomeno- 
logy is also that of healthy, traditional science. Husserl 
himself, however, having established this starting point, 
proceeded almost immediately to abandon it in the process 
of what he called “the phenomenological reduction”. 
He wrote, “The whole world as placed in the nature 
setting and presented in experience as real, taken com- 
pletely ‘free from all theory’, just as it is in reality experi- 
enced, and made clearly manifest in and through the 
linking of our experiences, has now no validity for us, it 
must be set in brackets, untested indeed but also uncon- 
tested. Similarly all theories and sciences, positivistic 
or otherwise, which relate to this world, however good 
they may be, succumb to the same fate.” Husserl, in 
fact, after asserting the primacy of the subject~object 
relation, proceeded almost at once to concentrate his 
attention on the subject end of it. 

Many later phenomenologists have refused to follow 
Husserl in his “phenomenological reduction” and it seems 
that Husserl conceived, if only to reject for himself, the 
possibility of a different, more scientific direction in 
phenomenology when he wrote, “We do not set ourselves 
the task of continuing the pure description and raising it 
to a systematically inclusive and exhaustive characteriza- 
tion of the data, in their full Jength and breadth, dis- 
eoverable from the natural standpoint (or from any 
standpoint, we might add, that can be knit up with the 
same in a common consent). A task such as this can and 


Natural history might benefit greatly from a phenomenological 
attitude to science. The time could be ripe to end the domination 
by the positivism of natural philosophy. 


must-—as scientific—be undertaken, and it is one of 
extraordinary importance, although so far scarcely 
noticed.” In this passage he seems to be not merely 
suggesting, but even advocating, a phenomenological 
science, which, however, neither he nor any of his followers 
have yet developed seriously. 


Eidetic Reduction 

Another type of “reduction” discussed by Husserl is 
what he calls the “eidetic reduction’. This involves the 
mental stripping away from phenomena of non-essential 
and contingent elements, in order to reveal that which is 
of fundamental significance in them. Husserl recognized 
that there might be more than one kind of eidetic reduc- 
tion, corresponding to different ideas of what is fundamen- 
tal in being. He wrote, “Since the mathematical dis- 
ciplines are the only ones at the present time which 
could effectively represent the idea of a scientific eidetic, 
the thought at first does not suggest itself that there may 
be still other types of eidetic discipline, non-mathematical 
in character, and in their whole theoretical cast radically 
different from the type already known. Hence, if some- 
one has allowed himself, on the strength of general con- 
siderations, to be won over to the demand for a pheno- 
menological eidetic, the attempt, doomed to miscarry 
from the outset, to establish such a thing as a mathe- 
matics of phenomena, may mislead him into abandoning 
the very idea of a phenomenology.” Here again, he 
assumes that current science is oriented towards a purely 
mathematical eidetic, but hints clearly at the possibility 
of a science the fundamental elements of which were not 
expressible in mathematical formulae. 

Any form of eidetic reduction, mathematical or not, 
seems to involve distinctions between essential and 
contingent elements in things. Science, as conceived by 
Husserl and his followers, is more or less equivalent to 
what I shall refer to later as natural philosophy; it 
tends to assert that the most fundamental elements in 
things are certain universally applicable mathematical 
formulae or laws, and thus implicitly consigns almost 
the entirety of the phenomenal world of our experience 
to the “contingent” category. On the face of it, the 
phenomenological approach would seem to deny the 
category of contingency altogether, or at least it would 
provide no basis by which such a category could be defined. 
I shall suggest that there is another aspect of science, 
quite distinct from natural philosophy, which likewise 
makes little or no use of the concept of contingency. 

The classification of the sciences in recent years has 
been subject to a great deal of confusion and instability, 
the effects of which have been manifest, not merely in the 
arrangement of short communications to Nature, but also 
in the state of flux in the organization of university science 
faculties. The problem has been made more difficult by 
the general confusion of science with technology, and of 
scientific with technological specialization. Science depart- 
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ments today tend increasingly to be built around electron 
microscopes, particle accelerators, mass spectrographs, 
amino-acid analysers and such-like pieces of sophisticated 
hardware. University authorities usually encourage or 
at least permit within their walls any kind of research 
which makes use of such costly instruments they possess. 
The nature and distinctness of different sciences are too 
often obscured as a result. 


Natural History and Philosophy 


The most fundamental division in the sciences seems 
to me to be that between natural history and natural 
philosophy; adumbrated by Francis Bacon, it was 
expressed much more clearly by Herbert Spencer (who 
used the terms ‘“‘abstract-concrete science” for natural 
philosophy and “concrete science’ for natural his- 
tory) and later by Wilhelm Windelband (nomothetic 
science = natural philosophy, idiographic science = natural 
history). Natural philosophy is engaged in the search for 
fundamental laws of the most universal applicability in 
space and time, laws which it almost invariably expresses 
in mathematical form. Of our generally recognized 
sciences, it comprises physics and chemistry only— 
sciences which entirely exclude history from their subject 
matter, which are concerned only with what Bergson 
called abstract time, rather than concrete time. Natural 
philosophers tend to consider everything which is not a 
strictly conducted experiment in a laboratory as contingent. 

Natural history, on the other hand, seeks to explain 
the natural universe as it is, in all its particularity, without 
rejection of anything as “contingent”, and the explana- 
tions it offers, while necessarily making use of the laws of 
natural philosophy, are essentially in terms of history 
-what is being shown to follow necessarily from what was. 
The generally recognized sciences which belong in principle 
to natural history are astronomy, geology, meteorology, 
virology, bacteriology, botany and zoology. None 
of them have any precise, mathematically formulated 
laws of their own, though they all produce empirical 
generalizations about historical processes and correlations 
of phenomena. They are what Bergson called “sciences 
of genera” as opposed to “sciences of laws”. 

Tf, like Sherlock Holmes, you are concerned to re-create 
the events of the past from phenomena observed in the 
present, you can hardly afford to reject even the smallest 
element in these phenomena as irrelevant or contingent. 
The tiniest detail might provide a vital clue for the great 
detective. The idea of contingency really comes into 
natural history only when the natural historian tries, as 
he inevitably must, to apply the laws of natural philosophy 
to particular cases. The sort of “eidetic reduction” 
which is involved in the attempt to simplify the pheno- 
menal data, so that natural philosophical laws can be 
applied, frequently leads to error. The exclusion from 
consideration of any known detail of a natural system or 
configuration is a possible source of mistakes in your 
conclusion about it. 

Tt thus seems that natural history, as I have defined it, 
is that aspect of science which in principle strives to fulfil 
the aim described by Husserl in my third quotation from 
him. Here, it seems, is a type of science which could 
without inconsistency be pursued by a phenomenologist. 
Husserl himself evidently had some awareness of this, 
for example, when he wrote, “The most perfect geometry 
and its most practical application cannot help the scientist 
who attempts to develop a descriptive science of nature to 
express precisely (in exact geometrical concepts) that 
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which in so plain, so understandable, and so entirely 
suitable a way he expresses in the words notched, grooved, 
lens-shaped, umbrella-like and so forth-—concepts which 
are essentially and not accidentally inexact and are, 
therefore, also unmathematical.’’ Husserl’s examples 
clearly related to morphological botany or zoology rather 
than to any branch of natural philosophy. 


Phenomenology Valuable 

Tt seems to me that phenomenology might provide a 
specially appropriate philosophy for scientists engaged 
in any branch of natural history. The principles of such a 
philosophy might help to preserve these scientists from 
intellectual errors into which they would be likely to fall 
when relying for guidance on the positivistic modes of 
thought fashionable in natural philosophy. Phenomeno- 
logy, in asserting the primacy and significance of the per- 
ceived natural world, as against the mathematical abstrac- 
tions worshipped by natural philosophers, should lead the 
mind out of itself (and out of the laboratory) and inte 
scientifically productive engagement with actual things, 
and thus encourage the appropriate mental set for a natural 
historian, 

It appears to me that the intellectual ascendaney of 
the natural philosophers has had adverse effects in most 
branches of natural history. The geologists. for example, 
through placing too much weight on the dogmatic asser- 
tions of the geophysicists and not enough on the actual 
phenomenal evidence, have mostly rejected until. quite 
recently the idea of “continental drift’'—-with the result 
that application of this very important explanatery 
principle has been held up for at least a generation. 
Botany and zoology departments have increasingly cone 
ceded the dominant positions to biochemists and bio- 
physicists—-and one result is that students graduating in 
these subjects today probably know less about actual 
plants and animals than any of their predecessors during 
the past century. 

To say that phenomenology provides a mental attitude 
which would be appropriate for a natural historian buat 
not, or at least less, so for a natural philosopher, 
implies a certain deficiency in it as a universal philosophy, 
Natural philosophy represents a very large and inaportant 
aspect of science, on which natural historians are heavily 
dependent, and its practical importance for mankind 
hardly needs to be emphasized. The ideal of a universal 
philosophy, which will provide valid intellectual bases 
for natural history and natural philosophy, aesthetics and 
morals, psychology and sociology, progress and conserva- 
tion, is still an unattainable dream for us. The recent 
predominance of various forms of empiricism and positiv- 
ism has resulted from, and intensified, the prestige enjoyed 
by natural philosophy through its technological applica- 
tions. Positivism and empiricism have failed, however, 
to provide satisfactory basic orientations for psychologists, 
historians, moral philosophers and politicians, and people 
engaged in these subjects have tended to turn increasingly 
to phenomenology or existentialism for philosophical 
justification. Natural history, which has likewise 
languished in a cultural climate dominated by* the 
positivism of the natural philosophers, might have some- 
thing to gain by cultivating and propagating phenomeno- 
logical attitudes in science. 

[The quotations from phenomenological writers are all 
taken from Phenomenology, edited by J. J. Kockelmans, 
published as a paperback by Doubleday Anchor Books, 
1967.) 
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Evidence for a Point Source of High Energy Cosmic 


Gamma Rays 


by 

G. M. FRYE, jun. 
J. A. STAIB 
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Case Western Reserve University, 
Cleveland, Ohio 


V.D. HOPPER 

W. R. RAWLINSON 

J. A. THOMAS 

Physics Department (RAAF Academy), 
University of Melbourne, 

Parkville, N2, 

Victoria, Australia 


We wish to report evidence for the detection of cosmic 
gamma, radiation above 50 MeV from a point source in 
Sagittarius. The investigations were part of a collabora- 
tive programme between Case Western Reserve University 
and the RAAF Academy, University of Melbourne. 
Although only some of the data have been analysed, the 
preliminary results are interesting enough to warrant 
publication at this time so that this region of the sky can 
be examined more closely at other frequencies. 

Two high altitude balloon flights were made from Parkes, 
NSW, Australia, at 2136 to 0207 UT, February 5-6, 
1969 (flight I); and 1815 to 0205 UT, February 26-27, 
1969 (flight TI), at an average altitude of 2-9 mbar. The 
detection system was a multi-plate spark chamber 
triggered by a scintillation-directional Cerenkov counter 
telescope described previously? and shown in Fig. L 
The separation between counters 2 and 3 was set at 12 
em to give a wide acceptance angle and events with a 
zenith angle of up to 40° were accepted. Detailed analysis 
of the results of previous flights in the northern hemisphere 
has shown that gamma rays produce two types of events 
originating in the chamber: electron-positron pairs 
where the two tracks are clearly resolved and single 
non-scattering tracks which are predominantly unresolved 


NOL TOP ANTICOIN- 
CIDENCE COUNTER 


LENS 


NO.2 PLASTIC 
COINCIDENCE 


COINCIDENCE COUNTER 


Fig. 1. Geometry of the spark chamber and the coincidence-anticoinci- 
dence counter telescope. 





Two high altitude balloon flights from Parkes, NSW, have produced 
evidence for a point source of high energy gamma rays (above 50 
MeV) from a point source in Sagittarius. The flights did not con- 
firm the band source of gamma rays reported by Clark, Garmire 
and Kraushaar last year. 


pairs. To date both types of events have been analysed 
for flight I and the pairs for flight H. 

The evidence for a net signal above the atanospheric 
background is: 

(1) In bins of equal solid angle Ag=4°, A(sin ô) = 0-08 
over the region of right ascension 246° < a < 310°, and of 
declination — 62° << —5°, the maximum number of 
events occurred in the same bin on the first flight for pairs 
and for single tracks. 

(2) The maximum signal occurred at the same a and à 
on the second flight for pairs over the region 226°<«< 
306°, —62°<8< —5° to within our angular resolution. 
Two different spark chambers were used on the two flights 
and, even though the basic design was the same, there 
were differences in the electronics, optics and orientation 
monitoring between the Melbourne gondola which was 
flown on flight I and the CWRU gondola used on flight H. 
Also the fight films were scanned separately and the 
events reduced to right ascension and declination by 
different computer programs. Good agreement was 
found on the portion of flight II which was scanned and 
processed by both groups. The agreement between the 
two flights provides some insurance against systematic 
errors. 

Fig. 2 shows for each flight the number of events in 
the 4°x 0-08 bin centred at a= 288°, sin $= ~0-58 and 
the average number in surrounding bins corrected for the 
relative exposure. For flight I the peak number of pairs 
plus singles is 57 and the background is 36-74 1-0. For 
flight Il the number of pairs in the same bin is 54 and the 
background is 33-4+1-0. Because there were 160 bins 
on flight I and 200 on flight II, the cumulative Poisson 
probability of finding one such bin is 0-2 on I and 0-1 on H, 
an inconclusive result. But when the maxima oceur in 
the same bin for the wo flights the probability of such an 
accidental occurrence is reduced by a factor œ the 
number of bins on one flight and becomes ~10. The 
probability may also be evaluated by combining the data 
from the two flights which yields 111 events in this bm 
whereas the average is 70-141-4. The probability of 
finding one such bin in the sample of 200 is 0-8 x 10%, 
Hereafter we will refer to this source as Sgr y-1. 

When our calibration data on angular resolution are 
integrated over the atmospheric spectrum of Staib?, it is 
found that half of the events above 50 MeV fall within a 
4° half angle cone. Approximating this cone by a 6° x 0-12 
bin, the intensity for Sgr y-1 on I is 3-4 10-§ photons 
em-? s71, and on IT is 2-8 x 10-5 photons em~? s71. These 
are in agreement to within the statistical accuracy and 
combined to yield our preliminary value for the gamma. 
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ray intensity above 50 MeV of (3+1)x10-* photons 
em? s-t, 

The positional information is still being analysed as 
there is an apparent systematic difference of 2° between 
the magnetic and solar determinations of the azimuthal 
angle. The preliminary coordinates of Sgr y-l are a= 
288° + 3° and §= ~35°+ 2° (Mi= 3°, b= — 20°) which is 
just on the boundary of the region excluded from the 
Parkes Catalogue’. The nearest radio source listed there 
is 1928-34, an elliptical galaxy. 

Recently, Clark, Garmire and Kraushaar* reported a 
line source of gamma rays coincident with the galactic 
plane with a maximum in the direction of the galactic 
centre, Their intensity averaged over [H1] <30° is 3 x 10-4 
gammas em s-' rad-!, This region passed overhead on 
both flights, and we have analysed the area [hi] < 30°, 
|b1t| < 30° for a line source of two different widths (Fig. 3). 
First the width of the line source was assumed to be less 
than our angular resolution for a line source of + 2-3°. 
We see no significant: effect, as the number of events in 
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Fig..2. Comparison of the bin at R.A. =288°, sin 6 = —0-58 with the 
average of surrounding bins corrected for the relative exposure, 


Buckland Park Aerial Array 


by 

B. H. BRIGGS 
W. G. ELFORD 
D. G. FELGATE 
M. G. GOLLEY 
D. E. ROSSITER 
J. W. SMITH 


Department of Physics, 
University of Adelaide, South Australia 


Tue horizontal drift of irregularities in the ionosphere has 
been studied for many years by the closely spaced receiver 
method"? in which radio waves from a single transmitter 
are reflected from the ionosphere and received at three 
spaced points on the ground. Often the amplitude 
fluctuations, or fading, are similar at each receiver, and 
maximum correlation occurs when the records from the 
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the +2-3° strip is 861, and the average over the rest of the 
area is 833 + 9-5 yielding 28+ 31 events. The correspond- 
ing 95 per cent confidence upper limit to a line source is 
3x 10-> gammas em? s~! rad-?, The OSO 3 detector had 
an angular resolution of + 15°, so we also looked for a broad 
line source [bu] <15°, by comparing it with the areas 
of width 15° <|6|<30°. The net number of events is 
— 127 + 98 and our upper limit. of this line source is Tx 107 
gammas cm~? s~! rad~'. The only way we can reconcile 
our data with those from the OSO 3 experiment is forthe 
line source to have a half width of 15° and an intensity léss 
by at least a factor of four, a possibility that bas already 
been considered®. 

This research is supported by the US National Selenge 
Foundation, the US National Aeronautics and Space 
Administration (CWRU), and the Australian Research 
Grants Committee (Melbourne). We thank J. Maynard 
and J. Panettieri for expert assistance in all phases of the 
work, the US Atomic Energy Commission and the Aus 
tralian Department of Supply for use of the flight facilities, 


and E. Curwood, D. Scott and the Hibal launch crew for o oo 


successfully conducting the flights. 
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An aerial array | km in diameter has been constsucted near Adelaide, 
South Australia. It will be used for observations of ionospheric 
drifts and meteors, and for other experiments in ionospheric physics. 


receivers are displaced relative to each other. From. these 
time displacements, the horizontal drift velocity. of 
irregularities in the ionosphere can be evaluated*~*, 
Although the method is widely used’~"* it has a number 
of unsatisfactory features, and there is no generally 
accepted method of analysing records. A method. known 
as “full correlation analysis™*’ was introduced to avoid 

















{322 


| ) : reansorrrer L u | 
e 


> 
100 meters BUILDING 
Fig. 1. The arrangement of the 178 dipoles of the array. Each dipole 





is connected to the main laboratory by a separate underground coaxial 
cable. The transmitting aerial consists of four dipoles arranged to form 
a square, with the transmitter in the centre. 


errors due to the fact that the pattern may be elongated m 
some particular direction and may change as it moves, but 
the method makes many assumptions which seem to be 
inconsistent with the following observations: (i) the 
velocity can change rapidly with time’, (ii) different 
Fourier components can give different velocities'?, (iii) 
the spatial and temporal correlation functions can have 
different functional forms, and (iv) expanding or con- 
tracting “ripples” may sometimes occur in the diffraction 
pattern), 

One promising approach to these and other’ doubts 
involves the use of a larger array of aerials, coupled with 
image-conversion techniques, so that the radio pattern 
is turned into a visible one and the movements and other 
changes in the ionosphere can be directly observed. 
Simultaneous digital recording of the data is also desirable, 
so that a statistical analysis can be carried out by com- 
puting the two-dimensional spatial cross-correlation 
function between the patterns recorded at two times. 
This gives accurate values of the displacement in a known 
time interval, The velocity is thus obtained in a way 
which avoids most of the assumptions of the usual correla- 
tion analysis'’. 

To make such observations, an array of receiving aerials 
covering an area of the order of 1 km? is needed. This 
is large enough to include two or three maxima and minima 
of the diffraction pattern which the irregularities produce 
on the ground. (Previous arrays constructed for similar 
purposes have been too small to enable the structure of 
the diffraction pattern to be readily observed or com- 
puted'?8,) In order to obtain adequate resolution of 
the smaller scale structures, individual aerials of the array 
mugt be separated by no more than 100 m. For the 
experiments so far described, the aerials are used indi- 
vidually. Other observations requiring narrow beam- 
widths are also possible provided the aerials are con- 
nected to a central point by radio frequency cables of 
known lengths, so that they can be connected together 
to form a “broadside” array. Such an array has been 
constructed at the Buckland Park Research Station of 
the Department of Physics, University of Adelaide 
(35° 5, 138° E). 
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Description of the Array 


The array consists of 178 dipoles arranged as shown in 
Fig. 1. Each dipole is a wire 72 m long supported 11 m 
above the ground by timber poles and with a transformer 
at the centre to act as a “balun”, and to match the 
impedance to the 70 Q coaxial cables which connect 
each dipole to the central laboratory. The electrical 
lengths of the cables are accurately adjusted so that the 
phase of the voltage induced in each dipole is correctly 
reproduced in the laboratory. The basic frequency of the 
array is 1:98 MHz, but it can also be operated without 
serious phase errors at the third harmonic, 5-84 MHz. 
At 1-98 MHz the attenuation due to the cable is about 
6 dB for the most distant dipoles. Each pair of dipoles 
can be connected to receive cireular polarization if re- 
quired, or the dipoles can be used to form two independent. 
arrays each with eighty-nine elements, one linearly 
polarized north-south and the other east-west. 





Fig. 2. 


A photograph of the array taken from the air. The central 
laboratory and the paths of the underground cables can be seen, but the 
individual aerials are not visible at this distance. 


Fig. 2 is an aerial photograph of the array. The routes 
of the cables which run to the central laboratory can be 
clearly seen because of the disturbance to vegetation 
during installation. The dipoles themselves are not visible 
at this distance. 

The pulse transmitter of 100 kW peak power is near 
the main array (Fig. 1). The transmitting aerial consists 
of four half-wave dipoles arranged as a square and 
supported by towers 30 m high. The transmitted polariza- 
tion can be changed rapidly from left-hand to right-hand 
circular, or to linear, by altering the phases of the currents 
in the four dipoles. The pulse duration is variable from 
25 to 200 us. 
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For observations of ionospheric drifts, the polarization 
of the transmitted pulses is normally circular, with a sense 
of rotation appropriate to the “ordinary” wave. The 
eighty-nine dipoles aligned east-west are used for recep- 
tion, and are connected to eighty-nine separate radio 
receivers. After detection an echo is selected by a time 
gate, and then peak rectified, so that eighty-nine slowly 
varying voltages are obtained. These voltages are used 
to vary the intensities of eighty-nine filament lamps 
arranged in the same configuration as the dipoles. The 
resulting light pattern is diffused by a sheet of ground 
glass so that the discrete points of light disappear and a 
smooth pattern is obtained. The movements of this 
pattern can be observed visually, and are also recorded 
by a cine-camera. For the production of films it has been 
found convenient to record at a rate of four frames per 
second. The information is also recorded in digital form 
on magnetic tape, at a sampling rate of five points per 
second for each of the 89 channels. 


Se 











Results 

The cine-films are necessary for detailed studies of the 
movements. Some of the conclusions reached so far are 
illustrated by the selected photographs reproduced in 
Fig. 3a, b and c (the white areas represent strong signals). 

Fig. 3a shows a typical “random” pattern with a well 
defined direction of motion. Individual features often 
change randomly as they move, and such changes naturally 
include occasional structures which expand or contract in 
size. We have not, however, so far observed any pattern 
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in which a series of expanding rings occur (like the ripples 
expanding from a disturbance on water). The results 
are probably consistent with the patterns skete y 
Harnischmacher'* (who used an array of nine aerials), 
but they are not consistent with models whieh propose a 
series of curved rings expanding from a stationary or 
moving centre! 13, 

Fig. 36 shows a type of pattern which consists of 
parallel bars or “fringes”. The fringes are usually equally 
spaced, though the spacing can change slowly with time. 
The apparent motion of the fringes is porpendieular to 
the direction of elongation, as would be expected, because 
motion in the direction of the fringes could not be ob- 
served, Sometimes a pattern may change from “random” 
to “fringe-lke” in the course of a few minutes. and at 
times there are mdications that the two tvpes af pattern 
are superimposed. Records of this type are particularly 
common for waves returned from a totally reflecting 
the Æ 


























and 


layer, but also occur occasionally for 
F-layers. 


Fig. 3¢ illustrates a phenomenon in which two 
fringes are superimposed. The two sets re da ; 
directions, different spacings and different apparent 
directions of motion. It is possible that fringe patterns 
of the types shown in Fig. 3b and ¢ arise from interference 
between waves specularly reflected from different points 
in an ionosphere which contains large scale tilted reflecting 
surfaces. $ 

Although velocities can be obtained from the photo- 
graphic records, it is better to use the digital recorda for 
































Fig. 3. a, Photographs taken at intervals of 0-75 showing a random changing diffraction pattern moving at 90 mat in a direction 10° south 
of west. The reflexion was from the normal day-time -region (100 km) at 1944 h local time on January 1, 1960. b, Photographs of the moving 


pattern taken at Intervals of 0-75 s showing one of a series of high contrast “fringes” moving northwards as indicated in the « 
reflexion was from a night-time Zs-layer (100 km) at 2000 h local time 


showing two sets of “fringes”, moving as indicated in the diagram, 


on December 24, 1968. 
The reflexion was from a night-time Hs-layer (100 km) at 191 


ATR, 
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¢, Photographs taken at int 


time on December 26, 1968, 
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accurate work, The method involves the computation 
of the two-dimensional spatial cross-correlation function 
between the patterns recorded at two times, so that the 
displacement of the pattern in this time interval can be 
determined)’, The two-dimensional spatial auto-correla- 
tion function is also computed, in order to obtain informa- 
tion about the structure of the pattern as recorded at one 
instant of time. 

Examples of auto and cross-correlation functions are 
shown in Fig. 4a and b. In each case, elliptical ‘“‘con- 
tours of equal correlation’? have been fitted by a least 
squares method. The ellipses corresponding to different 
levels of correlation are very similar in axial ratio and 
orientation, As expected, the cross-correlation function 
shows a maximum value at a point displaced from the 
origin. To determine the position of the maximum it is 
necessary to interpolate between the “grid” points. A 
reliable value of the velocity can be obtained in a time 
of the order of 1 s and rapid changes can be studied. 
This is in contrast with previous methods, which require 
records of about 5 min duration for a single velocity 
determination. 


Comparison with Arrays of Three Aerials 


Most previous work has been carried out using three 
aerials only, so it is interesting to compare the velocities 
obtained using the whole array with the values obtained 
simultaneously using any three selected aerials. The 
“full correlation analysis” was applied to three aerials at 
a time, using data from the digital magnetic tape. It was 
found that the results agreed with the velocities obtained 
using the whole pattern only when the triangle was rather 
large (aerial separations of the order of 400 m). As the 
size of the triangle decreased the computed velocity 
decreased, and for aerials separated by 100 m the velocity 
was of the order of one-half or one-third of the value 
obtained using the whole pattern. It seems reasonable to 
suppose that the values obtained using the whole pattern 
are correct, because the method then involves fewer 
assumptions, and uses all the available data. Thus some 
systematic error seems to change the magnitude (but 
not the direction) of the velocity when a small triangle of 
acrials is used, and this may have affected much previous 
work. A dependence of velocity on aerial separation 
has also been found by Kelleher’. 
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The Point Source Effect 


It is assurned that the velocity of the diffraction pattern 
on the ground is twice the velocity of the ionospheric 
irregularities. This is a result of diffraction theory, which: 
shows that a small displacement x of a random reflecting 
sereen produces a displacement 2a of the Fresnel diffrac- 
tion pattern produced in the same plane .as the (point) 
source of waves used to illuminate the screen, An equiva- 
lent result is the statement that if the source moves a 
distance w, the diffraction pattern will move a distance =w. 
the sereen in this case remaining fixed. It has been 
suggested" that these results may not, hold for the rather 
peculiar conditions involved in reflexion from the iono- 
sphere at normal incidence (the refractive index then 
being zero at the reflexion level). We have carried out a 
direct experimental test, using two spaced transmitting 
aerials, and a transmitter which can be switched rapidly 
from one to the other. The large receiving array is used 
to observe the resulting displacement of the diffraction 
pattern. 

Fig. 5 shows an example of the pattern displacement 
produced in this way. On these small scale reproductions 
the displacement is most readily seen when the pattern 
consists of a single large irregularity which is elongated 
approximately at right angles to the expected direction of 
the displacement. In Fig. 5 the pattern is elongated east- 
west, and the expected displacement is 182 m towards 
the south. The observed displacement is of the expected 
order of magnitude; an extended series of quantitative 
observations is now in progress. 


Other Uses of the Array 


By the use of several distant radio transmitters, iono- 
spherie drift can be sampled simultaneously at several 
widely spaced reflexion points. The effective size of the 
array can also be increased because the patterns due to 
separated transmitters are displaced relative to each other, 
as already discussed. The patterns recorded by two sets 
of 89 receivers, one set receiving one transmitter and the 
other a second suitably positioned transmitter, can be 
fitted side by side to give the pattern which would have 
been observed with an array of twice the area. 

Several experiments will use the narrow-beam proper- , 
ties of the array. When used as a broadside array with 
the beam directed towards the zenith the beamwidth (to 
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Fig. 4. Analysis of two patterns recorded with a time separation of 1 8. The position of each point represents a vectorial displacement, aml the number 


gives the correlation calculated for that displacement. 


late a is the average of the two spatial auto-correlation functions, t 
metion, In each case elliptical “contours of equal correlation” have been fitted for the following values of correlation: A, 0-8: B, 0 


bis the spatial cross-correlation 
C, Oå, The 


position of the point of maximum eross-correlation gives the velocity; for this example, 126 m s~? in a direction 72° (measured clockwise from north), 
(E-layer, 1230 h local time, December 16, 1968.) 
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a b c d 


Fig. 5. Photographs taken at intervals of 0-25 8 of a pattern moving towards the south. 


e f g 


h i 


b to e show a movement of approximately 50 m. 


Between ¢ and f the transmitting aerial was displaced as indicated in a and the pattern is displaced a similar distance to the south, ftoi 
again show the normal pattern drift. 


half-power} is +4° at 1-98 MHz and +1-3° at 5-94 MHz. 

There are spurious “diffraction grating orders” at the 
higher frequency, however, and these may be troublesome 
in some experiments. The beam can be directed away 
from the zenith by inserting phase shifts between rows of 
elements. 

An important application will be the study of meteor 
echoes at lower frequencies than have previously been 
used. At the frequencies normally used, meteor trails 
are not observed above about 110 km because at greater 
heights diffusion is so rapid that the trail quickly expands 
to a diameter greater than the radio wavelength. For a 
frequency near 2 MHz, however, theory suggests that 
trails should be observable up to 140 km. The results 
may therefore give new information about the total influx 
of meteoric material into the atmosphere. Doppler studies 
will provide drift velocities of meteor trails over the height 
range 70 to 140 km, to be compared with simultaneous 
observations with the 27 MHz Adelaide meteor system?'. 
In the height range 70 to 100 km, drift velocities determ- 
ined from the weak echoes returned from the D-region2? 
are already being compared with drifts of meteor trails 
observed simultaneously with the 27 MHz system. 

Electron densities in the D-region will be studied by 
the differential absorption method®*-4, There have been 
some uncertainties about the effects of off-vertical echoes 
when using this method; these should be removed by the 
use of a narrow beam directed towards the zenith. 

For the study of many ionospheric phenomena, it would 
,.be valuable to observe the instantaneous angular distribu- 
“tion of downcoming waves. Such observations should 
throw much light on the phenomena involved in normal 
ionospheric reflexions, scatter from the Es-layer and from 
the D-region, scatter of the “spread F” type, and in 
reflexions from travelling ionospheric disturbances. There 


are several possible ways in which a large aerial array can 
be used to make such observations, but the most promising 
seems to be the use of image-forming techniques similar 
to those proposed for use with radio telescopes™, 

The Buckland Park array has been constructed with 
financial support from the Air Force Office of Scientific 
Research, Office of Aerospace Research US Aim orce, the 
Australian Research Grants Committee, the Radio 
Research Board (Australia) and the University of Adelaide, 
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Power Spectra from Ocean Movements measured remotely 
by lonospheric Radio Backscatter 


by 
J. F. WARD 


Department of Physics, 
Townsville University College, 
Townsville, Queensland 


Rano backscatter at high frequency from land and sea 
regions via an ionospheric propagation mode has been 
used widely in studies of the Ẹ and F regions of the 
osphere (see, for example, Shearman!?), Crombie? in 
y Zealand, followed by Dowden! and Haubert’, detected 
rimentally Doppler frequency changes imposed on 
dio signals by moving sea scatterers in the vicinity 
' observation stations. Sofaer" investigated the 


Ocean wave movements can be detected at great distances using 
high frequency radio waves propagated by the ionosphere. 


same phenomena at VHF for the case of television signals 
scattered from Plymouth Sound. The present work 
demonstrates that it is possible to detect ocean wave 
movements at great ranges by probing the sea surfaces 
with high frequency radio waves which have been pro- 
pagated ionospherically. 

The experimental requirements to do this sue sasfully 
are exacting because the Deppler shifts generated by the 
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movements in the scattering regions are both extremely 
small, and also barely an order of magnitude different in 
value from the unavoidable variations impressed by 
instability in the ionosphere itself, Power spectra analyses 
of the radio frequency echoes received, however, can 
resolve the main contributory components and provide 
a substantial body of what, as yet, is chiefly phenomeno- 
logical data for scientific use. The experimental sophisti- 
cation necessary is outweighed by the potential usefulness 
of this radio probing method, for vast ocean areas could 
be surveyed in a few hours from a single observing 
station. Data can be obtained, moreover, from remote 
regions of the ocean not previously contributing informa- 
tion to the world-wide meteorological prediction pro- 
gramme, 
















Fig. 1, 


In 1965 studies commenced in Townsville, Queensland 
(lat. 19-25° 8, long. 146-7° E), of the backscatter behaviour 
of the ocean regions to the south and south-east of Victoria 
and Tasmania--some 1,500 miles nearly due south of the 
probing location. This experiment was planned to allow 
an examination of large tracts of ocean over which exten- 
sive, quasi-coherent, wave patterns might be expected to 
develop. The region, in addition, is important meteoro- 
logically to Australia yet remains largely devoid of fixed 
obgerving stations. 

At present data are obtained from an. HF radar operating 
at a frequeney of 21-840 MHz, with a peak effective radi- 
ated power greater than 1 MW, and operating in the 
bistatic mode. i 











The receiving station, 5 miles from the 
transmitter site, uses a circularly polarized aerial array 
feeding a Racal HF receiver followed by extensive signal 
processing equipment using time domain circuitry and 
active filters to achieve the overall phase coherence which 
in turn enables the Doppler frequency shifts —aetually 
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phase shifts with time-—to be extracted from the echo 
signals. The resultant analogue data are stored magnetic- 
ally and subsequently analysed in a Fenlow 542, narrow 
band spectrum analyser of range 0-30-1-60 Hz associated 
with a bandwidth of 0-06 Hz. The transmitting array 
can be slewed electronically in azimuth from 170° to 
185° E of N, while for either of these bearings, time gating 
of the reeeived echoes can give different. effective range 
samples for observation. This time selection in mere- 
ments of less than 1 ms. when related to the combined 
polar patterns of the transmitting aerial array (+20 dB 
with respect to dipole in free space) and receiving aerial 
array (+10 dB with respect to dipole in free space), 
allows boxes of illumination on the sea surface of approxi- 
mate side length 70 miles to be examined suecessively, or 





Phase-time and amplitude-time records exhibiting coherence in echo signals, a, April 10, 1968. 0252 GMT, range 18 ms: & April HL 1903. 
0251 GMT, range 18 ms: e August 1, 1968, 0255 GMT, range 15 ms. 


at will. Four sets of data are available for any selected 
target region: the fluctuating characteristics of the A 
sean echo; an arnplitude-time record; the sense and 
magnitude of the phase variation with time: and the 
relative power density spectrum derived from the phase~ 
time record. Changes in phase of 10 electrical degrees in 
a 21-840 MHz radio wave can be read from the analogue 
record (see Fig. 1) while the resultant power spectra 
exhibit lines for which the resolution in frequency corre- 
sponds to about one order of magnitude better than this. 
In good conditions spectral lines may be determined with 
a frequency error limited by the calibration accuracy of 
the search oscillator of the spectrum analyser, say, + 0-01 
Hz, which represents a limit of approximately 1 part ina 
10%, Although high, this is found to be a necessary ord, 
of resolution for an error of this magnitude in frequey 
introduces an uncertainty of several degrees of ag 
in the computed direction of movement of the d, 
ocean wave front. 
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An example is given in Fig. la for April 10, 1968, at 0252 
GMT of a progressive variation in phase-—equivalent. to 
a frequency shift--of an echo signal from a range of 
approximately 2,700 km, corresponding to a total time 
of flight of 18 ms on bearing 170° true from Townsville. 
(The phase detector gives maximum voltage output for 
phase differences of 90° and 270° and minimum for 0° 
and 180°.) Such records must be corrected for evele 
slipping due to the ray interference fades, examples of 
which are apparent in the amplitude record of Fig. 1b, 
before manual scaling can be attempted. The Doppler 
frequeney deduced subsequently from this second record 
by a process of cycle counting is found to be 0-58 (+ 0-02) 
Hz. The sense of this frequency shift with respect. to 
the transmitted wave is determined directly, and simul- 
taneously, by an ancillary observation based on electronic 
gating techniques. The Doppler frequency thus computed 
arises from the resolved component of the sea wave front 
velocity with the result that an ambiguity still exists as 
to the true direction straddling the great circle radio path. 

In Fig. 2a-f a series of amplitude-time and phase-time 
records to a common time base are given for February 26, 
1969, between 0217 GMT and 0250 GMT on true bearing 
170° from Townsville. The various radar ranges-—-shown 
as total times of flight in milliseeonds—are indicated in 
the caption. Although all the scattering regions con- 
cerned are various surfaces of the same stretch of ocean, 
considerable variation can be noted in both the amplitude 
and the phase of the echoes received in Townsville. In 
the examples displayed in Fig. la significant measure of 
phase coherence can easily be recognized, with several 
other instances apparent in Fig. 2. 

The power density spectra corresponding to Fig. 2a—f are 
shown in Fig. 3a-f respectively, where the ordinate gives 
the true relative power of the various spectral lines. 
Samples of record of about 60 s duration were selected 
for analysis, each spectrum taking approximately 1 h 
to produce——using a bandwidth of 0-06 Hz associated with 
a smoothing time of 15 s. Analysis was carried out from 
a magnetic tape loop, the joint in which introduced a step 
function in the recorded analogue signal which in turn 
produced the near continuum of spectral lines with a 
periodicity related to the tape loop circulating time. The 
spectral structure of interest, however, is the envelope of 
the detailed record and this reveals several diserete major 
lines associated with a number of weaker, although still 
significant, components. TIonospheric drifts must contri- 
bute to the ensembles displayed, but the evidence indicates 
that for the daily time of observation, chosen to be that for 
maximum ionospheric stability, these result in minor 
and recognizable components®*. The spectra given refer 
to sea areas from east of Gabo Island, Victoria (lat. 38° S) 
~~13 ms-—out to the maximum for a single hop, F2 propa- 
gation, mode for the aerial system available, that is, 
to about 3,200 km southward from Townsville, say, 
21 ms, The best results in the overall set of observations 
will be seen to occur at radar ranges of 18 ms to 20 ms 
which correspond broadly to the single hop, F2, modes 
associated with the lobe peak to be expected at approxi- 
mately 12° in the vertical plane of the transmitting 
array. 

In general, the power spectra tend to exhibit two or 
three predominant lines which can be interpreted to relate 
to stable orders of equivalent diffraction grating such as 
n=l, 2 and 3 or n=2, 3 and 4. It can be claimed, how- 
ever, on oceanographic evidence, that the n= 1 geometry 
postulating a roughness given by a wave height of the 
order of 4 feet (2,/10), in a wavelength of 22 feet (An = 
4/2), ratio 1/5—is an unstable condition for a gravity 





v wave in a liquid. At frequencies above the dominant 


lines there is reasonable evidence for contributions from 
higher order wave components as indicated in Fig. 3¢ and 
typified in Fig. 3h. 

On the other hand. following Crombie? for the results 
he discussed, these enhancements might represent. princi- 
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pal maxima of a series of ill-formed sea wave systems of 
slightly varying geometries spread about the most signifi- 
cant configuration. Below the first dominant line 
considerable fine detail exists and Fig. 3g is included 
to accentuate this by a decrease from 15 s to 2 s in 
the smoothing time used in the analyser. Cyele ship- 
ping, which can be almost periodic for short intervals. 
must introduce some coherence into a power spectrum 
and it is intended to minimize this aberration by means 
of an electronic logie operation. For the present. there- 
fore, the pattern in the lowest spectral region seems best 
regarded as due to cornplex beat frequeney components 
the existence of which is indicated by the slow envelope 
modulation apparent on many of the analogue signal 
records (see, for example, Fig. la and Fig. 2b). The spec- 
trum envelope of Fig. 34 will be discussed in more detail 
below. 


Interpretation of the Results 


Since the distinetive observation by Crombie? of se 
echoes at close range, it is usually assumed that the baek- 
scattered radio energy arises chiefly from a crude resonant 
phenomenon which exists when the sea wave profile 
behaves as an equivalent diffraction grating possessing 
wavelength components “ha” for which ay=7(4,)/2, the 
radio wavelength, where n=1, 2. 3 and so on. Wind 
generated sea waves are regarded as non-linear perturba- 
tions with the result that components of all (but the 
shortest) wavelengths can be assumed to exist and so, 
being gravity waves, give a dispersion of corresponding 
phase velocities which by definition will be proportional 
to the square root of sea wavelength. The resolved parts 
of these movements in the direction of the radio signal 
provide the Doppler phase shifts which generate the 
power spectra. As higher orders. n, of the resonant 
scattering process seem permissible, in fact, experi- 
mentally evident, the complexity of the resultant spectre 
rises rapidly and some oceanographic experience must 
sought to deaide what reasonable upper limit to img 
on n for interpretation purposes. 

Investigation of the envelope of the dominant spectral 
region centred at 0-37 Hz in Fig. 2e and the corresponding 
relative power spectrum of Fig. 3e shows that the most 
probable spectral peak can be sealed to within + 0-01 Hz. 
If this is related to the probing frequency of 21-840 x 106 
Hz a detectability of Doppler shift of about | part in 10* 
is indicated. With longer phase-time data samples for 
analysis this resolution might be improved by half an 
order of magnitude, at which stage the calibration aceur- 
acy of the experimental equipment is the limiting factor. 

In the probable envelope pattern for Fig. 3c as depicted 
in Fig. 3h, clear spectral lines can be read at (0:37 + 0-1); 
(0-544 0-01) and (0-6640-01) Hz with some evidence of 
others at (O-7540-01), (0083+001) (0-9046-61) and 
(1-:01+0-01) Hz. For n=1 and a radio wavelength 3, of 
44-5 feet the characteristic Doppler shift would be 0-475 
Hz-0-478 Hz. If the trigonometric allowance to resolve 
the wave normal direction, as discussed later, is applied 
to identify this theoretical maximum with the experi- 
mentally determined peak of (037+ 001) Hz, then the 
higher order spectral limes based on 0-37 would be sought 
as follows: for n= 2, V2(0-37)=0:52; n=3, V3(0-87) = 
0-64, n=4, V4(037)=0-74; n=, W5(0-37)= 0-82: 
n= 6, V6(0-37) = 0-905; and n=7, V7(0-37) = 0-98. These 
predicted values have been superimposed on the speegrum 
of Fig, 3h to indicate that the measure of agreement holds 
to within 4 per cent out to the seventh diffraction order. 
A simple calculation, using either the n= 1 or 
dominant line frequency. gives the azimuthal angle defining 
the direction of the wave normal as (31° + 2°) ch respect 
to the great circle radio wave direction (170° E of N from 
Townsville). A similar type of fit may be traced out for 
the more complicated spectrum of Fig. 3a in which, if 
the n = 1 line is chosen as 6-38 Hz. the n = 2 order compares 
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Fig. 2. Records for February 


26, 1969, at long range on true bearing 170% a, 0217 GMT, range 20 ms: d, 0219 GMT, range 
range 18 ms; d, 02 ze 


3 GMT, range 16 ms: e, 0232 GMT, range 14 ms; f, 0242 GMT, range 13 ms. 
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with the measured 0-49 Hz, the n=3 with 0-65 and the 
na=4 with 0-77 Hz. 

It is considered that there is experimental evidence 
that the actual radio frequencies corresponding to the 
various diffraction components representing the spectral 
lines discussed here beat among themselves to yield 
fine structure evident chiefly in the power spectrum region 
below the n= 1 line of principal resonance. This class of 
detail can be noted in Fig. 3a and holds promise as a 
phenomenological indicator of the degree of roughness 
and coherence of the sea scattering region. In other 
examples displayed (see Fig. 3b and c) there is some evid- 
ence that the general power density rises in a broad 
continuum as the Doppler frequency shift increases. This 
could be interpreted as the contribution of the water 
waves of higher surface velocity, and so of greater wave- 
length, which are known. to arise from, or contain, rela- 
tively, the greater energy components within the non- 
linear sea perturbation. There is some evidence in Fig. 3e, 
for example, that spectral lines out to n= 10, that is, An = 
222 feet, are detectable and the suggestion arises that an 
examination of the broad energy enhancements in meas- 
ured spectra could indicate something of the swell energy 
in addition to the more discrete wind generated com- 
ponents. 

It will be noted that the wave velocity component 
which yields the Doppler shift as measured electrically 
is the resolved part of the sea Wave velocity in both 
azimuth and vertical angle to align with the direction of 
propagation of the radio wave. For a single probing 
station observing one scattering region, the true velocity 
of motion eannot be determined directly although the 
magnitude of the azimuthal direction angle can be com- 
puted despite an ambiguity in angle about the path of 
the radio beam. A series, however, of such observations 
of contiguous scatter regions provides a crude matrix 
from which the true direction of movement of the wave 
front may be deduced. On the basie assumption of 
resonant scattering, with a series of n values, and a given 
radio frequency, the possible direction angle, 0, of the sea 
wave front normal to the great circle direction of the radio 
wave can be derived by trigonometric resolution with 
allowance for the square root dependence of sea wave 
velocity on wavelength. It is given by 


Sfa= Sfa(cos 0) cos A 


where 3f, is the observed Doppler frequency shift, fn 
the theoretical Doppler shift for order n (n= 1, 2, 3 and 
so on), and angle A the downcoming angle in the vertical 
plane of the radio wave. The latter can be predicted for 
a stable ionosphere of given height from a knowledge of 
the slant range as given by radar timing and generally 
will lie in the range 0° to 30°, 

The experimental work in progress aims at building up 














crude sector maps of wave directions along the two main 
regions illuminated by the radio beams. An initial 


attempt at a correlation between the wind directions 
measured from Townsville and those deduced from rather 
scant synoptic data by the Commonwealth Bureau of 
Meteorology was carried out for April 9, 1968, and April 11, 
1968, Radio ranges between 16 ms and 24 ms on azimuths 
of 170° E of N and 185° E of N were selected for the two 
days to provide four groups of data with a total of twenty- 
five separate predictions of wind directions. The average 
of the angular difference between the two methods of 
derivation of surface wind direction was 22°. Further 
attefnpts at correlation are in progress for the sea regions 
east of Tasmania and extending southwards to Macquarie 
Island (lat. 545° S) and this will be extended during 1969 
when an Antarctic survey vessel is in the region. 


Ocean Scanning Service 


The experimental evidence indicates that meaningful 
data resulting from the moving sea surface can be col- 
lected by radio sounding using the ionosphere as the 
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transmission medium. Power spectra sufficiently rehable 
to allow estimates of probable directions of the surface 
waves have been derived and considerable scope now 
appears to exist for experimental and theoretical inter- 
pretation. It is obvious that the introduction of analogue 
to digital procedures associated with quite a modest 
on-line computer would be advantageous because a con- 
servative estimate, projected from experience with the 
spectral density programme applicable to a slow (IBM 
1620) computer, indicates that power spectra might be 
produced at the rate of one per minute. There is there- 
fore no experimental and analytical reason which would 
prevent the observation by one station of an annular 
sweep of ocean throughout the full azimuth and for radio 
range limited by the HF skip distance on one hand, and 
by the maximum distance for a single hop, F2, propaga- 
tion mode on the other, representing an area in excess of 
a million square miles. This region could be surveyed, 
the Doppler shift data analysed and the wind vectors 
prevailing throughout plotted in a few hours. 

A significant step forward would be to observe simul- 
taneously from two stations located about a trans- 
continental baseline, to measure the various Dopplers 
separately, then collate the resultant wave direction maps, 
and from these deduce the true wave front directional 
movements—a form of Doppler frequency triangulation. 
An even more effective proceedure, in addition, would be 
to make swept frequency observations, but because the 
instrumentation complexities, the variation in range with 
frequency changes, and the problems associated with 
frequency allocation would be extensive, the sounding 
by a single frequency must be relied on until the experi- 
mental method can be shown to be attractive synoptically. 
The immediate plan for the Townsville installation is 
to adopt monostatic radar operation associated with an 
advanced design of continuously rotatable, low delta 
aerial array“, using vertically polarized radiation 
launched over the sea surface. Effective propagation at 
angles down to three degrees in the vertical plane iS 
expected and this should yield useful probing ranges at 
least out to 3,500 km in any azimuthal direction, The 
ray geometry appropriate for these longer ranges should 
ensure that the resolved part of the Doppler shift due to 
the undesired ionospheric movement will decrease with 
respeet to the shifts of ocean origin. 

The most general form of the problem raised by these 
experiments is to measure and interpret Doppler shifts 
from a stematically moving, rough seatterer’?14, a 
observed via a distorting ionosphere. Because the com- 
ponents of the complex sea waves compatible with the radio 
wavelengths adopted in these measurements are expected 
to yield a significant correlation between the wave profile 
and the surface wind generator, a method of surface wind 
observation of potential interest in meteorology and 
oceanography has been presented. 

This work was supported by the Commonwealth Bureau 
of Meteorology and the Australian Radio Research Board. 
I thank Mr D. Christy, Mr G. Smith and Mr R. Casey of 
Townsville University College for their assistance in 
constructing and operating the experimental equipment. 
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These two letters describe the interaction between two non- 
adjacent residues in tRNA‘ at position eight and thirteen, and a 
new model of the tRNA molecule that takes into account this 


restriction. 


Evidence for Interaction between Two 
Non-adjacent Nucleotide Residues 
in tRNA‘? from Escherichia coli 


INFORMATION on the tertiary structure of macromolecules 
can be deduced from association or interaction between 
residues that are not adjacent in the primary sequence. 
Here we describe the formation, after irradiation, of a 
covalent linkage between the 4 thiouridine (4-TU) found 
in Æ, colt IRN. Ay! in the eighth position and the cytosine 
found in the thirteenth position’. The relevance of this 
result to the construction of tRNA models will be described 
in the following paper*. 

The purification of *P labelled RNA VA was deseribed 
elsewhere! Sequence studies on the P labelled (RNA 
were carried out according to the methods developed by 
Sanger et al.*. tRNA was irradiated at 335 nm, as de- 
seribed by A. F., M. Y. and A. M. Michelson (manuscript 


pe 





pHTS Urea Cellulose Acetate 





NORMAL 


oe 


in preparation). The autoradiography of an endoribo- 
nuclease T, digest following two-dimensional ionophoresis 
from normal or irradiated RN Val is shown in Fig. 1. 
Two spots (CUCAG and AU4-TU AG) almost disappear 
in the irradiated {RNA whereas a new spot appears on 
the origin of the DEAE cellulose paper. This spot, bow- 
ever, always appears in low yield in normal (RNA, prob- 
ably as a result of the purification procedures that expose 
the {RNA to light. 

Fig. 2 shows the products of alkaline hydrolysis and 
digestion with pancreatic ribonuclease of the new spot 
that appeared in the irradiated 1RNA. Analysis of the 
spot after alkaline hydrolysis gives the following eom- 
position: C(1), A(3), 6125, U(3). plus a product C* that 
moves fast on pH 3-5 ionophoresis and is obtained in half 
molar yield. This result indicates the disappearance of 
one cytosine residue normally found in the CUCAG 
sequence, Together with the evidence given by A. 
et al. (in preparation) for the change in the chemical 
nature of the 4-TU after irradiation, this suggests the 

























IRRADIATED 


al 


Fig. 1. Autoradiography of a two-dimensional ionophoresis of a T, RNase digest of normal and irradiated {RUN aM . Digestion for 80 

min at 37° C with (1: 20 w/w) T,. The sequence of the spot above CUCAG is AUCCCG and the two apota can be separated by longer topo 

phoresis on the sacoud dimension, The sequences of the other spots are given by M. Y. and B. G. B, (manuscript in preparation). The positions 
of some spots vary in the first dimension due to the urea concentration, of the PH 3-5 bufer, 
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Fig, 2. Sequence analysis of products obtained from irradiated (RNA 4 
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Alkaline hydrolysis 


G(1),A(1),U(2),C*(0:5) G(1),A(1),0(3),C*(O-5) 


Val, Base composition determination and pancreatic RNase digest 


were done by standard techniques as described by Sanger et al.*. 


formation of a covalent linkage between C and 4-TU. 
On alkaline hydrolysis the covalently bound dinucleo- 
tide C-4-TU will therefore give a U (resulting from the 
4-TU after ionophoresis in 7 per cent formie acid) and a 
degradation product resulting from the modified cytosine. 
A pancreatic ribonuclease digest of the same T, product 
gives one C and two AG plus a fast spot that streaks on 
ionophoresis at pH 3-5, indicating again that one C is 
modified in the irradiated product. 

A two-dimensional ionophoresis of a pancreatic ribo- 
nuclease digest of irradiated tRNAY# as compared with 


normal ‘RNA indicates a decrease in the yield of the 
JAU spot, whereas the yield of the AGC spot is normal 


‘a (Fig. 3). As shown in Fig. 2, the two AGC and one of the 


two GAU sequences in the pancreatic ribonuclease digest 
of mRNAVA result from the interacting regions. One, 
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Fig, 8. Autoradiography of a two-dimensional jonophoresis of a pancreatic RNase digest of normal and irradiated mya’ 1 


sometimes two, additional spots were detected in a lower 
yield. Alkaline hydrolysis of these spots gave the com- 
positions G(1), A(1), U(2), C*(0-5) and G(1), A(L), U(3), 
C*(0-5), respectively. This, with the previous evidence, 
indicates that their structure is as shown in Fig. 2. If the 
C in position eleven is involved pancreatic ribonuclease 
would give GAU 4-TU linked to an AGC. The yield of 
the different pancreatic spots and the composition of the 
new spots prove that the second cytosine in the CUCAG 
sequence is covalently bound to the 4-TU (Fig. 2). All 
the results obtained by pancreatic ribonuclease digestion 
indicate a normal split on the 3’ side of the modified pyrimi- 
dines and a slow split on the 5’ side of these bases. 
Fractionation on a DEAE-cellulose column in the 
presence of 7 M urea of a T, ribonuclease digest of non- 
radioactive irradiated {RNA gave also an oligonucleotide 
of which the elution position and absorption spectrum are 
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for 30 min at 37° C with (1 : 20 w/w) pancreatic RNase, The sequences of the other spots are given by M. Y. and B. Q. B. (manuscript 
in preparation). 
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compatible with a decanucleotide containing one base 
that absorbs at 335 my. 

Spectrophotometric and fluorimetric titrations of 4-TU 
in native {RNAY# to be reported elsewhere establish the 
presence of a direct interaction between the 4-TU and a 
C residue in the intact tRNA. The low chemical reactivity 
and the fluorescence emission (F. Pochon, A. F., M. Y., 
and A. M. Michelson, manuscript in preparation) and the 
semicooperative Tm found at 335 mut clearly prove that 
the 4-TU residue is strongly fixed in the tertiary structure 
of tRNAY@, The sequence and the titration evidence 
clarify the close positioning in space of the 4-TU (eighth) 
and the C (thirteenth). 

The interaction between the 4-TU and the C of the fourth 
base pair of the dihydrouracil stem seems to be a frequent 
phenomenon in F. coli tRNAs. tRNAVA, IRNAYVA, 
‘RN AME, tRNAMH and ¢RNAPhe gave the same product 
after NaBH, reduction of the irradiated tRNA (A. F., M. Y. 
and A. M. Michelson, manuscript in preparation). The 
presence of a 4-TU and a GC base pair in the same position 
was shown for tRNA Me, tRNAMH, and tRNAPhe® and 
also suggested for RN Au (unpublished results). On the 
contrary, no such product was obtained with iRNATY 7 
which lacks a GC pair in the same position’. The fact 
that at least five different (RNAs behave similarly in 
this reaction suggests a common rigid tertiary structure 
for the region concerned. 

We thank Dr F. Sanger, Dr A. M. Michelson and Pro- 
fessor F. Gros for their interest and encouragement in this 
work and Mrs A. Chestier for help in the (RNA preparation, 
We thank Dr J. P. Waller for a gift of purified {RNAM, 
tRNAM# and of (RNATYT enriched fractions. 
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* The composition and analysis of the spot “X” detected by Dube ef al. 
with a variable yield in the T, digest of innat can now perhaps be under- 
stood, Was probably the photochemical product with the sequence 


ayo 


G 1-T-UG E A G obtained during manipulation of the (RNA in the light. 
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Molecular Model for Transfer RNA 


Evex though one knows the primary structure of several 
tRNA species and one adopts the highly base-paired 
secondary structure suggested by Holley et al (Fig. 1) 
for tRNAYAL there is still a great deal of latitude in the 
choice of the relative positions of the four base-paired 
segments. Recently, several authors have proposed a 
number of models for the organization of the base-paired 
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segments. These models are designated according to the 
convention shown in Fig. 2. The models of Lake and 
Beeman’ (6-2 and 4-4) were based on small-angle X-ray 
scattering data in solution, that of Doctor and Fuller* 
(4-4) on the analysis of fibres of {RNATYT and that of 
Cramer et al* (6-2) on the interpretation of a chemical 
and physical study of (RNA. In all these models, the three 
loops are located at the ends of the molecule. We deseribe 
here a novel type in which the diHU loop is placed near 
the centre of the molecule (Fig. 3). This model was con- 
structed in order to satisfy the restriction imposed by the 
proximity of the 4-thiouridine residue (4-TU, eighth 
residue from the 5’ end) and the thirteenth residue 
(cytosine) in tRNAY" of Æ. coli (ref. 5 and A. F., M. Y. and 
A. M. Michelson, manuscript in preparation) and from 
the results of a small-angle X-ray scattering study carried 
out on the same (RNA species (J. N. and V. Luzzati, 
manuscript in preparation). 

The model was constructed using Corey~Pauling- 
Koltun components in the following way: the four double- 
helical regions of the cloverleaf were constructed separately 
together with the loops. The conformation of the four 
ordered regions was similar to that described for viral 
double-stranded RNA’, with the base-pairs tilted with 
respect to the plane perpendicular to the helical axis and 
with an axial residue distance close to 3 Å. The conforma- 
tion of the ribose ring was chosen CY endo, and in the 
“anti” position with® respect to the base. The stacking 
of the bases in the non-ordered regions was preserved as 
much as possible, and no unnecessary twist was introduced: 
in the ribose-phosphate chain. The 4-TU was brought to a 
position close to the cytosine residue thirteen such that the 
distance and orientation permitted a covalent bond 
between the two residues. ‘This was achieved by folding 
back the residues eight~nine segment (4-TU-~adenosine). 
in the large groove of the diHU stem. Sequestration of 
the 4-TU was completed by stacking the aminoacid 
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Fig. 2. A feature common to most of the recently proposed models for 
the tertiary structure of transfer BNA is that the helical axes of the 
ordered regions are nearly parallel. ‘Thus the following convention for 

ing these models may be used: successive numbers indicate the 
cessive numbers of strands involved in ordered regio: long the long 
axis of the molecule. The H model is therefore designated as a 4-4 model, 
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Vig. 3. The 4-2-2 model schematically drawn from the constructed CPR 


model 


stem on top of the diHU stem. This operation was accom- 
plished without additional torsions in the ribose~phos- 
phate chain. The vicinity of the 4-TU and C,, excluded 
the possibility of constructing a 4-4 or a 6-2 model (Fig. 2). 

The general dimensions of the molecule were chosen to 
comply with the measured value of the radius of gyration 
(25 A for both phenoxyacetyl valyl-{RNAV# of E. coli 
and unacylated RNAV?) No dimers were detected by 
sedimentation measurements; but even if there were 
5 per cent present, the radius of gyration would not be 
pertifrbed by more than | Å. 

In the 4-4 models or in the 6-2 models, the diHU loop 
lies at one end of the molecule and contributes to the 
increase of the radius of gyration. Because, in our model, 
the diHU loop was centred, it was necessary to choose a 
highly asymmetrie distribution of the four base-paired 
stems. This was done by pushing the anticodon stem 
below the diHU stem and locating the TyCG stem at 
about the same level as the amino-acid stem. If such a 
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model is constructed in the most compact way (using 
RNA 11 coordinates and compact loops), the resulting 
radius of gyration should be 21-5 A. Built in the same 
fashion, the 4-4 model and the 6-2 model are more com- 
pact. The radius of gyration was increased to 25 A in the 
computer-simulation of our model by extending the loops 
somewhat, using RNA 10 coordinates, and allowing a 
small separation of the ordered regions. 

The model was further refined using the whole X-ray 
scattering curve. When the extra arm connecting the 
anticodon stem to the TYCG was folded around the diHU 
stem (Fig. 3), a good agreement with the scattering curve 
(Fig. 4) was obtained. This configuration of the extra 
arm, with its bases stacked and folded around the diHU 
stem, can be the rationale for a rigid position of the 
TYCG stem in a direction opposite to the anticodon stem. 
The same relative positions of the four stems may be con- 
served whether the extra arm be longer, with a fifth 
double stranded region such as in (RNATT from Æ. colt, 
or shorter @RNAY®! from Torulopsis utilis!) but with 
bases unstacked. Our model involved defining the relative 
positions of the ordered regions as well as those of the con- 
necting segments (residues 8-9; 26; 44-48). The molecule 
can be inscribed in a parallelepiped 100 x 40x 40 Å. The 
asymmetry is larger than in the 4-4 or 6-2 models and is 
consistent with the results of hydrodynamic?! and fluores- 
cent polarization studies'?, The correlation between the 
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All the models are normalized to the same radius of gyration. 
The calculated curves for the 4-4 and the 6-2 models give a specitic 
shoulder which is not observed in the experimental carve. [tis probably 
due, as suggested by Lake and Beeman*, to the vicinity of helical 
segments lying side by side. Such a combination exists three times in a 


6-2 model, twice in a 4-4 model and once in the 4-2-2 model, The. 
conclusion is still valid for models normalized to a lower radius of gyra- 
tion (23 A, for example), Small-angle N-ray scattering measurements 


were performed on phenoxy-acetyltRN AY? using a strictly mono- 


chromatic focused beam, The collimation was of finite length and the 
intensities were measured on an absolute scale. The experimental 
curves were slit-corrected and extrapolated to zero concentration. The 
measured radius of gyration is 25 A, For the interpretation of the whole 
X-ray scattering curve, extensive model-building was performed; a 
computer program was used to generate the coordinates oF all the atoms 
for each model (save the hydrogens), including one sodium per nucleo- 
tide, The problem of the subtraction of the solvent was carefully 
analysed and solved by dividing the space into cubic elements of side 
3-0 A and placing at the centre of each cube all the electrons and subtract- 
ing from all the cubes occupied by at least one atom the number of 
electrons of solvent that the cube would contain, Intensity curves were 
computed by a Fourier transform of the Patterson function, after correc 
tions that take into account the size of the cubes. This work will be 
described in detail elsewhere. 
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number of nucleotides separating adjacent base-paired 
segments and the distance between the ends to be con- 
nected is quite satisfactory. In addition the anticodon 
loop is free. The TYCG loop may interact with the amino- 
acid stem. Some of the bases of the diHU loop may be 
inserted in the small groove of the amino-acid stem, while 
others may interact with the extra arm. It is possible 
that, in the central region of the molecule, some interaction 
occurs between bases which are remote in the linear se- 








quence. For example, the residue 9 (frequently a purine 
in tRNA sequences) may be stacked between residues 44 


and 45 of the extra arm; the residue A 21 (constant) may 
be hydrogen-bonded to G 45. The residue G 18 (constant) 
may be hydrogen-bonded to 4-TU, or to 7 me G 46. The 
position of the TYCG loop could be defined by the arrange- 
ment of four stacked bases (T. ¥. ©, G) pointing towards 
the amino-acid stem. 

Recent studies on chemical modifications of tRNA 
indicate that some of the residues m non-base-paired 
regions of the cloverleaf arrangement are relatively 

sistant to chemical modifications! t-18, Supplementary 
base-pairing has been evoked to explain this situation. 
Another explanation can be given: the various constraints 
imposed on the configuration of the loops (stacking inter- 
actions, hydrophobic forces, attachment to the rest of 
the molecule) are enough to determine a rigid structure, 
making some of the reactive groups inaccessible to the 
reagents. This view is confirmed by recent fluorescence 
studies (A. F., manuscript in preparation) on the behaviour 
of the Y-base in the anticodon loop of yeast HRNAPhe (ref. 
17) which suggest the existence of a rigid structure for this 
loop, while at the same time some of the bases of the anti- 
codon loop could be described as “free”, for they are sensi- 
tive to monoperphthalic oxidation’. A similar structure, 
but with the bases centred towards a double stranded 
region, suffices to explain the non-reactivity of some of 
the bases. 

The general lines of this model were presented in the 
EMBO meeting on RNA structure and function in March 
1969. A similar arrangement of the ordered regions was 
suggested by Drs W. Wherli and M. Staehelin for (RN ASer 
from rat liver, but with the diHU loop hydrogen-bonded 
to the TYCG loop and to the CCA end as proposed by 
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Cramer et al*. This possibility is excluded in the model 
we propose. 
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advice in the preparation of the manuscript. We also 
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Embryos of Three RNA Species 


serving as Templates for the Synthesis of Nuclear Proteins 


by 
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histones. 


Durc embryonic mid-cleavage, half the proteins synthe- 
sized in the cytoplasm accumulate in nuclei, mostly on 
chromosomes (our unpublished results and ref. 1). We 
believed that this unique situation would allow isolation 
and identification of some of the messenger RNA (mRNA) 
templates for these nuclear proteins for the following 
reasons, 

(1) When the synthetic activity of eukaryotic cells is 
devoted chiefly to the production of a few kinds of proteins, 
for example, haemoglobin or immunoglobulins, it is 


Three species of RNA which sediment at 9-105 and are synthesized 
in the nuclei of cleaving sea urchin embryo cells are tentatively 
identified as the messenger RNAs for the three chief classes of 


possible to isolate their presumptive mRNAs from poly- 
ribosomes?-§, and RNAs with characteristica of histone 
messengers have been identified in light polyribosomes of 
synchronized HeLa cells during 8 phase of the cell eyele”. 
During cleavage in the sea urchin a similar class of ight 
polyribosomes also synthesizing histones becomes very 
prominent’. 

(2) Two distinet classes of messenger RNAs exist in 
sea urchin embryos: those synthesized during oogenesis 
(‘‘maternal” mRNAs) and those synthesized after fertiliza- 
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} The embryos we: 
and homogenized in three volumes cf 0-4 M KCI, 0-010 
*Tween-40’ and 0-5 per cent sodium deoxycholate (both from Mann Research Co.) 
natant of each preparation was layered over 30 ml., 17-50 per cent linea: 


pm. 


Embryos from the eggs of a single fe 
One-third of the culture at each stage was incubate 
re chilled, washed twice with calcium-magnesium free sea water 
M MeCl,, 0-05 M fris-HCl (pH 7-6), containing 0-5 per cent 
The entire 10,000g super- 
r sucrose density gradients made up in the 
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Sedimentation of radioactive RNA isolated from heavy and light polyribosome fractions at different 
male Arbacia punctulata were cultured to the stages 
d for 90 min with °H-5-uridine 


same buffer but without detergents. The gradients were centrifuged at 25,000 r.p.m. for 3-5 h at 4° Cin the SW 


25:1 rotor of a Spinco Model L-2 ultracentrifuge. The Age of the grad 
0-2 em flow cell of a Gilford recording spectro 


hotometer. The material sedimenting as light or heavy 


somes (see Fig. 4) was collected in large (50 ml.) centrifuge tubes and polyribosomes were precipitate 


at — 20° C by the addition of 2-5 volumes of 
30,000g for 30 min and drained free of alcohol, The prec 
buffer (0-5 per cent sodium dodecyl sulphate, 0-001 y 
tractagl at 0° C, first with an equal vo 
an equal volume of chloroform~1 per cent amy 
at 10,0009 for 10 min. Little or no inierface appe: 
did not alter the characteristics of the RNA extracted. Yeast 48 
20° © with 0-1 volume of 0-1 M NaC 


RNA was precipitated overnight at 


The precipitate was deposited by een 
hypotonic tris-Mg buffer and treated wi 
The precipitate wa 
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Fig. 2. Effect of arrest of DNA synthesis and cleavage on the sucrose density gradient 
distribution of RNA extracted from polyribosomes, One-half of a culture of 32-cell stage 
embryos was incubated in 1 mM hydroxyurea (Aldrich Chemical Co.) for 90 min, At the 
end of this time cleavages cease and DNA synthesis as measured by incorporation of 
radioactive thymidine almost stops'. The two cultures were then labelled with *H-5- 
uridine as described in Fig. 1. Polyribosomal RNA was made as deseribed with the 
exception that the RNA was extracted from the entire pooled polyribosomal regions of 
sucrose gradients, No carrier 49 RNA was added during the extraction: the two RNA 
preparations had identical specific activities, but the radioactivity and As of the RNA 
from the hydroxyurea-treated samples were each 40 per cent less than those of the controls. 
Sedimentation analysis of the RNAs is identical to Fig, 1. Left: RNA from control 
embryos. Right: RNA from hydroxyurea-treated embryos.» 
tion*. Normal accumulation of proteins by nuclei and oo T 7 i ELT] rp 
synthesis of the histone-like peptides on the light poly- | 
ribosomes depend on the latter class of mRNAs (our 90 L E a 
unpublished results). Thus at least a large fraction of i i 
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zation. | i 
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appear in polyribosomes until 15 min after exposure 
to radioactive uridine’. This suggests that the polyribo- 
somal RNA had not leaked from nuclei (where high 
molecular weight RNA is rapidly labelled). In addition, 
the kinetics of its labelling and release from the poly- 
ribosomes by treatment with EDTA was evidence that 
it was not cytoplasmic heterodisperse RNA™*, Thus 
the cleaving sea urchin embryo, unlike growing cell 
systems, is most favourable for labelling mRNA selec- 
tively. 


Changing mRNA Populations in Development 


Radioactive RNA isolated from polyribosomes at early 
developmental stages is characterized by a wide range of 
sedimentation values up to about 505S (Fig. 1) as expected 
of a heterogeneous mRNA population ?. The newly 
synthesized RNA isolated from light polyribosomes 
(Fig. 1, right column) is significantly lighter than the RNA 
isolated from heavy polyribosomes (Fig. 1, left column), 
but considerable overlap occurs. There is a large peak of 
radioactive RNA sedimenting at about 9S-10S and a 
smaller peak sedimenting at about 208. These species 
are present almost exclusively in the light polyribosomes 
and are most prominent at the morula stage. We have 
not so far studied the 20S RNAs in more detail. The 
remainder of the experiments described deal only with the 
9S RNA species. 
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Fig. 3. Analysis of template RNAs from ofhtrol and cleavage-arrested 
embryos by polyacrylamide gel electrophoresis. RNA was prepared 
in an experiment identical to that described in Wig, 2. Aliquots of 
the RNA representing material from equal numbers of embryos were 
separated on identical 10 em 2-6 per cent polyacrylaimide-SDS gels” 
at 5 mA/gel for 2-5 h. The gels were scanned at 260 wm on a Gilford 
recording speetrophotometer. Electrophoresis was from. left to right. 
The Ams tracings from the two gels ( ~) were snperiniposable, 
The double peak at the left represents 265 sea urchin ribosoma IRN A 
and nonradioactive 28S chick embryo muscle RNA (added ag carrier 
before electrophoresis). The 189 sea urchin and chick ribosomal 
RNAs migrated to the centre of the gel and the peak at the right. off 
scale, is 48 RNA added as carrier at the time of RNA extraction. The 
gel was frozen and cut under hexane into slices 1 mm thick. Slices were 
dissolved and the RNA hydrolysed in 0-3 mL of NH,OW, The samples 
were counted in the scintillant described in Fig. 1. @, Radioactivity In 
apm. of RNA from control embryos. The circles are connected by a 
solid line in the region of interest between 4 and 168 RNA, ©, RNA 
from hydroxyurea treated embryos, The radioactivity from the two 
preparations is plotted on the same A pattern. 
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Although the 9S-10S RNA is present throughout 
embryogenesis, it becomes less prominent with develop- 
mental age and the decrease parallels both the cleavage 
rates!® and the emphasis on synthesis of nuclear proteins 
(our unpublished results with G. Cognetti). The embryos 
go through ten division cycles (about two (ref. 9) cleavages) 
in the first 6-8 h after fertilization. The cleavage rate 
slows abruptly by blastula stage, after which doubling- 


times approach 18-20 htt, At the 16-cell stage, half of 


all the newly synthesized proteins accumulate in nuclei, 
while by blastula and later (when DNA synthesis and cell 
division have slowed) only 10-20 per cent of the new pro- 
teins are destined for a nuclear site (our unpublished 
results). The 95-109S RNAs thus became the most likely 
candidates for nuclear protein templates. 


Relation of 9S RNA to DNA Synthesis 


When Borun e al’ inhibited DNA synthesis in HeLa 
cells with the drug cytosine arabinoside, the light poly- 
ribosomes were reduced as was the synthesis of histones. 
Concomitantly, a 99-105 RNA normally present vanished 
from the light polyribosomes. In what we believe is an 
analogous situation in cleavage stage embryos, the syn- 
thesis of histone-like proteins on light polyribosomes was 
markedly decreased after inhibition of DNA synthesis 
with hydroxyurea!!. (The action of this drug in the embryo 
is similar to that of cytosine arabinoside in HeLa cells.) 
After drug treatment at morula stdge, there is in addition 
a marked decrease (about half) in the prominence of the 
light polyribosomes!. We therefore examined the effect 
of the drug on new RNA. 
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Sucrose gradient sedimentation of the RNA isolated 
from the pooled polyribosomes of equal numbers of 
hydroxyurea treated and control embryos is shown in 
Fig. 2. In the presence of hydroxyurea there is a sharp 
and quite selective decrease in prominence of the 985-105 
peak (and of the 205 peak), whereas the heterogeneous 
background radivactivity in other mRNAs is relatively 
unaffected. When we examined the RNA from a similar 
experiment in more detail by electrophoresis on 2-6 per 
cent polyacrylamide gels (Fig. 3) the 95-105 fraction was 
much better resolved. The effect of hydroxyurea is 
unequivocal. 


Cytoplasmic Site of 9S RNA 


Fig. 4 demonstrates that the 95-105 RNA is present 
chiefly in the light polyribosomes, with some in the single 
ribosome region. Four RNA preparations (extracted 
from the shaded regions of the polyribosome sucrose 
gradients in the insets) were examined by electrophoresis 
on small pore (7 per cent polyacrylamide) gels. Two peaks 
of radioactivity (A and B) are resolved im the 85-105 
region. These RNAs are not present in the soluble (post- 
ribosomal) region, and they are thus not a species of non- 
sedimentable RNA contaminating the light polyribosome 
region. This finding also suggests that these very impor- 
tant templates are neither stored in large amounts nor 
long delayed in particles sedimenting more slowly than 
ribosomes. Rather, they are translated soon after they 
leave the nuclei. Although animal cell mRNA may in 
some circumstances be stored as post-ribosomal nucleo- 
protein particles (for example, the “informasomes” of 
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Polyacrylamide gel electrophoresis of messenger RNA isolated from various 


regions of polyribosome sucrose density gradients. Embryos at 32-cell stage were labelled 


exacti 


supernatant from the embryo homogenate was performed as described in Fig. 1. 


s described in Fig. 1. Sucrose density gradient centrifugation of the 10,0009 


The A sso 


distribution in the gradient monitored by pumping through a Gilford recording speectro- 


photometer is shown in the insets of the four panels. The shaded area of 





ach inset figure 


represents those pooled fractions of the gradient (heavy polyribosomes. light polyrtbo- 
somes, ribosomes, post-ribosomal region) from which RNA was extracted as described in 
Fig. 1. Electrophoresis of each RNA extract was ou 7 per cent acrylamide gels, 10 em long, 


for10 hat 5 mA/gel, Other details as in Pig, 3. 


188 ribosomal RNA had not yet entered 


the gel. 
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Fig. 5. Separation of 95-105 messenger RNA into three species by electrophoresis on 





8 per cent polyacrylamide gels and effect of cleavage arrest on accumulation of each 
RNA species in light polyribosomes. RNA was isolated from light polyribosomes in an 
experiment identical but separate from those described in Figs, 2 and 3. Aliquots of the 
RNA representing material from equal numbers of embryos were separated on polyacryl- 


amide gels and analysed as described in Fig. 3. 


The gels were 15 em Jong and 8 per cent in 


polyacrylamide. Electrophoresis at 5 mA/gel was carried out for 22 h, 


Spirin'®), this does not occur in the embryo. We cannot 
exclude, however, that some of the 95-105S RNAs found 
in the monomer ribosome region may be part of an initia- 
tion complex or other ribonucleoprotein particle, 


Three RNAs as Possible Templates for Nuclear Proteins 

Further analysis of these RNAs in a separate experi- 
ment using longer, 8 per cent polyacrylamide gels (Pig. 5, 
left) resolves peak A into two species (A and A’); there 
are therefore really three main RNA species in the 98-105) 
region (A, A’ and B). When the RNA is isolated from 
polyribosomes of equal numbers of hydroxyurea-treated 
embryos, all three RNA species appear to have been 
equally reduced (Fig. 5, right). This evidence indicates 
that. inhibition of DNA synthesis and/or mitosis by the 
drug stops specifically the accumulation of these templates 
in light polyribosomes. 

In addition, and equally important, no 95-105 RNAs 
were found with the single ribosomes or the post-ribosomal 
regions (the gel electrophoretic data are not shown here), 
which suggests that if the templates for nuclear proteins 
do continue to be synthesized after DNA synthesis has 
stopped, either they never leave the nucleus or they are 
destroyed rapidly in the cytoplasm. 

In a second set of experiments, the embryos were first 
labelled with *H-uridine for 90 min and then half were 
“chased” with hydroxyurea for 90 min. No 98-108 
RNAs were found in any of the regions of polyribosome 
sucrose gradients from hydroxyurea chased embryos. 
This represents either a premature release and destruction 
of those labelled templates already present in polyribo- 
somes or their natural turnover time (that is, less than 
90 min) if no new templates accumulate. This result is 
strong evidence against the possibility that these mRNAs 
are released from polyribosomes and stored in lighter 
fractions when DNA synthesis stops. 


Templates for Nuclear Proteins 


We believe that the three RNA species described here 
are templates for the synthesis of nuclear proteins. These 
mRNA species, and the synthesis of nuclear proteins, are 
affected in parallel by normal changes in the rate of 
cleavage during embryogenesis or by drug-induced inhibi- 
tion of cleavage and DNA replication. The RNA tem- 
plates are isolated from an established cytoplasmic site 
of synthesis of the nuclear proteins (light polyribosomes). 
These messengers are the most. prominent discrete RNA 
species being translated at that time in development 
when half the proteins synthesized are destined for a 







nuclear site. The three RNAs are of a size (95-105) 
expected for templates encoding the three main histones 
of eukaryocie cells (molecular weight  15,000-57,000 
daltons). 

Absolute identification of RNA species as template(s) 
for specific protein(s) must, of course, await in viro 
synthesis of the product(s} on isolated RN: Histones 
isolated from sea urchin nuclei and separated by electra- 
phoresis on urea-EDTA or SDS-EDTA polyacrylamide 
gels do contain three chief fractions (our unpublished 
results with G. Cognetti). It may yet be possible to use 
the three 95-105 RNAs as templates for in vitro protein 
synthesis and definitively to identify the products. 
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Recessive Lethal Nonsense Suppressor in Escherichia coli 


which inserts Glutamine 


by 
LARRY SOLL 
PAUL BERG 


Department of Biochemistry, 
Stanford University School of Medicine, 
Stanford, California 94305 


CERTALN suppressor mutations in bacteria give rise to 
altered transfer RNA molecules which can translate the 
normally chain terminating amber and ochre codons as 
amino-acids. Recently we described a new class of 
suppressor mutations in Æ., coli’, These suppressors are 
unique because they cannot be isolated in haploid cells; 
however, they are readily recovered in F’14 merodiploids 
which also contain the corresponding su~ allele. One of 
our recessive lethal amber suppressors, su7, 1s much more 
efficient (76 per cent) than any other known amber sup- 
pressor. We have now identified the amino-acid inserted 
by su7 as glutamine, by analysis of the a-subunit of trypto- 
phan synthetase («-T’s’ase) isolated from a strain contain- 
ing both an amber mutation at the forty-eighth codon 
of the Ts-ase A gene and the suppressor mutation, su?. 

The mutant t*pA&S8 has a UAG codon in place of a 
glutamic acid eodon (presumably GAG) at position 48 
from the amino terminus*. We constructed the suppressed 
strain LS409 (W3110 R-rp trp ASS his29 ilva 1/su7 iwat) 
from LS268 (W3110 Rep trpA9605 his29 ilva 1) using 
Pl phage transduction to exchange the trp alleles and 
to introduce su? (ref. 1), LS409 is phenotypically Trp- 
because the amino-acid inserted by su? does not restore 
enzymatic activity to the a-subunit; su? cannot therefore 
insert glutamic acid. 

The suppressed protein can be assayed because the 
-CRM complements the $-subunit of Ts’ase in the eon- 
version of indole to tryptophan. To obtain the -CRM 








a88 su7 | 
all f 


ar uw 


+ 


a b c 


Fig. 1. a, a88 su7; b, at; 
and at 


c, at and a88 su7; d, all; 
"Electrophoresis was performed according to Ornstein! in a tris- giycinate 


A new amber suppressor which can exist only in su*/su~ hetero- 
zygotes inserts glutamine in response to the UAG triplet. 


produced by suppression, cultures were grown to a limit 
on indole (5 ve/ml.) in minimal medium containing 0-5 
per cent glucose? and the protein purified’. The final 
product had a specific activity of 4,000 units/mg as 
measured by the rate of conversion of indole to tryptophan 
in the presence of an excess of the B-protein; the corre- 
sponding activity of purified wild-type «-Ts’ase is 4,700 
(ref, 4). 

Fig. 1 shows the mobility on polyacrylamide gel 
electrophoresis of the protein isolated from trpA8S8 su? (gel 
a) and from trpd* (gel b), and a mixture of the two 
(gel e) Clearly the wild-type subunit is more anionic 
than the suppressed protein; because glutamic acid is the 
wild-type amino-acid at position 48, the amino-acid 
inserted by suppression must be either uncharged or 
positively charged. The mutant irpAJI is a missense 
mutant of «-Ts’ase in which glutamine replaces glutamic 
acid at position 48 (ref. 2). The gel electrophoresis pattern 
of a partially purified preparation of the trpA11 (provided 
by Dr C. Yanofsky) (gel d), shows a major band which is 
less anionic than the trpA* protein (see also the mixture 
in gel f), but the pA protein has the same mobility 
as the su7 suppressed protein (see gel e for the mixture of 
the @pAII and tr pA8S§ su? proteins). We conclude bie 
sué promotes insertion of a neutral amino-acid for the 
amber codon. 

Previously}, we compared the suppression pattern of 
suf with the known amber suppressors sul (serine), su? 





d e F 


e, all and a88 su7; f, all 


buffer system (resolving gel pH 9-6) using approximately 25 ug of each protein per 


gel, 
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(glutamine), sud (tyrosine), su6 (leucine)? and the two 
ochre suppressors sud (tyrosine) and suð (lysine) on a 
collection of phage nonsense mutants. The pattern 
obtained with su7 was readily distinguishable from all but 
su? which inserts glutamine’. The only difference between 
the suppression patterns of su? and su7 was observed with 
a phage having the nonsense mutation in a structural 
protein (4 sus J27) and can be ascribed to the higher 
efficiency of suppression of su7. This result suggests that 
the neutral amino-acid inserted by su7 is probably not 
tyrosine, serine or leucine, but it could well be glutamine. 

To obtain more direct evidence on the amino-acid 
inserted by su7, the a-protein, isolated from trpA88 su? 
was digested with trypsin to yield the tryptic peptide 
containing the forty-eighth amino-acid (TP15). Twenty 
mg of purified «88 su7 protein (the preparation shown in 
gel a of Fig. 1) was denatured (100° C, 5 min), the insoluble 
protein was incubated in 2 ml. of 6 M urea containing 
0-3 N NaHCoO,, and after the solution was diluted with 
4 ml, of water, 2:5 mg of trypsin was added. After 2-5 h 
at 29° C, the mixture was filtered over a column of ‘Sepha- 
dex G-25’ (25 em x100 em) in O01 N NH,OH. TPI15 
is the largest tryptic cleavage product and appears in the 
first ultraviolet absorbing peak’. These fractions were 
pooled and chromatographed on a ‘Dowex-1-X2’ column 
using the stream splitting accessory of the Beckman 
automatic amino-acid analyser to locate the eluted 
peptides*. TP15, which was identified by its amino-acid 
composition, was further purified by filtration over a 
‘Sephadex G@-25’ column as described. 


Table 1, AMINO-ACID COMPOSITION OF TP15 FROM WILD-TYPE AND MUTANT 
a-TS’ASE ACID HYDROLYSIS 
TP15 from 
Amino-acids a88 su? at? all? 
Lysine 0-50 ee 0-60 
Arginine 0-88 1-00 Oot 
Aspartic acid 432 5-00 4:80 
Threonine 246 276 2-60 
Serine 1-00 1-06 1:37 
Glutamic acid 336 3-06 bet 
Proline 319 301 3-38 
Glycine 2-86 3-07 3-00 
Alanine 4-72 510 5-10 
Valine O74 O75 
Isoleucine 3-47 £45 3-60 
Leucine 475 +75 475 
‘Tyrosine 0-34 — e 
Phenylalanine 1438 0-07 1-07 


Table 1 shows the amino-acid analysis (determined with 
a Beckman automatic amino-acid analyser after hydrolysis 
in 6 N HCI for 18 h in vacuo) of TP15 isolated from the 
a88 su? protein, along with published values for the «+ 
and «ll subunits. Allowing for possible differences in the 
purity of the TP15 peptide preparations, the amino-acid 
analysis of the three peptides is indistinguishable. In 
particular, they contain the same number of glutamic 
acid residues: because we have already eliminated 
glutamic acid as the amino-acid inserted by su7, and 
because a substitution of glutamic acid by glutamine 
would not alter the amino-acid analysis (compare the 
analysis of TP15 from «+ which contains glutamic acid 
at position 48 and that of TP15 from «11 which contains 
glutamine at the same position), this result indicates that 
su? inserts glutamine at position 48. 

To confirm this assignment, TP15 from 288 su? and 
from a+ were enzymatically digested to yield free amino- 
acids and then analysed. Approximately 100 ug of each 
peptide was incubated with 100 ug of amino-peptidase M 
(Henley and Co., New York) and 2 yg of chymotrypsin 
in a final volume of 0:30 ml. of 0-05 M tris pH 7-4 at room 
temperature for 18 h. Digestion was at least 90 per cent 
complete. The free amino-acids were resolved in the 
lithium buffer system® which permits determination of 
glutamine and asparagine in addition to the other amino- 
acids. The values for the neutral and acidic amino-acids 
(Table 2) show that the tryptic peptide from «88 su? has 
0-70 glutamic acid residues less and 1-12 glutamine 
residues more than «+; the amounts of the other amino- 
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acids are only insignificantly different, This analysis 
confirms that glutamine is the amino-acid inserted at 
position 48 of the a88 su? subunit and therefore that 
su? causes the incorporation of glutamine for the amber 
eodon. 


Table 2. AMINO-ACID ANALYSIS OF AN ENZYMATIC DIGEST OF TPIS FROM 
WILD-TYPE AND a88 su? PROTEINS 
TP from 
Amino-acid a88 sut at 
Aspartic acid 845 3-68 
Threonine 2°83 275 
Serine 1-05 1-08 
Asparagine 0-93 0-87 
Glutamic acid 148 218 
Glutamine 2-04 0-92 
Proline 240 234 
Glycine 2-06 2-92 
Alanine 5-00 502 
Isoleucine 4:60 519 
Leucine 4-44 4-096 
Tyrosine O35 ü 
Phenytalanine 145 129 


The most widely accepted explanation of efficient 
suppression of the amber codon is that it results from 
creation of a new coding specificity of (RNAs by mutation. 
Transfer RNAs isolated from strains carrying sul (refs. 
10 and 11), su? (ref. 12), su3 (ref. 13) and sué (ref. 14) 
suppress the UAG codon in vitro. More to the point, Good- 
man et al. established that the su3 mutation changes the 
anticodon of a tRNATy: thereby permitting it to translate 
UAG instead of its former codons UAY (ref. 15). Clearly’, 
this model of amber suppressor mutations demands 
that there be more than one {RNA species (ar at least 
duplicate {RNA structural genes) for translating the 
original set of codons; and, if an organism has only a single 
tRNA species to translate a set of codons, any mutational 
modification which permits that {RNA to decode only 
UAG would be lethal. 

Can that argument explain the recessive lethality of 
su7? We know that both su7 and su? allow translation 
of UAG as glutamine; moreover, Primakoff and Cordes 
(unpublished results) have found that suppression by su? 
in vitro is mediated by RNA. If we accept that the sul 
mutation changes the anticodon of a tRNAGI8 it follows 
that there must still be a (RNAGIn able to translate the 
glutamine codon CAG; very likely the product of the wild- 
type su7 gene could perform that function. But strains 
carrying su7 should also be able to translate CAG with 
the tRNA coded for by the sw2- gene. If a deficiency of 
tRNA for decoding CAG is not the explanation, perhaps 
the lethality is the result of a quantitative difference in 
the amount of (RNA coded by su? and su7. Because 
su? is much more efficient than su2, the su? suppressor 
may be a major (RNAGIn species while the su? suppressor 
corresponds to a minor species which cannot translate 
CAG fast enough to support growth. A similar argument 
could be made if there were differences in the charging 
efficiency of these two {RNA species. It is also possible 
that the tRNA coded for by the normal su? gene (su~) 
has another biosynthetic or regulatory function m addition 
to its role in protein synthesis. In this case, it is the loss 
of this function per se and not the inability to translate the 
CAG codon which would explain the lethality. 

Su7 is the second suppressor mutation shown to have 
lethal or deleterious effects on the host cell when present 
in the haploid state. A missense suppressor mutation, 
8ul59, which caused modification of a IRNA®Y (for 
decoding GGA), and thereby permits insertion of glycine 
for the arginine codon, AGA, is lethal in enriched media 
if the organism does not also contain the suld9- gone™. 
And yet, in this case also, there is evidence for the exist- 
ence of another gene, which can supply the wild-type 
form of the ¢tRNAGIY for translating the GG} codon 
(unpublished results of J. Carbon and C. W. Hill). 
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Ix the past year or so it has become apparent that iron- 
sulphur (Fe-S). or non-haem iron, proteins occur widely, 
in animals, plants and bacteriat*. Their role m respira- 
tion, photosynthesis, nitrogen fixation, hormone synthesis 
and sulphur and carbon metabolism has been recognized 
as central. There are eighteen recognized Fe-S proteins 
which either occur uniquely in specific organisms or are 
widely distributed in various organisms. The number 
will undoubtedly increase as further searches are made 
with the correct analytical approaches. 

Both Fe-S proteins and cytochromes are electron ear- 
riers and contain iron, but their active centres are entirely 
different. The Fe in cytochromes occurs in a haem 
environment while the Fe-S proteins have a non-haem Fe 
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These electron transfer agents often have unusually low redox 


Eighteen are known from higher plants and bacteria, 


and are involved in nitrogen fixation as well as photosynthesis. 


active centre with structure unknown, except that inor- 
ganic sulphur and possibly cysteine-sulphurs are involved 
in the iron binding. Unfortunately, in the case of Fe-8 
proteins we cannot use the classical destructive techniques 
of organic chemistry to investigate the structure of the 
active site and must rely largely on non-destructive 
physical techniques, which are not only mere complex 
but also require relatively large amounts of material 
for analysis. 


Properties of Fe-S Proteins 
These proteins are electron carriers which have so far 


been recognized to have the following basic characteristics. 
(a) They contain non-haem iron and inorganic (acid-labile) 





(a) 


(b) 


Fig. 1. Crystalline ferredoxins from (@) spinach. 


(b) Nostoe and (e) Chromatium® **, 
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sulphur atoms in equivalent amounts, for example, 2+ 2. 
8+8. (6) They are electron carriers many of which have 
unusually low redox potentials, for example, ~ 420 mV 
for spinach, ferredoxin. (e) In the reduced state they 
exhibit electron spin resonance (ESR) signals centred 
around g= 1-94 with characteristic temperature sensitivi- 
ties. (d) Both the oxidized and reduced forms have 
characteristic optical absorption spectra in the 300-600 nm 
region; the reduced form has a lower absorption than the 
oxidized form. In addition Méssbauer, optical rotatory 
dispersion (ORD) and eirecular dichroism (CD) spectra 
are being measured and may help to characterize different 
types of Fe-S proteins. 


Table 1, PROPERTIES OF LRON-SULPHUR PROTEINS 





EjqmvV) MW Fe S nmn 
Spinach ferredoxin -420 12,000 2 2 
Clostridium ferredoxin ~395 6,000 7 7 2 
Chromatium ferredoxin ~490 10,000 4 4 2 
Chromatium high potential protein +350 10,000 4 4 1 
Adrenodoxin ~370 16000 2 2 1 
Putidaredoxin ~240 12,000 2 2 1 
Clostridium paramagnetic protein ~ 24,000 2 å 1 
Azotobacter Fe-8 proteins, type I ~ 21,000 2 2 1 
a j w type H - 24,000 2 2 1 
ta ve ss type HI _ 15,000 7 7 2 
Nitrogenase proteins 
Clostridium nitrogenase---Azoferrestoxin ~ 40,000 2 2 1 
vi " ~~Molvbdoterredoxin — 160,000 16 12 — 
Iron-suiphur flavoproteins (a) 
Xanthine oxidase (b) ~ 275,000 8 8 — 
Aldehyde oxidase (¢) ~ 280,000 8 8 — 
Dihydroorotate dehydrogenase (d) ~ 120,006 4 4 — 
Suiphite reductase (£) ~ 760,000 12 12 —- 
Mitochondrial proteins 
NADH--Q reductase ISP (complex D(f)ea. 0 — 22 22 — 
Succinate—Q reductase ISP (complex H) 
ea, (g) 0 200,000 & 8B — 
Q--eyt. ¢ reductase ISP (complex II) +220 26.000 2 2 ti 
Ei, redox potential at pH: 7, in millivolts (H, electrode= ~420 mV), 


MW, molecular weight; Fe, number of atoms per molecule, S, number of 
acid-labile atoms per molecule: n, number of electrons transferred per 
molecule; ISP, iron-sulphur protein. 

(a) The relevant Ej and n values for these proteins have not been unequivo- 
cally determined, for example, n=7 to 8 per flavin in xanthine oxidase; 
{b) contains two atoms Mo and two FAD (milk): (ce) contains two atoms Mo 
and two FAD (rabbit Hver); (d) contains two FAD and two FMN (Zumobee- 
terium): (e) contains four FAD and four FMN (yeast, E. coli): (J) contains 
one FMN (beef heart): (g) contains one FAD (beef heart). 


Table 1 shows the known properties of the eighteen 
Fe-S proteins: redox potential, molecular weight, Fe and 
S content and number of electrons transferred per mole. 
In addition, we know the amino-acid sequences of several 
plant and bacterial ferreduxins. The properties listed 
are recognized as characteristic of these proteins and 
contribute to their electron transfer capabilities. No 
doubt other properties of possibly greater significance 
will be found. The ability to transfer electrons at potentials 
equal to or less than that of the hydrogen electrode 
(Et= —420 mV) is one of the most important abilities 
of some Fe-S proteins. 

The determination of the redox potential and of the 
number of electrons carried by the Fe-S proteins has been 
most important in the study of these proteins. Reduction 
by biochemical systems has proved more useful for this 
purpose than conventional chemical proeedures. The 
proteins can be reduced photosynthetically with frag- 
mented chloroplasts and light, or by H, and hydrogenase, 
or by reduced NAD(P) coupled systems. As a consequence 
of the experimental complexities, discrepancies from the 
values given in Table 1 have been prevalent. For example, 
the published redox potential of adrenodoxin has changed 
from +150 mV to —370 mV during the past 3 yr! The 
values we have listed are those we think most acceptable 
at present. 


Historical Developments 

The history of Fe-S proteins started with the isolation 
of the “methaemoglobin reducing factor’ from spinach? 
in 1952. Although this “factor” was not recognized as 
containing iron, other properties were defined. In 1956 
San Pietro and Lang* characterized the protein as “photo- 
synthetic pyridine nucleotide reductase” (PPNR) and 
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demonstrated its role in NADP reduction, besides elucidat- 
ing other properties. Fry and San Pietro showed that 
PPNR_ contained irop and inorganie sulphur’. This 
protein from spinach was purified and extensively studied 
by Tagawa and Amon in 1962 (ref. 6). They called it 
spinach ferredoxin because of its similarity to the “iron— 
redox protein” or “ferredoxin” isolated by Mortenson, 
Valentine and Carnahan’? in 1962 from Clostridium pas- 
teurianum. In 1963 Rabinowitz’s group showed that 
clostridial ferredoxins contained non-haem iron and in- 
organic sulphur in equivalent amounts®. The work on the 
role of “ferredoxin” in N, fixation in Clostridium rapidly 
opened up research on these proteins as electron carriers, 
Soon after this, ferredoxins were isolated from other 
anaerobic bacteria, photosynthetic bacteria, algae and 
many higher plants. Their role in photosynthetic electron 
transport and in N, fixation has been partly elucidated, 
although many problems remain unsolved. 

Parallel with work on bacterial and plant ferredoxins 
the occurrence of Fe-S proteins in animal systems was 
being recognized. Non-haem iron was shown by Mahler 
and Elowe® in 1953 to be a constituent of NADH-cyto- 
chrome ¢ reductase from pig heart muscle and of xanthine 
oxidase from milk by Richert and Westerfield in 1954 
(ref. 10). Subsequently, the groups of Beinert, Green and 
Singer showed the occurrence of non-haem iron in mito- 
chondrial electron transport particles and used ESR 
measurements to detéct the now characteristic g= 1-04 
signal of the Fe-S proteins in the reduced state?! The 
reduction of the non-haem iron in xanthine oxidase was 
proposed by Bray et al? to give rise to a g=1-9 signal 
“due to resonance absorption by Fe (II) itself”. 

Concurrently, non-haem iron was detected in aldehyde 
oxidase and dihydroorotate dehydrogenase from bac- 
terial®; in addition these protems contain flavin prosthetic 
groups, as also found for mitochondrial Fe-S proteins. 
ESR spectroscopy was then used to detect non-haern iron 
groups In bacterial extracts in order to follow the purtfica- 
tion of the proteins. This technique was initially used 
with Azotobacter (a nitrogen fixer) in 1962 and has now 
resulted in the identification of three different types of 
Fe-S proteins from this bacterium?‘ 

There has been a concerted effort to interpret the 
nature of the active centre, primarily using ESR- 
(Fig. 2) and Méssbauer'*-*¢ spectroscopy (Fig. 3). Ia 
1966, on the basis of ESR data, the so-called “twe iron- 
one electron” hypothesis was proposed as the basic unit 
of the active centre in Fe-S proteins., From subsequent 
ESR, Méssbaner, ORD/CD and biochemical studies, 
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Fig. 2. ESR spectra of reduced plant and bacterial ferredoxing™. 
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Fig. 3, Méssbauer spectra of xanthine oxidase (i), spinach ferredoxin (ii), 
and Euglena ferredoxin gii) in (a) oxidized and (b) reduced forms'’. 


further elaboration of the hypothesis has been attempted 
but we have yet to designate unequivocally the exact 
state of the two irons (and sulphurs) in the oxidized and 
reduced forms of the protein. But work is proceeding 
along these lines as rapidly as possible. Our present 
knowledge of the reactions in which Fe-S proteins function 
as electron carriers is summarized in Table 2. 


Ferredoxins in Photosynthesis 


Ferredoxin is the lowest potential component (Ej = 
~ 420 mV) isolated from the photosynthetic apparatus 
and acts as an electron carrier between the photoreduction 
system of the chloroplast and pyridine nucleotide (Fig. 4). 
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It is not known whether ferredoxin is the initial acceptor 
of electrons in the photo-oxidation of the chlorophyll or 
whether some other chloroplast component is involved. 
It is thus an essential component of the non-cyclic electron 
transport system. Ferredoxin is readily reduced by 
illuminated chloroplast preparations utilizing either water 
or artificial electron donors (Fig. 5)". In the latter case 
only the long wavelength photosystem I (Fig. 4) of the 
chloroplast is involved. The g=1-94 ESR signal can be 
observed on photosynthetic reduction of ferredoxin in 
conditions similar to those established for the spectro- 
photometric measurements**. In photosynthesis, reduced 
ferredoxin is reoxidized by a flavoprotein enzyme, ferre- 
doxin-NADP reductase, which catalyses the reduction of 
NADP*, the terminal electron acceptor. Ferredoxin at 
high concentration also funetions as a catalyst of cyclic 
photophosphorylation where only ATP is produced as a 
result of the eyclic electron flow’. 

Ferredoxins of the plant type have been isolated from 
all groups of photosynthetic organisms which use water 
as an electron donor and evolve oxygen-—~higher plants, 
green and blue-green algae. Ferredoxins from all these 
organisms are red-brown proteins with molecular weights 
about 12,000; they are extremely acidic (as are the 
bacterial ferredoxins) and have two Fe and two “inor- 
ganic” sulphur atoms per molecule. They function as 
one-electron acceptors™®. There is no evidence for the 
direct involvement of ferredoxin in the enzyme system 
which carries out CO, fixation in photosynthetic organ- 
isms which evolve oxygen. 

Ferredoxins have also been isolated from photosynthetic 
bacteria; these are brown proteins spectroscopically 
similar to other bacterial ferredoxins from non-photo- 
synthetic bacteria. Bacterial ferredoxims are distinct from 
the plant ferredoxins; the visible, ES R and ORD spectra 
are different from the characteristic spectra of the plant 
type. Furthermore, the bacterial type ferredoxins have 
lower molecular weights and carry two electrons per 
molecule**. 

Ferredoxin from the green bacterium Chlorobium thio- 
sulphatophilum has a molecular weight of about 6,000 and 
its amino-acid composition is similar to that of the 
ferredoxin from Clostridium tetanomorphwm**. Ferredoxin 
from the purple photosynthetic bacterium Chromatium 
has a molecular weight of 10,000, a very low potential 
(—490 mV)” and an amino-acid composition more like 
that of plant ferredoxin®*. It has been suggested that it 
is an evolutionary intermediate between the plant and 
bacterial ferredoxin. 





Table 2. REACTIONS IN WHICH IRON-SULPHUR PROTEINS ACT AS ELECTRON 


CARRIERS 

NADP reduction by light 

ATP formation (cyclic PSP) by light 

NOs reduction by light 
Acetyl CoA + CO, + Bdpea-epyruvate + Filox 
Sueciny!l ~ CoA + CO, + Edrea ~> a ketogluta- 

rate + Fdox 

NAD+ H,-+NADH, 

Pyruvate + Pi->Acetyl — P + Hy + CO, 

Hy + NO NH, 

Hya+tNAD—-NADH, 

Hi +e->H, 

a Ketoglutarate~>H, + succinate + COs 
BO >N 

Hypoxanthine + O.->xanthine 

Xanthine + O,->urate 

Pyruvate + Pi-+acetyl —- P+ H, + CO, 

Ht + eH 

Acetaldchyde—acetate 
corticosterone hydroxylation 
a H04) 

Methylene hydroxylase (camphor) 
Xanthine + O,-»urate + H,O. 
Xanthine + H,O,.->hy poxanthine + Oy 
Aldehyde-» ~»O, 
Aldehyde oxidase Aldehyde~> ->Op 
Dihydroorotate dehydrogenase NADH + orotate--dihydroorotate + NAD 
Sulphite reductase NADPH +80,°-+8 
Oxidative phosphorylation NADH reductase (complex I) 
Succinate dehydrogenase (complex IT) 
Ubiquinune—cyt. ¢ reductase (complex HEI) 
Azotobacter Fe-8 proteins (3 types) 
Clostridium nitrogenase (azo- and molybdo- 
ferredoxin) 

Clostridium N-fixing protein 


Spinach ferredoxin 


Chromatium ferredoxin 


Clostridial ferredoxin 


Micrococcus ferredoxin 


Methanobacillus ferredoxin 
Adrenodoxin 





Putidaredoxin 
Xanthine oxidase 


N, fixation 
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None of the ferredoxins from photosynthetic bacteria 
is reduced directly by dithionite (in contrast to other 
Fe-8 proteins which are readily reduced by the reagent); 
this is apparently as a result of steric effects, for they are 

reduced by dithionite in the presence of traces of methyl 

viologen (unpublished results of M. ©. W. E.). Further- 
more, Chromatium ferredoxin is not reduced by hydrogen 
gas in the presence of hydrogenase as are other ferredoxins. 
It is, however, reduced by illuminated chloroplasts?’, and 
the reduced protein has an ESR signal similar to that of 
other non-haem iron proteins (Fig. 2)". Ferredoxin is 
also present in the facultatively photosynthetic, non- 
sulphur purple bacteria, for example, Rhodospirillum 
rubrum, but it is too unstable for complete purification; 
partially purified preparations have spectra similar to 
those of bacterial ferredoxins. 

The function of ferredoxin in bacterial photosynthesis 
is less clearly defined than in plant photosynthesis. The 
principal photosynthetic activity of subcellular prepara- 
tions of purple photosynthetic bacteria is cyclic photo- 
phosphorylation®. The chromatophores contain some 
ferredoxin (Buchanan and M. C. W. E., unpublished), but 
it has not been possible to demonstrate its function in 
eyelic phosphorylation. Non-cyclic electron flow has not 
been demonstrated in extracts of purple bacteria. Particles 
prepared from green bacteria photoreduce ferredoxin™ 
and ferredoxin is used to reduce NAD®, (A ferredoxin- 
NAD reductase has been partially purified from Chl. 
thiosulphatophilum*®.) 





EG, PH7 
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cyt bs 
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LiGHT  ©2 


Photosystem I 


Fig, 4. Scheme for photosynthetic electron flow, yielding N 
ATP (ref. 69). 


VADPH and 


A second iron-sulphur protein has been isolated from 
Chromatium known as high potential iron protein (HPIP)**. 
It has a very high redox potential, +350 mV, and is 
usually isolated in the reduced form. Its absorption 
spectrum is very different from that of the ferredoxins 


and it has no ESR signal in the reduced form; in the 
oxidized form it has an ESR signal with a g,= 2-04 (ref. 


33). Its function is unknown. A similar protein has been 
isolated from Rhodopseudomonas gelatinosa. 


Ferredoxin in Bacterial Carbon Metabolism 


Bacterial ferredoxin was first isolated as an electron 
carrier in the phosphoroclastie reaction in Ci. pas- 
teurianum : 

Pyruvate + Fdox + CoA —» acetyl CoA + Fdrea + CO, 
It funetions in the subsequent transfer of electrons to 
hydrogenase or nitrogenase’. The transfer of electrons 
from pyruvate to hydrogen gas coupled to the synthesis 
of ATP is an essential part of the fermentation of glucose 
and other substrates in many strict anaerobes. 
ġġ In photosynthetic bacteria reduced ferredoxin is directly 
volved m two carbon dioxide fixation reactions: (a) the 
bihesis of pyruvate from acetyl CoA (a reversal of the 
sphoroclastic reaction) by pyruvate synthase’! and 
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Reoxidation of ferredoxin 


Reduction of ferredoxin 
by light by TPN in the dark 





Absorbance (cem?) 
Absorbance (em) 





350 
Wavelength (nm) 


450 BHO 
Wavelength Gun} 


450 550 350 


Photoreduction of spinach ferredoxin by chloroplasts and its dark 
reoxidation by NADP (ref, 21). 


Fig. 5, 
(b) the synthesig of a-ketoglutarate from succiny) CoA 
by a-ketoglutarate synthase**. 

Acetyl CoA + Fdrea + CO, — 

pyruvate + 

Sucecinyl CoA + Fdrea + CO, — 

a-ketoglutarate + Fdox + CoA (6) 


BFdex + CoA (a) 


These two reactions permit the reversal of two st 
the oxidation of pyruvate (through the tricarboxylic acic 
eyele) which are irreversible in aerobic organisms. Photo- 
synthetic bacteria can therefore utilize the reductive 
carboxylic acid cycle (Fig. 6) for the fixation of carbon 
dioxide; this is a different cycle from that operating in 
green plants. The synthesis of pyruvate by pyruvate 
synthase also occurs in Cl. kleyvert durmg growth on 
ethanol’, and synthesis of «-ketoglutarate by carb 
tion of succinate has been demonstrated in Bact 
ruminicola®®, Ferredoxin-dependent carboxylation of iso- 
butyrate has also been demonstrated in extracts of rumen 
bacteria®®, Ferredoxin is also involved as an electron 
carrier in the oxidation of xanthine to urate by Micro- 
coccus lysodetkticus® and in the oxidation of ethanol by 
Methanobacillus omelianski™. 









Fe-S Proteins in Nitrogen Fixation 


Enzyme systems responsible for nitrogen fixation have 
been purified from several bacteria. Despite variation m 
the growth of the organism, strictly anaerobic as 
Cl. pasteurianum or strictly aerobic as in Azotobacter sp., 
the nitrogen fixing enzymes are very similar and com- 
ponents of the system seem to be largely interchangeable 
between species**. The nitrogen-fixing system consists of 
two iron-sulphur proteins; those from Cl. pasteurianium 
are called azo-ferredoxin and molybdoferredoxin, the 
latter containing molybdenum as well as iron and sul- 
phur®. Both components are extremely oxygen sensitive, 
being inactivated by short exposure fo air; azo-ferredoxin 
is also cold labile. The mechanism of nitrogen reduction 
by these enzymes has not been elucidated. Both com- 
ponents are involved in the transfer of electrons from a 
third iron-sulphur protein (ferredoxin) to nitrogen in a 
reaction which requires ATP. ° 

Symbiotic nitrogen fixation in plants is now known to 
be wholly localized in nodule bacteroids. The nitrogenase 
system from cell-free extracts of these bacteroids has b 
separated into two components, which seem closely to 
resemble those from both Clostridium and Azotobacter, 

Fe-S proteins of the iron-sulphur flavoprotein group 
contain flavin prosthetic groups in addition to the non- 
haem iron and inorganic sulphur. They may also contain 
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another metal, for example, molybdenum in the case of 


xanthine oxidase and aldehyde oxidase. Sulphite reduc- 
tase and dihydroorotate dehydrogenase, however, do not 
contain additional metals in the protein. A characteristic 
of these Fe-8 flavoproteins is that they have high molecular 
weights, ranging from 120,000 for dihydroorotate de- 
hydrogenase to 760,000 for sulphite reductase (Table 1). 
Xanthine oxidase, which is widely distributed in milk 
and in the liver, and aldehyde oxidase from the liver are 
rather similar. They can oxidize many substrates and use 
electron acceptors s such as Os, yes, ferricyanide and cyto- 
chrome ¢ (Table 2). The e 


ron transfer sequence from 
substrate to different acceptors within the molecule itself 
is thought to bett-ts 














— 


aA acceptor 
e7 —> Mo -> FAD ~> Fe-S —» acceptor 


This sequence has been worked out using rapid spectro- 
photometrie ESR te 
the molecule yields a characteristic ESR signal and the 
kineties of the process can be followed using rapid freezing 
tea hniques. Flavin-free (or deflawo) enzymes? 1 are useful 
for studying the electron transfer from various subs 
to different acceptors within the protem molecule 
constitution of deflavo-xanthine oxidase is now 
mentally feasible. 

Dihydroorotate dehydrogenase bas b&en isolated from 
Zymobacterium oroficum and found to contain 2FAD and 
2FMN molecules; each enzyme “molecule exhibits two 
complete active sites which are equivalent. This enzyme 
catalyses electron transport between orotate and Né ADH. 
The sequence of electron flow within the molecule has 
also been studied using the rapid freezing technique 
(literature review in ref. 50). It is thought that the iron 
pair is situated between the flavin group and that reduc- 
tion of the iron complex i is essential to electron transport 
between one flavin and the other. 

Enzymes with NADPH-sulphite reductase activity have 
been isolated from various sources such as K. coli, Desul- 
fovibrio, yeast, Neurospora, and higher plants*!, Many of 
the enzymes have also been shown to catalyse the reduc- 
tion of nitrite, hydroxylamine, cytochrome e and dyes. 
The sulphite reductase from Æ. col is thought to contain 
twelve moles of non-haem iron, an equivalent number of 
inorganic sulphur atoms, four PMNs and four FADs, and 
to transport six electrons per molecule 
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hniques; each of the components of 
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NADPH, + 50, NADP + 8= 


Tt is thought that the site at which electrons are passed 
to SO or NO. is different from the where cyto- 
chrome c, ferricyanide and dyes interact with the enzyme. 

Proteins of this group are capable of accepting many 
electrons per molecule. Such an ability is obviously 
very advantageous in reductions involving large changes 
in the oxidation state of the substrate, for example, 
sulphite to sulphur, and nitrate to ammonia. 









Fe-S Proteins in Oxidative Phosphorylation 


Even though the presence of non-haem iron in mito- 
chondria had been recognized in 1958, only about 10 
years later was the characteristic g= 1 94 ESR signal due 






to Fe-S proteins noted in sub-mitochondrial particles? *, 
Kinetic studies then showed the oxidation and reduction 


of the non-haem won. Recently. there have been attempts 
to localize the position of the Fe-S proteins in the mito- 
chondrial electron transport chain and phosphorylation. 
reactions in relation to other components and the site of 
action of specific inhibitors®? +, This is greatly complicated 
by the fact that we now recognize that there is twice as 
much non-haem iron as haem iron (cytochromes) in 
mitochondria and that this non-haem iron ts distributed 
in at least three positions in the electron transport chain®, 

Fig. 7 shows the electron transport sequence in mito- 
chondria as we currently envisage it, and Table 1 gives 
the content of Fe-S proteins in complexes I, II and IT 
of the mitochondrion. The exact content and localization 
of the different Fe-S proteins are still matters for conjec- 
ture. It is hoped that the use of E SR, spectrophotometric 
and fluorometric techniques in conjunction with specific 
inhibitors will elarify these important questions. An 
interesting development i is the recent report from Racker’s 
group that they have been able to reconstitute the 
electron transport chain between succinate and oxygen 
without the addition of anv Fe-S protein®!. This raises 
the possibility that Fe-S proteins may be involved in the 
phosphorylation reactions themselves rather than in the 
transport of electrons in this part of the chain. 

Most of these studies were made with mammalian 
mitochondria, bub there was some recent work with mito- 
chondria from Saccharomyces and Torulopsis yeasis™ ree 
The former lacka site I energy conservation while the 
latter has the “normal” complement of sites I, H and ITT. 
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` Some new and recent CHEMISTRY titles from Elsevier ... 


in 
SVL 
phe 


COMPREHENSIVE CHEMICAL 
KINETICS 


Edited by C. H. Bamford, Campbell-Brown Professor of 
Industrial Chemistry, University of Liverpool; and C. F. H. 
Tipper, Senior Lecturer in Physical Chemistry, University of 
Liverpool 

Volume 1: The Practice of Kinetics 


CONTENTS: Preface; experimental methods for the study 
of slow reactions; experimental methods for the study of 
fast reactions; experimental methods for the study of | 
geneous reactions; the det and estimation of inter- 
mediates; the treatment of experimental data; references; 
appendices; index, 


1969 450 pages 









161 illus. £11 5 0 
Subscription price: £9 10 0 


Volume 2: The Theory of Kinetics 





CONTENTS: Kinetic characterization of complex reaction 
systems; chain reactions; theory of the kinetics of elemen- 





tary gas phase reactions: theory of elementary reactions In 
solutions; theory of solid phase kinetics. 


1969 462 pages 16 tables 17 illus. £1110 0 
Subscription price: £10 0 0 


The above work will comprise about 25 volumes. Orders 
for the complete series received before 3ist December 1969 
will qualify for a reduction of about 159% on the price of 
individual volumes. 


INORGANIC ELECTRONIC 
SPECTROSCOPY 


A. B. P. Lever, Associate Professor of Chemistry, York 
University, Toronto, Canada 


CONTENTS: Preface; atomic structure; molecular sym- 
metry group theory; crystal field diagrams; term diagrams; 
selection rules, band intensities and dichroism: some 
theoretical aspects of electronic spectra: charge transfer 
spectra; crystal feid spectra: appendices; index. 

1968 440 pages 


RESEARGH IN THE CHEMICAL 
INDUSTRY 


A. Baines, Mond Division, Imperial Chemical Industries Ltd., 
Runcorn Heath, Cheshire, E. R. Bradbury, Professor of 
Industrial Science, University of Stirling, Scotland, and 
C. W. Suckling, Deputy Chairman, Mond Division, Imperial 
Chemical Industries Ltd, Runcorn Heath, Cheshire 


CONTENTS: The industrial environment; the research 
remit; research economics; the tactics of exploratory 
research; process discovery; process definition and devel- 
opment (1); process definition and development (2); the 
semi-technical and the full-scale plant; research support 
for the plant; index. 








£11 10 0 


INORGANIC SULPHUR 
CHEMISTRY 


Edited by G. Nickiess, Department of Inorganic Chemistry, 
University of Bristol 


CONTENTS: Preface; 
orbitals in sulphur and its compounds; ste 


the sulphur atom and its nucleus; 
chemistry of 






























sub-group VIB of the periodic table; mechanisms cf sulphur 
reactions; structural studies on sulphur species; analytical 
chemistry of sulphur compounds: elemental sulpmur; the 
sulphur cycle; the chemistry of the phospt -sulphur 
bond; sulphanes; oxides of sulphur; compo ntaining 
sulphur-halog a nitrides, nitric 5 


and amides of sulphur: the lower 
uric acid: physico-chemical asp 

huric acid as a solvent system: fluorosu 
amido- and imido-sulphanic acids: sulphides: su 


1968 770 pages 128 illus. 






INTERFACE CONVERSION FOR 
POLYMER COATINGS 


Edited by P. Weiss and G. Dale Cheever, Polymers Depart- 
ment, General Motors Research Laboratories, Warren, Michi- 
gan, U.S.A. 


CONTENTS: Preface: molecular structur 
interactions at polymer-solid interfaces; dif 
of polymers in a capillary matrix: interf: 
spontaneous emulsification and evaporath 
epitaxy and corrosion resistance of inor 
layers on metais; surface finishes of metals f 
chemical paint of view; the kinetics of t 
phosphate coatings: wetting of phosphate interf 
polymer liquids; the role of oxide films in the zi 
ing of steel surfaces; a collective viewpoint of 
physical chem of surfaces and surface het 
localized oxidation processes on iron: interface 
of polymers by excited gases; d) ics of jo 
on polymers; polymer adsorption on substrates, 
of surfactants at polymer interfaces; factors ini 
version for polymer coatings: author index; 


1969 389 pages 99 illus. 
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DISPERSION OF POWDERS 
IN LIQUIDS 


With Special Reference to Pigments 


Edited by G. D, Parfitt, British Titan Products Company 
Limited, Billingham, Teeside 





CONTENTS: Introduction; the solid-liquid interface: 
trical phenomena associated with the solid-liquid interfa 
fundamental aspects of dispersion; precipitation; assessment 
of dispersion; surface-active compounds; technical aspects 
of dispersion; inorganic pigments: organic pigments; index, 





1969 313 pages 16 illus. £4 0 0 1969 354 pages 99 illus. 23 tables #6 0 p 
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Additions to the series 
Contemporary Biology 


The Comparative Endocrinology of the 
Invertebrates 


KENNETH C. HIGHNAM and 
LEONARD HILL 
40s. net paper; 80s. net boards 


The principles of hormonal integration and co-ordination 
are as well exemplified in the invertebrates as in the ver- 
tebrates and the authors show how these principles can be 
demonstrated, using species which are more suited 
to class use. 


Statistics and Experimental Design 
GEOFFREY M. CLARKE 


21s. net paper; 42s, net boards 

Most students of biology have little opportunity to do 
much numerical work before entering higher education. 
This book presents the statistical methods of biology. 
their uses and the reasons for them in an applied way. 


Previously Published 
Plant Anatomy: Experiment ° 
and Interpretation . 


Part 1: Cells and Tissues 
ELIZABETH G. CUTTER 
24s. net paper; 48s. net boards 


‘The approach is essentially a developmental one, stressing 
classical and modern experimental evidence wherever 
possible, and therefore the information is presented in a 
livelier way than the usual textbook list of cell types. 

—Nature 


An introduction to Animal Behaviour 
AUBREY MANNING 
21s. net paper; 42s. net boards 


7.. very readable and well produced and provides a much- 
needed introductory survey. -Animal Behaviour. 


The Biology of Fungi, 
Bacteria and Viruses 
GRETA STEVENSON 

21s. net paper; 42s. net boards 


The Biology of Lichens 
MASON E. HALE, Jr. 
21s. net paper; 42s. net boards 


‘This book stands alone in its excellence, a shining mirror 
reflecting the vitality of lichenology today."—-William Louis 
Culverson in The Bryologist. 


Principles of Animal Physiology 
DENNIS D. WOOD 


36s. net paper; 72s. net boards 

This book has been written for the large number of students 
who find difficulty in securing an adequate grasp of phys- 
iology due to the wealth of detail and the level of approach 
of many large physiology textbooks, 


The Diversity of Green Plants 
PETER R. BELL and 
CHRISTOPHER L. F. WOODCOCK 
40s. net paper; 80s. net boards 


‘The whole volume is very well produced, and is a worthy 
ad@ition to the publishers ‘Contemporary Biology’ series.” 
~The Times Educational Supplement 


A Biologist’s Physical Chemistry 
J. GARETH MORRIS 
40s. net paper; 80s. net boards 


———Edward Arnold 














ULTRA-VIOLET 
IRRADIATION 


a new system from 


HANOVIA 





The equipment comprises a 100 watt compact high pressure 
mercury arc lamp which provides a point source of 
ultra-violet light. The light, dissipated away from the 
lens, is brought to a focus back at the centre of the source 
by a surface aluminized mirror, coated with silicon oxide. 
This light is then focused by the lens, and by means of 
carefully calculated abberations introduced into the lens 
system, projecting a 1 cm. dia. disc of light at a distance 
of either 12 cms. or at 30 cms. using an alternative lens. 


The unit is designed to produce and transmit down to 
wavelengths as short as 185 nm. in order to give a 
high energy beam. Ozone formation can be prevented by a 
small flow of nitrogen through the lamp chamber. 

Typical uses: 


* As a source of energy for the formation of free radicals. 
and triplet states in electron spin resonance spectroscopy. 
* Small scale photochemical studies. 


* U.V. and light source for fluorimeters etc. Light source 
for fluorescence microscopy. 


* Inspection purposes using the fluorescent tracer methods. 


HANOVIA 


ENGELHARD HANOVIA LAMPS 
Bath Road, Slough, Bucks. Tel. Burnham 4041 
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Delivery of your computer hardware isn’t the end 
of the story. But with many companies it seems 
like it, Not with Hewlett-Packard. When you get 
your hardware you also get your basic software. 
Complete and easy to master, And our total 
back-up service is the envy of every aspiring 
computer user who didn’t buy Hewlett-Packard; 


especially as we offer complete service and parts 


For details of our software, and hardware, write: 





inventories at key locations around the word. 
In fact, you're never more than a few hours 
from one. 

Additionally, we'll train your people in servicing 
and preventive maintenance by means of docu- 
mented training packages. Or we'll work directly 
with your customer if you prefer. Not that nefi 


need much help. 


HEWLETT-PACKARD LTD., 224, BATH ROAD, SLOUGH, BUCKS, ENGLAND, TELEPHONE: SLOUGH 33341. TELEX: 84413, 


ay 


+ 





Can you really wait till mañana for your software? 
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NEW! 


Das Zentralnervensystem in Zahlen 
und Tabellen 


Von Prof. Dr. S. M. BLINKOV und I. I. GLEZER, Moskau. Aus dem Russischen. Wissenschaftliche Redaktion der deutschen 
Ausgabe: W. Schober, Leipzig. 
458 Seiten, 11 Abbildungen, 336 Tabellen, 16,7 cm x24 em. Leinen 82,— Mark. 


Das Werk repräsentiert die bisher ausflihrlichste Zusammenstellung von Zahlenmaterial über das Zentralnervensystem 
des Menschen und der Wirbeltiere. Die von einem Neuroanatomen Überarbeitete und ergänzte deutsche Ausgabe 
entspricht der standig steigenden Bedeutung des Studiums quantitativer Beziehungen im Zentralnervensystem. 


Katalog der Saugetiergehirne 
Catalogue of Mammalian Brains 


Von Dr. rer. nat. KURT BRAUER und Dr. rer. nat. WILFRIED SCHOBER, Leipzig 
Textteil (deutsch /englisch) etwa 164 Seiten, 1200 Abbildungen auf 153 Tafeln, 5 sprachige Übersicht der Hirnmasse, 29,7 cm * 
42cm. Leinen und Lose-Blatt-System etwa 166,50 Mark 


Mit diesem Katalog soll für alle am Gehirn interessierten Wissenschaftler cine Informationsquelle geschaffen werden, 
die Uber den makroskopischen Bau eines Gehirns sowie seine Abmessungen und die wichtigsten biologischen Daten 
des Hirntragers Auskunft gibt. Die in Lose-Blatt-Form angeordneten Bildtafeln haben den Vorteil, dass sie ständig 
erganzt und auch in Kursen ausgelegt werden kGnnen. 


Worterbuch der Neurophysiologie 


Von Prof. Dr. rer. nat. DIETRICH BURKHARDT, Frankfurt/Main, unter Mitarbeit von Dr. Ingrid de la Motte 
Etwa 316 Seiten, 18 Abbildungen sowie englischer und russischer Übersetzung der Stichwérter, 12 cm*19 cm. Broschiert 
26; Mark 


Das vorliegende Fachwérterbuch wurde geschaffen, um die Vielzahl alter, neuer sowie aus Nachbardisziplinen über- 
nommener Begriffe dieses intensiv bearbeiteten Forschungsgebietes zusammenzufassen und klar zu definieren, Es 
stellt ein unenébehrliches Nachschlagewerk flr Studenten und Fachleute der Neurophysiologie im weiteren Sinne dar. 


VEB GUSTAV FISCHER VERLAG JENA 


DDR-69 Jena, Villengang 2 Deutsche Demokratische Republik 
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Association, Ltd., and the Automobile Association.) Distributed by Collins. 75s, 

CURTIS, Helena. The Marvellous Animals: an Introduction to the Protozoa- 
9b in. 6 in, (24 em © 15-5 cm). Pp. xvi +189. (London: Heinemann Educational 
Books, Led., 1969.) 35s. net. 

DAVSON, Hugh (edited by). The Eye. Vol, l: Vegetative Physiology and 
Biochemistry. 92 in, <6} in. (23-5 em = 16 cm). Pp. xviii 679. (New York and 
London: Academic Press, 1969.) 243s. 

DAWES, Ben (edited by). Advances in Parasitology, Vol. 7. 9} in. x 6} in. (23-5 
cm> ié cm). Pp. xxi 414. (London and New York: Academic Press, 1969.) 
n.p. 

DINGLE, J. T., and FELL, Honor B. (edited by). Lysosomes in Biology and 
Pathology, Vol. 1. (North-Holland Research Monographs—Frontiers of Biology, 
Vol. HAJ. 98 in.» Zin. (25 cm» (Bem). Pp. xxili+543. (Amsterdam and London: 
North-Holland Publishing Company, 1969.) Total price for two volumes, 490s, 

D’YAKONOV, A. M, Fauna of Russia and Adjacent Countries. Echiondermata, 
Vol, i: Sea-Urchins (Echinoidea), No. |. Translated from the Russian. 9} in 
6! in, (23-5 cm I7 em). Pp. iv +265. (Jerusalem: Israel Program for Scientific 
Translations, 1969. Distributed by H. A. Humphrey, Ltd., London.) 120s. 

EBLING, F. J. (edited by). Biology and Ethics. (Proceedings of a Symposium 
held at the Royal Geographical Society, London, 26 and 27 September, 1968, 
Symposia of the Institute of Biology, No. 18), 9} in.» 6} in. (23-5 cm» 16 cm). 
Pp. xxix+ 145, {London and New York: Academic Press, 1969. Published for the 
Institute of Biology.) 40s.; $6. 

FOULDS, Leslie. Neoplastic Development, Vol. |. 
K en): Pp. xi +439. (London and New York: Academic Press, 1969.) 

16.50. 

GILLIARD, E, Thomas. Birds of Paradise and Bower Birds. (The World Natur- 
alist.) 92 in.« 6 in. (25 cme 165 cm). Pp. xxii» 485441 plates. (London: 
Weidenfeld and Nicolson, 1969.) 126s. nec. 

GILLETTE, James R., CONNEY, Allan H., COSMIDES, George J., ESTABROOK, 
Ronald W., FOUTS, James R., and MANNERING, Gilbert (edited by). Micro- 
somes and Drug Oxidations, (Symposium held at Bethesda, Maryland. February 
16~17, 1968.) 9} in. 6} in. (23-5 em 16 cm). Pp. xiv +547. (New York and 
London: Academic Press, 1969.) 112s. 

HARDIN, Garrett (assembled by), Population, Evolution and Birth Control: 
a Collage of Contraversial Ideas. Second edition. (Series of Books in Biology.) 
9k in, 6 in, (235 em» 15-5 cm). Pp. xvi-+-386. (San Francisco and Folkestone: 
W. H. Freeman and Company, 1969.) 50s. cloth; 24s. paper. 

HARGREAVES, Tom. The Liver and Bile Metabolism. 9} in. 6} in, (23-5 cm. 
l6 cm), Pp. x-+-484. (Amsterdam: North-Holland Publishing Company; New 
York: Appleton-Century-Crofts, 1968). 168s. 

HARLEY, J. L. The Biology of Mycorrhiza. Second edition, (Plant Science 
Monographs.) 93 in. « 6 in. (25 cm [5-5 em). Pp. xxii+334. (London: Leonard 
Hilf, 1969.) 150s, net. 

HOLLAND, W. J. The Moth Book: a Popular Guide to a Knowledge of the 
Moths of North America. 9} in. «6 in. (235 cm 15-5 cm). Pp. xxiv-+479 4-48 
plates. (New York: Dover Publications Inc.; London: Constable and Co., Ltd., 
1968, Originally published 1903.) 47s. 6d. 

HUTCHINSON, J. Evolution and Phylogeny of Flowering Plants—Dicotyledons: 
Facts and Theory. 9} in.» 6} in. (235 cm». 16 cm). Pp. xxiv +717, (London and 
New York: Academic Press, 1969.) 170s,; $25. 

KALCKAR, Herman M. Biological Phosphorylations: Development of Concepts. 
Ipin, 6 in. (23-5 cm t6 em}. Pp. xix+ 735. (Engelwood Cliffs, N.J. and Hemel 
Hempstead: Prentice-Hall, 1969.) 140s. 

KAYUSHIN, L. P. (edited by). Water in Biological Systems, Translated from 
the Russian. [Of in.» 8i in. (27 cm» 21 cm). Pp. vii 112. (New York: Con- 
sulrants Bureau, 1969.) n.p. 

KOTT, Patricia. Antarctica Ascidiacea, (Antarctic Research Series, Vol. 13). 
102 in. 8 in. (27 cm 20 cm). Pp. xv+239. (Washington, D.C.: American 


9} in. 6f in. (23-5 cm « 
110s.; 


KROGH, August. The Comparative Physiology of Respiratory Mechanisms 
Bh in. 54 in. (265 cem- 13 em), Pp. wi 172. (New York: Dover Publications, 
Inc.; London: Constable and Co., Lid., 1969.) 24s, 6d. 

LIENER, Irvin E. (edited by), Toxic Constituents of Plant Foodstuffs, (Food 
Science and Technology: a Series of Monographs, Vol. 6). 94 in,» 6} in. (23-5 em 
x 1l6em), Pp, xii: 500. (New York and London: Academic Press, 1969.) $20; 
187s. 

LOWE-MCCONNELL, R. H. (edited by). Speciation in Tropical Environments. 
10} in. 72 in. (26:5 cm » 18:5 cm). Pp. 246, (London and New York: Academic 
Press, 1969. Published for the Linnean Society of London.) BOs; $11.80, 

LOWENSTEIN, John M. (edited by). Citric Acid Cycle: Control and Compart- 
mentation, fin.» 6b in. (235cm © lcm}, Pp. xxi-+ 366. (New York and London; 
Marcel Dekker, 1969.) 168s.; $17.75. 

LOWENTHAL, Werner. Pharmaceutical Calculations. (A Self-Instructional 
Text.) Vin.» 6in. (23cm: 155cm), Pp. 419% (Baltimore, Md.: The Williams and 
oe Company, 1969, Distributed in the UK by E. and 5. Livingstone, Led}. 
60s. 

LOWRY, William P, Weather and Life: An Introduction to Biometeorology, 
8} in. Shin, (2b emx 14cm). Pp, xili + 305, (New York and London: Academic 
Press, 1969.) $5.95: 56s. 

MACHLIS, Leonard (edited by). In association with Briggs, Winslow R., and 
Park, Roderic B. Annual Review of Plant Physiology, Vol. 20. Din, » 6 in. (23 cm 
15-5 em). Pp. vii 689. (Palo Alto, California: Annual Reviews, Inc., 1969.) $9. 

MAROIS, M. (edited by), Theoretical Physics and Biology. (Proceedings of the 
First International Conference on Theoretical Physics and Biology. Versailles, 
26-30 June 1967.) 9% in. > 6b in. (24 ems I7 cm). Pp. vitid 443, (Amsterdam and 
London: North-Holland Publishing Company, 1969.) 17s. 

NORRIS, J. R., and RIBBONS, D. W. (edited by), Methods in Microbiology, 
Vol. l. 9d in.» 62 in. (235 emx 16 cm), Pp. xive 712, (London and New York: 
Academic Press, 1969.) 170s.; $25. 

O'BRIEN, T. P. and MCCULLY, Margaret E. Plant Structure and Development: 
a Pictorial and Physiological Approach. J} in. <8) in. (28 cem 165 em). Pp. 
viii- 114, (New York: The Macmillan Company; London: Collier-Macmillan, 
Ltd., 1969.) 55s. 

PICKFORD, Mary. The Central Role of Hormones. (Contemporary Science 
Paperbacks, No. 41). 7 in.x 4h in. (18 cms HE em) Pp. vil + 12. (Edinburgh: 
Oliver and Boyd, Ltd., 1969.) 7s. 6d. 

PIRLOT, Paul. Morphologie Evolucive des Chordés. 94 in.» 6 in. (24 emo 15-5 
em). Pp. xxxii+ 1068. Montréal: Les Presses de l'Université de Montréal, 1969.) 


np. 

RADFORD, Albert E., AHLES, Harry E., and BELL, C. Richie. Manual of the 
Vascular Flora of the Carolinas 9{ in. x @} in, (23-5 cm x 16 cm). Pp. ixit £183. 
(Chapel Hill: University of North Carolina Press; London: Oxford University 
Press, 1968.) 190s. net. 

REAY, R. C. Insects and Insecticides. 
No. 39.) 7 in. x 4¢ in, (18 emx Et em). 
Oliver and Boyd, Ltd., 1969.) 75. éd. 

RICHTER, D, (edited by), Biochemical Factors Concerned in the Functional 
Activity of the Nervous System. (First International Meeting of the international 
Society for Neurochemistry, Strasbourg, 1967.) 10 in. x 6g in. (255 cm » 17 cm). 
Pp. 225. (Oxford, London and New York: Pergamon Press, 1969.) 60s, $8. 


(Contemporary Science Paperbacks, 
Pp. vilit+15248 plates. (Edinburgh: 


RICKETTS, Edward F., and CALVIN, Jack. Between Pacific Tides. Fourth 
edition. Revised by Joel W. Hedgpeth. 9} in.» 63 In. 3-5 cm x lé em). Pp. 
xiv+614. (Stanford, California: Stanford University Press; London: Oxford 


University Press, 1968.) 96s. nec. 

RUSSELL, Sir Frederick S.,and YONGE, Sir Maurice (edited by}. Advances in 
Marine Biology, Vol. 7. 9} in.» 6t in. (23-5 cm -< té cm). Pp. ine 454. (Landon: 
and New York: Academic Press, 1969.) 120s.: $17.50. 

SIMPSON, George Gaylord, Biology and Man, 83 in. « 59 in. (2) cm [4 em). 
Pp. ix+-175. (New York: Harcourt, Brace and World, inc., 1969.) 463.6d.; $5,35. 

SMELLIE, R. M.S. A Matter of Life-—-DNA. (Contemporary Science Paper- 
backs, Vol. 37). Zin.» 42 in. (I8 cm- HI em), Pp. viie95. (Edinburgh: Oliver 
and Boyd, Ltd., 1969.) 7s. 6d. 

SOKAL, Robert R., and ROHLF, F. James. Biometry: The Principles and 
Practice of Statistics in Biological Research. (Series of Books in Biology.) 94 in.» 
6h in. (24cm 16cm). Pp. xxi +776. (San Francisco: W, H. Freeman and Company, 
1969.) 126s. 

SRINIVASAN, K. $. Phycologia Indica (cones of Indian Marine Algae}, Yol L 
103 in. w B? in. 27 ems 22 em), Pp. 524-51 plates. (Calcutta: Botanical Survey of 
India, 1969.) Rs, 34; 60s.: $7. 

STEBBINS, G, Ledyard. The Basis of Progressive Evolution. (The John W, 
Harrelson Lectures). 8} in.» 54 in. (2) em x t3 cm). Pp. 150. (Chapel Hill: 
University of North Carolina Press: London: Oxford University Press, 1969.) 
48s net. boards edition: 20s net paper covers. 

STILES, Walter. An Introduction to the Principles of Plant Physiology. Third 
edition in collaboration with E. C. Cocking. JO in. x 74 in. (255 cme 19 em), Pp. 
vili633, (London: Methuen and Co., Ltd., 1969.) 168s, 

SWANSON, Car! P. The Cell. Third edition, (Prantice-Hall Foundations of 
Modern Biology Series.) 9 in.» Thin. (23 em x 19cm), Pp, viii- 150. (Engelwood 
Cliffs, N.J.: Prentice-Hall, Ine.. 1969.) n.p. 

TEAS, Howard J. (edited by), Genetics and Developmental Biology. (Thomas 
Hunt Morgan Centennial Symposium.) B? in,» 53 in. (22 em ~ 15 cm). Pp. vill 
164, (Lexington: University of Kentucky Press, 1969.) $6.50, 

TURPIN, Raymond, and LEJEUNE, Jérome. Human Afffictions and Chromos 
soma! Aberrations. (international Series of Monographs in Pure and Applied 
Biology. Division: Modern Trends in Physiological Sciences, Vol, 32.) 10 in. 
6hin, (25:5 em = 16cm). Pp. x +392. (Oxford, London and New York: Pergamon 
Press, 1969.) 160s.; $21. 

VERTEBRATE ADAPTATIONS. Readings from Scientific American. With 
introductions by Norman K. Wessels. JI in. 8} in, Q8cmx2t cm). Pp. 368, 
(San Francisco and Folkestone: W, H., Freeman and Company, 1969.) B4s. cloth; 
46s. paper, « 

VIDA, Julius A. Androgens and Anabolic Agents: Chemistry and Pharmacology. 
9h ins 64 in, (23-5 em x 16 em). Pp. x +327. (New York and London: Academic 
Press, 1969.) 154s, 


Applied Biological Sciences 


BAGSHAWE, K. D. Choriocarcinoma: The Clinical Biology of the Traphoblase 
and its Tumours, 94 in, x6 in, (235 em 15:5 em). Pp. xii +360, (London: Ed- 
ward Arnold (Publishers), Led., 1969.) 120s, ner, 

BLAXTER, K, L., KIELANOQWSKI, J., and THORBEK, Greta (edited by). 
Energy Metabolism of Farm Animals: Proceedings of the 4ch Symposium held ar 
Warsaw, Poland, September 1967. (European Association for Animal Production, 
Publication No. 12). 9} in. » 6t in. (23-5 em dté em). Pp. xxt 522. (Newcastle 
upon Tyne: Oriel Press, Ltd., 1969.) 105s. 

CERLETTI, A. and BOVE, F. J. (edited by), The Present Status of Psychotropic 
Drugs. (Proceedings of the VI International Congress of the Collegium intere 
nationale Neuro-Psychopharmacologitum.) 9% in. 6} in. (28 cms 17 cm). 


4 Geophysical Union of the National Academy of Sciences-—National Research 


Council, 1969.) $16.50. Pp. xi+-572. (Amsterdam: Excerpta Medica Foundation, 1969.5 304s. 
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EBERT, Michael, and HOWARD, Alma (edited by). Current Topics in Radiation 
Research, Vol. 5, 9 in.x6 in, (23 cmx 16 cm). Pp. xi+292. (Amsterdam and 
London: North-Holland Publishing Company, 1969.) 112s. 

HOCH-LIGETI, Cornelia. Laboratory Aids in Diagnosis of Cancer. (A Mono- 
graph in American Lectures in Living Chemistry.) 94 in. x 62 in. (23-5 cm x [6 cm). 
Pp. x+123, (Springfield, H.: Charles C. Thomas, Publisher, 1969.) n.p. 

HUMAN TUMOUR CELL KINETICS. (National Cancer Institute Monograph 
No. 30). (U.S. Department of Health, Education and Welfare: Public Health 
Service.) 10} in. x 7 in. (26cm x 18 cm). Pp. ix+ 237. (Washington, D.C.: Govern- 
ment Printing Office, 1969.) $4. 

INGRAM, D. J. E. Biological and Biochemical Applications of Electron Spin 
Resonance. (Monographs on Electron Spin Resonance.) 92 in.« 5} in. (22 cmx 
i4 cm). Pp.x+311. (London: Adam Hilger, Ltd., 1969.) 100s. nec. 

JENSEN, M. K. Chromosome Studies in Acute Leukaemia. 10 in. x64} in. 
(25-5 cm x 16-5. cm). Pp. 115. (Copenhagen: Munksgaard, 1969.) 50 D.kr. 

KURTZKE, John F. Epidemiology of Cerebrovascular Disease. 10 in, «62 in, 
{25-5 em 17 em), Pp. xv+197, (Berlin and New York: Springer-Verlag, 1969.) 
58 DM.; $14.50, 

MARAMOROSCH, Karl (edited by). Viruses, Vectors, and Vegetation, 9} in. 
v 6} in, (23-5 cms 16 cm), Pp. xii +666. (New York and London: Interscience 
Publishers, a Division of John Wiley and Sons, 1969.) 281s. 

MILNER, Max (edited by). Protein-Enriched Cereal Food for World Needs. 
Uh in, x 8} in, (28 cm x 21-5 em). Pp. x +343. (St. Paul, Minnesota: The American 
Association of Cereal Chemists, 1969.) $7.50. 

MONTAGNA, William, and DOBSON, Richard L. (edited by). Hair Growth: 
Proceedings of the University of Oregon Medical School Symposium, 1967. 
(Advances in Biology of Skin, Vol. 9.) 9} in. x 6} in. (235 cmx 16 cm), Pp. xxii-+ 
585. (Oxford, London and New York: Pergamon Press, 1969.) 160s.; $21.50. 

MORGAN, J. F. (edited by). Canadian Cancer Conference. (Proceedings of the 
Eighth Canadian Cancer Conference, Honey Harbour, Ontario, 1968.) 9} in.>x 
é$ in. (23:5 cm x 16 cm), Pp. 442. (Oxford, London and New York: Pergamon 
Press, 1969.) 160s.; $19. 

NEW APPROACHES TO BREEDING FOR IMPROVED PLANT PROTEIN. 
(Proceedings of a Panel Meeting organized by FAQ/IAEA Division of Atomic 
Energy in Food and Agriculture and held in Rostanga, Sweden, 17-21 June 1968. 
Panel Proceedings Series.) 9} in. 6} in. (24 cm» 16 cm). Pp. 193, (Vienna: 
International Atomic Energy Agency; Londop: H.M. Stationery Office, 1969.) 
130 schillings: 41s. 8d.; $6, 

NICOLAESCU, Toma. Hepatopatiife Cronice: Regenegarea Hepatica Reactiva. 
9h in. = 6F in. (24 em x 17 em), Pp. 232. (Bucuresti: Editura Academiei Republicii 
Socialiste Romania, 1969.) n.p. 

PLONSEY, Robert. Bioelectric Phenomena. (McGraw-Hill Series in Bioengin- 
eering.) 9b in. x 6 in, (23-5 cm < 15-5 em), Pp. xiv-+380. (New York and Maiden- 
head: McGraw-Hill, 1969.) 168s. 

POLLER, L. (edited by). Recent Advances in Blood Coagulation, 9} in. « 6} in, 
24 em = 16cm). Pp. ix +362. (London: J, and A. Churchill, Led., 1969.) 100s. 

POLSON, C.J. The Scientific Aspects of Forensic Medicine, (Contemporary 
Science Paperbacks, No, 40). 7 in.» 44 in. (I8 em x if cm.) Pp, viiz 144. (Edin- 
burgh: Oliver and Boyd, Ltd., 1969.) 7s. 6d. 

PROKOP, Otto, and UHLENBRUCK, Gerhard. Human Blood and Serum 
Groups. Translated by John L. Raven. 92 in. x 62 in. (25 cmx 17 cm). Pp. xvi-+ 
891. (Landon: Maclaren and Sons, 1969.) 315s. 

THOENEN, Hans. Bildung und Funktionelle Bedeutung Adreneger Ersatz- 
transmitter. (Experimentelle Medizin, Pathologie und Klinik, Band 27). 92 in. > 
6} in, (23-5 em x 16 cm). Pp. vili+-85. (Berlin und New York: Springer-Verlag, 
1969.) 28 DM.: $7. 

VALUE TO AGRICULTURE OF HIGH-QUALITY WATER FROM NUCLEAR 
DESALINATION. (Report of a Panel organized by the International Atomic 
Energy Agency and held in Vienna, 30 October-3 November 1967. Panel Proceed- 
ings Series.) 94 in. x64 in, (24 cmx 16 cm). Pp, 278. (Vienna: International 
Aramis reer Agency; London: H.M. Stationery Office, 1969.) 181 schillings; 
58s. 4d.; $7. 

VAN ALPHEN, H.A. M. The Anterior Commissura of the Rabbit, (Supple- 
mentum 57 Acta Anatomica, Vol. 74.) 9} in.x 62 in, (25 cmxt7 cm). Pp, 112, 
{Basel and New York: S, Karger, 1969.) Distributed in the U.K. by Academic 
Press, London.) 28 Sw. francs; 28 OM. 

WHITTINGTON, W. J. (edited by). Root Growth: Proceedings of the Fif- 
teenth Easter School in Agricultural Science, University of Nottingham, 1968. 
8} in. « 53 in. (22 cmx I5 cm), Pp, xi+450. (London: Butterworth and Co. 
(Publishers), Ltd., 1969.) 168s. 

WOLSTENHOLME, G. E. W., and O'CONNOR, Maeve (edited by). Bacteria. 
Episomes and Plasmids. (A Ciba Foundation Symposium.) 94 in. = 6 in. (235 cm x 
15-5 em). Pp. xi +268. (London: J. and A. Churchill, Led., 1969.) 70s. 


Anthropology : Archaeology 


BERNUS, Suzanne. Particularismes Etbniques en Milieu Urbain: |'Exemple de 
Niamey. (Mémoires de l'Institut d’Ethnologie, 1). 82 in. x 6 in. {22 cm x 15-5 cm). 
Ee (Paris: institut d’Ethnologie, Musée de VHomme Palais de Chaillot, 

969.) np. 

BRENTJES, Burchard. African Rock Arc. Translated by Anthony Dent. IOin.x 
7} in, (25-5 cmx 18-5 em). Pp. xi+ 1044-26 plates, (London: J. M. Dent and Sons, 
Led., 1969.) 52s. net. 

COLES, J. M. and HIGGS, E. S. The Archaeology of Early Man. 10 in. 74 in, 
(25-5 cmx 19 cm). Pp. 454, (London: Faber and Faber, Ltd., 1969.) 150s, 

FAGAN, Brian M., PHILLIPSON, D. W., and DANIELS, S$. G. H. Iron Age 
Cultures in Zambia (Dambwa, Ingombe Ilese, and the Tonga), Vol. 2. (Robins 
Series, Vol, 6). 94 in. x 6} in, (24 cm x 16cm). Pp. xiv+270x 16 plates. (London: 
Chatto and Windus, Ltd., 1969.) 100s. 

KEIM, Charles. Aghvook, White Eskimo: Otto Geist and Alaskan Archaeology. 
82 in. x53 in, (22 emx 15 cm). Pp. xix+-3134+77 photographs. (College: The 
University of Alaska Press, 1969. Distributed by the University of Washington 
Press, Seattle and London). 750. 6d. 

MAVOR, Jr., James W. Voyage to Atlantis. 8ł in. x 52 in. (22 cmx 15 cm). 
Pp. 320+ 32 plates. (London: Souvenir Press, 1969.) 42s. net. 

UCKO, Peter J., and DIMBLEBY, G, W. (edited by). The Domestication and 
Exploitation of Plants and Animals. (Proceedings of a meeting of the Research 
Seminar in Archaeology and Related Subjects, held at the Institute of Archaeology, 
Landon University.) 10 in. =x 6} in. (25°5 cmx 16 em), Pp. xxvi +581, (London: 
Gerald Duckworth and Co., 1969.) 147s. 


id Psychology 


ESCALONA, Sibylle K. The Roots of individuality: Normal Patterns of Develop- 
ment in Infancy, 94 in.» 6h in, (24 cm x 16cm), Pp. ix+547. (London: Tavistock 
Publications, 1969.) 100s. net. 

HEDIGER, H. The Psychology and Behaviour of Animals in Zoos and Circuses. 
Translaced by Geoffrey Sircom, 84 in. «54 in, (21-5 cmx 13 cm). Pp. viit 166. 
(New York: Dover Publications, Inc.; London: Constable and Co., Led., 1968.) 
19s, net, 

HOGG, James (edited by). Psychology and the Visual Arts: Selected Readings. 
7 ing 44 in. (18 cm ti em). Pp. 415428 plates. (Harmonsdworth, Middlesex: 
Penguin Books, Ltd., 1969.) 10s. 
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MUNRO, Alistair, and MCCULLOCH, Wallace. Psychiatry for Social Workers. 
(The Commonwealth and International Library of Science, Technology, Engineer- 
ing and Liberal Studies: Social Work Division.) 72 in.x 5 in. (19-5 cmx 125 cm), 
Pp. xvi+-283. (Oxford, London and New York: Pergamon Press, 1969.) Hard 
cover, 42s., $6.50; Flexi-cover, 30s., $4.75. 

THORNDIKE, Robert L., and HAGEN, Elizabeth. Measurement and Evaluation 
in Psychology and Education. Third edition. 94 in. x 6} in. (24 cm 16-5 em). 
Pp. viii +705, (New York and London: John Wiley and Sons, inc., 1969.) 95s. 

VERNON, M. D. Human Motivation. 82 in.x 52 in. (22 cm t5 cm). Pp. 
viii+-190, (London: Cambridge University Press, 1969.) 45s., $7.50 cloth; 13s. 
paper, 

General 


AERTS, Jan. Pigeon Racing: Advanced Techniques. 8? in.» 5} in. (22 cmx 
IS cm). Pp. 191 -+28 plates. (London: Faber and Faber, Ltd., 1969.) 50s. 

ARVILL, Robert. Man and Environment: Crisis and the Strategy of Choice. 
Revised edition (Pelican Original). 7 in. «44 in. (19 cmx El cm). Pp. 3324-13 
plates. (Harmondsworth: Penguin Books, Ltd., 1969.) 10s. 6d. 

ASH, Maurice. Regions of Tomorrow: Towards the Open City. 84 in.» 5} in. 
RES cmx 14 em), Pp, vii-+99. (London: Evelyn, Adams and Mackay, 1969.) 
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S. 

RARLOW, Frank (edited by). Exeter and its Region. 94 in, x7 in. (24 cmx I8 
cm). Pp, xxii +3434-36 plates. (Exeter: The University, 1969. Published on 
behalf of the Local Executive Committee of the British Association, Distributed 
by the Registry, University of Exeter.) 50s, nec. 

BASSEY, Michael. Science and Society: The Meaning and Importance of Scien- 
tific Method. 84 in.» 54 in. (2L5 cmx I4 cm). Pp. 96. (London: University of 
London Press, Ltd., 1968.) [5s. net. 

COMMONWEALTH UNIVERSITIES YEARBOOK 1969: a Directory to the 
Universities of the Commonwealth and the Handbook of their Association. 
Edited by J. F. Foster and T. Craig. 9} in. x 6f in, (25 cm » 17 em). Pp, xxxii 4-3027. 
(London: The Association of Commonwealth Universities, 1969.) 170s. 

COWAN, Peter, FINE, Daniel, IRELAND, John, JORDAN, Clive, MERCER, 
Dilys, and SEARS, Angela. The Office: a Facet of Urban Growth. 8} in. x7} in. 
(22 cmx 19 cm). Pp. xii+290-+6 plates. (London: Heinemann Educational 
Books, Ltd., 1969.) 63s. 

CUTRIGHT, Paul Russell. Lewis and Clark: Pioneering Naturalists. 104 in. x 
6? in. (26 cm < I7 em). Pp. xiii-+ 506. (Urbana, Hl, and London: University of 
Hlinois Press, 1969.) $12.50; 119s. 

DARLINGTON, C. D. The Evolution of Man and Society. 9} in. = 64 in. (24 cm 
x l6 em). Pp. 753. (London: George Allen and Unwin, Led., 1969.) 70s. net. 

DESAI, Y. R. M. and GHONASGI, B. D. Monetary Policy and Centra! Banking 
in india, 82 in. = 54 in. (22 cmx 14 cm). Pp. xiii + 182. (Bombay: Popular Praka- 
shan, 1969.) Rs. 28. 

DUNLAP, G. D., and SHUFELDT, H, H. Dutton’s Navigation and Piloting. 
Twelfth edition, 104 in, «7 in. {26cm x 18cm). Pp.7154-25. (Annapolis, Maryland 
United States Naval Institute, 1969.) $15. 

FAIRLEY, Peter. Man on the Moon. 7in.« 4b in. (8 em« ti em}. Pp. 23749 
plates. (London: Mayflower Books, Ltd., 1969.) 5s. 

FRENCH, R. K. Robert Whyte, The Soul, and Medicine. B3 in. « 53 in. (22 em 
«15 em). Pp. 182. (London: The Wellcome institute of che History of Medicine 
1969.) 45s. 

FRENZ, Horst (edited by). Nobel Literature Lectures 1901-1967, (including 
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We are particularly proud of our vigorous R & D programme at NE and, in 
case you were not able to visit our Physics Society Exhibition stand in 
London in March we would like to tell you about the new equipment we 


had on display. For further details of particular products, just return a 
completed coupon or call us at 031-443 4060. 


1. NEW SCINTILLATORS: 
Including ultra fast plastic NE 111 (pulse width 1.54ns), ZnQ(Ga) alpha 
particie detector NE 843 (decay time 0.4ns), thermal neutron detector NE 
423 incorporating ZnO(Ga) and *Li, and neutron radiography detector 
NE 425. 

2: INSTALLED BETA/GAMMA MONITOR ICM1: 
For rapid detection of beta and gamma activity on clothing or body surfaces 
of personnel, (Developed in conjunction with A.E.R.E., Harwell). 

3. PORTABLE BETA MONITOR Type PBM2 (NIS 377): 
A surface beta dose rate meter for monitoring work benches, clothes etc, 
light-weight, self-contained, uniform in beta response, relatively low 
sensitivity to gamma radiation. (Developed in conjunction with A.W.R.E, 
Aldermaston). 

4, 144-CHANNEL ANALYSER Type 6900: 
integrated circuits featuring 1OMHz address and 8 microsecond memory 
cycle with count capacity 2°, 

5; COINCIDENCE SPECTROMETER: 
Measures Ge(Li) detector rise time using Nal detector-photomultiplier 
assembly and units from the versatile International NIM Series. 

6. NON-DISPERSIVE X-RAY SPECTROMETER: 
Ge(Li) cryostat system with International Series NIM Modules permitting 
simultaneous multi-element analyses at rate of 60 per minute. Resolutions 10. AUTOMATIC BETA’GAMMA 









of 275eV possible. SPECTROMETER NE 8312: 
Te 4096-CHANNEL ANALYSER: Highly versatile, compact 400-sample, it 
Full use of integrated circuits, highly flexible design enabling wide range of beta-emitting liquid scintillation and gam 









input/output devices and automatic operation by patch programming. emitting sample ne standard 20ml 

8, CAMAC SYSTEM: 

Modular data transfer system for rapid bi-directional communication 

between experiment and computer for ‘on-line’ control of experiments and 

nite (7000 Series Range developed in conjunction with A.E.R.E., 
arwell). 

PORTABLE MOISTURE & DENSITY MEASURING SYSTEM: 

For rapid non-destructive measurements in laboratory and field using 

light-weight portable Scaler NE 5013 and high efficiency detectors of *He 

and Li glass. 





To NUCLEAR ENTERPRISES LIMITED 
Sighthill, Edinburgh EH11 4EY, Scotland. 


Please send me further details of the new 
equipment ticked, 
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m~ | NUCLEAR 
ENTERPRISES LIMITED 


Sighthill, Edinburgh EH11 4EY, Scotland 
Telephone: 031-443-4060 Cables: Nuclear Edinburgh Telex: 72333 
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Scintillation 
Spectrometer 
is low-priced 





The Model 3320 Tri- Carb® Spectrometer is loaded with THREE INDEPENDENT 
the kind of features you'd expect in the most expensive CHANNELS OF ANALYSIS 


instruments. Yet it's priced among the lowest. When 
you examine its capabilities, you'll find features like 
three simultaneous channels of analysis, controlled and 
ambient temperature operation (you select the method 
you want), automatic external standardization that works 
with a// degrees of quenching and a//types of quenching 












agents, outstanding, counting performance and 200- ae ES : ae 

sample capacity. It has built-in capabilities for gamma Model 3320 incorporates Packard's patented 
counting and continuous flow analysis, which together arrangement of three completely separate chañ- 
with the optional data processing capability let you nels of pulse-height analysis, each with precisely 


adjustable linear amplification and continuously 
variable discrimination levels. You count each 
sample only once, and collect data in all three: 
channels simultaneously. 


upgrade it to meet virtually all your future needs. For 
more Setails call your Packard Sales Engineer or write 
* for Bulletin 1057Z 


PACKARD INSTRUMENT COMPANY 


2200 WARRENVILLE ROAD + DOWNERS GROVE, ILLINOIS 60515 


Packard PACKARD INSTRUMENT INTERNATIONAL S.A. 
TALSTRASSE 39 * 8001 ZURICH, SWITZERLAND 


SUBSIDIARIES OF AMBAC INDUSTRIES, INC. 





Accurate inorganic analysis 
starts with the MS702 


The M5702 is the latest model of the world’s first 
commercial double focusing mass spectrometer, 
the MS7. 

When first introduced the MS7 gave a performance 
in sensitivity never before realised by normal 
laboratory techniques. 

Today the MS702 continues to provide the highest 
sensitivity for a wide range of elements. 

it determines trace impurity elements, measures 
major constituents with a high degree of precision, 
and gives a faster wide-glement coverage than ever 
before ~ almost the full periodic table being covered 
in just over ten minutes. 


AEI Scientific Apparatus Limited 
Dept. 106, Barton Dock Road, 


Urmston, Manchester. Tel: 061-865 4466 


And in the USA contact: 


Picker Nuclear 1275 Mamaroneck Avenue, 


White Plains, New York 10605 


Most spark source analysis has been carried out 
using a photoplate detector but the MS702 is now 
uniquely available with an electrical detection system 
for improved analytical performance and 
convenience. 

its unique ability as an analytical tool has made 
MS7 instruments essential tools in major research 
laboratories all over the world, for example, in 
semiconductors = Texas Instruments, IBM, RCA 
and Philips. In metals and materials analysis ~ 
International Nickel, the U.S. Atomic Energy 
Commission, the French Atomic Energy etc. 

The field of application is now being extended to 
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N-Benzyl-4-chlorapiperidine N-(Trimethyisilyl) -imidazole N-Carbethoxy-4-piperidone 
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3-Ethyl-3-methyldiaziridine 3-Hydroxypicolinic acid Tetrahydrothiopyran-3-ol 


maa Vite for our latest catalog 
IN THE U.S.A. IN GREAT BRITAIN 


Aldrich Chemical | Ralph N. Emanuel Ltd, 
Company, Inc. 264 Water Road, 


2371 NORTH 30th STREET, Alperton, Middlesex 
MILWAUKEE, WISCONSIN 53210 Tel: 01-998 4414 
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Back Volumes of 
Periodicals for sale 


Astronautica Acta 
Vols. 1-13 (1955-1967). £130 10 oi l 


Half Yearly Abstracts of the Medical Sciences | 
Vols. 1-58 {all publ). London, 1845-1873. Bound. 
£44 0 6 l 


Highest prices paid for sets, runs, and volumes of 
Technical, Scientific, Medical, and General 
Publications in all languages. 


Periodicals Wanted 


Please submit your lists of items available, for our 
prompt attention. 


Established 1889 


ABRAHAMS MAGAZINE SERVICE, INC. 


i | Dept. A, 56 E. 13th Street, New York, N.Y. 10003 


We are always interested in buying your 
collections of duplicates of Scientific, Technica! 
and Medical Journals at the highest prevailing 














prices. Please send us your lists of surplus of 
| oe rar Y y a 
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attention, 
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Bulletins and Catalogues and should be pleased | In the fields of Science and Humanities 


to be of assistance in your acquisitions. | 


Robert Maxwell & Go Ltd 


Back Issues Department, 4, Midland Road, Olney, 
Bucks, England. 
Offices also at 


Entire libraries and smaller collections; 
sets and runs, foreign and domestic. 
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Fig. 7. Diagrammatic representation of respiratory chain and the phosphorylation@eaction in mifocho i 
(2) malonate; (3) antimycin 4; (4) CN~, Noa CO, (5) dint 


action of inhibitors are shown. (1) Amytal and rotenone, 
phenol; (6) oligomycin; (7) actractylate, 
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Sensitivity to the inhibitors rotenone and piericidin A, 
the presence of non-haem iron and the presence of the 
g=1-94 ESR signal are characteristics of a functioning 
site I. These properties are not observed in Saccharomyces. 
Tron-limited growth of Torulopsis yields mitochondria 
lacking site I phosphorylation; re-addition of iron to the 
growth medium results in a recovery of site I m the 
mitochondria®?, Non-haem iron has thus been implicated 
as being necessary for site I energy conservation” **, 

Brodie has studied the oxidation of succinate by electron 
transport particles isolated from cell-free extracts of 
Mycobactertum phlei. Non-haem iron is abundant in 
these particulate preparations and is reduced by succinate 
—about three to four times as much non-haem iron as 
cytochrome ¢ being reduced in the preparation. In addi- 
tion, non-haem iron was found in the supernatant fraction; 
this was not reduced by succinate but was partially 
reduced by NAD+-linked substrates, such as malate and 
8-hydroxybutyrate. The following sequence of electron 
flow is proposed for the respiratory particles 





Succinate > flavoprotein —> light-sensitive (360 mV) 
component.» non-haem Fe — cyt b> cyt ¢ == cyt 
a + Ager OY 


It is suggested that the “electron transport non-haem 
iron exists in intimate association with sulphide groups”, 
for the amount of reducible iron is of the same order as 
the labile sulphide content of the particulate system. 
Thus the non-haem iron could be considered an Fe-S 
protein in this electron-transport scheme. 


Fe-S Proteins in Hydroxylation Reactions 

Two proteins in this class have so far been detected; 
they are (i) adrenodoxin, isolated from the mitochondria 
of the adrenal cortex of pigs or cattle“, and (ii) puti- 
daredoxin, isolated from the bacterium Pseudomonas 
putida®, 

Adrenodoxin is one of the electron transfer components 
in the mixed-function oxidase (hydroxylase) enzyme 
system which catalyses the 11 8-hydroxylation of the 
steroid hormone deoxycorticosterone. Putidaredoxin 
operates in a soluble methylene hydroxylase system 
which can utilize camphor as a substrate. The sequence 
of electron transfer for adrenodoxin has been described 
as follows. 


The half-time for the change from reduced to oxidized sta 0 
; Chance, Philadelphia) makes it possible to divide the chain Into Kinetic uplis. Fp. 
NADH dehydrogenase; Fp.8, succinie dehydrogenase; N.H.Fe, non-haem iron: Q, ubiquinone (ref. 55). 
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NADPH — flavoprotein —> adrenodoxin (Fe-3} 
P450 > O, 
The introduction of the hydroxyl group into the steroid 
molecule (a step in hormone athesis)} is thought to 
oceur during the interaction of reduced cytochrome P450 
with oxygen"? Putidaredoxin is thought to act in a 
similar way to adrenodoxin. 

The biological and chemical characteristics of adreno- 
doxin and putidaredoxin show a rernarkable resemblance 
to those of spinach ferredoxin (Table 1). These proteins 
do perform somewhat similar functions im electron trans- 
fer, although spinach ferredoxin can operate at the slightly 
lower redox potential of — 420 mV compared with — 370 
mV for adrenodoxin and — 240 mV putidaredoxm. 
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Future Developments 

We now recognize the Fe-S proteins as important 
electron transfer reagents involved in many types of 
reactions and occurring widely in nature. Naturally, 
there are many problems to be solved. 

The exact chemical nature of the Fe-S active centre is 
unknown. The molecular parameters giving rise to the 
characteristic g=1-94 ESR signal and the Méssbauer 
spectra are not yet known. although tentative hypotheses 
have been put forward. The ability of the ferredoxins to 
transfer electrons at or below the potential of the hydrogen 
electrode (— 400 to — 500 mV) is a property important to 
understand from a theoretical viewpoint. Whether the 
amino-acid sequence or protein structure is important in 
determining these properties is being investigated using 
ORD/CD spectroscopy in the prgsence and absence of 
magnetic fields’**, The response of the iron of the 
chromophore group to magnetic fields used in the various 
experimental techniques will probably be of increasing 
importance. Physical techniques have provided an ime 
portant probe into the active site, and so solid state 
physicists have been actively interested in the pro 
It is important to recognize the technical proble 
volved in preparing biological samples for phys 
measurements. For example, misinterpretations 
arisen when specimens of Fe-S proteins have been allowed 
to become denatured before actual measurement. 

The amino-acid sequence of four ferredoxins is"known 
(the first four listed in Table 1) and Bayer recently 
reported the complete synthesis of the apo-form of Clos- 
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tridium pasteurianum ferredoxin®. The reconstitution of 
the complete ferredoxin with biological activity was only 
partially successful. A more successful approach has 
been that of Rabinowitz, who initially developed the 
techniques for making the apo-ferredoxins from the 
isolated ferredoxins and reconstituting them®* (see also 
ref, 67); various groups in the apo-proteins can be modi- 
fied in order to discover the requirements for biological 
activity. 

The establishment of the three-dimensional structure of 
an Fe-S protein by X-ray crystallography would be a 
big step forward in elucidating the structure requirements 
for their functions. Much work has gone into studying 
Clostridium ferredoxin but few conclusive experimental 
data have been obtained. This Fe-S protein is probably a 
very difficult one to study because of the very small 
crystal size, the large number of iron atoms present— 
seven, though only four of them may be involved in 
electron transport-—-and also because very little heavy 
metal substitution is possible for the X-ray analyses. 
The use of other, more suitable Fe-S proteins may help 
X-ray work; this approach is being pursued by several 
groups. 

Several laboratories are synthesizing model compounds 
which may mimic the catalytic properties of the Fe-S 
proteins. especially their ability to transfer electrons at 
very low potentials. So far ESR characteristies have 
been the principal criterion used ig these studies. It is 
now realized, however, that features such as Méssbauer 
spectra should be used in conjunction with ESR tech- 
niques. The interest of physical chemists in this problem 
will undoubtedly help the biochemists in their interpreta- 
tion of the active centre. 

The rate of turnover of the Fe-S proteins‘®-47.5°.6* during 
electron transfer reactions has only been determined for 
three Fe-S flavoproteins. The few studies made on the 
other Fe-S proteins involved indirect measurements and 
indicated slow kinetic rates. With the development of 
much more specific probes, such as ESR, ORD and CD 
spectroscopy, a more thorough study is needed, for 
example, in oxidative and photosynthetic phosphoryla- 
tion. There seems no doubt that Fe-S proteins are 
involved in these reactions, but their exact role in electron 
transfer and in the energy conserving reactions of phos- 
phorylation needs to be thoroughly understood. 

The practical biological significance of understanding 
the chemistry of Fe-8 proteins is undoubtedly great. The 
involvement of these proteins in nitrogen fixation, oxida- 
tive and photosynthetic phosphorylation and hormone 
metabolism points to their importance. They seem to 
play a central part in each of these reactions, and so a 
thorough knowledge of their mechanism of action will 
greatly improve the chance of understanding the overall 
reactions. 

Finally, it is highly probable that we shall find Fe-S 
proteins In many other enzyme systems which carry out 
electron transfer reactions. Now that we have better 
techniques for detecting Fe-S proteins the task of tracking 
down these proteins and establishing their correet role 
has become easier. 

Received July 16, 1969, 

‘Malkin, R., and Rabinowite*J, ©., Ann. Rev. Biochem., 36, 113 (1967). 

* Beinert, H., and Palmer, G,, Adv. Enzymol., 27, 105 (1965), 

* Davenport, H. Ba Hil, R., and Whatley, F. R., Proc, Roy. Soc., B, 188, 

346 (1952). 

‘San Pietro, A., and Lang, H. M., J. Biol, Chem., 281, 211 (1956). 

7 Pea and Ban Pietro, A., Biochem. Biophys. Res. Commun., 9, 218 
‘Tagawa, K., and Arnon, D. I.. Nature, 195, 537 (1962). 

7 Mortenson, L. E., Valentine, R. C., and Carnahan, J. E., Biochem. Biophys. 

Res, Commun., 7, 448 (1962). 


t Lovenberg, W., Buchanan, B. B., and Rabinowitz, J, C., J. Biol. Chem., 288, 
3899 (1963), 


* Mahler, H. R., and Elowe, D., J. Amer. Chem. Soe., 75, 5769 (1953). 

' Richert, D, A., and Westerfeld, W. W., J. Biol. Chem., 208, 179 (1954). 
1 Sanadi, D, R., Ann. Rev, Biochem., 84, 21 (1965). 

1! Bray, R. C., Petterson, R., and Rhrenberg, A., Biochem, J., 81, 178 (1961). 
18 Aleman, V., and Handler, P., J. Biol. Chem., 242, 4087 (1967). 


NATURE, VOL. 223, SEPTEMBER 27, 1969 


“ Shethna, Y. L, Der Vertanian, D. V., and Beinert, H., Biochem, Biophys. 
Res. Commun., 81, 862 (1968), 

** Brintainger, H., Palmer, G., and Sands, R. H., Proe, US Nat. Acad. Sci., 
§5, 397 (1968). 

Gibson, J, F., Hall, D. O., Thornley, J. H. M., and Whatley, F. R., Proe. 
US Nat, Acad. Sci., 58, 987 (1966). 

1 Orme-Johnson, W. H., Hansen, R. E. Beinert, H., Tsibris, J. C. M., 
Bartholomaus, R. C., and Gunsalus, 1. €., Proc, US Nat. Acad, Sei., 80, 
368 (1968). 


' Johnson, C. E., Elstner, E., Gibson, J. F., Benfield, G., Evans, M. ©. W. 
and Hall, D. O., Nature, 220, 1291 (1968). 

1 Johnson, C. E., Bray, R. C., Cammack, R., and Hall, D. O., Proc. US Nat. 
Acad, Sei. (in the press). 

* Moss, T. H., Bearden, A. J., Bartsch, R, G., Cusanovich, M. A., and San 
Pietro, A., Biochemistry, 7, 1501 (1968), 


2 Whatley, F, R., Tagawa, K., and Arnon, D, L, Proe, US Nat. Acad. Sci., 
49, 266 (1963). 


* Hall, D. O., Evans, M. ©. W., Gibson, J. F., Johnson, C. E., and Whatley, 
F. R., Progress in Photosynthesis Research (edit. by Metzner, H.) Gn 
the press), 

* Shin, M., and Arnon, D. L, J. Biol. Chem., 240, 1405 (1965), 

* Arnon, D. I., Tsujimoto, H., and McSwain, B. D., Nature, Q14, 562 (1967). 

* Evans, M, ©. W., Hall, D. O., Bothe, H., and Whatley, K. R., Biochem, da 
110, 485 (1968), 

** Buchanan, B. B., Matsubara, H., and Evans, M. ©. W., Bioehim. Biuphus. 
Acta (in the press). 

*7 Bachofen, R., and Arnon, D. 1., Biochim. Biophys. Acta, 180, 259 (1966). 

* Sasaki, R. M., and Matsubara, H., Biochem. Biophys. Res. Commun., 28. 
467 (1967). 

* Frenkel, A. W., Ann. Rev. Plant Physiol., 10, 53 (1959). 

» Evans, M. C. W., and Buchanan, B, B., Proc. US Nat. Acad, Sei., 58, 1420 
(1965). 

= Buchanan, B. B., and Evans, M. C. W., Biochim. Biophys. Acta Gn the 
press), 

"t Evans, M. C. W., Progress in Photosynthesis Research (edit. Ly Metiner, H.) 
(in the press), 

= Dus, K., De Klerk, H., Sletten, K., and Bartsch, R. G. Biochim. Bicphys. 
Acta, 140, 291 (1967). 


# Buchanan, B. B., Bachofen, R., and Arnon, D. L, Proc. US Nat. Acad. Sci., 
52, 839 (1964). 


** Buchanan, B. B., and Evans, M. C. W., Proc. US Nat. Acad, Sei 64, 1212 
(1065). 

* Evans, M. C. W., Buchanan, B. B., and Amon, D. I., Proe. US Nat. Acad. 
Sei.. 55, 928 (1966). 

7 Andrews, I. G., and Morris, J. G., Biochim. Biophys. Acta, 97, 176 (1065). 

38 Robinson, I. M., and Allison. M. J., Bact. Proe., P. 72 (1968). 

= Allison, M., and Peel, J. L., Bact. Proc., P. 180 (1968). 

* Valentine, R. C., Jackson, R. L., and Wolfe, R. S., Biochem, Biophys. Res. 
Commun., 7, 453 (1962). 

* Brill, W. M., and Wolfe, R. S., Nature, 212, 253 (1966). 

* Detroy, RoW., Witz, D. F., Parejko, R. A. and Wilsen, P. Wu Pree, US 

~ Nat. Acad. Sei., 61, 587 (12E8). 

“ Mortenson, L. E., Morris, J. A., and Yeng, D. Y., Biochim. Bicghys. Arle, 
141, 516 (1967). 

* Klucas, R. V.. Kock, B., Russell, S, A., and Evans, H, J., Plant Physiol, 
43, 1906 (1968). 

+ Bergersen, F. J. and Turner, G., L., J. Gen. Microbiol., B8, 205 (1968). 

3! Palmer, G., Bray, R. C., and Beinert, H., J. Biol. Chem., 289, 2657 (1964). 

©? Bray, RoC. Palmer, G., and Beinert, H., J. Biol. Chem., 238, 2667 (1964). 

1 Massey, V., Brumbey, P, E., Komai, H., and Palmer, G., J. Biol. Chem., 
244, 1682 (1969). 

* Komai, H., Massey, V., and Palmer, G., J. Biol. Chem., 244, 1692 (1869). 

*° Aleman, V., Handler, P., Palmer, G., and Beinert, H., J. Biol. Chem., 248, 
2569 (1968). š 

* Yoshimoto, A., and Sato, R., Biochim. Biophys. Acta, 158, 555 (1968). 

** Beinert, H., and Palmer, G., in Owidases and Related Redox Systems (edit. 
Ae T. E., Mason, H. 8., and Morrison, M.),2, 667 (Wiley, New York, 

Bhe 

s Hatefi, Y., Proe, US Nat. Acad, Sei., 86, 733 (1968). 

“ Yamashita, S., and Racker, E., J. Biol. Chem., 248, 2446 (1968). 

‘8 Hal, FD. O., and Palmer, J. M., Nature, 221, 717 (1969). 

H Ohnishi, T., Racker, E., Schleyer, H., and Chance, B., Coaference of Flavin 
and Flavin Enzymes, Nagoya, 1967, 122 (Univ. Tokyo Press, Tokyo, 









1968). 
5 Light, P. A., Ragan, C. T., Clegg, R. A., and Garland, P. Th, FEBS Lett. 1, 
4 (1968). 


* Ohnishi, T., and Schleyer, H., Fed. Proc., 28, 885 (1969), 
** Kurup, CŒ. K. R., and Brodie, A. F., J. Biol. Chem., 242, 5830 (1967). 


© Kimura, T., Suzuki, K., Omura, T., Copper, D, Y., and Estabrook, R. W. 
Abstracts Seventh Intern. Cong. Biochem., Tokyo, 1967. 


“Cushman, D, W., Taal, R. Lo, and Gunsalus, T. C., Biochem. Biophys, Res, 
Commun., 26, 577 (1967). 

82 Sih, C. J., Seienre, 168, 1297 (1969). 

* Garbett. K., Gillard, R. D., Knowles, P. F., and Stangroom, J. E., Nature, 
215, 824 (1967). ‘ 

* Mariborough, D. 1., Hall, D. O., and Cammack, R., Biochem, Biophys. Res. 
Commun., 35, 410 (1969). 

Bayer, G., Jung, G., and Hagenmaier, H., Tetrahedron, 24, 4853 (1968), 

* Hong, J., and Rabinowitz, J. ©., Biochem. Biophys. Res. Commun., 29, 246 
(1967). 

& Bayer, E Eckstein, H., Hagenmaier, H., Josef, D., Koch, J., Krauss, P., 
Röder, A.. and Schretzmann, P., Europ. J. Biochem., 8, 33 1969). 

* Rajagopalan, K. V.. Handler, P., Palmer, G., and Beinert, H., J. Biol. 
Chem., 243, 3797 (1968). 


* Hiller, R. G., and Whatley, F. R., Advancement of Science, 23, 643 (1987). 





NATURE, VOL. 223, SEPTEMBER 27. 1969 


LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 
On the Origins of Galaxies 


Ir was suggested recently that, if mesons are bound states 
of nucleon-antinucleon pairs, there might be a spatial 
separation of matter and antimatter in the black-body 
radiation above a critical temperature of about 350 MeV ? 
leading to the production of separate condensations of 
matter and antimatter. Some approximations made 
in that work have been removed recently by using the 
work by Dashen Ma and Bernstein (Institute for Advanced 
Study, preprint, 1969) on the statistical mechanics of 
elementary particles (also my unpublished work). The 
sizes of the condensations have also been computed m 
the latter paper as D,=10-* em at the end of the critical 
period (kT = 350 MeV) in the Lemaitre-Gamow universe’. 
Their density is then of the order of the nuclear density. 

We have analysed in some detail the evolution of these 
eondensations during the cooling down of the universe, 
and the results are described here together with the conse- 
quences for galaxy and quasar formation. There are 
distinet differences between the hadronic and leptonic 
era and the radiation era, which display respective charac- 
teristics as follows. 

O) During the hadronic and leptonic era, the rate of 
annihilation of matter and antimatter is chiefly controlled 
by the equilibrium between the annihilation pressure and 
the thermal pressure of matter and antimatter on the 
sides of their common boundary. This is the “ealefaction” 
effect of Klein’. 

(2) During the radiation era, the mean free path of 
photons becomes larger than the mean diameter of the 
condensations and the mean free path of pions, electrons 
and positrons coming from annihilation is large enough 
for the annihilation to be controlled by diffusion. 

(A) Hadronic and leptonic era (kT > 0-1 MeV, t< 10? s). 
During this period, the annihilation pressure balances the 
thermal pressure due to the condensations. The only 
increase in size of the condensations is due to universal 
expansion, and their diameter is given by 


D= DATT) ~ Doltft (1) 








The geometric model of condensations is a three-dimen- 
sional maze with a mean diameter D for the alleys. Their 
density is very homogeneous. 

The annihilation pressure (that is, the pressure due to 
the momenta of pions produced by annihilation) is given 
by 





v E 
Pas J 3 piv'3 (2) 


where J is the flux of annihilating particles (per unit time 
and area), v is the mean number of pions produced in an 
annihilation (~ 6) and p their average momentum (~ 300 
MeV). Equating (2) with the thermal pressure 


Py=nkT (3) 


(n being the density of particles in a condensation), one 
can compute the rate of annihilation. The calculation, 
using equations (1), (2) and (3), is quite elementary. The 
result can be expressed in terms of Dy, t (the time between 
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the end of the leptonic era and the onset of thermodynamic 
instability in the condensations) and the coefficient y in 
the law of temperature decrease* 


KT = yt (4) 


If N and N, are the final and initial number of particles 
in a given co-moving part of the condensation 

y? 
2log t/t, (5) 
vp Dy ~ 
This result is unfortunately very sensitive to changes in 
the poorly known parameters y and Da Tt ts quite com- 
patible, however, with the values of the parameters at 
time fg deduced from our model and the density of matter 
at time ¢ computed by Gamow and co-workers on the basis 
of the present density of matter in the universe (ibidu my 
unpublished work). 

(B) Radiative era. At the end of the leptonic era, the 
density of electrons and positrons drops sharply and the 
mean free path of photons rises rapidly so that it exceeds 
D at time t= 10% s (kT =l MeV). 

In a frame of reference where the boundary of matter 
and antimatter is at rest, the equations for diffusion with 
annihilation are 


Log N/Nyg= —2 V3 








on On En 
m ET E A een m E g 
t ge? Ga 
. (8) 
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ae e NF + AT ee 
ot dat 





annihilation parameter ( <Gannihilatio: 
of a pair NN >) and a? is the diffusion 


where « is the 
relative velocity 
constant 








where is the thermal velocity and % the nucleon mean 
free path. 

Equation (6) can be solved explicitly. If ny is the 
particle density well within the condensations, one finds 
that the region where annihilation ta place has a width 
k and the flux of annihilation is J =n with 














Like = nga, Zka? =v 
a 3 


where v is the global diffusion velocity. In the region of 
annihilation, new charged particles are created (chiefly 
electrons and positrons} which have a lifetime smaller 
than that of a nucleon. Accordingly, there is, in the 
annihilation region, a lack of photon absorption, Tf the 
diameter of a condensation in contact on most of its surface 
with an opposite condensation is smaller than the phot 
mean free path, there will be an excess of photons ins 
the condensation and therefore a radiation pressure whieh 
turns out to be large and important in sweeping inhome- 
geneities (E. R. Harrison, private communication). 

We have approximately computed 2%, the photon meen 
free path >, and from these values the pressure AP on 
the boundaries which turns out to be 













gt v 
AP = Pee ~ Pye (9 
hy 9e 


where ¢ is a parameter related to the excess of charge 
(e>1) and Py is the pressure in the black-body radiation 










Py = Tt a) 
(H 


kd 
A quantity of matter (diameter D, density p) In c 
with a quantity of antimatter will be partly annik 
and turned into a larger and more complex systern of 
matter with an acceleration 
Pàr 
“ gD? 






= Prove 4 
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One can easily compute the maximum size of the con- 
densation for the process ends with the radiative period 
(t= 10 s, kZ'=1 eV) hy writing f= Dt? so that 


D? x (ao THT j 





Pjg (12) 


Tn view of the rapid increase of D, annihilation de 
matter by less than one order of magnitude. We can take 
9 either from equation (5) or, more precisely, take the 
Gamow value (10-2 g em) which gives D= 1022 em. 
The condensations have therefore a mass M = eD’ ~ 1045 g, 

When the radiation period ends, gravitation becomes 
important and the annihilation pressure precipitates the 
gravitational isolation of condensations into galaxies. 

Obviously, in a few cases, a galaxy may have a smaller 
nucleus of antimatter trapped within it during this 
process, This is the basis for our model of quasars whieh 
will be explained elsewhere and was sketehily reported 
recently. It is encouraging that the same process can 
give rise to galaxies and quasars. 

I thank 8. Bessard, O. Dennefeld and J. L. 
their cooperation. 
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Model of Cygnus X-2 


OBSERVATIONS on the optical object associated with 
Cyg A-2 (ref. 1) have shown that the svstem is a spectro- 
seopie binary (for example, ref. 2), with one component a 
G stat, but the nature of the other component is not 
obvious. Kraft and Demoulin? identified the G component 
from weak but definitely present G-type features, including 
the 44226 line of Ca I, which they measured for radial 
velocities, By assuming an absolute visual magnitude of 
+55 for the G star, they estimated the distance of Cyg 
A-2 to be 500 to 700 pe. This in turn, together with the 
X-ray flux observations, means that the X-ray luminosity 
is about 25 Lo. As well as the G spectrum, broad Balmer 
absorption lines, of equivalent width appropriate for 
about type 48, and relatively sharp absorption lines of 
Ca TL (Hand K) are prominent. The profiles of the Balmer 
lines are unique! in that they are very broad, yet show no 
wings of any kind. The widths are far too great to result. 
from thermal Doppler motions, for hydrogen could not be 
neutral at the indicated temperature, Sofia’ has shown 
that all broadening mechanisms except mass motions 
(of the order of 10% km s~) can be eliminated. A further 
unusual feature is the ratio of the strengths of the Balmer 
lines, with the high number lines relatively strong, Hg 
quite weak, and Ha entively absent or perhaps present 
weakly in emission. * Beyond the fact that they show 
binary motion, the most noteworthy feature of the radial 
velocity measures is their very large scatter and lack of 
repeatability. Although the radial velocities were determ.- 
ined in difficult conditions, so that the errors of measure- 
ment gare much greater than normally expected, the 
scatter in the Balmer line velocities is far too large to be 
explained in this way. Within these uncertainties, how- 
ever, we can say that there seem to be two velocity 
systems represented: that of Ca T and He TI, and that of 
Ca TI and the Balmer lines. 
Thete are several difficulties in first attempts to inter- 
ret these observations. For example, Kraft and 
Jomoulin® suggested that Cyg X-2 may be a triple system 
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in order to aceount for their observation that the radial 
velocities passed through separate minima on two nights 
at about ~ 200 km s71, yet on a third night velocities more 
negative than —300 km s-! were observed, and other 
observers># have found even more negative velocities. 
It is clear, however, that a distant third body could not 
significantly change the observed velocities in a time scale 
of one day, while a close third body can be ruled out 
because of the dynarnical instability of such a system. 

A further problem is the general agreement in radial 
velocity between the Balmer lines and the Ca TI lines. 
Although H is blended with Hy. the K-line is unblended 
and far too strong to be formed in the same region as the 
Balmer lines. The most severe problem is te reconcile 
the great widths of the Balmer lines with the fact t hat they 
appear in absorption. Broad emission lines could be 
explained by gas streams in rapid motion, but Balmer 
absorption lines must be formed immediately above a 
source of continuum radiation unless the absorbing gas 
occurs only between the source and observer, which cer- 
tainly could not be the case on every night the object was 
observed, and would be a remote possibility in any event. 
It is difficult, if not impossible, to conceive of symmetrical 
(both toward and away from the observer) gas motions of 
the order of 10° km s~ immediately above a stellar photo- 
sphere, vet, by elimination of all other known broadening 
mechanisms, the Balmer line widths must be due to some 
kind of mass motions. The weakness of Hp and the 
absence of H, must also be accounted for because, if the 
Balmer lines are filled in by an extrapolated bremsstrah.- 
lung spectrum, Ha and Hg should be the lines least affected 
because this radiation would become stronger relative to 
the @ star continuum toward shorter wavelengths. Tn. 
fact, the absolute spectrophotometry of Peimbert et al.? 
has shown that the system does contain excess blue radia- 
tion, and we also know that the UBV colours are too blue 
for a G star. 

We must reject at once any model which requires, or 
should be accompanied by, extensive optically thin gas 
streams, for only one emission line has been seen in the 
spectra. We also must reject the possibility that the 
Balmer lines are associated with the G star, because no 
G star has ever shown Balmer lines remotely resernbling 
those of Cyg X-2. Finally, we ean be sure that the Balmer 
lines are not formed in the same region as the X-rays. 
because the high temperature which must exist in this 
region would both ionize the hydrogen and broaden the 
lines beyond recognition. We do know, howeve » that 
there must be a source of optical continuum radiation 
against which we see the Balmer lines. Regardless of the 
sketchy nature of the radial velocity information, we ean 
therefore say several things about the system with almost 
absolute certainty. We know that Cyg X-2 is a binary 
system with one component, a @ star, that an additional 
source of optical continuum radiation exists within the 
system, that the Balmer lines are formed just above this 
source and that the X-rays originate elsewhere. 

These points suggest a model for Cyg X-2, The system 
is a semi-detached binary in which the X-rays are gener- 
ated by matter flowing from the G star through the F, 
point (the gravitational balance point in the rotating 
coordinate system of the binary) and being acereted onto 
a compact object, as in a model for Seo X-1 by Sklovsky*, 
In Sklovsky’s model the compact: object was a neutron 
star, but in this case we prefer a white dwarf, because it is 
difficult to imagine a close binary system being left 
intact after the catastrophic events which must accom- 
pany formation of a neutron star’. (A white dwarf model 
has been suggested for Seo N-1 by Cameron and Mock.) 
Comparing the available gravitational potential energy 
per gram of accreting material to the X-ray lumine sity 
we find that only 10°? Mo per vear would be required 
for Cyg X-2. We ean find examples of expected trajec- 
tories for such material, computed by Kopal. Only the 
trajectories of small initial velocity. concern us here, for 
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we have no reason to expect matter to be ejected with 
large velocities from the G star. In Kopal’s examples 
the primary component has normal stellar dimensions, 
so that many of the trajectories terminate on this star, 
but if the star were a white dwarf the trajectories show 
that much of the matter would circle around the back 
of the star, At this point it is unprofitable to speculate 
on the further detailed motions of the gas, for Kopal’s 
calculations concerned the ideal case of freely orbiting 
point masses, whereas we expect considerable interaction 
of the gas with itself. In fact, retrograde orbits are not 
by any means excluded, so that the material should be 
found streaming in quite complicated ways at any given 
instant. One obvious consequence of this is that the gas 
will lose orbital energy when it enters the region of 
relatively high density which should exist near the white 
dwarf. That is, the gas will initially be slowed to the 
circular velocity for this distance and, in subsequent 
orbits, to less than the circular velocity (it will thus lose 
energy and fall onto the white dwarf). We expect, then, a 
cloud of swirling gases. in very complicated motion, the 
borders of which will be quite ill defined, yet which can 
be described to extend to some characteristic distance from 
the white dwarf. This is the source of optical continuum 
radiation against which we see the Balmer lines, and we 
ean calculate its approximate radius from the widths 
of the lines, because we know the distance from a white 
dwarf at which velocities of about 10° km s~ will be 
reached in free fall. Assuming one solar mass for the 
white dwarf, this distance must be about 10% em. The 
cloud will be a source of continuum radiation as it will 
be heated due to absorption of X-rays by its heavy element 
constituents. If one assumes normal solar abundances. 
then the cross-section for absorption of 3 keV X-rays is 
about 6 em? g^, with oxygen and neon the principal 
contributors. Because the X-ray flux at 10° em from 
the source is about 10 erg cm? s~!, there is ample energy 
for heating the gas to quite high temperatures but, in 
view of the uncertainties in the abundances and in the 
cooling rate, we feel it would be unrealistic to state a 
temperature at this time. If the @ star is a subdwarf, 
as Kraft and Demoulin have suggested, then the heavy 
element abundances might be down by a factor of 10 or 
100 from the solar values but, in any case, absorption of a 
minute fraction of the X-rays will provide sufficient 
heating. With the temperature gradient established 
largely by the geometrical dilution of the X-rays, there 
will be a distance at which conditions are right for forma- 
tion of the Balmer lines (which we expect to be about 
10" em) and a greater distance at which they are right 
for formation of the Ca IT lines, which are favoured by 
lower temperature. At this distance the free-fall velocity 
will be much smaller than 10° km s74, thus explaining the 
observed sharpness of the Ca IT lines. 

If we could somehow observe the light of the cloud 
without contamination from the light of the G star, we 
would expect to see strong absorption lines of Ca TI and 
hydrogen, but, of course, “these lines will be filled in by 
light from the G star in the spectra actually observed. 
The @ star will dominate the spectrum to an increasing 
extent toward longer wavelengths, so the observed weak- 
ness of Hg and absence of H, are readily understood. We 
also see that the mass motions in the cloud are of the 
order of 1,000 km s-i, so that while the binary orbital 
velocities are of the order of 200 km s-}, rather minor 
asymmetries in the mass motions will inevitably lead to 
irregularities and lack of repetition of radial velocities 
based on the Balmer lines. Because the Ca IT lines are 
formed where the mass motions are smaller, we should 
expect these to show much smaller scatter, w hich - exactly 
what one sees from Kraft and Demoulin’s Fig. 3 

The time for material to fall from the L, point to the 
cloud, assuming the distance is about 10" em, is of the 
order of 1,200 s. Thus we expect considerable changes 
in the appearance of the system on a time scale of minutes. 
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The minute to minute fluctuations in optical brightness 
observed by Kristian ef al.4 substantiate this very well, 
although those authors, evidently thinking in terms of a 
quiescent structure, used these observations as an argument 
against the possibility of a plasma cloud being the source 
of a significant fraction of the visible radiation. 

In conclusion, we have seen that the present model 
accounts for the presence in Cyg X-2 of broad Balmer 
absorption lines with strange profiles (for more detailed 
discussion of the profiles, see ref. 5), the weakness of the 
first two Balmer lines, the presence of excess blue radiation, 
the scatter in the radial velocity measurements. the pro- 
duction of X-rays by a mechanism sufficiently efficient to 
yield 25 Lo and the optical brightness fluctuations, and 
is consistent with all observational facts known to us 
at this time. 
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Electromagnetic Spectrum of NP 0532 


Tue discovery of optical! and X-ray*-* emission from the 
Crab Nebula pulsar NP 0532 greatly extends, for this 
particular object at least, the spectral band to be accounted 
for by emission mechanisms. Induced scattering’ 
and aynehrotron-| like radiation® might account for the high 
radio brightness, broad band and polarization of the r adia 
tion. 

We briefly examine here a simple radiation mechanism 
based on the vectorial acceleration of relativistic electrons 
with y= (B/me?)S-1. A more detailed discussion of this 
and alternative mechanisms will be published sep: arate aly 

We shall concentrate on the of models of Vinter- 
mediate” and “far? magnetosphere around a spinning 
neutron star: the radiation process is assumed to occur 
at a distance of the order of, or larger than, the critical 
radius R=c¢/Q (Q is the angular rotation frequency of the 
star). We envisage a situation where the radiating particles 
are coherently forced to rotate arfund the star by the 
stellar electromagnetic fields and, furthermore. circle 
around the lines of force of the magnetic field B. The first 
motion can be explained by Gold’s idea of corotation up 
to the critical radius R (refs. 9 and 10, and private com- 
munication from P. Goldreich and W. H. Julian); ajperna- 
tively, outside A, it can be caused by the angular momen- 
tum carried by the low frequency electromagnetic waves 
which are emitted by the star if there is ew com 
ponent of the magnetic dipole? ''-. The emission charac- 
teristics of this motion depend only on the instantaneous 
radius of curvature p at those points of the orbitewhosa 
tangent lies within an angle ~ T/y with the direction of 
the observer, 
















5 
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The overall kinematics of relativistic particles with 
YSel entails two natural frequencies, namely the basic 
rotation frequency of the star and the offective gyro- 
frequency we=eB/mcey. For NP 0532 we have Q=c/p~ 
¢/R ~ 200 s~}; on the other hand, the local magnetic field 
at the speed of light circle must be about 10° G if the 
energetic stockpile of the Crab Nebula has to be drawn 
from the stellar rotation through the agency of the mag- 
netie field (refs. 10, 12 and 13, and private communication 
from P. Goldreich and W. H. Julian). These two fre- 
quencies are therefore widely different: we discuss here 
the possibility that the radiospectrum is associated with 
the frequency Q while the optical and X-ray emissions 
are related to the gyrofrequency we. Other combinations 
are possible: for example, we could associate the radio 
and at least the optical spectrum with Q. We find, 
however, that this would require much higher values for 
the particle energy and density; the corresponding Larmor 
acceleration could imply gamma-ray emission", 

The very high brightness temperature in the radio 
band Awr~ ap ~ 10% s- shows the presence of coherence 
effects, possibly caused by bunching of particles®!". For 
optical and X-ray emission, incoherent processes are 
acceptable. The number of free parameters can be 
minimized by taking a small dispersion of particle energies, 
Ay/y<1. Fitting to detailed spectra may require relaxing 
this constraint by a second approximati8n. For the time 
being, we concentrate on power across large spectral 
regions. From a qualitative point of view, we know that 
the radio spectrum decreases!’ above 100 MHz, while the 
optical spectrum is roughly flat and shows an ultraviolet 
excess'. It is then easy to show that the observed power 
ratio in the optical and X-ray bands P/P ~ 10- fixes 
the critical frequency for the Larmor emission @, = 3/2 





Y? 0e The relation 
P WALE (Or vd?2 Aw 
See pee re aa Oe a) 
Pa NO NOg” A Ox 


gives, roughly, œ~ 10 s-1; this corresponds to 


Be ~ 5x 10" G (2) 


We stress that the exponential in equation (1) follows 
from Ay<<y. The radio spectrum is enhanced by a co- 
herence factor F, which may result from correlations in 
electron density arising from mode excitation and inter- 
actions in a turbulent plasma: one cause (not exclusive) 
can be electrostatic instability feeding on relative stream- 
ing energy. The coherence factor F, when turbulent 
fluctuations have frequencies smaller than the radio 
frequency or~ 10° s, is of the form n L° JILIN: nis the 
electron density and L the correlation length. If j= 
(2ne/a)>L, the correlation function J is unity and the 
coherence factor can be taken as constant. In this case 
the radio spectrum is decreasing only at frequencies 
@>0-3 w, where o,= 3/2 y3 Q is the critical frequency 
associated with the basic rotation. 

This gives 





e y~ 200 (3) 


The corresponding value for B deduced from relation (2) 
is about 10° G, which agrees with the previous independent 
estimate. More detailed information is needed to examine 
fruitfyly the other alternative where the decrease of the 
radio spectrum is determined by loss of coherence: in 
this case the spectral shape would give information about 
the correlation function in the plasma. 
The observed ratio 
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gives the numerical value for the coherence factor F ~ 10”, 
From the absolute radio power 


2 


Pre a Oy AorFnV ~ s 10" erg 5-1 (5) 


we know how many particles n V are emitting the ob- 
served radiation from a volume V. In equation (5), e is 
a factor introduced to take into account the beaming of 
the radiation. If we assume that the pulsar can be 
detected from most directions, ¢ is roughly the ratio 
between the pulse length + and the period P, namely 
~1/10. We then obtain nV ~ 10%; assuming for the 
emitting volume a value AR? with A~ 107 em (inferred 
from the existence of submilliseeond pulse structures) the 
particle density would be n~ 10° em", leading to a 
correlation length Læ 10 em. 

The radiation in a given fixed direction J comes from 
the particles the velocity of which lies within an angular 
distance from / of order I/y; the pulse width must be a 
consequence of the periodie filling up (caused by the 
star's rotation) of such a region in phase space: for 
example, there could be a rotating velocity distribution 
of angular size AO~2n-/P. If A@> I/y one might expect 
a larger linear polarization for bands closer to or beyond 
the relevant critical frequency. This would be the case 
for the radio as opposed to the optical emission in NP 
0532, while the X-rays should be strongly polarized. If 
the duty eyele +/P shortens, however, we expect the 
emergence of the polarization features of single emitters, 
in particular cireular polarization, as seems to be the 
case for CP 0328 (ref. 16, and private communication 
from G. Cocconi). 

The emission seheme explains why strong optical and 
X-ray emission shows up for NP 0532 and not for other 
pulsars. For a dipole field, B= Bear (10° [Q/el)*, For slow 
pulsars, the local value of the magnetic field at the 
critical radius £ would be much smaller than for NP 0532, 
provided that the surface field of the neutron star is 
comparable. Tf Q~ 10 s7, B~0-1-10 G and again y~ 102, 
the peak of the emission due to the Larmor acceleration 
would lie in the infrared, conceivably not above 100-102 
Hz. Slow pulsars could now usefully be observed with 
infrared techniques, even though the power emitted 
(proportional to B?) is likely to be rather low, 
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Age of the Separation of 
South America and Africa 


On the basis of the positions of the magnetic south pole 
in the Triassic determined by palaeomagnetic studies of 
African and South American rocks, Creer! has argued that 
the drifting apart of Africa and South America began in 
the Permian. Briefly, if South America and Africa 
are placed in such a position that their Palaeozoic polar 
wandering curves coincide, there is obtained a reconstruc- 
tion very similar to that suggested by the shapes of the 
coastlines, and the earliest palaeopoles which do not 
coincide are those of the Triassic. In this argument, the 
Triassic palaeopole for South America was computed from 
a study of the lavas of the Serra Geral formation, in the 
southern part of Brazil. Unfortunately, a radiometric 
study? of forty-one samples of basalt and dacite has shown 
that the principal phase of this igneous cycle is of Middle 
Cretaceous age, about 115-125 m.y. 

This change qualifies Creer’s argument and, moreover, 
shows that the polar wandering curve for South America 
was undefined in the long period between the Permian 
and the Middle Cretaceous. 


THERMOREMANENT MAGNETIZATION OF LOWER TRIASSIC LAVAS 
(35° 8, 68° W) (FORTY SAMPLES) 





Table 1, 


Declination D 2° 

Inclination I — §2° 
R 88-8 

Precision factor K 33 


Radius of confidence a 
Pole positions 

Semi-minor axis ay "5° 
Semi-major axis ar 


This laboratory has therefore planned palaeomagnetic 
studies of rocks of this age, and this communication 
presents a new estimate of the age of the opening of the 
South Atlantic based on the first of these studies*. We 
have worked with samples of basalt, andesite and rhyo- 
lite from the Lower Triassic in the Mendosa Province, 
Argentina (35° 8, 68° W). Hand samples from several 
stratigraphic levels were oriented by both Sun and mag- 
netic compasses, and two specimens of each sample were 
subjected to cleaning while a third was used for thermal 
studies. The samples of three areas had normal mag- 
netization, but those of the fourth area were reversed, 
Corrections to account for the original orientation of the 
bedding planes did not significantly affect the scatter of 
the directions of the thermoremanent magnetization. 
Table 1 gives the mean directions! of the thermoremanent 

magnetization of the area together with the position of the 
Lower Triassic palaeomagnetic south pole calculated on the 
assumption of an axial dipolar field. 


Table 2. SOUTH AMERICAN PALAEOMAGNETIC POLES 
Lati- Longi- 

Pole Age tude tude a Ref. 
8A1 Cambrian 50° N a7? W 10° 9 
SA2 Silurian 34° N 16° W a 1 
SA3 Devonian oN WW 10° 
SA4 Lower Carboniferous (Taiguati Forma- 

tion) 28° 8 3w 9° 1 
SA5 Upper Carboniferous (Piaui Formation) 65° § 138° W 10° 1 
SA6 Permian 65°8 18° Ww 6° 1 
SA7 Lower Triassic 81S 8ew 6° 3 
SA8 Middle Cretaceous (Serra Geral Forma- 

tion: 115-125 my.) TRS SPE + 1,2 
849 Quaternary BIS 126° E 6° 9 


The palacomagnetic south poles for South America 
are shown in Table 2 and are substantially the same as 
those now accepted*~? with the exception of the Kimer- 
idgian pole®9, which has not been included because of its 
uncertainty. The corresponding polar wandering curve 
is shown in Fig. 1, and it is clear that the Mesozoic and 
Palaeozoic parts of the polar curve form a sharply defined 
angle. This'’ seems to be a common feature of the polar 
wandering curves of the continents which were a part. of 
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Fig. 1. Palaeomagnetic south poles and polar wandering curve for 
South America. See Tableel for description of data. The grid representa 
the present latitude-longitude svetem. 






Gondwanaland, and suggests a common cause that could 
be associated with its fragmentation; note that Creer" 
suggested that the break- -up of Gondwanaland began with 
the separation of Australia in the Permo-Trias sic. 

Table 3 shows the positions of the palacomagnetic south 
poles for Africa and differs from others previously quoted** 
only by the presence of the mean positions for the Mesozoic, 
Tertiary and Quaternary. Fig. 2 shows Africa and PNN 
America drawn in such a way that the Palacozsic seeti 
of their as wandering curves fit best, using the mean 
south pole for Gondwanaland derived by Briden®? (GW, 
27° N, 4° W; w=15-1°). The circles of confidence of the 
Triassic poles of Africa and of South America~—as suggested 
by our work—overlap, which indicates that in the Lower 
Triassic, South America and Africa had the same relative 
positions as in the Palaeozoic, 




















Table 3. AFRICAN PALABOMAGNETIC POLES 
Pole position 
Pole Age Lati- Longi- a Ref, 
tude tude 
Afi Cambrian (420-600 m.v.) 28° N Ww 
Af2 Cambrian-Ordovician 14°N 5 
Af3 Silurian 50° N il 
Aft Lower Carboniferous ï 12 
Af5* Lower Permian 14 
Af6 Triassic (209 m.y.) 14 
Af7 Triassic. 15 
ALS Triassic (190 my.) 16 
Af6-8 Triassic Mean of pales 
` . ATB to ATR 
ATO Jurassic (170 m.y.) 50° S 5 
A10 Jurassic (170 m.y.) 65° 8 5 
Aftt Jurassic 71°83 6 
AL12 Jurassic (140 m.y.) 57° Ss 5 
Af9-12  Jurassit 63° 8 Mean of poles 
ATO to ATT2 
ALIS Lower Cretaceous 60° S 17 
Afta Cretaceous 62° 8 18 
Afl3-14 Cretaceous ores Mean of poles 
AFIS and AFIA 
Af6-14 Mesozoic (Triassic- 64° 8 Mean of poles 
Cretaceous) AFB to ATE 
Af Lower Tertiary * 
Af16 Upper Tertiary 5 
Af15-16 Tertiary Mean of poles 
Aflh and AfIG 
Af17 Quaternary Re S HSW 5° 5 
Af18 Quaternary T4° 8 45° Wo g 5 
Afl7-18 Quaternary 7E 8S 44° W 17° Mean of poles 


Afi? and AFIS 


ene Upper Car- 


* Recently’? it was proposed to divide this pole in two: 
BOS E, as 


boniferons (45° 8, 40° E, a= 8°) and one Lower Permian (27° 5, 
15-5°) respectively. 
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The similarity of the African Triassic, Jurassic and 
Cretaceous poles contrasts with the distance between the 
Lower Triassic and Middle Cretaceous poles of South 
America. Fig. 2 shows how the Middle Cretaceous pole of 
South America differs from that of Africa, and’ this 
suggests that they were then drifting apart. More gener- 
ally, it can be inferred that the relative drift of these 


Gondwanic land masses, and the formation of the South 
Atlantic, began in the Mesozoic, later than the Lower 
This conclusion 


Triassic but before the Middle Cretaceous, 
agrees with geological evidence. 











Fig. 2. Palaeomagnetic reconstruction of the positions of South America 
and Africa for the Upper Palaeozoic and Lower Mesozoic. Both conti- 


nents have been placed so that their polar wandering curves for the 
Upper Palaeozoic and Lower Mesozoic coincide. A, South American 
poles; [], African poles; PGP, present geographic pole. 
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Increased Estimate for Heat Flow 
at Oceanic Ridges 


Tue theory of ocean floor spreading MOS that oceanie 
crust be generated at mid-ocean ridges, Evidence from a 
variety of sources suggests that the new er ust is made 
largely of basalt and gabbro, and their low-grade meta- 
morphic equivalents!*, +, formed by igneous activity close 
to the ridge axis. If the rate of spreading and the thick- 
ness of the crust are known, the rate of heat transfer to 
the surface by magmas during erust formation in the 
axial zone of the ridge can be estimated. It is of interest 
to compare this rate with the heat flux actually measured 
on oceanie ridges. 

Considering one half of a symmetrical medel for a mid- 
ocean ridge, the formation of new erust by i BROS activity 
requires the release of heat at a rate, Qo where Qy= 
uh plL + OpAT) and u is the halt spreading rate, Ais the 
thickness of the igneous material in the crust, p its density, 
J, its latent heat of erystallization. Cy its specific heat and 
AT the temperature interval through which cooling 
occurs. With the following values, w= 3 em yro,h=5 km. 
e=3-0 gem 3, L= 105 calories gt, Cp = 0- 3 calories g> Ko 
and AT =1, 000 K, Q» is found to be 60 calories s~ per em. 
ridge length; this assumes that the magmas are intruded 
at temperatures only slightly above their melting tempera- 
ture. The observed rate of heat loss on_one flank of an 
oceanic ridge out to 2,500 km (gd, where g, the mean heat 
flux, = 1-6 uealories em~ s? and d = 2,500 km) is about 375 
calories s~ per om ridge length. Thus the magmatic 
heat is not insignificant in comparison with the total 
measured oceanic flux. 

We next consider the rate at which magmatic heat may 
be lost from newly formed oceanie crust as it moves away 
from the ridge. This should depend on whether the 
igneous activity which builds the crust is largely intrusive 
or largely extrusive. Assuming that crust formation is 
restricted to a very narrow zone at the: axis of the ridge’, 
there are two limiting thermal cases: (æ) the erust is 
built up by a succession of thin lava i each of which 
cools completely before the next eruption; (b) the crust 
is formed by the semi-continuous intrusion of vertical 
dvkes at the axis of the ridge system, each dyke having 
a height at least a1) to the thickness of the crust. 

We approach this problem by considering the cooling 
of an igneous body the upper surface of which corresponds 
to the ocean floor; we take a one-dimensional model with 
solidification occurring from the top (y= 0) downwards. 
The temperature within the solidified magma is obtained 
from the one-dimensional unsteady heat equation 




































a) 





and the temperature within the unsolidified material 
beneath is assumed to be close to the melting temperature 
of the magma, Tm. The boundary condition at y=0 is 
T=Ts, and the matching condition at the solid—liquid 
interface is 


where qi is the heat flux at the interface, yi is the position 





of the interface, and L is the latent heat of fusion. The 
temperature within the solidified magma is given by 
T-T 
i s 
Lm Ts (3) 





and the position of the liquid-solid interface is given by* 


1969 


NATURE, VOL. 223. SEPTEMBER 27. 





where Tm is the melting temperature. Taking Tm as 
1,000° C, Ts as 0° C, k/gep = 0-008 em? s? and the other 
quantities as before, we find the relationships shown in 
Fig. 1, which gives the dependence of the solidification 
time of a cooling basaltic body on thickness; also plotted 
is the mean heat flux from the top of the body during the 
time taken for complete solidification. 


* 
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Fig. 1. Dependence of time for complete crystallization (left ordinate) 
and mean heat flux during crystallization (right ordinate) on thickness 
(abscissa) for a one-dimensional basaltic body reaching the Earth's 
surface at a temperature slightly above its melting temperature. The 
additional ordinate scales to the left show the distance of a point on the 
crust from the ridge axis (centre scale) and the thickness of sediment 
which is expected to cover it (extreme left scale) at any time after its 
generation: ris the rate of sedimentation and uw is the spreading half- 
rate, Heat flax measurements can be made when the sedimentary cover 
is more than 5 m (horizontal dashed line) thick, 


This should be an exact solution for the upward cooling 
of dykes injected into material of almost the same tem- 
perature as themselves (case (b)) except that gravitational 
sinking of early crystallizing phases would make the cooling 
more rapid. For case (a)—thin lava flows-—the solution 
neglects the downward conduction of heat as would 
happen with extrusion of flows on the sea floor. For very 
thin flows this could reduce the solidification time by 
nearly half although this is not of great importance here. 

We use the time taken for complete solidification simply 
as a convenient reference time in the cooling history of a 
magma; by the time it has solidified, a basaltic body 
with an initial temperature close to the melting tempera- 
ture has lost more than 60 per cent of its “initial heat”. 
We note from Fig. 1 that lava flows less than 10 m thick 
solidify in under a year with a transient mean heat 
flow of well over 10,000 calories cm s~, while a body 
with the thickness of the whole oceanic crust (5 km) 
would take only 150.000 years to cool with a mean transi- 
ent heat flow of 25 ucalories em? s-1. With a spreading 
rate of 1 em yr- this means that the thin flows crystallize 
and have lost more than half their initial heat before they 
have been appreciably transported from their place of 
origin and in the ease of the 5 km dykes this occurs within 
about 3 km of where they were intruded. 

The mean heat flux measured in the crestal zones of 
oceanie ridges is, however. only 3 ucalories em-? s-t (ref. 5) 
and the highest values observed are about 10 pealories 
em? st. ‘This suggests either that the oceanic crust is 
not largely of igneous origin or that the true heat flux is 
considerably higher than that which has been measured. 
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We do not consider the former possibility likely, for reasons 
given elsewhere®. It is, however, possible that the 
measurements of heat flux near ridge crests are not truly 
representative in so far as the present techniques of 
measurement require the penetration of a probe for 
several metres into soft sediment and the sedunentary 
cover tends to be extremely thin or absent within 100 km. 
or so of the ridge crest. The paucity of sedirnents on par ts 
of the south Mid-Atlantic Ridge has been noted by 
Ewing et al.’, 

The problem of lack of sedimentary cover can be 
approached by means of sedimentation rates. ‘Taking a 
sedimentation rate of 3-5 em/thousand years’, which is 
probably rather high for the axial zone of a ridge, the 
thickness of the sedimentary cover has been plotted on 
the time axis of Fig. 1. Assuming that 5 m of sediment 
(Fig. 1, horizontal dashed line) is required for in situ heat 
flux measurement. it appears that igneous bodies less 
than about 3-5 km thick will have lost the greater part 
of their heat before measurements can be made. Bodies 
between 3-5 and 5 km thick should still be cooling at a 
significant rate by the time sufficient cover had accumu- 
lated although, with slightly lower sedimentation rates, 
even these would have lost most of their heat before it 
could be measured. 

The “unrecognized” part of ridge heat flow will be 
smallest when the spreading rate is low and for a crust 
formed solely by vergical dykes. A dyke crystallizes 
down to a depth of 5 km in 1-5 x« 108 yr with a ae heat, 
flux at the surface above it of 25 ue alories em? st, abc 
eight times the mean observed value, For a crust. spre 
ing symmetrically at 1 cm yr on either side of the ridge 
axis, this gives a minimum “unrecognized” component 
somewhat greater than 30 calories st emo? ridge length. 
An upper limit is given by a spreading rate of 5 em yr, 
and a crust formed of thin lava flows cach of which cools 



















completely before the next eruption: this yields an 
‘unrecognized’ component of 200 calories s> em? ridge 
length. These figures take account of both flanks of 


the ridge system. 

We conclude that a series of very high local and/or 
transient heat flows which may be related to local igneous 
events, and which cannot be measured by present methods, 
probably make an important contribution to the gross 
heat flow in the axial zones of actively spreading oceanie 
ridges where the true flux is at least eight times higher 
than measured. This largely explains the axial-zone 
discrepancy between the various theoretical models for 
oceanic heat flow®-*-* and the experimental observations. 

Taking the length of the world ridge system as 80,000 
km, the two limiting cases mentioned give incrernents of 
0-25 x 10" calories s and 1-6 x 10? calories s-h, respec- 
hvala: to the world heat flow. The gross world heat 
flux has been estimated at 7-7+ LO per cent x 10" ealories 
s~! (ref. 5). 
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Dating of Conchas River 
Sediments, New Mexico 


Theres is an interesting sedimentary deposit along the 
Conchas River in San Miguel County, New Mexico, a 
few miles above the point at which the river enters 
Conchas Lake. The name Conchas is derived from the 
well preserved specimens of freshwater clam shells, class 
Pelecypoda, family Unionidae, which are buried at a 
depth of about 4 feet in the sediments. In the same 
area are found Indian artefacts, and in one terrace a fire- 
place was found buried 4:5 feet below the surface. The 
fireplace consisted of a horizontal arrangement of flat 
rocks on which were deposited pieces of charcoal. The 
shells and charcoal were sampled for carbon-14 dating. 

Samples from the same terrace were taken for dating 
by ion exchange! Soil samples were taken at intervals 
of 4 inches for the first 2 feet beneath the surface 
and then at intervals of 1 foot to a depth of 5 feet. The 
samples were screened and the fine fraction (that which 
passed through a sereen of 200 meshes per inch) was 
retained for analysis. 

The exchangeable cations were removed from the soil 
by extracting with a 1 M solution of ammonium 
acetate?, which was mixed in the ratio of 10: 1 by weight 
with the soil, shaken for 1 h, allowed to stand 24 h and 
then filtered off and analysed for sodium and potassium 
(Beckman DU flame spectrophoéometer). The results 
are reported in equivalents of cation per 100 g of soil in 
Table 1 and shown plotted in Fig. 1. 


Table 1, 
Sample 


Na and K CONTENT OF CONCHAS RIVER SEDIMENT 
Depth below Na (equiv./100 g) K (equiv./100 g) 
(x 10*) (x 104 


Na. surface (inches) 0 
£ 0-4 26 53 
2 4-8 3:3 TI 
3 8-12 37 o1 
4 12-16 3:5 T4 
5 16-20 3-6 &1 
6 20-24 51 ILO 
7 24-36 2-8 10-5 
8 36-48 33 TI 
9 48-60 44 47 


The plot of the data in Fig. 1 seems to indicate that the 
peak in concentration for both sodium and potassium is 
reached at a depth of about 2 feet. Sechufle, Kottlowski 
and Beckhart® calculated that 840 inches of rainfall were 
required to wash sodium or potassium through 1 foot of 
average soil. The average annual rainfall for the Conchas 
River area, measured at the Bell Ranch Weather Station 
(64 year average), is 14-5 inches'. Jf we assume 90 per 
cent loss of rainfall to the soil due to run-off and evapora- 
tion losses, then only 10 per cent of the rainwater perco- 
lates through the soil, or 1-5 inches of water per year in the 
Conchas River area. The age of this sediment is then 
calculated to be 


840 i 






x2 = 1,100 yt 





We estimate that the probable error in this method of 
dating is +20 per cent, so we can place the age of the 
Conchas River sediment at 1,100 + 200 yr. 

The charcoal from the buried fireplace was dated at 
8604120 “C years Be by Geochron Laboratories, 
Cambridge, Massachusetts, and a sample of the clam 
shells buried in the same area was dated at 765+105 MC 
years BP. According to this laboratory it is not unusual 
for shell material to give dates which are somewhat 
yourfger than associated charcoal, partly as a result of 
ground water activity and the possibility of exchange of 
dissolved carbonate between the shell and the ground- 
water, so we may take the charcoal date as somewhat 
more reliable. The agreement of this date with the date 
obtajned by our ion exchange method is reasonable. 

Tt might be suggested that the figure of 90 per cent for 
loss of water to the soil by run-off and evaporation losses 
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Fig. 1. Depth versus concentration, Conchas River terrace. 


is the weakest point in the calculation of the age of 
sediments by the ion exchange method. This run-off 
figure was first estimated by Schufle and Hassan! from 
comparison of ion exchange data from a terrace along the 
Rio Grande near Socorro, New Mexico, with a YC date 
obtained by Ruhe® on a similar terrace from charcoal 
buried within the terrace. It might be useful to recalculate 
the percentage run-off from the ion exchange data on this 
present Conchas River sediment and its corresponding 
uC date. This is 





where X is the fraction of the 14-5 inches per year average 
annual rainfall which is lost to the soil by run-off and 
evaporation. We can calculate then that if 87 per cent 
of the rainwater is lost by run-off and evaporation the ion 
exchange date on the Conchas River sediment will 
correspond exactly with the “C date. Perhaps further 
investigations should be made to locate other arid zone 
sediments which can be dated by both the ion exchange 
method and the “C method. More reliable figures for 
losses of rainfall by run-off and evaporation might be 
arrived at thereby. 


J. A. SCHUFLE 
GILBERT BRASSELL 

Department of Chemistry, 

New Mexico Highlands University, 

Las Vegas, New Mexico 87701. 
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Additional Metalliferous Sediments 
in the Red Sea 


GEOCHEMICAL investigations are being undertaken of a 
series of gravity cores collected in the Red Sea from the 
RRS Discovery in 1963 (Fig. 1). The chief interest of 
these cores is the similarity between the shipboard 
description of core 5233 and those of cores from the 
metalliferous brine deposits of the Atlantis and Discovery 
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Deeps. As a first phase of the investigation, several 
samples from this and the other cores have been analysed 
for zine, copper and manganese. 

Since collection, the cores have partially dried out and 

the bright coloration mentioned in the shipboard log of 
core 5233 is no longer apparent, the banding being domin- 
antly red-brown in a buff matrix of calcareous sediment 
(Table The loss of colour since collection is tenta- 
tively attributed to oxidation. 














Table 1. SHIPFROARD (1063) AND LABORATORY (1960) DESCRIPTIONS OF 
CORE 5233 
Sample Munsell 
No. Depth Shipboard Laboratory colour 
(1 em in core description description notation 
samples) (em) (1963) (1969) (1969) 
1 85 ) Dark brown 7 
» Chocolate brown 
2 &H-10-5 ) Dark brown 
105-115 Orange with grey Very dark brown 
3 11:5-13 patches Reddish brown 
Brown 
4 Dark reddish brown 
Orange and brown Brown 
5 intermottled Dark reddish brown 
ü Brown 
T Dark reddish brown 
i Orange with grey Yellowish brown 
8 Bo5-36 patches near top Grey T 
5-5/0 
9 36-41 Brown TS yr 
45/4 
10 41-45 Dark chocolate Black 2Syr 2/0 
u 45AT brown Dark reddish brown 5 yr 3/3 
47-48 Very dark grey 25 yr n 
2-5) 
48-49 Orange with choc- Dark reddish brown 5yr353 
12 49-525 olate bands Very dark grey 2-5 yr 
2-5/0 
13/14 585-612 Brown Töyrtjt 
l 2-62 Light reddish brown byt 6-3/3 
15 62-64-58 Dark grey Dark grey Tyr i 
3-5/0 
16 64-8-70-5 Olive brown 25 yr 
4-5/4 
7 175-72 Light grey Light yellowish brown 25yr 
Very dark grey 2ayr 
a Light yellowish brown 2:5 yr 
5: 
Black 25yr 
K Dark grey Dark grey öyr4 
8 Light brownish grey 25 yr 
6-5/2 
-5 Dark grey byra5/1 
Greyish brown 2b yr 5/3 
i Light grey Pale brown 10 yr 5-5/3 
875-100 Yellow brown Yellowish brown 10yr 4-5/4 
Dark brown 10 yr 3/3 
107-1095 Yellow brown Brown 10 yr 4/3 
25 1095-115 Dark chocolate Very dark brown 10 yr 3/1 
26/27 115-125 brown Dark yellowish brown 10 yr 4/4 
125-126 Light brown Yellowish red öyr 5/6 
N 126-1267 Black byr 2/0 
28  126-7-128 Reddish yellow 5 yr 6/6 
128-129 Black 2d yr 2/ 
120-131-5 Yellowish brown 10 yr &-5/4 
29 1315-133 Very dark greyish 10 yr 3/2 
y _ brown 
< 183-185 Reddish brown Syr 5/4 
30 135-1375 Light brown TB yr Of 
137-5-138-2 Reddish brown 5 yr 4/4 
1382-1305 Very dark greyish 10 yr 3/2 
brown 


1305-1407 


Light yellowish brown 
1407-1415 ght y 


Dark yellowish brown 


or 
oo 
eas 
ey ot 

Bes 

= 


; 1415-1425 Series of bands Light yellowish brown 10 yr 6-6/ 
31 142-5-143 and laminae Dark yellowish brown 10 yr 3/4 
148-145 ranging in col- Yellowish brown 10 yr 5/6 
145-146 our from yellow Dark brown 10 yr 3/3 
146-147 to orange, light Very dark greyish 10 yr 3/2 
brown to choco- brown 
147-147-5 late and grey Yellowish brown 10 yr 5/5 
147-5-148-5 Dark brown 10 yr 3/3 


32 148:5~150-5 
1505-152 
33 162-155-5 


Yellowish brown 
Dark brown 
Yellowish brown 





1555-1575 Dark brown 
34 1575-1585 Brown TB yr 5/4 
35 158°5-159-5 Very dark grey 10 yr 3/1 
159-5~160-7 Brown 10 yr 5/3 
sige 180 7-16L5 Very dark grey 10 yr 3/1 
38/37 161-5-169-5 Light grey Light yellowish brown 10 yr 6/4 
38/39 1695-179 Yellowish brown 10 yr 5/7 
179-180°2 Dark brown 10 yr 3/3 
180-2-181-4 Yellowish brown 10 yr 5/6 
1814-183 Yellow brown Dark brown 10 yr 3/8 
188-184 Yellowish brown 10 yr 6/6 
40° 184-186 Dark brown 10 yr 3/3! 
186-188-5 Yellowish brown 10 yr 5/6 
41 188-5-190-5 Black Black 2-5 yr 2/0 
1905-191 Yellowish brown 10 yr 5/6 
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Fig. 1. Location of cores from Red Sea. 


The analytical procedure involved taking up in HOL, 
containing KHSO,, the evaporated residue of an 
HNO,/HCIO, attack and estimating the metal content 
by atomic absorption. 

The reliability of the data was tested by standard addi- 
tions of manganese, zinc and copper and by comparative 
analyses of three samples from Atlantis IE Deep. There 
was a slight suppression of manganese and copper and a 
15-20 per cent suppression of the zine (Table 2). Such 
suppression is small compared with the observed variation 
and the analytical precision of +10 per cent at the 95 
per cent confidence level. We therefore consider our 
conclusions valid, although the reported zinc contents 
are conservative. We have more recently found it pos- 
sible to avoid this suppression, which is probably the 
result of high carbonate, by dilution or by an additional 
separation step. 


Table 2. RECOVERY OF MANGANESE, COPPER AND ZINC PROM SOLUTIONS TO 


WHICH STANDARD ADDITIONS HAD BREN MADE 


Original Estimation after addition” 
Sample estimation* of 8,000 p.p.m. Min, 2,000) Percentage 
No. (p.p.m,} p.p.m. Zn, and 2,000 ppm. Cu recovery 
Mn Cu Zn Mn Cu on Mn Cu Zn 
51 ti 50 65 7800 2,000 1,800 90 96 87 
52 400 35 80 7,900 82,050 1,84) 94 100 8G 
53 500 «60 15 7, 7,850 1.850 1,700 90 89 79 


54 200 30 45 7,900 9000 L720 9 98 a4 
3 8100 2000 1650 100. 98 BL 
8.200 2000 1675 100 98 82 


57 300 30 8v 8.100 2,000 1,700 gy oS az 
58 650 35 8i 8,200 2,050 1,750 #4 101 83 
59 600 35 85 8,100 2,000% 1,800 p4 98 Bi 


8,100 2,000 
* Figures refer to calculated content in sample, 


1,675 D4 98 80 


Analysis of samples taken along the length of core 
5233 demonstrates the presence of abnormally high 
E o of zine, copper and manganese compared 
with non-banded, buff, but otherwise visually similar, 
calcareous sediments from elsewhere in the Red Sea 
(Table 3). The highest concentrations of the elements 
occur in the red-brown layers, but it is noticeable that in 
many samples the buff calcareous sediment also has an 
anomalous metal content (Fig. 2). The highest contente 
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‘Table 3, COMPARISON OF MANGANESE, ZINC AND COPPER CONTENTS OF GRAVITY 


CORES FROMTHE RED SEA 
Location 
Lat. N Long. E 


Core Depth 


o í Range and [arithmetic mean} 
No, im} 


Mn (p.p.m) Zn (p.p.m)  Cu(p.pem.) 








585 22°24" BRIU 200-375 75-115 

[314] 193] 

860 20°27 37° DY 200-700 27-115 

[a30] [597] 

1,509 18° 24" 39° 47" 004,125 115-800 
[2,476] [206] 

5231 1,737 15°58 4r ar 975-3,000 120-175 
11,369] [144-5] 

333 2507 19° 42? Bk AN 1,575-70,000  185-3,000 
(12,070) [761] 


of manganese, zine and copper observed to date are 
7 per cent Mn, 0-30 per cent Zn and 0-26 per cent Cu. 

There is a marked correlation between Zn and Mn in 
all the cores, with the exception of samples 15, 18 and 19 
from core 5233 which contain anomalously high concentra- 
tions of zine relative to manganese. The results have been 
confirmed by duplicate analysis. 
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Vig. 2. Distribution of manganese. zine and copper iu core 52338, Red 


sea, 


Results from the Atlantis Deep? are plotted in Fig. 3. 
Although there is an overlap with our results, no evidence 
is observed of a correlation between Mn and Zn irrespec- 
tive of whether the samples are differentiated into mineral- 
ogical groups (sulphide, montmorillonite and goethite). 
Furtgermore, the ratio of Zn/Mn is in general much higher 
in the samples from Atlantis Deep than in most of the 
present samples (compare also samples 15, 18 and 19, 
core 5233). Similar results are obtained by plotting Cu 
against Mn. 

A single source for Mn and Zn in all the samples, with 
the exception of three samples from core 5233, is mdicated 
by the markedly linear trend of their Zn/Mn ratios, 
irrespective of differences in absolute contents of the 
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metals. The presence of the highest Zn and Mn values in 
core 5233 from the deepest water might be due to its being 
closest to the source of the metals or to conditions being 
most favourable for precipitation in the deepest parts of 
the Red Sea. The immediate source of the metals must 
be the seawater. It seems likely that this metal has 
entered the seawater across the interface with metallifer- 
ous brines. Precipitation could occur by several processes 
including breakdown of metal complexes stable in the 
brine but not in seawater, and biological precipitation. 

The fact that the Atlantis Deep samples and samples 
15, 18 and 19 of core 5233 do not appear to belong to this 
population could be ascribed to either a different source 
or a different mode of precipitation. 
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Plot of zine against manganese in cores and in the Atlantis Deep. 
+, Atlantis Deep samples samples from cores 5231, 52382, 5233 
and 5237. 





As a working hypothesis, we suggest that (a) the metal- 
liferous deposits in samples 15, 18 and 19 of core 5233 
may reflect the presence of a metalliferous spring upslope 
and possibly a brine pool downslope; (b) at least a pro- 
portion of the metal in the sediment. both in the deeps 
and away from the deeps, has been derived from extruded 
brines via the seawater; and (c), in general, the metal 
content and Mn/Zn ratio in the sediments will decrease 
away from the metal source. This tentative hypothesis 
has very considerable implications, not only as to the 
possibility of loeating similar brine deposits by broad 
scale sampling, but also to prospecting for blind ore 
deposits which may have formed by precipitation from 
brine solutions in the distant past. 

During a three year research programme on the Red Sea 
metalliferous brines and precipitates, in collaboration 
with the Geological Survey of the Sudan, it is hoped to 
investigate further the distribution of metals in the Red 
Sea sediments and precipitates and the mode of dispersion. 
This project is also supported by the Natural Environment 
Research Couneil. 
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Ground State of Gaseous FeO 


Tue electronic states of the gaseous diatomic oxides of 
the transition metals are not vet well understood. In the 
first transition series, the ground state of ScO is known! 
to be... 22%, that of VO is? ... fo tE, and the ground 
state of TiO appears? to be... do 4A. The lowest known 
state of CrO seems! to be... 68? SIT, but... 886 FA 
has also been suggested®. There is some evidence of a 
vertical variation in the relative stabilities of the outer 
o and § orbitals, so that, for example, the ground state of 
TaO isë... 867 2A, and that of ZrO is not ... do 2A, but? 
...6 15r, although for NbO+ the ground state may* 
again be 3A. 

The orange bands of FeO at 2~ 6000 A have been 
known for many years®. More recently they have been 
observed in absorption in flash photolysis’? and in flash 
heating". Low pressure ares provide a better source of 
the bands in emission, and some of the lines of bands of 
y= ( progression have been analysed as a '2—1Lh 
transition®, It is difficult to accept this analysis, for 
(a) ground state Fe (®D)+O(CP) cannot give singlet mole- 
cular states; (b) the internuclear distance derived for the 
lower state seems to be much too large in comparison 
with other molecules of the series. 





VALUES OF re” (A) 
TiO VO CrO MnO 
1-620 1-580 (1-627) ~— 


FeO 
21-97 


ScO 

1-668 

We have recently taken new spectrograms of the four 
bands of FeO discussed by Dhumwad and Narasimham! 
in similar experimental conditions. Wavelengths of the 
R heads are given in Table 2. The shorter wavelength 
part of each band consists chiefly of two branches, R 
and P, but there are obvious perturbations, and at longer 
wavelengths the density of lines increases markedly. 
About 270 lines have been assigned to R and P br anches 
of the 0-0, 0-1, 0-2 and 0- 3 bands. Our assignment 
differs from that of the previous analysis. Some values 
of the common upper state differences, A,F(J), which 
provide the key to the analysis, are given in Table 1. 
The values of A,F"(.J) are within errors of measurement. 
represented by the simple expressions 


AF's = 4 BY, (44) — 8 Dy (J +4) 


and the values of Dy fit well with that subsequently 
obtained from Kratzer’s relation, D~4B3/@?, The upper 
state is too perturbed (by states of smaller B value) for 
any useful value of D’ to be obtained, but it seems certain 
that the branches are R and P and not, for example, 
TR and R; in other words, that they are main and not 
satellite branches. 

The most likely interpretation is that the lines analysed 
arise from the Q’=0—-Q’=0 part of a multiplet X- E 
transition. The isoelectronic molecule MnF is thought" 
to have a 7X ground state: the most likely ground state 
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Table L VALUES oF REAN 
d 0-0 0-2 Bh 
20 38-51 BRAT 
21 40-06 40-06 
Da 42-09 42-18 
23 43 96 
zd 
25 
26 
27 
28 
20 
30 57-20 
3) 5915 50-19 
32 BLIO O110 iy 
3a 82-90 . O24 O24 
34 B HLR 64-80 BERI 
35 66-66 GOEIE 66-84 
36 8747 OT AG AT ae 
37 70-25 70-8 3 POM 
38 Phas LR Phys 
39 THH PLIG 7418 
40 75099 a TES 





for FeO is £ or 7X. Jn either case, the Q = 0-0 transition 
may, by spin-orbit coupling. be somewhat separated from 
Q=1-1, 2-2, . sub-bands. From the apparent value 
of B'e a value of the mternuclear distance in gaseous 
FeO may be derived, re= 1-626 A: this value is close to 
those observed in Sco. TO, VO and CrO, as might be 
expected, but it is subject to unknown errors arising from. 
spin-orbit, spin-spin and spin-rotation mteractions, Tt 
may be noted hare that no expressions for the energy 
levels of E states of multiplicity greater than quartet 
have vet been given, @xcept for the limiting case where 
/B is small" 








Table 2. SUMMARY OF CONSTANTS 
ene’ R head tÅ) B”; {em è) 1 ta y (em) 
0-0 2g O-SLOSS + 45 
0-1 -50707 + 33 
0-2 6180-53 0-530330 + 21 
0-3 8524-15 0-490069 = 45 





The limits given are three times the standard errors and, for example, 


0-551083 + 45 is written for 0-51083 + 0-00045, 
Lower state constants: 
fe = BROSS (e+ p) — 4:05 
By = O51271 0-00376 ¢ 
ye = 1-625, A: af Pekeris 
1D (Kratz 










Upper state constants: 
ra ~ 29,700; B, = ATL, cov sry = Lon, A 
Values of the constants obtained in the present work 
are summarized in Table 2. Further progress with this 
spectrum, as with those of similar molecules, demands a 
source of lower rotational temperature; the final answer 
may lie in flash-photolysis combined with high resolution. 


R, E. Barrow 
M. SENIOR 
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University of Oxford. 
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Adhesion of Polyethylene to Metals 

Tue adhesion of polyethylene to high energy sub- 
strates depends on the oxidation of the polymer. Better 
adhesion was found! te copper if it was covered with CuO 
rather than Cu,O, because the former oxidizes the poly- 
ethylene; and the adhesion to Duralumin i increased* 
when polyethylene is oxidized with dichromate or per- 
manganate. The high adhesion of polyethyleen to steel 
can be depressed by antioxidant in the polymer’, and the 
poor adhesion to glass is enhanced by use of a suitable 
oxidizing agent. We now report circumstances, however, 
in whieh the adhesion of polyethylene is dependent not 
on oxidation but on the hitherto neglected concept of 
mechanical “keying”. 

Table 1 shows 180° peel strengths for low density 
polyethylene sintered at 200° C on aluminium with 
various surface treatments, and on steel. Where oxidation 
is restricted (by the presence of antioxidant or by sinter- 
ing in vacuo) adhesion diminishes drastically except for 
an anodized surface. The porous structure of anodic films 
formed in sulphuric aud phosphoric acids is well known. 














Table L 
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A structure has been deseribed? consisting of a barrier layer 
over which are evlindrical pores normal to the surface. 
These pores had diameters of 120 A for 15 per cent 
sulphuric acid films formed at 10° C, and 330 A for 4 per 
cent phosphoric acid films at 24° C. Larger diameters 
have since been calculated® and it has been shown that 
the pores may be much wider at the mouth cue to the 
solvent effect. of the electrolyte. Lt therefore seers hkely 
that mechameal keying associated with the porous 
nature of the anodic film is the cause of the independence 
of oxidation exhibited in the adhesion of polyethylene 
to the anodized surfaces. 

Mechanical keying has not been emphasized in previous 
studies of polymer adhesion to metal substrates, although 
it has been. suggested as a contributory factor in the ad- 
hesion of electroplated metal on to etched ABS*, It may 
also have been responsible for anchoring a polytetra- 














Ercan coating in a commercial application 
British Patent No. 1,069,168; 1967). 


Confirmation of this postulate has been obtained by 
scanning electron raicroscopy of polyethylene which had 
been sintered on to the metal oxide. After sintering, the 


PEBL STRENGTHS 















Antioxidant i Peel strength (kgf emo!) with 95 
Metal Treatment after degreasing added to Sintered in No. of per cent confidence limits and 
o polythene air or Vacuum peels coefficient of variation (per cent) 
Aluminium Etched in H,.SQ,4/Na,Cr,0; at 68° for None Air 8 2-08 
10 min « 480 p.p.m. Air X ag 
6,000 p.p.nn Air f O29 + 0-06 
None Vacuum 4 O21004 
Aluminium Eiched in 10 per cent NaOH at 40° for None Air 4 
30s 480 ppm. Air a 
5,000 pam, Air 8 1120-02 
None Vacuum 4 O18 +004 
Steel Etched in 60 per cent HCI for 30 s None Air 4 SOLeEOd 
5 ppu Air 4 186 + O22 
540 ppm. Air 4 41+ t 0- 07 
None Vac 4 
Aluminium Anodized in 15 per cent w/w H,SO, at None Air 4 
20 V for 60 min 480 p.p.m. Air 4 
6,000 ppm. Air 4 
None Vacuum 
Aluminium Anodized in 15 per cent w/w H.SO, at None Air 4 OTE 
10 V for 60 min 480 p.p.m. Air 4 1-03 re 6-06 
None Vacuum 4 1494027 
Aluminjum Anodized in 4 per cent wiw HyPO, at None Air 4 1494018 
20 V for 60 min 480 ppan, Air 4 Lis40-05 
None Vacuum 4 1:383 + 0-08 
Aluminium Anodized in 4 per cent w/w H,PO, at None Air 4 2602015 
10 V for 60 min 480 ppp. Air 4 1514006 
None Vacuum 4 P54 e018 


The antioxidant used was 2,6-di-tert.-butyl-p-cresol ; 
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metal and oxide were dissolved away. The polyethylene 
which had been sintered on to sulphochromated aluminium 
appeared quite smooth; that from the steel showed 
slight roughness. By contrast, the samples from which 
anodic film had been dissolved were very rough and ap- 
peared to consist of “tufts” or “stacks” of polyethylene 
fibres. Fig. 14 shows polyethylene which had been 
sintered on to aluminium anodized at 20 V in sulphuric 
acid. Fig. 1B shows polyethylene removed from alumin- 
ium anodized at 20 V in phosphoric acid. In Fig. 1B the 
fibrous nature of the polyethylene is apparent. 

These findings prompt us to suggest that mechanical 
keying should be considered as a mechanism of adhesion 
wherever a porous oxide might be present. 

K. Bricur 
B. W. Mate: 





Formica International Ltd, 
68 Lower Cookham Road, 
Maidenhead, Berkshire. 
D. E. PACKHAM 
Metal Containers Ltd, 
Liphook, Hampshire, and 
Department of Chemistry. 
City University, St John Street, 
London ECI. 
Received June 10; revised August 25, 1969. 
‘ Baker, R. G., and Spencer, A. T., Ind. Eng. Chem. 52, 1015 (1960). 


2 Borisova, F. K., Kiselev, A. V., Korolev, A. Ya. Lygin, V. I, and 
Solomonova, I. N., Koll, Zhur., 28, 792 (1966). 





* Bright, K., and Malpass, B. W., Europ. Polymer J., 4, 431 (1068), 
4 Keller, F., Hunter, M. S., and Robinson, D, L., J. Electrochem. Soe.,100, 411 


(1953). 
* Wood, G. C., O'Sullivan, J. P., and Vaszko, B., J. Electrochem. Soe., 115, 
618 (1968). 


* Paolini, G., Masoero, M., Sacchi, F., and Paganelli, M., J. Electrochem, Sot., 
112, 32 (1965). 

7 Atkinson, E. B., Brooks, P. R., Lewis, T. D., Smith, R. R. and White, K. A., 
Trans. J. Plastics Inst., 85 (117), 549 (1987). 


BIOLOGICAL SCIENCES 


Low-angle X-ray Diffraction from 
Concentrated Sols of F-Actin 


X-ray diffraction maxima from an ordered array of 
identical particles can arise either from the internal struc- 
ture of each particle or from an interparticle repeat. If 
the Bragg spacing varies with the concentration of 
particles in the preparation, it is generally safe to assume 
that the spacing is an interparticle one. In the case of 
F-actin, previous workers? who studied dried fibres by 
X-ray diffraction observed an equatorial reflexion with 
a spacing of 55 A, which increased in spacing as the 
relative humidity was raised®. It was therefore concluded 
that this represented an interfilament repeat. It has also 
been deduced? that the 120 A equatorial reflexion from 
living molluscan smooth muscle arises from the side-by- 
side packing of actin filaments: this reflexion is obtained 
as well from vertebrate smooth muscle, and the spacing 
changes with the tonicity of the medium’. In view of 
these results it is puzzling that when Vazina et al.® studied 
concentrated sols of F-actin the positions of their low- 
angle reflexions did not change with protein concentra- 
tion; they concluded, in fact, that the diffraction maxima 
(at 230 and 110 A) arose from the axial periodicity of the 
filaments rather than from an interfilament repeat. 

I now show that concentrated solutions or sols of 
oriented F-actin do in fact give a strong equatorial dif- 
fraction maximum, the position of which varies with con- 
centration in the manner expected for an array of regularly 
packed, mutually repulsive cylinders. The spacing has 
been observed between 120 and 260 A: because the 
diameter of the filaments is substantially less than 120 A 
(ref. 7), this indicates the existence of long-range forces 
between filaments which are not in contact. 

F-Actin was prepared by the method of Carsten and 


Mommaerts’. Some samples were further purified by gel 
filtration of G-actin and repolymerization in 0-1 M KEP, 
and gave identical results; this makes it most unlikely 
that the strong diffraction maxima observed were from 
any of the minor components found in crude actin. 
Suspensions of F-actin were centrifuged for 5 h at 16500009, 
and the rained pellets diluted again by adding small 
amounts of either distilled water or 0-1 M KCI; results 
were the same in both cases. 

When the solution had equilibrated with the added 
liquid, it was forced down a glass capillary of diameter 
0-5 mm and wall-thickness 0-01 mm (Pantak, Ltd, 
Germany), the ends of which were then sealed. This 
procedure tended to orientate the filaments parallel to 
the length of the tube; the degree of orientation could 
be improved by repeated passage of the sample up and 
down the tube. The tube then showed positive bire- 
fringence. At high concentrations there was a poly- 
crystalline appearance (even before orientation) similar 
to that observed with tobacco mosait virus (TMV)? The 
concentration was determined, after recording the dif- 
fraction pattern, by calculating the volume of the column 
of material in the tube from its dimensions, crushing the 
tube in a known volume of buffer or alkali, and caleulating 
the mass of material from the ultraviolet absorbance of 
the solution’. 

X-ray diffracti®n patterns were obtained either with a 
point-focusing toroidal-mirror camera™ and a Hilger and 
Watts semi-micro-foeus tube, or with a lne-focusing 
quartz erystal monochromator (built in collaboration 
with Dr J. H. Venable) and a high power serni-micro-focus 
tube. Fig. le illustrates the pattern obtained with the 
first camera from a sample of concentration 175 mg/ml.; 
there is a very strong equatorial diffraction maximum 
(arrowed) of Bragg spacing 135 A. Fig. la also shows near- 
meridional diffraction in the 50-60 A region, as expected 
for F-actin'*; with longer exposures (not Wlustrated) this 
diffraction is resolved into two layer imes, and other 
characteristic meridional or near-meridional maxima® can 
be seen. Fig. 1b shows the equatorial diffraction at greater 
resolution, recorded by aligning the specimen tube parallel 
to the slit of the line-focusing camera. There is no sign of 
any other equatorial reflexion having a spacing up to the 
instrumental limit of about 400 A, and no meridional 
reflexion of comparable intensity in this range; the latter 
observation (not illustrated) was made by aligning the 
specimen tube perpendicular to the camera shit. 

The spacing of the equatorial peak, measured from 
patterns such as Fig. 16, was found to increase as the con- 
centration decreased, until the peak faded out at spacings 
above 260 A. When plotted against concentration on a 
double-logarithmic plot (Fig. 2), it followed (within ex; 
mental error) a straight line of slope — 1/2, as expected 
for a non-equilibrium sol of hexagonally packed, mutually 
repulsive cylinders’. There was, moreover, reasonable 
quantitative agreement with the spacings calculated for 
F-actin, knowing the approximate mass per unit length of 
the filaments. For a helical structure’! having thirteen 
subunits of molecular weight 47,600 (ref. 18) in 355 A, the 
mass per unit length is 1,740 daltons/A. This leads to a 
centre-to-centre distance (in A) of s=1830/4/c, where c 
is the concentration in mg/ml., agsurning an extended 
hexagonal array of infinitely long filaments. The first 
equatorial reflexion will then—-for an extended array- 
have a spacing of da= 4/38/2, but, if the array possesses 
only short-range order, the observed peak will tend 
instead towards a spacing of « (ref. 19). In Fig. 2, caleu- 
lated plots of di, and s are shown and the experifhental 
points lie (with one exception) between the two calculated 
lines. 

Various factors make more precise caleulations im- 
practicable; there will be a shift in the peak from the 
multiplication of the interference function by the gapidiy 
varying Fourier transform of the filaments, and a further 
error with imperfectly oriented samples which arises frorn 
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a b 


Fig. 1. a, Enlarged print from the x-rk diffraction pattern of an 
oriented sol of F-actin of concentration 175 mg/ml, Recorded on a 
flat film with Cu Ke radiation. Tube run at 50 kV, 3 mA; exposure 
36 min: original specimen-to-film distance 02 min. T he specimen tube 
was vertical. The central dark area is mainly instrumental scatter; 
the equatorial diffraction maximum (arrowed) has a spacing of about 
135 A. For further details see text. 6, Equatorial diffraction from the 
same sample asa. The central line is an attenuated image of the direct 
beam: adjacent to it on either side is some mainly Instrumental scatter, 
The diffraction maximum (arrowed) has a spacing of 135 A. Tube ran 
at 32 KV, 12 mA; exposure & min; original specimen-to-film distance 
100 mm. The negative has been enlarged to the same scale as in a. 








sht-smearing™. The agreement is nevertheless sufficiently 

good to remove any reasonable doubts about the origin 
of the equatorial diffraction maximum. The absence of 
the other equatorial maxima expected for an extended. 
array suggests that there is only short-range order in the 
lattice. 

The present results cannot apparently be reconciled 
with some of those obtained by Vazina et al., apart from 
the fact that the low-angle spacing described here varies 
with concentration, there is only one maximum instead of 
the two they observed in the 100-250 A region. In 
addition, their reflexions were presumed to be meridional 
(arising from axial periodicities) rather than equatorial, 
though they did not actually demonstrate this. Their 
low- angle patterns (including those of oriented material) 
were obtained with a line-focusing camera, and they 
appear not to have determined the orientation of the 
reflexions by varying the orientation of the specimen 
relative to the camera slit. 
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Fig. 2. Variation of equatorial diffraction with concentration, The 
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The experiments [ report here are of interest in two 
other connexions, First, with suitable improvements in 
orientation, it might be possible** to make deductions 
about the fine structure of F-actin in the way that has 
been possible for TMV. Second, the strong indication of 
long range repulsion mpat $ the conclusion that such 
forces are responsible for keeping the filaments of certain 
museles in a highly regular array, even when they are not 
in contact? t, Repulsive forces may even have a key 
role in the contractile process (G. F. Elliott, B. Rome 
and M. S., manuscript in preparation), 

I thank Mrs Lesley Baker for preparing F-actin. Mr Z 
Gabor for photographie assistance, Dr G. Offer 
essor Jean Hanson for helpful advice, and 
Randall for facilities. 
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Light Chains of Myosin 


Mvosin from rabbit skeletal musele contains low molecular 
weight proteins (light chains) as well as the two large 
polypeptide chains which comprise the bulk of the mole- 
cule, Alkali treatment has been used'-4 to separate the 
hight from the heavy chains, and they have been character- 
ized by gel electrophoresis and in the ultracentrifuge. The 
molecular wei ights are still in dispute, bemg reported as 
20,000 daltons? and 32,000 daltons’, but the ight chains 
give at least three bands on gel electrophoresis and these 
molecular weight determinations? were made with the 
mixture. 

Acetylation at neutral pH (ref. 5) and disulphide ex- 
change® (unpublished results of J. Gazith, D. Himmelfarb 
and W. F. Harrington) have been used to dissociate hight 
chains from myosin, which shows that these proteins are 
not hydrolytic fragments of the heavy chains. The hetero- 
ger sity and variability of yield (between 4-8 per cent? and 

15 per cent) of light chain preparations have led to the 
suggestion that they might be tightly bound impurities', 
but their removal results in total loss of ATPase activ ity of 
the myosin. and there is a preliminary report that with 
reversible dissociation in 4 M LiCl-2 mM ATP, 60 per cent 
of the ATPase activity ean be recovered®, Thus the ight 
chaing may have an integral role in the enzymatic activity 
of myosin. Neverthel less, the heterogencity of these 
proteins makes interpretation of the subunit structure of 
myosin difficult. 
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Fig. i. a, Polyacrylamide gel electrophoresis of carboxymethylated 

light chains removed from myosin by DTNB treatment (1) In the 

absence of urea, (2) in the presence of 1 M urea, (3) in 2M urea, 6, Gel 

electrophoresis of carboxymethylated light chains removed from DTN B- 
treated myosin by alkali. 





Gazith, Himmelfarb and Harrington (unpublished 
results) have demonstrated the removal of light chains 
without loss of enzymatic activity. Treatment of 
myosin with 5,5’-dithiobis-(2 nitrobenzoic acid) (DTNB) 
either in the absence of urea, or in 1 M urea, liberated a 
light chain fraction, and on regeneration of the thiol 
groups in the residual DT'NB-treated myosin, full ATPase 
activity was recovered. In these conditions about 5 per 
cent by weight of the myosin was removed in the light 
chain fraction, but when the reaction with DTNB was 
carried out in 2 M urea, about 7-5 per cent was removed, 
which represented between 70 and 80 per cent of the 
total light chains in myosin, as determined by dissocia- 
tion in 5 M guanidine hydrochloride. The ATPase activity 
recovered by regeneration of the thiols was between 
only 10 and 30 per cent. Further, they reported that the 
amino-acid analyses of light chain fractions removed in 
the absence of urea and in 2 M urea showed no significant 
differences, which is consistent with the dissociation of a 
mixture of components rather than the removal of a specific 
component, and their gel electrophoresis patterns also 
indicated heterogeneity. 

In an attempt to fractionate the light chains, T have 
re-investigated this DTNB treatment. Myosin at about 
1-5 per cent concentration in 0-5 M KCI was reacted with 
0-01 M DTNB at 0° C and pH 8-5 for 10 to 15 min, then 
it was diluted ten-fold with ice cold water to precipitate 
the treated myosin, leaving a supernatant containing 
only the light chains. The precipitate was redissolved in 
0-5 M KCI and dialysed exhaustively against buffers con- 
taining dithiothreitol to remove the blocking group. This 
regenerated myosin appeared turbid and more viscous 
than the starting material, suggesting that aggregation 
had occurred during the reaction. The solution was clarified 
by centrifugation at 30,000 r.p.m., after which the ATPase 
of the myosin was identical to the control, and extinction 
measurements indicated that this centrifugation had 
removed only about 13 per cent of the total protein. 
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Thus any light chains removed were inessential to the 
activity of this myosin which represented nearly 90 per 
cent of the precipitated protein. 

The supernatant containing the light chains was freeze- 
dried, then dialysed exhaustively against buffers con- 
taining dithiothreitol to remove the DTNB. The pr tem 
was then reacted with C-iodoacetie acid at pH 8 to 
carboxymethylate the thiol groups. Gel electrophoresis 
of this material gave the results shown in Pig. le. There 
is a very strong band, accompanied by two to three much 
weaker ones. It is clear that carboxymethylated light 
chains prepared after DTNB treatment of myosin in the 
absence of urea, and in the presence of both 1 M and 2 M 
urea, produce only one major band. Thus the light chain 
fraction removed from myosin with DTNB gives pre- 
dominantly a single band, which suggests that it may be a 
unique protein. 

After regeneration of the DTNB-treated myosin (pre- 
pared in the absence of urea or in 1 M ures) with 
dithiothreitol, further incubation at pH 11-1 (0° C) in the 
presence of 2 M LiCl‘ released another light chain fraction, 
The myosin recovered from this treatment has no ATPase 
activity’. This second light chain fraction was reacted with 
MC. jodoacetic acid in conditions similar to those used for 
the DTNB light chains, and it gave gel electrophoresis 
patterns (Fig. 1b) which were the inverse of those shown. 
in Fig. la, with two major bands corresponding to the 
weak bands of Fig. la and a major band corresponding to 
the DTNB light chains. Thus the alkali light chains 
produced from DIT'NB-treated myosin contain two different 
components and only a trace amount of the DTNB light 
chains. 

Autoradiographs of chymotryptic fingerprints of the 
two light chain preparations confirm that these bands 
correspond to different proteins (Fig. 2). The DTNB 
light chains gave two strong peptide bands, ¢ and d 
together with a much weaker band b. The counts mea- 
sured in peptides ¢ and d were equal, indicating that they 
probably arose from a single protein rather than a nuixture. 

The alkali light chains from DTN B-treated myosin 
gave one major band b, and a satellite band a, but also 
showed the peptide bands ¢ and d in much lower yield, 
(Further ionophoresis of peptides a and b at pH 2 and 
pH 3-5 gave mobilities consistent with the possibility that 





























pH 6.5 
d { 
€ 
b 
a ° 
(1) (2) (2) 
Fig. 2. Autoradiograph of pH 6-4 jonogram of chymotryptic peptides 


from light chains of myosin labelled with “O-lodoacetic acid. (1) Light 
chains prepared by alkali treatment of myosin, (2) DTNB Hight chains, 
(3) alkali light chains from DTN B-treated myosin, 
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a was a deamidation produet of b. This was confirmed by 
the amino-acid compositions of the peptides, which were 
identical (see ref. 8)). Finally, as Fig. 2 shows, alkali 
treatment of a fresh myosin preparation produces light 
chains which contain all the bands seen in the other two 
fractions. 

The possibility remains that the radioactive peptides 
could be fragments related to the same amino-acid 
sequence; to eliminate this suggestion the peptides 
were purified by further paper electrophoresis and the 
amino-acid sequences were determined by the Dansyl- 
Sdman method’, Amino-acid composition and N-terminal 
data confirmed that peptides a and b were the same as 
peptide 5e of Weeds and Hartley’. The other two pep- 
tides c and d were not related in sequence to this peptide 
and their sequences are given in Fig. 3. 


DTNB light chains 
T 


qd) Thr-Thr-Gln-CMC-Asp-Arg- Phe. 


mea me aede a oh e a e aa ae ay a ae 





Alkali light chains. 
Met-Ala-Gly-Gin-Glu-Asp-Ser-Asn-Gly-CMC-Tle-Asn-Tyr 


Fig. 3. Amino-acid sequences of carboxymethyl tysteine peptides pro- 

duced by chymotryptic digestion of light, chains labelled with “ Apdo 

acetic acid. -—--——-, Quantitative amiao-acid analysis; 

sequences determined by the Dansyl-Edman method’, T denotes farther 

fragmentation with trypsin. The sequence of the alkali light chain thiol 
peptide was determined previously’, 








Thus the DI'NB light chains appear to be a unique 
species of low molecular weight protein, which gives a 
single band on gel electrophoresis and is characterized 
by two thiol sequences. These light chains are inessential 
to the ATPase activity of myosin and should therefore 
be regarded as contaminants in the preparations, at least 
until any specific function can be ascribed to them. As 
reported by Gazith, Himmelfarb and Harrington (un- 
published), they account for roughly half of the total low 
molecular weight protein in myosin, a figure confirmed 
from counts in the radioactive peptides (Fig. 2) from 
carboxymethylated alkali light chains of whole myosin, 
where each peptide contained one-third of the total 
counts. The alkali light chains from DTNB-treated 
myosin give two bands on gel electrophoresis, each of which 
contains the same single thiol sequence. On the basis 
of differences in molecular weights and amino-acid 
compositions (ref. 5 and my unpublished results with 8. 
Lowey), it is probable that these light chains arise from 
isoenzymes of myosin, possibly associated with the fast 
and slow muscles utilized in these myosin preparations. 

I thank Drs Gazith, Himmelfarb and Harrington for 
the opportunity of reading their manuscript in January 
this year, and I am particularly grateful to Professor 
Harrington for encouraging publication of this letter 
before his own paper. I also thank Miss Susan Pennell 
for technical assistance. 
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70S Ribosomes are Active 


THE numerous 705 ribosomes found in bacterial extracts 
are believed to arise from the degradation of polysomes 
during preparation of the extracts. But cdo 708 ribosomes 
exist at all in vivo and, if so, to what extent ? Mangiarotti 
and Schlessinger! reported that in extracts of fragile 
mutants of E. coli 70S ribosomes always comprised less 
than 2 per cent of the total ribosome population. Kohler, 
Ron and Davis?, however, have shown that the amount of 
70S ribosomes in Mangiarotti and Schlessinger’s prepara- 
tions was artefactually low. 

During a survey of the ribosome profiles of E. coli 
growing at various growth rates, I found a 308, 508 and 
70S pattern similar to that described by Kohler et al.?, 
When, however, NaCl was substituted for KCl in the 
buffer of the sucrose gradients, the amount of 708 ribo- 
somes present in identically prepared extracts was greatly 
reduced (my unpublished results with R. Monier). 
This differential effect of cations on the ribosome 
pattern was first shown by Phillips, Hotham-Inglewski 
and Franklin®. Whatever the basis for the Na‘t—K+ 
effect, a higher proportion of 70S ribosomes is found, 
even when cell debris and membranes are removed by a 
low speed centrifugation, before the extract is layered 
on a Kt containing gradient. Comparison of poly- 
some and ribosomal subunit profiles from extracts 
analysed on both Nat and K+ gradients strongly suggests 
that the increased amount of 70S ribosomes found i 
K+ gradients arises at the expense of the polysomes. 
Neither increasing the time of EDTA-lvsosyme lysis 
from 2 to 15 min, nor leaving an extract up to Lh ona 
gradient containing Nat, significantly increased the 
proportion of 705 ribosomes. Phillips et al? have shown 
that the decreased number of 70S ribosomes found on 
gradients containing Na* is not caused by instability of 
70S ribosomes. 

Assuming the small proportion of 708 ribosomes found 
on gradients containing Nat more accurately reflects the 
in vivo situation, it was of interest to try to determine 
if these 70S ribosomes were either 305 and 508 subunits 
that had just combined with messenger RNA, or 70S 
ribosomes that had just fallen off the mRNA thread. or 
a mixture of both. The technique suggested by Ron, 
Kohler and Davis! for distinguishing active from run-off 
70S ribosomes (analysis on gradients containing 10-5 M 
Mg**) proved unsatisfactory with crude extracts because 
the 70S region was obseured because of some instability 
of polysomes in 10 M Mgt. 

In pulse labelling experiments, I found that after : 
2 min pulse of uracil, there was very little labelling af 
RNA in E. coli K,, growing on minimal media with 
succinate as carbon source (generation timex 180 min). 
When, however, labelling was increased to 3 min the 
pattern shown in Fig. 1 was found. The radioactivity 
peaks in the right hand curve are approximately 265, 
435 and 70S. The 308 and 505 subunits are little labelled, 
while all the polysomes contain some radioactivity and the 
smaller polysomes the most. The maximum specific 
activity of the 30S and 50S subunits as well as the specific 
activity of the 70S particles and the smaller polysomes 
is also shown. Clearly, the 70S ribosomes are more heavily 
labelled than the subunits and, moreover, the 705 material 
is at least as heavily labelled as the smallest polysomes. 
Similar results have been found at higher growth rates 
and with E. colt B. 

It is to be expected that mRNA will be extensively 
labelled by the pulse whereas the ribosomes ean only be 
slightly labelled (Fig. 1), The radioactivity in the 709 
region must therefore be associated with mRNA, and so 
the labelled 70S material is active monosomes. 

To find out if all the 708 material is active monosomes, 
labelled 708 material (from tubes 5 and 6 in Fig. 1) was 
re-run on a 10- M Mgt+ gradient‘, Fiftv-five per cent of 
the radioactivity sedimented in the 70S region: 20 per 
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Fig. 1. Sucrose gradient analysis of pulse labelled E. coli ribosomes. 


A culture of Æ. coli Ka (3 x 10° cells/ml.) was labelled for 3 min with “C 
uracil and then poured over crushed ice. Extracts were prepared by a 
modification of the EDTA-lysozyme-detergent technique’. Aliquots of 
the extract were layered on identical 15-30 per cent sucrose gradients, 
SW 25-1 rotor, containing 10° M MgSO., 5x10" M tris-HCl, and 
6% 10-? M NaCl, pH 7-5. One gradient was run 16-5 h at 24,000 r.p.m, to 
display the subunits, and the other was run 15 h at 13,000 r.p.m. to show 
the polysome region. The specific radioactivity noted over the different 


epm. : i ; 
regions is --—-~ x 10-8. The major labelled peaks in the subunit region 


piad 
are about 26S and 498, These are precursors to the 305 and 505 
subunits respectively and have recently been extensively studied“, 
This figure presents a partial confirmation of those results using a 
different E. coli strain and a different extraction procedure. 


cent sedimented slightly slower than 50S and is probably 
the result of the 50S subunits tailing into the 70S region on 
the first gradient. By this criterion the 708 material found 
in these conditions is mostly active monomers. 

My results support the ribosome cycle proposed by 
Mangiarotti and Schlessinger! whereby 70S ribosomes 
exist only after the 508 ribosome joins the initiation 
complex (308 ribosome-mRNA-fMet-tRNA). Although 
ribosomes may leave the polysome as 705 ribosomes’, 
and a factor has been reported that causes dissociation of 
the 708 ribosome into its subunitsë, under equilibrium 
growth conditions the 708 ribosomes leaving polysomes are 
probably rapidly returned to the subunit pool’. 

Kelly and Schaechter’ have calculated that about 5 
per cent of a cell’s ribosomes are detaching from mRNA 
in a given second. Conversely, at equilibrium approxim- 
ately 5 per cent of the ribosomes must be entering poly- 
somes. At three different growth rates, extracts of both 
E. coli B and K, contain 4-7 per cent of the total ribo- 
somes as 705 ribosomes when extracts were analysed on 
Nat containing gradients. 

During this work I was a fellow of the American Cancer 
Society. I thank Professor R. Monier for his advice and 
for making facilities available. 
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Occurrence of N2,N2,7-Trimethyl- 
guanosine in Minor RNA Species of a 
Mammalian Cell Line 


SeveraL low molecular weight methylated RNA 
species! in Chinese hamster cells are distinct from (RNA, 
5S rRNA, and 78 rRNA and, in addition, three of them 
contain a nucleoside not previously reported. We now 
present evidence that this unknown nucleoside, which 
is absent from cytoplasmic (RNA and the ribosomal RNA, 
is N?,N?,7-trimethylguanosine. 

An enzymatic hydrolysate of 2-105 RNA isolated from 
(methyl-4C)-methionine labelled Chinese hamster ovary 
cells growing exponentially in suspension culture gives 
the pattern shown in Fig. 1 when chromatographed on 
phosphocellulose ag pH 7-0. Most of the nucleosides and 
95 per cent of the methyl label are eluted from the column 
with 0-01 M ammonium acetate. Four additional 
methylated species are absorbed to the column and are 
eluted with a linear gradient of ammonium acetate pro- 
ceeding to 0-5 M. Three of these nucleosides (11, HI, 
and IV), previously isolated from RNA, are, respectively, 
i-methyladenosine’, 3-methyleytidine!, and T-methyl- 
guanosine. Nucleoside I, eluting slightly after the 
absorbancy from added 7-methylinosine, has not previ- 
ously been identified as a component of RNA. Here we 
present evidence that this nucleoside is N2N27-trimethy!- 
guanosine. 

The three known nucleosides adsorbing to phospho- 
cellulose at pH 7-0 all have a quaternary nitrogen which 
results in a pK near neutrality. Because nucleoside I 
adsorbs in a similar manner, we tentatively assumed the 
presence of a quaternary nitrogen. ‘Treatment with 1 N 
HCI at 100° C for 1 h gave rise to a new substance, suggest- 
ing compound T is a purine nucleoside. The extreme 
alkaline lability of I, quantitative reaction with l D 





ammonia at 37° C in 1 h, is typical of 7-methylpurine 
Degradation of 


nucleosides’. (methyl-#C) I with 
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Fig. 1. Separation of quaternary nucleosides from 
ovary RNA. Cella at a density of 100,000/mi. were 
acim, of L-(methyL“C}-methionine (Schware 
mCi/mmole). When the culture had reached a 
cells were harvested, and RNA was prepared v 
The 2-108 region of a sucrose gradient was treated k 
and alkaline phosphatase’, and the digestion producte were chromato- 
graphed on phosphocellulose at pH 7-0 as described in the text. *The 
following nucleosides were added: 7-methylinosine, 1~ sthylade = 
3-methyleytidine, and 7-methylguanosine. ~= m, Absorbance at 254 
nm; @-- @, cpm. 
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Fig. 2. T 
The buffers were: 1, sodium acetate, 0-1 M, pH 5-0: 2, sodium carbonate, 


may not have been completely free of salt. TI 
265-9 nm was 10,300, 


concentrated HC] at 180° C for 6 h resulted in the forma- 
tion of two radioactive components which have been 
identified by co-migration with known compounds as 
dimethylamine and sarcosine. The formation of sarcosine 
in these conditions is expected from a 7-methyl- 
purine’. In a typical chromatogram of the degradation 
products the ratio of YC counts migrating with dimethyl- 
amine to those migrating with sarcosine is 2:1. The 
presence of dimethylamine in the acid hydrolysis was 
confirmed by the formation of the 3,5-dinitrobenzamide 
derivative which co-migrated with known material on 
formamide-impregnated paper in cyclohexane : benzene 
1:1% In these conditions, the methylamine derivative 
had an Re of 0-08, while the N.N-dimethyl-3,5-dinitro- 
benzamide had an Rr of 0-26. When 2-108 RNA labelled 
with guanosine-8-4C was enzymatically hydrolysed and 
chromatographed in the same way (Fig. 1) the ratio of 
counts in peak I to that in peak IV (7-methylguanosine} 
was 0-15. The ratio T/IV for (methy!-"C)-labelled RNA 
was in three separate experiments 0-39, 0-41, and 0-43. 
The ratio 1/1V for (methyl-"C) divided by the ratio 1/TV 
for guanosine-4C would be expected to be 3-0 for tri- 
methylguanosine. The observed values 2-6, 2-7, and 2-9 
are close to the theoretical value. 
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Fig. 3. Tentative identification of the degradation products of N3, Ne, T- 

trimethylguanosine. Preliminary evidence suggests that the transforma- 

tion of B to C may occur under the mild acid conditions used. Alterna- 

tively, the small amount of free purine (C) may have been present in the 
sample before treatment with alkali, 
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Spectra of N?,N*,7-trimethylguanosine obtained on a Cary 14 spectrophotometer. 
01M, pH 10-0; 
3, hydrochloric acid, 0-1 M; 4, potassium hydroxide, 0-1 M. The sample was a lyophilized 
powder obtained from a phosphocellulose column similar to that shown in Fig. 1 and 
The calculated emax for spectrum 1 at 


NATURE. VOL. 223, SEPTEMBER 27. 1969 


A substance identical with I was prepared 
by the methylation of N?*,N?-dimethyl- 
guanosine using the procedure of Jones and 
Robbins for preparation of 7-methylguano- 
sine,  N?,.N?-dimethylguanosine (20 mg) 
was suspended in 400 ul. of dimethylacet- 
amide containing 10 ul. of dimethylsulphate, 
The reaction was allowed to proceed for 
12 h at 26° C and was then adjusted to pH 
J 80 with concentrated ammonia. The 
reaction mixture was applied to a phospho- 
cellulose column at pH 7-0. as described for 
| the isolation of I. Material in the major 
adsorbed peak was lyophilized. The spectra 
of this material are shown in Fig. 2 In 
addition to the major product. another com- 
340 pound was eluted at a higher salt concentra- 
tion. This substance was identical to the 
methylation product of N?-methylguanosine 
obtained by the above procedure. That 
both N?-methylguanosine and N2,N?-di- 
methylguanosme were methylated at the 
7-position was shown by the formation 
of sarcosine after acid digestion at 180° ©. 
Identity of I and N*.N2,7-trimethylguanosine was 
shown by (a) co-migration on phosphocellulose at pH 7-0; 
(b) co-migration on paper with n-butanol : ammonia: 
water 100: 2: 16 after treatment with 1 N HCI at 100°C 
for 1 h; and (ce) eo-migration on phosphocellulose at pH 
3-85 after consecutive treatment with I1 N ammonia at 
37° © for 1 h and 1 N HCl at 37° C for 3 h. Fig. 3 shows 
the tentative structure of the degradation products of 
N?.N2,7-trimethylguanosine in these eonditions®. 

Hydrolysis of RNA containing N*,N?.7-trimethylguano- 
sine with 0-3 N KOH at 37° C results in the formation of a 
radioactive fragment which does not adsorb to DEAE- 
cellulose at pH 7-0. This fragment has the same mobility 
as the major degradation product (B) of compound I. We 
believe that the intermediate pyrimidine nucleotide (A) 
has a glycoside bond which is sensitive either to alkali or 
to conditions existing during or subsequent to neutraliza- 
tion. It was noted, however, that N?,N?.7-trimethyl- 
guanosine treated with alkali and neutralized as above 
gives mainly product A and less than 10 per cent B. The 
reason for this discrepancy may be due to a greater 
glycoside instability when phosphate is present on the 
X- or 3^- position of the sugar. 

A preliminary experiment performed with HeLa cells 
suggests the presence of N?#,N2,7-trimethylguanosine in 
amounts similar to that found in Chinese hamster ovary 
cells. 

We thank Mrs G. T. Fritz for recording the spectra 
and J. L. Hanners for technical assistance. This work was 
performed under the auspices of the US Atomic Energy 
Commission. 
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Role of Lysosomes in Amelogenesis 


Previous studies in amelogenesis have shown that the 
organie matrix of enamel undergoes marked changes during 
development. These include a loss of protein and a change 
in the amino-acid composition'*, Experiments with 
labelled protein precursors show that label first appears 
in a diserete layer in the enamel but soon spreads through- 
out the matrix? *. Only tentative explanations for such 
processes have so far been put forward, More recently, 
however, preliminary histochemical studies have shown 
that several enzymes belonging to the lysosomal system 
are present im ameloblasts.  Lysosomes are known to 
participate in both intra and extracellular degradative 
processes’, and it is possible that lysosomal enzymes may 
be the agents responsible for some of the changes observed 
in enamel matrix during development. We have investi- 
gated this possibility using the more powerful technique 
of enzyme cytochemistry combined with electron miero- 
scopy. 

Frozen sections (20 um) of cold aldebyde-fixed® first 
molars of 3 day old rats were decalcified in acetate-sucrose 
solution® for periods of 1 to 2 h before incubation in the 
Gomori acid phosphatase medium for 15-60 min, They 
were then postfixed in osmium tetroxide, dehydrated in 
graded alcohols and embedded in ‘Epon’. Regions con- 
taining secretory ameloblasts were located for electron 
microscopy by examination of 1-2 ym toluidine blue 
stained sections. Ultrathin sections obtained from 
these regions were stained with uranyl acetate and lead 
citrate and examined in a Philips ÆM 200 electron miero- 
scope. 

The present cytochemical results show that an extensive 
lysosomal system exists in cells of the ameloblastic layer. 
Secretory ameloblasts show acid phosphatase activity im 
the highly developed Golgi complex and associated 
structures (Fig. 1) and in the distal region of the cyto- 
plasm, including the Tomes process (Fig. 2). The reaction 
product is found within the Golgi saccules, in surrounding 
vesicles of various sizes, and im secretion-like granules 
(Fig. 3). Smooth profiles, occasionally having round 
dilated portions, and located near the inner face of the 
Yolgi complex, also exhibit a strong reaction for acid 
phosphatase (Fig. 3). These unages suggest that the Golgi 
complex is involved in the formation of lysosomes in the 
ameloblast in the manner postulated for other cell types’. 
The stained smooth profiles with focal dilatations seen 
in the inner regions of the Golgi complex, however, closely 
resemble the so-called GERL complex. This structure, 
already described in other cells*, consists of a specialized 
portion of smooth endoplasmic reticulum which seems to 
provide another route for the formation of lysosomes. 
Our results therefore suggest that both the Golgi and the 
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GERL complexes of the ameloblast are operating sunul- 
taneously in the production of Ivsosomal elements. 

The Tomes process has an extensive and heterogeneous 
population of lysosomes, for lead phosphate deposits are 
seen in many vesicular. vacuolar and channel-hke struc 
tures (Fig. 2). Some of these lysosomes have presumably 
migrated to this region from their sites of production 
in the more basally situated Golgi and GERL complexes, 
whereas other polymorphic phosphatase-positive bodies 





Fig. 1. Mid-region of secretory ameloblasts stained for acid phosphatase. 


length of the longitudinally oriented Golgi complex and in associated granules, 


thronghont the whole 


‘The ameloblast in the centre shows reaction product 
Electron micrograph, » 13.000. 
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may have resulted from the fusion of lysosomes with 
membrane-bound struetures derived through resorptive 
activities occurring in the Tomes process!®-!, 

The identification of such an extensive degradative 
apparatus in the ‘Tomes process supports our concept that 
lysosomal enzymes may play a part in the development 
of enamel. To be effective, they would have to be secreted 
into the enamel-containing space where they would pro- 
mote partial degradation of the organie matrix after which 
the products would presumably be able to diffuse through- 
out the existing enamel and undergo resorption by the 
mreloblast. A similar leakage of lysosomal enzymes has 
been reported to accompany the degradation of other 
extracellular matrices'5, Unfortunately. confirmation of 
the leakage of lysosomal enzymes into the enamel matrix 
by similar biochemical studies is rendered almost impos- 
sible by the difficulty of taking samples of developing 
enamel free from contaminating hydrolases released by 
disruption of ameloblasts at the level of the Tomes process. 








Fig. 3. Detail of the Golgi region of a stained secretory ameloblast, 

Acid phosphatase activity is present in the Golgi saccules (G) and vesicles 

(arrows), Also present are stained elongated smooth profiles (GE) show- 

ing regional dilatations. They are situated near the inner face of the 

Golgi complex and are identified as the GERL complex of the cell. A 

secretion-like droplet (S) in the lower part of the figure shows reaction 
product, Electron micrograph, x 62,500, 





Another function of the lysosomal system in ameloblasts 

is suggested by the observed association of acid phospha- 
tase with secretion granules. Thus regulation of secretion 
may be occurring in ameloblasts in a manner similar to 
that suggested for other secretory cells. 
The participation of such an extensive lysosomal 
stem in the events associated with amelogenesis may be 
vital to the establishment of appropriate conditions for 
the normal course of enamel formation. In consequence, 
abnormal development of enamel could result from over 
or underproduction of lysosomes by ameloblasts and also 
from the effects of agents which are known to alter their 
stability and function, such as hormones, vitamin A, 
bacterial toxins and so on”, 
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Sodium Cyclamate, Saccharin and 
Food Efficiency 


FoLLowine experiments with 043 per cent sodium 
cyclamate in rat’s food? in which rats consuming cyclamate 
had a better food efficiency than the controls, I performed 
two further experiments using two basic rations; saccharin 
was introduced, and both sweetening agents were given 
in varying amounts to weanling Wistar strain albino rats 
of both sexes during 5 weeks. 

The basic rations used were the Ran-1961 diet, com- 
posed according to the data of the food consumption of the 
Dutch population in 1961, and the stock food-—a modified 
Coward ration? A Ran-1961 with an extra 15 calories 
per cent sugar was prepared by an isocaloric substitution 
of proportionate amounts of bread and potato by sugar 
and supplementing with wheat gluten and potato protein. 
In the Ran-cyclamate food, sodium cyclamate was sub- 
stituted for two-thirds of the sugar in the original diet, 
so that the sweetening effect was the same; that is, an 
amount 1/30 of the weight of the sugar. The sugar content 
of Ran-1961 basie ration is 15 calories per cent (exp. 41). 
The same amount of sodium cyclamate—-0-43 per cent by 
weight of the food-—-was also given in stock food. Tn 
littermate groups half of this dose and the double dose 
were given. The same amounts of saccharin were given. 
although its sweetening effect is much higher (about 17 
times) than that of cyclamate. 0-43 per cent saccharin 
was also given with Ran-1961 food; this ration was pre- 
pared in the same way as the Ran-cyclamate food (exp. 
B). Table 1 gives the composition of the diets in calories 
percent. In experiment A the groups consisted of twenty- 


Table 1. AVERAGE COMPOSITION OF THE DIETS IN CALORIES PER CENT 
Carbo- 
Proteln® Fatt hydrate Sucrose 
total 
Ran-1961 control 12 44 44 15 
Ran-1981 +15 calories per cent sugar 12 44 44 BO 
extra 
Ran-1961 + 0-43 per cent evclamate or 18 49 38 BS 
saccharin $ 
Stock food 22 14 64 0 
Stock food with cyclamate or saccharin 22 14 G4 0 


* Based on measurements in three different batches or more (stock food), 
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Table 2. 











1369 


AVERAGE WEIGHT INCREASE AND FOOD EFFICIENCY 


Statistically different from the control group” 











Food Weight increase in Food efficiency (bilateral tail error) ok 
5 weeks in grams per 100 calories Weight Food consumption Food efficlsney 
in calories per 100 calories 
Male animals: 
(A) Ran 61 control 96-9 m _ cae 
Ran '61-15 calories per cent sugar extra 88-4 us. nog. (O12) 
1-0-43 per cent Na-cyclamate 108-9 0-03 ng 
LB) Š ntrol 1375 — m 
0-215 per cent Na-cyclamate 130-9 nS, ns 
Stack-0-43 per cent Na-cyclamate 141-5 na. nS. , 
Stock-0-36 per cent Na-cyclamate 130-1 na. ns. (7) 
Stock-0-215 per cent saccharin 189-4 ) n.8. DLS. 
Stock-0-43 per cent saccharin 135-9 TRG n.s. 1.8. 
Stock-0-86 per cent saccharin 137-2 7:99 ne. ns 
Ran '61-control 1028 6-19 == (gaa pA 
Ran '61-0-48 per cent saccharin 141 7:50 ns. n.s. (14) 60-0002 
Female animals: 
(4) Ran ‘61 control 80-2 548 —~ = e 
Ran ‘61-15 calories per cent sugar extra 66-0 4-82 {-) O05 ns. (=) 0-007 
Ran "61-043 per cent Na-cyclamate 83-2 5-66 ms. na. na. 
(B) Stock-control ƏLi 582 -— _ ee 
Stock-0-215 per cent Na-cyclamate 84-6 541 ns. ng. 
Stock-0-43 per cent Na-cyclamate 85-9 5-92 ng. n.s. (009 
Stock-0-86 per cent Na-cyclamate 877 5-91 n.8. ns. i 
Stock-0-215 per cent saccharin 95-1 6-19 TS, n8, np. (0-14) 
Stock-0-43 per cent saccharin 84-7 5-80 ng, n.8. na 
Stock-0-86 per cent saccharin B64 569 na. ng. ha. 
Ran ’61-control 84-8 525 _ ~e wi 
Ran '61~0-43 per cent saccharin 86:0 582 D.S. n.8, O82 


* The differences between the stock control and Ran ‘61 control groups were significant with respect to weight in males only (Pe = 0-001); not significant 


for calorie consumption; and clearly significant for food efficiency in both sexes (¢ P, = 0-00004 ; 


two males and eighteen females; in experiment B ten 
animals of each sex were used in each group. Littermates 
were equally divided over all groups of the two experiments 
in such a way that the average initial weights per subgroup 
were the same. 

The results are given in Table 2, Wilcoxon’s parameter 
free ranking test was applied to calculate the bilateral 
tail errors’. No deaths occurred in the experimental 
period. In experiment A a significantly higher food 
efficiency was seen in the male Ran-cyclamate group than 
in the control group, confirming the earlier data‘; the 
difference between the female groups was not significant 
but the tendency was the same. Extra sugar diminished 
the food efficiency significantly in the females; in the 
males the effect was less clear. The tendency is the same 
as seen in earlier investigations™®™*. 

Sodium cyclamate added to stock food—experiment B 
—-which is significantly better than Ran food in respect 
to growth and food efficiency of rats, had no significant 
effect, although the tendency remained the same, except 
for the lowest dose groups. The effect of saccharin given 
with stock food also proved to be insignificant, although 
a tendency to a better food efficiency was present. Mixed 
with Ran-1961 food, however, it produced a highly 
significant improvement of the food efficiency in both 
Sexes. 

In all experiments (the present as well as the earlier’) 
the effects on body weight and food consumption were 
less clear and less consistent. In most cases the ad libitum 
food intake was lower than that of the controls, and 
growth almost the same as in the controls. 

In conclusion, both sodium cyclamate and saccharin in 
amounts of 0-43 per cent increase food efficiency if sup- 
plied with a human-type food. This Ran-food is sub- 
optimal for the rat, presumably chiefly because of its low 
protein content-—12 per cent—-whereas about 18 per cent 
is considered optimal. Stock food which is adequate in 
this respect gives little opportunity for further improve- 
ment. The effects might, however, have been more 
convincing in larger groups of animals than ten per sex. 
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As usual, the male animals are more susceptible to dietary 
changes than the*females and effects are larger and more 
convineing in the former than in the latter. 

An explanation of the effect cannot be given. There is 
some similarity between cyclamate and saccharin, both 
containing nitrogen and sulphur. Saccharin is excreted 
unchanged, part of the cyclamate loses its sulpho-group 
and is found back as cyclohexylamine or farther conve 
sion products that are known to be toxic’, An effect on 
the intestinal flora might also be suggested, because of 
the resemblance to sulpha drugs. 
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Permeability of Rat White Adipose , 
Tissue Mitochondria to Citrate, Isocitrate 
and 2-Oxoglutarate 


‘THE biosynthesis of fatty acids from glucose by white 
adipose tissue involves a multienzyme sequence: forma- 
tion of pyruvate by glycolysis, oxidative decarboxylation 
of pyruvate in mitochondria, giving acetyl-CoA, and syn- 
thesis of fatty acids from acetyl-CoA outside the mito- 
chondria. The biosynthesis thus requires the production 
of extramitochondrial acetyl-CoA from intramitochondrial 
acetyl-CoA. It is generally accepted that mitochondria 
are impermeablo to acetyl-CoA and the pathwa% most 
favoured involves in turn formation of citrate from intra- e 
mitochondrial acetyl-CoA by citrate synthase (EC 
4.1.3.7), transfer of citrate across the mitochondrial 
membrane and the production of extramitochondrial 
acetyl-CoA from citrate by ATP citrate lyase (EC 4.1.3.6) 
(refs. 1-3). Isolated liver mitochondria have been shown to 
contain a vectorial transport system for citrate (and iso- 
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Fig. 1, Polarographie measurements of ox gen consumption of white 


adipose tissue n 1ondria with citrate, titrate and 2-oxoglutarate 
as substrates, Adipose tissue mitochondria (1 mg protein) were aus- 
pended in 3 ml. of a medium containing 125 mM KCI, 20 mM loride, 
pH 7-4, 1-6 mM inorganic phosphate and 2 m MgCl, at 25°. Additions 
were as follows: exp, 1, 083 mM ADP, 2-5 mM citrate, 1-67 mM L- 






















malate; exp. 2, 033 mM ADP, 1-67 mM i-malate, 2-5 mM citrate: 
exp 0:33 mM ADP, 0-67 mM isocitrate, 0-67 mM hydroxymalonate ; 


exp, 4, 033 mM ADP, 1-67 mM 2-oxogintarate, 1-67 mM L-malate; 
exp. 5, 0:33 mM ADP, L87 mM t-malate, 1-67 mM 2-oxoghitarate, 
(Experiments of M. L. H. and B, H. R., Toronto.) 





citrate) and a second system fer 2-oxoglutarate both 
requiring catalytic amounts of phosphate and malate’-', 
In view of the postulated key step of citrate transfer in 
the biosynthesis of fatty acids from glucose, it seemed 
important to establish clearly the presence of a citrate 
(and isocitrate) transport. system in white adipose tissue 
mitochondria. The presence of a transport system for the 
transfer of 2-oxoglutarate has also been investigated, 

The studies have been carried out by two groups of 
workers in Bristol and Toronto who have developed 
different methods of preparation of intact and coupled 
adipose tissue mitochondria. The Toronto group prepared 
isolated fat cells from rat peri-renal and epididymal 
adipose tissue by the method of Rodbell, The cells were 
suspended in a medium. pH 7-4, containing 0-5 M sucrose; 
5 mM tris chloride, 1 mM EGTA and 2-5 per cent bovine 
serum albumin. After breaking the cells by homogeniza- 
tion, the mitochondria were isolated by a technique 
essentially similar to that of Schneider and Hogeboom®, 
The mitochondria showed respiratory control ratios of 
ix with pyruvate plus L-malate and four with succinate as 
substrates. In Bristol, fat cells were pre- 
pared from rat epididymal adipose tissue 
as deseribed by Rodbell! except that both 
glucose (3 mg/ml.) and insulin (20 mt/ml.) 
were added to the ineubation medium. The S 
cells were suspended in a medium, pH 7-4, ‘i 
containing 250 mM sucrose, 20 mM tris Matate 
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and 2 per cent defatted bovine serum 
albumin, The cells were broken by vigor- 
ously stirring the suspension with a ‘Vortex’ 
mixer in a glass tube for | min and the mito- 
chondria isolated by. centrifugation (in an 
MSE 18 instrument) àt 3.000g for 2 min to 
remove unbroken cells, fat and cell debris 
and then at 20,000g for 1 min to sediment 
the mitochondria. These were resuspended 
in sucrose medium and centrifuged again 
at 20,0009 for 1 min. The pellet was taken 
up in sucrose medium to give a final concen- 
tration of approximately 10 mg mito- 
chondrial protein/ml. The mitochondria 
showed respiratory control ratios of five 
with pyruvate and three with succinate as 
substrites with P/O ratios of approximately 
2-6 and 1-8, respectively. f 


chloride, 2 mM EGTA. 10 mM glutathione 1 
K 
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Fig, 2. 
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Adipose tissue mitochondria prepared by either method 
oxidized citrate, isocitrate and 2-oxoglutarate well, but 
only after the addition of L-malate. In Fig. 1 are shown 
the rates of oxygen consumption measured polarographic- 
ally of adipose tissue mitochondria prepared in Toronto, 
The mitochondria were first allowed to respire with ADP 
and inorganie phosphate to remove endogenous substrates. 
Added citrate or 2-oxoglutarate caused no increase in 
oxygen consumption until L-malate was added; conversel y 
L-malate caused no increased respiration until citrate or 
2-oxoglutarate was added. Similar observations were 
made with isocitrate as substrate. With mitochondria 
prepared in Bristol, additions of -malate at a lower 
concentration (1 mM) gave very similar results to these, 
but -malate at 2-5 mM caused appreciable respiration 
which nevertheless was doubled on addition of citrate. 
As found with rat liver mitochondria", the non- 
oxidizable dicarboxylic acid, hydroxymalonate, mirnieked 
the effect of L-malate (for example, its effect on isocitrate 
oxidation is shown in Fig. 1), indicating that the activating 
effects of L-malate on the oxidation of citrate, isocitrate 
and 2-oxoglutarate were unlikely to be due to linked 
oxidations. 

The ammonium swelling technique as deseribed by 
Chappell and Haarhoff? was used to investigate further 
the requirements for citrate and isocitrate entry mto adi- 
pose tissue mitochondria. prepared in Bristol (Fig. 2). 
Mitochondria were suspended in iso-osmotie citrate or 
isocitrate in the presence of rotenone and antimyein (to 
prevent any oxidations) and EGTA’ Swelling was followed 
by the reduction of absorbance at 578 mM. No appreciable 
swelling was detected in either ammonium citrate or 
isocitrate unless both L-malate and phosphate were added. 
The rate of swelling after the addition of both t-malate 
and phosphate was initially rapid, indicating that the 
penetration of the mitochondria by the anion under these 
conditions was greatly facilitated. 

Tt thus seems clear that white adipose tissue mito- 
chondria do contain transport systems for citrate (and 
isocitrate) and 2-oxoglutarate. The systom for citrate 
{and isocitrate) appears to resemble closely that found in 
liver mitochondria. Transport of citrate or isocitrate is 
rapid but requires the presence of both t-malate and 
phosphate. The rates of transport are much higher than 
those found in certain mitochondria such as those isolated 
from rat heart. On the basis of these results, it is feasible 
that the pathway of fatty acid biosynthesis involves the 
transfer of the acetate moiety of acetyl-CoA out of adipose 
tissue mitochondria as citrate and the poss ibility arises that 
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Swelling of white adipose tissue mitochondria in iso-osmotic citrate and isocitrate. 
Adipose tissue mitochondria (0:2 mg) were suspended in 1-5 mi. of either 70 mM ammonium 
citrate (exps. 1 and 2) or 70 mM ammonium isocitrate (exps. 3 and 4) containing 10 mM tris 
chloride, pH 7-4, 1 mM EGTA, 0-5 ug/ml. rotenone and 3-0 g/ml. antimycin. 
malate and phosphate were made at the indicated times to give final concentrations of 2 mM, 
Swelling was followed by recording changes in the absorbance at 578 nm of the mitochondrial 
suspension in a 4 cm light path cell. (Experiments of B, R. M. and R. M. D., Bristol.) 


Additions of 
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the rate of transfer: may be affected by the concentration 
of L-malate. a 
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Autoradiographic Localization of 
"5]-Labelled Transferrin in 
Rabbit Reticulocytes 


Tue first step in the transfer of iron from the plasma iron- 
carrying protein, transferrin, to reticulocytes and probably 
to other erythropoietic cells, is the binding of transferrin 
to the cells'?. After release, the iron from transferrin 
enters the haem synthesis pathway, while the transferrin is 
released from the cell. The transferrin binding occurs 
in two stages, an initial rapid, temperature insensitive 
stage, probably adsorption to the cell membrane, and a 
slower temperature dependent stage which results in a 
firmer union of the transferrin to the cell’. Little is known 
about the nature or the site of transferrin binding to 
reticulocytes. We report here that transferrin actually 
penetrates into the interior of the cell. 

Two types of reticulocyte-rich blood were used. One 
was produced by withdrawing blood from a rabbit five 
times during the week preceding the experiment, and the 
other by five daily subcutaneous injections of phenyl- 
hydrazine hydrochloride (6 mg/kg body weight). 10 mg 
of purified rabbit transferrin was labelled with 10 mCi 
earrier-free 1°J-sodium iodide by the iodine monochloride 
method’, Free 1I was removed by passage through a 
column of ‘Amberlite JRA 410’, followed by dialysis 
against three changes of Hanks and Wallace solution*. 
After precipitation with trichloroacetic acid (10 g/100 ml.) 
at least 99-6 per cent of the 1I was protein-bound. 
Blood was obtained from each rabbit using heparin as an 
anticoagulant. The cells were washed three times in 
0-15 M sodium chloride, incubated with the !5I-transferrin 
for 30 min at either 4° C or 37° C and washed three times 
in 0-15 M sodium chloride®. Each incubation was carried 
out using 0-1 ml. packed reticulocyte-rich erythrocytes 
and 0-2 ml. labelled transferrin (4 mg/ml.). After incuba- 
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tion and washing, the cells were fixed in buffered glutar- 
aldehyde’, washed with cacodylate buffer (pH 7-4), 
dehydrated and embedded in ‘Araldite’, Sections were 
prepared for electron microscope autoradiography’ using 
Ilford L4 emulsion, exposed for periods up to 33 days, 





developed in ‘Microdol X? developer, and stained in 
aqueous uranyl acetate and lead citrate’ before examina- 


tion in a Phillips 300 electron microscope. The distribu- 
tion of the developed silver grains was determined by 
grain counting (Table 1). Those grains which were within 
one grain diameter of the cell membrane were scored as 
being on the cell membrane (whether inside or out) while 
grains which were more than one grain diameter within 
the membrane were scored as being intracellular. Grains 
outside the membrane by more than one grain diameter 
were scored as background (less than 1-4 per cent of all 


grains). 


Table 1. DISTRIBUTION OF DEVELOPED SILVER GRAINS AS DETERMINED BY 
ELECTRON MICROSCOPE AUTORADIOGRAPHY AFTER INCUBATION OF RABBED 
RETICULOCYTES WITH ‘*T-TRANSPERRIN 


25]. trans- Per cent 












Reticu- Ineu- ferrin Percent Per cent cells 
Retieu- locyte bation uptake labelled grains showing 
locytes count temper- {e pan. fil, cella inside int 
(percent) ature eelis) cells labelling 
Haemor- 63 87°C 85 « 10° 8-8 5 Ei 
rhage 4°C 21x 10* 2 
Phenyl- 90 7T C 50x10" AG2 228 405420 
hydrazine 44°C 18x10 2 TRL 38 





The specific activity of the tpansferrin wag 6-4 x 10° c.pam./mg. 
* Standard error of the mean. 


After incubation of both types of reticulocyte at 37° © 
approximately 40 per cent of the grains were intracellular 
and 60 per cent were associated with the cell membrane. 
By contrast, after incubation at 4° C only 11-13 per cent 
of the grains were intracellular. This difference was highly 
significant for both cell types (P<0-001}. In all, 2,210 
cells and 1,412 grains were observed. The grains within 
the cells were distributed throughout the eytoplasm 
(Fig. 1). 

Control experiments were done to deterrnine whether 
the labelling represented the location of the transferrin 





Fig. 1. Electron microscope autoradiograph of a thin section of a tieu- 
locyte incubated with #*"I-transferrin, Grains are over the cell membrane 
and evtoplasm—see Table 1. Exposure 83 days. 
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molecules. First, the difference in the distribution of 
grains after incubation at 4° C and at 37° C showed that the 
apparent localization of grains within the cell cannot be 
an artefact caused by different planes of sectioning or by a 
lack of resolving power of the autoradiographic technique. 
Second, reticulocyte rich blood was incubated for 30 min 
with either J -transferrin or with }“[-sodium iodide in 
Hanks and Wallace solution. The cell samples were then 
prepared as for electron microscopy. The percentage of 
radioactivity of the incubation medium which remained 
on the cells at different stages in the procedure is shown in 
Table 2. After incubation with !%I-transferrin more 1I 
was taken up at 37° C than at 4° C, and essentially all of 
the radioactivity remained attached to the cells during 
preparation for electron microscopy. By contrast, more 
5] sodium iodide was present on the cells after incubation 
at 4° C than at 37° C, and the amount remaining on the 
cells decreased as they were prepared for electron miero- 
scopy. The third control was to determine if any increase 
in trichloroacetic acid soluble 1I occurred during incuba- 
tion of reticulocytes with }°I-transferrin. No such release 
was found to occur. 


Table 2. RETICULOCYTE RADIOACTIVITY DURING DIFFERENT STAGES OF 
PREPARATION FOR ELECTRON MICROSCOPY AFTER INCUBATION FOR 30 MIN 
WITH '"4-TRANSFERRIN OR Y-SODIUM IODIDE 

Por cent. of 1I of incubation medium 


Incubation remd@tning after: 
Incubation temper- Glutar- 
solution atare aldehyde , Buffer Dehydra- Embed- 

fixation wash tion ding 

07 transferrin 37° 0 106 10-6 10-6 10-6 
4°c 38 36 36 36 
MiTsodium iodide 37°C 13 Ost 0-51 O45 
PE 50 2) L4 Li 


These experiments indicate that during the process of 
transferrin and iron uptake by reticulocytes the transferrin 
molecules actually pass into the cells and are not exelu- 
sively localized to cell membrane receptors as previously 
thought?, During incubation at 4° C most of the trans- 
ferrin is localized to the cell membrane, probably as a 
result of adsorption. A slow passage into the cell may 
possibly take place at this temperature, accounting 
for the 11-13 per cent of the grains which appeared to be 
within the cell membrane in the reticulocytes which were 
incubated at 4° C. With incubation at 37° C, the slower 
second stage of transferrin uptake takes place? and much 
more is localized within the cell. It is probable that this 
second stage represents the passage of transferrin into the 
interior of the cell, This would account for the relative 
slowness of the process'?, the formation of the apparent 
stronger union between transferrin and the reticulocyte’, 
and for the fact that sulphydry] reagents inhibit both the 
uptake and the release of transferrin from the cell. 
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Post-mortem Changes in the Oxygen 
Uptake and NAD Content of Lamb 
Muscularis Semimembranosus 


Mear which is freshly cut and exposed to air quickly 
develops an attractive, bright red colour, caused by 
formation of oxymyoglobin in the exposed surfaces. The 
brightness and saturation of the developed colour depend 
on the depth of the zone in which oxygen can penetrate 
into the tissues and oxygenate myoglobin; one of the 
factors governing the inward limit to this superficial 
zone is the rate of oxygen consumption of the actively 
respiring tissue!. 

We have investigated the rate of oxygen consumption 
in the m, semimembranosus of twelve lamb carcasses 
(6-8 months old, ‘Dorset Down’ x ‘Devon Close Wool’ 
lambs) taken from the production line at a commercial 
abattoir, Samples of the muscle were excised from cach 
carcass at intervals between 5 and 220 h after death, during 
normal cooling and subsequent cold storage at 0° C. 

The oxygen uptake of the sample was measured by the 
Warburg manometric technique’, using about 1 g of minced 
sample in 3 ml. Ringer solution at 15° ©. The content of 
NAD (oxidized and reduced forms) of each sample excised 
(up to 48 h after death) was determined, using the 
enzymatic method of Klingenberg’. i 
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Fig, 1. Lamb semimembranosus muscle, Oxygen uptake In 2 h at 
16°C, 


The data obtained for oxygen uptake, expressed as 
mm? of oxygen absorbed/1 g of minced tissue, during the 
first 2 h of the manometric determination (at 15° ©), are 
plotted against time of sampling in Fig. 1. The high 
rate of oxygen uptake (260+ 70 mm?/g) found in the 
samples taken 5 h post mortem declined rapidly, until 
by 120 h post mortem it was reduced by 66 per cent. A 
very slow decline in oxygen uptake was recorded during 
subsequent storage of the carcasses up to 9 days. 

Total NAD in the same samples also showed a rapid 
decline, falling from 0-62 ymoles/g tissue in the initial 5 h 
samples to 0-42 and 0:31 umoles/g in the samples excised 
at 24 and 48 h post mortem, respectively. 

In further experiments, controlled additions of NADH 
were made to the minced sample (taken 3 days post mor- 
tem) in the Warburg vessel, and the effects on oxygen 
uptake were observed. The rate of oxygen uptake was 
accelerated by the addition of 1-4 ymoles NADH/ml. of 
Ringer solution in the Warburg flask, the largest addition 
giving a four-fold increase in oxygen uptake in 2 h at 
15° C (Fig. 2). 

We conclude that oxygen uptake by muscle after death 
is related to the natural content of NAD or NADH or 
both. The relevance of oxygen uptake, and NAD‘, to 
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Fig. 2. Lamb semimembranosus muscle. Effect of added NADH on 
oxygen uptake, measured after incubation for 15 h at 15° C. 


the quality and stability of the colour developed in the 
surfaces of meat by oxygenation of myoglobin is now 
under investigation. 
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Specific Inhibition of an Antibody 
Response by Affinity Labelling 


THERE is reason to believe that the site at which antigen 
is recognized is located on a precursor of the antibody 
producing cell; it is thought to have antigen binding 
properties similar or identical to the antigen binding site 
of the antibody which that cell will produce if appro- 
priately -stimulated?*. Antigens can bind to the surface 
of antibody producing cells?4; and immunoglobulin 
molecules have been detected on the surface of lympho- 
evtes®, o. 

T have applied the method of affinity labelling, which 
was developed to study the binding sites of antibodies‘, 
toa study of antigen recognition sites on antigen sensitive 
cells... With this method a hapten with a chemically 
reactive side-group is mixed with antibody. Because the 
rapid, reversible association of the hapten with the binding 
site raises the local concentration of the reactive side- 
group, the rate of the irreversible reaction of the side-group 
with susceptible groups in or near the binding site exceeds 
the rate of reaction with groups elsewhere in the molecule 
or with binding sites of antibodies of different specificity. 
I chose to study 4-hydroxy-3-iodo-5-nitrophenylacetic acid 
(NIP)? because of the ease in attaining the high levels of 
radioactivity necessary to detect small numbers of re- 
ceptors. 4-Hydroxy-3-iodo-5-nitrophenacetyl azide (NTP- 
azide), which had been synthesized in order to conjugate 
NIP to carrier proteins, reacts covalently with free amino 
groups. 
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The ability of NIP-azide to interfere with the recogni- 
tion of NIP was tested in an adoptive secondary response. 
NIP-azide in dimethylsulphoxide (DMSO) was mixed with 
a cell suspension (“primed cells”) in Gey’s solution from 
the spleens of CBA female mice immunized with 400 ug 
of alum-precipitated NIP,-chicken y-globulin (NTP CGG) 
with pertussis at least a month before’. (Here and else- 
where the subscript refers to the number of moles of 
hapten bound per mole of y-globulin.) After 1 h incubation 
at 37° C in a plastic Petri dish in a 5 per cent CO, atmo- 
sphere, the cells were washed twice with cold Gey’s 
solution and one-third of a spleen equivalent was injected 
intraperitoneally into each of six syngeneic mice irradiated 
with 600 r. the previous day. Control mice received 
primed cells treated with the DMSO diluent alone. The 
host mice received 0-005 ug of NIP,-CGG intraperitoneally 
3 h later; they were bled 10 days later, and the sora 
were tested for antibodies to NIP and to CGG. Anti-NIP 
antibodies were measured by the modified Farr technique 
using #25]-NIP-aminocaproate’, and anti-CGG antibodies 
were measured by a double antibody method im which 
the test serum is mixed with *™I-CGG and rabbit anti- 
mouse y-globulin is added to precipitate all the mouse 
immunoglobulin and any bound ?*I-CGG, 








Table 1. EFFECT OF NIP-AZIDE ON ANTIBODY TITRES PROT 
CELLS TRANSFERRED TO IRBADIATED RECIPIE 


Treatment on day 0 


CED BY PRIMED 





In vitro After transie Antibody on day 10 
NIP-azide NIP,-CGG NIP +t CGGI 
(M)* {0-005 ag) 

0 0 ~ 100 (0 

9 + 0-42 (0-26) Gmi 
75x 107 + — 100 ü 
T5 x10- + -p0 BBS PTSD 
75x 10-6 + ~ O83 KIBO 


* Added in 50 ul. DMSO per 2 ml. in a Petri plate. 

+ Expressed as logs, molar binding capacity (= 10° M) (ee ref. 8). 

+ Expressed as --log, dilution that binds 50 per cent af @°1-CaG at a 
final antigen concentration of about 1-4» 104M, S.E. is given in parentheses, 
Values are arbitrarily set at zero if a 1/6 dilution binds less than 25 per cent 
of ®8]-CGG added. 





At a concentration of 7-5 x 10-4 M, NIP-azide abolished 
both NIP and CGG responses (Table 1). At 7-4x 10° M 
and 7:5 x 10-8 M, however, the NIP response was abolished 
but the CGG response was unaffected. In a similar experi- 
ment with cells from animals immunized against dinitro- 
phenylated CGG (DNP,-CGG) by similar methods, NIP- 
azide at 75x10- M only slightly suppressed the DNP 
response, measured by the modified Farr technique with 
a-N-(4-hydroxy-3,5-!25I -phenacetyl}-:-N-(2,4-dinitro- 
phenyl)-lvsine’. 


PARTIAL REVERSAL BY NIP-AMINOCAPROATE OF THE RFFEOT OF 
NIP-agipE 


Table 2, 


Treatment on day 0 
In vitro After transfer 





NI P-amino- Antibody on day 10 
NIP-azide caproate NIP, LEGG NIP COG 
(75x10 M) (Q0 M) (0-005 ug) 
0 0 0 (7B (O85) } 
0 0 + T70 (020) 456 (GADY 
+ 0 + ~ UES (028) 4-22 (042) 
0 + + 175 (020) LRT 47) 
+ + + O58 (OBR) Bed. (0AA) 


For details see footnotes to Table 1. 





In another experiment the competition between NIP- 
aminocaproate and NIP-azide was*tested during the 
incubation of primed cells (Table 2). NIP-arainocaproate 
alone had no effect on the subsequent response to either 
NIP or CGG (in contrast to its effect when it is given 
simultaneously with NIP, CGG in an in vitro stimulation 
system)’, When it was given with NIP-azide in 133¢fold 
excess, it partially blocked the effect of NTP-agide on the 
NIP response. 

At a concentration at which NTP but not CGG responses 
are blocked, cell number measured with a Coulter counter 
and viability measured with trypan blue were not measur- 
ably affected. Similar cell transfer studies with m-nftro- 
benzenediazonium fluoroborate. an agent which pre- 
ferentially labels the active sites of anti-DNP antibodies’®, 
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indicated that hapten and carrier responses were depressed 
together at all concentrations. I have not yet established 
that NIP-azide will preferentially label the active sites 
of anti-NIP antibodies. 

The findings suggest that NIP-azide may react pre- 
ferentially and irreversibly with an NIP-sensitive site of a 
population of NIP-CGG-sensitive spleen cells. (Many 
NIP-azide molecules bind elsewhere, but they do not 
seem to interfere with cell function when the reagent is in 
low concentration.) The impairment of NIP-responsive- 
ness, which resembles a similar unresponsiveness to 
endotoxin described by Britton™, is formally analogous 
to specific immune paralysis. 

It may be possible with NIP-azide or similar reagents 
to locate and study the function of the hapten-recognition 
site of unprimed as well as primed cells with suitable 
fractionation procedures. 

I thank Dr N. A. Mitchison for hospitality and helpful 
discussions, and Jacqueline Bowyer for her technical 
assistance. I am supported by a fellowship from the 
Helen Hay Whitney Foundation. 

Pav H. Plorz 
National Institute for Medical Research, 
Mill Hill, 
London NW7. 
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Specific Blocking in vitro of Antibody 
Synthesis by Affinity Labelling Reagents 


Inpvction of an antibody response is thought to involve 
an initial phase of antigen recognition by cells, but it is 
not yet known whether the recognizing cell is the precursor 
of the antibody producing cell or a distinct antigen sensi- 
tive cell’. In any case, recognition is believed to take 
place through a cell-surface receptor. This was suggested 
from experiments in which free haptens inhibited the im- 
munogenic effect of hapten-protein conjugates. Further- 
more, closely related haptens interfered with the response 
induced by the hapten-protein conjugate; the antibodies 
inhibited were those which cross-reacted with the related 
haptenic determinant?. Studies to characterize such a 
cell receptor indicated that antibodies inhibit induction 
of a response, possibly by competing with the receptor 
for the antigen?, which suggested that the receptor is an 
antibody-like entity? The idea that antibody-like mole- 
cules are present on the membrane of the lymphoid cell 
is supported by observations that antibodies to immuno- 
globulins induce transformation in lymphoid cells. 

The inhibition of antibody production by free haptens 
was gittributed to competition between the free hapten 
and the immunogenic conjugate. If the receptors are 
indeed identical with the antigen binding sites of the 
antibody, then covalent binding of suitable haptens to 
antibodies should block irreversibly the receptors at the 
antibody-like recognition site; the free hapten, in contrast, 
give® a temporary inhibition (S. S., A. G., and M. F., in 
preparation). 
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Fig. 1. The effect of BADL, BADE and DNP-lysine on antibody 
production in vitro, The curves show inactivation of DN PT, phage 
by medium from the spleen explants that were induced in vitro with 
DNP-RSA for secondary response, Phage was incubated with medium 
samples for 2 h, V. Explants from normal animals, control; 
x, explants from primed animals without in vitro stimulation with 
DNP-RSA; A, explants incubated with BADE before antigen; g. 
explants incubated with BADL before antigen; O, explants incubated 
with DNP-lysine before antigen; @, explants incubated with PBS 
alone before antigen; [], explants incubated with BADL 8 days 
after antigen; A, explants incubated with BADE 3 days after antigen. 


The affinity labelling reagents x-N-bromoacetyl-e-N- 
(2,4-dinitrophenyl)-lysine (BADL) and N-bromoacetyl-N’- 
(2,4-dinitrophenyl)-ethylenediamine (BADE) were pre- 
pared by introduction of a reactive bromoacetyl group 
into homologous derivatives of the dinitrophenyl (DNP) 
hapten. BADL and BADE, bound covalently with rabbit 
ant!-DNP antibodies, led to a concomitant loss of activity 
of the antibody sites. Binding could be inhibited by 
excess of DNP-lysine; no binding was observed when the 
reagents were tested with normal rabbit IgG. 

We then studied the effect of these affinity labelling 
reagents on the secondary response to the 2,4-DNP de- 
terminant induced ta vitro by DNP~protein conjugates. 
The ‘Millipore’ filter well technique for antibody formation 
in vitro was used’. The cultured spleens originated in 
female (Balb/c x C57B1)F, mice immunized 4-6 months 
before explantation by an intraperitoneal injection of 
antigen in complete Freund’s adjuvant. The antigens 
injected were DNP-haemocyanin (0:1 mg/mouse), DNP- 
rabbit serum albumin (DNP-RSA) (02 mg/mouse), or 
poly-pi-alanyl-RSA (poly-pu-Ala-RSA) (0-2 mg/mouse). 
Each explant was incubated for 4 h in phosphate buffered 
saline (PBS) containing 5x 10-* M of DNP-lysine, or 
BADL, or BADE, at pH 7-3. (PBS was used rather than 
tissue culture medium, which seemed to interfere-—prob- 
ably because of nonspecific binding of the reagents to 
free proteins and amino-acids.) The explants were then 
washed twice in culture medium® and incubated for either 
20 or 44 h in culture medium at an initial pH of 7-9 which 
dropped gradually to pH 7-2 after 12 h. The cultures 
were then washed and supplemented with 5 ug of either 
DNP-RSA or poly-pu-Ala-RSA, or with 0-5 ug of DNP- 
haemocyanin. The antigen-containing medium was re- 
placed 24 h later by fresh medium which was subsequently 
assayed for anti-DNP antibodies and anti-poly-pi-alany! 
antibodies on the sixth, eighth and ninth days. Antibodies 
were determined by two methods: (1) the modified phage 
technique’, making use of the inactivation of DNP-T, 
(ref. 8) or poly-p-Ala-T, phages by anti-DNP and anti- 
polyalanine antibodies, respectively; and (2) the immuno- 
adsorbent method, based on binding of the antibodies to 
the hapten coupled to bromoacetyl-cellulose’, then apply- 
ing rabbit anti-mouse 1I-IgG to determine the amount 
of anti-hapten antibodies bound by the immunoadsorb- 
ents, 

In some experiments, the culture media from all four 
explants of each group were pooled and tested at various 
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dilutions for phage inactivation and 0-1 ml. was used for 
assaying antibodies by the immunoadsorbent technique, 
The results of three repeat experiments tested by the 
modified phage technique (Table 1) indicate that treat- 
ment with BADL reduced the incidence of antibody form- 
ing cultures (5/17 in the experimental as compared with 
16/16 in the control groups). Experiments 2 and 3 (Table 
1) indicate that, unlike DNP-lysine, BADL prevented 
antibody production even when the antigen was applied 
44 h after the removal of the affinity labelling reagent. 
Fig. 1 shows, moreover, that DNP-lysine had a limited 
effect in inhibiting antibody production to DNP by 
DNP-RSA, whereas BADL and BADE had a marked 
inhibitory effect. 


Table 1, BrFECT OF BADL ON THE SECONDARY RESPONSE TO DNP INDUCED 
in vitro BY DNP-HARMOCYANIN AND ASSAYED BY THE MODIFIED PHAGE 


TECHNIQUE 
Incidence of 
Time of reactive 
Expt. ‘Treatment of Treatment of antigen cultures (50 
spleen donor spleen explants challenge per cent 
(h) inactivation) 
1 Immunized BADL in PBS 4 2/10 
Immunized oe 15 5/5 
Untreated 
control — _~ 0/4 
2 Tmmunized BADL in PBS 24 2/4 
Immunized. DNP-lysine 24 4j4* 
Immunized PBS, control 24 4/4 
Immunized Medium, control 24 4/4 
3 Immunized BADL in PBS 438 1/8 
Immunized DNP-lysine 48 3/3 
Immunized PBS, control 48 3/3 


* All these cultures responded at a low rate of antibody formation, mani- 
fested in 50-80 per cent of inactivation of the modified phage. When tested 
by the immunoadsorbent technique, these samples yielded an average c.p.m. 
of 7,207 as compared with 16,089 in the accompanying PBS control group. 


Similar results were obtained in an additional experi- 
ment in which the medium samples were assayed by the 
imamunoadsorbent technique (Table 2). Both reagents, 
BADL and BADE, reduced the antibody response con- 
siderably, assessed here in counts per minute. 

To. test the specificity of the inhibition obtained by 
BADL and BADE, the effect of these reagents on the 
response to a non-erossreacting antigen was studied. 
Spleen explants were obtained from mice immunized 
with poly-pt-alanyl-RSA. The capacity of BADE and 
BADL to inhibit antibody production to the poly-pu- 
alanine hapten in these explants was then tested. The 
results (Table 2 and Fig. 2) indicate that there was no 
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2:40 3:40 4:40 
Medium dilution 
The effect of BADL and BADE on antibody production in 
vilro in the poly-Piealany! system, The curves show inactivation of 
poly-D-alanyl-T, phage by medium from spl explants that were 
induced for secondary response Ov vitro by poly-DL-alanyl-RSA, The 
inenbation of phages and medium was for 4h. x, E nts from 
normal animal, control: ©, explants from primed animal without in 
vitro stimulation with poly- pralanyb RSA: @, explants incubated with 
PRS alone before antigen; A, explants incubated with BADE before 
antigen; W, explants incubated with BADL before antigen. 


Fig, 2. 
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Table 2. BFFECT OF BADL axp BADE ON THE SECONDARY RESPONSE TO 
DNP AND TO POLY-DL-ALANINE INDUCED in vitro BY DNP-HAEMOCYASIN 
AND BY POLY-DL-ALA-RSA, RESPECTIVELY 


‘Treatment Antibody response 
Antigen (e.p.m.) 
Group Immunizing added Inhibiting To DNP To poy- 
antigen in vitro compound pi- Ada 
i DNP-haemocyanin + BADL 8,660 
2 DNP-haemocyanin + BADE 6,248 
3 DNP-haemocyanin + DNP-lysine 7,207 
4 DNP-haemocyanin + BADI on day 
3 18,988 
5 DNP-haemocyanin + _ 16,089 
6 -= ~ ~ gist 
y: Poly-pL-Ala-RSA + BADL 11,100 
8 Poly-pL-Ala-RS&A + BADE 24,906 
9 Poly-pL-Ala-RSA + DNP-lysine 15,300 
19 Poly-pL-Ala-RSA + ad l rene 


Antibodies were assayed by the immunoadsorbent technique. Cpm, were 
determined on samples of pools of media from four cultures In each case. 


inhibitory effect on the production of antibodies to the 
non-crossreacting hapten. 
The results cannot be attributed to a non-specific toxie 
effect manifested in inhibition of antibody production 
because (2) BADL and BADE did not completely eliminate 
antibody production but reduced it to the residual levels 
found in cultures which were not challenged by antigen 
in vitro (Fig. 1), and (6) when the reagents were added to 
the explants 3 days after the antigen, no inhibition of the 
response could be detected (Table 2 and Fig. 1}. Further- 
more, the inhibitory effect of the affinity labelling com- 
pounds was found to bé specific, for BADL and BADE 
did not block the response to poly-pi-alanine. 
In summary, it is shown that BADL and BADE 
inhibit specifically the production of anti-DNP antibodies; 
and the effect, unlike that of free haptens such as DNP- 
lysine, persists for at least 44 h, In analogy with the 
affinity labelling of anti-DNP antibodies by BADL and 
BADE, we conclude that these reagents become covalently 
bound to antibody-like molecules on the cell surface of 
the spleen explants, which may represent the antigen 
recognition receptors of the antigen-reactive cells. 
8. BEGAL 
A. GLOBERSON 
M. FELDMAN 
J. Hatmovicn 
D. GIvoL 

Departments of Cell Biology 

and Chemical Immunology, 

The Weizmann Institute of Science, 

Rehovot, 

Israel. 


Received June 16, 1969. 
k Miler, T F. A. P., and Mitchell, G. F., Proce. US Nat, Acad, Sei. 68, 208 
(1968). 


® Mitchison, N. A., Cold Spring Harbor Symp. Quant. Biot., 88, 481 C867). 

3 Sell, S., J. Exp. Med., 125, 289 (1967). 

47. Exp, Med. 126, 303 (1967). 

‘ Weinstein, Y., Wilchek, M., and Givol, D., Biochem. Biophys. Rea, Commun, 
{in the press). 

e Globerson, A., and Auerbach, Re J. Bap, Med., 124, 1001 (1066). 

7 Haimovich, J., and Sela, M., J. Immunol, 87, 388 (1 G86), 

3 Carter, B. G., Yo, S. Lu and Sehon, A., Canad. J. Biochem, 46, 26) (1088), 

* Robbing, J. B., Haimovich, J., and Sela, M., Immunochemistry, 4. 11 C087). 

© Klinman, N. Re, and Taylor, R. B., Clin, Exp. Immunol., 4, 473 (1969), 

» 


Transfer of Immunity against Long 
Surviving Rat Skin Xenografts by 
Antilymphocyte Serum treated 
Syrian Hamsters 


Xewoorarts, that is, grafts of which donor and recipient 
are members of different species, are, as a general Mauls, 
destroyed even more rapidly than allografts of sumilar 
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tissue. Until recently all procedures that were effective 
in prolonging the lives of allografts—for example, induc- 
tion of immunological tolerance in the host, treatment of 
the host with immunosuppressive agents and so on-—-were 
usually ineffective for sustaining xenogeneic grafts. These 
empirical observations led to the suggestion that non- 
immunological factors, for example, syngeneic preference, 
metabolic shortcomings of the host and "so on, may 
underlie the failure of xenografts to thrive. 

The recent demonstrations** that mice treated with 
heterologous antilymphocyte serum (ALS), an extremely 
powerful immunosuppressant, will, however, consistently 
retain skin grafts from donors of very remote genetic 
relationship, for example, rats, guinea-pigs, rabbits or 
even humans, made virtually untenable the belief that 
the failure of xenografts is attributable to non-immuno- 
logieal factors, The work to be reported here shows that 
ALS treatment effectively overcomes the Syrian hamster’s 
resistance to xenografts; it also suggests a method for 
identifying the mediator(s) of xenograft rejection. 

The ALS was raised in rabbits against hamster lymph 
node cells® and had a lymphoagglutinin titre between 
1: 400 and 1 : 800 (ref. 6). Carefully fitted, full thickness. 
trunk skin grafts approximately 2 em in diameter were 
transplanted (day 0) according to standard procedures’. 
Dressings were removed for primary inspection on the 
seventh day and the grafts were subfequently inspected 
at 2 to 3 day intervals. Their yiability was assessed on 
the basis of outward appearance’, and confirmed in many 
instances by histological examination of biopsy specimens. 

The recipients, adult hamsters of the MHA isogenic 
strain weighing 80-110 g, were treated with ALS (in the 
case of experimental animals) or normal rabbit serum 
(for controls) according to the following regimen: 2 ml. 
of whole serum was injected intraperitoneally daily from 
day —7 to 0 and three times per week thereafter. Con- 
sonant with the findings of others'*4 it was necessary to 
pretreat the xenograft recipients with ALS in order to 
prolong significantly the life of their grafts; this is not 
necessary for allografts (unpublished results of €. F.S. 
and W. J. Donawick). 








Table 1. SURVIVAL TIMES FOR FULL THICKNESS SKIN XENOGRAFTS ON 


ADULT SYRIAN HAMSTERS 

Survival times of 
xenografts on ALS*] 
treated hosta (days) 


Host species Donor species 


Syrian hamster Kurdistan hamster 71; 2x >100 
( Mesoericetus auratus) (Mesocricetus brandti) 
Chinese hamster 3x > 100 
{Cricetulus griseus) 
Rat 55, 72, 78, 81, 4 x 86, 
3x90: 14x > 100 
Mouse 5x > 100 


* Panels of normal rabbit serum treated Syrian hamsters universally 
rejected any of the tested xenografts in < 14 days. 





Hamsters treated with rabbit anti-hamster lymphocyte 
serum routinely retained skin xenografts for 100 days or 
more from a variety of donor species (Table 1), including 
Kurdistan and Chinese hamsters, rats and miee. None of 
the long-surviving xenografts on hamsters showed any 
sign of degeneration or of the mononuclear cell infiltration 
suggestive of chronic host reactivity?*. Tn other words, 
although the xenografts in these experimenta were ob- 
served for maximum periods of 100 days, there is every 
reason to believe that these grafts would have survived 
very much longer if ALS treatment had been continued. 

Once ALS therapy was stopped, however, all the 
established xenografts had consistent and well defined 
“coasting periods”, that is, periods between cessation of 
ALS*therapy and rejection of the grafts. These proved to 
be independent. of the length of the preceeding ALS 
treatment; grafts of 30 days’ standing coasted for as 
long after the cessation of ALS treatment as those which 














were 100 days old at the termination of therapy. During 
the goasting period the grafts appeared, at least grossly, 


to be perfeetly healthy, and when rejection finally occurred 
it was invariably precipitous. Usually no more than 1 day 
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intervened between the appearance of the first outward 
signs of epithelial breakdown and reduction of the graft 
to a dry scab. 

Advantage was taken of the “coasting phenomenon” to 
try to elucidate the causes of xenograft immunity. Rat 
and mouse skin xenografts placed contralaterally on the 
same ALS-treated recipient both generally enjoyed a 
coasting period of about 20 days (+ 1-2 days) (Table 2). 
If, however, hosts bearing such grafts were injected 
intravenously with 400x 10° lymph node cells from iso- 
logous donors (the lymphoid cell donors being in the final 
throes of actively rejecting “second-set’”? rat skin xeno- 
grafts), the rat skin xenografts on the animals receiving 
the cell inocula underwent precocious rejection (median 
coasting period < 11 days) while the control contralateral 
mouse skin grafts remained in a healthy condition. The 
latter observation indicates at least a species specificity 
for this transferred immune state. 

Rejection of rat xenografts by hamsters whose immune 
machinery had been reconstituted through the transfer of 
sensitized lymph node cells was invariably accompanied 
by the “walling off” of the graft by a large accumulation 
of mononuclear cells interspersed with a few eosinophils. 
Death of the graft, in these circumstances, may therefore 
have been chiefly caused by ischaemic necrosis. The 
existence of a moderate degree of mononuclear cell in- 
filtration in the graft stroma, however, may indicate that 
the cellular factors responsible for the rejection of solid 
tissue allografts® were also involved. 





Table 2. A COMPARISON OF THE ABILITY OF TRANSFERRED PUTATIVELY 
IMMUNE ISOLOGOUS LYMPH NODE CELLS AND SERUM TÖ PRECIPITATE THE 
REJECTION OF LONG ESTABLISHED RAT SKIN XENOGRAFTS ON ALS-TREATED 
HAMSTERS WHICH ALSO BEAR LONG-STANDING CONTRALATERAL MOUSE TRUNK 











SKIN NENOGRAFTS 
Approximate Approximate 
Number median coasting median coasting 
of period (and period (and 
animals Treatment of the host range) forrat rauge}for mouse 
tested skin xenografts skin xenografts 
(days) (days) 
12 ALS days —7 to +50 20-0 (18-21) 
7 ALS days ~7 ta +50; then 10:5 (9-11) 
400x10% viable hamster 
anti-rat lymph node cells 
intraperitoneally on day 
paren 
OT an 
6 ALS days ~7 to +50; then 20:0 (2021) 21-0 (18-22) 


4 ml, of hamster anti-rat 
antiserum intraperitoneally 
on day +52 


All attempts to procure rejection of well established rat. 
skin grafts on hamsters by transferring as much as 4 ml. 
of putatively immune serum were unsuccessful (Table 2). 
There are three possible explanations for this succ of 
lymphoid cell inocula in transferring immunity to xeno- 
grafts and the fatlure of serum. (a) Rejection of skin 
xenografts (at least in the present species combination) is 
mediated primarily by a cellular immunity. (6) The 
notorious inability of Syrian hamsters to produce circulat- 
ing isoantibodies!’ extends to their ability to produce 
heteroantibodies, precluding the participation of humoral 
factors in the process of xenograft rejection. in this species. 
Or (c) antibodies against xenografts are produced in such 
small quantities that at any given time the amounts 
present in the blood are insufficient to transfer immunity 
by passaging serum, whereas viable antibody producing 
cells, when transferred, continue to make antibodies the 
cumulative effects of which are sufficient to bring about 
the rejection of a xenograft. 

Antilymphoeyte serum has already been used clinically 
for the abrogation of allograft immunity !*, The present 
studies extend to a new species combination an earlier 
observation’ that mammalian tissues of very distant. 
genetic relationship can grow and flourish in close 
proximity in vive over periods of several months and 
perhaps indefinitely. Furthermore, the results suggest 
that the unique capacity of ALS to sustain xenograft 
survival may be used as a tool to determine mechanisms 
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Therapy of Transplantable Mouse 
Leukaemias with Antileukaemia Sera 


Tue therapy of leukaemias by the administration of 


heterologous antisera has been tested both in experimental 
animalsi? and in patients®’, but the results have been 
variable and confusing. This article seeks to explain 
these diserepancies and indicates how positive results 
might be obtained. 

Leukaemia cells are malignant forms of lympho 















so that antileukaemia sera are closely related to anti- 
lymphocyte sera (ALS). Recently, ALS has been used 






widely for pr olongation of allograft survival’! and some 
of this experience is directly applicable to trials of anti- 
leukaemia sera, We have previously studied in vitro the 
specificities of rabbit antisera to various types of mouse 
lymphocytes". Because antileukaemia sera were slightly 
more specific against leukaemia cells than was ALS, anti 
leukaemia sera were used exclusively. though this does 
not exclude the possibility that ALS might also be 
effective. 

Three congenic leukaemias were transplanted intra- 
peritoneally in congenic mice: Gardner lymphosarcoma 
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nee been found to be preferable) 
of approximately twenty million leukaemia cells in cor- 
plete Freund-MeDermott adjuvant, followed by five to 
seven. intravenous injections of approximately thirty 
million viable cells in isotonic saline, given twice weekly. 
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leukaemia cells by immune cytolysis Because pe 

is proportional to ther reciproti al of titre, it was À i 
ently expressed as 1L00/eytolytic titre. Fer therapy 
experiments, potency units were used that depe aded on 


the volume administered, as well as on the potency of the 
antiserum. Potency units were calculated as [Ot 
titre x volume of antiserum injected (mh) 
trials in vivo, we used the standard as 
considered to be one of the most help ul for earn of 
oe useful chemotherapeutic mater inat, Treatment 
was only effective when many units of cytolytic potency 
were administered, but antisera with high eytolytie potency 
were usually highly toxic: within 1 h after intra perite 
fection of Ol ml., the erythrocyte count fe } 
massive haemolysis oc curred and death occu 
a few hours. An amount of antiserum that k 
cent of the mice gave the maximun depressit smato 
erit (to 10 per cent of its normal value) 30 h after mjeciion, 
The haematocrit returned to 50 per cent of its original 
value after 6 days, and to 90 per cent on the » tenth day. 
Mice that survived 4 days after a single in, Jor after 
a series of injectiona, rarely died later. 
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11210 cells in the present assay conditions, Similar 
results were obtained with leukaemia RAS. 

Even after absorption of highly potent antisera with 
mouse erythrocytes, the doses administered could not be 
increased without producing chronie toxicity. This 
accounts for the absence of more permanent survivors 
(Fig. 2). One possible reason for the residual toxicity is 
erythrocyte destruction by antibodies directed against 
antigens (such as of H-2 genotype), which are pr 
in high concentration on lymphoid or leukaemia cells; 
and in lower®4, yet ample, concentrations on erythrocyte 
Alternatively, residual toxicity may result from a reaction 
against normal lymphoid tissue. In this respect, anti- 
leukaemia sera resemble ALS as depressants of circulating 
lymphocytes and hypersensitivity reactions, The 
remarkable lack of toxicity of ALS as an immunodepres- 
ganten may be attributed to its use in comparatively low 
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In vivo Studies of the FBJ Murine 
Osteosarcoma Virus 


Fosken et al. have isolated a virus from a spontaneously 
occurring osteosarcoma in a 260 day old CF ,/Anl mouse. 
This virus (FBJ) was shown to induce tumours histo- 
logically similar to the original tumour from which the 
virus was isolated. Here we describe further studies of 
this virus. 

Viral concentrates of tumours induced by the FBJ virus 
in NIH Swiss mice were made? and 0-1 ml. of the resulting 
solution was used as an inoculum for host range andneutral- 
ization studies. Newborns of seven strains of mice, 
approximately twenty per strain, were tested for suscepti- 
bility to FBJ virus. Using tumour incidence by day 40 
as a measure of relative viral susceptibility, three patterns 
were noted: highly susceptible, 90-100 per cent, NIE 
Swiss and CFW; moderately susceptible, 40-45 per cent, 
CF, AKR/J, C,;,Br, and Balb/c; and weakly susceptible, 
10 per cent, C,,Bl. These animals were observed for an 
additional 160 days and no significant change from the 
pattern at 40 days was noted (Fig. 1). The tumours were 
palpably very hard, with the consistency of bone tissue, 
and always located subcutaneously at or near the sight of 
inoculation. ‘The spleens were generally enlarged, but 
were not otherwise different from the spleens of the un- 
inoculated control CF, mice. All tumours had the histo- 
logical characteristics of mesenchymal sarcomas including 
fibrosarcomas, fibrosarcomas with osteoblastic cells, and 
well differentiated osteosarcomas with bone formation, 
and some of the tumours showed areas representative of 
all these histological types. No tumours were induced in 
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Fig. 1. Host range of FBJ virus as measured by percentage of tumour 
incidence in seven strains of mice. 
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any of fifty newborn NIH hamsters or fifty newborn 
Fisher rats during a 200 day observation period. 

Complement-fixation tests were earried out by the 
microtitre procedure’. Antigens were prepared as 20 
per cent w/v homogenates of spleens, thymuses and 
tumours. Sera reactive with the group-specific (gs) and 
envelope antigens of the murine leukaemia viruses 
(MuLV) were obtained from Fisher rats bearing M-MSV 
transplant tumours‘. All FBJ-induced tumours were 
positive in the complement-fixation test and thus contam 
the MuLV gs antigen. Spleen preparations were also 
always positive but generally had two to four-fold lower 
titres than tumours. Thymus preparations were only 
oceasionally positive. 
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Fig. 2. Neutralization studies of FBI virus as measured by percentags 


of tumour incidence in NIH Swiss mice, with MSV rat sera, AKR rat gers, 

and FBS mouse sera, The rat antisera were used at a 1:40 dilution 

{known from previous tissue culture neutralization results to allow 
discrimination between FMR and Gross-type viruses). 


Three sera were tested for the ability to prevent tumours 
in NIH Swiss mice: serum from Fisher rats bearing an 
AKR lymphosarcoma with high neutralizing antibody 
titres to Gross passage A and AKR viruses and low 
neutralizing titres to Friend, Moloney and Rauscher 
viruses; serum from Fisher rats bearing M-MSV trans- 
plant tumours which has high neutralizing titres to 
Moloney virus and very low neutralizing titres to Gross 
passage A and AKR viruses (ref. 4 and unpublished results 
of J. W. Hartley); and serum from a twnour-bearing 
NIH Swiss mouse inoculated with FBJ virus. Control 
sera were obtained from normal weanling NIH Swiss mice 
and Fisher rats. The virus control induced 100 per cent 
tumours in 50 days. ARR rat serum completely prevented 
tumour formation in sixteen animals during the 87 day 
test period. Serum from the mouse bearing the FBJ 
virus-induced tumour also successfully prevented tumour 
induction; only one tumour occurred in fourteen inocu- 
lated animals. In contrast, M~MSV rat serum only slightly 
reduced tumour incidence; ten out of fifteen inoculated 
animals had tumours in 50 days and twelve out of fifteen 
had tumours by 87 days (Fig. 2). 

The presence of the group-specific complement-fixing 
antigen establishes that the FBJ virus is a member of the 
murine leukaemia viruses or perhaps more aptly called 
the murine C-type RNA virus. The neutralization data 
establish that it is a member of the Gross (G+) or 
“wild” type subgroup as opposed to the FMR subgroup. 
This is consistent with the previous findings that all field 
isolates of the C-type RNA viruses are of the Gross type *. 

. 
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The presence of neutralizing antibody in sera of mice 
bearing FBJ virus-induced osteosarcoma is consistent with 
previous data obtained on mice bearing sarcomas induced 
by MSV pseudo-type sarcoma viruses (unpublished results 
of R. J. H.). 

FBJ virus is the first murine sarcoma virus which has 
been isolated from a spontaneously occurring sarcoma. 
This is important in principle because it illustrates that 
in the “natural”? situation, in a given host. the C-type 
RNA virus has a sarcomagenic potential. Spontaneous 
lymphomas also oceur in CF, mice and infectious virus 
has been obtained from them. Thus the indigenous C-type 
RNA virus of the CF, mouse is either a multivalent virus 
having different potentials in different host cells or a 
heterogeneous population of pathogenic variants. The 
latter explanation is more plausible in view of previous 
data obtained on the murine tumour viruses’; however, 
evidence does exist in the avian tumour viruses which 
favours the former alternative’. 

The host factors that favour sarcoma production are 
unknown; however, it is known that passage of two known 
murine leukaemia viruses, the Moloney leukaemia virus* 
and the Kirsten murine erythroblastosis virus’, into rats 
has resulted in each instance in the isolation of sarcoma 
viruses, H-MSV and Ki-MSV respectively. Also, rat 
embryo cells, as compared with mouse embryo cells, seem 
to favour murine sarcoma virus growth!*, Finally, the 
only mouse strain (CF,) to yield a sarcoma virus from a 
spontaneously occurring sarcoma is characterized by 
an indigenous virus-host relationship in which viral 
“activity”? can be demonstrated early and throughout 
life (as measured by the presence of group-specific antigen 
in spleens of mice as early as 20 days of age); although 
infectious virus has alse been shown to be highly prevalent, 
it is present in only low titre (ref. 10 and unpublished 
results of R. J. H.). It is possible that this host’s ability 
to restrict the amount of infectious virus favours “‘sar- 
coma” virus because it does not allow the “leukaemia” 
virus to replicate to sufficient numbers to gain the selective 
advantage which it probably has in “high leukaemic 
incidence” strains (for example, AKR/J and C5.) in which 
virus is replicated at high titre from birth’. This specula- 
tion, however, assumes a heterogeneous population of virus 
particles and non-defectiveness of the FBJ “sarcoma” 
virus, assumptions for which supporting evidence must 
still be achieved. 

We thank Dr Louis Rabstein, Microbiologieal Associ- 
ates, Inc., for preparation and examination of the histo- 
logical sections. 
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Temperature Sensitive Conditional 
Mutants of Monkey Kidney Cells 


Tue geneties of phage, bacteria and fungi owe much to the 
study of conditional lethal mutants, but little is known 
of the conditional lethal mutants of mammalian cells, 
I therefore wish to deseribe the isolation of conditional 
temperature sensitive mutants of African green monkey 
kidney cells (BS-C-1) (ref. 1). Because these cells are sns- 
ceptible to simian virus (SV 40) yet less liable to transforma- 
tion than other cell lines (hamster kidney cells, mouse 
embryo cells)", I hope that this development will be 
valuable in the study of, first, control mechanism of virus- 
host interaction in cases where viral growth is inhibited 
at a restrictive temperature; second, regulatory mechan- 
ism of replication of cellular organelles; and third, eyto- 
logical and morphological analyses in cultures synchron- 
ized by exposure (shock) to limiting conditions of tempera- 
ture’, 

The work reported here shows that animal cells, in the 
same way as bacterial cells, can be induced to form 
temperature sensitive mutants in response to a chemical 
mutagen. Whether this property is common to all animal 
cells or to only very few is unknown. Tt is known that 
some animal cells can multiply at higher temperatures 
after infection with viruses; it should now be possible to 
investigate the conditions of the virus-induced tempera- 
ture dependence of cells. 

The stable line of heteroploid SV 40-sensitive African 
green monkey (Cercopithecus aethiops) kidney cells, 
BS-C-1 (ref. 1), was obtained from Dr Ian MacPherson. 
The stock cultures were maintained by planting about 
10° trypsinized cells in 20 ml. of L-15 medium! containing 
10 per cent foetal calf serum. A single clone was isolated 
and cultured through three successive passages in L-15 
medium. The cells were then trypsinized and treated 
with mutagen N-methyl-N’-nitro-N-nitrosoguanidine, and 
subsequently exposed to 5-bromodeoxyuridine by Puck 
and Kao’s method*®. Experiments were designed to isolate 
mutants that are permissive (pm*) at 35° C and restrictive 
(pm~) at 39°C. Previous control experiments showed that: 
BS-C-1 cell lines grew favourably within this temperature 
range, the optimum temperature for increased efficiency 
of plating being about 39° ©. All three incubators 
showed a deviation of + 0-5° C from the recorded tempera- 
tures of 35° C, 37° C and 39° ©. Plastic Petri dishes made 
for tissue culture were used throughout the experiment. 

Temperature sensitive (ts) mutants were isolated as 
follows. About 200 cells were inoculated into each of a 
series of Petri dishes in L-15 medium supplemented with 
10 per cent foetal calf serum. After 6 h of incubation at 
39° Ç, nitrosoguanidine was added, dissolved in an appro- 
priate concentration of L-15 medium, to make a final 
concentration of 0-50 ug/ml. of mutagen in contact with 
the cells. Incubation was continued at that temperature 
for an additional 16 h, which was a little more than one 
generation time. The medium was then removed from 
the plates, the cells were washed twice in L-15 and fresh 
growth medium was added; incubation was continued 
for a further 24 h. After this, 5-bromodeoxyuridine was 
added in solution of L-15 medium so as to make its con- 
centration 4~5 x 10-8 M in each plate. The culture plates 
were again incubated at 39° C for 5-7 days before being 
exposed to visible light. After exposure to light the 
medium treated with 5-bromodeoxyuridine was removed. 
fresh L-15 medium was added and plates were transferred 
to a 35° C inenbator for 12-15 days, until clones of dividing 
cells were visible under the microscope. These clones 
were isolated, cultured and tested for efficiency of plating 
at different temperatures. Control culture plates kept at 
39° C failed to produce any visible clone. 

The combination of the two mutagens was expected to 
produce mutation of the desired type according to the 
procedure I have described, It has been recognized that 
nitrosoguanidine induces a high frequency of mutation 
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in bacterial systems’, and the incorporation of 5-bromo- 
deoxyuridine in DNA? renders bacteriophage" sensitive 
to visible or near-visible light. A shift in incubation 
temperature for selection and isolation of temperature 
sensitive mutants of bacteriophage T4 was successfully 
performed by Edgar and Lielausis®. I have taken advan- 
tage of all these established techniques in the isolation of 
temperature sensitive mutants reported here. 

The principle of the technique described is to allow the 
normal (wild type) non-mutated and temperature inde- 
pendent mutants to divide and grow at 39° C which, in 
my control experiments, was the optimum temperature 
for increased efficiency of plating for BS-C-1 (Fig. 1). The 
incorporation of 5-bromodeoxyuridine in the DNA of 
growing cells rendered these cells hypersensitive to visible 
light. ‘Transfer of the culture plates to a lower tempera- 
ture (35° ©), following pre-incubation at an elevated. 
temperature (39° C), selected out the pmt temperature 
sensitive cells which were allowed to divide and form 
clones at 35° C. These clones were isolated, subcultured 
and studied for efficiency of plating at temperatures of 
35° C, 37° C and 39° ©, Our initial experiments have 
provided four temperature sensitive conditional mutants 
which grew at 35° C but not at 37° C or 39° C. I report 
here (Figs. 1 and 2) one such mutant (ts 2). 


30 


20 


10 


Efficiency of plating (per cent) 


35 37 39 


Incubation temperature © C) 


Fig. 1. Graphs showing efficiency of plating expressed in percentage of 
input cells, of wild type BS-C-1 cells (A) and the temperature sensitive 
mutant (@) at temperatures of 35° C, 87° C and 39° C, 


The temperature sensitive mutant clone (ts 2) was sub- 
cultured at 35° C. The cells were trypsinized and plated 
at different dilutions at temperatures of 35° C, 37° C and 
39° ©. The efficiency of plating was calculated from the 
number of input cells. The results are presented in Fig. 1. 
We observed that the efficiency of plating of normal (wild 
type) BS-C-1 cells was much higher at 39° C than at 37° C, 
the increase being by a factor of almost 4 to 5. The 
mutant (ts 2), however, failed to produce any visible 
clone at either 37° C or 39° C, but plated at an efficiency 
almost equal to wild type BS-C-1 at 35° C (about 7-8 
per cent). Although the cytology or morphology of the 
mutant cells has yet to be studied in detail, there was no 
obvious visible derangement in the structural organization 
of the clones at 35° C. At 37° C and at 39° C the cells 
appeared to enlarge (Fig. 2) shghtly without undergoing 
division, but there was no disorganization of nuclear 
material. The viability of these cells after exposure to 
higher temperature is now being studied. Attempts are 
also in progress to isolate similar mutants from SV 40- 
transformed hamster kidney cells (BHK), in order to 
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Fig. 2. Pictures showing actual growth of the temperature sensitive 
mutant (ts 2} after 6 days of incubation af 35° C (4) and at 39° © CB) 
and stained with Giemsa. 


investigate the possibility of isolating mutant cell Hnes 
which would induce the virus only at elevated temperature, 
because there is evidence of five to sixty copies of SV 40 
DNA per cell? which could be activated to produce the 
virus in certain conditions. 
I thank Dr J. S. Porterfield for his help and encourage- 
ment. 
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Heuristic Model of Mitotic 
Autoregulation in Cell Populations 


Taw control of mitosis has general significance only in 
relation to the effect exerted on cell division within a 
population by the population itself. For this a signal must 
pass between cells, enabling the size of the population to 
be gauged and cell division to be regulated accordingly. 
It is convenient to assume that this signal is an inhibitor 
of cell division and that the mitotic index is inversely 
proportional to the concentration of this inhibitor for 
any class of cells. The rate of accumulation of this 
mitotic inhibitor (4i) is proportional to the formation of 
the inhibitor, minus its loss. Thus 

At =fi-fi-fs (1) 
where fis Ja and fa represent respectively the rate of 
generation, the rate of breakdown and the rate of loss of 
inhibitor from the surface. The rate of generation of 
inhibitor is a function of the mass of cells and therefore 
proportional to the volume, and this argument also applies 
to the rate of its endogenous degradation. The rate of 
loss from the surface of the cell aggregate is proportional 
to the surface area. 

Populations of cells of a particular Rind can be regarded 
as ideal classes represented by a topological form. Such 
an ideal topological population 1s considered to be homo- 
geneous in composition and in contact with the exterior 
over its surface. 

The following considerations apply to an ideal spherical 
population in which the cells generate the mitotic in- 
hibitor (¢) 

4 
Ey eng B 
3 (arr?) 


f= 
where « is the mean synthetic rate of i; 


fi = : (Brr?) 


where $ is the mean breakdown rate of i; 
fa = 4ynr? 


where y is the rate of loss at the surface, 
We can therefore write for (1) 


danr?  4Brrè 


din EE 


3 dyrr? (2) 


At equilibrium Ai=0, Equation (2) simplifies to 


r(x—=6) — 3y = 0 
And so Pa ees (4) 


This expression gives the equilibrium size of the cell 
class, which can be called the population limiting radius 
(PLR), for particular values «, 8 and y. When (x= BDY, 
the PLR is small. If («—8)<y, the PLR is very large. 

The value y is dependent on the difference of the con- 
centration of inhibitor between the inside and the outside 
of the cell mass. It can be assumed that the rates of 
synthesis and destruction of inhibitor are normally regu- 
lated so as to attempt to maintain the internal concentra- 
tion of i. The PLR can therefore be expected to be 
influenced by the concentration of the external inhibitor. 
An dncrease in the external concentration of i will effec- 
tively reduce the value of the PLR and so cause a decrease 
in mitotic index. Conversely a decrease in external con- 
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centration of 7 results in an effective increase in the value 
for the PLR. 

A decrease in the population, such as with the partial 
removal of a class of cells, introduces instability into the 
system so that the concentration of ¢ decreases and more 
cells enter the mitotic cycle until the PLR is reached. The 
value for [7] is given by the integral 


[i= fai Š Z (ap) ~ 3yr + C (5) 


Assuming an inverse relationship between the con- 
centration of inhibitor and the proportion of cells in the 
generative cycle, the relationship of mitotic index to the 
population size is given in Fig. 1, which shows a rapid 
initial rise followed by an exponential decay, The con- 
centration gradient of the mitotic inhibitor within the 
cell mass is such that the division rate is greatest at the 
margin of the viseus. 


Mitotic index--> 


Population size-> 


Fig. 1, Relationship between the mitotic index and the size of a cell 


population, 


Differences in cell classes with respect to their mitotic 
regulation are undeniable, but it seems unlikely that the 
control of cell division in different populations of cells is 
the result of separate mechanisms. Mechanisms of this 
type are unlikely to be extensively duplicated and, 
furthermore, they would be required to alter as cells 
differentiate, for differential rates of cell division arise 
during development. It seems more probable, particularly 
from an evolutionary point of view, that the basie control 
system is the same in all cells, but that the general in- 
hibitory signal is coded to be received only by cells of 
similar class. This requires a carrier system whe the 
inhibitor substance is attached to a class-specitic rier, 
probably a protein, and that che carrier is recognized by 
cells possessing a complementary receptor. 

This argument leads to a definition of classes of cells 
based on. their ability to recognize each other, such that 
all cells of a class signal their existence to each other by 
the passage of the (carrier-specified) mitotic inhibitor 
between them. Failure to recognize the existence of other 
cells in the sense of carrier and receptor specificity implies 
a difference of class. A change of cell class involves a 
concurrent alteration in the carrier and aeceptor so that 
they continue to be congruent. An alteration in one with- 
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out the corresponding change in the other would result in 
non-recognition of the cell class signal and a failure of 
mitotic regulation. This suggests two modes of genesis of 
neoplastic cells—one in which there is a change in the 
cell-specific carrier, and a second in which the receptor 
mechanism is altered. 

The cell-type specific receptor may be a protein situated 
at the cell surface, and if the nature of the receptor is 
affected by the neoplastic change it can be recognized as 
foreign or defective (that is, a tumour specific antigen) by 
the immunological system (review in ref. 1) and the 
abnormal cell line rejected by an immunological reaction, 
accounting for the spontaneous regression of certain 
tumours’. On the other hand, if the intercellular carrier 
is involved in the neoplastic change it may not be possible 
to contain the proliferative strain of cells by an immune 
response. In these cases the tumour would be expected 
to respond to the introduction of high concentrations of 
the normal] specific carrier of that cell class. If chalones 
are regarded as class specific carriers, then the results 
reported for chalone therapy in tumours? are explicable 
in the terms of the model advanced here. 

I thank the Beit Memorial Trustees for a research 
fellowship. 
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Mitral Valve Action and the Mode of 
Ventricular Filling 


Durina the past fifty years conflicting experimental 
evidence has been presented on the mechanism of ventricu- 
lar filling and its response to exercise’. More recently, 
interest has been rekindled by the advent of open heart 
surgery and the routine replacement of diseased mitral 
valves with artificial prostheses. In particular, the haemo- 
dynamie results of mitral valve replacement using ball 
and disk valves have provided some important evidence 
about the way in which the ventricle fills and suggest 
that normally it is inseparable from mitral valve action. 

One important ventricular function is to reverse rapidly 
over a short distance the direction of blood flowing through 
the heart, and at the same time maintain a high order of 
valve and pump efficiency. This requires that for a given 
volume of blood flow the myocardial fibres are optimally 
distended at the end of diastole, because the force of con- 
traction has an important linear relation to the original 
length of the muscle fibre?. Also the heart must be able 
to adapt to major increases in blood flow without com- 
promising either valve or pump efficiency. The heart 
achieves these ends by highly efficient pressure recovery 
mechanisms so that energy within the system is utilized 
maximally. 

Anatomical dissections of the mitral valve and ven- 
tricles, and analysis of high speed cine-cardiographic film 
obtained from normal subjects undergoing routine in- 
vestigation, indicate the manner in which the ventricle 
fills and the mechanism of mitral valve action (my 
unpublished results). 

The anatomical configuration of the atrio-ventricular 
orifice and the geometry of the adjacent atrial and 
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ventricular chambers show that the situation is comparable 
in fluid dynamic terms with a diffuser, except that the 
mouth of the diffuser is guarded by a valve. By applying 
boundary layer suction to a diffuser it is possible to 
double its efficiency in terms of pressure recovery by 
promoting full expansion of the jet*. The efficiency of a 
cardiac diffuser would therefore be enhanced were it 
possible to control the boundary layer by applying suction 
at the region of the ventricle beyond the atrio-ventricular 
orifice at the moment of mitral valve opening. The effect 
would be to spread and direct the stream lines towards the 
ventricle wall, Physiological evidence suggests that such 
a suction effect is initiated immediately after the end of 
ventricular systole, being caused by the elastic recoil of 
the ventricular musclet, Such an effect is enhanced when 
the heart is small and would be greater following sym- 
pathetic stimulation. As cavity volume increases as the 
ventricle fills, this suction effect is maintained. By this 
means blood is directed towards the ventricle walls which 
therefore behave as a pressure recovery surface. Those 
regions of the ventricle surface proximal to the boundary 
layer at the cusp tip represent zones of relatively low 
pressure, and high speed cine-cardiographie dye studies 
show fluid being thrust into these zones lying behind the 
mitral valve cusps. These zones are therefore analogous 
to the retro-valvular aortic sinuses of Valsalva'-’. 

Anatomical studies show that the diameter of the mitral 
valve orifice is comparable with that of the aortic valve 
and reveal that the anterior or aortic cusp is extensive 
enough potentially to oeclude the major part of the out- 
flow tract of the left ventricle. Cine studies of left ventricu- 
lar filling show the cusps of the mitral valve closing in the 
latter part of ventricular diastole before the onset of 
ventricular systole at a time when ventricular distension 
is maximal. Because muscular tissue in the valve cusp is 
negligible and they have no significant recoil, a fluid 
dynamic mechanism operates so as to effect smooth 
efficient closure, an adverse pressure gradient bei 
established across the valve cusps even before s} 
supervenes. These studies show that ventricular filling 
occurs more rapidly than systolic emptying and occupies 
the early part of diastole. The mitral valve cusps are 
flung rapidly and widely open at a moment of time that 
coincides with an outward movement of the ventricular 
wall. Some ventricular dilatation occurs before dye 
striking the ventricle walls, suggesting that elastic recoil 
plays some part in ventricular filling, even of resting 
heart rates. Especially striking is the speed with which 
the ventricle fills with dye and expands, the whole 
chamber rapidly becoming opaque, those regions behind 
the valve cusps at the base of the heart being the last 
to do so and showing dye in circular motion in the region 
of the outflow tract. Small amounts of dye persist in the 
ventricle for successive heart beats following ction of 
dye at resting rates. As dye clears, a central core of fluid 
may be observed rapidly reaching the internal apex of 
the heart without major impedance. The mitral valve 
remains fully open for the major part of diastole, closing 
after the onset of atrial contraction. The final closure 
movement is achieved as ventricular systole supervenes 
without evident regurgitation of dye back into the left 
atrium, implying a high order of valve efficiency. 

Rapid ventricular filling, and therefore dilatation, is 
vital to the heart’s efficiency as a pump, and therefore 
energy has to be available to overcome myocardial viscous 
tissue inertia as the ventricle fills. Consideration of 
ventricle shape and the pattern and form of the trabeeylae 
carnae suggest how a surface within the cardiovascular 
system is adapted and modified for a fluid dynamic 
purpose, in this case for pressure recovery and distribution 
within the heart cavity so that a large increase in heart 
diameter results. The endocardial surface provides 
multiple points of resistance to flow and flow arrest, with 
successive streamlines being involved because of the 
eoned shape of the ventricle. Flow over rough of rugose 
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surfaces is governed by principles which define a roughness 
factor r/k, where r is the radius of pipe and k the average 
height of rugosities. Resistance coefficients may be 
obtained for various values of Reynolds number and for 
different values of r/k. For small values of Reynolds 
number (He), flow is laminar, and when log f (resistance 
coefficient) and log Re are plotted against one another, 
the results lie on a straight line. Resistance therefore is 
not affected by roughness at low Reynolds numbers. As 
Re increases, the effect, of roughness can be seen as devia- 
tions from the straight line, the roughest surface causing 
the earliest breakaway at a given Re. It may be concluded 
that a boundary sub layer exists around the wall even in 
turbulent flow. Provided k is small and the rugosities do 
not project beyond the boundary sub layer, then the wall 
corresponds to a smooth surface, Boundary sub layer 
thickness is proportional to »/1/fe, hence as Re increases 
the boundary sub layer becomes thinner. It follows that 
maximal wall flow resistance requires a low r/k value and a 
high Re. These considerations suggest the mechanism of 
the observed changes in exercise when an increase in end 
diastolic volume is observed that may not be explained 
simply by postulating more complete emptying of the 
ventricle or by a decrease in ventricular pressure. For 
low values of Re the rugosities of the trabeculae carnae 
probably correspond to a smooth syrface with a low 
resistance to flow. As blood velocity increases with 
exercise by some 300-400 per cent, then Re rises, leading 
to an increased tendency to penetration of the boundary 
sub layer with increasing flow resistance and instability, 
and hence greater pressure recovery on an adaptive basis. 
Because the ventricular cavity changes its volume and 
shape as diastole proceeds, r/k values will be low initially 
when cavity size is reduced at a time when blood flow 
into the ventricle is maximal. 

It follows that whenever the normal pattern of blood 
flow into the ventricle is interrupted as with ball or disk 
valves, these mechanisms are seriously compromised, 
because much of the energy required for full ventricular 
dilatation is dissipated on the ball or disk of the prosthesis 
and is not recovered at the ventricular surface with the region 
of the ventricular cavity behind the valve constituting 
a zone of low pressure and slow moving, stagnant flow. The 
force of ventricular contraction is correspondingly 
diminished and cardiac output is reduced. Important 
evidence in support of this is the consistent observation 
that patients with mitral valve prostheses have low 
resting cardiac outputs, are uniformly unable to increase 
output on exercise demand’, and have abnormal but 
characteristic cardiographic ventricular silhouettes (my 
unpublished results). It can be concluded that until 
mitral valve prostheses are designed to resemble more 
closely the natural valve, postoperative cardiac function 
in such patients will always be impaired. 

I thank Dr’Philp and Dr Julian of the Royal Infirmary, 
Edinburgh, and Dr Keith Jefferson of the National 
Heart Hospital, London, for access to cine-angiographie 
material, 
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Electrical Activity associated with 
Ciliary Reversal in an Echinoderm 
Larva 


ECHINODERM larvae are capable of a variety of complex 
and apparently coordinated activities involving not only 
muscular movements but changes in the direction of 
ciliary beating®*, The eight-armed pluteus larva of 
Strongylocentrotus droebachiensis (C1. Echinoidea) normally 
swims with the arms leading, but when placed in seawater 
containing abundant particulate matter, such as unicellular 
algae, it shows occasional irregular periods of reverse 
locomotion, These are caused by reversal of the ciliary 
beat in the ciliated bands which run around the edges of 
the arms. At the same time, material may be ejected 
from the oral region, an activity assisted by contraction 
of the anterior dilator muscles. During a ciliary reversal 
the cilia of the epaulettes (isolated patches of ciliated 
epithelium) reverse or stop beating. The reversal response 
can be evoked by tactile or electrical stimulation of any 
part of the surface. 








pe 


4 
$] 
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Fig, 1. Ventral view of 5. droebachiensis pluteus larva with a suction 
electrode attached. a.e., Anterior epaulette; sel, suction electrode; 
p.e., posterior epaulette, 


Plutei were held in a dense suspension of algal cells 
(Dunaliella tertiolecta) by polyethylene suction electrodes 
(Fig. 1) through which recordings were made or stimuli 
delivered. Electrical activity, after amplification, was 
displayed on an oscilloscope and recorded on a pen-writing 
oscillograph. During each ciliary reversal monophasic 
potentials with an amplitude not exceeding 20 uV could 
be recorded. The frequency of these potentials was quite 
regular, with a mean of 3/s (Fig. 2). A general ciliary 
reversal was recognized visually by a reversal in the water 
current flowing past the larva. Changes in the activities 
of local groups of cilia, if they occurred, would probably not 
have been detected. 

Reversal potentials were seen only during a ciliary 
reversal and never when the cilia were beating forwards. 
Although contractions of the anterior dilator muscles often 
accompanied reversals, reversal potentials were observed 
in the complete absence of activity in these muscles and 
in other muscle systems. Reversals typically lasted some 
4-188. Reversals lasting less than 1s, however, accom- 
panied by a single potential, were observed. Attempts 
to record electrical correlates of ciliary reversal from the 
ciliated bands and sparsely ciliated surfaces were not 
successful, but recordings from an anterior epaulette 
showed potentials in synchrony with those from a posterior 
epaulette. Cilia reversed when the larva was stimulated 
electrically at any point on the surface with single shocks 
having amplitudes just exceeding the response threshold. 
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Ciliary reversals and muscular contractions were not 
seen in plutei placed in a medium containing equal parts 
of seawater and isotonic magnesium chloride and could 
not be produced by electrical stimulation. The larvae 
continued to swim forward strongly. When the larvae 
were returned to seawater, muscular contractions and 
ciliary reversals were again exhibited. Nerve cells have 
been reported from limited areas of the apical and oral 
regions of plutei‘, After removal of most of the oral 
hood and probably all the apical complex*, however, the 
larvae were still found to be capable of ciliary reversal and 
reversal potentials could be recorded from the epaulettes. 
Methylene blue and Protargol silver staining failed to show 
any nervous structures, 

Tn several metazoan phyla, the normal (forward) ciliary 
beat appears to be initiated within the ciliated epithelium 
itself. The reversal or cessation of beating observed 
to occur in nudibranch larvae’, ctenophores* and in 
Amphioxus? is believed to involve nervous inhibition. 

Most of our observations on plutei fit a similar model. 
Reversal is a generalized response to local stimulation and 
must therefore be spread by a conducting system. Excess 
which suppresses nervous activity in many inverte- 
3, abolishes reversals while permitting normal 
beating to continue. The one serious obstacle to accepting 
this model lies in our failure to identify nerve cells histo- 
logically in the areas where the physiological evidence 
suggests that conduction must occur. Absence of neurones 
is hard to prove and cannot here be taken as conclusive. 
Neuroid conduction in the covering epithelium of the 
larva or in mesenchymal elements, however, provides a 
possible alternative to the participation of nerve cells. 
Non-nervous conduction is known to occur in the epithelia 
of several hydrozoan coelenterates?®, 
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Reversal potentials recorded from a posterior epaulette. R, 
Ciliary reversal; F, forward ciliary beat. 


Fig. 2. 
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Mycorrhizal Nodules and Growth of 
Podocarpus in Nitrogen-poor Soil 


Most genera with nodulated roots are legumes, and the 
nodules form after infection by nitrogen-fixing bacteria. 
Thirteen other genera of dicotyledons may also develop 
root nodules, which form only after infection, and in 
which nitrogen fixation has been proved or inferred, but 
in these the endophytes seem to be actinomycetes'*. 
Among the gymnosperms, however, in Araucariaceae and 
Podocarpaceae, nodules develop without any stimulus 
from microorganisms’ although in nature they usually 
contain a coarse phycomycetous mycelium, This infection 
has been synthestked using Endogone spores‘ and, like 
typical Endogone myegrrhizas, infected nodules suatai 
the growth of seedlings in phosphorus-deficient 
There is also a long standing belief that they fix nitrogen, 
supported recently by some experiments with 15 N (ref. 1), 
T have tested this hypothesis by attempting to grow 
seedlings of Podocarpus totara in a nitrogen-defici 
soil. 

Seedlings were raised in steamed forest soil. Half of 
them were soon transferred to unsteamed soil from podo- 
carp forest to establish a normal rhizosphere. Six months 
later all were potted individually in 200 mg of inorganic 
soil—crumbled weathered voleanic rock, partially steril- 
ized by heating to 100° C between clectrodes. Batches 
of twelve plants then received boiled tap water either 
alone or together with five monthly doses of 15 mg 
NaH,PO,.2H,0, or of 10 mg of nitrogen supplied 
either as NaNO, NH,NO,, urea, or m a ene 








fertilizer’. These quantities were added in 25 mi. 
water. 
After 6 months three size classes were obvious. (a) The 


seedlings which had been constantly in steamed soil had 
formed dormant buds before potting and had not’ re- 
sponded to any of the treatments, All were below 0-4 g 
dry weight and their nodules were free of mycelium. 
(b) The + seedlings from podocarp soil that had received 
only water or phosphate had become dormant 2-3 months 
after potting, and weighed about 0-8 g. Their nodules 
contained abundant coarse vesicular-arbuscular mycelium. 
(c) The seedlings from podocarp soil that had received a 
solution containing combined nitrogen were all growing 
vigorously. No batch differed significantly from the mean 
dry weight of 2-2 g. Compared with (b) the gain in weight 
was chiefly in the shoot, involving a change in shoot—root 
ratio from 0-8 to 2-1. The nodules were again profusely 
mycorrhizal. 

‘Clearly only lack of combined Mirogek limited growth. 
The form in which nitrogen was supphed was iramaterial 
and a complete nutrient supplement produced no further 
improvement. Tf a nitrogen-fixing system is normally 
associated with podocarp nodules in New Zealand ee sat 
soils these seedlings should have possessed it, fof the 
roots were merely shaken, not washed, on transfer from 
forest soil and the mycorrhizal infection that they carried 
from it spread profusely as new nodules developed. 

T thank Mr M. A. Line for confirming the absence of a 
nitrogen-fixing system by testing six of the root systems 
with the acetylene-ethylene reduction technique’, AML 


gave completely negative results over a 12 h period in 
+ 
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which clover nodules and a field soil both gave strongly 
positive results, 
The failure of the non-mycorrhizal seedlings to respond 






to added nutrients was unexpected. It may merely be 
that, once dormant, they are slow to respond to fertilizers, 


but it is also possible that the level of mineral availability 
necessary for non-mycotrophic growth was not attained, 


G. T. S, BAYLIS 
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Plant Growth Regulating Properties 
of Some Acetone Condensation 
Products 


DERING chromatographic purification of plant hormones 
extracted with acetone, we noted that a mixture of self- 
condensation products of acetone formed when this solvent 
w ubsequently used to extract silica gel or aluminium 
oxide removed from thin-layer plates. These products of 
acetone were also obtained by simply combining acetone 
ca gel H or with aluminium oxide G powder and 
stirring the mixture for a short time. The sihea gel or 
aluminium oxide was separated by centrifugation and 
the acetone was evaporated to obtain the ondensation 
products. When one 5 g sample of the sileal gel was 
subjected repeatedly to acetone (eight 25 mi. aliquots s), we 
obt aed the following amounts of condensation produe 
300, 410, 330, 380, 550, 510, 430 and 480 ug. W e believe 
that self-condensation of acetone had occurred, for the 
weight of the material obtained did not decrease when the 
silica gel was exposed repeatedly to fresh aliquots of 
a ATG. 






































ACETONE € 






Table 1, GROWTH REGULATING ACTIVITY OF 


DENSATION 
PRODUCTS BASED ON THE BEAN È 


Average Incr in elongation over 





Condensation product that of controls? (per cent) 
° 
Mosityt oxide 18 
Tiacetone alcohol 48 
Triacetonediol 1,133 
Phorone 1,549 


* Experiment lasted 7 days. 

We repeatedly prepared these 
during several months and tested each mixture by the 
bean second internode assay’. Some of the preparations 
contained extreme ly active growth regulating substances. 
For example, 108 ug of one of the mixtures caused the 
second internode of bean plants to elongate an average 
of J1-7 times as much, during 4 days, did controls 
treated with the fractionated lanolin carrier. We were 
unable, however, to obtain condensation products 
accelerated plant growth co . This incor 
may have been due to reversibility characteris 
reactions involved in t 1e formation of condensation pro- 
ducts of acetone (ref. 2 and references therein). 

Afhong the known condensation products of acetone, 
we have thus far tested diacetone alcohol. mesityl oxide, 








condensation. products 
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phorone and triacetonediol using the method mentioned. 
Phorone (K and K Laboratories. Incorporated, Plainview, 
New York) and triacetonediol (8 moles of acetone) were 
very active. Diacetone alcohol? and mesityl a 
(2 moles of acetone) were relatively inactive (Table 1 
5 agrams of phorone or triacetonediol ceed in 

the bean secon internode assay induced pronouneed 
responses similar to those induced by equal amounts of 

gibberellic acid A, Rapid internodal elongation was 
Geter able within 24 h of application of phorone or 
triacetonediol (10 pg per plant). Fore example, the average 
rate of growth of the treated internodes during this ae 
was 327 and 191 per cent greater, respectively, ‘than growth 

of comparable internodes of the control plants. During 
the 7 days immediately following treatment the aver age 
elongation of second internodes of the plants treated witi 

phorone was twenty-five ster than that of com- 
parable internodes of döntrols, that of third internodes 
was forty-one times greater and that of fourth internodes 
was eighty-one times greater. On the basis of visual 
observations, leaf growth was 'elerated by the 
application of phorone and triacetonediol, The plants 
responded to extremely small amounts of phorone or 
triacetonediol, as was the case with condensation products 
obtained earlier by reacting acetone and silica gel, For 

example, elongation was mar edly accelerated during 
the first 24 h after the application of 107 ug of phorone 
per plant. 










































Fig. 1. Bean plant, treated with 6 ag of phorone (right) and another 
treated with 5 ag of gibberellic acid (centre) compared with control 
treated with the fractionated lanolin carrier alone. 








Some condensation products of acetone, therefore, 
represent a new family of growth-regulating substa 
Although these substances induced elongation, a 
characteristic of gibberellins, the condensation product ts 
differ widely from gibberellins in molecular configuration 
and complexity (Fig. 1} Furthermore. the acetone con- 
densation produets can be readily synthesized. 
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istanes, 
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Effect of Ethylene on Tuber 
Initiation in Solanum tuberosum L. 


Rexewep interest in the physiological effects of ethylene 
has resulted from the suggestion that this hydrocarbon 
is a plant growth regulator’. Ethylene is a natural plant 
product which effects several important growth processes, 
notably the inhibition of longitudinal expansion and the 
promotion of lateral expansion of cells. Tuber initiation 
in Solanum species involves a lateral expansion of cells 
in the sub-apical region of the stolon*, so we have investi- 
gated the extent to which tuberization can be influen 
by ethylene. 

Sprouts. of Solanum tuberosum (Arran Pilot’ variety). 
grown in the light until about 5-7 em long and bearing 
several stolons, were exc from tubers together with a 
25 om? portion of mother tissue and planted in boxes 
containing ‘Perlite’ moistened with nutrient solution. The 
light-tight boxes were placed in a growth room at 12°C 
and ethylene at a concentration of 50 v.p.m. in humidified 
air was passed through the boxes at a rate of 250 ml. 
min, The concentration was checked daily by gas~solid 
chromatography on an alumina column”, Control tissues 
were kept in identical conditions in a stream of air con- 
taining. no detectable ethylene. There were nine sprouts 
per replicate and three replicates per treatment. After 
14 days the sprouts were harvested and inspected (Fig. 1). 

Yn all cases, treatment with ethylene led to inhibition 
of the extension growth of both the sprout and the stolon, 
loss of the positive geotropie response of the shoot and 
inhibition of root development. Most striking of the 
growth responses to treatment with ethylene was the 
swelling of all rapidly expanding regions—-sub-apic i 












































regions of stolons, stem and axillary buds. The sub-apical 
swellings on the stolons of the treated sprouts were simil 


in morphology and anatomy to normal tubers at a similar 
stage of development. In contrast to tuber initials, how- 
ever, sections of the swellings induced by ethylene failed 
to show a colour reaction with iodine solution, indicating 
that little or no starch was present. There were less than 
ten tabers on the stolons of the control sprouts whereas 
every stolon of the treated sprouts had swollen. 
Preliminary experiments on sprouts using ‘Ethrel’ (2- 
chloroethy! phosphonic acid), which rele ethylene in 
plant tissues, indicate that this compound causes effects 
similar to those of gaseous ethylene. Moreover, direct 
application to the stolon promotes swellings of the sub- 
apical region within a week at 18°C. The swellings 
obtained with ‘Ethrel’ treatment do not contain starch. 











































Untreated control sprouts, The curvat 
iue to contas re plantie 

te C CH 
ving swollen ste 
















findings open up the interesting 
ethylene may play a in the 
initiation, and that » deposition wy 
separate stage of development. 

We thank Professor M. B. Wilkins for h 
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of ‘Ethrel’. 
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Screening for Aminoacidopathies 
with Prepared Cellulose Layers on 
Aluminium Foil 


THE recent report by Bremer, Ntitzenadel and Bickel! 
of the use of prepared thin-layer plates of cellulose for 
screening of plasma for inborn errors of amino-acid 
metabolism prompts us to report our experience, with 
prepared cellulose layers on aluminium foil (E. Merck, 
Darmstadt, Germany) for screening of both plasma and 
urine. Thin-layer chromatography of amino-acids on 
cellulose is faster, and has greater sensitivity and resolu- 
tion, than paper chromatography** without sample 
preparation. Additionally, the flexible aluminium foils 
ean be dipped in the location reagent instead of being 
spra and appropriate sections eut out for testing with 
apecifie reagents. 








Fig, L Plasma amino-aci 1, Phenylketonuria (Ph, phenyvialanine): 
2, normal plasma; 3, tyresinosis (T, tyros ; Al, methionine): 4, 
marker (Y, yellow; ©, orange: R, red). 








We cut against the “grain” two plates (10x20 em) 
from the 20 em square layers supplied. (Solvent flow with 
the grain is 20 per cent faster than against with no differ- 
ences in separation.) Samples (5 ul.) of plasma were 
applied as a band (2 em) to duplicate sheets together with 
a marker solution (2 ul. of the alcoholic fraction obtained 
by shaking Quink black ink (1 ml.) with butanol (8 ml.)) 
and dried with a cold fan; volumes of urine (2-12 ul.) 
depending on creatinine concentration (Table 1) were 
applied as bands (1:5 em) and dried with warm air. 
Chromatograms were developed twice (7-5 em rise, 50 min 
at 25°C) with »-butanol-acetone-acetic acid-water 
(35: 35:10:20) and dried with warm air between runs. 
After chromatography the urine sheet and one of the 
plasma sheets were dipped in ninhydrin (0-5 per cent in 
acetone) and the amino-acids visualized at 40°C (hot. 
plate) for 30 min. A permanent record could be obtained 
by oversprayving with aqueous nickel sulphate (7 per cent) 
and, when dry, coating with a vinyl lacquer (aerosol). The 
second plasma sheet? was cut in two along a line drawn 
between the red and orange markers. 


RELATING URINARY CREATININE CONCENTRATION TO VOLUME 
APPLIED TO CHROMATOGRAM 


Table 1, 


e (Simplified from Woolf) 
Creatinine (mg/100 mi.) O-15 16-256 26-50 51-100 101-200 201+ 
Volume of urine (pl.) 12 10 8 6 4 2 


The lower portion was dipped in o-phthalaldehyde (2 per 
cent in acetone) and heated at 40° C for 10 min to locate 
histidine and glycine. The upper portion was dipped in 
isatin (1 per cent acetone) and heated for 5 min at 100° C 
(oven) to*locate proline (Figs. 1 and 2). 

e 
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Tn our experience, specific location reagents are neces- 
sary to detect with certainty the moderate elevation in 
plasma concentration found in some cases of histidinaemia, 
hyperprolinaemia and hyperglycinaemia, but ninhydrin 
alone is satisfactory for urinary amino-acid chromato- 
grams, where the concentrations of the characteristic 
amino-acids are usually considerably elevated, 

In general, we have found that a reagent concentration 
approximately three times greater than that recommended 
for paper chromatograms is required to obtain optimum 
colour development when dipping thin-layer chromato- 
grams, and both Ehrlich and Sakaguehi reagents can be 
applied in this way, but both Pauly’s reagent (diazotized 
sulphanilic acid) and Folin’s §-naphthoquinone-4-sul- 
phonate reagents are best applied by spraying. The useful 
iodo-platinate reagent for sulphur amino-acids cannot be 
used on aluminium layers because of the formation of 
platinum black and evolution of hydrogen: the reagent, 
however, can be used on glass plates to detect cystine. 
homocystine, methionine, etc. Homocystinuria is thus 
best detected by the nitroprusside reaction on urine. 

We emphasize that this is a valuable screening method 
of great use to the busy clinical laboratory, but that 
deviations from the normal pattern should be investigated 
by such methods as two-way thin-layer chromatography, 
electrochromatography or ion exchange resins. By this 
technique, we have detected the appropriate abnormal- 
ities in samples from authentic eases of phenylketonuria. 
tyrosinosis, histidinaemia’, hyperglycaemia. hyper- 
prolinaemia, hyperalaninaemia (lactieacidacmia), maple 
syrup urine disease, cystinuria, Hartnup disease and 
various generalized aminoacidurias such as cystinosis. 








4, Marker; 5, standard mixture: 6. hyper- 


Fig. 2.) Urine amino-acids. I 
uaemia (Pr, proline; G, glycine); 7, normal urine: s, 
(B, basic amino-acids and cystine), 





eystinurin 
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Book Reviews 


PERSPECTIVE ON THE CODE 


The Biological Code 

By M. Yeas. (North-Holland Research Monographs— 
Frontiers of Biology, Vol. 12.) Pp. xiiit+ 360. (North- 
Holland: Amsterdam and London, 1969.) 89s. 


I am sure that most people will agree that the most 
important advance in our understanding of biology in the 
first half of the sixties was the solution of the genetic code. 
How this was achieved is the subject of Dr M. Ycas’s 
monograph. But it was in the early days of coding, the 
1940s, that the incubation of many ideas, often un- 
published, occurred; this was necessary for the emergence 
of a theoretical framework on which the more spectacular 
discoveries of this decade could be placed. Tt is difficult 
to know where the ideas of coding started, but m 1945 
Beadle had arrived at the conelusion that the function of 
one protein depended on the integrity of ene gene. The 
intervening period up to 1953, when the structure of DNA 
proposed by Watson and Crick. saw a significant 
advance in ideas when Dounce. in 1952, indicated that the 
relationship between a protein and nucleic acid might 
simply be a lmear one: that nucleotide sequence might 
govern amino-acid sequence. 

Precise thoughts about the coding problem really only 
started im 1954, when Gamow, to whose memory Ycas’s 
book is appropriately dedicated, published his “diamond” 
code. The ideas here were that each amino-acid could fit 
into a cavity in a double-helical DNA molecule, with a 
specificity determined by the bases around that cavity. 
The precise interactions were unknown, but this proposed 
code was fully overlapping: that is, for each successive 
amino-acid, the DNA template had to be moved one 
base-pair. along. This code could cope with only twenty 
amino-acids-—fewer than were then generally supposed to 
be coded by DNA. It seems that as early as 1953, Watson 
and Criek had privately selected a list--and what we 
now know is the correct list---of Just twenty coded 
amino-acids. But it was not until the early 1960s, with 
the code almost solved, that the standard twenty were 
generally agreed upon. At a meeting, for example, in 
1959, when asked, “What about an insane protein hke 
poly-p-glutamic acid ?”, Criek replied, “Sir, poly-p- 
glutamic acid is not a protein!”. The importance of 
Gamow’s initiative in guessing at the code was his hope 
that one might be able to deduce the nature, and perhaps 
the details, of the genetic code without knowing the 
biochemical pathway relating the two. Fortuitously, 
this did not turn out to be the case. 

The coding game at this time was principally one for 
numerologists, finding ways in which four bases could be 
used to code for about twenty amino-acids. In 1957, 
Brenner proved that a fully overlapping code was too 
restrictive to accommodate the protein sequences then 
g, Two other codes, the “combination code” of 
Gamow and Yeas (1955) and the “comma-less code” of 
Crick, Griffiths and Orgel (1957), eventually fell by the 
wayside. Much ingenuity went into their construction. 
The latter code overcame the difficulty of selecting the 
correct reading frame in a non-overlapping code. “This 
was achieved by arranging that circular permutations of a 
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codon were nonsense (that is, if CAT.CAT codes for a 
homo-dipeptide, ATC and TCA cannot code for any 
amino-acids). This reduced the sixty-four triplets to just 
twenty——at that time thought to be too good a coincidence 
not to be true. But a major dilemma with this code is 
that it did not permit any large variations in DNA base 
composition without a corresponding change in amino- 
acid composition——it was later found that different strains 
of bacteria violate this requirement. And so, by 1959, 
Crick felt, and stated, that the coding problem was at a 
very low ebb. 

In the meantime, our knowledge of the biosynthesis 
of proteins on ribosomes was advancing, primarily 
through the work of Zameenik and his colleagues. Of 
particular importance was the discovery of transfer RNA 
by Hoagland in 1958, a molecule whose existence had been 
predicted as early as 1955 by Crick (in a note to the RNA 











Tie Club--a group of Gamow’s friends). The actual 
template for protein synthesis was presumed to be the 
RNA molecules in ribosomes. But the really major 





discovery, which opened the biochemical attack on the 
genetic code, was the finding by Brenner and Gros and their 
colleagues in 1960 of messenger RNA. Because some 
5 per cent of the cellular RNA only is messenger RNA, 
this meant that around 95 per cent of the RNA had to 
be discarded (as an information carricr)---at that time 
a revolutionary concept. Then followed the discovery 
by Nirenberg and Matthaei that poly U codes for poly- 
phenylalanine. and thente the solution of the eode. 
In The Biological Code, Yeas starts by tracing th 
early developments in ideas of how genes could code 
proteins. There then follows a detailed account of how 
the code was solved and upon what evidence this solution 
was based. This evidence often came from rather un- 
related approaches, and it is therefore particularly 
helpful that this wide range of mformation has | 
brought together into a weil integrated pattern. This 
includes the evidence from the various point mutations 
the elegant story of frame-shift-mutations and ¢ tailed 
analyses, arranged in a historical manner, of the Important 
results derived from in vitro studies where synthetic 
messengers were used to code for specific copolypeptides. 





























And, finally, the Nirenberg and Leder binding assay and 
Khorana’s work. <A clear understanding of the cade 

necessitates a proper understanding of how proteins are 
synthesized, how the messenger is punctuated, and the 
role of the adaptor transfer RNA in this process. After 
concentrating on these topics, Yeas ends with a discussion 
of the universal nature of the code, and how it may have: 
evolved. This monograph has a well compiled inc 
and, most usefully, a full list of about nine hundred ke 
papers on which the whole story is based. There are few 
people who have contributed and watched the code grow 
up from its infancy. Dr Yeas is one of them. It is indeed 
fortunate that somebody, so well placed te revi iew the 
solution of the code, has done the job. There are a few 
errors which the biochemist may ne but these should 
not deter anybody interested in understanding how the 
code was solved from enjoying this modestly pr iced book. 

Mark S. BRETSCHER 




















AMERINDIAN SOCIETIES 


Man’s Rise to Civilization 

As Shown by the Indians of North America from Primeval 
Times to the Coming of the Industrial State. By Peter 
Farb. Pp. xx+332. (Secker and Warburg: London, 
May 1969.) 55s. 

From the time of discovery to the present day, American 
Indians have exercised a strong influence over our minds 
and imaginations. The appeal of the Wild West begins 
with playing cowboys and Indians, but goes on to W eaterns 
and thrillers on television. The many facets of their 


* 
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cultures have added colour to our own and sometimes these 
have manifested themselves in strange ways; Amerindian 
spirit guides are invoked by our mediums; their decora- 
tions inspire the latest haute couture collections; their 
social structures illuminate the arguments of social 
philosophers. American Indians are clearly important to 
us because they have profoundly moved us emotionally, 
but, as Man’s Rise to Civilization shows, they still have 
much to teach us. 

This is a thorough, scholarly study of the major indigen- 
ous cultures of the North American continent, ranging 
from Mexico to the Arctic. It selects from a great accumu- 
lation of knowledge while presenting material and inter- 
pretations which are right up to date. Scientifically 
accurate, it is also eminently readable, and this happy 
combination of qualities makes it, in my opinion, the best 
general book on North American Indians which has been 
written so far. Its easy style and the knack of maintaining 
interest throughout some 300 pages of solid reading should 
give it a wide appeal. It will also be welcomed by the 
professional anthropologist for its intimate acquaintance- 
ship with a wide variety of theoretical problems. Although 
some of his conclusions can be contested, the author 
states his points and makes his comparisons both skilfully 
and imaginatively. 

The scope of the book is enormous. Part one examines 
ten Amerindian societies as they Were at the time of 
diseovery, including band societies such as the Shoshone 
and Eskimos, tribal societies, chiefdoms and the state 
system of the Aztees of the Valley of Mexico. It emphas- 
izes the extraordinary variety of the cultures which existed 
simultaneously in North America. Part two presents the 
prehistory of the Amerindian, utilizing archaeological, 
genetic and linguistic studies, and part three considers the 
conquest and settlement, covering the processes of culture 
contact and acculturation up to the present. 

Farb’s work is thus an extraordinarily complete one. 
It is also particularly interesting because of his experi- 
mentation with the new type of evolutionary approach 
current in the United States. Anthropological studies 
mainly fall into one of two categories. There is the 
synchronic, functional and structural analysis in which 
social systems are presented as they are, or were, at a 
particular time. The ten chapters of part one fall into 
this category of treatment. There is also the diachronic, 
historical type of study, such as part three, in which 
changes undergone by a society, over a period of time are 
analysed. The author also uses a third approach based 
on the assumption of cultural evolution which claims to 
predict major trends in social organization. In presenting 
his Amerindian societies he uses a taxonomic classification, 
or typological sequence, placing the different societies 
in order of increasing complexity. His aim is to demon- 
strate why certain elements of culture and certain social 
institutions’ appear in one kind of society and not in 
others and what the effects of their presence or absence 
are. For example, he considers that one of the essentials 
for the formation of chieftainships is the existence of a wide 
diversity of food and goods which can be directed to a 
central authority for distribution. The ultimate reason 
why chiefdoms, like those of the north-west coast and the 
Natchez of the Migsissippi region, were fated to fragment 
at certain stages of their development was because they 
lacked legal force at the crucial time when the chiefdom 
becomes so large that it ean no longer distribute goods 
efficiently. This legal force was achieved at a greater level 
of complexity, that of the state, as illustrated by the 
Aztecs, the essential characteristic of the state being its 
social and political power (see pages 151-152). 

This is ultimately then a study of a range of social 
systems of differing degrees of complexity, excluding time 
factors and rejecting unputations of necessary progression 
fram one level to another for any particular group. It 
attempts to show some of the essential characteristics of 
societies at particular levels of development by using the 
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great variety of forms of North American Indian societies 
to demonstrate the emergence of structural complexity 
of the state in comparison with the simple hunting band. 
Throughout runs the sad theme of destruction of these 
examples of “the magnificent diversity of mankind” 
(page 294). Colonizers, whose civilization was based on an 
advanced technology with its need to exploit fully all 
natural and human resources, inevitably destroyed all 
the societies they encountered. With them, a level of 
yet greater social complexity arrived which even the 
peak of North American Indian political achievement, 
the Aztec empire, could not withstand. In conclusion, 
the author makes a plea for the preservation of primitive 
cultures which are disappearing at an ever accelerating 
pace all over the world. Those who enjoy reading this 
book may be glad to learn that at the very time that his 
words were being printed societies were being founded, 
in the United States and in Europe, for the protection of 
primitive peoples still remaining. They aim to defend 
their persons and their rights: to protect their unique 
cultural inheritance while helping them freely to develop, 
at their own speed, the ways of life they wish to follow 
in this age of the great industrial nation state, the latest 
and the most lethal development in the processes of social 
evolution. AUDREY J. COLSON 


CITY STRUCTURE 
Urban Analysis 


A Study of City Structure with Special Reference to 


Sunderland. By B. T. Robson. Pp. xii+302.  (Cam- 
bridge University Press: London, July 1969.) 80s; 
$12-50. 


THis is one of a number of studies of urban typology 
which are being undertaken or have been undertaken by 
university departments up and down the country following 
pioneering work by Ruth Glass at the Centre for Urban 
Studies, London, and by Betty Gittus, now at the Univer- 
sity of Neweastle upon Tyne. This is basically the appli- 
cation of particular regression techniques and cluster 
analysis of derived variables to classify small areas within 
an urban sprawl in terms of the social and demographic 
characteristies of their populations. The classification is 
often best displayed in map form. It is, however, stretch- 
ing things a bit to refer to this as attempting “to show the 
relevance of sociology to a geographical approach to 
urban areas” or as enabling the geographer to “increasingly 
incorporate some of the data and ideas of sociology into 
his own peculiar spatial methodology”. There is nothing 
peculiar about multivariate analysis; and it is neither 
sociology nor geography; it is a well developed statistical 
tool (dangerous in non-numerate hands) applicable in 
many disciplines. The geographers who have been slow 
to discover mathematical tools have tended recently to 
overdo their emphasis on spatial and other urban models. 
The present work is, however, soundly based and in spite 
of a degree of verbosity in its presentation is of considerable 
practical value. 

The jargon loaded first chapter on human ecology is a 
bit off-putting and has not much relevance to multivariate 
analysis. It strains to redefine geography as macro- 
sociology much as the architects have tried to redefine 
town planning as macroarchitecture. As a statement of 
the concern of geographers for human ecology, it is of 
interest in itself and might have been published as a 
separate essay. 

The second chapter, which gets down to the meat of 
the book, starts with an unfortunate sentence: “Data and 
techniques must be at the very root of any attempt to 
analyse the nature of the spatial structuring of urban 
areas’. This sounds like saying that the “‘means” is more 
important than the “end”. In the context of the current 
obsession with computers and techniques as ends m them- 
selves one may be forgiven for some sensitivity to this 
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kind of expression, What the author really means is that a 
particular statistical technique will be more revealing 
than others given that the data have a particular content 
or format. Using the right tool for the job is part of a 
statistician’s traiming, and, because the statistician is 
equipped with theoretical eriteria for the choice, it would 
be preferable to consult a statistician than to propose an 
empirical approach. The author gives a comprehensive 
account of the available small area data and after getting 
a little bogged down in a philosophical discussion of indices 
emerges more lucidly into multivariate analysis and 
classification methods. 

The case study of Sunderland to which this method- 
ology is applied is very well done. A short history of the 
growth and functional development of Sunderland is an 
excellent piece of description (irritatingly called “simple 
ecological structure”), and the cartography is of a high 
standard. The next step is to examine the interrelation- 
ship of the variables involved in classifying areas, for 
example, between rating value and social class. Thirty 
variables for the populations of 159 areas were subjected 
to regression analysis and principal component analysis. 
The exposition of all this work is extremely well done. 

The ultimate classification which inevitably mirrors 
the development of housing estates, private and municipal, 
is then tested as a basis of differentiation of areas for a 
field survey of parental attitudes to education. It is of 
interest that most workers in the field of urban typology 
have referred to its value as a frame for the design of field 
surveys. This particular example is an effective demon- 
stration of this use-value. In the end in all researeh work 
it is use-value that counts; or, more directly, it is the 
objective that is important. 

Though there is much use of sociological language, the 
interpretation of findings is largely a matter of population 
structure—of age distribution, numbers of children and 
employment. characteristics, The new found interest of 
the geographers in demography is to be weleomed (as is 
all interdisciplinary collaboration in an age of undue 
specialization), but they must not imagine that it is a 
new discipline——it is perhaps older than geography; and 
demographers have been at the job of differentiating areas 
by their population characteristics for a long time, though 
they have recently acquired, thanks to the mathematical 
statisticians and the computer technologists, very much 
sharper tools; and doubtless they will have much to learn, 
to their benefit, from geographers. 

This book will be of considerable educational value to 
all students of urban development and of much interest 
to town planners. It is excellently produced as a book 
and for its total content is reasonably priced. Stripped of 
some of the less relevant material (worthy though it may 
be), and in a paperback, it would have a wider appeal to 
the student pocket. B. BENJAMIN 


PLUMED BEAUTIES 


Birds of Paradise and Bower Birds 

By E. Thomas Gilliard. (The World Naturalist.) Pp. 
xxii+485+41 plates. (Weidenfeld and Nicolson : 
London, August 1969.) 126s. 


Tum birds of paradise and bower birds are two closely 
related families, evidently evolved in the Papuan sub- 
region of the great Australasian zoogeographical area. 
They are close relatives of the crows and probably devel- 
oped in the first place from rather starling-like ancestors. 
‘They are of quite exceptional interest from several points 
of view, all connected with the fact that they are basically 
polygynous, and have developed the most fantastic dis- 
plays known in the bird world. The plumes of the first 
of these families were traded by various routes to Europe 
in the sixteenth century; their beauty was so astounding 
that the birds were thought to be wanderers from paradise. 
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Since the native collectors adopted the custom of cutting 
off the feet, Linnaeus gaily named one species Paraidisace 
apoda ! It was not until the work of Alfred Russel Wallace 
in 1857 that naturalists came to have some comprehension 
of these extraordinary creatures. So extraordinary are 
they that in 1898 when the “King of Saxony’s Bird of 
Paradise” (Pteridophora alberti) was discovered in a Paris 
plume mart, Bowdler Sharpe, keeper of birds at the 
British Museum, at first refused to believe that if was not 
an artefact. 

The bower birds in their way are hardly less remark - 
able. They are outstanding for their use af tools, their 
apparent artistic colour sense and their skill as architects. 
An early naturalist coming on a “dance-pavilion” built 
by a New Guinea species thought it a bouse constructed 
by man. Another was s0 astounded at his early dis- 
coveries that he declared that, Just as manunals have 
split into man and lower forms, birds should be considere 
in two categories: bower birds and all the others. It ts 
now known, of course, that the bowers have a basically 
utilitarian function in that they are stages constructed by 
tho males on which to perform intricate routines of se ual 
display and to mate with the females of their species. 
They still pose many mysteries, however, and I personally 
find that the fantastic development of the beautiful and 
complex patterning of the male birds of paradise, and the 
astounding behavidiral complexities of the bower birds, 
very hard to account for as merely some of the isolation 
mechanisms which keep one species separate from another. 
They seem to have gone too far and developed too big a 
momentum of their own to be explicable on that basis. 
Indeed, Professor G. Evelyn Hutchinson of Yale Univer- 
sity wrote not long ago that the behaviour of bower birds 
“in its complexity and refinement is unique in the non- 
human part of the animal kingdom”, It is extremely 
difficult to avoid the conclusion that something like a true 
aesthetic sense must play its part in the life of these 
extraordinary creatures. 

This book, by Dr Thomas Gilliard, is @ fine monograph 
on the natural history, evolution and behavioural biology 
of these creatures. It is also a worthy memorial to the 
author, who was Associate Curator of Birds in the Ameri 
can Museum of Natural History until his untimely death 
four years ago. in his fifty-third year, just after his return 
from the last of his periods of study and biological explora- 
tion in New Guinea. But in conclusion I have one grumble. 
Need a book of such interest and wide appeal really cost 
as much as six guineas ? W. H. THORPE 








WILDLIFE CONSERVATION 


Nature Conservation in Britain 


By Sir Dudley Stamp. (The New Naturalist,) Pp. xiv + 
273423 plates. (Collins: London, June 1969.) 36s. 


Tms book is the forty-ninth in that most distinguished 
series. the “New Naturalist”, written, alas, by the first of 
the editorial board to decease. Fortunately, Stamp was 
able to complete the whole manuseript before he died, 
and only proofs had to be passed by another hand (which 
unhappily has overlooked a number,of minor errors of 
fact). The survey covers a wide field, touching the his- 
torical aspect, what has happened since the war, the 
organizations in the field, the tasks that face them, 
and winding up with seven chapters on conservation M 
the regions. There are a number of useful factual appen- 
dices, including one prepared by James Fisher, which 
summarizes nature reserves and other conservation 
areas county by county. 

The book is strongest where the aughor had personal 
experience, as one of Britain's leading geographers and as 
a member of the Nature Conservancy, whose England 
Committee he chaired at the time of his death, There 
are constant references to ecology, but to some extent 
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they are references of a layman as distinct from a trained 
ecologist--this is not necessarily a bad thing but can 
lead to a rather superficial view. The author seems to 
be weakest in describing the part played by the volun- 
tary movement, which is at least as important as the 
Nature Conservancy, to which he devotes a whole chapter. 
Tt is in no way to decry the invaluable work done by the 
conservancy to say that limitation of its resources pre- 
vents it from doing more than half the job that needs 
to be done. The other half is being done by a host of 
volunteers, organized mainly in the county naturalists’ 
trusts, but sometimes still working under the flag of an 
active local natural history society. A full assessment 
of the work of this side of the movement should find a 
place in one of the later editions of this book, which J 
hope the editors of the “New Naturalist’ will be able to 
arrange. It is too useful a volume to be allowed to go 
out of date, as is inevitable with a fast developing move- 
ment such as we have in wildlife conservation in Britain. 
R. S. R. FITTER 





AIRBORNE INVASIONS 


Migration and Dispersal of Insects by Flight 
By C. G. Johnson. Pp. xxii+763. Methuen: London, 
June 1969.) 150s. 


THe author has been concerned with studies of insect 
migration at Rothamsted for more than 20 years. First, 
he assisted Dr C. B. Williams, and then succeeded him as 
head of the entomology department. Many insect pests 
of agricultural or medical importance are migratory at 
some stage of their life history, so this scholarly and well 
planned volume will be particularly welcome to a wide 
range of practical entomologists; ecologists and physio- 
logists interested in inseets will also find the book very 
stimulating. 

The book consists of twenty-five chapters, grouped 
into six sections. General aspects of migration are dealt 
within the first part, which includes a series of definitions 
and diagrams (most of which are easily understood) to 
distinguish the different types of migration. Physiological 
factors which initiate flight and cause individual insects 
to migrate are considered in part two. Detailed accounts 
of the orientation of migrants in relation to topography 
and wind are well illustrated with diagrams and maps. 
The speeds of flight are listed rather inconsistently in 
mules per hour, metres or em per sec in different tables. 
Physiological studies seem to set a limit of less than a 
day for continuous flight, yet there are recorded instances 
of very long range migrations over the sea which require 
the arriving migrants to have been continuously airborne 
for three days. Johnson wisely suggests that as the 
numbers completing the journey are probably a minute 
fraction of the starters, these may either be exceptional 
physiologically or unusually fortunate in encountering a 
long suecession of helpful upward air-currents. 

The third part provides a valuable review of the studies 
of aerial plankton in relation to weather; it would have 
been clearer if it had been prefaced with a detailed account 
of the dynamics @f the lower atmosphere in different 
weather conditions and had included a consideration of 
the likely time lags between the initiation of flight and 
the arrival of insects at high altitudes. The author shows 
a sound and sceptical attitude to the commonly used 
nnilgiple regression. analyses of suction trap data, but he 
has missed the opportunity to diseuss the figures in 
relation to what is known about those birds, like the 
swifts and the like, which rely on these migrating insects 
as a source of food. The diagram in Fig. 108 suggests 
some ynisunderstandings in the mind of the artist. 

Ia parts four and five, short and long range migrations 
are considered in relation to insect life, history and synop- 
tic meteBrology. The desert locust, whose regular seasonal 
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movements follow the intertropical convergence zone, 
provides a classical example of long range movement. An 
unusual deviation from the normal weather pattern in 
October 1954 brought some of these locusts from West 
Africa out over the Bay of Biscay up to the British Isles. 

In part six, “Migration and Habitats’, Jobnson 
emphasizes the enormous numerical seale on which 
habitats are “bombarded”: by aerial insects. Migrant 
insects attract notice only when the species concerned are 
spectacular and not normally present in the area of their 
arrival. Inthe British Isles, migrant butterflies and moths 
from Africa and southern Europe regularly appear and. as 
an exception, transatlantic species appear when the winds 
are particularly favourable and achieve much publicity; 
but the inconspicuous migrant aphids which reach Britain 
in myriads each year on the easterly winds of spring 
are numerically and agriculturally far more important, 

The ecological significance of migration is discussed in 
the final chapter and contrasted with flightlessness. 
Johnson rightly criticizes students of population dynamics 
who disregard migration and tend to under-rate its 
impact. 

This is a well constructed book, written in a clear and 
vivid style, which enables the reader either to enjoy a 
logical account of insect migration on a world scale, or, 
with the aid of the good index and frequent cross-references 
in the text, to seek out what is known about some parti- 
cular species of interest. The bibliography of over 1.200 
entries lists publications from all over the world. but 
British and American papers predominate. About half of 
the references are to papers published since 1958, when 
the book by C. B. Williams on the same subject was 
published. Some of the references are to papers which 
appeared in 1969, so both the author and the publishers 
deserve congratulations for the speed with which the 
book has appeared and for its pleasing format and typo- 
graphical accuracy. G. C. VARLEY 








MATHS CREATED 


Laws of Form 
By G, Spencer Brown. Pp. xx+ 142. 
London, April 1969.) 45s. 
ANYBODY who reviews books must subconsciously dread 
the situation I now faee. Tt is new to me; nor do I expect 
to encounter it ever again. Intemperate judgments may 
soon be proved wrong; but it is too easy to take a world- 
weary way out. The plain fact is that I suspect I am 
reviewing a work of genius, This is an extraordinary 
book. It is about mathematics. But this bold author 
devises his own mathematics from scratch, and makes few 
references to the history of that elegant discipline. True, 
there is reference (in an appendix) to something we knew 
about: Boolean algebra. Sheffer reduced Boole'’s whole 
logic to five unproven postulates. Spencer Brown proves 
all five in a casual couple of pages. As to the famous 
“Sheffer stroke”, itself a triumph of mathematical simplifi- 
cation, Spencer Brown calmly says that “it may be omit- 
ted”. He is right—as I now (but could not earlier) see. 
Nor would I previously have regarded Gédel’s theorem as 
logically trivial. These revised views are the result of 
spending two delightful days in St Mark’s Square, im- 
mersed in this condensed and exquisitely poised argument. 
Yes, the book is short. It virtually ends after sixty- 
eight pages with the conclusive words “and so on”. 
There really does seem no more to be said. But the author 
allows us an equivalent ration of notes. Sample one of 
these: “Thus we cannot escape the faet that the world 
we know is constructed in order (and thus in such a way as 
to be able) to see itself. This is indeed amazing”. To this 
I respond Amen-—~in several tones of voice. And all this 
begins by saying simply: “Draw a distinction”. From 
there on, things just happen. We are introduced to an 
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algebra of the utmost simplicity, which a child (if he 
were thus sophisticated) eould understand, and to a nota- 
tion of great beauty, because it conveys what it says. 
When one thinks of all that Russell went through sixty 
years ago, to write the Principia, and all we his readers 
underwent in wrestling with those three vast volumes, 
it is almost sad. All credit to Russell, then, who endorses 
this book with his congratulations. 

Publishing this review at all is almost a nonsense: 
you would be better employed in reading the book itself, 
for Spencer Brown tells his own story in a way that defies 
exegesis. I would as soon give an account of a sonnet. 
Here is mathematics being created in front of our very 

‘eyes. My own suspicion is that we are also observing the 
creation of a science of design, and the laying down 
of a proper basis for a new epistemology. It is very 
difficult to say at such close range. Whatever the author 
is doing, he is doing something remarkable-—of this I am 
very sure. And this would remain true, although some- 
body should succeed in uncovering defects that I have not 
observed. 

I very much hope, for the sake of their own delight, 
that those who have thought hard about the nature of 
mathematies, of logic, of the thinking process, or of the 
universe itself, will read this book. It would be imper- 
tinent for me to try to offer a final judgment here. Yet 
every experience ean be placed decisively on one side or 
the other of a valid distinction, the real meaning of which 
is not at all the point. So teaches Spencer Brown him- 
self: “Distinction is perfect continence”. The existence 
of this book draws a distinction; I leave no room to doubt 
on which side of that distinction my experience lies. 

STAFFORD BEER 


STOCHASTIC APPROXIMATION 


Stochastic Approximation 
By M. T- Wasan. (Cambridge Tracts in Mathematics 
and Mathematical Physics. No. 58.) Pp. x +202. (Cam- 
bridge University Press: London, June 1969.) 708; 
$9.50. 
Ir has been said {and if it has not, it could have been) 
that current statistical journals contain a large number of 
mathematical results looking for real problems. One 
such series of results concerns stochastic approximation, 
the generalization into a statistical framework of the 
iterative procedures used in numerical analysis for the 
solution of equations. In the literature, examples of how 
such methods work in practice are in short supply. and 
it was therefore exciting to read in the preface to this 
book that the author had “collected a number of appli- 
cations of stochastie approximation to problems in 
engineering and medicine” and had also “shown how one 
can make use of these techniques in practice’. How 
disappointing to find that the number is only four (process 
control, the joint action of drugs, an optimum inspection 
procedure for a repairable system and the estimation of 
quantal response); particularly because the last is probably 
better dealt with by the ‘up-and-down method (also 
covered in this book), which is, strictly speaking, not 
stochastic approximation at all. The distinction here 
lies in the fact that stochastic approximation is con- 
cerned with sequential procedures which converge to 
the quantity one is trying to measure; the up-and-down 
method ig a sequential method designed to select in an 
optimum way the levels at which a quantal response 
experiment is performed, It would be possible to read 
this book without becoming aware of this distinction. 
These remarks could be construed as criticism if this 
book were claimed to be about statistics. They should 
not be. Teis, after all, in a mathematics series and must be 
judged as mathematics. In it the present state of the 
mathematics of stochastic approximation is covered 
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with care, rigour and accuracy. It is written in the 
fashionable mid-Atlantic style with (even in the practical 
applications) definitions, theorems and remarks suitably 
displayed and following one another in unceasing succes 
sion; a reader with reasonable mathematical competence 
wishing to use the method discussed could well start here. 
It is, however, only one side of the story. The statistician 
who remembers his first attempt at. for example. using 
an iterative procedure to obtain maximum likelihood 
estimates in a multi-parameter situation will suspect 
that the practice is not so straightforward as the theory 
suggests, F. Down ron 








RUMFORD ON HEAT 
The Collected Works of Count Rumford 


Vol. 2: Practical Applications of Heat. Edited by 
Sanborn Č. Brown. Pp. viii+ 523. (Harvard Unive 3i 
Press: Cambridge. Massachusetts; Oxford Unive 
Press: London, June 1969.) 95s. 
THe new edition of Rumford’s collected works, the 
first volume of which was reviewed not so long ago 
(Nature, 222, 800; 1969), proceeds with commendable 
speed. We are now presented with the second volume, 
which largely deserjbes Ruimford’s practical applications of 
the physical principles about heat production and con- 
veetion which he had discovered. There are still a few 
papers of more fundamental character, related to the 
convection of heat, which had not found a place in the 
first volume. The piéces de résistance are the extensive 
treatises “Of Chimney Fireplaces” (1796) and “Of the 
Management of Fire and the Economy of Fuel” (1798). 
the sound principles of which have not yet been com- 
pletely assimilated by the English building tradition. 

L. ROSENFELD 









RADIATION HAZARDS 


Chemical Applications of Radioisotopes 

By H. J. M. Bowen. (Methuen’s Monographs on Chernical 
Subjects.) Pp. xi+ 131. (Methuen: London, June 
1969.) 30s. 


Meruven’s monographs have a reputation of high quality. 
They usually provide authoritative information at a low 
price, a virtue rarely found in the modern publishing world. 
But this reputation confers a responsibility on the pub- 
lishers and editors of this series which I feel was not 
adequately taken on a small but very important point 
in this book. The treatment of the health hazards of 
ionizing radiations is lacking the serious approach it 
deserves. I consider it a great danger to start the only 
and very brief mention of the health hazards involved 
in handling radioactive isotopes by writing: 


“Hazards to health often loom large in the imaginations 
of intending users, but as far as tracer work is concerned 
they are rarely more serious than the hazards involved in 
handling chemicals such as concentrated sulphuric acid, 
arsenic or potassium cyanide.” 


A few sentences later this statement is supplemented by 
some rules concerning “Handling radioactive*isotopes (or 
any hazardous chemicals)”. The rules are commonsense 
chemical laboratory rules and not those laid down by 
law in many countries. The next few pages are devoted to 
physical applications of tracers. Examples include, for 
instance, the burying of 200 mCi of Co 1 metre below 
ground to mark the position of pipes, or the leak testing 
of vacuum lines by “squirting with a jet of tritium gas on 
suspected leaks’? and looking for rddioactivity in the 
vacuum lines. Both techniques suggested could dead to 
serious health hazards when applied by the novie and 


to concomitant transgression of the law. P 
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I think the author had the responsibility to discuss the 
real health hazards and provide the young and inexperi- 
eneed reader for whom this book is intended with a 
balanced. respect for the dangers of ionizing radiations. 
Reference should have been made at least to the publica- 
tion of the Ministry of Labour Code of Practice, for the 
Protection of Persons Exposed to Ionizing Radiations in 
Research and Teaching (HMSO, 1968) and to Recom- 
mendations of the International Commission on Radiological 
Protection (Pergamon Press). These publications are the 
basis for present day legislation which is being put into 
force all over the world. 

The rest of the book comes up to the standards expected, 
with numerous examples of radioactive tracer applications 
in both academic and industrial chemistry. The choice 
of the examples is a difficult task and depends clearly on 
the interests of the author. Topics have been selected, 
so it seems, on the basis of curriculae for the teaching of 
chemistry, and consequently this monograph is of value to 
undergraduates. I doubt whether many graduates 
wishing to enter the field will use this monograph, because 
each of the many topies is discussed only very briefly 
and a graduate interested in tracer techniques is amply 
served by the literature of his own specialty which no 
doubt provides him with plenty of appropriate examples 
of tracer techniques. 

Three valuable appendices cover the® important proper- 
ties of commonly used nuclides, M. EBERT 








IRRADIATED FUELS 


Irradiation Effects in Nuclear Fuels 

By J. A. L. Robertson. (Prepared under the direction of 
the American Nuclear Society for the Division of Technical 
Information, US Atomie Energy Commission.) Pp. x+ 
309. (Gordon and Breach: New York and London, 
1969.) n.p. 

‘THE irradiation effects in nuclear fuels is a subject on which 
few books have been written. The present monograph is 
easily read and covers many of the phenomena in irrad- 
iated fuels. A wide range of fuels are considered, 
including those likely to be used in future power reactor 
systems. 

The subject is introduced by a description of the 
requirements of a nuclear fuel. The mechanisms of 
irradiation damage and experimental measurements of 
burn-up are also described. The units used for burn-up 
depend on whether a reactor physicist or designer is in- 
volved and, because no single unit is universally accepted, 
a table of burn-up conversion factors is given for clarity, 
Points with any ambiguity are discussed in a similar 
manner and numbers are put into equations at appro- 
priate places to give explicit meaning to the text. 

The second section deals with uranium and plutonium- 
rich alloys. The topics discussed in this section include 
dimensional stability of fuels, irradiation growth, creep, 
swelling and phase changes. The effects of alloying 
additions, such as molybdenum, to reduce some of the 
undesirable results of irradiation are described in some 
detail together with, physical, mechanical, metallurgical 
and corrosiqga properties of fuels. ‘Thumb-nail sketches 
are used to amplify the text in appropriate places such as 
in describing equilibrium diagrams. ‘These are parti- 
eularly good in a book intended for engineers because 
engineers tend to discuss problems in this way. 

On8 of the most common reactor fuels in use today is 
uranium oxide. The author devotes one third of the book 
to this type of fuel, and designers of present day reactor 
systems will find this section particularly useful because of 
the large amount of quantitative as well as qualitative 
information presented. The description of the effects of 
irradiation on oxide fuels was treated in a similar manner 
to that given in the previous section. Discussion on 
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physical properties and fabrication methods of irradiated 
fuels has been kept to a minimum. Mixed oxide fuels are 
mentioned including ThO,-UO, and, for the fast reactor 
engineers, PuO,-UO, fuels. 

Another very common type of reactor fuel in present 
day use is the carbide fuel. Uranium carbide is treated 
in some detail and frequent comparisons of properties 
and irradiation effects are made with uranium oxide. Also 
discussed are other fissionable compounds such as uranium 
nitride, sulphide and silicides. 

The final section is devoted to dilute and dispersion 
fuels. Fuels for future reactor systems are described 
such as cermet fuels which could be suitable for marine 
reactors or fast reactor cores. Coated particle fuels of the 
type now being considered for British high temperature 
gas cooled reactors are described. 

The general conclusion is that most fuels have qualita- 
tive similarities but the real differences are quantitative, 

C. B. BESANT 








DITERPENE CHEMISTRY 


The Tetracyclic Diterpenes 

By J. R. Hanson. (International Series of Monographs in 
Organie Chemistry, Vol. 9.) Pp. vii+133. (Pergamon 
Press: London and New York, November 1968.) 60s, 
Tais volume fulfils a much needed gap in the literature of 
the diterpenoids. The brief introduction is followed by an 
account of the kaurene-phyllocladene diterpenoids, and 
then a most useful chapter on the gibberellins. A short 
summary of the chemistry of the stachene diterpenes 
comes next. The following two chapters summarize the 
diterpenoid and aconite alkaloids. The final chapters 
discuss the synthesis and biosynthesis of the tetracyclic 
diterpenoids. A most useful appendix is included which 
lists the main physical constants of naturally occurring 
diterpenes. The book provides a much felt need in the 
literature of diterpene chemistry because it is now almost 
twenty years since any review in depth has appeared, the 
last edition of Simonsen summarizing the group having 
appeared in 1951, and the review of de Mayo, 1959, covers 
certain aspects of this field. The author is an active 
worker in the diterpenoid field. and the monograph bears 
the stamp of authority and will be a welcome addition. to 
the library shelves, not only of terpenoid chemistry, but 
also of those who desire an authoritative account of this 
group of compounds. J. F. McGuin 





Correspondence 


Moon Dust and Coal Ash 


SiR, -The similarity of the description of moon dust 
particles and that of pulverized coal ash (pfa) has not 
been missed by Messrs Hart and Raask (Nature, 223, 
763; 1969). Earlier studies! have provided a classi- 
fication of the various types of pfa particles in terms of 
chemical composition, size, density and the parent coal 
minerals from which they are derived. Certainly, glassy 
microspheres predominate in ashes characteristic of high 
boiler firing temperatures, but essentially their compo- 
sition is the same as that of the thin-walled cenospheres. 
Both types of particle and indeed a whole range of silicate 
particles intermediate in form are derived from the major 
clay minerals in coal. The essential differences in this 
range are density (related to proportion of” entrapped 
gases) and in degree of crystallinity (microcrystals of 
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quartz and mullite in the silicate glass phase), determined 
by thermal history of the particles during combustion. 
Solid microspheres are formed from the hollow particles 
simply by fusion at higher temperatures. 

Unless the Moon has had sedimentary processes, there- 
fore, the similarity of moon dust with the major part of 
pfa must be limited to the presence, in both, of silicate 
glass spheres and not extend to the details of particle 
formation. High velocity streams of molten glass can also 
break up into microspheres. 

Yours faithfully, 


, D. J. THORNE 
Etwall, Derby. 
(Formerly: The BCURA, Leatherhead.) 


J.D. WATT 
The BCURA, Leatherhead. 


1 Watt, J. D., and Thorne, D. J, J. Appl. Chem. 18, 585 (1965). 
* Thorne, D. J., and Watt, J. D., J. Appl. Chem,, 15, 595 (1965). 
3 Watt, J. D., and Thorne, D. 1., J. Appl. Chem., 16, 33 (1966). 


No Gulf at Cambridge 


Sm,—As members of the Medical Research Council 
Laboratory of Molecular Biology and of the University of 
Cambridge, we are concerned by your statement in the 
article “Dog Wags Tail’ (Nature, 223, 989; 1969) that 
there is a gulf between us.. It is in the interest of the 
subject and in the interest of graduate and undergraduate 
students in Cambridge that the two institutions should 
work closely together, and we think they do. Naturally 
they have differences of function and emphasis, but we 
all value immensely the ties in both research and teaching 
that link us. Many members of each institution have 
worked in the other. Members of the Laboratory of 
Molecular Biology teach undergraduates in the university 
departments of physics, biochemistry and physiology. 
Many members of the laboratory hold college fellowships. 
Over twenty graduate students are working for their 
PhD degrees in the laboratory. There is scientific collab- 
oration between the laboratory and the departments of 
chemistry, biochemistry, physiology and pharmacology. 
The laboratory and the Institute of Theoretical Astronomy 
share a large computer. We are glad that your statement 
gives us an opportunity for making these facts widely 
known. 
Yours faithfully, 


A. S. V. BuRGEN 

H. B. F. Drxon 

A. L. HODGKIN 

N. F. Morr 

ALISON A. NEWTON 

M. F. PERUTZ 

F. SANGER 

Topp 

F. G. Youne 
Cambridge. 


University News 


The title of professor of mathematical physics has been 
conferred on Dr L. Pincherle in respect of his post at 
Bedford College, University of London. 


The title of professor of applied zoology has been conferred 
on Dr M. J. Way in respect of his post at the Imperial 
College of Science and Technology, University of 
London. 


Professor D. J. Alner, head of the department of 
chemistry, has been elected Pro-Vice-Chancellor of the 
City University, London. 


Appointments 


Dr H. W. Springer, Assistant Sceretary-General (Edu- 
cation) at the Commonwealth Secretariat, has been 
appointed Seeretary-General of the Association of 
Commonwealth Universities. 


Professor J. F. Fowler has been appointed director of 
the British Empire Cancer Campaign for Research’s 
Research Unit in Radiobiology at Mount Vernon 
Hospital, Northwood, Middlesex. He succeeds Dr O. C. A. 
Scott, who retires on December 30. 


Announcements 


The Lalor Foundation, whose principal aim is to assist 
qualified investigators working on scientific and medical 
research projects concerned. with uterine physiclog 
invites applications for its postdoctoral research awards 
for 1970. The awards are open to all nationalities, and 
the upper age limit is 41 years. The work may be carried 
out at the applicant’s own institution or elsewhere. 
Further information may be obtained from: The Lalor 
Foundation, 4400 Lancaster Pike, Wilmington, Delaware 
19805, USA. 





V, 





Erratum. In theerticle “Symmetry Breaking Instabili- 
ties in Biological Systems” by Prigogine, Lefevor, Gold- 
beter and Hersehkowitz-Kaufman (Nature, 923, 913; 1960), 
the following changes are necessary. In line 11, read 
“ean” instead of “cannot”. In equations 2, 3, 7 and 8, 
the denominators in the last term should be “drt? and 
not “d72". On page 914, right-hand cohumn, line 14. 
read “C,” instead of “C,”. In equations 6-15, the suffixes 
to various “k’? terms were unfortunately written im the 
line: “k-11” should read “Ai”, e429" should read 
“hk,” and so on. Finally, equation 15 should read: 


kay ter 
ky _ Ea 


International Meetings 


October 15, Giant Mouldings, London (©. W. Gakhill, 
139 Broomfield Avenue, Palmers Green, London N13). 


March 2-6, Automatic Control in Space, Toulouse 
(Ing. H. Desmoutier, LAAS, BP 4036, 31 Toulouse 04, 
France). 

March 2-6, Engineering Design Show and Conference, 
Brighton (Miss L. Harvey, Business Conferences and 
Exhibitions, Ltd, Mercury House, Waterloo Road, London 
SEl). 

March 4-6, Fundamental Cancer Research, Houston 
(F. Goff, Special Projects, M. D. Andersont Hospital and 
Tumor Institute, University of Texas, Houston, Texas 
77025, USA). 

March 9-13, Fast Breeder Reactors, Vienna (Inter- 
national Atomic Energy Agency, Kartner Ring Lt, 
A-1010 Vienna, Austria). 

March 9-13, Use of Isotopes in Hydrology, Vienna 
(IAEA, Kartner Ring 11, A-1010 Vienna, Austria). 
March 9-14, Primary Radiation Effects in Chemistry 
and Biology, Argentina (Dr M. A. Molinari, Comision 
Nacional de Energia Atomica, Avenida del Libertador 
8250, Buenos Aires (8. 29), Argentina). 2 
March 11-13, Scintillation and Sermi-conductor 
Counter, Washington (Mr D. C. Cook, US Naval Research 
Laboratory, Code 7640, Washington DC 90300, USA). 
March 13-17, Plant Analysis and Fertilizer Problems, 
Tel Aviv (Professor R. M. Samish, c/o National ane Univ- 
ersity Institute of Agriculture, POB 15, Rehdvoth, 
Israel). 
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British Diary 


Monday, September 29 


The Weaknesses of Conventional Materials and Possible Areas where 
GRP could be Effectively Substituted (7.30 pm.) Mr D. Oddy, 
Plastics Institute, at the Coachmakers Arms, RE Marylebone Lane, 
London W1. 


Tuesday, September 30 


Combustion, a Catalyst for an Engineering Career (6 pm.) Mr D. Downs, 
Institution of Mechanical Engineers, Automobile Division, at } Bird- 
cage Walk, London SWI, 

Non-Silver Photographic Processes (four-day symposium) Royal Photo- 
graphie Society of Great Britain, at Wadham College, Oxford. 


Wednesday, October | 


Computerized Titrations—Unrayelled Stoichiometry and High Accu- 
racy (7 p.m.) Professor David Dryssen, Society for Analytical Chemistry, 
at the Geological Society, Burlington House, Piccadilly, Landon WE 

Formula for Friction (7.30 pan.) Mr A. K. Baker, Plasties Institute, at the 
Polygon Hotel, Southampton. 

Spacecraft Navigation Apollo and Beyond (4.30 p.m,)- 
and Mr Ludie G. Richard, Royal Astronomical 
Institute of Navigation, at the Royal Geographical So 
ton Gore, London SW7, 

Wear Properties and Bearings (2.30 p.m.) Mr J. G. M. Sallis, Plastics 
Institute, at 11 Hobart Place, London SWL 


Thursday, October 2 


Asbestos in the Building Industry (6 p.m. Dr A. A. Hodgson, Society of 
Chemical Industry, Road and Building Materials Group, at 14 Belgrave 
Square, London SWI. 

Fertility Drugs (7 p.m.) Dr G. 1. M. Swyer, Pharnficeutical Society of Great 
Britain, 17 Bloomsbury Square, London WCL 

Living Salamanders of the World (6 p.m.) Mr Arden H. Brame, Jun. Linnean 
Seclety of London; and the British Herpetological Saciety, at Burling- 
ton House, Piccadilly, London W1. 

Servo Designing for Practical Systems (6 p.m.) Tustitution of Electrical 

Engineers; and the Institution of Mechanical Engineers, at 1 Bird- 

j cage Walk, London SW1. 

Statistical Techniques in the Optimization of Paint Formulation -— by 
Computer (6.30 p.m.) Mr D, W. Brooker, Oil aud Colour Chemists? 
Association, at the Royal Turks Head Hotel, Grey Street, Newcastle 
upon Tyne, 

Weathering of Plastics (6.30 pun.) Mr J. R, Crowder, Plastics Institute, at 
ICI Ltd, Britannia House, 50 Creat Charles Street, Birmingham 3. 


Mr Jobn P. Mayer 
vy and the 
ty, L Kensing- 
























Friday, October 3 


Living Ghemistry—Sir Jack Drummond and the Fine Chemicals Group 
{6.30 p.m.) Professor Franz Bergel, FRS, Society of Chemical Industry, 
Fine Chemicals Group, at 14 Belgrave Square, London SWI. 

The Effects of Environment (9.30 a.m.) Carworth Europe, in the Large Lecture 
Theatre, Physiological Laboratory, Cambridge. 


Saturday, October 4 


Industrial Aspects of Food Analysis ( 
Analytical Chemistry, at the 
Liverpool, 





) pom) Mr A. Turner, Society for 
ty Laboratories, Mount Pleasant, 





Monday, October 6 


History of Calculating Machines (6 pita.) Mr A. PL J. White, Society of 
Engineers, at Terminal House (BOAC), Buckingham Palace Road, 
London SW1, 


Invisible Accelerators (7.30 p.m.) Mr K. M, Davies, Institution of tac Rubber 
Industry, at the Midland Hotel, Burton-on-Trent. 


Progress in the Technology of Rapeseed Oil for Edible Purposes (6.15 
p.m.) Professor H. Niewiadomski, Society of Chemical Industry, Oils and 
Fats Group, at 14 Belgrave Square, London SW1, 


Reactivity of Tiganium Dioxide in Pigmented Vinyl Chloride/Vinyl 
Acetate Copolymer Surface Coatings (7 pom.) Mr E. D. Robinson, 
Oil and Colour Chemists’ Association, at Hull College of Technology. 


Scientific Film Evening (6.30 p.m.) Society of Chemical Industry, at Shell 
Contre, London SEY. 
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Solid State versus Gas Discharge Duplexes (5.30 p.m.) 
Electrical Engineers, at Savoy Place, London WC2. 

The Trend of Future World Communication (i 
Cherry, Institute of Electronic and Radio Ey 
Lamb Hotel, Duke Street, Chelmsford, 


Institution of 






0 p.m.) Professor 
gineers, at the 





Reports and Publications 


(not included in the monthly Books Supplement) 
Great Britain and ireland 


Cotton Research Corporation. Progress Reports from Experiment Stations, 
Season 1966-67, Malawi, Pp. 14. 28. 8d. Survey of Reports, Season 1966-67. 


Pp. 7. Progress Reports from Experiment Stations, Season 1907-58. 
Northern States, Nigeria, Pp. 86, 2s, 6d. Zambia. Pp. 34. 28. 6d. (London: 
Cotton Research Corporation, 1969,) {258 





Department. of Employment and Productivity; Department. of Edu 
and Science, Report of the Committee of Inquiry into the Dispute 
the Durham Local Education Authority and 
Schoolmasters, (Cmnd, 4152) Pp. 43. 
1969.) 4s. net. {258 

Ministry of Public Building and Works, Building Ros arch Station. 
Research Programme, current at Ist July, 1969, Pp.45. (Garston. Watford: 
Building Research Station, 1969.) { 

Building Research Sta . Current Paper 23/69: Performance Parameters, 
and Performance Specifieation in Architectural Design, By R.J. Mainstone, 
L, G. Bianco and H. W. Harrison, Pp. 9. (Reprinted from Building Sricnee 
1969, Vol. 3 (3), January.) (Garston, Watford: Building Research Station, 
1969.) Gratis E 
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areh Laboratory. Road R 
1968: Annual Report of the Road R arch Laboratory, Pp. xiv 4+ 2384 

plates. (London: HM Stationery Office, 1969.) 27%. Gd. net. {278 

Problems of Equal Pay. By C.J. Mepham, Pp. 52. (London: Institute 

J- 12s, 78 
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PEP Broadsheet 14: Non-Tariff Distortions of Trade. 
Political and Economic Planning, 1969. 
Publications, 11 Nelson Road, London, SE10.) 7s. 6d, 


Other Countries 


Canada: Department of Energy, Mines and Resources, Geological Survey 
of Canada. Paper 66-15: The Geology, Mineralogy, and Geochemistry of 
the Captain Sulphide Deposit, Gloucester and Northumberland Counties, 
New Brunswick. By W. M. Tupper, D. J. Bachinski, and R, W. oyle, 
Pp. v+17. $1.50. Paper 67-23: Progress Report on Biogeochemical 





Research at the Geological Survey of Canada 1963-1966. By J. A, CL 
Fortescue and E. H., W. Hornbrook. Pp. xiv +101, $, Paper 67-9: 





Chemistry of Ground and Surface Waters in the Moose Mountain Area, 
Southern Saskatchewan. By A. Részkowski, Pp. vii+ 111. $2, Paper 
67-49: Geology and Mineral Deposits of the Nigadoo River—Mills 
River Area, New Brunswick. By J. L, Davies, W. M, Tupper, D, Bachingki, 
R. W. Boyle and R. Martin, Pp. vii+70. $2, Economie Geology Report 
No. 22: Geology of Iron Deposits in Canada, Vol, 3: fron Ranges of the 
Labrador Geosyncline, By G. A. Gross. Pp. 179 05 Plates). 46.50. 
(Ottawa: Queen's Printer, 1968 and 1969). 

Mauritius Sugar Industry Research Institute. 
Pp. 1838 +xxx, (Reduit: 
1969.) 

European Broadcasting Union. Report of Activities 1968. 
(Geneva: European Broadcasting Union, 1969.) 
World Health Organization. Technical Repe 
for the Testing and Evaluation of Drags for Care 
WHO Scientific Group. Pp, 26. 2 Sw. francs; 4s 0-60, No, The 
Organization and Administration of Maternal and Child Health Se CES 
Fifth Report of the WHO Expert Committee on Maternal and Child Health. 
Pp. 34. 3 Sw, francs: 6s.: SI (Geneva: World Health Organization; 
London: HM Stationery Office, 1969.) 5S 

Organization for Economie Co-operation and Development. Gaps in 
Technology—~Pharmaceuticals, Pp. 149, (Paris: OECD; Londo: HM 
Stationery Office, 1969.) 12 francs; 21s; $3. L258 
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“BOOKSHOP Ltd 


ALL CURRENT SCIENTIFIC AND TECHNICAL TEXTBOOKS 
WRITE NOW FOR OUR NEW GEOGRAPHY CATALOGUE 


1 MALET ST., LONDON, W.C.1. MUSeum 2128- 































‘MICHIROMIE 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aguamount, Fluormount, Lipid crimson, Matamount, 
May-Grilnwald, Leishman, Giemsa, Toluidine blue, Creasy! fast vi 
Papanicolaou stains, Thioflavine S, Brilliant cresyl blue, Nile 
Pyronin Y, Trifalgic acid, Rhodanile blue, Haplo, etc. 
CATALOGUE AVAILABLE ON REQUEST 


DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
testing processes you are invited to contact us for 
supplies. 


We hold stocks of an enormous variety of d 
despatch, including : 


Cyanine, Dicyanine, Fast Bordeaux O. Aurantia, Crystal viele 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue, 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green. pe Eihony « 
chrysoidin Methyl red, Nitrazine yellow, Pinacrypto! green, etc, 


INDUSTRIAL RESEARCH ESTABLISHMENTS 


are invited to make use of our professional services as 
consultants on the selection and use of dyes as research 
and production tools. 


EDWARD GURR LTD: 


42 Upper Richmond Road West, London, S.W.A 
Cables: Micromlabs London SW14. 3 
QUALITY — RELIABILITY — SERVICE 
PROMPT DELIVERY . 
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NUFFIELD INSTITUTE FOR 
MEDICAL RESEARCH 


JNIVERSITY OF OXFORD 


An exceptionally able man or woman is 
required to join an enthusiastic group for 
assembly of a variety of electromagne' ic 
blood flow devices, He must be very good 
with his fingers. observant, painstaking, 
aad with high standards. A sound basic 
knowledge of physics, chemistry and instru. 
mentation is required, with the ability 
rapidly to assimilate instruction. The 
appointment may be made either in the 
Principal Technician or Gracuate Assistant 
grade at a salary of up to £1,400 per 
annum for a period of two years, 

Apply to Dr, D, G. Wyatt, The Nuffield 
Institute for Medical Research, 43 Wood- 
stock Road, Oxford. (1120) 





WOOLWICH POLYTECHNIC 
LONDON, $.£.18 
CHEMISTRY DEPARTMENT 


Applications are invited for the following 
posts: 
SENIOR LABORATORY TECHNICIAN. 


The successful applicant will be responsible for 
the organisation and efficient running of a teach- 
ing laboratory and a research laboratory. Appli- 
cans should hold the LS.T./City and Guilds 
Science Laboratory Technicians Advanced Certifi- 
cate, or equivalent qualification. 

LABORATORY TECHNICIAN 
the teaching laboratories or research labora- 
tories. Applicants should hold the LS.T./City 
and Guilds Science Laboratory Technicians Inter- 
mediate Certificate or equivalent qualificadon. 

LABORATORY TECHNICIAN  (WORK- 
SHOP) to take charge of a small workshop 
equipped for the repair and construction of 
equipment within the department. Applicants 
should have experience in workshop practice. 

JUNIOR LABORATORY TECHNICIAN to 
work in the laboratories and/or stores in the 
department. Day release for further study. 

Salary scales : Senior Laboratory Technician, 
£955 (unqualified) to £1,275 (qualified) plus £75 
London weighting allowance; Laboratory Tech- 
nician, at 21 £690 Gunqualified) to £1,055 (quali- 
fedt plus £74 London weighting allowance ; 
Junior Laboratory Technician, £350 (unqualified) 
to £65 {qualilied) plus £3 London weighting 
allowance. Commencing salary accorcing to age 
and qualificauions. 

Particulars and application form, to be re- 
turned by October 14, 1969, from Clerk to the 
Governing Body, Woolwich Polytechnic, Welling- 
ton Street, London, S.E.18 (01-854 9624, Ext, 
12 CELLS) 
VICTORIA UNIVERSITY OF 

WELLINGTON 
NEW ZEALAND 

The University Council is increasing the aca- 
demic staff to meet the needs of an increasing 
number of students, and to extend the range of 
teaching research. Tt invites applications from 
qualified persons for the following appointments: 


JOINT MINERAL SCIENCES RESEARCH 
LABORATORY—Research Fellow. 


CHEMISTRY (Physical)-—Leeturer, 


Salaries for Lecturers range from $NZ3,100 to 
§NZ4,.£00. Fares to Wellington for appointee 
and family and a grant towards removal ex- 
penses will be paid, 

Details of these posts and conditions of ap- 
pointment may be obtained from the Registrar, 
Victoria University of Wellington, P.O. Box 196. 
Wellington, New Zealand or from the Secretary- 
General, Association of Commonwealth Univer- 
















sities (Appts), 36 Gordon Square, London, 

W.C.. Applications close in Wellington and 

London on October Jle 1969 (1102) 
BIOCHEMA@ST REQUIR, PAEDIATRIC 


Unit for research project relating to the develop- 
men and application of techniques for the study 
of calcium homeostasis in the newborn, Salary 
i othe range £1,050 to £1,530 depending on 
qualifications and experience. Tenable for one 
year in the first instance™Purther particulars 
trom Dr. D, Redstone, Paed‘atric Unit, Apply 
Secretary, St, Mary's Hospital Medical School, 
Faddington, London, W.2. (1056) 
BIOCHEMIST OR BIOLOGIST (FIRST- OR 
second-class Honours gegree) required to join a 
team studying replication of myxeviruses.—Apply 
to Dr R. D. Barry, Virus Laboratory, Depart 
ment “of Pathology, University of Cambridge, 
as soon as possible, with names of two referees, 
Tennis Court Road, Cambridge. (1015) 
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National Agricultural Advisory Service 


HORTICULTURAL ADVISERS 


for 
Advisory and Experimental Work 


Posts for men and women aged at least 
at least 26 (Grade HI). 
QUALIFICATIONS : Degree in horticulture or closely related sub- 
ject; or National Diploma in Horticulture {sections I to V); or an 
equivalent or higher qualification, 
DUTIES: To provide technical advice and information on horti- 
cultural matters or to investigate problems of horticultural production. 
Most advisers serve in the counties or at regional centres, but some 
work at experimental horticultural stations and have prospects of a 
permanent career at these stations. 
SALARY: Grade IV £1,040~£1,486, Grade II] £1,617-£2,534. Start- 
ing salary may be above minimum in both cases. Non-contributory 
pension. Promotion prospects. 


20 (Grade IV) or normally 


WRITE to Civil Service Commission, Savile Row, London, WIX 2AA. 
or TELEPHONE 01-734 6010 Ext. 229 (after 5.30 p.m. 01-734 6464 
~“ Ansafone ” service), for application form, quoting 345/69. Closing 
date October 15, 1969, 















(Research) Chemist 


Applications are invited from Organic (Research) Chemists with a 
good honours degree under 30 for an appointment in our Process 
Research ard Developrnent Department. 

The vacancies to be filled offer ample opportunity to display personal 
initiative and responsibility and are likely to involve a wide range of 
problems. The principal duties will be to investigate, invent and 
develop synthetic processes for a variety of novel ethical pharma- 
ceuticals. The successful candidate will be requested to liaise with a 
number of departments and will co-operate particularly closely with 
Medicinal Chemical Research. 

Promotional prospects are excellent for a high-calibre Research 
Chemist who has, preferably, several years post-doctoral experience. 
We are a member of the Fisons Group providing a first class pension 
scheme, generous holidays, assistance with removal expenses and other 
welfare benefits which come from being part of a large internationally 
known British Group. 


Applications quoting job reference No.%680 should be addressed to the 


HSONS Research Personnel Assistant, 


Fisons Pharmaceuticals Ltd., 
PHARMACOLOGIST 


(1423) 






MCGILL UNIVERSITY, MONTREAL. 
Canada, Departement of Geological $ ces, ine 





Bakewell Road, 
Loughborough, Leics. 

The Uwon dnternational Company Lid., with 
Research and Development Laboratories in 
London, E.C.1, wishes 10 engage a young Gradu- 
ate with a U.K. degree to take charge of a 
routine Pharmacology Deparment, 

Written applications should give age and 
details of qualifications and experience and 
should be sent 1o the Staf Manager (AD. 5389), 
i4 West Smithfield, London, EC.1. (1055) 


For further Classified advertisements see page va 
kd 


vites applications for a teaching position at the 
full professorship level. Field of interest is open 
but preference will be given to applicants whose 
research and teaching has been concerned with 
ane of economic or structural geology, geochem- 
istry, geophysics or petrology.——Applicants should 
send curriculum vitae and the names of three 
peaple who can be asked to write references to 
the Chairman of the department. £1080) 
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ULSTER : 
THE NEW UNIVERSITY 


SCHOOL OF BIOLOGICAL 
AND ENVIRONMENTAL 
STUDIES 


Research 
Assistant 


A post is available for the study of 
present-day dune development, future cone 
servation and management along the 
North-west Antrim and North London- 
derry coastline. 

Applications are invited immediat-ly 
from well-qualified honours graduates with 
appropriate special interests within geo- 
graphy, geology or ecology. Sucessful 
applicants will be expected to start as soon 
as possible after October 1, 1969, and the 
maximum period of tenure will be three 
years. Salary will be superannueble and 
not jess than £750 per annum, Suitable 
qualified graduates will be free to register 
for a higher degree. All inquiries should 
be addressed ta the Registrar, The New 
University of Ulster, Coleraine, Co. Lon- 
donderry, Northern Ireland (quoting Ref. 
69/146). Students wishing to make direct 
application may do so immediately giving 
details of their experience and the names 
af not less than two referees. aup 





THE BRITISH COUNCIL 


BRAZIL 


THE FEDERAL UNIVERSITY OF RIO 
DE JANEIRO requires (a) VISITING 
PROFESSOR AND RESEARCH ADVI 
SER on NUCLEAR REACTOR ENGIN- 
EERING and (H) VISITING PROFESSOR 
AND RESEARCH ADVISOR on 
NUCLEAR REACTOR PHYSICS. Candi- 
dates should have a Ph.D. from a univer- 
sity in Britain. Experience of academic, 
government or industrial research in the 
relevant fields is essential, and postgradu- 
ate teaching experience js desirable. 


Salary : £2,760 to £3,520 per annum 
according to qualifications and experience, 
Oversea, allowances within the following 
ranges: married (accompanied) £621 to 
£392, married (unaccompanied) £436 to 
£207, single £22 to Nil. Children’s and 
home education allowances. Income tax 
refunded if levied, Free furnished accom- 
modation, Outfit grant. Employer's super- 
annnation contributions paid. Medical and 
insurance schemes. Fares paid for Les- 
turer and family, including mid-tour pass- 
ages for children in Britain. Twelve- 
months coritract guaranteed by the British 
Council. 


Write, quoting reference number 90056 
to Appointments Division, The Briti 
Council, 65 Davies Street, London WILY 
ZAA, for further particulars and applica- 
tion form to be returned completed as 
soon as possible. 








and 


FOURAH BAY COLLEGE 
UNIVERSITY OF SIERRA LEONE 
Applications are invited for LECTURESHIP 
IN PALAEONTOLOGY in DEPARTMENT of 
GEOLOGY. Preference given to candidates with 
interest in micropalaeontology. Salary seale, 
Le2,400 to Les,740 per annum (Lel=s10s, sterl- 
ing) Salary supplemented in range £425 to 
£650 per annum (Sterling) in appropriate case 
under British Expatriates Supplementation 
Scheme. ¥F.S.8.U. Family passages; various 

allowances ; biennial overseas leave. 

Detailed applications (six copies), naming three 
referees by November 4, 1969, to Inter- 
University Council, 90/91 Tottenham Court 
Road, London, WIP ODT, from whom particu- 
lars are available. (1098) 


(Technical 

measurement 
chiatric disorders, 
of other 


AUSTRALIA 


GEOPHYSICISTS 


BUREAU OF MINERAL RESOURCES 


Applications for the following senior positions in Australia are invited: 


Position No. | GEOPHYSICIST, CLASS 2 


Duties : 


Location: 


Leading a field party on detailed metalliferous field surveys; 
analysis and interpretation of field data, and preparation of 
final survey reports, Planning detailed programme, survey 
objectives, and party formation prior to and during field 
duties; investigation of theory and techniques of detailed 
metalliferous geophysics and conducting relevant projects 
and research. 


Based in Canberra, the applicant will spend approximately 
six months per year on field duty, possibly broken into two 
trips of four and two ngonths duration. 


Positions No.2&3 GEOPHYSIGIST, GLASS 2 


Duties: 


Location : 


Qualifications 
(for all 
positions) 


Salaries 


Allowances 


Conditions 


Application 
Forms 


MEDICAL RESEARCH COUNCIL, 
Unit, 
Sussex, requires a Research Assistant 
category) to 


fatry 






Officer 


data. 


of physiologic:1 
the analysis of records, and 
Two 


Planning of detailed survey objectives and programmes for 
experimental or major airborne surveys and supervision 
of the assembly and work of a field party. Analysis and 
interpretation of air-borne survey data and preparation af 
final reports on surveys, Investigation of development 
problems associated with air-borne survey techniques and 
data analysis, and recommendations for further work, 


Based in Canberra, applicants will be involved in feld duty 
for approximately four to eight months per year {either 
single trip or two trips of three to four months duration). 


Higher Degree in Geophysics or 

Degree in Physics 

Mathematics with subsidiary Geology/Physics 
Geology with subsidiary Physics 

Alternative relevant qualifications may be considered 
e.g. Mining Engineering or Electronics. 


Commencing salaries for all positions are within the range 
$A5,733 to $46,438 depending on qualifications and experi- 
ence. 


Travelling, camping and district allowances are payable 
where applicable and in addition an allowance at the rate of 
374% of salary (up to a maximum payment of $2,000 per 
annum) is payable when excess hours are worked under 
prescribed conditions while on field duties. 


First class passages, by sea or air, for successful applicants 
and their dependants, together with generous baggage 
allowances. Salary paid from date of embarkation. Three 
weeks annual leave and cumulative sick leave provisions. 
For British subjects there is a comprehensive Superannuation 
Scheme. 


may be obtained from: 


The Recruitment Officer, Office of the*Public Service 
Board, Canberra House, 10-16 Maltravers Street, 
Strand, London, W.C.2. 


Please state in which position you are interested. 
CH 


Aa 


. 


) CLINI- jects at CAY level are reguied for 
Graylingwell Hospital, Technical Officer (£637 yer anman al age 
required for more senior 
with electrophysiological rec 


work on the 
changes in psy- 





miths, or science sube to the Director giving two referees, {1121) 
* 


Junior 
ta 
rising to £1,350 per annum), higher qualifications 

ing. Experience 
ing or anaierue 
computers would be an advantage. -Applications 
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Wellcome LADOFALOFY Technicians 


Work with the best at Wellcome 


--. at our Research Laboratories we can offer you the 

opportunity to work with high calibre research staff — and 

sophisticated equipment. Our research pelicy is clearly 

defined and small but effective teams investigate topics in 
* 


depth. Each individual is able to make a significant and 
measurable contribution to his team’s achievements. To 
match our resources and expansion programme we are 
seeking the following staff. 





BACTERIAL ANTIGENS 


-..@ research assistant is required to work under the direction of a 
Principal Biochemist on a number of projects relating to the 
isolation and characterisation of bacterial antigens. Applicants 
should hold at least H.N.C. but a B.Sc. or M.LBiol is preferred, 
They should have a keen interest in this area of research which 
embraces protein, microbiological and immunological chemistry. 


Ref. U.132/A 
ELECTRON MICROSCOPY 


...@ male or female with experience in electron microscopy, who 
has worked in either the medical or biological fields. The successful 
applicant must be able to maintain an electron microscope and to 
organise the day-to-day work in the associated research laboratory 
as well as having an interest in the supervision and training of junior 
technical staff, Ref.U.132/B 


DRUG METABOLISM 


. Candidates should have some experience of a radiochemical 
laboratory, including modern scintillation counting techniques and 
smail-scale organic syntheses. Some knowledge of radioactive 
biological sample preparation would be a distinct advantage and 
preference will be given to candica‘es with ability for supervision 
and organisation and who have an interest in the development of 
improved metijods. Ref, U,132/D 


AEROBIC BACTERIOLOGY 


„to work on cellular aspects of immunity to bacterial antigens. 
The successful candidate would be expected to have H.N.C, or 
equivalent qualification. Previous experience in cellular immunology 
would be an advantage, but not essential, Ref. U,132E 


VIROLOGY. 


... preferréd age over 25 with A.LMLL.T. or AJL.S.T. with some 
biological experience. Ref. U.132/G6 


BIOLOGICAL REAGENTS 


<.. age not less than 24 with minimum of O.N.C. or LM.L-T. Some 
knowledge of bacteriological techniques for work on preparation of 
diagnostic reagents and ability to supervise junior staff, 

Ref. U.132/F 


AEROBIC BACTERIOLOGY 


... with experience of routine bacteriological work and preferably 
with some knowledge of serology but not essential, Main topic of 
work will be enteritis in domestic animals. Ref. U.132/H 


MEDICAL ELECTRONICS 


.. . for the Pharmacology/Physiology departments. Candidates 
should have appropriate experience in a research laboratory and 
possess the ability to improve and work with delicate components. 
A keen interest in medical electronics is essential. it would be 
advantageous to have had a sound basic education in biological 
science and also a technical qualification. Ref, U.132/1 


HISTOPATHOLOGY 


... to join a small team of technicians and trainees on the preparation 
of a wide range of tissue sections, using a comprehensive range of 
staining methods for the determining of drug effects, Preferred age 
over 25 with, or taking Final LM.LT., with sound laboratary 
experience, Ref. U.132/J 


BIOLOGICAL CHEMISTRY 


... for work on the chemistry of enzymes under the supervision of a 
graduate scientist but needing considerable personal initiative and 
ability to control junior staff. Preferably at least H.N.C. level with 
some knowledge of biochemical techniques but any experiance of 
enzymes work would be an added advantage. Ref. U.132/t 





. 
Applications, quoting the appropriate reference, should give 
brief details of age, qualifications and experience and be 


. 


addressed to Senior Personnel Officer, The Wellcome Research 
Laboratories, Langley Court, Beckenham, Kent BR3 3BS. 


(11243 
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UNIVERSITY OF 
ST. ANDREWS 
LECTURER IN ZOOLOGY 
Applications 


Lecturer in 
ests of appi 


AUSTRALIAN ATOMIC 

ENERGY COMMISSION 
RESEARCH ESTABLISHMENT, 
LUCAS HEIGHTS, NEAR SYDNEY 


OPERATIONAL 
HEALTH PHYSICISTS 


Applications are invited for appointment to a limited number of vacancies 
in the Safety Section of the Health and Safety Division, This represents 
a unique opportunity for recently qualified graduates to obtain training 
and experience in an important branch of the atomic energy industry. 


are inyked for 
logy. The 
is should pr 
some aspect of the fields of ceil 
embryology ‘differen SUPIR 
experience of appropriate biochemie 
or biophysical techniques. Marine organ 
isms are readily available, The appoint- 
ment can start from amy mutually cone 
venient date in 1970. Salary scale: £1,240 
to £2,830; starting salary according to 
qualifications and experience. PASU, 5 
grant towards expenses of furniture re 
moval. 

FOUR copies of applications, with the 
names of three referees, shoukt be lodged 
by October 31, 1969 ih the Beertiary of 
the University, Col > 
Further particulars can ; 
Profesor H. G. Callan. 
Department, St Andrewa, 

The Zoology Department 
a teaching staff of eight five are 
based on the main depa mal three 
in the Gaty Marine Laboratory, The 
advertised appointment is to dhe main 
department, where the research inrerests 
and available equipment are predominantly 
cell biological and endocrinological. The 
Gatty Marine Laboratory, about half a 
mite distant from the main departiment, is 
well equipped for research in neurophys 
logy and pharmacology, and equipme: 
the Gaty is also available to anya 
on the main deparimenc. $ 































Prese 





As a member of the operational health physics team the successful applicant 
will be required to undertake duties which may include some or all of 
the following: 





To act as an Area Health Physicist with responsibilities for health 
physics monitoring and radiological safety advisory services in a specific 
area of the Research Establishment. 

To carry out applied health physics experimental and developmental 
work in fields appropriate to the candidate's interest and experience. NEW ZEALAND 
To assist in the safety evaluation of various projects involving ionizing i 

radiations and radioactive materials, Agriculture Department 
To participate in health and safety training programmes. Applications 


toned vacancy: 
To participate in any other work of the Safety Section. VACANCY B 13/2/151/3564 
I 


A degree in physics, chemistry or other relevant subject is required. SCIENTIST 

Previous experience in operational health physics or radiation protection RUARKURA ANIMAL RESEARCH STATION 
is valuable, but candidates without such experience will be considered and, (METABOLIC DISEASES) 

if appointed, will be given comprehensive training in health physics. Ap- Salary: Payable up to $NZ6420 per annum 


H x Patsa according to qualifications and experience, 
pointments will be made within the range of Duties: Field and laboratory research inte 






are invited for the undermene 


















se metabolic diseases o ruminants. xcellen 
SCIENTIFIC SERVICES OFFICER CLASS 1 $Aus.3,510-$Aus.5,503 facilities are ebi an AAR A 
SCIENTIFIC SERVICES OFFICER CLASS IL $Aus.5,733-$Aus.6,438 and well equipped biochemical laboratories, 
Qualifications desired: w higher de- 
Application forms may be obtained by writing to the Atomic Energy Adviser, gree in agricultural 


š one i science, with research 
Office of the High Commissioner for Australia, Canberra House, 10-16 A sboliee ae ‘at : 
Maltravers Street, Strand, LONDON, W.C.2. Please quote position E46. Pass Fares for appointee and his wife and 
¢ family, if married, will be paid. 

(1040) 

Incidental espenses: Up to £35 for a s 
man and £100 for a married man can be chai 
to cover the cost of taking personal effects to 
New Zealand. 














3 Application forms and general information are 
DAIRY OR FOOD availabe mon the High Commissioner for N 
ie TO Fa : ar et ne t Zealand, New Zealand House, Haymarker L 
TECHNOLOGISTS SENIOR H TECHNICIAN IN don, S.W.1, with whom applications will close 





required by AN FORAS TALUNTAIS CLINICAL CHEMISTRY on October 27, 1969 
(The Agricultural Institue) for research won _ i Please quote reference B 13/251 
in dairy technology at the National Dairy NORTHWICK PARK HOSPITAL AND inauiring. 

Research Centre, Moorepark. moy, Oo, CLINICAL RESEARCH CENTRE, 
















Cork, The posts involve processing re- HARROW, MIDDLESEX 

search on a etait and ine ener RHODES UNIVERSITY 

oods utilising pilot-scale manufactu Salary scale £1,440 to £2,002, Nay OES EA 
ET E Some of this product-oriented > 3 i GRAHAMSTOW N, SOUTH APRICA 
research will entail new product develop- This exciting new post in the hospital LECTURER IN PSYCHOLOGY 

ment. Appointment up to Senior Research section of the laboratories offers unusual Applications are invited for ibe above-men- 
Officer level (salary scale £2,210 to £2,745 opportunities to a keen technician owing to tioned post with effect from January t, 1990. 
under review) depending on qualifications the close finks with the National Research The salary scale is: R300 by RISO ww RA RON 
and experience, Marriage and children’s Centre on the site. The quantity and range per annum, (Note: RI = approximately lig. 7d. 
allowances, Superannuation scheme and of clinical chemistry work will be greater sterling.) A pensionable allowanc® of 10 per 
provision for widows” and orphans’ pen- than normal, and first and second generas cent of basic salary (15 per cent from April 1, 
sions, Special pension arrangements can uon equipment will be used. E 


be de f FSS 1970) up to R4350 and a w 
made or an Dg 





member or a also payable, Previous expe 























member of a suitably insured pension The Senior If Technician will have his tions may be taken into account in determining 
scheme. own section tọ supervise and will also the initial salary and the successful applicant will 
ESSENTIAL: (1) Honours University deputise for the Chief I in clinical become a member ‘bf Universi pengon 
degree or equivalent. (2) Experience in chemistry, and medical aid schemes. The st uh a 
dairy or food technology. ADDITIONAL g io cant should be someone with in in one o 
TRAINING WILL BE PROVIDED, IF For further details and application form more of the following > matheria i pavcholiny, s 
NECESSARY. Ea be reporna, GA a e reed logy, comparadve psychology, clin) 
ae, PE TAE lies. please contact the Staffing Officer, North- cal psychology. 
Picea n E aes ae tiers wick Park Hospital, 164 Totrenbham Court Full particulars and appRcation forms may be 







33 Merrion Road, Ballsbridge, Dublin 4. Road, London WIP OLH, (Tel: OL 387 obtained from the Secretar eneral, Associ n 
a aE ia nip : S381) (1100) of Commonwealth Uni es (Appts), 36 Gor- 
Latest date for receipt of completed forms don Square, London, W.C.1. Applications cese 
October 24, 1969, (1066) Gon FATE, omon, eres DPICATHANS COSE 
¿i : in South Africa and London on October 14, 
1969, 9 (10733 
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Pathologist 





Geigy (U.K.) Limited 


Pharmaceuticals 
Division, 
Wilmslow, Cheshire 


Geigy (U.K.) Limited is a major subsidiary of J. R. Geigy S.A. the rapidly expanding 
research based Swiss chemical company with worldwide interests embracing 


industrial Chemicals, Pigments, 


Dyestuffs, Textile Chemicals, Pharmaceuticals, 


Agricultural Chemicals and consumer products. World sales in 1968 were in excess 


of £270 million. 


The company wish to appoint a pathologist in their toxicology department at 


Wilmslow, Cheshire. This is 


a senior appointment directly responsible to the Head 


of Toxicology and the successful candidate will be required to undertake the gross 
and histopathological examination of tissues from experimental animals used in 
toxicological studies and to help plan and supervise an expanding pathology 
department. The work involves close collaboration with our parent company in 
Basle and forms part of an international service. The department also provides a 


U.K. service for other operating divisiows. 
ideally, the successful candidate will hold a de egree 


in veterinary science orequivalent, 


Preference will be given to persons with experience in laboratory animal pathology 
but those with experience in other branches of the discipline may apply. 
Conditions of employment are consistent with the company's international reput- 
ation and include a first class transferable pension scheme and free life assurance. 
Generous assistance towards relocation expenses is offered in appropriate cases. 


initial letters of application should give brief details only of age, 


qualifications and 


experience since applicants selected for further consideration will be invited to com- 


plete a detailed form. 
Replies, quoting Ref. G.53° BO, to 


J.C, Drake, 

Geigy (U.K.) Limited, 
Pharmaceuticals Division, 
Stamford Lodge, 
Wilmsiow, Cheshire. 


NEW ZEALAND 


Department of Scientific and Industrial 
Research 


Applications are invited for the undermen- 
tioned vacancy : 


VACANCY B 13/18/92/3658 


MATERIALS SCIENTIST 
CHEMISTRY DIVISION, LOWER HUTT 


An Honours Graduate (Physics or Chemistry) is 
required to undertake research on cement and 
concrete and allied building materials. Excellent 
facilities are available for X-ray diffraction, ther- 
mai analysis, electron microscopy, and study of 
services, The successful applicant will be 
expected to develop research on the micro- 
sirucware of hydrated cement. Competence in 
petrology would be an advantage. Independent 
research work ds encouraged. 

Minimum qualifications + B.Se.Hons, Degree in 
Physics or @hemistry. 

Ei Up to NZ95,430 per annum according 
experience, with opportunity 
for advancement on merit 

Passages: Fares for appointee and his wife 
and family, if married, wi¥ be paid. 

@ncidental expenses: Up to £35 for a single 
man and £100 for a married man can be claimed 
to cover the cost of taking personal effects to 
New Zealand. 

Application forms and alee information are 
available from the Wigh Commissioner for New 





Zealand, New Zealand House, Hayrnarkes, 
London, S.Wol, with whom applications will 
clasc on October 27, 1969, 





Please quote Reference B 13/18/92/3658 when 
inquiring. 01110) 





SOCIETE FRANCAISE 
DE PRODUITS CHIMIQUES 





Research 
DIRECTOR 


TO CREATE AND RUN 
A RESEARCH STATION 
OF PHYTOSANITARY 
PRODUCTS 


University education or equivalent 
Age 35-45 


QUALIFICATIONS : 
Relevant technical references in the field. 
Fluent in technical sh and French. 
Must be practical, creative and effective. 
Accustomed to international relationships. 











Anticipated location 
from Paris. 


approx, 150 km. 


Send CV, photo and references addressed 
to No. 3097, PUBLIPRESS, 31 Bd Bne 
Nouvelle, Paris 2e q.t. 


IN STRICTEST CONFIDENCE 
(1082) 


SEPTEMBER 27. 1969 


UNIVERSITY COLLEGE CARDIFF 
SECOND CHAIR IN PHYSICS 


Applications are invited for the post of Second 
Professor in the Department of Physics, of which 
Professor ©. A. Taylor is the Head, It is in- 
tended to appoint to this newly-created Chair 
a theoretical physicist who, it is hoped, would 
have research interests related to those of one 
or other of the experimental groups in existence 
in the department. He would be expected to 
build up a research school that would comple- 
ment and balance the work of one or more of 
the experimental earns and to dlead and 
strengthen the teaching of the more theoretical 
components of the undergraduate courses in 
pure physics. 

Further particulars may be obtained from the 
Registrar, University College, Cathays Park, 
Cardif, CFI 3NR, to whom ovo typed copies 
of applications. containing the names of three 
referees, should be sent not later than November 


15, 1969. 
E. R. EVANS. 
Registrar, 
Cathays Park, 
Cardit. (1088) 


_ UNIVERSITY OF SUSSEX 
SCHOOL OF BIOLOGICAL SCIENCES 
RESEARCH FELLOW AND RESEARCH 

ASSISTANT 

Applications are invited for a physiologist or 
biochemist with interest in endocrinology, and 
some research experience for studies in endo- 
genous and exogenous growth factors in mob 
luscs, This post is supported by the Ministry of 
Overseas Development. Salaries within the range 
£800 40 £1,470 according to qualifications and 
experience. 

Applicants should write to the Secretary of 
Science (Establishment), the Science Office, The 
University of Sussex, Falmer, Brighton, BNI 
9QOH, enclosing the names of two referees, a 
curriculum vitae and list of publications. Please 
g ne reference 253/6 1048) 


UNIVERSITY. OF ‘OXFORD 
DEPARTMENT OF BIOMATHEMATICS 
Applications are invited for the post of De- 

partmental Research Assistant to assist in the 
statistical analysis of experiments and surveys in 
the biological and medical fields. Computing 
facilities are available, Degree or similar pro- 
onal qualifications required, Salary on the 
FSS U, with yearly 















fe 
scale £1.050 to £2,160, 
increments. 

Apply to Professor M. 8. Bartlett, Department 
af Biomathematics, Pusey Street, Oxford. 
(1092) 








SENIOR RESEARCH F LLOW IN 
HISTOCHEMISTRY 
DEPARTMENT OF PHARMACOLOGY 
ROYAL FREE HOSPITAL SCHOOL OF 
MEDICINE 
This post is offered for one year in the first 
instance: salary according to ex ence, but not 
less than £1,700 a year, plus £60 Londen Allow- 
ance, 

Further details from 
Royal Free Hospital 
Hunter Street, 








Professor E, Zaimis, 
School of Medicine, & 
London, WEL (1042) 


UNIVERSITY OF BRISTOL. APPLICA- 
lions are invited for the post of research assist- 
ant in Mycology from graduates in Botany and 
Microbiology. Salary £9545 by £85 to £1,125, 
Experience in electron microscopy an advantage. 
«Applications, giving the names and addres: 
of two referees, should be sent to Profe 
L. E. Hawker, Department of Botany, The | 
versity, Bristol, BS8 IUG, to arrive not later 
than ‘Ostouer 4. sep 














CHAIR OF “MICROBIOLOGY , UNIVER- 
sity of Surrey, Applications are invited for a 
Chair in Microbiology in the Department of 
Biological Sciences. The appointee will be re- 
sponsible for the existing Microbiology Honours 
Degree course as well as for the development of 
new courses and the organization ef reses 
o-Further particulars of whe post are a 
from the Academic Registrar (LEG), Valversity 
of Surrey, Guildford, Surrey, to whom full appli- 
cations, giving the names of three referees, 
should be sent to arrive by October 31, 1969. 
Minimum salary £3.780, plus F.S.S.U. benefits. 
The Head of Department, Professor P, R. Davis, 
will be available by arrangement at the Univer- 
sity Annexe, University of Surrey. Falcon Read, 
SWIL to discuss the post with intending appli- 
cams who should wrie for an appointment giving 
brief particulars. be Deparument will be 
moving to Guildford during the coming session. 

{1108 
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Liverpool Education 


Applications are invited for the following appointments : 


LIVERPOOL REGIONAL 
COLLEGE OF TECHNOLOGY 


BYROM STREET, LIVERPOOL, L3 3AF 


DEPARTMENT OF CHEMISTRY AND BIOLOGY 


PRINCIPAL LECTURER AND 
SENIOR LECTURER IN PLANT BIOLOGY 


The Principal Lecturer will effectively be in charge of the teaching of 
botanical subjects at all levels in the department and will be responsible 
for the development of courses within this general area, One of his/her 
most important functions will be to encourage, initiate and co-ordinate 
research and other postgraduate studies in plant biology. This is an impor- 
tant appointment and candidates for it should be well-qualified academic- 
ally, preferably with a higher degree; they should have previous teaching 
experience and should be active in research. 


The Senior Lecturer will be expected to make a substantial contribution to 
the development of plant biology within the department, commensurate 
with his Senior Lectureship status. He will be able to teach at all levels, 
from H.N.C. to Honours degree, and will be expected to participate in 
the development of posigtaduate work and to undertake research, 





A CNAA, degree course in Applied Biology (Honours and Ordinary) is 
operated in the depariment. The special topics in this course include 
ecology, plant pathology and microbio! Whilst the exact specialisa- 
tions of applicants for the above positions is not critical, it would be 
especially appropriate if they were to have an interest in and experience 
af one of these ficids. 








SALARIES FOR FURTHER EDUCATION 
ESTABLISHMENTS 
(Revised Scales) 
Senior Lecturer : £2,417 to £2,752. 


Principal Lecturer: £2,682 to £3,022. (The rate extends 
beyond the bar.) 


Application forms and further particulars can be obtained from the 
Director of Education, I4 Sir Thomas Street, Liverpool LI 6BJ, on receipt 
of an addressed fooiscap envelope. 


Rewurn forms to the Principal of the College not later than October 6, 
1969, 
STANLEY HOLMES, 
Town Clerk, 


(1034) 





If you are interested in joining a young vigorous Company in Surrey as a 


MARKET DEVELOPMENT EXECUTIVE 
lease read on 
We are bore a young qualified 


CHEMIST OR BIOCHEMIST 


who has had one to two years experience in Research and who is seeking 
a change from the laboratory bench. He will be required to travel throughout 
the U.K. to meet and discuss new developments with Researchers in Uni- 
versities and Industry and to follow selected projects for commercial develop- 
ment. 


Salary £1,000 to £1,500 p.a. dependent on qualifications 
and experience. A company car will be provided. 


Please write with brief details in the first instance to Box 1116, T. G. Scott & 
Son, Ltd., Nature, 1 Clement's Inn, London, W.C.2. ane 








NEW ZEALAND 
VICTORIA UNIVERSITY OF WELLINGTON 

The University Council has created some addi- 
tonal appointments in the Facuhy af Science, 
and invites applications for the following posts: 

CHAIR OF PURE MATHEMATICS: Any 
branch of the field. 

CHAIR OF BOTANY: Molecular biology, 
plant physiology, plant biochemistry, or simih 
experimental feld. 

CHAIR OF ORGANIC CHEMISTRY. 

CHAIR OF MICROBIOLOGY: Head of De- 
partment. 

SENIOR LECTURER OR LECTURER IN 
CHEMISTRY: Two posts, one to take first year 
classes, one in field of analytical chemistry, radio 
chemistry, chemistry instrumentation, applied 
chemistry (including industrial and agricultural) 
or any related branch. 

SENIOR LECTURER OR LECTURER ÍN 
PHYSICS, 

Salaries for Lecturers range from 
to $NZ4,.800, for Senior Lecturers from 
to SNZ6,.000, and for Pre 
to SNZ1G,500. Fares 
towards remove 
of 
poinument ma 
toria Universi 
Wellington, N.Z.. 


















be 
of Wellington, 
or from the Se 
Association of Commonwealth {U 
Gordon Square, London, WGL 
Applications close in Wellington and London 
on October 31, 1969. Applications for CHAIR 
OF MICROBIOLOGY chose January 31, } 


+ 








BRIVISH TECHNICAL ASSISTANC 
UNIVERSITY OF JORDAN, AMMAN 
PROFESSOR OF BIOLOGY (FLANT 
TAXONOMY AND ECOLOGY OR ANIMAL 
ECOLOGY) 

Applications are invited for early 1970 for the 
post of Professor of Biology {Plant LOMORy 
and ecology or animal ecology? at the Lolversity 
of Jordan. Candidates, men only, must have a 
PhD.. ibing in eithr plant taxonomy and 
ecology, with experience in classifying plants and 
making ecological surveys or animal taxciomy, 
with experience in classifying and preserving 

animals. : 

The appointment is for one year in the firsi 
instance. Salary above existing salary Gubject 
to U.K. income tax) ding to quali 
and experience phis a varietle tax 
Service Allowance 65 to $l, 
according to marital sratus amd sak 
passages and quarters. Children’s 
Allowance, Terminal leave om fall 
emoluments paid by the British Government. 

Candidates should be chizens of, and normally 
resident in, the United Kingdom. 



























For further particulars, plteac wi giving 
full name to: The Appoinunents © , Room 





dinistry of Overseas Developme Eland 


Place, London, $ 


JOHN INNES INSTITUTE 












APPOINTMENT € HORTICULTURAL 


MANAGER 
The Institute will shortly appoint a Horti 
tural Manager to take charge af the Instat 
























Gardens, Glassh« ; and Experimental Grounds 
at Colney, Norwich. Applicants should have a 
deg in Botany of a d or diploma in 
horticulture, with yp e in 


ro the 
isalary 


horticulture. The appointment 
Assistant Experimental Officer 
ESRI to 
Officer E k 
annum). Appoinunent to a grade higher than 
Experimenta! Officer will be considered only 
if the applicant has exceptional qualficavions 
and experience, Superannuation. 

Applications, with full details and the names 
of two referees should be sent to the Secretary 
of the Institute, Colney Lanse, Norwich, NOR 
FOF by October 31, 196 > 

UNIVERSITY OF SUSSEX 
SCHOOL OF BIOLOGIC si 
RESEARCH ASSI 

Agplications aree Invited 
Research Assistant to inv 
changes with age in Drosoph 
the range £800 to 
possess a good BOmHi 

Applications, giving age, quali 
dons ami experience, with the same of one 
referee, should be s x as possible to 
the Secretary of Scien Mice gEstah~ 
Ushment}, The Univers: y . Palner, 
Brighion BNI 90H. Please quote Reference 
2534/4. {1053} 

& 





or 


















within 
shouid 

















ULSTER MUSEUM 


The Trustees of the Ulster Museum invite 


applications for the post of 


DIRECTOR 


The Museum comprises departments in Art, Antiquities, 
Natural Science and Technology and Local History. aiias 


The Director is responsible to the Trustees of the Museum 
for its overall control, including research and 
administration, and he will be expected to expand the 
Museum’s services to the public. A new Extension is under 
construction and nearing completion. 


Candidates should possess a good Honours degree and have 


experience in administration. 


The new Director will be expected to take up appointment 


as soon as possible. 


Salary scale £4,045; £4,200; £4,410; £4,620. 


Application forms may be obtained from: 
THE ADMINISTRATIVE OFFICER, 


ULSTER MUSEUM, 
Belfast BT9 5AB. 


Closing date for applications, October 31, 1969. 


OXFORD UNIVERSITY 
THEORETICAL CHEMISTRY 


Applications are invited for a post-doctoral 
appointment in the salary range £1,200 to £1,300 
from persons interested in the quantum mech- 
anical theory of chemical reaction. 

Applications @iving academic qualifications and 
the names of two referees, shoud be sent as 
soon as possible to Dr. M. S. Child, Physical 
Chemistry Laboratory, South Parks Road, 
Oxford, (1087) 


UNIVERSITY OF BELFAST 
EXPERIMENTAL OFFICER 
in the 
DEPARTMENT OF MICROBIOLOGY 


Applications are invited for the post of 
EXPERIMENTAL OFFICER in the Department 
of Microbiology, Candidates should have an 
ordinary science degree or its equivalent, Duties 
of the post include assisting in operating an 
electron microscope and in development of tech- 
niques in elecuron microscopy in co-operation 
withg@a graduate member of “staff. Previous ex- 
perience in microbiology, histology or electron 
microscopy will all be acceptable qualifications, 

Initial salary will depend on qualifications and 
experience but will be in the range £1,120 by 
£60 (6) 10 £1,480 by £70 (D to £1,550, with 
superannuation within the FSS.U, 

Letters of application, giving a brief curricu- 
lum vitae and the names of two referees, should 
readh the Secretary 10 the Academic Council, 
The Queen's University, Belfast BY7 INN, 
Northern Jreland. by October 31, 1969. (1078) 





. 





(1089) 


UNIVERSITY OF 
LONDON KING’S COLLEGE 
DEPARTMENT OF CHEMISTRY 


Applications are invited for two POST- 
GRADUATE awards (S.R.C. rates and fees) for 
research in the field of organophosphorus chem- 
istry. Candidates would be expected to register 
for the degree of Ph.D. (University of London) 
and should have First or Upper Second Class 
Honours Degrees or equivalent qualifications. 
The Department is fully equipped with modern 
instruments (including nmr. and esr) and 
attendance at postgraduate summer courses 
would be supported and encouraged. 

Applications (including curriculum vitae and 
the names of two referees) should be sent as 
soon as possible to Dr. C. D. Hall (c/o Profes- 
sor D. H. Hey, F.R.S), Department of Chem- 
istry, King’s College London, Strand, London, 
WOC.2, (1027) 


UNIVERSITY OF ABERDEEN 
RESEARCH ASSISTANT IN 
BIOCHEMISTRY 


Applications are invited for the post of RE- 
SEARCH ASSISTANT for work with Dr. W. A, 
Hamilton on oxidative phosphoryiadon in 
bacterial membrane systems. Salary on scale 
£940 by £60 to £1,060. Superannuation (F.S .5.U.). 

Further particulars from the Secretary, The 
University, Aberdeen, with whom applications 
{2 copies) should be lodged by October 17, £969, 

(X947) 
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GRASSLAND RESEARCH 
INSTITUTE AND UNIVERSITY 
OF EDINBURGH 


MICROBIOLOGIST 


An Officer is required in the Conserva- 
tion Section at the Grassland Research 
Institute (an Associated Institute of the 
University of Reading) to work on the 
microbiology of the ensilage of forage 
crops, This work will be closely linked 


with biochemical and nutritional studies of 
the process. 

The person appointed wil initially work 
for two years on secondment to the Uni- 
versity Department of Microbiology at the 
Edinburgh 
the supervision 


School of Agriculture, under 
of Dr. R. Whittenbury, 
before taking up his position to start 
microbiological studies at the Grassland 
Research Institute; transfer expenses will 
be paid at Civil Service rates. 

Applicants should have a first or upper 
second class Honours degree, together with 
postgraduate training and experience in 
microbiology and an interest in biochemi- 
cal aspects of microbiology. Appointment 
will be in the Scientific Officer (£1,071 to 
£1,827) or Senior Scientific Officer (£2,021 
to £2,491) grades according to age and 
experience, 

Further details may be obtained from 
the Secretary, Grassland Research Institute, 
Hurley, Maidenhead, Berks, by whom 
applications in the form of a curriculum 
vitae, with the names of three referees, 
should be received by October 10. 
dit?) 





UNIVERSITY OF IBADAN 
NIGERIA 

Applications are invited for post of PROFES- 
SOR IN DEPARTMENT OF ZOOLOGY, Ap- 
plicants should have considerable experience in 
undergraduate and postgraduate teaching and 
research, as well as in the administration of an 
academic department. Appointee will be respon- 
sible for the maintenance and development of 
the University Zoo, Salary £N3,000 per annum. 
(ENI =£] 38. 4d. Sterling) Salary supplemented 
by £925 per annum (sterling) and education 
allowances and childrens’ holiday visit passage 
payable in appropriate case under British Ex- 


patriates Supplementation Scheme. F.S.S.U. 
Family passages; various allowances; regular 
overseas leave. 

Detailed applications (six copies), paming 


three referees by November 14, 1969, to Inter- 
University Council, 90/91 Tottenham Court 
Road, London, WIP ODT, from whom particu- 
lars are available. (1094) 





UNIVERSITY OF BOTSWANA, 
LESOTHO AND SWAZILAND 


Applications are invited for the following 
posts: 

fa) LECTURESHIP OR ASSISTANT LEC- 
TURESHIP IN INORGANIC CHEMISTRY, 
(0 LECTURESHIP OR ASSISTANT LEC 
TURESHIP IN PHYSICAL CHEMISTRY. Ap- 
pointments 19 be assumed July, 1970, Salary 
scales: Lecturer, R3,100 to R4,700 per annum ; 
Assistant Lecturer, R2,600 to R2800 per annum. 
(Risstis, 8d. sterling.) Various allowances: 
medical scheme; gratuity; family Passages } 
biennial overseas leave. 

Detailed applications (six copies), 
three references by November 10, 1969, to 
Inter-Lniversity Council, 90/91 Totrenham 
Court Road, London, WIP ODT, from whom 
particulars are available, (1095) 





naming 





UNIVERSITY OF EAST AFRICA 
UNIVERSITY COLLEGE, NAIROBI 
Applications are invited for the following 
posts in the FACULTY OF AGRICULTURE 
which will accept its first students in July, 1970: 
LECTURESHIP IN ANIMAL PHYSIOLOGY 
LECTURESHIP IN RURAL SOCIOLOGY 
Salary scale £K1,350 10 £K2,230 per annum 
(EKls£1 3s. 4d. sterling), Salary supplemented 
in range £348 to £410 per annum sterling and 
education allowances and children's holiday visit 
Passages payable in appropriate cases under 





British Expatriates Supplementation Scheme. 
FESSU. Family passages: biennial overseas 
leave. 


Detailed applications (ix copies), naming three 
referees by October 31, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
WIP ODT, from whom particulars are available. 

(1096) 
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UNIVERSITY OF WALES 
UNIVERSITY COLLEGE OF SWANSEA 


SENIOR TUTOR IN PHYSICS 


Applications are invited for the post of 
SENIOR TUTOR in the Deparment of 
Physics, The duties assoclated with the 
appointment, which is for one year from 
October 1, 1969, in the first instance, are 
concerned especially with various aspects 
of undergraduate teaching such as tutorials, 
demonstrations, and exercise classes, There 
are also excellent opportunities for re- 
search. 

The salary will be within the range 
£1,240 by £115 10 £2,850 per annum. 

Further particulars, quoting reference 
number B6, may be obtained from the 
Registrar, University College of Swansea, 
Singleton Park, Swansea, Glam, SA2 8PP, 
by whom applications should be received 
not later than October 7, 1969, (1099) 


FISHERIES OFFICER 
FDI 


To train local staff in fishing methods 
and techniques; fish handling; preserva- 
tion and transportation ; supervision of ex- 
tension programme and research projects. 
He must be between the ages of 25 to 45 
years and have at least 10 years experi- 
ence in fisheries research and the develop- 
ment and management of a fishing in- 
dustry; training in seamanship; experi- 
ence in gear technology: fish processing 
and marketing. Salary, $F2,184 to 
$F4,362 (£1,046 to £2,090 Sig.) per annum 
plus an inducement allowance normally tax 
free of £508 to £829 per annum. Terminal 
gratuity 25 per cent, Contract 24 to 3 
years. 


Apply to Mr. V. R McClean 
Ministry of Overseas Development, 
Eland House. 

Stag Place. 
London, SLL (1049) 





UNIVERSITY COLLEGE 
CARDIFF 


DEPARTMENT OF MECHANICAL 
ENGINEERING 


RE-ADVERTISEMENT 


Applications are invited for the post of 
LECTURER IN MECHANICAL ENGIN- 
EERING DESIGN. Applicams should 
posstes a good Honours or Higher Degree 
and should have had design experience in 
industry for some years. 

The successful applicant will be respon- 
sible for the continuation and development 
of a novel Final Year Project scheme 
which involves extensive collaboration with 
industry. 

Ample facilities exist to carry out re- 
search work on current projects within the 
department, or in any other personal field 
in which the candidate is interested, 

The appointment will commence on 
November i, 1969, or as soon after as 
possible. Salary: £1,240 by #115 to 
£2,045 bar by £115 to £2,850. 

Further particulars may be obtained 
from the Registrar, University College, 
Cathays Park, Cardiff, to whom two appli- 
cations with the names of three referees 
should be submitted by October 18, 1969. 

E. R. EVANS, 
Registrar. 
(1046) 





BIOCHEMIST 


required for research on Steroids and 
Enzymes. Salary scale £1,125 to £1,470. 


Applications to: 
Professor of Medicine, 
Addenbrooke's Hospital, 
Cambridge. 


(1083) 








IENTIFIC GIVILSERV 


TROPICAL PRODUCTS INSTITUTE 


Ministry of Overseas Development 
56-62 Gray’s Inn Road, London W.C.1 


BACTERIOLOGIST (graded Senior Scientific Officer/Solentific Officer) for research 
and advisory work on the bacterial spoilage of animal and vegelable foods and the 
study of microbial fermentations of tropical products. Previous experience of food 
bacteriology desirable bux not essential, 

Salary: 5.0. £1,196 -£1,952 ; 8.8.0. £2,146-£2,616, 

Qualifications ; Ist or 2nd class honours degree, or equivalent qualification in appro- 
priate subject and, for S.S.Q., at least 3 years’ post-graduate experience. Age: 8.0. 
under 29; $.S.Q. normally 26-31. 

Prospects of permanent pensionable appointment, 

APPLICATION FORMS from the Administrative Secretary at the above address, 


SALMON AND FRESHWATER 
FISHERIES LABORATORY 


Ministry of Agriculture, Fisheries and Food 
Fish Pathology Unit, Weymouth, Dorset 


BACTERIOLOGIST /VIROLOGIST (graded Experimental Officer/Assistant Experi- 
mental Officer) required for research on viral and cteriat diseases of fish with 
special interest in these affecting salmon. This entirely new field of work offers the 
opportunity for applied research in relation 1 a specific and urgem problem the 
solution of which is of considerable economie importance. 

This post will involve mainly laboratory work, though some field work will also be 
undertaken, and there will be collaboration with other laboratories in Scouand and 
Ireland working on similar problems. 

Salary: AEO. £683 (ar 188940 (at 22)41,208 (at 26 or over}€14549; EO. 
£1, 890-£2,006. 

Qualifications: Degrees, H.N.C. or equivalent in appropriate subject. Under 22, 
minimum qualification is G.C.E, in five subjects, including two Scientific/ Mathematical 
subjects at “A” level or equivalent. It is desirable that candidates should be efther 
Fellows of the Institute of Medical Laboratory Technology with experience in bio- 
logical techniques and tissue cukure methods, or Assodates of the Ineviate, whh 
Final Virology, preferably with some experience in bacteriology, Age: AEO. 18-27, 
EO. normally 2630. Non-contributory pension; prospects of promotion. 
Application Forms are obtainable by writing to the Civil Service Commission, Savile 
Row, London WLX or by telephoning 01-734 6010, exi. 229 (after 4.30 pm. 
01-734 6464 ** Ansafone | service), 

Please quote $/94/MAF/8. Closing date: 17th October, 1969. (1051) 











is required in the Application Research and Technical Service « 
Department of Dyestuffs Division. The Division is concerned with a 
wide range of organic chemicals, 


Applications are invited from candidates who must be capable of 
assessing new biocidal materials in different environments. A degree 
in biochemistry is essential and some industrial experience in 
microbiology or allied fields is desirable. 


After joining the staff a married man will receive a reasonable refund 
of removal expenses (including travel), and, in approved cases, ° 
assistance in house purchase. 

Applications giving brief details of age, qualifications and experience, 
quoting reference 1.47/B should be sent to: è 


Miss Jean Harrison, 
Division Personnel Department, 


ICI Dyestuffs Division, tur auetme ARO 
P.O. Box 42, Blackley, Manchester M9 3DA, es aes see 
* 
(1070) 
* 


* 
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CSIRO 


CORROSION 
— SCIENTIST 


DIVISION OF MINERAL CHEMISTRY 


AUSTRALIA 


GENERAL Tha Division of Mineral Chemistry, a component Division of the Chemical 
Research. Laboratories of the Commonwealth Scientific and Industrial Research 
Organization, comprises two major laboratories located at Port Melbourne, Victoria, 


and North Ryde, N.S.W. 


Research interests are in the fields of Fuel Chemistry, Geo-Chemistry, Inorganic 
Chemistry, Metallurgical Chemistry and Physical Chemistry. The appointment will 


be located at North Ryde, N.S,W, 


DUTIES The appointee will be teqired to study ferrous metal dissolution in the 
context @f mineral beneficiation using the techniques of corrosion science or electro- 
chemical kinetics, The position would suit a physical chemist or metallurgist with 
postgraduate research experience and an aptitude for developing a fundamental 


approach to applied problems. 


QUALIFICATIONS Applicants should have a Ph.D. degree in an appropriate 
field or postgraduate research experience of an equivalent standard and duration, 


supported by satisfactory evidence of research ability. 


SALARY Depending upon qualifications and experience, the appointment will be 
made within the salary range of Research Scientist, $A5,321—$A6,693 p.a, Salary 
rates for women are $A428 p.a. less than the corresponding rates for men. Promotion 


within CSIRO to a higher classification is determined by merit. 


CONDITIONS The duration of the appointment will be determined in consul- 
tation with the successful applicant, some applicants may prefer a fixed term appoint- 
ment for three years. The appointment will be conditional upon passing a medical 
examination and an initial probationary period of twelve months may be specified. 
An indefinite appointment carries with it Commonwealth Superannuation Fund 
or Provident Account privileges. Fares paid for the appointee and his dependent 


family. Further particulars supplied on application, 


Applications, (quoting Appointment No. 601/97), and stating full name, place, 
date, and year of birth, nationality, marital status, present employment, details of 
qualifications and experience, together with the names of not more than four persons 
acquainted with the applicant’s academic and professional standing, should reach :— 


Mr. R. F. Turnbull, 
Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64, Kingsway, LONDON, W.C.2. 
by the 77th October, 1969. 


Applications in U.S.A, and Canada should be sent to The Scientific Attaché, Australian 


Embassy, 1601 Massachusetts Ave, NW, WASHINGTON DC 20036, 








INTERNATIONAL UNION OF CRYSTALLOGRAPHY 


ASSISTANT TECHNICAL EDITOR 





graphy, 







offices areein Chester, 







cations should be submitted by October 8. 








ann 








Applications are invited for the post of Assistant Technical Editor to work 
on the journals Acta Crystallographica and Journal of Applied Crystallo- 


Qualifications required: honours degree in a physical science, ability in 
French and German, and experience of preparing scientific papers for the 
printer and of marking proofs. Salary range £1,585-£2,160, The editorial 


Details from the LU.Cr. Treasurer, Professor D. W. J. Cruickshank, 
es Chemistry Department, U.M.LS.T., Manchester M60 10D to whom appli- 
41069) 






UNIVERSITY OF LIVERPOOL 


DEPARTMENT OF VETERINARY 
PATHOLOGY 


Applications are invited for the post of 
RESEARCH ASSISTANT supported by 
the Medical Research Council to take part 
in an experimental programme to study the 
effect of horse anti-rat lymphocytic globu- 
lin on rat lymphoid cells, The conditions 
of employment will be similar to those of 
a University Lecturer, The salary will be 
within the range £1,585 to £1,815, the post 
being tenable for a period of three years. 

Candidates should possess a higher de- 
gree and preferably have had research cx- 
perience in immunology. 

Applications, stating age, qualifications 
and experience, together with the names of 
two referees, should be received as soon 
as possible, by the Registrar, The Univer- 
sity, P.O. Box 147, Liverpool, L69 3BK, 
Quote ref. RV/2872/N, 

H. H. BURCHNALL, 
Registrar. 
(1052) 


UNIVERSITY OF WARWICK 
SCHOOL OF ENGINEERING SCIENCE 
SUPERCONDUCTIVITY RESEARCH 


A Research Associate, graduate or 
equivalent, is required to assist in a res 
search programme 10 investigate electrical 
losses in superconductors in relation to 
their material properties, 


The work is financed by a Ministry of 
Technology Contract and an appointment, 
initially for a period of two years, will be 
made at a salary in the range £1,000 to 
£1,180, depending on age and experience, 

Further details and application forms 
from the Registrar, University of Warwick, 


Coventry CV4 JAL. (1093) 








UNIVERSITY OF LONDON 


CHAIR OF GEOPHYSICS AT 
IMPERIAL COLLEGE 


The Senate invite applications for the 
Chair of Geophysics tenable at the Imperial 
College of Science and Technology {salary 
not less than £3,780 a year pius £100 Lon- 
don Allowance), The Professor will be 
responsible with the Professor of Pure 
Geophysics for the undergraduate and POSL- 
graduate teaching of Geophysics in the 
Department of Geology; he will be re- 
quired to conduct and stimulate research 
in the subject, Applications (10 copies) 
must be received not later than October 
21, 1969, by the Academic Registrar (N), 
University of London, Senate House, 
W.C.1, from whom further particulars may 
be obtained. (1107) 








UNIVERSITY OF 
ST. ANDREWS 


DEPARTMENT OF APPLIED 
MATHEMATICS 


Applications are invited for the post of 
LECTURER in APPLIED MATHE- 
MATICS, The current research interests 
within the Department lie primarily in the 
fields of Fluid Dynamics, Magneobydro- 
dynamics, Numerical Analysis, and Plasma 


Dynamics, but applications are invited from 
candidates with interests in any branch of 
Applied Mathematics. 


Salary scale: £1,240 to £2,850; starting 
salary according to qualifications and ex- 
perience. F.S.S.U.; grant towards ex- 
penses of furniture removal. 

FIVE copies of applications, with the 
names of three referees, should be lodged 
by October 18, 1969, with the Secretary of 
the University, College Gate, St. Andrews, 
from whom further particulars may be 
obtained. (1086) 
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UNIVERSITY OF BELFAST 


ASSISTANT LECTURESHIP IN APPLIED 
MATHEMATICS 


The Senate of The Queen's University of 
Belfast invites applications for an Assistant Lec- 
tureship in Applied Mathematics from October 
1, 1969, or such later date as may be arranged. 
Preference will be given to applicants having an 
interest in quantum chemistry, collision theory, 
space physics or astrophysics. The salary scale 
is £1,240 by £115 (2) to £1,470 per annum plus 
ESSU. Initial placing on this scale will depend 
on experience and qualifications, k 

Letters of application (one copy), giving the 
names of two referees, should reach the under- 
signed by October 18, 1969. Further particulars 
may be obtained from the Secretary, The Queen’s 
University of Belfast, Belfast BT7 INN, Northern 
ireland. (1079) 








AUSTRALIAN NATIONAL 
UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 
RESEARCH SCHOOL OF PHYSICAL 
SCIENCES 


RESEARCH FELLOWSHIPS IN NUCLEAR 
PHYSICS 


Applications are invited for appointment as 
Research Fellow in the Department of Nuclear 
Physics (Head of the Department—Professor 
E. W. Titterton), 

The salary of a Research Fellow is determined 
in the range $A5,400 to $A7,250 (by $4370 G)); 
initial salary depends on qualifications and ex- 
perience. Appointment is for three years in 
the first instance with a possible extension to a 
maximum of five years. 

The Department has as experimental tools a 
2.8 MV Van der Graaf Accelerator and a type 
EN tandem accelerator capable of accelerating 
protons, deuterons and helium ions to energies 
up to 13 MeV. Numerous scattering chambers, 
a Buechner Spectrograph and 24 in. double 
focussing spectrometer, an LB.M. 1800 data- 
acquisition and processing unit on line to a 360/ 
0 computer and supporting detectors and elec- 
tronic equipment are available for work with the 
accelerators. 

A polarised jon source will be added to the 
system in 1970 and the Federal Government has 
just provided a grant of SA2.2 million to enable 
the accelerator facility to be extended into the 
energy region 20-30 MeV. 

Superannuation is on the F.S.S.U. pattern with 
supplementary benefits. Reasonable travel ex- 
penses are paid and assistance with housing is 
provided, 

Further particulars are available from the 
Association . of Commonwealth Universities 
(Appts), 36 Gordon Square, London, W.C.1. 
Applications close on November 15, ae 

(1062) 


AUSTRALIAN NATIONAL 
UNIVERSITY 
RESEARCH SCHOOL OF PACIFIC STUDIES 
GEOMORPHOLOGIST 


‘There is a vacancy for a Research Fellow in 
Geomorphology in the Department of Bio- 














geography and Geomorphology (Professor D.. 


Walker, Head of Department; Mr. J. N. Jen- 
nings, Professorial Fellow in Geomorphology). 
Applicants should have a Ph.D. or other proof 
of capacity for independent research and should 
“ope able to take up the appointment during 1970. 

“Preference will be given to a person with special 
‘interests in present-day process studies and/or 
` morphometry. 

The salary range of a Research Fellow is 
$A5,400 to $A7,250 per annum with annual incre- 
ments of $A370. Appointment is usually for 
three years with a possible extension to five 
years. Superannuation is on the F.S.S.U. pat- 
tern with supplementary benefits, ‘Reasonable 
return travel expenses are paid and assistance 
with housing is provided. 
©. Further information may be obtained from the 

of Commonwealth Universities 

























UNIVERSITY OF BIRMINGHAM 

DEPARTMENT OF CANCER STUDIES 
SENTOR TECHNICIAN, male or female, re- 
quired iọ take charge of new tissue culture 
laboratory. Knowledge of virology and bacterio- 
logy an advantage. ALMLT. or equivalent 
qualification, and experience of tissue work re- 
quired, Salary : £1,056 w ELL, 

Apply: Assistant Secretary (Personnel), Per- 
sonnel Office, University of Birmingham. P.O. 
Box 363, Edgbaston, Birmingham, 15, quoting 
Reference 427/ST/ 142. (1077) 
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CIBA Limited, Basle, Switzerland 
Agrochemical Division 


invites applications for a post of 


Research 
Entomologist 


to join an expanding team based in Basle. The successful candidate 
would be engaged in investigations on pesticides; in particular their 
mode of action, translocation and behaviour in plants, plant tolerances 
and the effects of formulation. Beside these laboratories and greenhouse 
investigations a certain amount of field testing and travelling abroad 
will be involved. 


Preference will be given to candidates experienced in world crops. 


Hand written applications and a curficulum vitae giving fullopersonal 
particulars, as well as the names of three referees, shouldbe addressed 
to CIBA Limited, Personne! Department, Basle, Switzerland, mentioning 
Ref. No. 69. 107. 


(103) 


LECTURES AND COURSES 





SCHOOL OF BIOCHEMISTRY AND MOLECULAR BIOLOGY 


Waltham Forest Technical College 
and School of Art 


Forest Road, Walthamstow, London, E.17, Tel: 01-527 2272 
Constituent College of proposed North East London Polytechnic 


Advanced Immunological Techniques 


A short five day full-time course: 20th to 24th October, 1969 


it is designed to 


The course comprises lectures, practicals, demonstrations and discussions. 
The lectures are 


give up-to-date information and expertise on various facets of immunology. 
intended to cover both theoretical aed practical facets. They include: 


Uses and limitations of qualitative and quantitative immuno-electrophoresia, radio-immuno 
assay, immuno-diffusion techniques, immunological methods in virology, immunological methods 
in mycology, immunological facets of rheumatoid factor in rheumatoid arthritis and the potential 
of histochemistry in experimental immunology. Some physico-chemical facets of immunology. 


Lecturers include: Professor G, Belyavin, Dr, L. Bitensky, Or. D, $. Carmichael, Dr. J. 4G, 
Feinberg, Dr. T, Freeman, Dr. L. Glynn, Dr. E. J, Holborow, Or. $. Lewin, Professor J. Pepys 
and Or. M. W. Turner. 


Isoelectrofocusing 


A short four-day full-time course: 10th to 13th November, 1969 a 


y ` ‘ ; . „p T 
The course is essentially an isoelectrofocusing workshop and comprises fectures, practicals, 
demonstrations and discussions. te covers, inter alia, the following: Overall uses and Hmi- 
tations of electrofocusing, and possible applications in immunology. Formation of ampholine 
pH gradients. Electrofocusing versus electrophoresis. Supporting media, sucrose gradient 
and acrylamide gel (slab and disc). Sample placing. Detection procedures. isoelectric point 
determination. 0 


The course is concerned not only in training in the uses and limitations of electrofacusing as 


covered at present but also with considering advanced facets and planning of fucure experi~ 
mentation. 


Lecturers include: Dr. J, S. Fawcett, Dr. D. H, Leaback, Dr. S. Lewin and Or. A, Williamson. 
$ 


Further details from the Head of the School of Biochemistry and 
Molecular Biology. 
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THE UNIVERSITY OF LEEDS 
INDUSTRIAL UNIT OF TRIBOLOGY 


The Industrial Unit of Tribology was established in the Institute of Tribology 
within the Department of Mechanical Engineering on April 1, 1968, with the 
support of the Ministry of Technology, 


The Unit: oiera consulting research and development service to industry in 
the feld of lubrication, friction and wear. 


The Unit is now well-established and, in order to meet ever-increasing 

demands from industry, further staff must be appointed to join the present 

small bur cathusiastic team, Applications are-invited for the following posts ; 
Ms 


1. ENGINEER 


The. successful candidate will be a chartered engineer and a graduate, He will 
have had sevéral years’ experience in the field of lubrication, friction or wear. 


"2. INFORMATION OFFICER 


e 
The successful candidate will be a graduate with experience of information 
retrieval systems in a technical organisation, A contract has been placed with 
the Unit for critical literature surveys to be made over the whole field of 
tribology andy the successful candidate would be expected to assist in the 
"initiation and development of this project. An ability to scan journals in one 
or tWo foreign languages would be an asset, 


3. HOFFMANN RESEARCH FELLOW 


Acdarge ant important contract has been placed with the Unit by the Hoffmann 
Manufacturing Company Ltd. for gbe development of gas-bearing technology. 
A Hadia is required to join a small team to work in this expanding field 
which is largely concerned with problems associated with silicon vitride and 
gas bearings operating at tégh comperatures, 


4. DESIGN ENGINEER 


“The Industrial Unit undertakes the design and erection of experimental equip- 
ment for the purpose of testing materials, lubricants, bearings and other 
mechanical systems. 


The successful candidate, will have a wide experience of work in this or 
S similar fields, and will be capable of undertaking the design and supervision 
of the erection of test machinery. 


The conditions of employment for these posts will be similar to those relating 
to academic maf and further particulars can be obtained from the Registrar 
and Secretary. 


Successful candidates will be engaged at an appropriate point on the salary 
scales according to. age, qualifications and experience with participation in 
F8.S8.U, 


Salary Scales: 

Engineer and Information Officer 
~ £1,240-£2,850 

Hoffmann Research Fellow 

~= £1,400-£1,850 

Design Engineer 

— £1,460-£2,500 


Applications (three copies), which should include the names of three referees, 
should reach the Registrar and Secretary, The University, Leeds LS2 9JT, not 
later than October 17, 1969, (1041) 





“nent nein 
LECTURES AND COURSES 


WEST HAM COLLEGE OF TECHNOLOGY 
Romford Road, LONDON, E.15 s 
A Constituent College of the proposed North East London Polytechnic 
. PART TIME COURSE IN HEALTH PHYSICS AND 
RADIATION SAFETY 
This theoretical and practical course leads to a College Diploma and 
provides a thorough training in all aspects of radiation safety. It may 
be taken by attgnding one day a week for one year or evenings only over 


~- 


two years, 


EVENING M.Se COURSE IN NUCLEAR PHYSICS 
This course prepares students for the University of London internal 
examination in nuclear physics. It occupies one or two evenings each week 
for two years. Students must be graduates in physics or hold graduate 
membership of the Institute of Physics, 
Further details obtainable from the College Registrar. Tel. 01-534 4545, 
Ext. 559 or 560, (1073) 








MEDICAL RESEARCH COUNCIL 


CLINICAL AND POPULATION 
CYTOGENETICS UNIT, 
WESTERN GENERAL HOSPITAL, 
EDINBURGH, 4 


_ A vacancy exists for a Statistician with an 
interest in medicine /biology/genetics in the above 
Unit. The work will involve close collaboration H 
with biologists and clinicians on a variety ofi 
research projects, The Unit is particularly in- 
terested in the study of chromosome variation 
in the population, epidemiology and pattern 
recognition. The person appointed will be in 
charge of a small group responsible for all bios 
metrical studies in the Unit, Salary according 
io age and experience in the range £2,390 to 
Applications tọ the Director at the above 
address, from whom further details may be 
obtained, (1118) 















UNUSUAL OPPORTUNITY FOR IMAGIN- 
ative medical scientist with broad interests (pre- 
ferably with M.B. or M.D.) to develop new pro- 
gramme of learning in morphology for medical 
students. Access to unique system for computer- 
based education, Excelem research facilities, 
Position available immediately—Contact: G, J. 
Schroepfer, 430 E, Chemistry, University 
Hingis, Urbana, Minois. (1031) 











FELLOWSHIPS AND 
STUDENTSHIPS 








THE 
UNIVERSITY OF 
LEEDS 


DEPARTMENT OF 
CIVIL ENGINEERING 


RESEARCH ON SOUND 
ABATEMENT IN 
BUILDINGS 


Applications are invited from physicists 
or engineers for a Research Fellow- 
ship concerned with work in the mini 
misation of acoustic energy transfer in 
building structures, Applicants should 
have had research experience at Ph.D. 
or equivalent level in the applied 
mechanics of vibrations or waves (not 
necessarily acoustic). 
















Salary will be within the range £1,500 
to £1,600 a year, according to qualifie 
cations, with F.S§S.U. The appoint- 
ment will be for a period of two 
years. 


Applications, stating age, qualifications 
and experience, should be sent to 
Professor A. M. Neville, Civil Engin- 
eering Department, The University, 
Leeds L52 931, before October 31, 
1969, (1071) 





UNIVERSITY OF DUNDEE 


RESEARCH FELLOWSHIP 


IN THE DEPARTMENT OF 
MATHEMATICS 


The University invites applications for a 
Research Fellow to carry out research in 
the Department of Mathematics on the 
scattering of waves. The Fellow will be 
remunerated according to the University's 
academic salary scale in the range £1,24 
to £1,585 per annum plus membership 
the FSS. system, Placing on the scale 
will be according to qualifications and ex- 
perience, 

Applications (six copies), containing the 
names of three referees to be lodged not 
later than October 18, 1969, with the Sec- 
retary, The University, Dundee DDI 4HN 
from whom further particulars may be 
obtained. (1045) 








NATURE. SEPTEMBER 27, 1969 





TEXACO POSTGRADUATE 
FELLOWSHIP IN LASER PHYSICS 
UNIVERSITY OF BELFAST 
DEPARTMENT OF PURE AND APPLIED 
PHYSICS 
— Applications are invited from graduates in 
; Chemistry or Chemical Physics with a Firs or 
Upper Second Class Honours degree for equiva- 
lent} for a Postgraduate Studentship in laser 
physics, supported by Texaco Lad. The success- 
ful candidate will undertake research into the 
photochemistry of organic liquid scintillators and 
dyes. This work, which forms part of the pro- 
gramme of a large, well-equipped laser research 
group is aimed at the development of frequency 
nabie organic lasers for fundamental investi- 
ations in atomic and molecular physics, photo- 
chemistry and photobiclogy., 





RESEARCH IN BRITAIN 


Science Research Council Fellowships 


S.R.C. welcomes applications for postdoctoral 
research fellowships from young British honours 
graduates in science and technology at present 
in North America who wish to re-establish 
themselves in the U.K. i 


The awards are tenable in universities, 
colleges and other approved laboratories in the United Kingdom. 
Further details may be obtained from the United Kingdom Scientific Mission, British 
Embassy, 3100 Massachusetts Avenue, N.W., Washington 8, D.C., or from the Science 
Research Council, State House, High Holborn, London, W.C.1. Where possible 
applications should reach the S$ R C. or U.K.S.M by 1st December. Applications may 
however be considered after this date if early application was not possible. 

























The Fellowship will be for one year in the 
first instance, renewable, and the holder will be 
expected to register for a Ph.D. degree. Stipend 
is at the rate of £725 per annum, 

Applications, together with the names of two 
referees, should be sent to Professor D. i, 
Bradley, Department of Pure and Applied 
Physics, Queen's University, Belfast r Rani 





TRAVELLING AND RESEARCH GRANTS. 
Fellowships for women graduates for 1970-71, 
value $2,500 and £1,000, and several smaller 
awards. Closing date October 18, 1969.— Details 
from Academic Secretary, British Federation of 
University Women, Crosby Hall, Cheyne Walk. 
London, §.W.3, (1119) 


A XUV 


BATH UNIVERSITY OF TECHNOLOGY 


School of Chemistry and Ohemical 
Engineering 5 


Applications are invited immediately 
from Honours graduates in Chemisiry or 
Pharmaceutica! Chemistry for a 


RESEARCH STUDENTSHIP 


in the Organic Group. The successful 
candidate, who ‘will be expected to regis- 
ter for a higher degree, will work, under 
the direction of Dr. S. F. Dyke, on nitros 
gen heterooyclic compounds of Phareaoo- 
logical: interest. 

Applications, quoting the names of two 
referees, should be sent to Dr. 8. F. Dyke, 
School of Chemistry and Chemical Eirin- 
eering, The University, Bath BAT 7AY. 


O57) 


GRANTS & SCHOLARSHIPS 





UNIVERSITY OF QUEENSLAND 
AUSTRALIA 
RESEARCH SCHOLARSHIPS— 
PARASITOLOGY DEPARTMENT 

The Universixy invites applications for, 
graduates in veterinary or biological sciences: hie 
Mo postgraduate Research Sgholarshins’ within 
the Departmen of Parasitology, The research’ 
projects, are concerned: with (a) the ecology ani 
populadon dynamics of tieks infesting canle, and 
(b) the vectors of bovine onchocerclasis. The 
successful candidates will be required to enrol 
for the degree of Doctor of Philosophy. Stipend 
will depend on qualifications and experience and 
will be not fess than $Ad,8M) per anaum, 
Stipend may be income tax-free. 

Applications, quoting Reference B42068, go- 
gether with a statement of qualifications, curicu- 
lum vitae, and the names of two referees, should 
be forwarded to the Regisear, Universiry of 
Queensland, Brisbane, Australia 4067, as soon 
as possible. {1979 











[SERIES GROUP No. 3 
2R-7X-4H-3,1 
-benzoxazine-4-ones 


R=substi- 
tuted aryl 


x N 


‘Maybridge Chemical Co. Ltd. 
Launceston, N. Cornwall, U.K. 


“Full dete 
ecircul 


T.G, SCOTT AND SON LIMITED 
t Clement's. Inn, London WC2 
Holborn 4743 0 








Disraeli, 
The 


MARUZEN LUNAR GLOBE 


Produced by UNITEC under the supervision of 
Prof. Sadao Murayama of the National Science 
Museum, Japan. 


The features of the 
Moon are depicted in 
relief with the more 
important named. The 
diameter of the globe 
is 30 cm, and the 
surface enables events 
to be recorded with 
the special pens that 
are available. The 
Moon will be a centre 
of interest for some 
time to come and the 
Maruzen globe pro- 
viies an effective 
medium for Mtording 
future events. Com- 
plete with stand the 
price is £9.15.0d. 


A descriptive leaflet in colour is 
available on request. 


For immediate despatch fram : 
W. A. QUINN LTD. 
12 FULWOOD PLACE, HIGH HOLBORN, LONDON, WC. 
Telephone: 01-405 5268 i 
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